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Getting started

The City Energy Analyst 2.1 is stored in a public repository in Github
under the name of
CEAforArcGIS [https://github.com/architecture-building-systems/CEAforArcGIS].


Folder Structure

The repository contains the following folders:


	cea
	analysis

	databases

	demand

	geometry

	optimization

	plots

	resources

	technologies

	utilities

	examples

	tests





	docs

	bin

	euler

	setup

	tests




cea

Contains the source code (human readable) of the different modules of CEA.
This is the core of CEA and is divided in the next sub-folder structure:




cea/analysis

Contains scripts to analyze the results of all simulations in CEA.




cea/databases

Contains default data of weather, technology, occupancy, costs etc.,




cea/demand

Contains scripts to calculate the demand of energy in buildings




cea/geometry

Contains scripts to manipulate and read building geometry.




cea/optimization

Contains scripts aiming to optimize the energy system of a district.




cea/plots

Contains scripts to plot information.




cea/resources

Contains scripts to analyze the potential of energy sources.




cea/technologies

Contains scripts for the simulation of different technologies.




cea/utilities

Contains functions needed by any other script frequently.




cea/examples

Contains an open source case study to test the cea.




cea/tests

Contains unitest data and scripts necessary ot run our automatic code checker in Github.




docs

Contains the developers manual of the CEA.




euler

Contains source code needed to connect to the cluster of 50K cores called Euler at ETH Zurich
(Only researchers at ETH Zurich can use this).






CEA workflow


[image: CEA workflow]


The main workflow of CEA is:


Set up a case study

If you want to run a case study different from those available in the ‘examples’ folder.
This step entails preparing a case study to have:


	the same folder structure as one of our case studies in the ‘examples’ folder.

	the exact number, names and attributes tables of the input shapefiles.

	the exact name and content of the digital elevation model of the terrain.



The CEA users manual includes a great deal of hints to both gather and format these data for CEA
using ArcGIS or any other geographical information system.

Further, the command cea data-helper can apply archetype information to a subset of the input files to generate
the others.




Resource potential

Once a case study is created the solar radiation incident in every surface is calculated.
- run cea radiation




Demand estimation

Calculate the demand of energy services for every building in the area.
- run cea demand




Life Cycle Analysis

Calculate the emissions and primary energy needed due to the construction,
operation and dismantling of buildings in the area.


	run cea emissions

	run cea embodied-energy






Benchmarking

In case you have more than one scenario inside the case study, this step calculates
targets of performance according to the 2000-Watt Society approach. The approach also
calculates the LCA of vehicles in the area.


	run cea mobility

	run cea benchmark






Visualization

There are different ways to visualize and plot all the raw data described until now.
You can either map it using ArcGIS (we expect you to know how through our user’s manual),
or run the different scripts we included for this.


	for heatmaps of demand or LCA run cea heatmaps - currently, you will need ArcGIS for this.

	for plots of demand run cea demand-graphs

	for plots of benchmarking run cea scenario plots
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Installation guide

The version 2.1 of the City Energy Analyst is dependent on ArcGIS 10.4
for its visuals. As such it is restricted to Windows-based OS’s for some features.


Installation on Windows

Installing the CEA on Windows is easiest with Anaconda [https://www.continuum.io/downloads] (or Miniconda [https://conda.io/miniconda.html]) as the CEA depends on the geopandas [https://github.com/geopandas/geopandas] module.

Installation follows the following basic steps:


	create a conda environment and activate it (optional)

	conda install -c conda-forge geopandas

	pip install cityenergyanalyst

	cea install-toolbox (installs the CEA as an ArcGIS 10.4 toolbox)



The following subsections contain additional information for variations on the above theme.


Creating a conda environment

Creating a conda environment is an optional step, but probably a good habit to get into: This creates a python
environment separate from your other python environments - that way, version mismatches between packages don’t bleed
into your other work. Follow these steps to create a new conda environment for the CEA:


	conda create -n cea python=2.7 (you can use any name, when creating an environment - “cea” is just an example)

	activate cea (do this before any cea-related work on the commandline)

	work with CEA, python is now set up to use your conda environment

	deactivate cea (you can also just close the shell)






Connecting to Arcpy

The command cea install-toolbox (see step 4 in the basic installation steps above) attempts to connect the CEA with
the ArcGIS environment. You should not need to do anything else.

If, however, you get error messages like ImportError: no module named arcpy you can check your home directory
for a file called cea_arcgis.pth containing these three lines:

C:\Program Files (x86)\ArcGIS\Desktop10.4\bin
C:\Program Files (x86)\ArcGIS\Desktop10.4\arcpy
C:\Program Files (x86)\ArcGIS\Desktop10.4\Scripts





Edit these folders to point to the appropriate ArcGIS folders as documented in the ArcGIS manuals.




Installation from GitHub repository

If you’d prefer to track the newest version of the City Energy Analyst, replace step 3 in the basic installation steps
above with a git clone of the CEA GitHub repository and run:

python setup.py install





to install the CEA, including the cea tool. Note, you will still need to follow the guide above to create a conda
environment and install geopandas.






Installation of the development environment

When installing the City Energy Analyst for development, clone the repository to your computer and run:

python setup.py develop





This will install the cea tool to your path and set it up to use the version in the repository. Note, you will need
to follow the guide above to create a conda environment and install geopandas.


Recommended software


	GitHub Desktop (or your favorite git)

	Anaconda distribution (x86) - other pythons can work, but this is really recommended

	PyCharm community edition - you can use your own favorite editor, but this is what we use

	Git Large File Storage - only for working with the reference case repository (you need to be a core developer to
have access to the private reference case repository)






Setting up PyCharm

The developer team uses PyCharm Community edition as default. Here are
the instructions to get PyCharm up and running:


	Access PyCharm and open project CEAforArcGIS

	Open File>Settings>Project:CEAforArcGIS>Project Interpreter>Project
Interpreter

	Click on settings>addlocal and point to the location of your python
installation in the environment cea. It should be located in
something like
C:\Users\your_name\Anaconda2\envs\cea/python.exe

	Click apply changes and your are done!



To set the custom dictionary used in PyCharm, do:


	Open File>Settings>Editor>Spelling

	Open the Dictionaries tab

	Add a new Custom Dictionaries Folder

	Select the root source folder for CEAforArcGIS. It should be located
in something like
C:\Users\your_name\Documents\GitHub\CEAforArcGIS.

	Click “Apply”.








Installation on the Euler cluster

It is possible to install the CEA on the Euler [https://www.ethz.ch/services/en/it-services/catalogue/server-cluster/hpc.html] cluster by following the following guide:
Installing the City Energy Analyst on the Euler cluster.
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License

The core of the City Energy Analyst is registered under The MIT
License (MIT) [https://opensource.org/licenses/MIT].


for V0.3c

Copyright (c) 2016, `Jimeno A.
Fonseca <http://www.fcl.ethz.ch/person/dr-jimeno-a-fonseca/>`__, `Daren
Thomas <http://www.systems.arch.ethz.ch/about-us/team/team-zurich/daren-thomas.html>`__,
`Gabriel Happle <http://www.fcl.ethz.ch/person/gabriel-happle/>`__,
`Shanshan Hsieh <http://www.fcl.ethz.ch/person/hsieh-shan-shan/>`__,
`Martin
Mosteiro <http://www.systems.arch.ethz.ch/about-us/team/team-zurich/martin-mosteiro-romero.html>`__,
`Amr
Elesawy <http://www.systems.arch.ethz.ch/about-us/team/team-zurich/amr-elesawy.html>`__,
`Architecture and Building Systems - ETH
Zurich <http://www.systems.arch.ethz.ch>`__

Permission is hereby granted, free of charge, to any person obtaining a
copy of this software and associated documentation files (the
“Software”), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.




for V0.1

Copyright (c) 2015, `Jimeno A.
Fonseca <http://www.fcl.ethz.ch/person/dr-jimeno-a-fonseca/>`__, `Daren
Thomas <http://www.systems.arch.ethz.ch/about-us/team/team-zurich/daren-thomas.html>`__,
`Architecture and Building Systems - ETH
Zurich <http://www.systems.arch.ethz.ch>`__

Permission is hereby granted, free of charge, to any person obtaining a
copy of this software and associated documentation files (the
“Software”), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.
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Disclaimer


The City Energy Analyst is provided “as is”, without warranty of any
kind, express or

implied, including but not limited to the warranties of
merchantability,

fitness for a particular purpose and noninfringement. In no event
shall the

authors or copyright holders be liable for any claim, damages or other

liability, whether in an action of contract, tort or otherwise,
arising from,

out of or in connection with the software or the use or other dealings
in the

software.
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Architecture

The architecture of the CEA is still a bit in flux, but some main
components have already been developed and will be explained in this
chapter. The following figure shows a high-level view of the main
components of the CEA:

|CEA architecture objects|


Demand calculation

At the core of the CEA is the demand calculation. The demand calculation
retrieves inputs from the scenario folder and stores outputs back to the
scenario folder. A preprocessing step can be used to add archetype data
to a scenario as a first guess of certain parameters.

The demand calculation uses a special variable called tsd to store
information about the timestep data during the calculation of thermal
loads for each building. The data structure used is a simple python
dictionary of NumPy arrays. Each of these arrays has the length 8760, to
total number of hours of the year. The keys of the tsd dictionary
are the names of the state variables of the simulation.

The demand calculation also uses a variable bpr to store building
properties of a single building.




InputLocator

The cea.inputlocator.InputLocator class encapsulates the code for
creating paths for input and output to the archetypes and the contents
of the scenario (input and output files). An instance of this class is
found in most of the code and is always named locator, unless
multiple InputLocator objects are used, e.g. for comparing
scenarios.

Each method of the locator starts with get_* and returns a
string containing the full path to the resource requested. These
get_* methods should be the only way to obtain file- and folder
names in the CEA - files and folders should especially not be
concatenated with strings and backslashes (\). Instead, new paths
should be introduced as methods of the InputLocator class.

One of the main benefits of doing this is that it makes documentation of
what files are read / written by what module of the CEA easier. The
funcionlogger module can be used to trace these calls for generating
documentation.

The private method _ensure_folder(*paths) is used to join path
components and at the same time ensure that the folders are present in
the scenario folder, creating them with os.makedirs if necessary.

NOTE: The list of get_* methods is getting very long. We might
end up creating a namespace hierarchy for grouping related paths
together.




Analysis and Visualization

Separate modules exist for analyzing different aspects of a scenario.
Some of the analysis modules operate only on the input data (LCA for
embedded emissions, mobility) and others operate on the output of the
demand module (LCA for emissions due to operation). These modules are
grouped in the folder cea/analysis.

The folder cea/plots contains modules for plotting outputs of the
calculations.




“Higher order” modules

Some of the modules in the CEA use the demand calculation to calculate
variants of a scenario. This includes the sensitivity analysis, the
calibration and the network optimization code. All these modules call
the demand calculation as part of their process.


[image: CEA architecture objects]
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User Interfaces

The CEA code exposes multiple interfaces as an API:


	CLI (Command Line Interface) - each module in the CEA implements a
CLI for calling it from the command line.

	ArcGIS - the CEA implements an ArcGIS Toolbox (in the folder
cea/GUI) to run the modules from within ArcScene 10.4

	euler - a set of scripts for running the CEA sensitivity analysis on
the ETH Euler cluster is provided in the folder euler and can be
used as a starting point for running the analysis on similar clusters
and / or linux machines.




The Command Line Interface

The most portable way to interact with the CEA is via the CLI. Type the following command in your shell to see the
list of commands available:

> cea --help
usage: cea [-h] [-s SCENARIO]
       {demand,demand-helper,emissions,embodied-energy,mobility,
       benchmark-graphs,weather-files,weather-path,
       locate,demand-graphs, scenario-plots,latitude,longitude,
       radiation,install-toolbox, heatmaps}
       ...

positional arguments:
{demand,demand-helper,emissions,embodied-energy,mobility,
benchmark-graphs,weather-files,weather-path,locate,demand-graphs,
scenario-plots,latitude,longitude,radiation,install-toolbox,heatmaps}

optional arguments:
-h, --help            show this help message and exit
-s SCENARIO, --scenario SCENARIO
                      Path to the scenario folder





Most commands work on a scenario folder, provided with the global option -s and defaults to the current
directory - if you cd to the scenario folder, you can ommit the -s option.

Each sub-command (one of demand, demand-helper etc.) may provide additional arguments that are required to
run that sub-command. For example, the embodied-energy sub-command has an (optional) option --year-to-calculate

> cea embodied-energy --help
usage: cea embodied-energy [-h] [--year-to-calculate YEAR_TO_CALCULATE]

optional arguments:
-h, --help            show this help message and exit
--year-to-calculate YEAR_TO_CALCULATE
                      Year to calculate for (default: 2017)





As you can see, you can get help on any sub-command by typing cea SUBCOMMAND --help. This will list the expected
arguments as well as the default values used.

The sub-commands can be grouped into three groups: Main commands that work on a single scenario, main commands that work
on multiple scenarios and auxillary commands. Main commands that work on multiple scenarios have a --scenarios
option for specifying the scenarios to work on - these commands ignore the -s global option for specifying the
scenario folder.


Main commands

Main commands that work on a single scenario are:


	demand (calculate the demand load of a scenario)

	demand-helper (apply archetypes to a scenario)

	emissions (calculate emissions due to operation)

	embodied-energy (calculate embodied energy)

	mobility (calculate emissions due to mobility)

	demand-graphs (create graphs for demand output variables per building)

	radiation (create radiation data as input to the demand calculation)

	heatmaps (create heatmaps based on demand and emissions output)

	extract-reference-case (extracts a sample reference case that can be used to test-drive the CEA)



Main commands that work on multiple scenarios:


	benchmark-graphs (create graphs for the 2000 Watt society benchmark for multiple scenarios)

	scenario-plots (plots various scenarios against each other)






Auxillary commands


	weather-files (list the weather names shipped with the CEA)

	weather-path (given a weather name {see above} return the path to the file)

	latitude (try to guess the latitude of a scenario based on it’s building geometry shapefile)

	longitude (try to guess the longitude of a scenario based on it’s building geometry shapefile)

	install-toolbox (install the ArcGIS interface)

	locate (gives access to the InputLocator class for finding paths)






Commands for developers


	test (runs a set of tests - requires access to the private repository cea-reference-case)



To run the cea test tool, you will need to provide authentication for the cea-reference-case repository. The
options --user and --token should be set to your GitHub username and a Personal Access Token. These will be
stored in your home folder in a file called cea_github.auth. The first line is the username, the second contains the
token. See this page on how to create such a token: https://help.github.com/articles/creating-a-personal-access-token-for-the-command-line/
In the scopes section, select “repo (Full control of private repositories)” for the token.






Planned interfaces

The following interfaces are planned for the near future:


	Rhino/Grasshopper - provide a set of components for running CEA
modules inside Grasshopper

	VisTrails - provide a set of VisTrails modules for running the CEA






Further ideas

Other possible interfaces include:


	Kepler - a set of modules for the Kepler Scientific Workflow software

	REST - a REST server for executing the CEA in the cloud
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Databases

The current version of the CEA uses the next three databases:



	Weather data

	Archetypes

	Conversion Systems
	References
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Weather data

Weather data files are stored as energyPlus:.epw inside the
folder ..cea/DB/Weather. The files can be
downloaded [https://energyplus.net/weather] for more than 2100
locations in the planet. You can also create your own .epw file with
tools such as Meteonorm [http://www.meteonorm.com]. The City Energy
Analyst V1.0b ships with hourly data of a Typical Meteorological Year
for the locations of Zurich, Zug and Singapore.
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Archetypes

An Archetype is a database relating the typology of buildings to
historical data about their construction, energy systems, operation etc.
The function of this database is to help the user to retrieve inputs for
his analysis when data is scarce.

We can call it as default data for any type of simulation. Bear in mind
that this data is highly dependent of local context. The City Energy
Analyst V1.0b ships with data for the Swiss-European context as a
default for up to 15 types of building typologies. Each building
typology is classified according to a year of construction and/or
renovation and a type of occupancy in the building.

Note: You are encouraged to build an Archetypes database for your local
area. If you decide to use the existing please remember to acknowledge
the authors:


	Fonseca, J. A., & Schlueter, A. (2015). Integrated model for
characterization of spatiotemporal building energy consumption
patterns in neighborhoods and city districts. Applied Energy, 142,
247–265.

	Thoma, E., J. A. Fonseca, and A. Schlueter. “Estimation of
base-values for Grey Energy, Primary Energy, Global Warming Potential
(GWP 100A) and Umweltbelastungspunkte (UBP 2006) for Swiss
constructions from before 1920 until today.” Contemporary Urban
Issues. 2014. 17.
`
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Conversion Systems

Data about carbon accounting of building energy supply systems are
stored in ..db/CH/Systems/supply_systems.xls. The data are
classified in a spreadsheet according the next type of energy services
attended.


	dhw: domestic hot water.

	heating: Single Dwelling Unit.

	cooling: space cooling.

	electricity: space cooling.



The spreadsheet ARCHITECTURE relates architecture properties of
buildings to a building category. It contains the next attributes:











	Variable
	Type
	Unit
	Description
	Valid Values
	Ref.




	Code
	string
	-
	code of type of main energy supply system (e.g., solar collector, natural gas in district heating network etc.)
	T0,T1,T2,...Tn
	
	






	PEN
	float
	MJ-oil/m2.yr
	Non-renewable Primary energy factor (only fossil fuels contribution)
	(0.0.....4)
	[1]


	CO2
	float
	kg CO2-eq/m2.yyr
	CO22 equivalent emissions factor (only fossil fuels contribution)
	(0.0.....0.2)
	[1]






References




	[1]	(1, 2) Schweizerischer Ingenieur- und Architektenverein (SIA). (2006).
Standard-Nutzungsbedingungen für die Energie- und Gebäudetechnik Merkbatt 2024. Zürich.
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cea package


Subpackages



	cea.analysis package
	Subpackages
	cea.analysis.sensitivity package
	Submodules

	cea.analysis.sensitivity.sensitivity_demand_analyze module

	cea.analysis.sensitivity.sensitivity_demand_count module

	cea.analysis.sensitivity.sensitivity_demand_samples module

	cea.analysis.sensitivity.sensitivity_demand_simulate module

	cea.analysis.sensitivity.sensitivity_optimization module

	Module contents









	Submodules

	cea.analysis.benchmark module

	cea.analysis.embodied module

	cea.analysis.mcda module

	cea.analysis.mobility module

	cea.analysis.operation module

	Module contents





	cea.databases package
	Subpackages
	cea.databases.CH package
	Module contents









	Module contents





	cea.demand package
	Subpackages
	cea.demand.calibration package
	Subpackages
	cea.demand.calibration.clustering package
	Submodules

	cea.demand.calibration.clustering.clustering_main module

	cea.demand.calibration.clustering.sax module

	cea.demand.calibration.clustering.sax_optimization module

	Module contents









	Module contents





	cea.demand.preprocessing package
	Submodules

	cea.demand.preprocessing.properties module

	Module contents









	Submodules

	cea.demand.airconditioning_model module

	cea.demand.control_heating_cooling_systems module

	cea.demand.control_ventilation_systems module

	cea.demand.datacenter_loads module

	cea.demand.demand_main module

	cea.demand.demand_writers module

	cea.demand.electrical_loads module

	cea.demand.hotwater_loads module

	cea.demand.occupancy_model module

	cea.demand.rc_model_SIA module

	cea.demand.rc_model_crank_nicholson_procedure module

	cea.demand.refrigeration_loads module

	cea.demand.sensible_loads module

	cea.demand.space_emission_systems module

	cea.demand.thermal_loads module

	cea.demand.ventilation_air_flows_detailed module

	cea.demand.ventilation_air_flows_simple module

	Module contents





	cea.geometry package
	Submodules

	cea.geometry.geometry_reader module

	Module contents





	cea.plots package
	Submodules

	cea.plots.graphs_demand module

	cea.plots.graphs_optimization module

	cea.plots.graphs_solar_potential module

	cea.plots.heatmaps module

	cea.plots.scenario_plots module

	cea.plots.sensitivity_demand_graphs module

	cea.plots.timeseries_interactive_graph module

	Module contents





	cea.resources package
	Submodules

	cea.resources.geothermal module

	cea.resources.natural_gas module

	cea.resources.radiation module

	Module contents





	cea.technologies package
	Submodules

	cea.technologies.blinds module

	cea.technologies.boilers module

	cea.technologies.chillers module

	cea.technologies.cogeneration module

	cea.technologies.controllers module

	cea.technologies.cooling_tower module

	cea.technologies.furnace module

	cea.technologies.heat_exchangers module

	cea.technologies.heating_coils module

	cea.technologies.heatpumps module

	cea.technologies.photovoltaic module

	cea.technologies.photovoltaic_thermal module

	cea.technologies.pumps module

	cea.technologies.radiators module

	cea.technologies.sewage_heat_exchanger module

	cea.technologies.solar_collector module

	cea.technologies.storagetank module

	cea.technologies.substation module

	cea.technologies.tabs module

	cea.technologies.thermal_network module

	cea.technologies.thermal_storage module

	Module contents





	cea.utilities package
	Submodules

	cea.utilities.building_info module

	cea.utilities.compile_pyd_files module

	cea.utilities.epwreader module

	cea.utilities.helpers module

	cea.utilities.physics module

	cea.utilities.reporting module

	cea.utilities.solar_equations module

	Module contents












Submodules




cea.globalvar module

Global variables - this object contains context information and is expected to be refactored away in future.


	
class cea.globalvar.GlobalVariables[source]

	Bases: object


	
is_heating_season(timestep)[source]

	




	
log(msg, **kwargs)[source]

	




	
report(tsd, output_folder, basename)[source]

	Use vars to fill worksheets in an excel file $destination_template based on the template.
The template references self.report_variables. The destination_template may contain date format codes that
will be updated with the current datetime.












cea.inputlocator module

inputlocator.py - locate input files by name based on the reference folder structure.


	
class cea.inputlocator.InputLocator(scenario_path)[source]

	Bases: object

The InputLocator locates files and folders for input to the scripts. This works, because we
have a convention for the folder structure of a scenario.
It also provides locations of other files, such as those in the databases folder (e.g. archetypes).


	
get_archetypes_properties()[source]

	databases/CH/Archetypes/Archetypes_properties.xlsx
path to database of archetypes file Archetypes_properties.xlsx






	
get_archetypes_schedules()[source]

	databases/CH/Archetypes/Archetypes_schedules.xlsx
path to database of archetypes file Archetypes_HVAC_properties.xlsx






	
get_benchmark_plots_file()[source]

	scenario/outputs/plots/graphs/Benchmark_scenarios.pdf






	
get_building_age()[source]

	scenario/inputs/building-properties/age.dbf






	
get_building_architecture()[source]

	scenario/inputs/building-properties/architecture.dbf
This file is generated by the properties script.
This file is used in the embodied energy script (cea/embodied.py)
and the demand script (cea/demand_main.py)






	
get_building_comfort()[source]

	scenario/inputs/building-properties/indoor_comfort.dbf






	
get_building_geometry()[source]

	scenario/inputs/building-geometry/zone.shp






	
get_building_hvac()[source]

	scenario/inputs/building-properties/technical_systems.dbf






	
get_building_internal()[source]

	scenario/inputs/building-properties/internal_loads.dbf






	
get_building_occupancy()[source]

	scenario/inputs/building-properties/building_occupancy.dbf






	
get_building_overrides()[source]

	scenario/inputs/building-properties/overrides.csv
This file contains overrides to the building properties input files. They are applied after reading
those files and are matched by column name.






	
get_building_supply()[source]

	scenario/inputs/building-properties/building_supply.dbf






	
get_calibration_cluster(sax_name)[source]

	scenario/outputs/data/demand/{sax_name}.csv






	
get_calibration_cluster_opt_checkpoint(generation)[source]

	scenario/outputs/data/demand/{sax_name}.csv






	
get_calibration_clusters_names()[source]

	scenario/outputs/data/demand/{sax_name}.csv






	
get_calibration_folder()[source]

	scenario/outputs/data/calibration






	
get_data_benchmark()[source]

	databases/CH/Benchmarks/benchmark_targets.xls






	
get_data_mobility()[source]

	databases/CH/Benchmarks/mobility.xls






	
get_default_weather()[source]

	weather/Zug-2010.epw
path to database of archetypes file Archetypes_properties.xlsx






	
get_demand_measured_file(building_name)[source]

	scenario/outputs/data/demand/{building_name}.csv






	
get_demand_measured_folder()[source]

	scenario/outputs/data/demand






	
get_demand_plots_file(building_name)[source]

	scenario/outputs/plots/timeseries/{building_name}.pdf






	
get_demand_plots_folder()[source]

	scenario/outputs/plots/timeseries






	
get_demand_results_file(building_name)[source]

	scenario/outputs/data/demand/{building_name}.csv






	
get_demand_results_folder()[source]

	scenario/outputs/data/demand






	
get_district()[source]

	scenario/inputs/building-geometry/district.shp






	
get_envelope_systems()[source]

	databases/CH/Systems/emission_systems.csv






	
get_geothermal_potential()[source]

	scenario/outputs/data/potentials/geothermal.csv






	
get_heatmaps_demand_folder()[source]

	scenario/outputs/plots/heatmaps






	
get_heatmaps_emission_folder()[source]

	scenario/outputs/plots/heatmaps






	
get_lca_embodied()[source]

	scenario/outputs/data/emissions/Total_LCA_embodied.csv






	
get_lca_emissions_results_folder()[source]

	scenario/outputs/data/emissions






	
get_lca_mobility()[source]

	scenario/outputs/data/emissions/Total_LCA_mobility.csv






	
get_lca_operation()[source]

	scenario/outputs/data/emissions/Total_LCA_operation.csv






	
get_life_cycle_inventory_supply_systems()[source]

	databases/CH/Systems/supply_systems.csv






	
get_measurements()[source]

	scenario/inputs/
Operation pattern for disconnected buildings






	
get_optimization_clustering_folder()[source]

	scenario/outputs/data/optimization/clustering
Clustering results for disconnected buildings






	
get_optimization_disconnected_folder()[source]

	scenario/outputs/data/optimization/disconnected
Operation pattern for disconnected buildings






	
get_optimization_disconnected_result_file(building_name)[source]

	scenario/outputs/data/optimization/disconnected/DiscOp_${building_name}_result.csv






	
get_optimization_master_results_folder()[source]

	scenario/outputs/data/optimization/master
Master checkpoints






	
get_optimization_network_layout_folder()[source]

	scenario/outputs/data/optimization/network/layout
Network layout files






	
get_optimization_network_layout_pipes_file()[source]

	scenario/outputs/data/optimization/network/layout/PipesData_DH.csv
Network layout files for pipes of district heat networks






	
get_optimization_network_results_folder()[source]

	scenario/outputs/data/optimization/network
Network summary results






	
get_optimization_network_totals_folder()[source]

	scenario/outputs/data/optimization/network/totals
Total files (inputs to substation + network in master)






	
get_optimization_plots_folder()[source]

	scenario/outputs/plots/graphs/Benchmark_scenarios.pdf






	
get_optimization_results_folder()[source]

	scenario/outputs/data/optimization






	
get_optimization_slave_results_folder()[source]

	scenario/outputs/data/optimization/slave
Slave results folder (storage + operation pattern)






	
get_optimization_substations_folder()[source]

	scenario/outputs/data/optimization/substations
Substation results for disconnected buildings






	
get_optimization_substations_results_file(building_name)[source]

	scenario/outputs/data/optimization/substations/${building_name}_result.csv






	
get_optimization_substations_total_file(genome)[source]

	scenario/outputs/data/optimization/substations/Total_${genome}.csv






	
get_potentials_results_folder()[source]

	scenario/outputs/data/potentials






	
get_potentials_solar_folder()[source]

	scenario/outputs/data/potentials/solar
Contains raw solar files






	
get_radiation()[source]

	scenario/outputs/data/solar-radiation/radiation.csv






	
get_sensitivity_output(method, samples)[source]

	scenario/outputs/data/sensitivity-analysis/sensitivity_${METHOD}_${SAMPLES}.xls






	
get_sensitivity_plots_file(parameter)[source]

	scenario/outputs/plots/sensitivity/${PARAMETER}.pdf






	
get_sewage_heat_potential()[source]

	




	
get_solar_radiation_folder()[source]

	scenario/outputs/data/solar-radiation






	
get_surface_properties()[source]

	scenario/outputs/data/solar-radiation/properties_surfaces.csv






	
get_technical_emission_systems()[source]

	databases/CH/Systems/emission_systems.csv






	
get_temporary_file(filename)[source]

	Returns the path to a file in the temporary folder with the name filename






	
get_temporary_folder()[source]

	Temporary folder as returned by tempfile.






	
get_terrain()[source]

	scenario/inputs/topography/terrain.tif






	
get_timeseries_plots_file(building_name)[source]

	scenario/outputs/plots/timeseries/{building_name}.html






	
get_total_demand()[source]

	scenario/outputs/data/demand/Total_demand.csv






	
get_uncertainty_db()[source]

	databases/CH/Uncertainty/uncertainty_distributions.xls






	
get_weather(name)[source]

	weather/{name}.epw






	
get_weather_names()[source]

	Return a list of all installed epw files in the system












Module contents
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cea.analysis.benchmark module




cea.analysis.embodied module




cea.analysis.mcda module




cea.analysis.mobility module




cea.analysis.operation module
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cea.analysis.sensitivity package


Submodules




cea.analysis.sensitivity.sensitivity_demand_analyze module




cea.analysis.sensitivity.sensitivity_demand_count module

Return the count a list of samples in a specified folder as input for the demand sensitivity analysis.

This reads in the samples.npy file produced by the script sensitivity_demand_samples.py and prints out the number
of samples contained. This can be used for scripting the demand simulations with a load sharing facility system like
the Euler cluster.


	
cea.analysis.sensitivity.sensitivity_demand_count.count_samples(samples_path)[source]

	Read in the samples.npy numpy array from disk in the samples_path and report the row count (each row
in the array is a sample to simulate for either the morris or the sobol method.





	Parameters:	samples_path (str) – path to folder with the samples - see sensitivity_demand_samples.py


	Returns:	number of samples in the samples folder.












cea.analysis.sensitivity.sensitivity_demand_samples module




cea.analysis.sensitivity.sensitivity_demand_simulate module




cea.analysis.sensitivity.sensitivity_optimization module


Note

documentation pending






Module contents

Sensitivity analysis for demand_main.py

These scripts use the morris algorithm (morris 1991)(campologo 2011) and Sobol Algorithm Sltalli 20110
to screen the most sensitive variables of a selection of parameters of the CEA.

The morris method serves to do basic screening of input variables and it is based on the family of One-at-a-time
screening methods (OAT). morris provides a ranking but not a quantitative measure of the importance of each parameter.

The Sobol method serves for a complete sensitivity analysis of input variables. It is based on variance methods.
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Submodules




cea.demand.airconditioning_model module

Contains debugged version of HVAC model from [Kämpf2009]


	originally coded by J. Fonseca

	debugged  by G. Happle




Note

this is not really true anymore. The procedure now is just loosely based on [Kämpf2009].






	[Kämpf2009]	(1, 2, 3, 4) Kämpf, Jérôme Henri
On the modelling and optimisation of urban energy fluxes
http://dx.doi.org/10.5075/epfl-thesis-4548





	
cea.demand.airconditioning_model.calc_hvac_cooling(tsd, hoy, gv)[source]

	Calculate AC air mass flows, energy demand and temperatures
For the cooling case for AC systems with demand controlled ventilation air flows (mechanical ventilation) and
conditioning of recirculated air (outdoor air flows are not modified)





	Parameters:	
	tsd (Dict[str, numpy.ndarray[numpy.float64]]) – time series data dict

	hoy (int) – time step

	gv (cea.globalvar.GlobalVariables) – global variables






	Returns:	AC air mass flows, energy demand and temperatures for the cooling case




	Return type:	Dict[str, numpy.float64]












	
cea.demand.airconditioning_model.calc_hvac_heating(tsd, hoy, gv)[source]

	Calculate AC air mass flows, energy demand and temperatures for the heating case
For AC system with demand controlled ventilation air flows (mechanical ventilation) and conditioning of recirculated
air (outdoor air flows are not modified)





	Parameters:	
	tsd (Dict[str, numpy.ndarray[numpy.float64]]) – time series data dict

	hoy (int) – time step

	gv (cea.globalvar.GlobalVariables) – global variables






	Returns:	AC air mass flows, energy demand and temperatures for the heating case




	Return type:	Dict[str, numpy.float64]












	
cea.demand.airconditioning_model.calc_w3_cooling_case(t5, w2, t3, w5)[source]

	Algorithm 2 Determination of the room’s supply moisture content (w3) for the cooling case from Kaempf’s HVAC model
for non-evaporative cooling

Source: [Kämpf2009]





	Parameters:	t5 (numpy.float64) – temperature 5 in (°C)





:param w2 : moisture content 2 in (kg/kg dry air)
:type w2: numpy.float64





	Parameters:	
	t3 (numpy.float64) – temperature 3 in (°C)

	w5 (numpy.float64) – moisture content 5 in (kg/kg dry air)






	Returns:	w3, moisture content of HVAC supply air in (kg/kg dry air)




	Return type:	numpy.float64












	
cea.demand.airconditioning_model.calc_w3_heating_case(t5, w2, w5, t3, gv)[source]

	Algorithm 1 Determination of the room’s supply moisture content (w3) for the heating case from Kaempf’s HVAC model
[Kämpf2009]





	Parameters:	
	t5 (numpy.float64) – temperature 5 in (°C)

	w2 (numpy.float64) – moisture content 2 in (kg/kg dry air)

	w5 (numpy.float64) – moisture content 5 in (kg/kg dry air)

	t3 (numpy.float64) – temperature 3 in (°C)

	gv (cea.globalvar.GlobalVariables) – global variables






	Returns:	w3, moisture content of HVAC supply air in (kg/kg dry air)




	Return type:	numpy.float64














cea.demand.control_heating_cooling_systems module


	
cea.demand.control_heating_cooling_systems.cooling_system_is_ac(bpr)[source]

	determines whether a building’s heating system is ac or not





	Param:	bpr: building properties row object


	Return type:	bool










	
cea.demand.control_heating_cooling_systems.has_cooling_system(bpr)[source]

	determines whether a building has a cooling system installed or not





	Parameters:	bpr – building properties row object


	Return type:	bool










	
cea.demand.control_heating_cooling_systems.has_heating_system(bpr)[source]

	determines whether a building has a heating system installed or not

bpr : building properties row object





	Returns:	


	Return type:	bool










	
cea.demand.control_heating_cooling_systems.heating_system_is_ac(bpr)[source]

	determines whether a building’s heating system is ac or not





	Parameters:	bpr – building properties row object


	Return type:	bool










	
cea.demand.control_heating_cooling_systems.is_active_cooling_system(bpr, tsd, t)[source]

	




	
cea.demand.control_heating_cooling_systems.is_active_heating_system(bpr, tsd, t)[source]

	






cea.demand.control_ventilation_systems module


	
cea.demand.control_ventilation_systems.has_mechanical_ventilation(bpr)[source]

	




	
cea.demand.control_ventilation_systems.has_mechanical_ventilation_economizer(bpr)[source]

	




	
cea.demand.control_ventilation_systems.has_mechanical_ventilation_heat_recovery(bpr)[source]

	




	
cea.demand.control_ventilation_systems.has_night_flushing(bpr)[source]

	




	
cea.demand.control_ventilation_systems.has_window_ventilation(bpr)[source]

	




	
cea.demand.control_ventilation_systems.is_economizer_active(bpr, tsd, t)[source]

	Control of activity of economizer of mechanical ventilation system
Economizer of mechanical ventilation is controlled via zone set point temperatures, indoor air temperature and
outdoor air temperature.
Economizer is active during cooling season if the indoor air temperature exceeds the set point and the outdoor
temperatures are lower than the set point.
Economizer increases mechanical ventilation flow rate to the maximum.

Author: Gabriel Happle
Date: APR 2017





	Parameters:	
	bpr (BuildingPropertiesRow) – Building Properties

	tsd (dict) – Time series data of building

	t (int) – time step / hour of the year






	Returns:	Economizer ON/OFF status




	Return type:	bool












	
cea.demand.control_ventilation_systems.is_mechanical_ventilation_active(bpr, tsd, t)[source]

	




	
cea.demand.control_ventilation_systems.is_mechanical_ventilation_heat_recovery_active(bpr, tsd, t)[source]

	Control of activity of heat exchanger of mechanical ventilation system

Author: Gabriel Happle
Date: APR 2017





	Parameters:	
	bpr (BuildingPropertiesRow) – Building Properties

	tsd (dict) – Time series data of building

	t (int) – time step / hour of the year






	Returns:	Heat exchanger ON/OFF status




	Return type:	bool












	
cea.demand.control_ventilation_systems.is_night_flushing_active(bpr, tsd, t)[source]

	




	
cea.demand.control_ventilation_systems.is_window_ventilation_active(bpr, tsd, t)[source]

	






cea.demand.datacenter_loads module

datacenter loads


	
cea.demand.datacenter_loads.calc_Qcdataf(Edataf)[source]

	






cea.demand.demand_main module




cea.demand.demand_writers module

A collection of classes that write out the demand results files. The cea.globalvar.GlobalVariables.demand_writer
variable references the DemandWriter to use. The default is HourlyDemandWriter. A MonthlyDemandWriter is provided
that sums the values up monthly. See the cea.analysis.sensitivity.sensitivity_demand module for an example of using
the MonthlyDemandWriter.


	
class cea.demand.demand_writers.DemandWriter(gv)[source]

	Bases: object

This is meant to be an abstract base class: Use the subclasses of this class instead.

Subclasses are expected to:


	set the gv field to a cea.globalvar.GlobalVariables instance in the constructor

	set the vars_to_print field in the constructor (FIXME: describe the vars_to_print structure.

	implement the write_to_csv method




	
results_to_csv(tsd, bpr, locator, date, building_name)[source]

	








	
class cea.demand.demand_writers.HourlyDemandWriter(gv)[source]

	Bases: cea.demand.demand_writers.DemandWriter

Write out the hourly demand results


	
write_to_csv(building_name, columns, hourly_data, locator)[source]

	




	
write_totals_csv(building_properties, locator)[source]

	read in the temporary results files and append them to the Totals.csv file.










	
class cea.demand.demand_writers.MonthlyDemandWriter(gv)[source]

	Bases: cea.demand.demand_writers.DemandWriter

Write out the monthly demand results


	
write_to_csv(building_name, columns, hourly_data, locator)[source]

	




	
write_totals_csv(building_properties, locator)[source]

	read in the temporary results files and append them to the Totals.csv file.












cea.demand.electrical_loads module

Electrical loads


	
cea.demand.electrical_loads.average_appliances_lighting_schedule(list_uses, schedules, building_uses)[source]

	Calculate the schedule to use for lighting and appliances based on the building uses from the schedules
defined for the project unsing a weighted average.





	Parameters:	
	list_uses (List[str]) – the schedule names for the schedules parameter

	schedules (List[Tuple[List[float], List[float], List[float]]]) – the schedules, one for each name in list_uses. Each schedule is a list of 8760 floats...

	building_uses (Dict[str, float]) – A set of weights for the schedules as they apply to this particular building.






	Returns:	appliances lighting schedule as a weighted average of the schedules for a specific building.




	Return type:	numpy.ndarray[numpy.float64]












	
cea.demand.electrical_loads.calc_Eauxf(Ll, Lw, Mww, Qcsf, Qcsf_0, Qhsf, Qhsf_0, Qww, Qwwf, Qwwf_0, Tcs_re, Tcs_sup, Ths_re, Ths_sup, Vw, Year, fforma, gv, nf_ag, nfp, sys_e_cooling, sys_e_heating, Ehs_lat_aux, tsd)[source]

	




	
cea.demand.electrical_loads.calc_Eauxf_cs_dis(Qcsf, Qcsf0, Imax, deltaP_des, b, ts, tr, cpw)[source]

	




	
cea.demand.electrical_loads.calc_Eauxf_fw(freshw, nf, gv)[source]

	




	
cea.demand.electrical_loads.calc_Eauxf_hs_dis(Qhsf, Qhsf0, Imax, deltaP_des, b, ts, tr, cpw)[source]

	




	
cea.demand.electrical_loads.calc_Eauxf_ve(tsd, gv)[source]

	calculation of auxiliary electricity consumption of mechanical ventilation and AC fans





	Parameters:	
	tsd (dict) – Time series data of building

	gv – global variables









:type gv
:return: electrical energy for fans of mechanical ventilation in [Wh/h]
:rtype: float






	
cea.demand.electrical_loads.calc_Eauxf_ww(Qww, Qwwf, Qwwf0, Imax, deltaP_des, b, qV_des)[source]

	




	
cea.demand.electrical_loads.calc_Edataf(schedule, Ed_Wm2, Aef)[source]

	Calculates the final electricity consumption in data centers.





	Parameters:	
	schedule (ndarray) – The data center schedule as calculated by calc_Ea_El_Edata_Eref_schedule but just for the
SERVERROOM portion of the occupancy.

	Ed_Wm2 (float64) – The maximum electrical consumption due to servers per unit of gross floor area (as taken from the
building properties / internal loads file)

	Aef (float64) – The floor area with electricity in [m2]






	Returns:	final electricity consumption in data centers per hour in [W]




	Return type:	numpy.ndarray[numpy.float64]












	
cea.demand.electrical_loads.calc_Eint(tsd, bpr, list_uses, schedules)[source]

	Calculate final internal electrical loads (without auxiliary loads)





	Parameters:	
	tsd (Dict[str, numpy.ndarray]) – Timestep data

	bpr (cea.demand.thermal_loads.BuildingPropertiesRow) – building properties

	list_uses (list) – The list of uses used in the project

	schedules (List[numpy.ndarray]) – The list of schedules defined for the project - in the same order as list_uses

	building_uses (Dict[str, numpy.ndarray]) – for each use in list_uses, the percentage of that use for this building.
Sum of values is 1.0






	Returns:	tsd with new keys: [‘Eaf’, ‘Elf’, ‘Ealf’, ‘Edataf’, ‘Eref’, ‘Eprof’]




	Return type:	Dict[str, numpy.ndarray]












	
cea.demand.electrical_loads.calc_Eprof(schedule, Epro_Wm2, Aef)[source]

	




	
cea.demand.electrical_loads.calc_Eprof_schedule(list_uses, schedules, building_uses)[source]

	Calculate a weighted average of the schedules as defined in list_uses and schedules, using the weights
in building_uses (which is taken from bpr.occupancy).





	Parameters:	
	list_uses (list of str) – the schedule names for the schedules parameter

	schedules (list of list of float) – the schedules, one for each name in list_uses. Each schedule is a list of 8760 floats...

	building_uses (dict of (str, float)) – A set of weights for the schedules as they apply to this particular building.






	Returns:	A weighted average of the schedules for a specific building.




	Return type:	numpy.ndarray[numpy.float64]












	
cea.demand.electrical_loads.calc_Eref(schedule, Ere_Wm2, Aef)[source]

	






cea.demand.hotwater_loads module

Hotwater load (it also calculates fresh water needs)


	
cea.demand.hotwater_loads.calc_Qww(mww, Tww_sup_0, Tww_re, Cpw)[source]

	




	
cea.demand.hotwater_loads.calc_Qww_dis_ls_nr(tair, Qww, Lvww_dis, Lvww_c, Y, Qww_0, V, Flowtap, twws, Cpw, Pwater, Bf, te, gv)[source]

	




	
cea.demand.hotwater_loads.calc_Qww_dis_ls_r(Tair, Qww, lsww_dis, lcww_dis, Y, Qww_0, V, Flowtap, twws, Cpw, Pwater, gv)[source]

	




	
cea.demand.hotwater_loads.calc_Qww_schedule(list_uses, schedules, building_uses)[source]

	Algoithm to calculate the schedule of Qww use





	Parameters:	
	list_uses – 

	schedules – 

	building_uses – 














	
cea.demand.hotwater_loads.calc_Qww_st_ls(T_ext, Ta, Qww, Vww, Qww_dis_ls_r, Qww_dis_ls_nr, gv)[source]

	




	
cea.demand.hotwater_loads.calc_Qwwf(Af, Lcww_dis, Lsww_dis, Lvww_c, Lvww_dis, T_ext, Ta, Tww_re, Tww_sup_0, Y, gv, Vww_lpd, Vw_lpd, Occ_m2p, list_uses, schedules, building_uses)[source]

	This function calculates the distribution heat loss and final energy consumption of domestic hot water.
Final energy consumption of dhw includes dhw demand, sensible heat loss in hot water storage tank, and heat loss in the distribution network.
:param Af: Conditioned floor area in m2.
:param Lcww_dis: Length of dhw usage circulation pipeline in m.
:param Lsww_dis: Length of dhw usage distribution pipeline in m.
:param Lvww_c: Length of dhw heating circulation pipeline in m.
:param Lvww_dis: Length of dhw heating distribution pipeline in m.
:param T_ext: Ambient temperature in C.
:param Ta: Room temperature in C.
:param Tww_re: Domestic hot water tank return temperature in C, this temperature is the ground water temperature, set according to norm.
:param Tww_sup_0: Domestic hot water suppply set point temperature.
:param vw: specific fresh water consumption in m3/hr*m2.
:param vww: specific domestic hot water consumption in m3/hr*m2.
:return:






	
cea.demand.hotwater_loads.calc_disls(tamb, hotw, Flowtap, V, twws, Lsww_dis, p, cpw, Y, gv)[source]

	




	
cea.demand.hotwater_loads.calc_mw(schedule, Vw_lpd, Occ_m2p, Af, Pwater)[source]

	




	
cea.demand.hotwater_loads.calc_mww(schedule, Vww_lpd, Occ_m2p, Af, Pwater)[source]

	Algorithm to calculate the hourly mass flow rate of domestic hot water





	Parameters:	
	schedule – hourly DHW demand profile [1/h]

	Vww_lpd – DHW demand per person per day in [L/person/day]

	Occ_m2p – Occupant density in [m2/person]

	Af – Total floor area per building [m2]

	Pwater – water density [kg/m3]
















cea.demand.occupancy_model module

Query schedules according to database


	
cea.demand.occupancy_model.calc_occ(list_uses, schedules, bpr)[source]

	Calculate the occupancy in number of people for the whole building per timestep.





	Parameters:	
	list_uses (list) – The list of uses used in the project

	schedules (list[ndarray[float]]) – The list of schedules defined for the project - in the same order as list_uses

	bpr (cea.demand.thermal_loads.BuildingPropertiesRow) – The properties of the building to calculate






	Returns:	Occupancy as number of persons per timestep for the whole building




	Return type:	ndarray












	
cea.demand.occupancy_model.calc_occ_schedule(list_uses, schedules, building_uses)[source]

	Given schedule data for archetypical building uses, calc_occ_schedule calculates the schedule for a building
with possibly a mixed schedule as defined in building_uses using a weighted average approach.





	Parameters:	
	list_uses (list) – The list of uses used in the project

	schedules (list[ndarray[float]]) – The list of schedules defined for the project - in the same order as list_uses

	building_uses (dict[str, float]) – for each use in list_uses, the percentage of that use for this building.
Sum of values is 1.0






	Returns:	




	Return type:	ndarray












	
cea.demand.occupancy_model.read_schedules(use, x)[source]

	




	
cea.demand.occupancy_model.schedule_maker(dates, locator, list_uses)[source]

	






cea.demand.rc_model_SIA module


	
cea.demand.rc_model_SIA.calc_f_ic(a_t, a_m, h_ec)[source]

	



	Parameters:	
	a_t – see bpr.rc_model['Atot']

	a_m – see bpr.rc_model['Am']

	h_ec – see calc_h_ec






	Returns:	












	
cea.demand.rc_model_SIA.calc_f_im(a_t, a_m)[source]

	



	Parameters:	
	a_t – see bpr.rc_model['Atot']

	a_m – see bpr.rc_model['Am']






	Returns:	












	
cea.demand.rc_model_SIA.calc_f_sc(a_t, a_m, a_w, h_ec)[source]

	



	Parameters:	
	a_t – see bpr.rc_model['Atot']

	a_m – see bpr.rc_model['Am']

	a_w – see bpr.rc_model['Aw']

	h_ec – see calc_h_ec






	Returns:	












	
cea.demand.rc_model_SIA.calc_f_sm(a_t, a_m, a_w)[source]

	



	Parameters:	
	a_t – bpr.rc_model[‘Atot’]

	a_m – bpr.rc_model[‘Am’]

	a_w – bpr.rc_model[‘Aw’]






	Returns:	












	
cea.demand.rc_model_SIA.calc_h_1(h_ea, h_ac)[source]

	




	
cea.demand.rc_model_SIA.calc_h_2(h_1, h_ec)[source]

	




	
cea.demand.rc_model_SIA.calc_h_3(h_2, h_mc)[source]

	




	
cea.demand.rc_model_SIA.calc_h_ac(a_t)[source]

	



	Parameters:	a_t – equivalent to bpr.rc_model['Atot']


	Returns:	










	
cea.demand.rc_model_SIA.calc_h_ea(m_ve_mech, m_ve_window, m_ve_inf_simple)[source]

	




	
cea.demand.rc_model_SIA.calc_h_ec(Htr_w)[source]

	




	
cea.demand.rc_model_SIA.calc_h_em(h_op_m, h_mc)[source]

	




	
cea.demand.rc_model_SIA.calc_h_j_em()[source]

	




	
cea.demand.rc_model_SIA.calc_h_mc(a_m)[source]

	



	Parameters:	a_m – see bpr.rc_model['Am']


	Returns:	










	
cea.demand.rc_model_SIA.calc_h_op_m(Htr_op)[source]

	




	
cea.demand.rc_model_SIA.calc_h_tabs()[source]

	




	
cea.demand.rc_model_SIA.calc_phi_a(phi_hc_cv, phi_i_l, phi_i_a, phi_i_p, I_sol)[source]

	




	
cea.demand.rc_model_SIA.calc_phi_c(phi_hc_r, phi_i_l, phi_i_a, phi_i_p, I_sol, f_ic, f_sc)[source]

	




	
cea.demand.rc_model_SIA.calc_phi_hc_cv(phi_hc, f_hc_cv)[source]

	




	
cea.demand.rc_model_SIA.calc_phi_hc_r(phi_hc, f_hc_cv)[source]

	




	
cea.demand.rc_model_SIA.calc_phi_i_a(Eaf, Qcdataf, Qcref)[source]

	




	
cea.demand.rc_model_SIA.calc_phi_i_l(Elf)[source]

	




	
cea.demand.rc_model_SIA.calc_phi_i_p(Qs_Wp, people)[source]

	




	
cea.demand.rc_model_SIA.calc_phi_m(phi_hc_r, phi_i_l, phi_i_a, phi_i_p, I_sol, f_im, f_sm)[source]

	




	
cea.demand.rc_model_SIA.calc_phi_m_tot(phi_m, phi_a, phi_c, theta_ea, theta_em, theta_ec, h_1, h_2, h_3, h_ec, h_ea, h_em)[source]

	




	
cea.demand.rc_model_SIA.calc_phi_m_tot_tabs()[source]

	




	
cea.demand.rc_model_SIA.calc_phi_tabs()[source]

	




	
cea.demand.rc_model_SIA.calc_rc_model_temperatures(phi_hc_cv, phi_hc_r, bpr, tsd, t)[source]

	




	
cea.demand.rc_model_SIA.calc_rc_model_temperatures_cooling(phi_hc, bpr, tsd, t)[source]

	This function executes the equations of SIA 2044 R-C-Building-Model to calculate the node temperatures for a given
cooling energy demand

:py:func: cea.demand.rc_model_SIA.lookup_f_hc_cv_cooling
:py:func: cea.demand.rc_model_SIA.calc_phi_hc_cv
:py:func: cea.demand.rc_model_SIA.calc_phi_hc_r
:py:func: cea.demand.rc_model_SIA.calc_rc_model_temperatures

Author: Gabriel Happle
Date: FEB 2017





	Parameters:	
	phi_hc (float) – Heating or cooling energy demand of building

	bpr (BuildingPropertiesRow) – Building Properties

	tsd (dict) – Time series data of building

	t (int) – time step / hour of the year






	Returns:	R-C-Building-Model node temperatures




	Return type:	dict












	
cea.demand.rc_model_SIA.calc_rc_model_temperatures_heating(phi_hc, bpr, tsd, t)[source]

	This function executes the equations of SIA 2044 R-C-Building-Model to calculate the node temperatures for a given
heating energy demand

:py:func: cea.demand.rc_model_SIA.lookup_f_hc_cv_heating
:py:func: cea.demand.rc_model_SIA.calc_phi_hc_cv
:py:func: cea.demand.rc_model_SIA.calc_phi_hc_r
:py:func: cea.demand.rc_model_SIA.calc_rc_model_temperatures

Author: Gabriel Happle
Date: FEB 2017





	Parameters:	
	phi_hc (float) – Heating or cooling energy demand of building

	bpr (BuildingPropertiesRow) – Building Properties

	tsd (dict) – Time series data of building

	t (int) – time step / hour of the year






	Returns:	R-C-Building-Model node temperatures




	Return type:	dict












	
cea.demand.rc_model_SIA.calc_rc_model_temperatures_no_heating_cooling(bpr, tsd, t)[source]

	Calculates R-C-Model temperatures are calculated with zero heating/cooling power according to SIA 2044 procedure.

:py:func: cea.demand.rc_model_SIA.calc_rc_model_temperatures_no_heating_cooling

Author: Gabriel Happle
Date: FEB 2017





	Parameters:	
	bpr (BuildingPropertiesRow) – Building Properties

	tsd (dict) – Time series data of building

	t (int) – time step / hour of the year






	Returns:	R-C-Model node temperatures




	Return type:	dict












	
cea.demand.rc_model_SIA.calc_theta_a(phi_a, theta_ea, theta_c, h_ac, h_ea)[source]

	




	
cea.demand.rc_model_SIA.calc_theta_c(phi_a, phi_c, theta_ea, theta_ec, theta_m, h_1, h_mc, h_ec, h_ea)[source]

	




	
cea.demand.rc_model_SIA.calc_theta_e_star()[source]

	




	
cea.demand.rc_model_SIA.calc_theta_ea(m_ve_mech, m_ve_window, m_ve_inf_simple, theta_ve_mech, T_ext)[source]

	




	
cea.demand.rc_model_SIA.calc_theta_ec(T_ext)[source]

	




	
cea.demand.rc_model_SIA.calc_theta_em(T_ext)[source]

	




	
cea.demand.rc_model_SIA.calc_theta_m(theta_m_t, theta_m_t_1)[source]

	




	
cea.demand.rc_model_SIA.calc_theta_m_t(phi_m_tot, theta_m_t_1, h_em, h_3, c_m)[source]

	




	
cea.demand.rc_model_SIA.calc_theta_o(theta_a, theta_c)[source]

	




	
cea.demand.rc_model_SIA.calc_theta_tabs_su()[source]

	




	
cea.demand.rc_model_SIA.has_cooling_demand(bpr, tsd, t)[source]

	This function checks whether the building R-C-Model has a cooling demand according to the procedure in SIA 2044.
R-C-Model temperatures are calculated with zero cooling power and checked versus the set-point temperature.
Function includes a temperature tolerance according to the precision of the result reporting.

:py:func: cea.demand.rc_model_SIA.calc_rc_model_temperatures_no_heating_cooling

Author: Gabriel Happle
Date: FEB 2017





	Parameters:	
	bpr (BuildingPropertiesRow) – Building Properties

	tsd (dict) – Time series data of building

	t (int) – time step / hour of the year






	Returns:	True or False




	Return type:	bool












	
cea.demand.rc_model_SIA.has_heating_demand(bpr, tsd, t)[source]

	This function checks whether the building R-C-Model has a heating demand according to the procedure in SIA 2044.
R-C-Model temperatures are calculated with zero heating power and checked versus the set-point temperature.
Function includes a temperature tolerance according to the precision of the result reporting.

:py:func: cea.demand.rc_model_SIA.calc_rc_model_temperatures_no_heating_cooling

Author: Gabriel Happle
Date: FEB 2017





	Parameters:	
	bpr (BuildingPropertiesRow) – Building Properties

	tsd (dict) – Time series data of building

	t (int) – time step / hour of the year






	Returns:	True or False




	Return type:	bool












	
cea.demand.rc_model_SIA.lookup_f_hc_cv_cooling(bpr)[source]

	




	
cea.demand.rc_model_SIA.lookup_f_hc_cv_heating(bpr)[source]

	






cea.demand.rc_model_crank_nicholson_procedure module


	
cea.demand.rc_model_crank_nicholson_procedure.calc_rc_model_demand_heating_cooling(bpr, tsd, t, gv)[source]

	Crank-Nicholson Procedure to calculate heating / cooling demand of buildings
following the procedure in 2.3.2 in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011

Special procedures for updating ventilation air AC-heated and AC-cooled buildings

Author: Gabriel Happle
Date: 01/2017





	Parameters:	
	bpr – building properties row object

	tsd – time series data dict

	t – time step / hour of year [0..8760]

	gv – globalvars






	Returns:	updates values in tsd












	
cea.demand.rc_model_crank_nicholson_procedure.update_tsd_no_cooling(tsd, t)[source]

	updates NaN values in tsd for case of no cooling demand

Author: Gabriel Happle
Date: 01/2017





	Parameters:	
	tsd – time series data dict

	t – time step / hour of year [0..8760]






	Returns:	updates tsd values












	
cea.demand.rc_model_crank_nicholson_procedure.update_tsd_no_heating(tsd, t)[source]

	updates NaN values in tsd for case of no heating demand

Author: Gabriel Happle
Date: 01/2017





	Parameters:	
	tsd – time series data dict

	t – time step / hour of year [0..8760]






	Returns:	updates tsd values














cea.demand.refrigeration_loads module

refrigeration loads


	
cea.demand.refrigeration_loads.calc_Qcref(Eref)[source]

	






cea.demand.sensible_loads module

Sensible space heating and space cooling loads
EN-13970


	
cea.demand.sensible_loads.calc_Asol(t, bpr, gv)[source]

	This function calculates the effective collecting solar area accounting for use of blinds according to ISO 13790,
for the sake of simplicity and to avoid iterations, the delta is calculated based on the last time step.





	Parameters:	
	t – time of the year

	bpr – building properties object

	gv – global variables class






	Returns:	












	
cea.demand.sensible_loads.calc_I_rad(t, tsd, bpr, Rse)[source]

	This function calculates the solar radiation re-irradiated from a building to the sky according to ISO 13790





	Parameters:	
	t – hour of the year

	tsd – time series dataframe

	bpr – building properties object

	gv – global variables class






	Returns:	I_rad: vector solar radiation re-irradiated to the sky.












	
cea.demand.sensible_loads.calc_I_sol(t, bpr, tsd, gv)[source]

	This function calculates the net solar radiation (incident -reflected - re-irradiated) according to ISO 13790





	Parameters:	
	t – hour of the year

	bpr – building properties object

	tsd – time series dataframe

	gv – global variables class






	Returns:	I_sol: vector of net solar radiation to the building
I_rad: vector solar radiation re-irradiated to the sky.












	
cea.demand.sensible_loads.calc_Qgain_lat(people, X_ghp, sys_e_cooling, sys_e_heating)[source]

	




	
cea.demand.sensible_loads.calc_Qgain_sen(t, tsd, bpr, gv)[source]

	




	
cea.demand.sensible_loads.calc_Qhs_Qcs_dis_ls(tair, text, Qhs, Qcs, tsh, trh, tsc, trc, Qhs_max, Qcs_max, D, Y, SystemH, SystemC, Bf, Lv)[source]

	calculates distribution losses based on ISO 15316






	
cea.demand.sensible_loads.calc_Qhs_Qcs_sys_max(Af, prop_HVAC)[source]

	




	
cea.demand.sensible_loads.calc_hr(emissivity, theta_ss)[source]

	This function calculates the external radiative heat transfer coefficient according to ISO 13790





	Parameters:	
	emissivity – emissivity of the considered surface

	theta_ss – delta of temperature between building surface and the sky.






	Returns:	hr:












	
cea.demand.sensible_loads.calc_temperatures_emission_systems(tsd, bpr, Qcsf_0, Qhsf_0, gv)[source]

	






cea.demand.space_emission_systems module

Space emission systems (heating and cooling)
EN 15316-2
prEN 15316-2:2014


	
cea.demand.space_emission_systems.calc_delta_theta_int_inc_cooling(cooling_system, control_system)[source]

	Model of losses in the emission and control system for space heating and cooling.

Correction factor for the heating and cooling setpoints. Extracted from EN 15316-2

(see ceadatabasesCHSystemsemission_systems.xls for valid values for the heating and cooling system values)

T0 means there’s no heating/cooling systems installed, therefore, also no control systems for heating/cooling.
In short, when the input system is T0, the output set point correction should be 0.0.
So if there is no cooling systems, the setpoint_correction_for_space_emission_systems function input: (T1, T0, T1) (type_hs, type_cs, type_ctrl),
return should be (2.65, 0.0), the control system is only specified for the heating system.
In another case with no heating systems: input: (T0, T3, T1) return: (0.0, -2.0), the control system is only
specified for the heating system.





	Parameters:	
	heating_system (str) – The heating system used. Valid values: T0, T1, T2, T3, T4

	cooling_system (str) – The cooling system used. Valid values: T0, T1, T2, T3

	control_system (str) – The control system used. Valid values: T1, T2, T3, T4 - as defined in the
contributors manual under Databases / Archetypes / Building Properties / Mechanical systems.
T1 for none, T2 for PI control, T3 for PI control with optimum tuning, and T4 for room temperature control
(electromagnetically/electronically).






	Returns:	two delta T to correct the set point temperature, dT_heating, dT_cooling




	Return type:	tuple(double, double)












	
cea.demand.space_emission_systems.calc_delta_theta_int_inc_heating(heating_system, control_system)[source]

	Model of losses in the emission and control system for space heating and cooling.

Correction factor for the heating and cooling setpoints. Extracted from EN 15316-2

(see ceadatabasesCHSystemsemission_systems.xls for valid values for the heating and cooling system values)

T0 means there’s no heating/cooling systems installed, therefore, also no control systems for heating/cooling.
In short, when the input system is T0, the output set point correction should be 0.0.
So if there is no cooling systems, the setpoint_correction_for_space_emission_systems function input: (T1, T0, T1) (type_hs, type_cs, type_ctrl),
return should be (2.65, 0.0), the control system is only specified for the heating system.
In another case with no heating systems: input: (T0, T3, T1) return: (0.0, -2.0), the control system is only
specified for the heating system.





	Parameters:	
	heating_system (str) – The heating system used. Valid values: T0, T1, T2, T3, T4

	cooling_system (str) – The cooling system used. Valid values: T0, T1, T2, T3

	control_system (str) – The control system used. Valid values: T1, T2, T3, T4 - as defined in the
contributors manual under Databases / Archetypes / Building Properties / Mechanical systems.
T1 for none, T2 for PI control, T3 for PI control with optimum tuning, and T4 for room temperature control
(electromagnetically/electronically).






	Returns:	two delta T to correct the set point temperature, dT_heating, dT_cooling




	Return type:	tuple(double, double)












	
cea.demand.space_emission_systems.calc_q_em_ls(q_em_out, delta_theta_int_inc, theta_int_inc, theta_e_comb, q_em_max)[source]

	Eq. (8) in [prEN 15316-2:2014]

With modification of capping emission losses at system capacity [Happle 01/2017]





	Parameters:	
	q_em_out – heating power of emission system (W)

	delta_theta_int_inc – delta temperature caused by all losses (K)

	theta_int_inc – equivalent room temperature (°C)

	theta_e_comb – ?comb? outdoor temperature (°C)






	Returns:	












	
cea.demand.space_emission_systems.calc_q_em_ls_cooling(bpr, tsd, hoy)[source]

	calculation procedure for space emissions losses in the cooling case [prEN 15316-2:2014]





	Returns:	










	
cea.demand.space_emission_systems.calc_q_em_ls_heating(bpr, tsd, hoy)[source]

	calculation procedure for space emissions losses in the heating case [prEN 15316-2:2014]





	Returns:	










	
cea.demand.space_emission_systems.calc_theta_e_comb_cooling(theta_e, bpr)[source]

	Eq. (10) in [prEN 15316-2:2014]





	Returns:	










	
cea.demand.space_emission_systems.calc_theta_e_comb_heating(theta_e)[source]

	Eq. (9) in [prEN 15316-2:2014]





	Returns:	










	
cea.demand.space_emission_systems.calc_theta_int_inc(theta_int_ini, delta_theta_int_inc)[source]

	Eq. (1) in [prEN 15316-2:2014]





	Parameters:	theta_int_ini – 


	Returns:	










	
cea.demand.space_emission_systems.get_delta_theta_e_sol(bpr)[source]

	Appendix B.7 in [prEN 15316-2:2014]

delta_theta_e_sol = 8K – for medium window fraction or internal loads (e.g. residential)
delta_theta_e_sol = 12K – for large window fraction or internal loads (e.g. office)





	Parameters:	bpr – 


	Returns:	












cea.demand.thermal_loads module




cea.demand.ventilation_air_flows_detailed module

Ventilation according to [DIN-16798-7] and [ISO-9972]




	[DIN-16798-7]	Energieeffizienz von Gebäuden - Teil 7: Modul M5-1, M 5-5, M 5-6, M 5-8 –
Berechnungsmethoden zur Bestimmung der Luftvolumenströme in Gebäuden inklusive Infiltration;
Deutsche Fassung prEN 16798-7:2014







	[ISO-9972]	Wärmetechnisches Verhalten von Gebäuden –
Bestimmung der Luftdurchlässigkeit von Gebäuden –
Differenzdruckverfahren (ISO 9972:2015);
Deutsche Fassung EN ISO 9972:2015




Convention: all temperature inputs in (°C)


	
cea.demand.ventilation_air_flows_detailed.allocate_default_leakage_paths(coeff_lea_zone, area_facade_zone, area_roof_zone, height_zone)[source]

	Allocate default leakage paths according to B.1.3.17 in [1]





	Parameters:	
	coeff_lea_zone – leakage coefficient of zone

	area_facade_zone – facade area of zone (m2)

	area_roof_zone – roof area of zone (m2)

	height_zone – height of zone (m)






	Returns:	
	coeff_lea_path : coefficients of default leakage paths

	height_lea_path : heights of default leakage paths (m)

	orientation_lea_path : orientation index of default leakage paths (-)
















	
cea.demand.ventilation_air_flows_detailed.allocate_default_ventilation_openings(coeff_vent_zone, height_zone)[source]

	Allocate default ventilation openings according to B.1.3.13 in [1]

:param coeff_vent_zone : coefficient of ventilation openings of zone
:param height_zone : height of zone (m)





	Returns:	
	coeff_vent_path : coefficients of default ventilation opening paths

	height_vent_path : heights of default ventilation opening paths (m)

	orientation_vent_path : orientation index of default ventilation opening paths (-)














	
cea.demand.ventilation_air_flows_detailed.calc_air_flow_mass_balance(p_zone_ref, temp_zone, u_wind_10, temp_ext, dict_props_nat_vent, option)[source]

	Air flow mass balance for iterative calculation according to 6.4.3.9 in [1]

:param p_zone_ref : zone reference pressure (Pa)
:param temp_zone : air temperature in ventilation zone (°C)
:param u_wind_10 : meteorological wind velocity (m/s)
:param temp_ext : exterior air temperature (°C)
:param dict_props_nat_vent : dictionary containing natural ventilation properties of zone
:param option : ‘minimize’ = returns sum of air mass flows, ‘calculate’ = returns air mass flows





	Returns:	sum of air mass flows in and out of zone in (kg/h)










	
cea.demand.ventilation_air_flows_detailed.calc_air_flows(temp_zone, u_wind, temp_ext, dict_props_nat_vent)[source]

	Minimization of variable air flows as a function of zone gauge





	Parameters:	
	temp_zone – zone indoor air temperature (°C)

	u_wind – wind velocity (m/s)

	temp_ext – exterior air temperature (°C)

	dict_props_nat_vent – dictionary containing natural ventilation properties of zone









qm_sum_in : total air mass flow rates into zone (kg/h)
qm_sum_out : total air mass flow rates out of zone (kg/h)






	
cea.demand.ventilation_air_flows_detailed.calc_area_window_cros(dict_windows_building, r_window_arg)[source]

	Calculate cross-ventilation window area according to the procedure in 6.4.3.5.4.3 in [1]

:param dict_windows_building : dictionary containing information of all windows in building
:param r_window_arg : fraction of window opening (-)





	Returns:	area_window_cros : effective window area for cross ventilation (m2)










	
cea.demand.ventilation_air_flows_detailed.calc_area_window_free(area_window_max, r_window_arg)[source]

	Calculate free window opening area according to 6.4.3.5.2 in [1]

:param area_window_max : area of single operable window (m2)
:param r_window_arg : fraction of window opening (-)





	Returns:	area_window_free : open area of window (m2)










	
cea.demand.ventilation_air_flows_detailed.calc_area_window_tot(dict_windows_building, r_window_arg)[source]

	Calculation of total open window area according to 6.4.3.5.2 in [1]

:param dict_windows_building : dictionary containing information of all windows in building
:param r_window_arg : fraction of window opening (-)





	Returns:	area_window_tot = total open area of windows in building (m2)










	
cea.demand.ventilation_air_flows_detailed.calc_coeff_lea_zone(qv_delta_p_lea_ref)[source]

	Calculate default leakage coefficient of zone according to B.1.3.16 in [1]





	Parameters:	qv_delta_p_lea_ref – air volume flow rate at reference pressure (m3/h)


	Returns:	coeff_lea_zone : leakage coefficient of zone










	
cea.demand.ventilation_air_flows_detailed.calc_coeff_vent_zone(area_vent_zone)[source]

	Calculate air volume flow coefficient of ventilation openings of zone according to 6.4.3.6.4 in [1]

:param area_vent_zone : total area of ventilation openings of zone (cm2)

:returns coeff_vent_zone : coefficient of ventilation openings of zone






	
cea.demand.ventilation_air_flows_detailed.calc_delta_p_path(p_zone_ref, height_path, temp_zone, coeff_wind_pressure_path, u_wind_site, temp_ext)[source]

	Calculation of indoor-outdoor pressure difference at air path according to 6.4.2.4 in [1]





	Parameters:	
	p_zone_ref – zone reference pressure (Pa)

	height_path – height of ventilation path (m)

	temp_zone – air temperature of ventilation zone in (°C)

	coeff_wind_pressure_path – wind pressure coefficient of ventilation path (-)

	u_wind_site – wind velocity (m/s)

	temp_ext – external air temperature (°C)






	Returns:	delta_p_path, pressure difference across ventilation path (Pa)












	
cea.demand.ventilation_air_flows_detailed.calc_effective_stack_height(dict_windows_building)[source]

	Calculation of effective stack height for window ventilation according to 6.4.3.4.1 in [1]

:param dict_windows_building : dictionary containing information of all windows in building





	Returns:	height_window_stack : effective stack height of windows of building (m)










	
cea.demand.ventilation_air_flows_detailed.calc_qm_arg(factor_cros, temp_ext, dict_windows_building, u_wind_10, temp_zone, r_window_arg)[source]

	Calculation of cross ventilated and non-cross ventilated window ventilation according to procedure in 6.4.3.5.4
in [1]

:param factor_cros : cross ventilation factor [0,1]
:param temp_ext : exterior temperature (°C)
:param dict_windows_building : dictionary containing information of all windows in building
:param u_wind_10 : wind velocity (m/s)
:param temp_zone : zone temperature (°C)
:param r_window_arg : fraction of window opening (-)





	Returns:	window ventilation air mass flows in (kg/h)










	
cea.demand.ventilation_air_flows_detailed.calc_qm_lea(p_zone_ref, temp_zone, temp_ext, u_wind_site, dict_props_nat_vent)[source]

	Calculation of leakage infiltration and exfiltration air mass flow as a function of zone indoor reference pressure





	Parameters:	
	p_zone_ref – zone reference pressure (Pa)

	temp_zone – air temperature in ventilation zone (°C)

	temp_ext – exterior air temperature (°C)

	u_wind_site – wind velocity (m/s)

	dict_props_nat_vent – dictionary containing natural ventilation properties of zone






	Returns:	
	qm_lea_in : air mass flow rate into zone through leakages (kg/h)

	qm_lea_out : air mass flow rate out of zone through leakages (kg/h)
















	
cea.demand.ventilation_air_flows_detailed.calc_qm_vent(p_zone_ref, temp_zone, temp_ext, u_wind_site, dict_props_nat_vent)[source]

	Calculation of air flows through ventilation openings in the facade

:param p_zone_ref : zone reference pressure (Pa)
:param temp_zone : zone air temperature (°C)
:param temp_ext : exterior air temperature (°C)
:param u_wind_site : wind velocity (m/s)
:param dict_props_nat_vent : dictionary containing natural ventilation properties of zone





	Returns:	
	qm_vent_in : air mass flow rate into zone through ventilation openings (kg/h)

	qm_vent_out : air mass flow rate out of zone through ventilation openings (kg/h)














	
cea.demand.ventilation_air_flows_detailed.calc_qv_delta_p_ref(n_delta_p_ref, vol_building)[source]

	Calculate airflow at reference pressure according to 6.3.2 in [2]





	Parameters:	
	n_delta_p_ref – air changes at reference pressure [1/h]

	vol_building – building_volume [m3]






	Returns:	qv_delta_p_ref : air volume flow rate at reference pressure (m3/h)












	
cea.demand.ventilation_air_flows_detailed.calc_qv_lea_path(coeff_lea_path, delta_p_lea_path)[source]

	Calculate volume air flow of single leakage path according to 6.4.3.6.5 in [1]





	Parameters:	
	coeff_lea_path – coefficient of leakage path

	delta_p_lea_path – pressure difference across leakage path (Pa)






	Returns:	qv_lea_path : volume flow rate across leakage path (m3/h)












	
cea.demand.ventilation_air_flows_detailed.calc_qv_vent_path(coeff_vent_path, delta_p_vent_path)[source]

	Calculate volume air flow of single ventilation opening path according to 6.4.3.6.4 in [1]

:param coeff_vent_path : ventilation opening coefficient of air path
:param delta_p_vent_path : pressure difference across air path (Pa)





	Returns:	qv_vent_path : air volume flow rate across air path (m3/h)










	
cea.demand.ventilation_air_flows_detailed.calc_u_wind_site(u_wind_10)[source]

	Adjusts meteorological wind velocity to site surroundings according to 6.4.2.2 in [1]





	Parameters:	u_wind_10 – meteorological wind velocity (m/s)


	Returns:	u_wind_site, site wind velocity (m/s)










	
cea.demand.ventilation_air_flows_detailed.get_properties_natural_ventilation(bpr, gv)[source]

	gdf_geometry_building : GeoDataFrame containing geometry properties of single building
gdf_architecture_building : GeoDataFrame containing architecture props of single building
:param gv: globalvars
:param bpr: building propert row





	Returns:	dictionary containing natural ventilation properties of zone










	
cea.demand.ventilation_air_flows_detailed.lookup_coeff_wind_pressure(height_path, class_shielding, orientation_path, slope_roof, factor_cros)[source]

	Lookup default wind pressure coefficients for air leakage paths according to B.1.3.3 in [1]





	Parameters:	
	height_path – 

	class_shielding – 

	orientation_path – 

	slope_roof – 

	factor_cros – 






	Returns:	wind pressure coefficients (-)







Conventions:

class_shielding = 0 : open terrain
class_shielding = 1 : normal
class_shielding = 2 : shielded


	orientation_path = 0 : facade facing wind

	1 : facade not facing wind
2 : roof

	factor_cros = 0 : cross ventilation not possible

	= 1 : cross ventilation possible








	
cea.demand.ventilation_air_flows_detailed.testing()[source]

	






cea.demand.ventilation_air_flows_simple module


	
cea.demand.ventilation_air_flows_simple.calc_air_mass_flow_mechanical_ventilation(bpr, tsd, t)[source]

	
	Calculates mass flow rate of mechanical ventilation at time step t according to ventilation control options and

	building systems properties



Author: Gabriel Happle
Date: 01/2017





	Parameters:	
	bpr – Building properties row object

	tsd – Time series data dict

	t – time step [0..8760]






	Returns:	updates tsd












	
cea.demand.ventilation_air_flows_simple.calc_air_mass_flow_window_ventilation(bpr, tsd, t)[source]

	
	Calculates mass flow rate of window ventilation at time step t according to ventilation control options and

	building systems properties



Author: Gabriel Happle
Date: 01/2017





	Parameters:	
	bpr – Building properties row object

	tsd – Time series data dict

	t – time step [0..8760]






	Returns:	updates tsd












	
cea.demand.ventilation_air_flows_simple.calc_m_ve_leakage()[source]

	




	
cea.demand.ventilation_air_flows_simple.calc_m_ve_leakage_simple(bpr, tsd, gv)[source]

	
	Calculates mass flow rate of leakage at time step t according to ventilation control options and

	building systems properties



Estimation of infiltration air volume flow rate according to Eq. (3) in DIN 1946-6

Author: Gabriel Happle
Date: 01/2017





	Parameters:	
	bpr – Building properties row object

	tsd – Time series data dict

	gv – globalvars






	Returns:	updates tsd












	
cea.demand.ventilation_air_flows_simple.calc_m_ve_required(bpr, tsd)[source]

	Calculate required outdoor air ventilation rate according to occupancy

Author: Legacy
Date: old





	Parameters:	
	bpr – Building properties row object

	tsd – Time series data dict






	Returns:	updates tsd












	
cea.demand.ventilation_air_flows_simple.calc_theta_ve_mech(bpr, tsd, t, gv)[source]

	
	Calculates supply temperature of mechanical ventilation system according to ventilation control options and

	building systems properties



Author: Gabriel Happle
Date: 01/2017





	Parameters:	
	bpr – Building properties row object

	tsd – Time series data dict

	t – time step [0..8760]

	gv – globalvars






	Returns:	updates tsd














Module contents







          

      

      

    


    
         Copyright 2017, Architecture and Building Systems.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	City Energy Analyst 2.1 documentation 

          	cea package 

          	cea.demand package 
 
      

    


    
      
          
            
  
cea.demand.calibration package


Subpackages



	cea.demand.calibration.clustering package
	Submodules

	cea.demand.calibration.clustering.clustering_main module

	cea.demand.calibration.clustering.sax module
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	Module contents












Module contents







          

      

      

    


    
         Copyright 2017, Architecture and Building Systems.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	City Energy Analyst 2.1 documentation 

          	cea package 

          	cea.demand package 

          	cea.demand.calibration package 
 
      

    


    
      
          
            
  
cea.demand.calibration.clustering package


Submodules




cea.demand.calibration.clustering.clustering_main module




cea.demand.calibration.clustering.sax module

Symbolic Aggregate approximation (SAX) in python.
Based on the paper “A Symbolic Representation of Time Series, with Implications for Streaming Algorithms”
by J. Lin,  E, Keogh,  S. Lonardi & B. Chiu. 2003.

Adapted from work og N. Hoffman published under MIT license. The original
code can be found in https://github.com/nphoff/saxpy

The MIT License (MIT)
Copyright (c) 2013 Nathan Hoffman
Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated
documentation files (the “Software”), to deal in the Software without restriction, including without limitation the
rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial portions
of the Software.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR
OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.


	
class cea.demand.calibration.clustering.sax.SAX(word_size=8, alphabet_size=7, epsilon=1e-06)[source]

	Bases: object

This class is for computing common things with the Symbolic
Aggregate approXimation method.  In short, this translates
a series of data to a string, which can then be compared with other
such strings using a lookup table.


	
alphabetize(paaX)[source]

	Converts the Piecewise Aggregate Approximation of x to a series of letters.






	
batch_compare(xStrings, refString)[source]

	




	
build_letter_compare_dict()[source]

	Builds up the lookup table to determine numeric distance between two letters
given an alphabet size.  Entries for both ‘ab’ and ‘ba’ will be created
and will have identical values.






	
compare_letters(la, lb)[source]

	Compare two letters based on letter distance return distance between






	
compare_strings(sA, sB)[source]

	Compares two strings based on individual letter distance
Requires that both strings are the same length






	
normalize(x)[source]

	Function will normalize an array (give it a mean of 0, and a
standard deviation of 1) unless it’s standard deviation is below
epsilon, in which case it returns an array of zeros the length
of the original array.






	
set_scaling_factor(scalingFactor)[source]

	




	
set_window_size(windowSize)[source]

	




	
sliding_window(x, num_subsequences=None, overlapping_fraction=None)[source]

	




	
to_PAA(x)[source]

	Function performs Piecewise Aggregate Approximation on data set, reducing
the dimension of the dataset x to w discrete levels. returns the reduced
dimension data set, as well as the indicies corresponding to the original
data for each reduced dimension






	
to_letter_representation(x)[source]

	Function takes a series of data, x, and transforms it to a string representation












cea.demand.calibration.clustering.sax_optimization module
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cea.demand.preprocessing package


Submodules




cea.demand.preprocessing.properties module

building properties algorithm


	
cea.demand.preprocessing.properties.calc_category(a, x, y)[source]

	




	
cea.demand.preprocessing.properties.calc_comparison(array_min, array_max)[source]

	




	
cea.demand.preprocessing.properties.calc_mainuse(uses_df, uses)[source]

	




	
cea.demand.preprocessing.properties.get_database(path_database, sheet)[source]

	




	
cea.demand.preprocessing.properties.properties(locator, prop_architecture_flag, prop_hvac_flag, prop_comfort_flag, prop_internal_loads_flag)[source]

	algorithm to query building properties from statistical database
Archetypes_HVAC_properties.csv. for more info check the integrated demand
model of Fonseca et al. 2015. Appl. energy.





	Parameters:	
	locator (InputLocator) – an InputLocator instance set to the scenario to work on

	prop_architecture_flag (boolean) – if True, get properties about the construction and architecture.

	prop_comfort_flag (boolean) – if True, get properties about thermal comfort.

	prop_hvac_flag (boolean) – if True, get properties about types of HVAC systems, otherwise False.

	prop_internal_loads_flag (boolean) – if True, get properties about internal loads, otherwise False.









The following files are created by this script, depending on which flags were set:


	
	building_HVAC: .dbf

	describes the queried properties of HVAC systems.





	
	architecture.dbf

	describes the queried properties of architectural features





	
	building_thermal: .shp

	describes the queried thermal properties of buildings





	
	indoor_comfort.shp

	describes the queried thermal properties of buildings












	
cea.demand.preprocessing.properties.run_as_script(scenario_path=None, prop_thermal_flag=True, prop_architecture_flag=True, prop_hvac_flag=True, prop_comfort_flag=True, prop_internal_loads_flag=True)[source]

	Run the properties script with input from the reference case and compare the results. This ensures that changes
made to this script (e.g. refactorings) do not stop the script from working and also that the results stay the same.








Module contents







          

      

      

    


    
         Copyright 2017, Architecture and Building Systems.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	City Energy Analyst 2.1 documentation 

          	cea package 
 
      

    


    
      
          
            
  
cea.geometry package


Submodules




cea.geometry.geometry_reader module

algorithms for manipulation of building geometry


	
cea.geometry.geometry_reader.create_windows(df_prop_surfaces, gdf_building_architecture)[source]

	Creates windows on exposed building surfaces according to building win-wall-ratio





	Parameters:	
	df_prop_surfaces (DataFrame) – DataFrame containing all exposed building surfaces (this is the properties_surfaces.csv
file from the radiation calculation)

	gdf_building_architecture (GeoDataFrame) – GeoDataFrame containing building architecture - this is the architecture.shp
file from the scenario input, containing the win_wall column with the window to wall ratio.






	Returns:	DataFrame containing all windows of all buildings




	Return type:	DataFrame







Sample rows of output::

       angle_window  area_window  height_window_above_ground          0            90     1.910858                         1.5
1            90     2.276739                         1.5
2            90     2.276739                         4.5
3            90     2.276739                         7.5
4            90     2.276739                        10.5

   height_window_in_zone name_building  orientation_window
0                    1.5       B140589                   0
1                    1.5       B140590                 180
2                    4.5       B140590                 180
3                    7.5       B140590                 180
4                   10.5       B140590                 180

[5 rows x 6 columns]










	
cea.geometry.geometry_reader.get_building_geometry_ventilation(gdf_building_geometry)[source]

	:param gdf_building_geometry : GeoDataFrame contains single building





	Returns:	building properties for natural ventilation calculation












Module contents







          

      

      

    


    
         Copyright 2017, Architecture and Building Systems.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	City Energy Analyst 2.1 documentation 

          	cea package 
 
      

    


    
      
          
            
  
cea.plots package


Submodules




cea.plots.graphs_demand module

graphs algorithm


	
cea.plots.graphs_demand.create_demand_graph_for_building(analysis_fields, area_df, color_palette, fields_date, locator, name, total_demand)[source]

	




	
cea.plots.graphs_demand.demand_graph_fields(scenario_path)[source]

	Lists the available fields for the demand graphs - these are fields that are present in both the
building demand results files as well as the totals file (albeit with different units).






	
cea.plots.graphs_demand.graphs_demand(locator, analysis_fields, gv)[source]

	algorithm to print graphs in PDF concerning the dynamics of each and all buildings





	Parameters:	
	locator (inputlocator.InputLocator) – an InputLocator set to the scenario to compute

	analysis_fields (list[string]) – list of fields (column names in Totals.csv) to analyse






	Returns:	
	Graphs of each building and total: .Pdf

	heat map file per variable of interest n.
















	
cea.plots.graphs_demand.run_as_script(scenario_path=None, analysis_fields=['Ealf_kWh', 'Qhsf_kWh', 'Qwwf_kWh', 'Qcsf_kWh'])[source]

	






cea.plots.graphs_optimization module


Note

documentation pending






cea.plots.graphs_solar_potential module

Solar graphs


	
cea.plots.graphs_solar_potential.calc_graph_I_sol(hourlydata_groups)[source]

	




	
cea.plots.graphs_solar_potential.calc_graph_PV(results, results_perarea)[source]

	




	
cea.plots.graphs_solar_potential.calc_graph_SC(result, Tin)[source]

	






cea.plots.heatmaps module




cea.plots.scenario_plots module

scenario_plots.py

Create a list of plots for comparing multiple scenarios.


	
cea.plots.scenario_plots.create_page_demand(locators, pdf, scenario_names)[source]

	Create Page one: Demand
:param locators: list of InputLocators, one for each scenario
:param pdf:  the PdfFile to write the page to
:param scenario_names: list of scenario names
:return: None






	
cea.plots.scenario_plots.create_page_lca_embodied(locators, pdf, scenario_names)[source]

	Create Page Two: LCA Embodied
:param locators: list of InputLocators, one for each scenario
:param pdf:  the PdfFile to write the page to
:param scenario_names: list of scenario names
:return: None






	
cea.plots.scenario_plots.create_page_lca_operation(locators, pdf, scenario_names)[source]

	Create Page Three: LCA Operation
:param locators: list of InputLocators, one for each scenario
:param pdf:  the PdfFile to write the page to
:param scenario_names: list of scenario names
:return: None






	
cea.plots.scenario_plots.plot_demand(ax, locators, scenario_names, column, title)[source]

	




	
cea.plots.scenario_plots.plot_lca_embodied(ax, locators, scenario_names, column, title, unit)[source]

	




	
cea.plots.scenario_plots.plot_lca_operation(ax, locators, scenario_names, column, title, unit)[source]

	




	
cea.plots.scenario_plots.plot_scenarios(scenarios, output_file)[source]

	List each scenario in the folder scenario_root and plot demand and lca (operations, embodied) data.





	Parameters:	
	scenarios – A list of scenario folders.

	output_file – The filename (pdf) to save the results as.






	Returns:	(None)












	
cea.plots.scenario_plots.run_as_script(scenario_folders=None, output_file=None)[source]

	






cea.plots.sensitivity_demand_graphs module

Graphs for sensitivity_demand.py


	
cea.plots.sensitivity_demand_graphs.graph(locator, parameters, method, samples)[source]

	



	Parameters:	
	locator – locator class

	parameters – list of output parameters to analyse

	method – ‘morris’ or ‘sobol’ methods

	samples – number of samples to calculate






	Returns:	.pdf file per output_parameter stored in locator.get_sensitivity_plots_file()












	
cea.plots.sensitivity_demand_graphs.run_as_script()[source]

	






cea.plots.timeseries_interactive_graph module
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cea.resources package


Submodules




cea.resources.geothermal module


	
cea.resources.geothermal.calc_ground_temperature(T_ambient, gv)[source]

	Calculates hourly ground temperature fluctuation over a year following [Kusuda, T. et al., 1965]_.





	Parameters:	
	T_ambient (np array) – vector with outdoor temperature

	gv – globalvar.py






	Return Tg:	vector with ground temperatures in [K]




	Rtype Tg:	np array







..[Kusuda, T. et al., 1965] Kusuda, T. and P.R. Achenbach (1965). Earth Temperatures and Thermal Diffusivity at
Selected Stations in the United States. ASHRAE Transactions. 71(1):61-74








cea.resources.natural_gas module

natural gas


	
cea.resources.natural_gas.calc_Cinv_gas(PnomGas, gV)[source]

	Calculate investment cost of natural gas connections.





	Parameters:	
	PnomGas (float) – peak natural gas supply in [W]

	gV – globalvar.py






	Returns InvCa:	


	Rtype InvCa:	












cea.resources.radiation module
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cea.technologies package


Submodules




cea.technologies.blinds module

blinds


	
cea.technologies.blinds.calc_blinds_activation(radiation, g_gl, Rf_sh)[source]

	This function calculates the blind operation according to ISO 13790.





	Parameters:	
	radiation – radiation in [W/m2]

	g_gl – window g value

	Rf_sh – shading factor
















cea.technologies.boilers module

condensing boilers


	
cea.technologies.boilers.calc_Cinv_boiler(Q_design, Q_annual, gV)[source]

	Calculates the annual cost of a boiler (based on A+W cost of oil boilers) [CHF / a]
and Faz. 2012 data

:type Q_design : float
:param Q_design: Design Load of Boiler in [W]

:type Q_annual : float
:param Q_annual: Annual thermal load required from Boiler in [Wh]





	Parameters:	gV – globalvar.py





:rtype InvCa : float
:returns InvCa: Annualized investment costs in CHF/a including Maintenance Cost






	
cea.technologies.boilers.calc_Cop_boiler(Q_load, Q_design, T_return_to_boiler)[source]

	This function calculates efficiency for operation of condensing Boilers based on LHV.
This efficiency accounts for boiler efficiency only (not plant efficiency!)


	operational efficiency after:

	http://www.greenshootscontrols.net/?p=153







	Parameters:	
	Q_load (float) – Load of time step

	Q_design (float) – Design Load of Boiler









:type T_return_to_boiler : float
:param T_return_to_boiler: Return Temperature of the network to the boiler [K]





	Retype boiler_eff:

		float


	Returns boiler_eff:

		efficiency of Boiler (Lower Heating Value), in abs. numbers










	
cea.technologies.boilers.cond_boiler_op_cost(Q_therm, Q_design, T_return_to_boiler, BoilerFuelType, ElectricityType, gV)[source]

	Calculates the operation cost of a Condensing Boiler (only operation, not annualized cost)

:type Q_therm : float
:param Q_therm: Load of time step





	Parameters:	Q_design (float) – Design Load of Boiler





:type T_return_to_boiler : float
:param T_return_to_boiler: return temperature to Boiler (from DH network)





	Parameters:	gV – globalvar.py





:rtype C_boil_therm : float
:returns C_boil_therm: Total generation cost for required load (per hour) in CHF

:rtype C_boil_per_Wh : float
:returns C_boil_per_Wh: cost per Wh in CHF / kWh

:rtype Q_primary : float
:returns Q_primary: required thermal energy per hour (in Wh Natural Gas)





	Rtype E_aux_Boiler:

		float


	Returns E_aux_Boiler:

		auxiliary electricity of boiler operation










	
cea.technologies.boilers.cond_boiler_operation(Q_load, Q_design, T_return_to_boiler)[source]

	This function calculates efficiency for operation of condensing Boilers at DH plant based on LHV.
This efficiency accounts for boiler efficiency only (not plant efficiency!)


	operational efficiency after:

	http://www.greenshootscontrols.net/?p=153







	Parameters:	
	Q_load (float) – Load of time step

	Q_design (float) – Design Load of Boiler









:type T_return_to_boiler : float
:param T_return_to_boiler: Return Temperature of the network to the boiler [K]





	Retype boiler_eff:

		float


	Returns boiler_eff:

		efficiency of Boiler (Lower Heating Value), in abs. numbers












cea.technologies.chillers module

Vapor-compressor chiller


	
cea.technologies.chillers.calc_Cinv_VCC(qcold, gV)[source]

	Annualized investment costs for the vapor compressor chiller

:type qcold : float
:param qcold: peak cooling demand in [W]
:param gV: globalvar.py





	Returns InvCa:	annualized chiller investment cost in CHF/a


	Rtype InvCa:	float










	
cea.technologies.chillers.calc_VCC(mdot, tsup, tret, gV)[source]

	For the operation of a Vapor-compressor chiller between a district cooling network and a condenser with fresh water
to a cooling tower following [D.J. Swider, 2003]_.

:type mdot : float
:param mdot: plant supply mass flow rate to the district cooling network
:type tsup : float
:param tsup: plant supply temperature to DCN
:type tret : float
:param tret: plant return temperature from DCN
:param gV: globalvar.py

:rtype wdot : float
:returns wdot: chiller electric power requirement
:rtype qhotdot : float
:returns qhotdot: condenser heat rejection

..[D.J. Swider, 2003] D.J. Swider (2003). A comparison of empirically based steady-state models for
vapor-compression liquid chillers. Applied Thermal Engineering.








cea.technologies.cogeneration module

cogeneration (combined heat and power)


	
cea.technologies.cogeneration.CC_Op(wdot, gt_size, fuel, tDH, gV)[source]

	Operation Function of Combined Cycle at given electricity Demand (wdot).
The gas turbine (GT) exhaust gas is used by the steam turbine (ST).

:type wdot : float
:param wdot: Electric load that is demanded to the gas turbine (only GT output, not CC output!)
:type gt_size : float
:param gt_size: size of the gas turbine and (not CC)(P_el_max)
:type fuel : string
:param fuel: fuel used, either ‘NG’ (natural gas) or ‘BG’ (biogas)
:type tDH : float
:param tDH: plant supply temperature to district heating network (hot)
:param gV: globalvar.py

:rtype wtot : float
:returns wtot: total electric power output from the combined cycle (both GT + ST !)
:rtype qdot : float
:returns qdot: thermal output from teh combined cycle
:rtype eta_elec : float
:returns eta_elec: total electric efficiency
:rtype eta_heat : float
:returns eta_heat: total thermal efficiency
:rtype eta_all : float
:returns eta_all: sum of total electric and thermal efficiency






	
cea.technologies.cogeneration.GT_fullLoadParam(gt_size, fuel, gV)[source]

	Calculates gas turbine efficiency and exhaust gas mass flow rate at full load.

:type gt_size : float
:param gt_size: Maximum electric load that is demanded to the gas turbine
:type fuel : string
:param fuel: fuel used, either NG (Natural Gas) or BG (Biogas)
:param gV: globalvar.py

:rtype eta0 : float
:returns eta0: efficiency at full load
:rtype mdot0 : float
:returns mdot0: exhaust gas mass flow rate at full load

..[C. Weber, 2008] C.Weber, Multi-objective design and optimization of district energy systems including
polygeneration energy conversion technologies., PhD Thesis, EPFL






	
cea.technologies.cogeneration.GT_partLoadParam(wdot, gt_size, eta0, mdot0, fuel, gV)[source]

	Calculates GT operational parameters at part load

:type wdot : float
:param wdot: GT electric output (load)
:type gt_size : float
:param gt_size: Maximum electric load that is demanded to the gas turbine
:type eta0 : float
:param eta0: GT part-load electric efficiency
:type mdot0 : float
:param mdot0: GT part-load exhaust gas mass flow
:type fuel : string
:param fuel: fuel used, either ‘NG’ (natural gas) or ‘BG’ (biogas)

:rtype eta : float
:returns eta: GT part-load electric efficiency
:rtype mdot : float
:returns mdot: GT part-load exhaust gas mass flow rate
:rtype texh : float
:returns texh: exhaust gas temperature
:rtype mdotfuel : float
:returns mdotfuel: mass flow rate of fuel(gas) requirement

..[C. Weber, 2008] C.Weber, Multi-objective design and optimization of district energy systems including
polygeneration energy conversion technologies., PhD Thesis, EPFL






	
cea.technologies.cogeneration.ST_Op(mdot, texh, tDH, fuel, gV)[source]

	Operation of a double pressure (LP,HP) steam turbine connected to a district heating network following
[C. Weber, 2008]_

:type mdot : float
:param mdot: GT part-load exhaust gas mass flow rate
:type texh : float
:param texh: GT exhaust gas temperature
:type tDH : float
:param tDH: plant supply temperature to district heating network (hot)
:param fuel: fuel used, either ‘NG’ (natural gas) or ‘BG’ (biogas)
:type tDH : float
:param gV: globalvar.py

:rtype qdot : float
:returns qdot: heat power supplied to the DHN
:rtype wdotfin : float
:returns wdotfin: electric power generated from the steam cycle

..[C. Weber, 2008] C.Weber, Multi-objective design and optimization of district energy systems including
polygeneration energy conversion technologies., PhD Thesis, EPFL






	
cea.technologies.cogeneration.calc_Cinv_CCT(CC_size, gV)[source]

	Annualized investment costs for the Combined cycle

:type CC_size : float
:param CC_size: Electrical size of the CC

:rtype InvCa : float
:returns InvCa: annualized investment costs in CHF

..[C. Weber, 2008] C.Weber, Multi-objective design and optimization of district energy systems including
polygeneration energy conversion technologies., PhD Thesis, EPFL






	
cea.technologies.cogeneration.calc_Cinv_FC(P_design, gV)[source]

	Calculates the investment cost of a Fuel Cell in CHF

http://hexis.com/sites/default/files/media/publikationen/140623_hexis_galileo_ibb_profitpaket.pdf?utm_source=HEXIS+Mitarbeitende&utm_campaign=06d2c528a5-1_Newsletter_2014_Mitarbeitende_DE&utm_medium=email&utm_term=0_e97bc1703e-06d2c528a5-

:type P_design : float
:param P_design: Design thermal Load of Fuel Cell [W_th]





	Rtype InvCa:	float


	Returns InvCa:	annualized investment costs in CHF










	
cea.technologies.cogeneration.calc_Cop_CCT(GT_SIZE, T_DH_Supply, fuel, gV)[source]

	The function iterate the CCT operation between its nominal capacity and minimum load and generate linear functions of
the GT operation.

This generated function calculates Operation Point and associated costs of the cogeneration at given
thermal load (Q_therm_requested).

How to use the return functions : input Q_therm_requested into the output interpolation functions
Conditions: not below or above boundaries Q_therm_min & Q_therm_max

:type GT_SIZE : float
:param GT_SIZE: Nominal capacity of Gas Turbine (only GT not cogeneration)

:type T_DH_Supply : float
:param T_DH_Supply: CHP plant supply temperature to DHN

:type fuel : string
:param fuel: type of fuel, either “NG” or “BG”





	Parameters:	gV – globalvar.py





:rtype wdot_interpol : function
:returns wdot_interpol: interpolation function for part load electricity requirement for given Q_therm_requested





	Rtype Q_used_prim_interpol:

		function


	Returns Q_used_prim_interpol:

		interpolation function, primary energy used for given Q_therm_requested





:rtype cost_per_Wh_th_incl_el_interpol : function
:returns cost_per_Wh_th_incl_el_interpol: interpolation function, operation cost per thermal energy generated at Q_therm_requested

:rtype Q_therm_min : float
:returns Q_therm_min: minimum thermal energy output

:rtype Q_therm_max : float
:returns Q_therm_max: maximum thermal energy output





	Rtype eta_elec_interpol:

		function


	Returns eta_elec_interpol:

		interpolation function, electrical efficiency at Q_therm_requested





..[C. Weber, 2008] C.Weber, Multi-objective design and optimization of district energy systems including
polygeneration energy conversion technologies., PhD Thesis, EPFL






	
cea.technologies.cogeneration.calc_eta_FC(Q_load, Q_design, phi_threshold, approach_call)[source]

	Efficiency for operation of a SOFC (based on LHV of NG) including all auxiliary losses
Valid for Q_load in range of 1-10 [kW_el]


	Modeled after:

	
	Approach A (NREL Approach):

	http://energy.gov/eere/fuelcells/distributedstationary-fuel-cell-systems
and
NREL : p.5  of [M. Zolot et al., 2004]_



Approach B (Empiric Approach): [Iain Staffell]_





:type Q_load : float
:param Q_load: Load at each time step

:type Q_design : float
:param Q_design: Design Load of FC

:type phi_threshold : float
:param phi_threshold: where Maximum Efficiency is reached, used for Approach A

:type approach_call : string
:param appraoch_call: choose “A” or “B”: A = NREL-Approach, B = Empiric Approach

:rtype eta_el : float
:returns eta_el: electric efficiency of FC (Lower Heating Value), in abs. numbers

:rtype Q_fuel : float
:returns Q_fuel: Heat demand from fuel (in Watt)

..[M. Zolot et al., 2004] M. Zolot et al., Analysis of Fuel Cell Hybridization and Implications for Energy Storage
Devices, NREL, 4th International Advanced Automotive Battery.
http://www.nrel.gov/vehiclesandfuels/energystorage/pdfs/36169.pdf

..[Iain Staffell, 2009] Iain Staffell, For Domestic Heat and Power: Are They Worth It?, PhD Thesis, Birmingham:
University of Birmingham. http://etheses.bham.ac.uk/641/1/Staffell10PhD.pdf








cea.technologies.controllers module

controllers


	
cea.technologies.controllers.calc_simple_temp_control(tsd, prop_comfort, limit_inf_season, limit_sup_season, weekday)[source]

	




	
cea.technologies.controllers.calc_simple_ventilation_control(ve, people, Af, gv, hour_day, hour_year, n50)[source]

	Modified version of calc_simple_ventilation_control from functions.
Fixed infiltration according to schedule is only considered for mechanically ventilated buildings.

ve : required ventilation rate according to schedule (?)
people : occupancy schedules (pax?)
Af : conditioned floor area (m2)
gv : globalvars
hour_day : hour of the day [0..23]
hour_year : hour of the year [0..8760]
n50 : building envelope leakiness from archetypes

q_req : required ventilation rate schedule (m3/s)






	
cea.technologies.controllers.calc_ventialtion_HVAC_buildings(area_envelope, HVAC_on, Tin, Tout, ws, method)[source]

	infiltration according to energy plus, blast, or DOE2 tools






	
cea.technologies.controllers.temperature_control_tabs(bpr, tsd, hoy, gv, control)[source]

	Controls for TABS operating temperature based on the operating parameters defined by Koschenz and Lehmann
“Thermoaktive Bauteilsysteme (TABS)” (2000), that is: maximum surface temperature and maximum temperature difference
between TABS surface and air. If either of these is exceeded, they are set to the maximum and all temperatures are
recalculated.
The formulas below are simply reformulations of the calculations in the R-C model.








cea.technologies.cooling_tower module

System Modeling: Cooling tower


	
cea.technologies.cooling_tower.calc_CT(qhotdot, Qdesign, gV)[source]

	For the operation of a water condenser + direct cooling tower based on [B. Stephane, 2012]_

:type qhotdot : float
:param qhotdot: heating power to condenser, From Model_VCC
:type Qdesign : float
:param Qdesign: Max cooling power

:type wdot : float
:param wdot: electric power needed for the variable speed drive fan

..[B. Stephane, 2012] B. Stephane (2012), Evidence-Based Model Calibration for Efficient Building Energy Services.
PhD Thesis, University de Liege, Belgium






	
cea.technologies.cooling_tower.calc_Cinv_CT(CT_size, gV)[source]

	Annualized investment costs for the Combined cycle

:type CT_size : float
:param CT_size: Size of the Cooling tower in [W]

:rtype InvCa : float
:returns InvCa: annualized investment costs in Dollars








cea.technologies.furnace module

furnaces


	
cea.technologies.furnace.calc_Cinv_furnace(Q_design, Q_annual, gv)[source]

	Calculates the annualized investment cost of a Furnace
based on Bioenergy 2020 (AFO) and POLYCITY Ostfildern

:type Q_design : float
:param Q_design: Design Load of Boiler

:type Q_annual : float
:param Q_annual: annual thermal Power output [Wh]





	Parameters:	gV – globalvar.py





:rtype InvC_return : float
:returns InvC_return: total investment Cost for building the plant

:rtype InvCa : float
:returns InvCa: annualized investment costs in [CHF] including O&M






	
cea.technologies.furnace.calc_eta_furnace(Q_load, Q_design, T_return_to_boiler, MOIST_TYPE, gv)[source]

	Efficiency for Furnace Plant (Wood Chip  CHP Plant, Condensing Boiler) based on LHV.

Capacity : 1-10 [MW], Minimum Part Load: 30% of P_design
Source: POLYCITY HANDBOOK 2012

:type Q_load : float
:param Q_load: Load of time step

:type Q_design : float
:param Q_design: Design Load of Boiler

:type T_return_to_boiler : float
:param T_return_to_boiler: return temperature to the boiler

:type MOIST_TYPE : float
:param MOIST_TYPE: moisture type of the fuel, set in MasterToSlaveVariables (‘wet’ or ‘dry’)





	Parameters:	gV – globalvar.py





up to 6MW_therm_out Capacity proven!
= 8 MW th (burner)

:rtype eta_therm : float
:returns eta_therm: thermal Efficiency of Furnace (LHV), in abs. numbers

:rtype eta_el : float
:returns eat_el: electric efficiency of Furnace (LHV), in abs. numbers

:rtyp;e Q_aux : float
:returns Q_aux: auxiliary power for Plant operation [W]






	
cea.technologies.furnace.furnace_op_cost(Q_therm, Q_design, T_return_to_boiler, MOIST_TYPE, gv)[source]

	Calculates the operation cost of a furnace plant (only operation, no annualized cost!)

:type Q_therm : float
:param Q_therm: thermal energy required from furnace plant in [Wh]

:type Q_design : float
:param Q_design: Design Load of Boiler [W]

:type T_return_to_boiler : float
:param T_return_to_boiler: return temperature to the boiler

:type MOIST_TYPE : float
:param MOIST_TYPE: moisture type of the fuel, set in MasterToSlaveVariables (‘wet’ or ‘dry’)





	Parameters:	gV – globalvar.py





:rtype C_furn : float
:returns C_furn: Total generation cost for required load (per hour) in [CHF], including profits from electricity sold

:rtype C_furn_per_kWh : float
:returns C_furn_per_kWh: cost generation per kWh thermal energy  produced in [Rp / kWh], including profits from
electricity sold

:rtype Q_primary : float
:returns Q_primary: required thermal energy per hour [Wh] of wood chips

:rtype E_furn_el_produced : float
:returns E_furn_el_produced: electricity produced by furnace plant in [Wh]








cea.technologies.heat_exchangers module

heat exchangers


	
cea.technologies.heat_exchangers.calc_Cinv_HEX(Q_design, gV)[source]

	Calculates the cost of a heat exchanger (based on A+W cost of oil boilers) [CHF / a]

:type Q_design : float
:param Q_design: Design Load of Boiler





	Parameters:	gV – globalvar.py





:rtype InvC_return : float
:returns InvC_return: total investment Cost in [CHF]

:rtype InvCa : float
:returns InvCa: annualized investment costs in [CHF/a]








cea.technologies.heating_coils module

Heating and cooling coils of Air handling units


	
cea.technologies.heating_coils.calc_cooling_coil(Qcsf, Qcsf_0, Ta_sup_cs, Ta_re_cs, Tcs_sup_0, Tcs_re_0, ma_sup_cs, ma_sup_0, Ta_sup_0, Ta_re_0, Cpa, gv)[source]

	




	
cea.technologies.heating_coils.calc_heating_coil(Qhsf, Qhsf_0, Ta_sup_hs, Ta_re_hs, Ths_sup_0, Ths_re_0, ma_sup_hs, ma_sup_0, Ta_sup_0, Ta_re_0, Cpa, gv)[source]

	






cea.technologies.heatpumps module

heatpumps


	
cea.technologies.heatpumps.GHP_InvCost(GHP_Size, gV)[source]

	Calculates the annualized investment costs for the geothermal heat pump

:type GHP_Size : float
:param GHP_Size: Design electrical size of the heat pump in [Wel]


	InvCa : float

	annualized investment costs in EUROS/a








	
cea.technologies.heatpumps.GHP_Op_max(tsup, tground, nProbes, gV)[source]

	For the operation of a Geothermal heat pump (GSHP) at maximum capacity supplying DHN.

:type tsup : float
:param tsup: supply temperature to the DHN (hot)
:type tground : float
:param tground: ground temperature
:type nProbes: float
:param nProbes: bumber of probes
:param gV: globalvar.py





	Rtype qhotdot:	float


	Returns qhotdot:

		heating energy provided from GHSP


	Rtype COP:	float


	Returns COP:	coefficient of performance of GSHP










	
cea.technologies.heatpumps.GHP_op_cost(mdot, tsup, tret, gV, COP)[source]

	Operation cost of GSHP supplying DHN

:type mdot : float
:param mdot: supply mass flow rate to the DHN
:type tsup : float
:param tsup: supply temperature to the DHN (hot)
:type tret : float
:param tret: return temeprature from the DHN (cold)
:type COP: float
:param COP: coefficient of performance of GSHP
:param gV: globalvar.py





	Rtype C_GHP_el:	float


	Returns C_GHP_el:

		electricity cost of GSHP operation


	Rtype wdot:	float


	Returns wdot:	electricty required for GSHP operation


	Rtype qcoldot:	float


	Returns qcoldot:

		cold power requirement


	Rtype q_therm:	float


	Returns q_therm:

		thermal energy supplied to DHN










	
cea.technologies.heatpumps.HPLake_Op(mdot, tsup, tret, tlake, gV)[source]

	For the operation of a Heat pump between a district heating network and a lake

:type mdot : float
:param mdot: supply mass flow rate to the DHN
:type tsup : float
:param tsup: supply temperature to the DHN (hot)
:type tret : float
:param tret: return temeprature from the DHN (cold)
:type tlake : float
:param tlake: lake temperature
:param gV: globalvar.py

:rtype wdot_el : float
:returns wdot_el: total electric power requirement for compressor and auxiliary el.
:rtype qcolddot : float
:returns qcolddot: cold power requirement

..[L. Girardin et al., 2010] L. Girardin, F. Marechal, M. Dubuis, N. Calame-Darbellay, D. Favrat (2010). EnerGis:
a geographical information based system for the evaluation of integrated energy conversion systems in urban areas,
Energy.

..[C. Montagud et al., 2014] C. Montagud, J.M. Corberan, A. Montero (2014). In situ optimization methodology for
the water circulation pump frequency of ground source heat pump systems. Energy and Buildings






	
cea.technologies.heatpumps.HPLake_op_cost(mdot, tsup, tret, tlake, gV)[source]

	For the operation of lake heat pump supplying DHN

:type mdot : float
:param mdot: supply mass flow rate to the DHN
:type tsup : float
:param tsup: supply temperature to the DHN (hot)
:type tret : float
:param tret: return temeprature from the DHN (cold)
:type tlake : float
:param tlake: lake temperature
:param gV: globalvar.py





	Rtype C_HPL_el:	float


	Returns C_HPL_el:

		electricity cost of Lake HP operation


	Rtype wdot:	float


	Returns wdot:	electricty required for Lake HP operation


	Rtype Q_cold_primary:

		float


	Returns Q_cold_primary:

		cold power requirement


	Rtype Q_therm:	float


	Returns Q_therm:

		thermal energy supplied to DHN










	
cea.technologies.heatpumps.HPSew_op_cost(mdot, tsup, tret, tsupsew, gV)[source]

	Operation cost of sewage water HP supplying DHN

:type mdot : float
:param mdot: supply mass flow rate to the DHN
:type tsup : float
:param tsup: supply temperature to the DHN (hot)
:type tret : float
:param tret: return temeprature from the DHN (cold)
:type tsupsew : float
:param tsupsew: sewage supply temperature
:param gV: globalvar.py





	Rtype C_HPSew_el_pure:

		float


	Returns C_HPSew_el_pure:

		electricity cost of sewage water HP operation


	Rtype C_HPSew_per_kWh_th_pure:

		float


	Returns C_HPSew_per_kWh_th_pure:

		electricity cost per kWh thermal energy produced from sewage water HP


	Rtype qcoldot:	float


	Returns qcoldot:

		cold power requirement


	Rtype q_therm:	float


	Returns q_therm:

		thermal energy supplied to DHN


	Rtype wdot:	float


	Returns wdot:	electricty required for sewage water HP operation





..[L. Girardin et al., 2010] L. Girardin, F. Marechal, M. Dubuis, N. Calame-Darbellay, D. Favrat (2010). EnerGis:
a geographical information based system for the evaluation of integrated energy conversion systems in urban areas,
Energy.






	
cea.technologies.heatpumps.calc_Cinv_GHP(GHP_Size, gV)[source]

	Calculates the annualized investment costs for the geothermal heat pump

:type GHP_Size : float
:param GHP_Size: Design electrical size of the heat pump in [Wel]

:type InvCa : float
:returns InvCa: annualized investment costs in [EUROS/a]

..[D. Bochatay et al., 2005] D. Bochatay, I. Blanc, O. Jolliet, F. Marechal, T. Manasse-Ratmandresy (2005). Project
PACOGEN Evaluation economique et environmentale de systemes energetiques a usage residentiel., EPFL.






	
cea.technologies.heatpumps.calc_Cinv_HP(HP_Size, gV)[source]

	Calculates the annualized investment costs for the heat pump

:type HP_Size : float
:param HP_Size: Design thermal size of the heat pump in [W]

:rtype InvCa : float
:returns InvCa: annualized investment costs in [CHF/a]

..[C. Weber, 2008] C.Weber, Multi-objective design and optimization of district energy systems including
polygeneration energy conversion technologies., PhD Thesis, EPFL






	
cea.technologies.heatpumps.calc_Cop_GHP(mdot, tsup, tret, tground, gV)[source]

	For the operation of a Geothermal heat pump (GSHP) supplying DHN.

:type mdot : float
:param mdot: supply mass flow rate to the DHN
:type tsup : float
:param tsup: supply temperature to the DHN (hot)
:type tret : float
:param tret: return temeprature from the DHN (cold)
:type tground : float
:param tground: ground temperature
:param gV: globalvar.py

:rtype wdot_el : float
:returns wdot_el: total electric power requirement for compressor and auxiliary el.
:rtype qcolddot : float
:returns qcolddot: cold power requirement
:rtype qhotdot_missing : float
:returns qhotdot_missing: deficit heating energy from GSHP
:rtype tsup2 :
:returns tsup2: supply temperature after HP (to DHN)

..[O. Ozgener et al., 2005] O. Ozgener, A. Hepbasli (2005). Experimental performance analysis of a solar assisted
ground-source heat pump greenhouse heating system, Energy Build.
..[C. Montagud et al., 2014] C. Montagud, J.M. Corberan, A. Montero (2014). In situ optimization methodology for
the water circulation pump frequency of ground source heat pump systems. Energy and Buildings








cea.technologies.photovoltaic module

photovoltaic


	
cea.technologies.photovoltaic.Calc_PV_power(S, Tcell, eff_nom, areagroup, Bref, misc_losses)[source]

	




	
cea.technologies.photovoltaic.Calc_Sm_PV(te, I_sol, I_direct, I_diffuse, tilt, Sz, teta, tetad, tetaeg, n, Pg, K, NOCT, a0, a1, a2, a3, a4, L)[source]

	




	
cea.technologies.photovoltaic.Calc_diffuseground_comp(tilt_radians)[source]

	




	
cea.technologies.photovoltaic.calc_Cinv_pv(P_peak)[source]

	P_peak in kW
result in CHF
Lifetime 20 y






	
cea.technologies.photovoltaic.calc_Crem_pv(E_nom)[source]

	Calculates KEV (Kostendeckende Einspeise - Verguetung) for solar PV and PVT.
Therefore, input the nominal capacity of EACH installation and get the according KEV as return in Rp/kWh





	Parameters:	E_nom – Nominal Capacity of solar panels (PV or PVT) in Wh


	Returns:	KEV_obtained_in_RpPerkWh : float
KEV remuneration in Rp / kWh










	
cea.technologies.photovoltaic.calc_properties_PV(type_PVpanel)[source]

	




	
cea.technologies.photovoltaic.calc_pv_generation(type_panel, hourly_radiation, Number_groups, number_points, prop_observers, weather_data, g, Sz, Az, ha, latitude, misc_losses)[source]

	




	
cea.technologies.photovoltaic.calc_pv_main(locator, sensors_data, radiation, latitude, longitude, year, gv, weather_path)[source]

	




	
cea.technologies.photovoltaic.test_photovoltaic()[source]

	






cea.technologies.photovoltaic_thermal module

Photovoltaic thermal panels


	
cea.technologies.photovoltaic_thermal.Calc_PVT_module(tilt_angle, IAM_b_vector, I_direct_vector, I_diffuse_vector, Te_vector, n0, c1, c2, mB0_r, mB_max_r, mB_min_r, C_eff, t_max, IAM_d, Area_a, dP1, dP2, dP3, dP4, Tin, Leq, Le, Nseg, eff_nom, Bref, Sm_pv, Tcell_pv, misc_losses, areagroup)[source]

	




	
cea.technologies.photovoltaic_thermal.calc_Cinv_PVT(P_peak)[source]

	P_peak in kW
result in CHF






	
cea.technologies.photovoltaic_thermal.calc_PVT(locator, sensors_data, radiation, latitude, longitude, year, gv, weather_path)[source]

	




	
cea.technologies.photovoltaic_thermal.calc_PVT_generation(type_panel, hourly_radiation, Number_groups, number_points, prop_observers, weather_data, g, Sz, Az, ha, latitude, misc_losses, type_SCpanel, Tin, height)[source]

	




	
cea.technologies.photovoltaic_thermal.test_PVT()[source]

	






cea.technologies.pumps module

pumps


	
cea.technologies.pumps.Pump_Cost(deltaP, mdot, eta_pumping, gV)[source]

	Calculates the cost of a pumping device.
if the nominal load (electric) > 375kW, a new pump is installed
if the nominal load (electric) < 500W, a pump with Pel_design = 500W is assumed

Investment costs are calculated upon the life time of a GHP (20y) and a GHP- related interest rate of 6%

:type deltaP : float
:param deltaP: nominal pressure drop that has to be overcome with the pump

:type mdot : float
:param mdot: nominal mass flow

:type eta_pumping : float
:param pump efficiency: (set 0.8 as standard value, eta = E_pumping / E_elec)

:rtype InvCa : float
:returns InvCa: annualized investment costs in CHF/year






	
cea.technologies.pumps.Pump_operation(P_design)[source]

	
	Modeled after:

	05_merkblatt_wirtschaftlichkeit_14.pdf
23_merkblatt_pumpen_web.pdf
ER_2010_11_Heizungspumpen.pdf
MerkblattPreiseFU2010_2011.pdf
MerkblattPreiseMotoren2010_2011.pdf

	P_design : float

	Load of time step

	eta_el : float

	electric efficiency of Pumping operation in abs. numbers (e.g. 0.93)








	
cea.technologies.pumps.calc_Cinv_pump(deltaP, mdot, eta_pumping, gV)[source]

	Calculates the cost of a pumping device.
if the nominal load (electric) > 375kW, a new pump is installed
if the nominal load (electric) < 500W, a pump with Pel_design = 500W is assumed

Investement costs are calculated upon the life time of a GHP (20y) and a GHP- related interest rate of 6%

:type deltaP : float
:param deltaP: nominal pressure drop that has to be overcome with the pump

:type mdot : float
:param mdot: nominal mass flow

:type eta_pumping : float
:param pump efficiency: (set 0.8 as standard value, eta = E_pumping / E_elec)

:rtype InvC_return : float
:returns InvC_return: total investment Cost in CHF

:rtype InvCa : float
:returns InvCa: annualized investment costs in CHF/year






	
cea.technologies.pumps.calc_Ctot_pump(dicoSupply, buildList, network_results_folder, ntwFeat, gV)[source]

	Computes the total pump investment cost

:type dicoSupply : class context
:type buildList : list
:param buildList: list of buildings in the district
:type network_results_folder : string
:param network_results_folder: path to network results folder
:type ntwFeat : class ntwFeatures

:rtype pumpCosts : float
:returns pumpCosts: pumping cost








cea.technologies.radiators module

heating radiators


	
cea.technologies.radiators.calc_radiator(Qh, tair, Qh0, tair0, tsh0, trh0)[source]

	




	
cea.technologies.radiators.fh(x, mCw0, k2, Qh0, tair, LMRT, nh)[source]

	




	
cea.technologies.radiators.lmrt(tair0, trh0, tsh0)[source]

	






cea.technologies.sewage_heat_exchanger module

Sewage source heat exchanger


	
cea.technologies.sewage_heat_exchanger.calc_Sewagetemperature(Qwwf, Qww, tsww, trww, totwater, mcpww, cp, density, SW_ratio)[source]

	Calculate sewage temperature and flow rate released from DHW usages and Fresh Water (FW) in buildings.





	Parameters:	
	Qwwf (float) – final DHW heat requirement

	Qww (float) – DHW heat requirement

	tsww (float) – DHW supply temperature

	trww (float) – DHW return temperature

	totwater (float) – fresh water flow rate

	mcpww (float) – DHW heat capacity

	cp (float) – water specific heat capacity

	density – water density

	SW_ratio (float) – ratio of waste water to fresh water production.






	Returns mcp_combi:

		sewage water heat capacity [kWh/K]




	Rtype mcp_combi:

		float




	Returns t_to_sewage:

		sewage water temperature




	Rtype t_to_sewage:

		float












	
cea.technologies.sewage_heat_exchanger.calc_sewage_heat_exchanger(locator, Length_HEX_available, gv)[source]

	Calaculate the heat extracted from the sewage HEX.





	Parameters:	
	locator – an InputLocator instance set to the scenario to work on

	Length_HEX_available (float) – HEX length available

	gv – globalvar.py









Save the results to SWP.csv






	
cea.technologies.sewage_heat_exchanger.calc_sewageheat(mcp, tin, w_HEX, Vf, cp, h0, min_m, L_HEX, tmin, ATmin)[source]

	Calculates the operation of sewage heat exchanger.





	Parameters:	
	mcp (float) – heat capacity of total sewage in a zone

	tin (float) – sewage inlet temperature of a zone

	w_HEX (float) – width of the sewage HEX

	Vf (float) – sewage flow rate [m/s]

	cp (float) – water specific heat capacity

	h0 (float) – sewage heat transfer coefficient

	min_m (float) – sewage minimum flow rate in [lps]

	L_HEX (float) – HEX length available

	tmin (float) – minimum temperature of extraction

	ATmin (float) – minimum area of heat exchange






	Returns Q_source:

		heat supplied by sewage




	Return type:	float




	Returns t_source:

		sewage heat supply temperature




	Rtype t_source:	float




	Returns tb2:	sewage return temperature




	Rtype tbs:	float




	Returns ta1:	temperature inlet of the cold stream (from the HP)




	Rtype ta1:	float




	Returns ta2:	temperature outlet of the cold stream (to the HP)




	Rtype ta2:	float







..[J.A. Fonseca et al., 2016] J.A. Fonseca, Thuy-An Nguyen, Arno Schlueter, Francois Marechal (2016). City Enegy
Analyst (CEA): Integrated framework for analysis and optimization of building energy systems in neighborhoods and
city districts. Energy and Buildings.






	
cea.technologies.sewage_heat_exchanger.test_ss_heatpump()[source]

	






cea.technologies.solar_collector module

solar collectors


	
cea.technologies.solar_collector.Calc_SC_module2(radiation, tilt_angle, IAM_b_vector, I_direct_vector, I_diffuse_vector, Te_vector, n0, c1, c2, mB0_r, mB_max_r, mB_min_r, C_eff, t_max, IAM_d, Area_a, dP1, dP2, dP3, dP4, Tin, Leq, Le, Nseg)[source]

	




	
cea.technologies.solar_collector.Calc_incidenteangleB(g, lat, ha, tilt, teta_z)[source]

	




	
cea.technologies.solar_collector.Calc_qloss_net(Mfl, Le, Area_a, Tm, Te, maxmsc)[source]

	




	
cea.technologies.solar_collector.SC_generation(type_SCpanel, group_radiation, prop_observers, number_points, weather_data, g, Sz, Az, ha, latitude, Tin, height)[source]

	




	
cea.technologies.solar_collector.Selectminimumenergy2(m, q, dp)[source]

	




	
cea.technologies.solar_collector.SelectminimumenergySc(q1, q2, q3, q4, E1, E2, E3, E4, m1, m2, m3, m4, dP1, dP2, dP3, dP4, Area_a)[source]

	




	
cea.technologies.solar_collector.calc_Cinv_SC(Area)[source]

	Lifetime 35 years






	
cea.technologies.solar_collector.calc_Eaux_SC(qV_des, Dp_collector, Leq, Aa)[source]

	auxiliary electricity solar collectort





	Parameters:	
	qV_des – 

	Dp_collector – 

	Leq – 

	Aa – 






	Returns:	












	
cea.technologies.solar_collector.calc_SC(locator, sensors_data, radiation, latitude, longitude, year, gv, weather_path)[source]

	




	
cea.technologies.solar_collector.calc_anglemodifierSC(Az_vector, g_vector, ha_vector, teta_z, tilt_angle, type_SCpanel, latitude, Sz_vector)[source]

	




	
cea.technologies.solar_collector.calc_groups(Clean_hourly, observers_fin)[source]

	




	
cea.technologies.solar_collector.calc_properties_SC(type_SCpanel)[source]

	properties of module
:param type_SCpanel:
:return:






	
cea.technologies.solar_collector.calc_qgain(Tfl, Tabs, qrad, DT, TinSub, Tout, Aseg, c1, c2, Mfl, delts, Cpwg, C_eff, Te)[source]

	




	
cea.technologies.solar_collector.calc_qrad(n0, IAM_b, I_direct, IAM_d, I_diffuse, tilt)[source]

	




	
cea.technologies.solar_collector.optimal_angle_and_tilt(observers_all, latitude, worst_sh, worst_Az, transmittivity, grid_side, module_lenght, angle_north, Min_Isol, Max_Isol)[source]

	




	
cea.technologies.solar_collector.test_solar_collector()[source]

	






cea.technologies.storagetank module

Sensible Heat Storage - Fully Mixed tank


	
cea.technologies.storagetank.calc_Qww_ls_st(ta, te, Tww_st, V, Qww, Qww_ls_r, Qww_ls_nr, gv)[source]

	This algorithm calculates the heat flows within a fully mixed water storage tank.
Heat flows include sensible heat loss to the environment (ql), heat charged into the tank (qc),
and heat discharged from the tank (qd).





	Parameters:	
	Tww_st (float) – tank temperature in [C]

	Tww_setpoint (float) – DHW temperature set point in [C]

	ta (float) – room temperature in [C]

	te (float) – ambient temperature in [C]

	V (float) – DHW tank size in [m3]

	Qww (float) – DHW demand in [W]

	Qww_ls_r – recoverable loss in distribution in [W]

	Qww_ls_nr (float) – non-recoverable loss in distribution in [W]

	gv – globalvar.py






	Return ql:	storage sensible heat loss in [W].




	Return qd:	heat discharged from the tank in [W], including dhw heating demand and distribution heat loss.




	Return qc:	heat charged into the tank in [W].




	Rtype ql:	float




	Rtype qd:	float




	Rtype qc:	float












	
cea.technologies.storagetank.ode(y, t, ql, qd, qc, Pwater, Cpw, Vtank)[source]

	This algorithm describe the energy balance of the dhw tank with a differential equation.





	Parameters:	
	y (float) – storage sensible temperature in K.

	t (float) – time steps.

	ql (float) – storage tank sensible heat loss in W.

	qd (float) – heat discharged from the tank in W.

	qc (float) – heat charged into the tank in W.






	Return dydt:	change in temperature at each time step.












	
cea.technologies.storagetank.solve_ode_storage(Tww_st_0, ql, qd, qc, Vtank, gv)[source]

	This algorithm solves the differential equation, ode.





	Parameters:	
	Tww_st_0 (float) – initial tank temperature in [C]

	ql (float) – storage tank sensible heat loss in W.

	qd (float) – heat discharged from the tank in W.

	qc (float) – heat charged into the tank in W.

	Vtank (float) – DHW tank size in [m3]

	gv – globalvar.py






	Returns y[1]:	solution of the ode




	Rtype y[1]:	float














cea.technologies.substation module

Substation Model


	
cea.technologies.substation.calc_DC_supply(t_0, t_1)[source]

	This function calculates the temperature of the district cooling network according to the minimum observed
(different to zero) in all buildings connected to the grid.





	Parameters:	
	t_0 – last minimum temperature

	t_1 – current minimum temperature to evaluate






	Returns:	tmin, new minimum temperature












	
cea.technologies.substation.calc_DH_supply(t_0, t_1)[source]

	This function calculates the temperature of the district heating network according to the maximum observed
in all buildings connected to the grid.
:param t_0: last maximum temperature
:param t_1: current maximum temperature
:return: tmax, new maximum temperature






	
cea.technologies.substation.calc_HEX_cooling(Q, UA, thi, tho, tci, ch)[source]

	This function calculates the mass flow rate, temperature of return (secondary side)
and heat exchanger area for a plate heat exchanger.
Method of Number of Transfer Units (NTU)





	Parameters:	
	Q – cooling load

	UA – coefficient representing the area of heat exchanger times the coefficient of transmittance of the
heat exchanger

	thi – in temperature of primary side

	tho – out temperature of primary side

	tci – in temperature of secondary side

	ch – capacity mass flow rate primary side






	Returns:	
	tco, out temperature of secondary side (district cooling network)

	cc, capacity mass flow rate secondary side
















	
cea.technologies.substation.calc_HEX_heating(Q, UA, thi, tco, tci, cc)[source]

	This function calculates the mass flow rate, temperature of return (secondary side)
and heat exchanger area for a shell-tube pleat exchanger in the heating case.

Method of Number of Transfer Units (NTU)





	Parameters:	
	Q – load

	UA – coefficient representing the area of heat exchanger times the coefficient of transmittance of the
heat exchanger

	thi – in temperature of secondary side

	tco – out temperature of primary side

	tci – in temperature of primary side

	cc – capacity mass flow rate primary side






	Returns:	
	tho, out temperature of secondary side (district cooling network)

	ch, capacity mass flow rate secondary side
















	
cea.technologies.substation.calc_HEX_mix(Q1, Q2, t1, m1, t2, m2)[source]

	This function computes the average  temperature between two vectors of heating demand.
In this case, domestic hotwater and space heating.





	Parameters:	
	Q1 – load heating

	Q2 – load domestic hot water

	t1 – out temperature of heat exchanger for space heating

	m1 – mas flow rate secondary side of heat exchanger for space heating

	t2 – out temperature of heat exchanger for domestic hot water

	m2 – mas flow rate secondary side of heat exchanger for domestic hot water






	Returns:	tavg: average out temperature.












	
cea.technologies.substation.calc_area_HEX(Qnom, dTm_0, U)[source]

	Thi function calculates the area of a het exchanger at nominal conditions.





	Parameters:	
	Qnom – nominal load

	dTm_0 – nominal logarithmic temperature difference

	U – coeffiicent of transmissivity






	Returns:	
	area, area of heat exchange

	UA, coefficient representing the area of heat exchanger times the coefficient of transmittance of the
heat exchanger
















	
cea.technologies.substation.calc_dTm_HEX(thi, tho, tci, tco, flag)[source]

	This function estimates the logarithmic temperature difference between two streams





	Parameters:	
	thi – in temperature hot stream

	tho – out temperature hot stream

	tci – in temperature cold stream

	tco – out temperature cold stream

	flag – heat: when using for the heating case, ‘cool’ otherwise






	Returns:	dtm = logaritimic temperature difference












	
cea.technologies.substation.calc_plate_HEX(NTU, cr)[source]

	This function calculates the efficiency of exchange for a plate heat exchanger according to the NTU method of
AShRAE 90.1





	Parameters:	
	NTU – number of transfer units

	cr – ratio between min and max capacity mass flow rates






	Returns:	eff: efficiency of heat exchange












	
cea.technologies.substation.calc_shell_HEX(NTU, cr)[source]

	This function calculates the efficiency of exchange for a tube-shell heat exchanger according to the NTU method of
AShRAE 90.1





	Parameters:	
	NTU – number of transfer units

	cr – ratio between min and max capacity mass flow rates






	Returns:	eff: efficiency of heat exchange












	
cea.technologies.substation.calc_substation_cooling(Q, thi, tho, tci, ch, ch_0, Qnom, thi_0, tci_0, tho_0, gv)[source]

	this function calculates the state of the heat exchanger at the substation of every customer with cooling needs





	Parameters:	
	Q – cooling laad

	thi – in temperature of primary side

	tho – out temperature of primary side

	tci – in temperature of secondary side

	ch – capacity mass flow rate primary side

	ch_0 – nominal capacity mass flow rate primary side

	Qnom – nominal cooling load

	thi_0 – nominal in temperature of primary side

	tci_0 – nominal in temperature of secondary side

	tho_0 – nominal out temperature of primary side

	gv – path to global variables class






	Returns:	tco = out temperature of secondary side (district cooling network)
cc = capacity mass flow rate secondary side
Area_HEX_cooling = are of heat excahnger.












	
cea.technologies.substation.calc_substation_heating(Q, thi, tco, tci, cc, cc_0, Qnom, thi_0, tci_0, tco_0, gv)[source]

	This function calculates the mass flow rate, temperature of return (secondary side)
and heat exchanger area of every substation.





	Parameters:	
	Q – heating load

	thi – in temperature of secondary side

	tco – out temperature of primary side

	tci – in temperature of primary side

	cc – capacity mass flow rate primary side

	cc_0 – nominal capacity mass flow rate primary side

	Qnom – nominal cooling load

	thi_0 – nominal in temperature of secondary side

	tci_0 – nominal in temperature of primary side

	tco_0 – nominal out temperature of primary side

	gv – path to global variables class






	Returns:	tho = out temperature of secondary side (district cooling network)
ch = capacity mass flow rate secondary side
Area_HEX_heating = are of heat excahnger.












	
cea.technologies.substation.substation_main(locator, total_demand, building_names, gv, Flag)[source]

	this function calculates the temperatures and mass flow rates of the district heating network
at every costumer. Based on this, the script calculates the hourly temperature of the network at the plant.
This temperature needs to be equal to that of the customer with the highest temperature requirement plus thermal
losses in the network.





	Parameters:	
	locator – path to locator function

	total_demand – dataframe with total demand and names of all building in the area

	building_names – dataframe with names of all buildings in the area

	gv – path to global variables class

	Flag – boolean, True if the function is called by the master optimizaiton. False if the fucntion is
called during preprocessing














	
cea.technologies.substation.substation_model(locator, gv, building, t_DH, t_DH_supply, t_DC_supply, t_HS, t_WW)[source]

	



	Parameters:	
	locator – path to locator function

	gv – path to global variables class

	building – dataframe with consumption data per building

	t_DH – vector with hourly temperature of the district heating network without losses

	t_DH_supply – vector with hourly temperature of the district heating netowork with losses

	t_DC_supply – vector with hourly temperature of the district coolig network with losses

	t_HS – maximum hourly temperature for all buildings connected due to space heating

	t_WW – maximum hourly temperature for all buildings connected due to domestic hot water






	Returns:	Dataframe stored for every building with the mass flow rates and temperatures district heating and cooling
side in:

where fName_result: ID of the building accounting for the individual at which it belongs to.
















cea.technologies.tabs module

Termoactivated building surfaces (TABS)


	
cea.technologies.tabs.calc_floorheating(Qh, tm, Qh0, tsh0, trh0, Af)[source]

	Calculates the operating conditions of the TABS system based on existing radiator model, replacing the radiator
equation with the simple calculation for TABS from SIA 2044, which in turn is based on Koschenz & Lehmann
“Thermoaktive Bauteilsysteme (TABS)”.





	Parameters:	
	Qh – heating demand

	tm – Temperature of the thermal mass

	Qh0 – nominal heating power of the heating system

	tsh0 – nominal supply temperature to the TABS system

	trh0 – nominal return temperature from the TABS system

	Af – heated area






	Returns:	
	tsh, supply temperature to the TABS system

	trh, return temperature from the TABS system

	mCw, flow rate in the TABS system


















cea.technologies.thermal_network module

hydraulic network


	
cea.technologies.thermal_network.calc_Cinv_network_linear(LengthNetwork, gV)[source]

	calculate annualised network investment cost with a linearized function.





	Parameters:	LengthNetwork – total length of the network in [m]


	Pram gV:	globalvar.py


	Returns InvCa:	annualised investment cost of the thermal network


	Rtype InvCa:	float












cea.technologies.thermal_storage module

thermal storage


	
cea.technologies.thermal_storage.calc_Cinv_storage(vol, gV)[source]

	calculate the annualized investment cost of a thermal storage tank





	Parameters:	
	vol (float) – storage tank volume

	gV – global.var






	Returns InvCa:	
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cea.utilities package


Submodules




cea.utilities.building_info module




cea.utilities.compile_pyd_files module




cea.utilities.epwreader module

Energyplus file reader


	
cea.utilities.epwreader.calc_skytemp(Tdrybulb, Tdewpoint, N)[source]

	




	
cea.utilities.epwreader.epw_reader(weather_path)[source]

	




	
cea.utilities.epwreader.test_reader()[source]

	






cea.utilities.helpers module

Some helper functions that could be useful


	
cea.utilities.helpers.check_doy(doy)[source]

	check for day of year within bounds
doy: day of year
bool






	
cea.utilities.helpers.check_hoy(hoy)[source]

	check for hour of year within bounds
hoy: hour of year
bool






	
cea.utilities.helpers.doy_2_hoy(doy)[source]

	Day of year to hour of year

doy: day of year
hoy: hour of year






	
cea.utilities.helpers.hoy_2_dom(hoy)[source]

	hour of year to day of month
hoy: hour of year
dom: day of month






	
cea.utilities.helpers.hoy_2_doy(hoy)[source]

	Hour of year to day of year
hoy: hour of year
doy: day of year






	
cea.utilities.helpers.hoy_2_hod(hoy)[source]

	hour of year to hour of day
hoy: hour of year
hod: hour of day






	
cea.utilities.helpers.hoy_2_moy(hoy)[source]

	hour of year to month of year
hoy: hour of year
moy: month of year






	
cea.utilities.helpers.hoy_2_seasonhour(hoy, gv)[source]

	hour of year to hour relative to start of heating season
hoy: hour of year
seasonhour: hour relative to start of heating season






	
cea.utilities.helpers.hoy_2_woy(hoy)[source]

	Hour of year to week of year
hoy: hour of year
woy: weak of year






	
cea.utilities.helpers.is_coolingseason_hoy(hoy)[source]

	checks if a certain hour of the year is part of the cooling season or not
hoy : hour of year
bool






	
cea.utilities.helpers.is_daytime_hoy(hoy)[source]

	Check if a certain hour of the year is during the daytime or not
hoy : hour of year
bool






	
cea.utilities.helpers.is_heatingseason_hoy(hoy)[source]

	checks if a certain hour of the year is part of the heating season or not
hoy : hour of year
bool






	
cea.utilities.helpers.is_nighttime_hoy(hoy)[source]

	Check if a certain hour of year is during night or not
hoy: hour of year
bool






	
cea.utilities.helpers.seasonhour_2_hoy(seasonhour, gv)[source]

	hour relative to start of heating season to hour of year
seasonhour: hour relative to start of heating season
hoy: hour of year






	
cea.utilities.helpers.test_helpers()[source]

	test helpers








cea.utilities.physics module

Physical functions


	
cea.utilities.physics.calc_RH(w, t)[source]

	




	
cea.utilities.physics.calc_h(t, w)[source]

	calculates enthalpy of moist air in kJ/kg

t : air temperature in (°C)
w : moisture content of air in (kg/kg dry air)

h : enthalpy of moist air in (kJ/kg)






	
cea.utilities.physics.calc_rho_air(temp_air)[source]

	Calculation of density of air according to 6.4.2.1 in [1]

temp_air : air temperature in (°C)

rho_air : air density in (kg/m3)






	
cea.utilities.physics.calc_t(w, RH)[source]

	




	
cea.utilities.physics.calc_t_from_h(h, w)[source]

	calculates temperature in (°C) from enthalpy (kJ/kg) of moist air with know moisture content
inverse equation of calc_h(t,w)





	Parameters:	
	h – enthalpy of moist air in (kJ/kg)

	w – moisture content of air in (kg/kg dry air)






	Returns:	temperature in (°C)












	
cea.utilities.physics.calc_w(t, RH)[source]

	Moisture content in kg/kg of dry air

t : temperature of air in (°C)
RH : relative humidity of air in (%)

w : moisture content of air in (kg/kg dry air)








cea.utilities.reporting module

Functions for Report generation


	
cea.utilities.reporting.full_report_to_xls(tsd, output_folder, basename, gv)[source]

	this function is to write a full report to an *.xls file containing all intermediate and final results of a
single building thermal loads calculation








cea.utilities.solar_equations module

solar equations


	
cea.utilities.solar_equations.calc_sun_properties(latitude, longitude, weather_data, gv)[source]

	




	
cea.utilities.solar_equations.calc_sunrise(sunrise, Yearsimul, longitude, latitude)[source]

	




	
cea.utilities.solar_equations.declination_degree(when, TY)[source]

	The declination of the sun is the angle between Earth’s equatorial plane and a line
between the Earth and the sun. It varies between 23.45 degrees and -23.45 degrees,
hitting zero on the equinoxes and peaking on the solstices. [1]





	Parameters:	
	when – datetime.datetime, date/time for which to do the calculation

	TY – float, Total number of days in a year. eg. 365 days per year,(no leap days)

	DEC – float,  The declination of the Sun












	[1]	http://pysolar.org/









	
cea.utilities.solar_equations.get_hour_angle(when, longitude_deg)[source]

	




	
cea.utilities.solar_equations.get_solar_time(longitude_deg, when)[source]

	returns solar time in hours for the specified longitude and time, accurate only to the nearest minute.






	
cea.utilities.solar_equations.pyephem(time, latitude, longitude, altitude=0, pressure=101325, temperature=12)[source]
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Installing the City Energy Analyst on the Euler cluster


Disclaimer: for this to work, you must be an ETH Zurich affiliated
person and own a nethz-account.


EULER stands for Erweiterbarer, Umweltfreundlicher, Leistungsfähiger
ETH-Rechner. It is a high performance cluster available to users
affiliated to the ETH Zurich. See more information about the computing
cluster on the
clusterwiki [http://www.clusterwiki.ethz.ch/brutus/Getting_started_with_Euler].


This section describes the steps necessary to get the CEA running on the
Euler cluster.



Logging on to the Euler cluster


You can login to the Euler cluster via the SSH protocol. If you use
Linux or Mac OS X, then you can directly use SSH from within a shell as
it is part of the operating system, whereas if you run Windows, you need
to install a third-party application in order to use SSH
(Putty [http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html],
Cygwin [https://www.cygwin.com/], Git for
Windows [https://git-scm.com/download/win]).


You can only log in to Euler from within the ETH network or when
connected via VPN.


Once in the terminal in Linux or Mac OS X or in a terminal of
thrid-party application of your choicse, do:


ssh <your nethz-name>@euler.ethz.ch






After entering the above command in the shell, you will be asked for a
password. Enter your nethz password. You are then greeted with the Euler
welcome message.





Installing dependencies


Add the following lines to the file ~/.bash_profile. From now on you
will require basic knowledge of linux commands. here is a
guide [http://www.howtogeek.com/howto/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/].


Now do:


nano .bash_profile






then write the next in the file:


PATH=$PATH:$HOME/bin
PATH=$PATH:$HOME/apps/bin
export PATH
export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:$HOME/apps/lib
export PYTHONPATH=$HOME/SALib:$HOME/python/lib64/python2.7/site-packages
export GDAL_DATA=$HOME/apps/share/gdal
module load python/2.7






Save the results by doing ^O (CTRL+O) and pressing ENTER. Exit of the
file by doing ^X (CTRL+X).


Exit Euler and log on again to run the .bash_profile. From now on,
the python module will be loaded automatically. The above also sets up a
path for the system to find local dynamic libraries and python libraries
- we will use this for compiling the dependencies below.


Upgrade numpy from the system version (1.8.0) to the newest version
(1.11.2 as of writing):


pip install --user --upgrade numpy






The --user part to pip install tells pip to use the
$HOME/python folder to install packages to - this is required
because you don’t have permission to install as root. We will be using
similar tactics when compiling.


Upgrade scipy (from 0.13.2 to 0.18.1):


OPENBLAS=/cluster/apps/openblas/0.2.8_seq/x86_64/gcc_4.8.2/lib
export OPENBLAS=$OPENBLAS
pip install --user --upgrade scipy






The system will compile, printing lots of warnings, but eventually it
should print a success message. This will happen for other libraries
below as well and might be surprising for Windows users.


pip install --user xlrd
pip install --user ephem
pip install --user simpleDBF
pip install --user deap






I followed this guide to install
``libgeos_c` <http://trac.osgeo.org/geos/wiki/BuildingOnUnixWithAutotools>`__
which is required for geopandas, but modified it to install to a
local library folder. Execute the following steps:


mkdir apps
mkdir tmp; cd tmp
curl -O http://download.osgeo.org/geos/geos-3.5.0.tar.bz2
tar xjf geos-3.5.0.tar.bz2
cd geos-3.5.0
./configure --prefix=$HOME/apps
make
make check
make install  # installs to ~/apps/lib...






Now we can install Shapely:


pip install --user Shapely






Installing GDAL requires a bit more effort - similar to GEOS:


cd ~/tmp
curl -O http://download.osgeo.org/gdal/2.1.1/gdal-2.1.1.tar.gz
tar xzf gdal-2.1.1.tar.gz
cd gdal-2.1.1
./configure --prefix=$HOME/apps
make
make install






The remaining libraries install easily:


pip install --user fiona
pip install --user pyproj
pip install --user geopandas
pip install --user pysal
pip install --user pyshp







Installing SALib


The SALib library that is used by the sensitivity analysis routines does
not install with pip install SALib because the version of setuptools
on the cluster is just too old. Instead do this:


[user@euler06 ~]$ git clone https://github.com/SALib/SALib.git
Initialized empty Git repository in /cluster/home/darthoma/SALib/.git/
remote: Counting objects: 2769, done.
Receiving objects: 100% (2769/2769), 2.56 MiB | 1.34 MiB/s, done.
remote: Total 2769 (delta 0), reused 0 (delta 0), pack-reused 2769
Resolving deltas: 100% (1748/1748), done.






The PYTHONPATH exported in the ~/.bash_profile script above
already includes the SALib path. Otherwise, append $HOME/SALib to
your PYTHONPATH.







Cloning the CEA from GitHub


Installing the CEA itself is as simple as cloning it from GitHub:


git clone https://github.com/architecture-building-systems/CEAforArcGIS.git






Alternatively, you can also clone a branch of the cea with:


git clone - b <my-branch>  https://github.com/architecture-building-systems/CEAforArcGIS.git









Running the CEA


Since ArcGIS is not installed on the cluster, you need to run the CEA
scripts with their command line interface (CLI).


Here is an example from my account (darthoma - replace with your own
user name) using a reference case previously cloned to the home folder:


cd $HOME/CEAforArcGIS/cea
export WEATHER=/cluster/home/darthoma/CEAforArcGIS/cea/databases/weather/Zug.epw
export SCENARIO=/cluster/home/darthoma/cea-reference-case/reference-case-zug/baseline
python demand/demand_main.py --scenario $SCENARIO --weather $WEATHER
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  Source code for cea.plots.scenario_plots

"""
scenario_plots.py

Create a list of plots for comparing multiple scenarios.
"""
import os

import matplotlib.pyplot as plt
import pandas as pd

import cea.inputlocator


[docs]def plot_scenarios(scenarios, output_file):
    """
    List each scenario in the folder `scenario_root` and plot demand and lca (operations, embodied) data.

    :param scenarios: A list of scenario folders.
    :param output_file: The filename (pdf) to save the results as.
    :return: (None)
    """
    from matplotlib.backends.backend_pdf import PdfPages

    locators = [cea.inputlocator.InputLocator(scenario) for scenario in scenarios]
    scenario_names = [os.path.basename(locator.scenario_path) for locator in locators]

    pdf = PdfPages(output_file)
    try:
        create_page_demand(locators, pdf, scenario_names)
        create_page_lca_embodied(locators, pdf, scenario_names)
        create_page_lca_operation(locators, pdf, scenario_names)
    finally:
        pdf.close()



[docs]def create_page_lca_operation(locators, pdf, scenario_names):
    """
    Create Page Three: LCA Operation
    :param locators: list of InputLocators, one for each scenario
    :param pdf:  the PdfFile to write the page to
    :param scenario_names: list of scenario names
    :return: None
    """
    try:
        fig, axes = plt.subplots(nrows=2, figsize=(8.27, 11.69))
        plt.suptitle('LCA Operation')
        plot_lca_operation(axes[0], locators, scenario_names, column='O_nre_pen_MJm2',
                           title='Non-Renewable Primary Energy', unit='MJ/m2')
        plot_lca_operation(axes[1], locators, scenario_names, column='O_ghg_kgm2', title='Greenhouse Gas', unit='kg/m2')
        fig.subplots_adjust(hspace=0.5)
        pdf.savefig()
    finally:
        plt.close()



[docs]def create_page_lca_embodied(locators, pdf, scenario_names):
    """
    Create Page Two: LCA Embodied
    :param locators: list of InputLocators, one for each scenario
    :param pdf:  the PdfFile to write the page to
    :param scenario_names: list of scenario names
    :return: None
    """
    try:
        fig, axes = plt.subplots(nrows=2, figsize=(8.27, 11.69))
        plt.suptitle('LCA Embodied')
        plot_lca_embodied(axes[0], locators, scenario_names, column='E_nre_pen_MJm2',
                          title='Non-Renewable Primary Energy', unit='MJ/m2')
        plot_lca_embodied(axes[1], locators, scenario_names, column='E_ghg_kgm2', title='Greenhouse Gas', unit='kg/m2')
        fig.subplots_adjust(hspace=0.5)
        pdf.savefig()
    finally:
        plt.close()



[docs]def create_page_demand(locators, pdf, scenario_names):
    """
    Create Page one: Demand
    :param locators: list of InputLocators, one for each scenario
    :param pdf:  the PdfFile to write the page to
    :param scenario_names: list of scenario names
    :return: None
    """
    try:
        fig, axes = plt.subplots(nrows=3, figsize=(8.27, 11.69))
        plt.suptitle('Demand')
        plot_demand(axes[0], locators, scenario_names, column='Ef_MWhyr', title='Ef')
        plot_demand(axes[1], locators, scenario_names, column='QHf_MWhyr', title='QH')
        plot_demand(axes[2], locators, scenario_names, column='QCf_MWhyr', title='QC')
        fig.subplots_adjust(hspace=0.5)
        pdf.savefig()
    finally:
        plt.close()



[docs]def plot_demand(ax, locators, scenario_names, column, title):
    df = pd.DataFrame()
    afs = pd.DataFrame()
    for i, scenario in enumerate(scenario_names):
        scenario_data = pd.read_csv(locators[i].get_total_demand()).set_index('Name')
        df[scenario] = scenario_data[column] * 1000 / scenario_data['GFA_m2']
        afs[scenario] = scenario_data['GFA_m2']
    ax2 = ax.twinx()
    df.boxplot(ax=ax, sym='', return_type='axes')
    ax.set_title(title)
    ax.set_ylabel('Per Building [KWh/m2]')
    y = pd.DataFrame({scenario: df[scenario] * afs[scenario] / afs[scenario].sum()
                      for scenario in scenario_names}).sum().ravel()
    x = ax.get_xticks()

    axylim = ax.get_ylim()
    bottom = axylim[0] * 0.9
    top = axylim[1] * 1.1
    ax.set_ylim(bottom=bottom, top=top)
    ax2.set_ylim(bottom=bottom, top=top)

    plt.scatter(x, y, marker='D', color='g')
    ax2.set_ylabel('Per Scenario [KWh/m2]')



[docs]def plot_lca_embodied(ax, locators, scenario_names, column, title, unit):
    df = pd.DataFrame()
    afs = pd.DataFrame()
    for i, scenario in enumerate(scenario_names):
        demand_data = pd.read_csv(locators[i].get_total_demand()).set_index('Name')
        lca_data = pd.read_csv(locators[i].get_lca_embodied()).set_index('Name')
        scenario_data = lca_data.merge(demand_data)
        df[scenario] = scenario_data[column] * 1000 / scenario_data['GFA_m2']
        afs[scenario] = scenario_data['GFA_m2']
    ax2 = ax.twinx()
    df.boxplot(ax=ax, sym='', return_type='axes')
    ax.set_title(title)
    ax.set_ylabel('Per Building [%(unit)s]' % locals())
    y = pd.DataFrame({scenario: df[scenario] * afs[scenario] / afs[scenario].sum()
                      for scenario in scenario_names}).sum().ravel()
    x = ax.get_xticks()

    axylim = ax.get_ylim()
    bottom = axylim[0] * 0.9
    top = axylim[1] * 1.1
    ax.set_ylim(bottom=bottom, top=top)
    ax2.set_ylim(bottom=bottom, top=top)

    plt.scatter(x, y, marker='D', color='g')
    ax2.set_ylabel('Per Scenario [%(unit)s]' % locals())



[docs]def plot_lca_operation(ax, locators, scenario_names, column, title, unit):
    df = pd.DataFrame()
    afs = pd.DataFrame()
    for i, scenario in enumerate(scenario_names):
        demand_data = pd.read_csv(locators[i].get_total_demand()).set_index('Name')
        lca_data = pd.read_csv(locators[i].get_lca_operation()).set_index('Name')
        scenario_data = lca_data.merge(demand_data)
        df[scenario] = scenario_data[column] * 1000 / scenario_data['GFA_m2']
        afs[scenario] = scenario_data['GFA_m2']
    ax2 = ax.twinx()
    df.boxplot(ax=ax, sym='', return_type='axes')
    ax.set_title(title)
    ax.set_ylabel('Per Building [%(unit)s]' % locals())
    y = pd.DataFrame({scenario: df[scenario] * afs[scenario] / afs[scenario].sum()
                      for scenario in scenario_names}).sum().ravel()
    x = ax.get_xticks()

    axylim = ax.get_ylim()
    bottom = axylim[0] * 0.9
    top = axylim[1] * 1.1
    ax.set_ylim(bottom=bottom, top=top)
    ax2.set_ylim(bottom=bottom, top=top)

    plt.scatter(x, y, marker='D', color='g')
    ax2.set_ylabel('Per Scenario [%(unit)s]' % locals())



[docs]def run_as_script(scenario_folders=None, output_file=None):
    if not scenario_folders:
        import cea.globalvar
        gv = cea.globalvar.GlobalVariables()
        scenario_folders = [gv.scenario_reference]
    if not output_file:
        output_file = os.path.expandvars(r'%TEMP%\scenario_plots.pdf')
    plot_scenarios(scenario_folders, output_file)



if __name__ == '__main__':
    import argparse

    parser = argparse.ArgumentParser()
    parser.add_argument('-s', '--scenarios', nargs='+', help='List of scenario folders', default=None)
    parser.add_argument('-o', '--output', help='Output file', default=os.path.expandvars(r'%TEMP%\scenario_plots.pdf'))
    args = parser.parse_args()
    run_as_script(scenario_folders=args.scenarios, output_file=args.output)





          

      

      

    


    
        © Copyright 2017, Architecture and Building Systems.
      Created using Sphinx 1.3.5.
    

  

_modules/cea/plots/sensitivity_demand_graphs.html


    
      Navigation


      
        		
          index


        		
          modules |


        		City Energy Analyst 2.1 documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for cea.plots.sensitivity_demand_graphs

# -*- coding: utf-8 -*-
"""
Graphs for sensitivity_demand.py
"""
from __future__ import division

import pandas as pd

import matplotlib.pyplot as plt
import numpy as np
from matplotlib.collections import EllipseCollection
from matplotlib.backends.backend_pdf import PdfPages


__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def graph(locator, parameters, method, samples):
    """

    :param locator: locator class
    :param parameters: list of output parameters to analyse
    :param method: 'morris' or 'sobol' methods
    :param samples: number of samples to calculate
    :return: .pdf file per output_parameter stored in locator.get_sensitivity_plots_file()

    """
    if method is 'sobol':
        result = ['ST', 'ST_conf', 'S1']
    else:
        result = ['mu_star', 'sigma', 'mu_star_conf']

    for parameter in parameters:
        pdf = PdfPages(locator.get_sensitivity_plots_file(parameter))

        # read the mustar of morris analysis
        data_mu = pd.read_excel(locator.get_sensitivity_output(method, samples), (parameter + result[0]))
        data_sigma = pd.read_excel(locator.get_sensitivity_output(method, samples), (parameter + result[1]))
        var_names = data_mu.columns.values

        # normalize data to maximum value
        data_mu[var_names] = data_mu[var_names].div(data_mu[var_names].max(axis=1), axis=0)
        data_sigma[var_names] = data_sigma[var_names].div(data_sigma[var_names].max(axis=1), axis=0)
        # get x_names and y_names
        # columns
        x_names = data_mu.columns.tolist()
        # rows
        y_names = ['config '+str(i) for i in list(data_mu.index+1)]

        # get counter (integer to create the graph)
        x = range(len(x_names))
        y = range(len (y_names))

        X, Y = np.meshgrid(x,y)
        XY = np.hstack((X.ravel()[:, np.newaxis], Y.ravel()[:, np.newaxis]))
        ww = data_mu.values.tolist()
        hh = data_sigma.values.tolist()
        aa = X*0

        fig, ax = plt.subplots(dpi=150, figsize=(len(x_names)+2, len(y_names)+2)) #
        ec = EllipseCollection(ww, hh, aa, units='x', offsets=XY, transOffset=ax.transData, cmap='Blues')
        ec.set_array(np.array(ww).ravel())
        ec.set_alpha(0.8)
        ax.add_collection(ec)
        ax.autoscale_view()
        plt.xticks(np.arange(-1, max(x) + 1, 1.0))
        plt.yticks(np.arange(-1, max(y) + 1, 1.0))
        ax.set_xlabel('variables [-]')
        ax.set_ylabel('configurations [-]')
        ax.set_xticklabels([""]+x_names)
        ax.set_yticklabels([""]+y_names)
        cbar = plt.colorbar(ec)
        cbar.set_label(result[0])
        plt.title('GRAPH OF '+parameter+' PARAMETER', fontsize=14, fontstyle='italic', fontweight='bold')
        pdf.savefig()
        plt.close()
        plt.clf()
        pdf.close()


[docs]def run_as_script():
    import cea.globalvar as gv
    import cea.inputlocator as inputlocator
    gv = gv.GlobalVariables()
    scenario_path = gv.scenario_reference
    locator = inputlocator.InputLocator(scenario_path=scenario_path)
    output_parameters = ['QHf_MWhyr', 'QCf_MWhyr', 'Ef_MWhyr', 'QEf_MWhyr']
    method = 'sobol' # method
    samples = 1000
    graph(locator, output_parameters, method, samples)


if __name__ == '__main__':
    run_as_script()
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  Source code for cea.globalvar

# -*- coding: utf-8 -*-
"""
Global variables - this object contains context information and is expected to be refactored away in future.
"""
from __future__ import absolute_import

import cea.demand.demand_writers

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca", "Daren Thomas"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]class GlobalVariables(object):
    def __init__(self):

        self.scenario_reference = r'c:\reference-case-open\baseline'
        self.print_partial = 'hourly'  # hourly or monthly for the demand script
        self.print_totals = True  # print yearly values
        self.print_yearly_peak = True  # print peak values
        self.simulate_building_list = None  # fill it with a list of names of buildings in case not all the data set needs to be run
        self.date_start = '2016-01-01'  # format: yyyy-mm-dd
        self.seasonhours = [3216, 6192]
        self.multiprocessing = False  # use multiprocessing / parallel execution if possible
        self.Z = 3  # height of basement for every building in m
        self.Bf = 0.7  # it calculates the coefficient of reduction in transmittance for surfaces in contact with the ground according to values of SIA 380/1
        self.his = 3.45  # heat transfer coefficient between air and the surfacein W/(m2K)
        self.hms = 9.1  # heat transfer coefficient between nodes m and s in W/m2K
        self.theta_ss = 10  # difference between surface of building and sky temperature in C. 10 for temperate climates
        self.F_f = 0.2  # Frame area faction coefficient
        self.Rse = 0.04  # thermal resistance of external surfaces according to ISO 6946
        self.D = 20  # in mm the diameter of the pipe to calculate losses
        self.hf = 3  # average height per floor in m
        self.Pwater = 998.0  # water density kg/m3
        self.PaCa = 1200  # Air constant J/m3K 
        self.Cpw = 4.184  # heat capacity of water in kJ/kgK
        self.Flowtap = 0.036  # in m3/min == 12 l/min during 3 min every tap opening
        # constant values for HVAC
        self.nrec_N = 0.75  # possible recovery
        self.NACH_inf_non_occ = 0.2  # num air exchanges due to infiltration when no occupied
        self.NACH_inf_occ = 0.5  # num air exchanges due to infiltration when occupied
        self.C1 = 0.054  # assumed a flat plate heat exchanger (-)
        self.Vmax = 3  # maximum estimated flow in m3/s
        self.Pair = 1.2  # air density in kg/m3
        self.Cpv = 1.859  # specific heat capacity of water vapor in KJ/kgK
        self.Cpa = 1.008  # specific heat capacity of air in KJ/kgK
        self.U_dhwtank = 0.225  # tank insulation heat transfer coefficient in W/m2-K, value taken from SIA 385
        self.AR = 3.3  # tank height aspect ratio, H=(4*V*AR^2/pi)^(1/3), taken from commercial tank geometry (jenni.ch)
        self.lvapor = 2257  # latent heat of air kJ/kg
        self.Tww_setpoint = 60  # dhw tank set point temperature in C
        # constant variables for pumping operation
        self.hoursop = 5  # assuming around 2000 hours of operation per year. It is charged to the electrical system from 11 am to 4 pm
        self.gr = 9.81  # m/s2 gravity
        self.effi = 0.6  # efficiency of pumps
        self.deltaP_l = 0.1  # delta of pressure
        self.fsr = 0.3  # factor for pressure calculation
        # grey emissions
        self.fwratio = 1.5  # conversion component's area to floor area
        self.sl_materials = 60  # service life of standard building components and materials
        self.sl_services = 40  # service life of technical installations
        # constant variables for air conditioning fan
        self.Pfan = 0.55  # specific fan consumption in W/m3/h

        # ==============================================================================================================
        # optimization
        # ==============================================================================================================

        self.sensibilityStep = 2  # the more, the longer the sensibility analysis

        ########################### User inputs

        # Commands for the evolutionary algorithm


        self.initialInd = 4  # number of initial individuals
        self.NGEN = 5  # number of total generations
        self.fCheckPoint = 1  # frequency for the saving of checkpoints
        self.maxTime = 7 * 24 * 3600  # maximum computational time [seconds]

        # Set Flags for different system setup preferences

        # self.NetworkLengthZernez = 864.0 #meters network length of maximum network, \
        # then scaled by number of costumers (Zernez Specific), from J.Fonseca's Pipes Data

        self.ZernezFlag = 0
        self.FlagBioGasFromAgriculture = 0  # 1 = Biogas from Agriculture, 0 = Biogas normal
        self.HPSew_allowed = 1
        self.HPLake_allowed = 1
        self.GHP_allowed = 1
        self.CC_allowed = 1
        self.Furnace_allowed = 0
        self.DiscGHPFlag = 1  # Is geothermal allowed in disconnected buildings? 0 = NO ; 1 = YES
        self.DiscBioGasFlag = 0  # 1 = use Biogas only in Disconnected Buildings, no Natural Gas; 0so = both possible

        # Values for the calculation of Delta P (from F. Muller network optimization code)
        # WARNING : current = values for Inducity SQ
        self.DeltaP_Coeff = 104.81
        self.DeltaP_Origin = 59016

        ########################### Model parameters

        # Date data
        self.DAYS_IN_YEAR = 365
        self.HOURS_IN_DAY = 24

        # Specific heat
        self.cp = 4185  # [J/kg K]
        self.rho_60 = 983.21  # [kg/m^3] density of Water @ 60°C
        self.Wh_to_J = 3600.0

        # Low heating values
        self.LHV_NG = 45.4E6  # [J/kg]
        self.LHV_BG = 21.4E6  # [J/kg]

        # Losses and margins
        self.DCNetworkLoss = 0.05  # Cooling ntw losses (10% --> 0.1)
        self.DHNetworkLoss = 0.12  # Heating ntw losses
        self.Qmargin_ntw = 0.01  # Reliability margin for the system nominal capacity in the hub
        self.Qloss_Disc = 0.05  # Heat losses within a disconnected building
        self.Qmargin_Disc = 0.20  # Reliability margin for the system nominal capacity for decentralized systems
        self.QminShare = 0.10  # Minimum percentage for the installed capacity
        self.K_DH = 0.25  # linear heat loss coefficient district heating network twin pipes ground loss

        # pipes location properties
        self.Z0 = 1.5  # location of pipe underground in m
        self.Psl = 1600  # heat capacity of ground in kg/m3 => should be density?
        self.Csl = 1300  # heat capacity of ground in J/kg K
        self.Bsl = 1.5  # thermal conductivity of ground in W/m.K

        # Emission and Primary energy factors

        ######### Biogas to Agric. Bio Gas emissions
        self.NormalBGToAgriBG_CO2 = 0.127 / 0.754  # Values from Electricity used for comparison
        self.NormalBGToAgriBG_Eprim = 0.0431 / 0.101  # Values from Electricity used for comparison

        ######### CENTRAL HUB PLANT : factor with regard to FINAL ENERGY

        # normalized on their efficiency, including all CO2 emissions (Primary, grey, electricity etc. until exit of Hub)
        # usage : divide by system efficiency and Hub to building-efficiency
        self.ETA_FINAL_TO_USEFUL = 0.9  # assume 90% system efficiency in terms of CO2 emissions and overhead emissions (\
        # after Heating systems in buildings %E2%80%94 Method for calculation of system\
        # energy requirements and system efficiencies %E2%80%94 Part 4-5 Space heating \
        # generation systems, the performance and quality)

        # using HP values, divide by COP and multiply by factor
        # susing other systems, divide final energy (what comes out of the pipe) by efficiency multiply by factor
        # Furnace: All emissions allocated to the thermal energy, get CO2 of electricity back!

        # Combined Cycle
        self.CC_sigma = 4 / 5

        self.NG_CC_TO_CO2_STD = (0.0353 + 0.186) * 0.78 / self.ETA_FINAL_TO_USEFUL * (
            1 + self.CC_sigma)  # kg_CO2 / MJ_useful
        self.NG_CC_TO_OIL_STD = (0.6 + 2.94) * 0.78 / self.ETA_FINAL_TO_USEFUL * (
            1 + self.CC_sigma)  # MJ_oil / MJ_useful

        if self.FlagBioGasFromAgriculture == 1:
            self.BG_CC_TO_CO2_STD = (0.00592 + 0.0495) * 0.78 / self.ETA_FINAL_TO_USEFUL * (
                1 + self.CC_sigma)  # kg_CO2 / MJ_useful
            self.BG_CC_TO_OIL_STD = (0.0703 + 0.156) * 0.78 / self.ETA_FINAL_TO_USEFUL * (
                1 + self.CC_sigma)  # MJ_oil / MJ_useful

        else:
            self.BG_CC_TO_CO2_STD = (0.0223 + 0.114) * 0.78 / self.ETA_FINAL_TO_USEFUL * (
                1 + self.CC_sigma)  # kg_CO2 / MJ_useful
            self.BG_CC_TO_OIL_STD = (0.214 + 0.851) * 0.78 / self.ETA_FINAL_TO_USEFUL * (
                1 + self.CC_sigma)  # kg_CO2 / MJ_useful

        # Furnace
        self.FURNACE_TO_CO2_STD = (0.0104 + 0.0285) * 0.78 / self.ETA_FINAL_TO_USEFUL * (
            1 + self.CC_sigma)  # kg_CO2 / MJ_useful
        self.FURNACE_TO_OIL_STD = (0.0956 + 0.141) * 0.78 / self.ETA_FINAL_TO_USEFUL * (
            1 + self.CC_sigma)  # MJ_oil / MJ_useful

        # Boiler
        self.NG_BOILER_TO_CO2_STD = 0.0874 * 0.87 / self.ETA_FINAL_TO_USEFUL  # kg_CO2 / MJ_useful
        self.NG_BOILER_TO_OIL_STD = 1.51 * 0.87 / self.ETA_FINAL_TO_USEFUL  # MJ_oil / MJ_useful

        if self.FlagBioGasFromAgriculture == 1:
            self.BG_BOILER_TO_CO2_STD = 0.339 * 0.87 * self.NormalBGToAgriBG_CO2 / (
                1 + self.DHNetworkLoss) / self.ETA_FINAL_TO_USEFUL  # MJ_oil / MJ_useful
            self.BG_BOILER_TO_OIL_STD = 0.04 * 0.87 * self.NormalBGToAgriBG_Eprim / (
                1 + self.DHNetworkLoss) / self.ETA_FINAL_TO_USEFUL  # MJ_oil / MJ_useful

        else:
            self.BG_BOILER_TO_CO2_STD = self.NG_BOILER_TO_CO2_STD * 0.04 / 0.0691  # kg_CO2 / MJ_useful
            self.BG_BOILER_TO_OIL_STD = self.NG_BOILER_TO_OIL_STD * 0.339 / 1.16  # MJ_oil / MJ_useful

        # HP Lake
        self.LAKEHP_TO_CO2_STD = 0.0262 * 2.8 / self.ETA_FINAL_TO_USEFUL  # kg_CO2 / MJ_useful
        self.LAKEHP_TO_OIL_STD = 1.22 * 2.8 / self.ETA_FINAL_TO_USEFUL  # MJ_oil / MJ_useful

        # HP Sewage
        self.SEWAGEHP_TO_CO2_STD = 0.0192 * 3.4 / self.ETA_FINAL_TO_USEFUL  # kg_CO2 / MJ_useful
        self.SEWAGEHP_TO_OIL_STD = 0.904 * 3.4 / self.ETA_FINAL_TO_USEFUL  # MJ_oil / MJ_useful

        # GHP
        self.GHP_TO_CO2_STD = 0.0210 * 3.9 / self.ETA_FINAL_TO_USEFUL  # kg_CO2 / MJ_useful
        self.GHP_TO_OIL_STD = 1.03 * 3.9 / self.ETA_FINAL_TO_USEFUL  # MJ_oil / MJ_useful

        ######### LOCAL PLANT : factor with regard to USEFUL ENERGY

        self.NG_BACKUPBOILER_TO_CO2_STD = 0.0691 * 0.87  # kg_CO2 / MJ_useful
        self.BG_BACKUPBOILER_TO_CO2_STD = 0.04 * 0.87  # kg_CO2 / MJ_useful
        self.SMALL_GHP_TO_CO2_STD = 0.0153 * 3.9  # kg_CO2 / MJ_useful
        # self.SMALL_LAKEHP_TO_CO2_STD    = 0.0211 * 2.8    # kg_CO2 / MJ_useful
        self.SOLARCOLLECTORS_TO_CO2 = 0.00911  # kg_CO2 / MJ_useful

        self.NG_BACKUPBOILER_TO_OIL_STD = 1.16 * 0.87  # MJ_oil / MJ_useful
        self.BG_BACKUPBOILER_TO_OIL_STD = 0.339 * 0.87  # MJ_oil / MJ_useful
        self.SMALL_GHP_TO_OIL_STD = 0.709 * 3.9  # MJ_oil / MJ_useful
        # self.SMALL_LAKEHP_TO_OIL_STD    = 0.969 * 2.8     # MJ_oil / MJ_useful
        self.SOLARCOLLECTORS_TO_OIL = 0.201  # MJ_oil / MJ_useful

        ######### ELECTRICITY
        self.CC_EL_TO_TOTAL = 4 / 9

        self.EL_TO_OIL_EQ = 2.69  # MJ_oil / MJ_final
        self.EL_TO_CO2 = 0.0385  # kg_CO2 / MJ_final - CH Verbrauchermix nach EcoBau

        self.EL_TO_OIL_EQ_GREEN = 0.0339  # MJ_oil / MJ_final
        self.EL_TO_CO2_GREEN = 0.00398  # kg_CO2 / MJ_final

        self.EL_NGCC_TO_OIL_EQ_STD = 2.94 * 0.78 * self.CC_EL_TO_TOTAL  # MJ_oil / MJ_final
        self.EL_NGCC_TO_CO2_STD = 0.186 * 0.78 * self.CC_EL_TO_TOTAL  # kg_CO2 / MJ_final

        if self.FlagBioGasFromAgriculture == 1:  # Use Biogas from Agriculture
            self.EL_BGCC_TO_OIL_EQ_STD = 0.156 * 0.78 * self.CC_EL_TO_TOTAL  # kg_CO2 / MJ_final
            self.EL_BGCC_TO_CO2_STD = 0.0495 * 0.78 * self.CC_EL_TO_TOTAL  # kg_CO2 / MJ_final
        else:
            self.EL_BGCC_TO_OIL_EQ_STD = 0.851 * 0.78 * self.CC_EL_TO_TOTAL  # kg_CO2 / MJ_final
            self.EL_BGCC_TO_CO2_STD = 0.114 * 0.78 * self.CC_EL_TO_TOTAL  # kg_CO2 / MJ_final

        self.EL_FURNACE_TO_OIL_EQ_STD = 0.141 * 0.78 * self.CC_EL_TO_TOTAL  # MJ_oil / MJ_final
        self.EL_FURNACE_TO_CO2_STD = 0.0285 * 0.78 * self.CC_EL_TO_TOTAL  # kg_CO2 / MJ_final

        self.EL_PV_TO_OIL_EQ = 0.345  # MJ_oil / MJ_final
        self.EL_PV_TO_CO2 = 0.02640  # kg_CO2 / MJ_final

        # Financial Data
        self.EURO_TO_CHF = 1.2
        self.CHF_TO_EURO = 1.0 / self.EURO_TO_CHF
        self.USD_TO_CHF = 0.96
        self.MWST = 0.08  # 8% MWST assumed, used in A+W data

        # Resource prices
        self.ELEC_PRICE = 0.104 * self.EURO_TO_CHF / 1000.0  # = 15 Rp/kWh   or  0.104 * EURO_TO_CHF / 1000.0 # [CHF / wh]
        # self.ELEC_PRICE_KEV = 1.5 * ELEC_PRICE # MAKE RESEARCH ABOUT A PROPER PRICE AND DOCUMENT THAT!
        # self.ELEC_PRICE_GREEN = 1.5 * ELEC_PRICE
        self.NG_PRICE = 0.057 * self.EURO_TO_CHF / 1000.0  # [CHF / wh]
        self.BG_PRICE = 0.078 * self.EURO_TO_CHF / 1000.0  # [CHF / wh]

        self.GasConnectionCost = 15.5 / 1000.0  # CHF / W, from  Energie360 15.5 CHF / kW

        if self.ZernezFlag == 1:
            self.NG_PRICE = 0.0756 / 1000.0  # [CHF / wh] from  Energie360
            self.BG_PRICE = 0.162 / 1000.0  # [CHF / wh] from  Energie360

        # DCN
        self.TsupCool = 6 + 273
        self.TretCoolMax = 12 + 273.0

        # Substation data
        self.mdot_step_counter_heating = [0.05, 0.1, 0.15, 0.3, 0.4, 0.5, 0.6, 1]
        self.mdot_step_counter_cooling = [0, 0.2, 0.5, 0.8, 1]
        self.NetworkLengthReference = 1745.0  # meters of network length of max network. (Reference = Zug Case Study) , from J. Fonseca's Pipes Data
        self.PipeCostPerMeterInv = 660.0  # CHF /m
        self.PipeLifeTime = 40.0  # years, Data from A&W
        self.PipeInterestRate = 0.05  # 5% interest rate
        self.PipeCostPerMeterAnnual = self.PipeCostPerMeterInv / self.PipeLifeTime

        # Solar area to Wpeak
        self.eta_area_to_peak = 0.16  # Peak Capacity - Efficiency, how much kW per area there are, valid for PV and PVT (after Jimeno's J+)

        # Pressure losses
        # self.DeltaP_DCN = 1.0 #Pa - change
        # self.DeltaP_DHN = 84.8E3 / 10.0 #Pa  - change
        self.cPump = self.ELEC_PRICE * 24. * 365.  # coupled to electricity cost
        self.PumpEnergyShare = 0.01  # assume 1% of energy required for pumping, after 4DH
        self.PumpReliabilityMargin = 0.05  # assume 5% reliability margin

        # Circulating Pump
        self.etaPump = 0.8

        # Heat Exchangers
        self.U_cool = 2500  # W/m2K
        self.U_heat = 2500  # W/m2K
        self.dT_heat = 5  # K - pinch delta at design conditions
        self.dT_cool = 1  # K - pinch delta at design conditions

        # Heat pump
        self.HP_maxSize = 20.0E6  # max thermal design size [Wth]
        self.HP_minSize = 1.0E6  # min thermal design size [Wth]
        self.HP_n = 20.0  # lifetime [years]

        self.HP_etaex = 0.6  # exergetic efficiency of WSHP [L. Girardin et al., 2010]_
        self.HP_deltaT_cond = 2.0  # pinch for condenser [K]
        self.HP_deltaT_evap = 2.0  # pinch for evaporator [K]
        self.HP_maxT_cond = 140 + 273.0  # max temperature at condenser [K]

        self.HP_Auxratio = 0.83  # Wdot_comp / Wdot_total (circulating pumps)
        self.HP_i = 0.05  # interest rate

        # Sewage resource

        self.Sew_minT = 10 + 273.0  # minimum temperature at the sewage exit [K]

        # Lake resources
        self.DeltaU = 12500.0E6  # [Wh], maximum change in the lake energy content at the end of the year (positive or negative)
        self.TLake = 5 + 273.0  # K

        # Geothermal heat pump

        self.TGround = 6.5 + 273.0

        self.COPScalingFactorGroundWater = 3.4 / 3.9  # Scaling factor according to EcoBau, take GroundWater Heat pump into account

        self.GHP_CmaxSize = 2E3  # max cooling design size [Wc] FOR ONE PROBE
        self.GHP_Cmax_Size_th = 2E3  # Wh/m per probe
        self.GHP_Cmax_Length = 40  # depth of exploration taken into account

        self.GHP_HmaxSize = 2E3  # max heating design size [Wth] FOR ONE PROBE
        self.GHP_WmaxSize = 1E3  # max electrical design size [Wel] FOR ONE PROBE

        self.GHP_nBH = 50.0  # [years] for a borehole
        self.GHP_nHP = 20.0  # for the geothermal heat pump

        self.GHP_etaex = 0.677  # exergetic efficiency [O. Ozgener et al., 2005]_
        self.GHP_Auxratio = 0.83  # Wdot_comp / Wdot_total (circulating pumps)

        self.GHP_i = 0.06  # interest rate
        self.GHP_A = 25  # [m^2] area occupancy of one borehole Gultekin et al. 5 m separation at a penalty of 10% less efficeincy

        # Combined cycle
        self.CC_n = 25.0  # lifetime
        self.CC_i = 0.06

        self.GT_maxSize = 50.00000001E6  # max electrical design size in W = 50MW (NOT THERMAL capacity)
        self.GT_minSize = 0.2E6  # min electrical design size in W = 0.2 MW (NOT THERMAL capacity)
        self.GT_minload = 0.1 * 0.999  # min load (part load regime)

        self.CC_exitT_NG = 986.0  # exit temperature of the gas turbine if NG
        self.CC_exitT_BG = 1053.0  # exit temperature of the gas turbine if BG
        self.CC_airratio = 2.0  # air to fuel mass ratio

        self.ST_deltaT = 4.0  # pinch for HRSG
        self.ST_deltaP = 5.0E5  # pressure loss between steam turbine and DHN
        self.CC_deltaT_DH = 5.0  # pinch for condenser

        self.STGen_eta = 0.9  # generator efficiency after steam turbine
        self.CC_Maintenance_per_kWhel = 0.03 * self.EURO_TO_CHF  # 0.03 € / kWh_el after Weber 2008, used in Slave Cost Calculation

        # Boiler
        # Operating figures, quality parameters and investment costs for district heating systems (AFO)

        self.Boiler_n = 20.0  # lifetime, after A+W, confirmed by average of 15-25y range after http://www.elco.ch/pdf/Solutions/ \
        # ELCO-Loesungsbeispiel-Huber.pdf
        self.Boiler_i = 0.05  # interest rate
        self.Boiler_C_fuel = 20.0  # € / MWh_therm_bought(for LHV), AFO
        self.Boiler_C_labour = 4.0  # [€ /MWh_therm_sold]
        self.Boiler_P_aux = 0.026  # 0.026 Wh/Wh_th_sold = 26 kWh_el / MWh_th_sold, bioenergy 2020
        self.Boiler_min = 0.05  # minimum Part Load of Boiler
        self.Boiler_equ_ratio = 0.2  # 20% own capital required (equity ratio)
        self.Boiler_C_maintainance = 0.05  # 5 % of capital cost (3% boiler, 2% techn. facilities) by AFO, currently not used
        # Boiler_C_maintainance_fazNG = 3.5  /1E6 * EURO_TO_CHF # 3.5 Euro  /MWh_th
        # Boiler_C_maintainance_fazBG = 10.4 /1E6 * EURO_TO_CHF # 10.4 Euro /MWh_th
        self.Boiler_C_maintainance_faz = 3.5
        self.Boiler_eta_hp = 0.9

        # Furnace
        self.Furn_FuelCost_wet = 0.057 * 1E-3  # CHF / Wh = 5.7 Rp / kWh for wet (50wt%) Wood Chips, after
        self.Furn_FuelCost_dry = 0.07 * 1E-3  # CHF / Wh = 7 Rp / kWh for dry (30wt%) Wood Chips,
        self.Furn_min_Load = 0.2  # Minimum load possible (does not affect Model itself!)
        self.Furn_min_electric = 0.3  # Minimum load for electricity generation in furnace plant

        # Substation Heat Exchangers
        self.Subst_n = 25.0  # Lifetime after A+W
        self.Subst_i = 0.05

        # Fuel Cells
        self.FC_OP_HOURS_PER_YEAR = 4000.0  # hours / year
        self.FC_LIFETIME = 40000.0  # hours of operation
        self.FC_n = 10  # years of operation
        self.FC_i = 0.05  # interest rate
        self.FC_stack_cost = 55000.0  # CHF /kW_th for a Hexis 1000 N 1kWe/1.8kWth
        self.FC_overhead = 0.1  # 10 % higher cost due to final installation

        # Vapor compressor chiller
        self.VCC_maxSize = 3500.0E3  # maximum size [W]
        self.VCC_n = 25.0  # service life
        self.VCC_tcoolin = 30 + 273.0  # entering condenser water temperature [K]
        self.VCC_minload = 0.1  # min load for cooling power

        # Cooling tower
        self.CT_maxSize = 10.0E6  # cooling power desin size [W]
        self.CT_n = 20.0
        self.CT_a = 0.15  # annuity factor

        # Storage
        self.T_storage_min = 10 + 273.0  # K  - Minimum Storage Temperature
        self.StorageMaxUptakeLimitFlag = 1  # set a maximum for the HP Power for storage charging / decharging
        self.QtoStorageMax = 1e6  # 100kW maximum peak

        # Activation Order of Power Plants
        # solar sources are treated first
        self.act_first = 'HP'  # accounts for all kind of HP's as only one will be in the system.
        self.act_second = 'CHP'  # accounts for ORC and NG-RC (produce electricity!)
        self.act_third = 'BoilerBase'  # all conventional boilers are considered to be backups.
        self.act_fourth = 'BoilerPeak'  # additional Peak Boiler

        # Data for Evolutionary algorithm
        self.nHeat = 6  # number of heating
        self.nHR = 2 # number of heat recovery options
        self.nSolar = 3 # number of solar technologies

        self.PROBA = 0.5
        self.SIGMAP = 0.2
        self.epsMargin = 0.001

        # Data for clustering
        self.nPeriodMin = 2
        self.nPeriodMax = 15
        self.gam = 0.2
        self.threshErr = 0.2

        # Heat Recovery

        # compressed Air recovery
        self.etaElToHeat = 0.75  # [-]
        self.TElToHeatSup = 80 + 273.0  # K
        self.TElToHeatRet = 70 + 273.0  # K

        # Server Waste Heat recovery
        self.etaServerToHeat = 0.8  # [-]
        self.TfromServer = 60 + 273.0  # K
        self.TtoServer = 55 + 273.0  # K

        # Solar Thermal: information of return temperature
        self.TsupplyPVT_35 = 35 + 273.0  # K
        self.TsupplySC_80 = 75 + 273.0  # K
        self.TsupplySC_ET50 = 50 + 273.0  # K
        self.TsupplySC_ET80 = 80 + 273.0  # K

        # solar PV and PVT
        self.nPV = 0.16
        self.nPVT = 0.16

        # ==============================================================================================================
        # solar thermal collector
        # ==============================================================================================================

        self.Tin = 75  # average temeperature
        self.module_lenght_SC = 2  # m # 1 for PV and 2 for solar collectors
        self.min_production = 0.75  # points are selected with at least a minimum production of this % from the maximum in the area.
        self.grid_side = 2  # in a rectangular grid of points, one side of the square. this cannot be changed if the solra potential was made with this.
        self.worst_hour = 8744  # first hour of sun on the solar solstice
        self.angle_north = 122.5
        self.type_SCpanel = 1  # Flatplate collector

        # ==============================================================================================================
        # PV panel
        # ==============================================================================================================

        self.module_lenght_PV = 1  # m # 1 for PV and 2 for solar collectors
        self.min_production = 0.75  # points are selected with at least a minimum production of this % from the maximum in the area.
        self.type_PVpanel = 1  # monocrystalline
        self.misc_losses = 0.1  # cabling, resistances etc..

        # ==============================================================================================================
        # sewage potential
        # ==============================================================================================================

        self.SW_ratio = 0.95  # ratio of waste water to fresh water production.
        self.width_HEX = 0.40  # in m
        self.Vel_flow = 3  # in m/s
        self.min_flow = 9  # in lps
        self.tmin = 8  # tmin of extraction
        self.h0 = 1.5  # kW/m2K # heat trasnfer coefficient/
        self.AT_HEX = 5
        self.ATmin = 2

        # ==============================================================================================================
        # ventilation
        # ==============================================================================================================
        self.shielding_class = 2  # according to ISO 16798-7, 0 = open terrain, 1 = partly shielded from wind,
        #  2 = fully shielded from wind
        self.delta_p_dim = 5  # (Pa) dimensioning differential pressure for multi-storey building shielded from wind,
        # according to DIN 1946-6

        # ==============================================================================================================
        # HVAC
        # ==============================================================================================================
        self.temp_sup_heat_hvac = 36  # (°C)
        self.temp_sup_cool_hvac = 16  # (°C)

        # ==============================================================================================================
        # Comfort
        # ==============================================================================================================
        self.temp_comf_max = 26  # (°C) TODO: include to building properties and get from building properties
        self.rhum_comf_max = 70  # (%)

        # ==============================================================================================================
        # Initial temperatures for demand calculation
        # ==============================================================================================================
        self.initial_temp_air_prev = 21
        self.initial_temp_m_prev = 16

        # ==============================================================================================================
        # TABS
        # ==============================================================================================================
        self.max_temperature_difference_tabs = 9  # (°C) from Koschenz & Lehmann "Thermoaktive Bauteilsysteme (TABS)"
        self.max_surface_temperature_tabs = 27  # (°C) from Koschenz & Lehmann "Thermoaktive Bauteilsysteme (TABS)"

        # ==============================================================================================================
        # Columns to write for the demand calculation
        # ==============================================================================================================
        self.demand_building_csv_columns = [
            ['QEf', 'QHf', 'QCf', 'Ef', 'Qhsf', 'Qhs', 'Qhsf_lat', 'Qwwf', 'Qww', 'Qcsf',
             'Qcs', 'Qcsf_lat', 'Qcdataf', 'Qcref', 'Qhprof', 'Edataf', 'Ealf', 'Eaf', 'Elf',
             'Eref', 'Eauxf', 'Eauxf_ve', 'Eauxf_hs', 'Eauxf_cs', 'Eauxf_ww', 'Eauxf_fw',
             'Eprof', 'Ecaf'],
            ['mcphsf', 'mcpcsf', 'mcpwwf', 'mcpdataf', 'mcpref'],
            ['Twwf_sup',
             'Twwf_re', 'Thsf_sup', 'Thsf_re',
             'Tcsf_sup', 'Tcsf_re',
             'Tcdataf_re',
             'Tcdataf_sup', 'Tcref_re',
             'Tcref_sup']]
        # here is where we decide whether full excel reports of the calculations are generated
        self.testing = False  # if true: reports are generated, if false: not

        self.demand_writer = cea.demand.demand_writers.HourlyDemandWriter(self)

[docs]    def report(self, tsd, output_folder, basename):
        """Use vars to fill worksheets in an excel file $destination_template based on the template.
        The template references self.report_variables. The destination_template may contain date format codes that
        will be updated with the current datetime."""
        if self.testing:
            from cea.utilities import reporting
            reporting.full_report_to_xls(tsd, output_folder, basename, self)


[docs]    def log(self, msg, **kwargs):
        print msg % kwargs


[docs]    def is_heating_season(self, timestep):

        if self.seasonhours[0] + 1 <= timestep < self.seasonhours[1]:
            return False
        else:
            return True
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  Source code for cea.inputlocator

"""
inputlocator.py - locate input files by name based on the reference folder structure.
"""
import os
import tempfile

__author__ = "Daren Thomas"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Daren Thomas", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"

[docs]class InputLocator(object):
    """The InputLocator locates files and folders for input to the scripts. This works, because we
    have a convention for the folder structure of a scenario.
    It also provides locations of other files, such as those in the databases folder (e.g. archetypes).
    """
    # SCENARIO
    def __init__(self, scenario_path):
        self.scenario_path = scenario_path
        self.db_path = os.path.join(os.path.dirname(__file__), 'databases', 'CH')  # FIXME: add country code parameter
        self.weather_path = os.path.join(os.path.dirname(__file__), 'databases', 'weather')

    @staticmethod
    def _ensure_folder(*components):
        """Return the `*components` joined together as a path to a folder and ensure that that folder exists on disc.
        If it doesn't exist yet, attempt to make it with `os.makedirs`."""
        folder = os.path.join(*components)
        if not os.path.exists(folder):
            os.makedirs(folder)
        return folder

[docs]    def get_optimization_results_folder(self):
        """scenario/outputs/data/optimization"""
        return self._ensure_folder(self.scenario_path, 'outputs', 'data', 'optimization')


[docs]    def get_optimization_master_results_folder(self):
        """scenario/outputs/data/optimization/master
        Master checkpoints
        """
        return self._ensure_folder(self.get_optimization_results_folder(), "master")


[docs]    def get_optimization_slave_results_folder(self):
        """scenario/outputs/data/optimization/slave
        Slave results folder (storage + operation pattern)
        """
        return self._ensure_folder(self.get_optimization_results_folder(), "slave")


[docs]    def get_optimization_network_results_folder(self):
        """scenario/outputs/data/optimization/network
        Network summary results
        """
        return self._ensure_folder(self.get_optimization_results_folder(), "network")


[docs]    def get_optimization_network_layout_folder(self):
        """scenario/outputs/data/optimization/network/layout
        Network layout files
        """
        return self._ensure_folder(self.get_optimization_network_results_folder(), "layout")


[docs]    def get_optimization_network_layout_pipes_file(self):
        """scenario/outputs/data/optimization/network/layout/PipesData_DH.csv
        Network layout files for pipes of district heat networks
        """
        return os.path.join(self.get_optimization_network_layout_folder(), "PipesData_DH.csv")


[docs]    def get_optimization_network_totals_folder(self):
        """scenario/outputs/data/optimization/network/totals
        Total files (inputs to substation + network in master)
        """
        return self._ensure_folder(self.get_optimization_network_results_folder(), "totals")


[docs]    def get_optimization_disconnected_folder(self):
        """scenario/outputs/data/optimization/disconnected
        Operation pattern for disconnected buildings"""
        return self._ensure_folder(self.get_optimization_results_folder(), "disconnected")


[docs]    def get_measurements(self):
        """scenario/inputs/
        Operation pattern for disconnected buildings"""
        return self._ensure_folder(self.scenario_path, 'inputs', 'building-metering',)


[docs]    def get_optimization_disconnected_result_file(self, building_name):
        """scenario/outputs/data/optimization/disconnected/DiscOp_${building_name}_result.csv"""
        return os.path.join(self.get_optimization_disconnected_folder(),
                            "DiscOp_%(building_name)s_result.csv" % locals())


[docs]    def get_optimization_substations_folder(self):
        """scenario/outputs/data/optimization/substations
        Substation results for disconnected buildings"""
        return self._ensure_folder(self.get_optimization_results_folder(), "substations")


[docs]    def get_optimization_substations_results_file(self, building_name):
        """scenario/outputs/data/optimization/substations/${building_name}_result.csv"""
        return os.path.join(self.get_optimization_substations_folder(),  "%(building_name)s_result.csv" % locals())


[docs]    def get_optimization_substations_total_file(self, genome):
        """scenario/outputs/data/optimization/substations/Total_${genome}.csv"""
        return os.path.join(self.get_optimization_substations_folder(),  "Total_%(genome)s.csv" % locals())


[docs]    def get_optimization_clustering_folder(self):
        """scenario/outputs/data/optimization/clustering
        Clustering results for disconnected buildings"""
        return self._ensure_folder(self.get_optimization_results_folder(), "clustering")


[docs]    def get_potentials_results_folder(self):
        """scenario/outputs/data/potentials"""
        return self._ensure_folder(self.scenario_path, 'outputs', 'data', 'potentials')


[docs]    def get_potentials_solar_folder(self):
        """scenario/outputs/data/potentials/solar
        Contains raw solar files
        """
        return self._ensure_folder(self.get_potentials_results_folder(), "solar")


    # optimization
[docs]    def get_sewage_heat_potential(self):
        return os.path.join(self.get_potentials_results_folder(), "SWP.csv")


    # resource potential assessment
[docs]    def get_geothermal_potential(self):
        """scenario/outputs/data/potentials/geothermal.csv"""
        return os.path.join(self.get_potentials_results_folder(), "geothermal.csv")


    # DATABASES
[docs]    def get_default_weather(self):
        """weather/Zug-2010.epw
        path to database of archetypes file Archetypes_properties.xlsx"""
        return os.path.join(self.weather_path, 'zug-2010.epw')


[docs]    def get_weather(self, name):
        """weather/{name}.epw"""
        weather_file = os.path.join(self.weather_path, name + '.epw')
        if not os.path.exists(weather_file):
            return self.get_default_weather()
        return weather_file


[docs]    def get_weather_names(self):
        """Return a list of all installed epw files in the system"""
        weather_names = [os.path.splitext(f)[0] for f in os.listdir(self.weather_path)]
        return weather_names


[docs]    def get_archetypes_properties(self):
        """databases/CH/Archetypes/Archetypes_properties.xlsx
        path to database of archetypes file Archetypes_properties.xlsx"""
        return os.path.join(self.db_path, 'Archetypes', 'Archetypes_properties.xlsx')


[docs]    def get_archetypes_schedules(self):
        """databases/CH/Archetypes/Archetypes_schedules.xlsx
        path to database of archetypes file Archetypes_HVAC_properties.xlsx"""
        return os.path.join(self.db_path, 'Archetypes', 'Archetypes_schedules.xlsx')


[docs]    def get_life_cycle_inventory_supply_systems(self):
        """databases/CH/Systems/supply_systems.csv"""
        return os.path.join(self.db_path, 'Systems', 'supply_systems.xls')


[docs]    def get_technical_emission_systems(self):
        """databases/CH/Systems/emission_systems.csv"""
        return os.path.join(self.db_path, 'Systems',  'emission_systems.xls')


[docs]    def get_envelope_systems(self):
        """databases/CH/Systems/emission_systems.csv"""
        return os.path.join(self.db_path, 'Systems',  'envelope_systems.xls')


[docs]    def get_data_benchmark(self):
        """databases/CH/Benchmarks/benchmark_targets.xls"""
        return os.path.join(self.db_path, 'Benchmarks', 'benchmark_2000W.xls')


[docs]    def get_data_mobility(self):
        """databases/CH/Benchmarks/mobility.xls"""
        return os.path.join(self.db_path, 'Benchmarks', 'mobility.xls')


[docs]    def get_uncertainty_db(self):
        """databases/CH/Uncertainty/uncertainty_distributions.xls"""
        return os.path.join(self.db_path, 'Uncertainty', 'uncertainty_distributions.xls')


    # INPUTS
[docs]    def get_building_geometry(self):
        """scenario/inputs/building-geometry/zone.shp"""
        return os.path.join(self.scenario_path, 'inputs', 'building-geometry', 'zone.shp')


[docs]    def get_district(self):
        """scenario/inputs/building-geometry/district.shp"""
        return os.path.join(self.scenario_path, 'inputs', 'building-geometry', 'district.shp')


[docs]    def get_building_age(self):
        """scenario/inputs/building-properties/age.dbf"""
        return os.path.join(self.scenario_path, 'inputs', 'building-properties', 'age.dbf')


[docs]    def get_building_occupancy(self):
        """scenario/inputs/building-properties/building_occupancy.dbf"""
        return os.path.join(self.scenario_path, 'inputs', 'building-properties', 'occupancy.dbf')


[docs]    def get_building_supply(self):
        """scenario/inputs/building-properties/building_supply.dbf"""
        return os.path.join(self.scenario_path, 'inputs', 'building-properties', 'supply_systems.dbf')


[docs]    def get_building_internal(self):
        """scenario/inputs/building-properties/internal_loads.dbf"""
        return os.path.join(self.scenario_path, 'inputs', 'building-properties', 'internal_loads.dbf')


[docs]    def get_building_comfort(self):
        """scenario/inputs/building-properties/indoor_comfort.dbf"""
        return os.path.join(self.scenario_path, 'inputs', 'building-properties', 'indoor_comfort.dbf')


[docs]    def get_building_hvac(self):
        """scenario/inputs/building-properties/technical_systems.dbf"""
        return os.path.join(self.scenario_path, 'inputs', 'building-properties', 'technical_systems.dbf')


[docs]    def get_building_architecture(self):
        """scenario/inputs/building-properties/architecture.dbf
        This file is generated by the properties script.
        This file is used in the embodied energy script (cea/embodied.py)
        and the demand script (cea/demand_main.py)"""
        return os.path.join(self.scenario_path, 'inputs', 'building-properties', 'architecture.dbf')


[docs]    def get_building_overrides(self):
        """scenario/inputs/building-properties/overrides.csv
        This file contains overrides to the building properties input files. They are applied after reading
        those files and are matched by column name.
        """
        return os.path.join(self.scenario_path, 'inputs', 'building-properties', 'overrides.csv')


[docs]    def get_terrain(self):
        """scenario/inputs/topography/terrain.tif"""
        return os.path.join(self.scenario_path, 'inputs', 'topography', 'terrain.tif')



    # OUTPUTS

    ##SOLAR-RADIATION
[docs]    def get_radiation(self):
        """scenario/outputs/data/solar-radiation/radiation.csv"""
        return os.path.join(self.get_solar_radiation_folder(), 'radiation.csv')


[docs]    def get_solar_radiation_folder(self):
        """scenario/outputs/data/solar-radiation"""
        return self._ensure_folder(self.scenario_path, 'outputs', 'data', 'solar-radiation')


[docs]    def get_surface_properties(self):
        """scenario/outputs/data/solar-radiation/properties_surfaces.csv"""
        return os.path.join(self.get_solar_radiation_folder(), 'properties_surfaces.csv')


[docs]    def get_sensitivity_output(self, method, samples):
        """scenario/outputs/data/sensitivity-analysis/sensitivity_${METHOD}_${SAMPLES}.xls"""
        return os.path.join(self.scenario_path, 'outputs', 'data', 'sensitivity-analysis',
                            'sensitivity_%(method)s_%(samples)s.xls' % locals())


[docs]    def get_sensitivity_plots_file(self, parameter):
        """scenario/outputs/plots/sensitivity/${PARAMETER}.pdf"""
        return os.path.join(self.scenario_path, 'outputs', 'plots', 'sensitivity', '%s.pdf' % parameter)


    # DEMAND
[docs]    def get_demand_results_folder(self):
        """scenario/outputs/data/demand"""
        return self._ensure_folder(self.scenario_path, 'outputs', 'data', 'demand')


[docs]    def get_total_demand(self):
        """scenario/outputs/data/demand/Total_demand.csv"""
        return os.path.join(self.get_demand_results_folder(), 'Total_demand.csv')


[docs]    def get_demand_results_file(self, building_name):
        """scenario/outputs/data/demand/{building_name}.csv"""
        return os.path.join(self.get_demand_results_folder(), '%(building_name)s.csv' % locals())


    # CALIBRATION
[docs]    def get_calibration_folder(self):
        """scenario/outputs/data/calibration"""
        return self._ensure_folder(self.scenario_path, 'outputs', 'data', 'calibration')


[docs]    def get_demand_measured_folder(self):
        """scenario/outputs/data/demand"""
        assert False, 'this is the same as get_demand_results_folder'
        demand_measured_folder = os.path.join(self.scenario_path, 'outputs', 'data', 'demand')
        if not os.path.exists(demand_measured_folder):
            os.makedirs(demand_measured_folder)
        return demand_measured_folder


[docs]    def get_demand_measured_file(self, building_name):
        """scenario/outputs/data/demand/{building_name}.csv"""
        assert False, 'this is the same as get_demand_results_file'
        demand_measured_file = self.get_demand_measured_folder()
        return os.path.join(demand_measured_file, '%s.csv' % building_name)


[docs]    def get_calibration_cluster(self, sax_name):
        """scenario/outputs/data/demand/{sax_name}.csv"""
        file = self.get_calibration_folder()
        return os.path.join(file, 'clustering', '%s.csv' % sax_name)


[docs]    def get_calibration_cluster_opt_checkpoint(self, generation):
        """scenario/outputs/data/demand/{sax_name}.csv"""
        file = self.get_calibration_folder()
        return os.path.join(file, 'clustering', 'checkpoint_gen_'+str(generation))


[docs]    def get_calibration_clusters_names(self):
        """scenario/outputs/data/demand/{sax_name}.csv"""
        file = self.get_calibration_folder()
        return os.path.join(file, 'clustering', 'sax_names.csv')


    ##EMISSIONS
[docs]    def get_lca_emissions_results_folder(self):
        """scenario/outputs/data/emissions"""
        lca_emissions_results_folder = os.path.join(self.scenario_path, 'outputs', 'data', 'emissions')
        if not os.path.exists(lca_emissions_results_folder):
            os.makedirs(lca_emissions_results_folder)
        return lca_emissions_results_folder


[docs]    def get_lca_embodied(self):
        """scenario/outputs/data/emissions/Total_LCA_embodied.csv"""
        return os.path.join(self.get_lca_emissions_results_folder(), 'Total_LCA_embodied.csv')


[docs]    def get_lca_operation(self):
        """scenario/outputs/data/emissions/Total_LCA_operation.csv"""
        return os.path.join(self.get_lca_emissions_results_folder(), 'Total_LCA_operation.csv')


[docs]    def get_lca_mobility(self):
        """scenario/outputs/data/emissions/Total_LCA_mobility.csv"""
        return os.path.join(self.get_lca_emissions_results_folder(), 'Total_LCA_mobility.csv')


    ##GRAPHS
[docs]    def get_demand_plots_folder(self):
        """scenario/outputs/plots/timeseries"""
        return self._ensure_folder(self.scenario_path, 'outputs', 'plots', 'timeseries')


[docs]    def get_demand_plots_file(self, building_name):
        """scenario/outputs/plots/timeseries/{building_name}.pdf"""
        return os.path.join(self.get_demand_plots_folder(), '%(building_name)s.pdf' % locals())


[docs]    def get_timeseries_plots_file(self, building_name):
        """scenario/outputs/plots/timeseries/{building_name}.html"""
        return os.path.join(self.get_demand_plots_folder(), '%(building_name)s.html' % locals())


[docs]    def get_benchmark_plots_file(self):
        """scenario/outputs/plots/graphs/Benchmark_scenarios.pdf"""
        return os.path.join(self._ensure_folder(self.scenario_path, 'outputs', 'plots', 'graphs'),
                            'Benchmark_scenarios.pdf')


[docs]    def get_optimization_plots_folder(self):
        """scenario/outputs/plots/graphs/Benchmark_scenarios.pdf"""
        return os.path.join(self._ensure_folder(self.scenario_path, 'outputs', 'plots', 'graphs'))



    # HEATMAPS
[docs]    def get_heatmaps_demand_folder(self):
        """scenario/outputs/plots/heatmaps"""
        return self._ensure_folder(self.scenario_path, 'outputs', 'plots', 'heatmaps')


[docs]    def get_heatmaps_emission_folder(self):
        """scenario/outputs/plots/heatmaps"""
        return self._ensure_folder(self.scenario_path, 'outputs', 'plots', 'heatmaps')


    # OTHER
[docs]    def get_temporary_folder(self):
        """Temporary folder as returned by `tempfile`."""
        return tempfile.gettempdir()


[docs]    def get_temporary_file(self, filename):
        """Returns the path to a file in the temporary folder with the name `filename`"""
        return os.path.join(self.get_temporary_folder(), filename)
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  Source code for cea.analysis.sensitivity.sensitivity_demand_count

"""
Return the count a list of samples in a specified folder as input for the demand sensitivity analysis.

This reads in the `samples.npy` file produced by the script `sensitivity_demand_samples.py` and prints out the number
of samples contained. This can be used for scripting the demand simulations with a load sharing facility system like
the Euler cluster.
"""

import os
import numpy as np

__author__ = "Jimeno A. Fonseca; Daren Thomas"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca", "Daren Thomas"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def count_samples(samples_path):
    """
    Read in the `samples.npy` numpy array from disk in the `samples_path` and report the row count (each row
    in the array is a sample to simulate for either the morris or the sobol method.

    :param samples_path: path to folder with the samples - see sensitivity_demand_samples.py
    :type samples_path: str
    :return: number of samples in the samples folder.
    """
    samples = np.load(os.path.join(samples_path, 'samples.npy'))
    return len(samples)



if __name__ == '__main__':
    import argparse

    parser = argparse.ArgumentParser()
    parser.add_argument('-S', '--samples-folder', default='.',
                        help='folder to place the output files (samples.npy, problem.pickle) in')
    args = parser.parse_args()

    samples_count = count_samples(samples_path=args.samples_folder)
    print(samples_count)
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  Source code for cea.demand.rc_model_SIA

# -*- coding: utf-8 -*-


from __future__ import division

import numpy as np

__author__ = "Gabriel Happle"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Gabriel Happle"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "thomas@arch.ethz.ch"
__status__ = "Production"

'''
RC model calculations according to sia 2044

Merkblatt 2044 Kilimatisierte Gebauede - Standard-Berechnungsverfahren fuer den Leistungs-und Energiebedarf
'''

# TODO: documentation

# SIA 2044 constants
h_cv_i = 2.5  # (W/m2K) (4) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011
h_r_i = 5.5  # (W/m2K) (5) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011
h_ic = 9.1  # (W/m2K) (6) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011
f_sa = 0.1  # (-) section 2.1.4 in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011
f_r_l = 0.7  # (-) section 2.1.4 in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011
f_r_p = 0.5  # (-) section 2.1.4 in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011
f_r_a = 0.2  # (-) section 2.1.4 in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011


# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
# 2.1.3
# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

[docs]def calc_h_mc(a_m):
    """
    :param a_m: see ``bpr.rc_model['Am']``
    :return:
    """

    # get properties from bpr # TODO: to be addressed in issue #443
    # a_m = bpr.rc_model['Am']

    # (7) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011

    h_mc = h_ic * a_m

    return h_mc



[docs]def calc_h_ac(a_t):
    """
    :param a_t: equivalent to ``bpr.rc_model['Atot']``
    :return:
    """

    # get properties from bpr # TODO: to be addressed in issue #443

    # (8) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011

    h_ac = a_t / (1 / h_cv_i - 1 / h_ic)

    return h_ac



[docs]def calc_h_op_m(Htr_op):

    # work around # TODO: to be addressed in issue #443
    # get h_op from ISO model (with basement factor)
    h_op_m = Htr_op
    # TODO: This formula should be adjusted to be compatible with SIA2044

    # (9) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    # h_op_m = a_j_m * u_j  # summation
    # TODO: this formula in the future should take specific properties of the location of the building into account
    # e.g. adiabatic building elements with U = 0

    return h_op_m



[docs]def calc_h_em(h_op_m, h_mc):

    # (10) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    h_em = 1.0 / (1.0 / h_op_m - 1.0 / h_mc)

    return h_em



[docs]def calc_h_j_em():

    # TODO: to be addressed in issue #443

    # (11) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    #h_j_em = (h_em * a_j_m * u_j) / h_op_m

    # TODO: this formula in the future should take specific properties of the location of the building into account
    # e.g. adiabatic building elements with U = 0

    return None



[docs]def calc_h_ec(Htr_w):

    # (12) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    # h_ec = a_j_l * u_j
    # TODO: this formula in the future should take specific properties of the location of the building into account
    # e.g. adiabatic building elements with U = 0
    # TODO: can incorporate point or linear thermal bridges

    h_ec = Htr_w  # h_ec is Htr_w of ISO13790 RC model

    return h_ec



[docs]def calc_h_ea(m_ve_mech, m_ve_window, m_ve_inf_simple):
    cp = 1.005 / 3.6  # (Wh/kg/K)
    # TODO: check units of air flow

    # get values
    m_v_sys = m_ve_mech * 3600  # mass flow rate mechanical ventilation
    m_v_w = m_ve_window * 3600  # mass flow rate window ventilation
    m_v_inf = m_ve_inf_simple * 3600  # mass flow rate infiltration

    # (13) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    # adapted for mass flows instead of volume flows
    h_ea = (m_v_sys + m_v_w + m_v_inf) * cp

    return h_ea



# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
# 2.1.4
# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++


[docs]def calc_phi_a(phi_hc_cv, phi_i_l, phi_i_a, phi_i_p, I_sol):

    # (14) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    # Gabriel Happle 01.12.2016

    # get internal loads
    phi_i_l = phi_i_l
    phi_i_a = phi_i_a
    phi_i_p = phi_i_p

    # solar gains
    phi_s = I_sol  # solar gains

    # standard assumptions
    #f_sa = 0.1
    #f_r_l = 0.7
    #f_r_p = 0.5
    #f_r_a = 0.2

    phi_a = f_sa * phi_s + (1-f_r_l)*phi_i_l + (1-f_r_p) * phi_i_p +(1-f_r_a)*phi_i_a + phi_hc_cv

    return phi_a



[docs]def calc_phi_c(phi_hc_r, phi_i_l, phi_i_a, phi_i_p, I_sol, f_ic, f_sc):

    # (15) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    # Gabriel Happle 01.12.2016

    # get internal loads
    phi_i_l = phi_i_l
    phi_i_a = phi_i_a
    phi_i_p = phi_i_p

    # solar gains
    phi_s = I_sol  # solar gains

    # call functions for factor
    f_ic = f_ic
    f_sc = f_sc

    # standard assumptions
    #f_sa = 0.1
    #f_r_l = 0.7
    #f_r_p = 0.5
    #f_r_a = 0.2

    phi_c = f_ic * (f_r_l*phi_i_l+f_r_p*phi_i_p+f_r_a*phi_i_a + phi_hc_r) + (1-f_sa)*f_sc*phi_s

    return phi_c



[docs]def calc_phi_i_p(Qs_Wp, people):
    # internal gains from people
    phi_i_p = people * Qs_Wp
    return phi_i_p



[docs]def calc_phi_i_a(Eaf, Qcdataf, Qcref):
    # internal gains from appliances, factor of 0.9 taken from old method calc_Qgain_sen()
    # TODO make function and dynamic, check factor
    phi_i_a = 0.9 * Eaf + Qcdataf - Qcref
    return phi_i_a



[docs]def calc_phi_i_l(Elf):
    # internal gains from lighting, factor of 0.9 taken from old method calc_Qgain_sen()
    # TODO make function and dynamic, check factor
    phi_i_l = 0.9 * Elf
    return phi_i_l



[docs]def calc_phi_m(phi_hc_r, phi_i_l, phi_i_a, phi_i_p, I_sol, f_im, f_sm):

    # (16) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    # Gabriel Happle 01.12.2016

    # get internal loads
    phi_i_l = phi_i_l
    phi_i_a = phi_i_a
    phi_i_p = phi_i_p

    # solar gains
    phi_s = I_sol  # solar gains

    # call functions for factors
    f_im = f_im
    f_sm = f_sm

    # standard assumption
    #f_sa = 0.1
    #f_r_l = 0.7
    #f_r_p = 0.5
    #f_r_a = 0.2
    phi_m = f_im * (f_r_l * phi_i_l + f_r_p * phi_i_p + f_r_a * phi_i_a + phi_hc_r) + (1 - f_sa) * f_sm * phi_s

    return phi_m



[docs]def calc_f_ic(a_t, a_m, h_ec):
    """

    :param a_t: see ``bpr.rc_model['Atot']``
    :param a_m: see ``bpr.rc_model['Am']``
    :param h_ec: see ``calc_h_ec``
    :return:
    """

    # (17) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    # Gabriel Happle 01.12.2016

    #h_ic = 9.1  # in (W/m2K) from (8) in SIA 2044

    f_ic = (a_t - a_m - h_ec / h_ic) / a_t

    return f_ic



[docs]def calc_f_sc(a_t, a_m, a_w, h_ec):
    """

    :param a_t: see ``bpr.rc_model['Atot']``
    :param a_m: see ``bpr.rc_model['Am']``
    :param a_w: see ``bpr.rc_model['Aw']``
    :param h_ec: see ``calc_h_ec``
    :return:
    """

    # (18) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    # Gabriel Happle 01.12.2016

    # get values from bpr

    #h_ic = 9.1  # in (W/m2K) from (8) in SIA 2044

    f_sc = (a_t-a_m-a_w-h_ec/h_ic) / (a_t - a_w)

    return f_sc



[docs]def calc_f_im(a_t, a_m):
    """

    :param a_t: see ``bpr.rc_model['Atot']``
    :param a_m: see ``bpr.rc_model['Am']``
    :return:
    """

    # (19) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    # Gabriel Happle 01.12.2016

    f_im = a_m / a_t

    return f_im



[docs]def calc_f_sm(a_t, a_m, a_w):
    """
    :param a_t: bpr.rc_model['Atot']
    :param a_m: bpr.rc_model['Am']
    :param a_w: bpr.rc_model['Aw']
    :return:
    """

    # (20) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    # Gabriel Happle 01.12.2016

    f_sm = a_m / (a_t - a_w)

    return f_sm


# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
# 2.1.5
# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++


[docs]def calc_theta_ea(m_ve_mech, m_ve_window, m_ve_inf_simple, theta_ve_mech, T_ext):

    # get values
    m_v_sys = m_ve_mech  # mass flow rate mechanical ventilation
    m_v_w = m_ve_window  # mass flow rate window ventilation
    m_v_inf = m_ve_inf_simple  # mass flow rate infiltration
    theta_v_sys = theta_ve_mech  # supply air temperature of mechanical ventilation (i.e. after HEX)
    theta_e = T_ext  # outdoor air temperature

    # (21) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    # adjusted for mass flows instead of volume flows and simplified by (rho*cp)/(rho*cp) = 1
    # Gabriel Happle 01.12.2016

    theta_ea = (m_v_sys * theta_v_sys + (m_v_w + m_v_inf) * theta_e) / (m_v_sys + m_v_w + m_v_inf)

    return theta_ea



[docs]def calc_theta_ec(T_ext):

    # WORKAROUND
    theta_ec = T_ext  # TODO: adjust to actual calculation

    # (22) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011

    # theta_ec = a_j_l * u_j * theta_e_j / h_ec

    # TODO: this formula in the future should take specific properties of the location of the building into account
    # e.g. adiabatic building elements with U = 0

    # TODO: theta_e_j is depending on adjacent space to surface (outdoor, adiabatic, ground, etc.)

    return theta_ec



[docs]def calc_theta_em(T_ext):

    # WORKAROUND
    theta_em = T_ext  # TODO: adjust to actual calculation

    # (23) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011

    # theta_em = h_j_em * theta_e_j / h_em

    # TODO: this formula in the future should take specific properties of the location of the building into account
    # e.g. adiabatic building elements with U = 0

    # TODO: theta_e_j is depending on adjacent space to surface (outdoor, adiabatic, ground, etc.)

    return theta_em



[docs]def calc_theta_e_star():

    # TODO: To be addressed in issue #446

    # (24) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    #

    # standard values for calculation
    h_e_load_and_temp = 13.5  # (W/m2K) for load and temperature calculation
    h_e_energy = 23  # (W/m2K) for energy demand calculation

    f_r_roof = 1  # (-)
    f_r_wall = 0.5  # (-)
    h_r = 5.5  # (-)
    delta_t_er = 11  # (K)


    # if is_roof(surface):
        #f_r = f_r_roof
    #elif is_wall(surface):
        #f_r = f_r_wall
    #else:
        #raise()

    #if is_energy_calculation(calculation):
       # h_e = h_e_energy
    #elif is_load_or_temp_calculation(calculation):
       # h_e = h_e_load_and_temp
    #else:
        #raise()


    #theta_e_star = theta_e + (alpha_s * i_s_i) / h_e - (f_r * h_r * epsilon_0 * delta_t_er) / h_e

    #return theta_e_star

# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
# 2.1.6
# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

[docs]def calc_theta_m_t(phi_m_tot, theta_m_t_1, h_em, h_3, c_m):
    # (25) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    theta_m_t = (theta_m_t_1 * (c_m - 0.5 * (h_3 + h_em)) + phi_m_tot) / (c_m + 0.5 * (h_3 + h_em))

    return theta_m_t



[docs]def calc_h_1(h_ea, h_ac):

    # get values
    h_ea = h_ea
    h_ac = h_ac

    # (26) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011

    h_1 = 1 / (1 / h_ea + 1 / h_ac)

    return h_1



[docs]def calc_h_2(h_1, h_ec):
    # (27) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011

    h_2 = h_1 + h_ec

    return h_2



[docs]def calc_h_3(h_2, h_mc):
    # (28) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    h_3 = 1.0 / (1.0 / h_2 + 1.0 / h_mc)
    return h_3



[docs]def calc_phi_m_tot(phi_m, phi_a, phi_c, theta_ea, theta_em, theta_ec, h_1, h_2, h_3, h_ec, h_ea, h_em):
    # (29) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    phi_m_tot = phi_m + h_em * theta_em + (h_3 * (phi_c + h_ec * theta_ec + h_1 * (phi_a / h_ea + theta_ea))) / h_2
    return phi_m_tot



[docs]def calc_theta_m(theta_m_t, theta_m_t_1):
    # (30) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    theta_m = (theta_m_t + theta_m_t_1) / 2
    return theta_m



[docs]def calc_theta_c(phi_a, phi_c, theta_ea, theta_ec, theta_m, h_1, h_mc, h_ec, h_ea):

    # get values
    h_mc = h_mc
    h_ec = h_ec
    h_ea = h_ea

    # (31) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011

    theta_c = (h_mc * theta_m + phi_c + h_ec * theta_ec + h_1 * (phi_a / h_ea + theta_ea)) / (h_mc + h_ec + h_1)

    return theta_c



[docs]def calc_theta_a(phi_a, theta_ea, theta_c, h_ac, h_ea):
    # (32) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    theta_a = (h_ac * theta_c + h_ea * theta_ea + phi_a) / (h_ac + h_ea)
    return theta_a



[docs]def calc_theta_o(theta_a, theta_c):
    # (33) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    theta_o = theta_a * 0.31 + theta_c * 0.69
    return theta_o


# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
# 2.2.7
# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++


[docs]def calc_phi_hc_cv(phi_hc, f_hc_cv):

    # (58) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    phi_hc_cv = f_hc_cv * phi_hc

    return phi_hc_cv



[docs]def calc_phi_hc_r(phi_hc, f_hc_cv):

    # (59) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    phi_hc_r = (1 - f_hc_cv) * phi_hc

    return phi_hc_r



[docs]def calc_theta_tabs_su():

    # TODO: to be addressed in issue #444

    # (60) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    # theta_tabs_su = theta_tabs_su_max - (theta_tabs_su_max - theta_tabs_su_min) * (theta_e -  theta_e_min)/(theta_e_max - theta_e_min)

    return None



[docs]def calc_phi_tabs():

    # TODO: to be addressed in issue #444

    # (61) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
    # phi_tabs = h_tabs * (theta_tabs_su - theta_m_t_1)

    return None



[docs]def calc_h_tabs():

    # TODO: to be addressed in issue #444

    # (62) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011

    # typical values
    # a_tabs = 0.8 * a_ngf
    # r_tabs = 0.08  # (m2K/W)

    # h_tabs = a_tabs / r_tabs

    return None



[docs]def calc_phi_m_tot_tabs():

    # TODO: to be addressed in issue #444

    # (63) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011

    # phi_m_tot = calc_phi_m_tot() + phi_tabs

    return None



# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
# 2.3.2
# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++


[docs]def calc_rc_model_temperatures_no_heating_cooling(bpr, tsd, t):
    """
    Calculates R-C-Model temperatures are calculated with zero heating/cooling power according to SIA 2044 procedure.

    :py:func: `cea.demand.rc_model_SIA.calc_rc_model_temperatures_no_heating_cooling`

    Author: Gabriel Happle
    Date: FEB 2017

    :param bpr: Building Properties
    :type bpr: BuildingPropertiesRow
    :param tsd: Time series data of building
    :type tsd: dict
    :param t: time step / hour of the year
    :type t: int
    :return: R-C-Model node temperatures
    :rtype: dict
    """

    # no heating or cooling
    phi_hc_cv = 0.0
    phi_hc_r = 0.0

    # calculate r-c-model node temperatures
    rc_model_temp = calc_rc_model_temperatures(phi_hc_cv, phi_hc_r, bpr, tsd, t)

    return rc_model_temp



[docs]def calc_rc_model_temperatures(phi_hc_cv, phi_hc_r, bpr, tsd, t):
    # calculate node temperatures of RC model
    theta_m_t_1 = tsd['theta_m'][t - 1]
    if np.isnan(theta_m_t_1):
        theta_m_t_1 = tsd['T_ext'][t - 1]

    # copy data required for calculation from `tsd` for this timestep
    m_ve_mech = tsd['m_ve_mech'][t]
    m_ve_window = tsd['m_ve_window'][t]
    m_ve_inf = tsd['m_ve_inf'][t]
    Elf = tsd['Elf'][t]
    Eaf = tsd['Eaf'][t]
    Qcdataf = tsd['Qcdataf'][t]
    Qcref = tsd['Qcref'][t]
    people = tsd['people'][t]
    I_sol = tsd['I_sol'][t]
    T_ext = tsd['T_ext'][t]
    theta_ve_mech = tsd['theta_ve_mech'][t]

    # copy data from `bpr`
    Htr_op = bpr.rc_model['Htr_op']
    Htr_w = bpr.rc_model['Htr_w']
    Qs_Wp = bpr.internal_loads['Qs_Wp']
    a_t = bpr.rc_model['Atot']
    a_m = bpr.rc_model['Am']
    a_w = bpr.rc_model['Aw']
    c_m = bpr.rc_model['Cm'] / 3600  # (Wh/K) SIA 2044 unit is Wh/K, ISO unit is J/K

    theta_a, theta_c, theta_m, theta_o = _calc_rc_model_temperatures(Eaf, Elf, Htr_op, Htr_w, I_sol, Qcdataf, Qcref,
                                                                     Qs_Wp, T_ext, a_m, a_t, a_w, c_m, m_ve_inf,
                                                                     m_ve_mech, m_ve_window, people, phi_hc_cv,
                                                                     phi_hc_r, theta_m_t_1, theta_ve_mech)
    rc_model_temp = {'theta_m': theta_m, 'theta_c': theta_c, 'theta_a': theta_a, 'theta_o': theta_o}
    return rc_model_temp



def _calc_rc_model_temperatures(Eaf, Elf, Htr_op, Htr_w, I_sol, Qcdataf, Qcref, Qs_Wp, T_ext, a_m, a_t, a_w, c_m,
                                m_ve_inf_simple, m_ve_mech, m_ve_window, people, phi_hc_cv, phi_hc_r, theta_m_t_1,
                                theta_ve_mech):
    # numba_cc compatible calculation
    h_ec = calc_h_ec(Htr_w=Htr_w)
    h_ac = calc_h_ac(a_t)
    h_ea = calc_h_ea(m_ve_mech, m_ve_window, m_ve_inf_simple)
    f_sc = calc_f_sc(a_t, a_m, a_w, h_ec)
    f_ic = calc_f_ic(a_t, a_m, h_ec)
    h_op_m = calc_h_op_m(Htr_op=Htr_op)
    h_mc = calc_h_mc(a_m=a_m)
    h_em = calc_h_em(h_op_m, h_mc)
    f_im = calc_f_im(a_t=a_t, a_m=a_m)
    f_sm = calc_f_sm(a_t=a_t, a_m=a_m, a_w=a_w)
    phi_i_l = calc_phi_i_l(Elf=Elf)
    phi_i_a = calc_phi_i_a(Eaf=Eaf, Qcdataf=Qcdataf, Qcref=Qcref)
    phi_i_p = calc_phi_i_p(Qs_Wp=Qs_Wp, people=people)
    h_1 = calc_h_1(h_ea=h_ea, h_ac=h_ac)
    phi_a = calc_phi_a(phi_hc_cv, phi_i_l, phi_i_a, phi_i_p, I_sol)
    phi_m = calc_phi_m(phi_hc_r, phi_i_l, phi_i_a, phi_i_p, I_sol, f_im, f_sm)
    phi_c = calc_phi_c(phi_hc_r, phi_i_l, phi_i_a, phi_i_p, I_sol, f_ic, f_sc)
    theta_ea = calc_theta_ea(m_ve_mech, m_ve_window, m_ve_inf_simple, theta_ve_mech, T_ext)
    theta_em = calc_theta_em(T_ext=T_ext)
    theta_ec = calc_theta_ec(T_ext=T_ext)
    h_2 = calc_h_2(h_1=h_1, h_ec=h_ec)
    h_3 = calc_h_3(h_2, h_mc)
    phi_m_tot = calc_phi_m_tot(phi_m, phi_a, phi_c, theta_ea, theta_em, theta_ec, h_1, h_2, h_3, h_ec, h_ea, h_em)
    theta_m_t = calc_theta_m_t(phi_m_tot, theta_m_t_1, h_em, h_3, c_m)
    theta_m = calc_theta_m(theta_m_t, theta_m_t_1)
    theta_ec = calc_theta_ec(T_ext=T_ext)
    theta_c = calc_theta_c(phi_a, phi_c, theta_ea, theta_ec, theta_m, h_1, h_mc, h_ec, h_ea)
    theta_a = calc_theta_a(phi_a=phi_a, theta_ea=theta_ea, theta_c=theta_c, h_ac=h_ac, h_ea=h_ea)
    theta_o = calc_theta_o(theta_a=theta_a, theta_c=theta_c)
    return theta_a, theta_c, theta_m, theta_o


[docs]def calc_rc_model_temperatures_heating(phi_hc, bpr, tsd, t):
    """
    This function executes the equations of SIA 2044 R-C-Building-Model to calculate the node temperatures for a given
    heating energy demand

    :py:func: `cea.demand.rc_model_SIA.lookup_f_hc_cv_heating`
    :py:func: `cea.demand.rc_model_SIA.calc_phi_hc_cv`
    :py:func: `cea.demand.rc_model_SIA.calc_phi_hc_r`
    :py:func: `cea.demand.rc_model_SIA.calc_rc_model_temperatures`

    Author: Gabriel Happle
    Date: FEB 2017

    :param phi_hc: Heating or cooling energy demand of building
    :type phi_hc: float
    :param bpr: Building Properties
    :type bpr: BuildingPropertiesRow
    :param tsd: Time series data of building
    :type tsd: dict
    :param t: time step / hour of the year
    :type t: int
    :return: R-C-Building-Model node temperatures
    :rtype: dict
    """

    # lookup convection factor for heating/cooling system
    f_hc_cv = lookup_f_hc_cv_heating(bpr)

    # convective and radiative fractions of heating system
    phi_hc_cv = calc_phi_hc_cv(phi_hc, f_hc_cv)
    phi_hc_r = calc_phi_hc_r(phi_hc, f_hc_cv)

    # calculating R-C-Model node temperatures
    rc_model_temp = calc_rc_model_temperatures(phi_hc_cv, phi_hc_r, bpr, tsd, t)

    return rc_model_temp



[docs]def calc_rc_model_temperatures_cooling(phi_hc, bpr, tsd, t):
    """
    This function executes the equations of SIA 2044 R-C-Building-Model to calculate the node temperatures for a given
    cooling energy demand

    :py:func: `cea.demand.rc_model_SIA.lookup_f_hc_cv_cooling`
    :py:func: `cea.demand.rc_model_SIA.calc_phi_hc_cv`
    :py:func: `cea.demand.rc_model_SIA.calc_phi_hc_r`
    :py:func: `cea.demand.rc_model_SIA.calc_rc_model_temperatures`

    Author: Gabriel Happle
    Date: FEB 2017

    :param phi_hc: Heating or cooling energy demand of building
    :type phi_hc: float
    :param bpr: Building Properties
    :type bpr: BuildingPropertiesRow
    :param tsd: Time series data of building
    :type tsd: dict
    :param t: time step / hour of the year
    :type t: int
    :return: R-C-Building-Model node temperatures
    :rtype: dict
    """

    # lookup convection factor for heating/cooling system
    f_hc_cv = lookup_f_hc_cv_cooling(bpr)

    # convective and radiative fractions of heating system
    phi_hc_cv = calc_phi_hc_cv(phi_hc, f_hc_cv)
    phi_hc_r = calc_phi_hc_r(phi_hc, f_hc_cv)

    # calculating R-C-Model node temperatures
    rc_model_temp = calc_rc_model_temperatures(phi_hc_cv, phi_hc_r, bpr, tsd, t)

    return rc_model_temp



[docs]def has_heating_demand(bpr, tsd, t):
    """
    This function checks whether the building R-C-Model has a heating demand according to the procedure in SIA 2044.
    R-C-Model temperatures are calculated with zero heating power and checked versus the set-point temperature.
    Function includes a temperature tolerance according to the precision of the result reporting.

    :py:func: `cea.demand.rc_model_SIA.calc_rc_model_temperatures_no_heating_cooling`

    Author: Gabriel Happle
    Date: FEB 2017

    :param bpr: Building Properties
    :type bpr: BuildingPropertiesRow
    :param tsd: Time series data of building
    :type tsd: dict
    :param t: time step / hour of the year
    :type t: int
    :return: True or False
    :rtype: bool
    """

    temp_tolerance = 0.001  # temperature tolerance of temperature sensor (°C),
    #  i.e. heating is turned on if temperature is temp_tolerance below the set point
    # tolerance is consistent with maximum temperature difference that can be reported with the current precision
    # of the demand *.csv file

    ta_hs_set = tsd['ta_hs_set'][t]
    if np.isnan(ta_hs_set):
        # no set point = system off
        return False

    # calculate temperatures
    rc_model_temp = calc_rc_model_temperatures_no_heating_cooling(bpr, tsd, t)

    # True, if theta_a < ta_hs_set, False, if theta_a >= ta_hs_set
    return rc_model_temp['theta_a'] < ta_hs_set - temp_tolerance



[docs]def has_cooling_demand(bpr, tsd, t):
    """
    This function checks whether the building R-C-Model has a cooling demand according to the procedure in SIA 2044.
    R-C-Model temperatures are calculated with zero cooling power and checked versus the set-point temperature.
    Function includes a temperature tolerance according to the precision of the result reporting.

    :py:func: `cea.demand.rc_model_SIA.calc_rc_model_temperatures_no_heating_cooling`

    Author: Gabriel Happle
    Date: FEB 2017

    :param bpr: Building Properties
    :type bpr: BuildingPropertiesRow
    :param tsd: Time series data of building
    :type tsd: dict
    :param t: time step / hour of the year
    :type t: int
    :return: True or False
    :rtype: bool
    """

    temp_tolerance = 0.001  # temperature tolerance of temperature sensor (°C),
    #  i.e. heating is turned on if temperature is temp_tolerance below the set point
    # tolerance is consistent with maximum temperature difference that can be reported with the current precision
    # of the demand *.csv file

    ta_cs_set = tsd['ta_cs_set'][t]
    if np.isnan(ta_cs_set):
        # no set point = system off
        return False

    # calculate temperatures
    rc_model_temp = calc_rc_model_temperatures_no_heating_cooling(bpr, tsd, t)

    # True, if temperature w/o conditioning is higher than cooling set point temperature, else False
    return rc_model_temp['theta_a'] > ta_cs_set + temp_tolerance



# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
# 3.8.1
# ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

f_hc_cv_heating_system = {'T1': 1, 'T2': 1, 'T3': 1, 'T4': 0.5}
# T1 = radiator, T2 = radiator, T3 = AC, T4 = floor heating #TODO: add heating ceiling
f_hc_cv_cooling_system = {'T1': 0.5, 'T2': 1, 'T3': 1}
# T1 = ceiling cooling, T2 mini-split AC, T3 = AC #TODO: add floor cooling


[docs]def lookup_f_hc_cv_heating(bpr):

    # 3.1.8.1 in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011

    # look up factor
    f_hc_cv = f_hc_cv_heating_system[bpr.hvac['type_hs']]

    return f_hc_cv



[docs]def lookup_f_hc_cv_cooling(bpr):

    # 3.1.8.1 in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011

    # look up factor
    f_hc_cv = f_hc_cv_cooling_system[bpr.hvac['type_cs']]

    return f_hc_cv



# use the optimized (numba_cc) versions of the functions in this module if available
try:
    # import Numba AOT versions of the functions above, overwriting them
    from rc_model_sia_cc import (calc_phi_m, calc_phi_c, calc_theta_c, calc_phi_m_tot, calc_phi_a, calc_theta_m,
                                 calc_h_ea, calc_theta_m_t, calc_theta_ea, calc_h_em, calc_h_3)
except ImportError:
    # fall back to using the python version
    print('failed to import from rc_model_sia_cc.pyd, falling back to pure python functions')
    pass
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  Source code for cea.plots.graphs_demand

# -*- coding: utf-8 -*-
"""
graphs algorithm
"""
from __future__ import division

import matplotlib.pyplot as plt
import pandas as pd

import cea
import cea.inputlocator
import multiprocessing as mp

MAX_ANALYSIS_FIELDS = 4

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca", "Daren Thomas"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"

[docs]def graphs_demand(locator, analysis_fields, gv):
    """
    algorithm to print graphs in PDF concerning the dynamics of each and all buildings

    :param locator: an InputLocator set to the scenario to compute
    :type locator: inputlocator.InputLocator

    :param analysis_fields: list of fields (column names in Totals.csv) to analyse
    :type analysis_fields: list[string]

    :returns: - Graphs of each building and total: .Pdf
              - heat map file per variable of interest n.
    """
    color_palette = 'Set1'
    total_file = pd.read_csv(locator.get_total_demand()).set_index('Name')
    building_names = list(total_file.index)
    fields_MWhyr = [field.split('_')[0] + "_MWhyr" for field in analysis_fields]
    total_demand = total_file[fields_MWhyr]
    area_df = total_file['GFA_m2']
    fields_date = analysis_fields + ['DATE']
    num_buildings = len(building_names)

    print('Storing results in: %s' % locator.get_demand_plots_folder())

    if gv.multiprocessing and mp.cpu_count() > 1:
        pool = mp.Pool()
        gv.log("Using %i CPU's" % mp.cpu_count())
        joblist = []
        for name in building_names:
            job = pool.apply_async(create_demand_graph_for_building,
                                   [analysis_fields, area_df, color_palette, fields_date, locator, name,
                                    total_demand])
            joblist.append(job)
        for i, job in enumerate(joblist):
            job.get(60)
            gv.log('Building No. %(bno)i completed out of %(btot)i: %(bname)s', bno=i + 1, btot=num_buildings,
                   bname=building_names[i])
        pool.close()
    else:
        for i, name in enumerate(building_names):
            create_demand_graph_for_building(analysis_fields, area_df, color_palette, fields_date, locator, name,
                                             total_demand)
            gv.log('Building No. %(bno)i completed out of %(btot)i: %(bname)s', bno=i+1, btot=num_buildings,
                   bname=building_names[i])



[docs]def create_demand_graph_for_building(analysis_fields, area_df, color_palette, fields_date, locator, name, total_demand):
    # CREATE PDF FILE
    from matplotlib.backends.backend_pdf import PdfPages
    pdf = PdfPages(locator.get_demand_plots_file(name))
    # CREATE FIRST PAGE WITH TIMESERIES
    df = pd.read_csv(locator.get_demand_results_file(name), usecols=fields_date)
    df.index = pd.to_datetime(df.DATE)
    fig, (ax1, ax2, ax3, ax4) = plt.subplots(4, figsize=(12, 16))
    fig.text(0.07, 0.5, 'Demand [kW]', va='center', rotation='vertical')
    df.plot(ax=ax1, y=analysis_fields, title='YEAR', colormap=color_palette, label=' ', legend=False)
    df[408:576].plot(ax=ax2, y=analysis_fields, title='WINTER', legend=False, colormap=color_palette)
    df[4102:4270].plot(ax=ax3, y=analysis_fields, title='SUMMER', legend=False, colormap=color_palette)
    df[3096:3264].plot(ax=ax4, y=analysis_fields, title='SPRING AND FALL', legend=False, colormap=color_palette)
    ax4.legend(bbox_to_anchor=(0, -0.4, 1, 0.102), loc=0, ncol=4, mode="expand", borderaxespad=0, fontsize=15)
    ax1.set_xlabel('')
    ax2.set_xlabel('')
    ax3.set_xlabel('')
    ax4.set_xlabel('')
    fig.subplots_adjust(hspace=0.5)
    pdf.savefig()
    plt.close()
    # CREATE SECOND PAGE WITH PLOTS OF TOTAL VALUES
    fig = plt.figure(figsize=(12, 6))
    ax1 = fig.add_subplot(121)
    ax2 = fig.add_subplot(122)
    dftogether = pd.DataFrame({'TOTAL': total_demand.ix[name]}).T
    dftogether.plot(ax=ax1, kind='bar', title='TOTAL YEARLY CONSUMPTION', legend=False, stacked=True,
                    colormap=color_palette)
    ax1.set_ylabel('Yearly Consumption  [MWh/yr]')
    dftogether2 = pd.DataFrame({'EUI': (total_demand.ix[name] / area_df.ix[name] * 1000)}).T
    dftogether2.plot(ax=ax2, kind='bar', legend=False, title='ENERGY USE INTENSITY', stacked=True,
                     colormap=color_palette)
    ax2.set_ylabel('Energy Use Intensity EUI [kWh/m2.yr]')
    pdf.savefig()
    plt.close()
    plt.clf()
    pdf.close()



[docs]def run_as_script(scenario_path=None, analysis_fields=["Ealf_kWh", "Qhsf_kWh", "Qwwf_kWh", "Qcsf_kWh"]):
    # HINTS FOR ARCGIS INTERFACE:
    # the user should see all the column names of the total_demands.csv
    # the user can select a maximum of 4 of those column names to graph (analysis fields!
    import cea.globalvar
    gv = cea.globalvar.GlobalVariables()

    if scenario_path is None:
        scenario_path = gv.scenario_reference
    locator = cea.inputlocator.InputLocator(scenario_path=scenario_path)

    graphs_demand(locator=locator, analysis_fields=analysis_fields, gv=gv)
    print('done.')



[docs]def demand_graph_fields(scenario_path):
    """Lists the available fields for the demand graphs - these are fields that are present in both the
    building demand results files as well as the totals file (albeit with different units)."""
    locator = cea.inputlocator.InputLocator(scenario_path)
    df_total_demand = pd.read_csv(locator.get_total_demand())
    total_fields = set(df_total_demand.columns.tolist())
    first_building = df_total_demand['Name'][0]
    df_building = pd.read_csv(locator.get_demand_results_file(first_building))
    fields = set(df_building.columns.tolist())
    fields.remove('DATE')
    fields.remove('Name')
    # remove fields in demand results files that do not have a corresponding field in the totals file
    bad_fields = set(field for field in fields if not field.split('_')[0] + "_MWhyr" in total_fields)
    fields = fields - bad_fields
    return list(fields)


if __name__ == '__main__':
    import argparse

    parser = argparse.ArgumentParser()
    parser.add_argument('-s', '--scenario', help='Path to the scenario folder')
    parser.add_argument('-a', '--analysis_fields', default='Ealf_kWh;Qhsf_kWh;Qwwf_kWh;Qcsf_kWh',
                        help='Fields to analyse (separated by ";")')
    args = parser.parse_args()
    run_as_script(scenario_path=args.scenario, analysis_fields=args.analysis_fields.split(';')[:MAX_ANALYSIS_FIELDS])
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  Source code for cea.plots.graphs_solar_potential

"""
Solar graphs
"""

import pandas as pd
import matplotlib.pyplot as plt
import numpy as np

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def calc_graph_I_sol(hourlydata_groups):

    isolation = hourlydata_groups.rename(columns={0: 'Group 1', 1: 'Group 3', 2: 'Group 2'})

    fig, axes = plt.subplots(nrows = 2, ncols = 2, figsize=(32, 16), dpi=4200)
    ax1 = axes[0,0]; ax2 = axes[0,1]; ax3 = axes[1,0]; ax4 = axes[1,1]
    isolation.plot(ax = ax1); ax1.set_title('Year',fontsize=25); ax1.set_ylabel('Solar isolation (W/m2)',fontsize=20);ax1.set_xlabel('Hour of the year',fontsize=20);ax1.tick_params(axis='x', labelsize=20);ax1.tick_params(axis='y', labelsize=20);ax1.legend(fontsize=20)
    isolation[4000:4200].plot(ax = ax2, legend =False, antialiased=True); ax2.set_title('Summer',fontsize=25); ax2.set_ylabel('Solar isolation (W/m2)',fontsize=20);ax2.set_xlabel('Hour of the year',fontsize=20);ax2.tick_params(axis='x', labelsize=20);ax2.tick_params(axis='y', labelsize=20)
    isolation[1600:1800].plot(ax = ax3, legend =False, antialiased=True); ax3.set_title('Intermediate season',fontsize=25); ax3.set_ylabel('Solar isolation (W/m2)',fontsize=20);ax3.set_xlabel('Hour of the year',fontsize=20);ax3.tick_params(axis='x', labelsize=20);ax3.tick_params(axis='y', labelsize=20)
    isolation[8300:8500].plot(ax = ax4, legend =False, antialiased=True); ax4.set_title('Winter',fontsize=25); ax4.set_ylabel('Solar isolation (W/m2)',fontsize=20);ax4.set_xlabel('Hour of the year',fontsize=20);ax4.tick_params(axis='x', labelsize=20);ax4.tick_params(axis='y', labelsize=20)

    return


[docs]def calc_graph_PV(results,results_perarea):

    PV_production = pd.DataFrame({'Group 1':results[0],'Group 2':results[2],'Group 3':results[1], 'Total':(results[0]+results[1]+results[2])})
    PV_production_perarea = pd.DataFrame({'Group 1':results_perarea[0]*1000,'Group 2':results_perarea[2]*1000,'Group 3':results_perarea[1]*1000})
    fig, axes = plt.subplots(nrows = 2, ncols = 2, figsize=(32, 16), dpi=4200)
    ax1 = axes[0,0]; ax2 = axes[0,1]; ax3 = axes[1,0]; ax4 = axes[1,1]
    PV_production_perarea.plot(ax = ax1); ax1.set_title('Year',fontsize=25); ax1.set_ylabel('PV specific potential (W/m2)',fontsize=20);ax1.set_xlabel('Hour of the year',fontsize=20);ax1.tick_params(axis='x', labelsize=20);ax1.tick_params(axis='y', labelsize=20);ax1.legend(fontsize=20)
    PV_production_perarea[4000:4200].plot(ax = ax2, legend =False, antialiased=True); ax2.set_title('Summer',fontsize=25); ax2.set_ylabel('PV specific potential (W/m2)',fontsize=20);ax2.set_xlabel('Hour of the year',fontsize=20);ax2.tick_params(axis='x', labelsize=20);ax2.tick_params(axis='y', labelsize=20)
    PV_production_perarea[1600:1800].plot(ax = ax3, legend =False, antialiased=True); ax3.set_title('Intermediate season',fontsize=25); ax3.set_ylabel('PV specific potential (W/m2)',fontsize=20);ax3.set_xlabel('Hour of the year',fontsize=20);ax3.tick_params(axis='x', labelsize=20);ax3.tick_params(axis='y', labelsize=20)
    PV_production_perarea[8300:8500].plot(ax = ax4, legend =False, antialiased=True); ax4.set_title('Winter',fontsize=25); ax4.set_ylabel('PV specific potential (W/m2)',fontsize=20);ax4.set_xlabel('Hour of the year',fontsize=20);ax4.tick_params(axis='x', labelsize=20);ax4.tick_params(axis='y', labelsize=20)

    fig, axes = plt.subplots(nrows = 2, ncols = 2, figsize=(32, 16), dpi=4200)
    ax1 = axes[0,0]; ax2 = axes[0,1]; ax3 = axes[1,0]; ax4 = axes[1,1]
    PV_production.plot(ax = ax1); ax1.set_title('Year',fontsize=25); ax1.set_ylabel('PV potential (kW)',fontsize=20);ax1.set_xlabel('Hour of the year',fontsize=20);ax1.tick_params(axis='x', labelsize=20);ax1.tick_params(axis='y', labelsize=20);ax1.legend(fontsize=20)
    PV_production[4000:4200].plot(ax = ax2, legend =False, antialiased=True); ax2.set_title('Summer',fontsize=25); ax2.set_ylabel('PV potential (kW)',fontsize=20);ax2.set_xlabel('Hour of the year',fontsize=20);ax2.tick_params(axis='x', labelsize=20);ax2.tick_params(axis='y', labelsize=20)
    PV_production[1600:1800].plot(ax = ax3, legend =False, antialiased=True); ax3.set_title('Intermediate season',fontsize=25); ax3.set_ylabel('PV potential (kW)',fontsize=20);ax3.set_xlabel('Hour of the year',fontsize=20);ax3.tick_params(axis='x', labelsize=20);ax3.tick_params(axis='y', labelsize=20)
    PV_production[8300:8500].plot(ax = ax4, legend =False, antialiased=True); ax4.set_title('Winter',fontsize=25); ax4.set_ylabel('PV potential (kW)',fontsize=20);ax4.set_xlabel('Hour of the year',fontsize=20);ax4.tick_params(axis='x', labelsize=20);ax4.tick_params(axis='y', labelsize=20)

    return


def calc_graph_SC(result ,prop_observers, number_points, Tin):

    Area_group1 = prop_observers.loc[0,'area_netpv']*number_points[0]
    Area_group2 = prop_observers.loc[1,'area_netpv']*number_points[1]
    Area_group3 = prop_observers.loc[2,'area_netpv']*number_points[2]

    SC_production = pd.DataFrame({'Group 1':result[0][1]/Area_group1*1000,'Group 2':result[2][1]/Area_group3*1000,'Group 3':result[1][1]/Area_group2*1000})
    fig, axes = plt.subplots(nrows = 2, ncols = 2, figsize=(32, 16), dpi=4200)
    ax1 = axes[0,0]; ax2 = axes[0,1]; ax3 = axes[1,0]; ax4 = axes[1,1]
    SC_production.plot(ax = ax1, ylim=([0,600])); ax1.set_title('Year',fontsize=25); ax1.set_ylabel('SC specific potential (W/m2)',fontsize=20);ax1.set_xlabel('Hour of the year',fontsize=20);ax1.tick_params(axis='x', labelsize=20);ax1.tick_params(axis='y', labelsize=20);ax1.legend(fontsize=20)
    SC_production[4000:4200].plot(ax = ax2, legend =False, antialiased=True, ylim=([0,600])); ax2.set_title('Summer',fontsize=25); ax2.set_ylabel('SC specific potential (W/m2)',fontsize=20);ax2.set_xlabel('Hour of the year',fontsize=20);ax2.tick_params(axis='x', labelsize=20);ax2.tick_params(axis='y', labelsize=20)
    SC_production[1600:1800].plot(ax = ax3, legend =False, antialiased=True, ylim=([0,200])); ax3.set_title('Intermediate season',fontsize=25); ax3.set_ylabel('SC specific potential (W/m2)',fontsize=20);ax3.set_xlabel('Hour of the year',fontsize=20);ax3.tick_params(axis='x', labelsize=20);ax3.tick_params(axis='y', labelsize=20)
    SC_production[8300:8500].plot(ax = ax4, legend =False, antialiased=True); ax4.set_title('Winter',fontsize=25); ax4.set_ylabel('SC specific potential (W/m2)',fontsize=20);ax4.set_xlabel('Hour of the year',fontsize=20);ax4.tick_params(axis='x', labelsize=20);ax4.tick_params(axis='y', labelsize=20)


    SC_production = pd.DataFrame({'Group 1':result[0][1],'Group 2':result[2][1],'Group 3':result[1][1], 'Total':(result[0][1]+result[2][1]+result[1][1])})

    fig, axes = plt.subplots(nrows = 2, ncols = 2, figsize=(32, 16), dpi=4200)
    ax1 = axes[0,0]; ax2 = axes[0,1]; ax3 = axes[1,0]; ax4 = axes[1,1]
    SC_production.plot(ax = ax1, ylim=([0,25000])); ax1.set_title('Year',fontsize=25); ax1.set_ylabel('SC potential (kW)',fontsize=20);ax1.set_xlabel('Hour of the year',fontsize=20);ax1.tick_params(axis='x', labelsize=20);ax1.tick_params(axis='y', labelsize=20);ax1.legend(fontsize=20)
    SC_production[4000:4200].plot(ax = ax2, legend =False, antialiased=True, ylim=([0,25000])); ax2.set_title('Summer',fontsize=25); ax2.set_ylabel('SC potential (kW)',fontsize=20);ax2.set_xlabel('Hour of the year',fontsize=20);ax2.tick_params(axis='x', labelsize=20);ax2.tick_params(axis='y', labelsize=20)
    SC_production[1600:1800].plot(ax = ax3, legend =False, antialiased=True, ylim=([0,8000])); ax3.set_title('Intermediate season',fontsize=25); ax3.set_ylabel('SC potential (kW)',fontsize=20);ax3.set_xlabel('Hour of the year',fontsize=20);ax3.tick_params(axis='x', labelsize=20);ax3.tick_params(axis='y', labelsize=20)
    SC_production[8300:8500].plot(ax = ax4, legend =False, antialiased=True); ax4.set_title('Winter',fontsize=25); ax4.set_ylabel('PV potential (kW)',fontsize=20);ax4.set_xlabel('Hour of the year',fontsize=20);ax4.tick_params(axis='x', labelsize=20);ax4.tick_params(axis='y', labelsize=20)

    Toutvector = np.nan_to_num(np.divide((result[0][1]+result[2][1]+result[1][1]),(result[0][5]+result[2][5]+result[1][5])) + Tin)
    SC_production = pd.DataFrame({'Group 1':result[0][1],'Group 2':result[2][1],'Group 3':result[1][1], 'Total':(result[0][1]+result[2][1]+result[1][1])})
    SC_losses = pd.DataFrame({'Group 1':result[0][0],'Group 2':result[2][0],'Group 3':result[1][0], 'Total':(result[0][0]+result[2][0]+result[1][0])})
    SC_aux = pd.DataFrame({'Group 1':result[0][2],'Group 2':result[2][2],'Group 3':result[1][2], 'Total':(result[0][2]+result[2][2]+result[1][2])})
    SC_Tout = pd.DataFrame({'Group 1':result[0][3],'Group 2':result[2][3],'Group 3':result[2][3], 'Total':Toutvector})
    SC_mcp = pd.DataFrame({'Group 1':result[0][5],'Group 2':result[2][5],'Group 3':result[1][5], 'Total':(result[0][5]+result[2][5]+result[1][5])})

    # <codecell>

    fig, axes = plt.subplots(nrows = 2, ncols = 2, figsize=(32, 16), dpi=4200)
    ax1 = axes[0,0]; ax2 = axes[0,1]; ax3 = axes[1,0]; ax4 = axes[1,1]
    SC_production.plot(ax = ax1, ylim=([0,20000])); ax1.set_title('Thermal Output',fontsize=25); ax1.set_ylabel('SC potential (kW)',fontsize=20);ax1.set_xlabel('Hour of the year',fontsize=20);ax1.tick_params(axis='x', labelsize=20);ax1.tick_params(axis='y', labelsize=20);ax1.legend(fontsize=20)
    SC_losses.plot(ax = ax2, legend =False, antialiased=True, ylim=([0,1000])); ax2.set_title('Thermal Losses',fontsize=25); ax2.set_ylabel('losses (kW)',fontsize=20);ax2.set_xlabel('Hour of the year',fontsize=20);ax2.tick_params(axis='x', labelsize=20);ax2.tick_params(axis='y', labelsize=20)
    SC_aux.plot(ax = ax3, legend =False, antialiased=True, ylim=([0,200])); ax3.set_title('Auxiliary electricity',fontsize=25); ax3.set_ylabel('Eaux (kW)',fontsize=20);ax3.set_xlabel('Hour of the year',fontsize=20);ax3.tick_params(axis='x', labelsize=20);ax3.tick_params(axis='y', labelsize=20)
    SC_Tout.plot(ax = ax4, legend =False, antialiased=True); ax4.set_title('Return temperature',fontsize=25); ax4.set_ylabel('Tout (C)',fontsize=20);ax4.set_xlabel('Hour of the year',fontsize=20);ax4.tick_params(axis='x', labelsize=20);ax4.tick_params(axis='y', labelsize=20)

    return

[docs]def calc_graph_SC(result, Tin):

    Toutvector = np.nan_to_num(np.divide((result[0][1]+result[2][1]+result[1][1]),(result[0][5]+result[2][5]+result[1][5])) + Tin)
    PVT_thermal_gen = pd.DataFrame({'Group 1':result[0][1],'Group 2':result[2][1],'Group 3':result[1][1], 'Total':(result[0][1]+result[2][1]+result[1][1])})
    PVT_losses = pd.DataFrame({'Group 1':result[0][0],'Group 2':result[2][0],'Group 3':result[1][0], 'Total':(result[0][0]+result[2][0]+result[1][0])})
    PVT_aux = pd.DataFrame({'Group 1':result[0][2],'Group 2':result[2][2],'Group 3':result[1][2], 'Total':(result[0][2]+result[2][2]+result[1][2])})
    PVT_Tout = pd.DataFrame({'Group 1':result[0][3],'Group 2':result[2][3],'Group 3':result[2][3], 'Total':Toutvector})
    PVT_mcp = pd.DataFrame({'Group 1':result[0][5],'Group 2':result[2][5],'Group 3':result[1][5], 'Total':(result[0][5]+result[2][5]+result[1][5])})
    PVT_electrical_gen = pd.DataFrame({'Group 1':result[0][6],'Group 2':result[2][6],'Group 3':result[1][6], 'Total':(result[0][6]+result[2][6]+result[1][6])})

    # <codecell>

    fig, axes = plt.subplots(nrows = 3, ncols = 2, figsize=(32, 24), dpi=4200)
    ax1 = axes[0,0]; ax2 = axes[0,1]; ax3 = axes[1,0]; ax4 = axes[1,1]; ax5 = axes[2,0]; ax6 = axes[2,1]
    PVT_thermal_gen.plot(ax = ax1, ylim=([0,30000])); ax1.set_title('Thermal Output',fontsize=25); ax1.set_ylabel(r'$\Phi_{PVT,th}$'+'  (kW)',fontsize = 30 );ax1.set_xlabel('Hour of the year',fontsize=20);ax1.tick_params(axis='x', labelsize=20);ax1.tick_params(axis='y', labelsize=20);ax1.legend(fontsize=20)
    PVT_losses.plot(ax = ax2, legend =False, antialiased=True, ylim=([0,400])); ax2.set_title('Distribution thermal Losses',fontsize=25); ax2.set_ylabel(r'$\Phi_{PVT,dis,l}$'+'  (kW)',fontsize = 30 );ax2.set_xlabel('Hour of the year',fontsize=20);ax2.tick_params(axis='x', labelsize=20);ax2.tick_params(axis='y', labelsize=20)
    PVT_electrical_gen.plot(ax = ax3, legend =False, antialiased=True); ax3.set_title('Electrical Output',fontsize=25); ax3.set_ylabel(r'$\Phi_{PVT,e}$'+'  (kW)',fontsize = 30 );ax3.set_xlabel('Hour of the year',fontsize=20);ax3.tick_params(axis='x', labelsize=20);ax3.tick_params(axis='y', labelsize=20)
    PVT_aux.plot(ax = ax4, legend =False, antialiased=True, ylim=([0,200])); ax4.set_title('Auxiliary electricity',fontsize=25); ax4.set_ylabel(r'$\Phi_{PVT,aux}$'+'  (kW)',fontsize = 30 );ax4.set_xlabel('Hour of the year',fontsize=20);ax4.tick_params(axis='x', labelsize=20);ax4.tick_params(axis='y', labelsize=20)
    PVT_mcp.plot(ax = ax5, legend =False, antialiased=True); ax5.set_title('Capacity mass flow rate',fontsize=25); ax5.set_ylabel(r'$\.{mCp}$'+'  (kW/C)',fontsize = 30 );ax5.set_xlabel('Hour of the year',fontsize=20);ax5.tick_params(axis='x', labelsize=20);ax5.tick_params(axis='y', labelsize=20)
    PVT_Tout.plot(ax = ax6, legend =False, antialiased=True); ax6.set_title('Return temperature',fontsize=25); ax6.set_ylabel(r'$\mathit{T_{PVT, out}}$'+'  (kW)',fontsize = 30 );ax6.set_xlabel('Hour of the year',fontsize=20);ax6.tick_params(axis='x', labelsize=20);ax6.tick_params(axis='y', labelsize=20)

    return
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  Source code for cea.demand.rc_model_crank_nicholson_procedure

# -*- coding: utf-8 -*-


from __future__ import division
from cea.demand import airconditioning_model, rc_model_SIA, control_heating_cooling_systems, \
    space_emission_systems

__author__ = "Gabriel Happle"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Gabriel Happle"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "thomas@arch.ethz.ch"
__status__ = "Production"


[docs]def calc_rc_model_demand_heating_cooling(bpr, tsd, t, gv):

    """
    Crank-Nicholson Procedure to calculate heating / cooling demand of buildings
    following the procedure in 2.3.2 in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011

    Special procedures for updating ventilation air AC-heated and AC-cooled buildings

    Author: Gabriel Happle
    Date: 01/2017

    :param bpr: building properties row object
    :param tsd: time series data dict
    :param t: time step / hour of year [0..8760]
    :param gv: globalvars
    :return: updates values in tsd
    """

    # following the procedure in 2.3.2 in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011
    #  / Korrigenda C2 zum Mekblatt SIA 2044:2011

    # ++++++++++++++++++++++++++++++
    # CASE 0 - NO HEATING OR COOLING
    # ++++++++++++++++++++++++++++++
    if not control_heating_cooling_systems.is_active_heating_system(bpr, tsd, t) \
            and not control_heating_cooling_systems.is_active_cooling_system(bpr, tsd, t):

        # STEP 1
        # ******
        # calculate temperatures
        rc_model_temperatures = rc_model_SIA.calc_rc_model_temperatures_no_heating_cooling(bpr, tsd, t)

        # write to tsd
        tsd['theta_a'][t] = rc_model_temperatures['theta_a']
        tsd['theta_m'][t] = rc_model_temperatures['theta_m']
        tsd['theta_c'][t] = rc_model_temperatures['theta_c']
        tsd['theta_o'][t] = rc_model_temperatures['theta_o']
        update_tsd_no_cooling(tsd, t)
        update_tsd_no_heating(tsd, t)
        tsd['system_status'][t] = 'systems off'

    # ++++++++++++++++
    # CASE 1 - HEATING
    # ++++++++++++++++
    elif control_heating_cooling_systems.is_active_heating_system(bpr, tsd, t):
        # case for heating
        tsd['system_status'][t] = 'Radiative heating'

        # STEP 1
        # ******
        # calculate temperatures with 0 heating power
        rc_model_temperatures_0 = rc_model_SIA.calc_rc_model_temperatures_no_heating_cooling(bpr, tsd, t)

        theta_a_0 = rc_model_temperatures_0['theta_a']

        # STEP 2
        # ******
        # calculate temperatures with 10 W/m2 heating power
        phi_hc_10 = 10 * bpr.rc_model['Af']
        rc_model_temperatures_10 = rc_model_SIA.calc_rc_model_temperatures_heating(phi_hc_10, bpr, tsd, t)

        theta_a_10 = rc_model_temperatures_10['theta_a']

        theta_a_set = tsd['ta_hs_set'][t]

        # interpolate heating power
        # (64) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
        phi_hc_ul = phi_hc_10*(theta_a_set - theta_a_0) / (theta_a_10 - theta_a_0)

        # STEP 3
        # ******
        # check if available power is sufficient
        phi_h_max = bpr.hvac['Qhsmax_Wm2'] * bpr.rc_model['Af']

        if 0 < phi_hc_ul <= phi_h_max:
            # case heating with phi_hc_ul
            # calculate temperatures with this power
            phi_h_act = phi_hc_ul

        elif 0 < phi_hc_ul > phi_h_max:
            # case heating with max power available
            # calculate temperatures with this power
            phi_h_act = phi_h_max

        else:
            raise

        # STEP 4
        # ******
        rc_model_temperatures = rc_model_SIA.calc_rc_model_temperatures_heating(phi_h_act, bpr, tsd, t)
        # write necessary parameters for AC calculation to tsd
        tsd['theta_a'][t] = rc_model_temperatures['theta_a']
        tsd['theta_m'][t] = rc_model_temperatures['theta_m']
        tsd['theta_c'][t] = rc_model_temperatures['theta_c']
        tsd['theta_o'][t] = rc_model_temperatures['theta_o']
        tsd['Qhs_sen'][t] = phi_h_act
        tsd['Qhs_sen_sys'][t] = phi_h_act
        tsd['Qhs_lat_sys'][t] = 0
        tsd['Ehs_lat_aux'][t] = 0
        tsd['ma_sup_hs'][t] = 0
        tsd['Ta_sup_hs'][t] = 0
        tsd['Ta_re_hs'][t] = 0
        tsd['m_ve_recirculation'][t] = 0

        # STEP 5 - latent and sensible heat demand of AC systems
        # ******
        if control_heating_cooling_systems.heating_system_is_ac(bpr):
            air_con_model_loads_flows_temperatures = airconditioning_model.calc_hvac_heating(tsd, t, gv)

            tsd['system_status'][t] = 'AC heating'

            # update temperatures for over heating case
            if air_con_model_loads_flows_temperatures['q_hs_sen_hvac'] > phi_h_act:
                phi_h_act_over_heating = air_con_model_loads_flows_temperatures['q_hs_sen_hvac']
                rc_model_temperatures = rc_model_SIA.calc_rc_model_temperatures_heating(
                    phi_h_act_over_heating, bpr, tsd,
                    t)

                # update temperatures
                tsd['theta_a'][t] = rc_model_temperatures['theta_a']
                tsd['theta_m'][t] = rc_model_temperatures['theta_m']
                tsd['theta_c'][t] = rc_model_temperatures['theta_c']
                tsd['theta_o'][t] = rc_model_temperatures['theta_o']
                tsd['system_status'][t] = 'AC over heating'

            # update AC energy demand
            tsd['Qhs_sen_sys'][t] = air_con_model_loads_flows_temperatures['q_hs_sen_hvac']
            tsd['Qhs_lat_sys'][t] = air_con_model_loads_flows_temperatures['q_hs_lat_hvac']
            tsd['ma_sup_hs'][t] = air_con_model_loads_flows_temperatures['ma_sup_hs']
            tsd['Ta_sup_hs'][t] = air_con_model_loads_flows_temperatures['ta_sup_hs']
            tsd['Ta_re_hs'][t] = air_con_model_loads_flows_temperatures['ta_re_hs']
            tsd['Ehs_lat_aux'][t] = air_con_model_loads_flows_temperatures['e_hs_lat_aux']
            tsd['m_ve_recirculation'][t] = air_con_model_loads_flows_temperatures['m_ve_hvac_recirculation']

        # STEP 6 - emission system losses
        # ******
        q_em_ls_heating = space_emission_systems.calc_q_em_ls_heating(bpr, tsd, t)

        # set temperatures to tsd for heating
        tsd['theta_a'][t] = rc_model_temperatures['theta_a']
        tsd['theta_m'][t] = rc_model_temperatures['theta_m']
        tsd['theta_c'][t] = rc_model_temperatures['theta_c']
        tsd['theta_o'][t] = rc_model_temperatures['theta_o']
        tsd['Qhs_lat_sys'][t] = 0
        tsd['Qhs_em_ls'][t] = q_em_ls_heating
        tsd['Qhs_sen'][t] = phi_h_act
        tsd['Qhsf'][t] = 0
        tsd['Qhsf_lat'][t] = 0
        update_tsd_no_cooling(tsd, t)

    # ++++++++++++++++
    # CASE 2 - COOLING
    # ++++++++++++++++
    elif control_heating_cooling_systems.is_active_cooling_system(bpr, tsd, t):

        # case for cooling
        tsd['system_status'][t] = 'Radiative cooling'

        # STEP 1
        # ******
        # calculate temperatures with 0 heating power
        rc_model_temperatures_0 = rc_model_SIA.calc_rc_model_temperatures_no_heating_cooling(bpr, tsd, t)

        theta_a_0 = rc_model_temperatures_0['theta_a']

        # STEP 2
        # ******
        # calculate temperatures with 10 W/m2 cooling power
        phi_hc_10 = 10 * bpr.rc_model['Af']
        rc_model_temperatures_10 = rc_model_SIA.calc_rc_model_temperatures_cooling(phi_hc_10, bpr, tsd, t)

        theta_a_10 = rc_model_temperatures_10['theta_a']

        theta_a_set = tsd['ta_cs_set'][t]

        # interpolate heating power
        # (64) in SIA 2044 / Korrigenda C1 zum Merkblatt SIA 2044:2011 / Korrigenda C2 zum Mekblatt SIA 2044:2011
        phi_hc_ul = phi_hc_10 * (theta_a_set - theta_a_0) / (theta_a_10 - theta_a_0)

        # STEP 3
        # ******
        # check if available power is sufficient
        phi_c_max = -bpr.hvac['Qcsmax_Wm2'] * bpr.rc_model['Af']

        if 0 > phi_hc_ul >= phi_c_max:
            # case heating with phi_hc_ul
            # calculate temperatures with this power
            phi_c_act = phi_hc_ul

        elif 0 > phi_hc_ul < phi_c_max:
            # case heating with max power available
            # calculate temperatures with this power
            phi_c_act = phi_c_max

        else:
            raise

        # STEP 4
        # ******
        rc_model_temperatures = rc_model_SIA.calc_rc_model_temperatures_cooling(phi_c_act, bpr, tsd, t)

        # write necessary parameters for AC calculation to tsd
        tsd['theta_a'][t] = rc_model_temperatures['theta_a']
        tsd['theta_m'][t] = rc_model_temperatures['theta_m']
        tsd['theta_c'][t] = rc_model_temperatures['theta_c']
        tsd['theta_o'][t] = rc_model_temperatures['theta_o']
        tsd['Qcs_sen'][t] = phi_c_act
        tsd['Qcs_sen_sys'][t] = phi_c_act
        tsd['Qcs_lat_sys'][t] = 0
        tsd['ma_sup_cs'][t] = 0
        tsd['m_ve_recirculation'][t] = 0

        # STEP 5 - latent and sensible heat demand of AC systems
        # ******
        if control_heating_cooling_systems.cooling_system_is_ac(bpr):

            tsd['system_status'][t] = 'AC cooling'

            air_con_model_loads_flows_temperatures = airconditioning_model.calc_hvac_cooling(tsd, t, gv)

            # update temperatures for over cooling case
            if air_con_model_loads_flows_temperatures['q_cs_sen_hvac'] < phi_c_act:

                phi_c_act_over_cooling = air_con_model_loads_flows_temperatures['q_cs_sen_hvac']
                rc_model_temperatures = rc_model_SIA.calc_rc_model_temperatures_cooling(phi_c_act_over_cooling, bpr, tsd,
                                                                                        t)
                # update temperatures
                tsd['theta_a'][t] = rc_model_temperatures['theta_a']
                tsd['theta_m'][t] = rc_model_temperatures['theta_m']
                tsd['theta_c'][t] = rc_model_temperatures['theta_c']
                tsd['theta_o'][t] = rc_model_temperatures['theta_o']
                tsd['system_status'][t] = 'AC over cooling'

            # update AC energy demand

            tsd['Qcs_sen_sys'][t] = air_con_model_loads_flows_temperatures['q_cs_sen_hvac']
            tsd['Qcs_lat_sys'][t] = air_con_model_loads_flows_temperatures['q_cs_lat_hvac']
            tsd['ma_sup_cs'][t] = air_con_model_loads_flows_temperatures['ma_sup_cs']
            tsd['Ta_sup_cs'][t] = air_con_model_loads_flows_temperatures['ta_sup_cs']
            tsd['Ta_re_cs'][t] = air_con_model_loads_flows_temperatures['ta_re_cs']
            tsd['m_ve_recirculation'][t] = air_con_model_loads_flows_temperatures['m_ve_hvac_recirculation']

        # STEP 6 - emission system losses
        # ******
        q_em_ls_cooling = space_emission_systems.calc_q_em_ls_cooling(bpr, tsd, t)

        # set temperatures to tsd for heating
        tsd['theta_a'][t] = rc_model_temperatures['theta_a']
        tsd['theta_m'][t] = rc_model_temperatures['theta_m']
        tsd['theta_c'][t] = rc_model_temperatures['theta_c']
        tsd['theta_o'][t] = rc_model_temperatures['theta_o']
        tsd['Qcs'][t] = 0
        tsd['Qcs_em_ls'][t] = q_em_ls_cooling
        tsd['Qcsf'][t] = 0
        tsd['Qcsf_lat'][t] = 0
        update_tsd_no_heating(tsd, t)

    return



[docs]def update_tsd_no_heating(tsd, t):
    """
    updates NaN values in tsd for case of no heating demand

    Author: Gabriel Happle
    Date: 01/2017

    :param tsd: time series data dict
    :param t: time step / hour of year [0..8760]
    :return: updates tsd values
    """

    tsd['Qhs_sen'][t] = 0
    tsd['Qhs_sen_sys'][t] = 0
    tsd['Qhs_lat_sys'][t] = 0
    tsd['Qhs_em_ls'][t] = 0
    tsd['ma_sup_hs'][t] = 0
    tsd['Ta_sup_hs'][t] = 0  # TODO: this is dangerous as there is no temperature needed, 0 is necessary for 'calc_temperatures_emission_systems' to work
    tsd['Ta_re_hs'][t] = 0  # TODO: this is dangerous as there is no temperature needed, 0 is necessary for 'calc_temperatures_emission_systems' to work
    tsd['Ehs_lat_aux'][t] = 0
    tsd['m_ve_recirculation'][t] = 0

    return



[docs]def update_tsd_no_cooling(tsd, t):
    """
    updates NaN values in tsd for case of no cooling demand

    Author: Gabriel Happle
    Date: 01/2017

    :param tsd: time series data dict
    :param t: time step / hour of year [0..8760]
    :return: updates tsd values
    """

    tsd['Qcs_sen'][t] = 0
    tsd['Qcs_sen_sys'][t] = 0
    tsd['Qcs_lat_sys'][t] = 0
    tsd['Qcs_em_ls'][t] = 0
    tsd['ma_sup_cs'][t] = 0
    tsd['Ta_sup_cs'][t] = 0  # TODO: this is dangerous as there is no temperature needed, 0 is necessary for 'calc_temperatures_emission_systems' to work
    tsd['Ta_re_cs'][t] = 0  # TODO: this is dangerous as there is no temperature needed, 0 is necessary for 'calc_temperatures_emission_systems' to work
    tsd['m_ve_recirculation'][t] = 0

    return
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  Source code for cea.demand.demand_writers

"""
A collection of classes that write out the demand results files. The `cea.globalvar.GlobalVariables.demand_writer`
variable references the `DemandWriter` to use. The default is `HourlyDemandWriter`. A `MonthlyDemandWriter` is provided
that sums the values up monthly. See the `cea.analysis.sensitivity.sensitivity_demand` module for an example of using
the `MonthlyDemandWriter`.
"""

import pandas as pd

# index into the `vars_to_print` structure, that corresponds to `gv.demand_building_csv_columns`
FLOAT_FORMAT = '%.3f'
LOAD_VARS = 0
MASS_FLOW_VARS = 1
TEMPERATURE_VARS = 2


[docs]class DemandWriter(object):
    """
    This is meant to be an abstract base class: Use the subclasses of this class instead.

    Subclasses are expected to:

    - set the `gv` field to a `cea.globalvar.GlobalVariables` instance in the constructor
    - set the `vars_to_print` field in the constructor (FIXME: describe the `vars_to_print` structure.
    - implement the `write_to_csv` method
    """

    def __init__(self, gv):
        self.gv = gv
        self.vars_to_print = gv.demand_building_csv_columns

[docs]    def results_to_csv(self, tsd, bpr, locator, date, building_name):

        # treating time series data of loads from W to kW
        data = dict((x + '_kWh', tsd[x] / 1000) for x in self.vars_to_print[LOAD_VARS])

        # treating time series data of mass_flows from W/C to kW/C
        data.update(dict((x + '_kWC', tsd[x] / 1000) for x in self.vars_to_print[MASS_FLOW_VARS]))

        # treating time series data of temperatures from W/C to kW/C
        data.update(dict((x + '_C', tsd[x]) for x in self.vars_to_print[TEMPERATURE_VARS]))

        # get order of columns
        columns = ['Name', 'people']
        columns.extend([x + '_kWh' for x in self.vars_to_print[LOAD_VARS]])
        columns.extend([x + '_kWC' for x in self.vars_to_print[MASS_FLOW_VARS]])
        columns.extend([x + '_C' for x in self.vars_to_print[TEMPERATURE_VARS]])

        # add other default elements
        data.update({'DATE': date, 'Name': building_name, 'people': tsd['people']})

        # create dataframe with hourly values of selected data
        hourly_data = pd.DataFrame(data).set_index('DATE')

        # save results in disc
        self.write_to_csv(building_name, columns, hourly_data, locator)

        # if printing total values is necessary
        if self.gv.print_totals:
            # treating timeseries data from W to MWh
            data = dict((x + '_MWhyr', tsd[x].sum() / 1000000) for x in self.vars_to_print[LOAD_VARS])

            if self.gv.print_yearly_peak:
                data.update(dict((x + '0_kW', tsd[x].max() / 1000) for x in self.vars_to_print[LOAD_VARS]))

            # get order of columns
            keys = data.keys()
            columns = ['Name', 'Af_m2', 'Aroof_m2', 'GFA_m2', 'people0']
            columns.extend(keys)

            # add other default elements
            data.update({'Name': building_name, 'Af_m2': bpr.rc_model['Af'], 'Aroof_m2': bpr.rc_model['Aroof'],
                         'GFA_m2': bpr.rc_model['GFA_m2'], 'people0': tsd['people'].max()})

            # save to disc
            pd.DataFrame(data, index=[0]).to_csv(
                locator.get_temporary_file('%(building_name)sT.csv' % locals()),
                index=False, columns=columns, float_format='%.3f')



[docs]class HourlyDemandWriter(DemandWriter):
    """Write out the hourly demand results"""

    def __init__(self, gv):
        super(HourlyDemandWriter, self).__init__(gv)

[docs]    def write_to_csv(self, building_name, columns, hourly_data, locator):
        hourly_data.to_csv(locator.get_demand_results_file(building_name), columns=columns, float_format=FLOAT_FORMAT)


[docs]    def write_totals_csv(self, building_properties, locator):
        """read in the temporary results files and append them to the Totals.csv file."""
        df = None
        for name in building_properties.list_building_names():
            temporary_file = locator.get_temporary_file('%(name)sT.csv' % locals())
            if df is None:
                df = pd.read_csv(temporary_file)
            else:
                df = df.append(pd.read_csv(temporary_file), ignore_index=True)
        df.to_csv(locator.get_total_demand(), index=False, float_format='%.3f')

        """read saved data of hourly values and return as totals"""
        hourly_data_buildings = [pd.read_csv(locator.get_demand_results_file(building_name)) for building_name in
                                 building_properties.list_building_names()]

        return df, hourly_data_buildings




[docs]class MonthlyDemandWriter(DemandWriter):
    """Write out the monthly demand results"""
    def __init__(self, gv):
        super(MonthlyDemandWriter, self).__init__(gv)
        self.vars_to_print = [['QEf', 'QHf', 'QCf', 'Ef', 'Qhsf', 'Qcsf'], [], []]

[docs]    def write_to_csv(self, building_name, columns, hourly_data, locator):
        # get monthly totals and rename to MWhyr
        monthly_data = hourly_data[[x + '_kWh' for x in self.vars_to_print[LOAD_VARS]]].groupby(
            by=[hourly_data.index.month]).sum() / 1000

        monthly_data = monthly_data.rename(
            columns=dict((x + '_kWh', x + '_MWhyr') for x in self.vars_to_print[LOAD_VARS]))

        peaks = hourly_data[[x + '_kWh' for x in self.vars_to_print[LOAD_VARS]]].groupby(
                   by=[hourly_data.index.month]).max()
        peaks = peaks.rename(
            columns=dict((x + '_kWh', x + '0_kW') for x in self.vars_to_print[LOAD_VARS]))

        monthly_data_new = monthly_data.merge(peaks, left_index=True, right_index=True)

        monthly_data_new['Name'] = building_name
        monthly_data_new.to_csv(locator.get_demand_results_file(building_name), index=False, float_format=FLOAT_FORMAT)


[docs]    def write_totals_csv(self, building_properties, locator):
        """read in the temporary results files and append them to the Totals.csv file."""
        df = None
        for name in building_properties.list_building_names():
            temporary_file = locator.get_temporary_file('%(name)sT.csv' % locals())
            if df is None:
                df = pd.read_csv(temporary_file)
            else:
                df = df.append(pd.read_csv(temporary_file), ignore_index=True)
        df.to_csv(locator.get_total_demand(), index=False, float_format='%.3f')

        """read saved data of monthly values and return as totals"""
        monthly_data_buildings = [pd.read_csv(locator.get_demand_results_file(building_name)) for building_name in
                                  building_properties.list_building_names()]
        return df, monthly_data_buildings
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  Source code for cea.demand.refrigeration_loads

# -*- coding: utf-8 -*-
"""
refrigeration loads
"""
from __future__ import division

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def calc_Qcref(Eref):
    if Eref > 0:
        COP = 2.7
        Tcref_re_0 = 5
        Tcref_sup_0 = 1
        Qcref = Eref*(COP)
        mcpref = Qcref/(Tcref_re_0-Tcref_sup_0)
    else:
        Qcref = 0
        mcpref = 0
        Tcref_re_0 = 0
        Tcref_sup_0 = 0

    return Qcref, mcpref, Tcref_re_0, Tcref_sup_0
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  Source code for cea.demand.occupancy_model

"""
Query schedules according to database
"""

# HISTORY
# J. Fonseca  script development          26.08.2015
# D. Thomas   documentation               10.08.2016

from __future__ import division
import pandas as pd
import numpy as np

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca", "Daren Thomas"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def calc_occ(list_uses, schedules, bpr):
    """
    Calculate the occupancy in number of people for the whole building per timestep.

    :param list_uses: The list of uses used in the project
    :type list_uses: list

    :param schedules: The list of schedules defined for the project - in the same order as `list_uses`
    :type schedules: list[ndarray[float]]

    :param bpr: The properties of the building to calculate
    :type bpr: cea.demand.thermal_loads.BuildingPropertiesRow

    :returns: Occupancy as number of persons per timestep for the whole building
    :rtype: ndarray
    """
    schedule = calc_occ_schedule(list_uses, schedules, bpr.occupancy)
    if bpr.architecture.Occ_m2p > 0.0:

        people = schedule * bpr.rc_model['Af'] / bpr.architecture.Occ_m2p  # in people

    elif bpr.architecture.Occ_m2p == 0:

        people = np.zeros(8760)

    else:
        raise

    return people



[docs]def calc_occ_schedule(list_uses, schedules, building_uses):
    """
    Given schedule data for archetypical building uses, `calc_occ_schedule` calculates the schedule for a building
    with possibly a mixed schedule as defined in `building_uses` using a weighted average approach.

    :param list_uses: The list of uses used in the project
    :type list_uses: list

    :param schedules: The list of schedules defined for the project - in the same order as `list_uses`
    :type schedules: list[ndarray[float]]

    :param building_uses: for each use in `list_uses`, the percentage of that use for this building.
        Sum of values is 1.0
    :type building_uses: dict[str, float]

    :returns:
    :rtype: ndarray
    """
    # weighted average of schedules
    def calc_average(last, current, share_of_use):
        return last + current * share_of_use

    occ = np.zeros(8760)
    num_profiles = len(list_uses)
    for num in range(num_profiles):
        current_share_of_use = building_uses[list_uses[num]]
        occ = np.vectorize(calc_average)(occ, schedules[num][0], current_share_of_use)

    return occ



# read schedules from excel file

[docs]def schedule_maker(dates, locator, list_uses):
    def get_yearly_vectors(dates, occ_schedules, el_schedules, dhw_schedules, pro_schedules, month_schedule):
        occ = []
        el = []
        dhw = []
        pro = []

        if dhw_schedules[0].sum() != 0:
            dhw_weekday_sum = dhw_schedules[0].sum() ** -1
        else: dhw_weekday_sum = 0

        if dhw_schedules[1].sum() != 0:
            dhw_sat_sum = dhw_schedules[1].sum() ** -1
        else: dhw_sat_sum = 0

        if dhw_schedules[2].sum() != 0:
            dhw_sun_sum = dhw_schedules[2].sum() ** -1
        else: dhw_sun_sum = 0

        for date in dates:
            month_year = month_schedule[date.month - 1]
            hour_day = date.hour
            dayofweek = date.dayofweek
            if 0 <= dayofweek < 5:  # weekday
                occ.append(occ_schedules[0][hour_day] * month_year)
                el.append(el_schedules[0][hour_day] * month_year)
                dhw.append(dhw_schedules[0][hour_day] * month_year * dhw_weekday_sum) # normalized dhw demand flow rates
                pro.append(pro_schedules[0][hour_day] * month_year)
            elif dayofweek is 5:  # saturday
                occ.append(occ_schedules[1][hour_day] * month_year)
                el.append(el_schedules[1][hour_day] * month_year)
                dhw.append(dhw_schedules[1][hour_day] * month_year * dhw_sat_sum) # normalized dhw demand flow rates
                pro.append(pro_schedules[1][hour_day] * month_year)
            else:  # sunday
                occ.append(occ_schedules[2][hour_day] * month_year)
                el.append(el_schedules[2][hour_day] * month_year)
                dhw.append(dhw_schedules[2][hour_day] * month_year * dhw_sun_sum) # normalized dhw demand flow rates
                pro.append(pro_schedules[2][hour_day] * month_year)

        return occ, el, dhw, pro

    schedules = []
    for use in list_uses:
        # Read from archetypes_schedules
        x = pd.read_excel(locator.get_archetypes_schedules(), use).T

        # read lists of every daily profile
        occ_schedules, el_schedules, dhw_schedules, pro_schedules, month_schedule = read_schedules(use, x)

        schedule = get_yearly_vectors(dates, occ_schedules, el_schedules, dhw_schedules, pro_schedules, month_schedule)
        schedules.append(schedule)

    return schedules



[docs]def read_schedules(use, x):
    occ = [x['Weekday_1'].values, x['Saturday_1'].values, x['Sunday_1'].values]
    el = [x['Weekday_2'].values, x['Saturday_2'].values, x['Sunday_2'].values]
    dhw = [x['Weekday_3'].values, x['Saturday_3'].values, x['Sunday_3'].values]
    month = x['month'].values

    if use is "INDUSTRIAL":
        pro = [x['Weekday_4'].values, x['Saturday_4'].values, x['Sunday_4'].values]
    else:
        pro = [np.zeros(24), np.zeros(24), np.zeros(24)]

    return occ, el, dhw, pro, month
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  Source code for cea.demand.datacenter_loads

# -*- coding: utf-8 -*-
"""
datacenter loads
"""
from __future__ import division

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def calc_Qcdataf(Edataf):
    if Edataf > 0:
        Tcdataf_re_0 = 15
        Tcdataf_sup_0 = 7
        Qcdataf = Edataf * 0.9
        mcpref = Qcdataf/(Tcdataf_re_0-Tcdataf_sup_0)
    else:
        Qcdataf  = 0
        Tcdataf_re_0 = 0
        Tcdataf_sup_0 = 0
        mcpref = 0
    return Qcdataf, mcpref, Tcdataf_re_0, Tcdataf_sup_0
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  Source code for cea.demand.space_emission_systems

# -*- coding: utf-8 -*-
"""

Space emission systems (heating and cooling)
EN 15316-2
prEN 15316-2:2014

"""


from __future__ import division
import numpy as np

__author__ = "Gabriel Happle"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Gabriel Happle"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "thomas@arch.ethz.ch"
__status__ = "Production"


[docs]def calc_q_em_ls_cooling(bpr, tsd, hoy):
    """
    calculation procedure for space emissions losses in the cooling case [prEN 15316-2:2014]

    :return:
    """

    # get properties
    cooling_system = bpr.hvac['type_cs']
    control_system = bpr.hvac['type_ctrl']

    theta_e = tsd['T_ext'][hoy]
    theta_int_ini = tsd['theta_a'][hoy]
    q_em_out = tsd['Qcs_sen_sys'][hoy]

    q_em_max = -bpr.hvac['Qcsmax_Wm2'] * bpr.rc_model['Af']

    delta_theta_int_inc = calc_delta_theta_int_inc_cooling(cooling_system, control_system)

    theta_int_inc = calc_theta_int_inc(theta_int_ini, delta_theta_int_inc)

    theta_e_comb = calc_theta_e_comb_cooling(theta_e, bpr)

    return calc_q_em_ls(q_em_out, delta_theta_int_inc, theta_int_inc, theta_e_comb, q_em_max)



[docs]def calc_q_em_ls_heating(bpr, tsd, hoy):
    """
    calculation procedure for space emissions losses in the heating case [prEN 15316-2:2014]

    :return:
    """

    # get properties
    heating_system = bpr.hvac['type_hs']
    control_system = bpr.hvac['type_ctrl']

    theta_e = tsd['T_ext'][hoy]
    theta_int_ini = tsd['theta_a'][hoy]
    q_em_out = tsd['Qhs_sen_sys'][hoy]

    q_em_max = bpr.hvac['Qhsmax_Wm2'] * bpr.rc_model['Af']

    delta_theta_int_inc = calc_delta_theta_int_inc_heating(heating_system, control_system)

    theta_int_inc = calc_theta_int_inc(theta_int_ini, delta_theta_int_inc)

    theta_e_comb = calc_theta_e_comb_heating(theta_e)

    return calc_q_em_ls(q_em_out, delta_theta_int_inc, theta_int_inc, theta_e_comb, q_em_max)



[docs]def calc_q_em_ls(q_em_out, delta_theta_int_inc, theta_int_inc, theta_e_comb, q_em_max):

    """
    Eq. (8) in [prEN 15316-2:2014]

    With modification of capping emission losses at system capacity [Happle 01/2017]

    :param q_em_out: heating power of emission system (W)
    :param delta_theta_int_inc: delta temperature caused by all losses (K)
    :param theta_int_inc: equivalent room temperature (°C)
    :param theta_e_comb: ?comb? outdoor temperature (°C)
    :return:
    """

    if abs(theta_int_inc-theta_e_comb) < 1e-6:
        q_em_ls = 0.0  # prevent division by zero
    else:
        q_em_ls = q_em_out * (delta_theta_int_inc / (theta_int_inc-theta_e_comb))

        # cap emission losses at absolute capacity
        if abs(q_em_ls + q_em_out) > abs(q_em_max):
            q_em_ls = q_em_max - q_em_out

        if not np.sign(q_em_ls) == np.sign(q_em_out):
            q_em_ls = 0.0  # prevent form negative emission losses

    return q_em_ls



[docs]def calc_theta_int_inc(theta_int_ini, delta_theta_int_inc):
    """
    Eq. (1) in [prEN 15316-2:2014]

    :param theta_int_ini:
    :return:
    """

    return theta_int_ini + delta_theta_int_inc



[docs]def calc_theta_e_comb_heating(theta_e):
    """
    Eq. (9) in [prEN 15316-2:2014]

    :return:
    """

    return theta_e



[docs]def calc_theta_e_comb_cooling(theta_e, bpr):
    """
    Eq. (10) in [prEN 15316-2:2014]

    :return:
    """

    return theta_e + get_delta_theta_e_sol(bpr)



[docs]def get_delta_theta_e_sol(bpr):
    """
    Appendix B.7 in [prEN 15316-2:2014]

    delta_theta_e_sol = 8K -- for medium window fraction or internal loads (e.g. residential)
    delta_theta_e_sol = 12K -- for large window fraction or internal loads (e.g. office)

    :param bpr:
    :return:
    """

    if 0 <= bpr.architecture.win_wall < 0.5:  # TODO fix criteria
        delta_theta_e_sol = 8  # (K)
    elif 0.5 <= bpr.architecture.win_wall < 1.0:
        delta_theta_e_sol = 12  # (K)
    else:
        delta_theta_e_sol = np.nan()
        print('Error! Unknown window to wall ratio')

    return delta_theta_e_sol



control_delta_heating = {'T1': 2.5, 'T2': 1.2, 'T3': 0.9, 'T4': 1.8}
control_delta_cooling = {'T1': -2.5, 'T2': -1.2, 'T3': -0.9, 'T4': -1.8}
system_delta_heating = {'T0': 0.0, 'T1': 0.15, 'T2': -0.1, 'T3': -1.1, 'T4': -0.9}
system_delta_cooling = {'T0': 0.0, 'T1': 0.5, 'T2': 0.7, 'T3': 0.5}


[docs]def calc_delta_theta_int_inc_heating(heating_system, control_system):
    """
    Model of losses in the emission and control system for space heating and cooling.

    Correction factor for the heating and cooling setpoints. Extracted from EN 15316-2

    (see cea\databases\CH\Systems\emission_systems.xls for valid values for the heating and cooling system values)

    T0 means there's no heating/cooling systems installed, therefore, also no control systems for heating/cooling.
    In short, when the input system is T0, the output set point correction should be 0.0.
    So if there is no cooling systems, the setpoint_correction_for_space_emission_systems function input: (T1, T0, T1) (type_hs, type_cs, type_ctrl),
    return should be (2.65, 0.0), the control system is only specified for the heating system.
    In another case with no heating systems: input: (T0, T3, T1) return: (0.0, -2.0), the control system is only
    specified for the heating system.

    :param heating_system: The heating system used. Valid values: T0, T1, T2, T3, T4
    :type heating_system: str

    :param cooling_system: The cooling system used. Valid values: T0, T1, T2, T3
    :type cooling_system: str

    :param control_system: The control system used. Valid values: T1, T2, T3, T4 - as defined in the
        contributors manual under Databases / Archetypes / Building Properties / Mechanical systems.
        T1 for none, T2 for PI control, T3 for PI control with optimum tuning, and T4 for room temperature control
        (electromagnetically/electronically).
    :type control_system: str

    :returns: two delta T to correct the set point temperature, dT_heating, dT_cooling
    :rtype: tuple(double, double)
    """
    __author__ = "Shanshan Hsieh"
    __credits__ = ["Shanshan Hsieh", "Daren Thomas"]

    try:
        delta_theta_int_inc_heating = 0.0 if heating_system == 'T0' else (control_delta_heating[control_system] +
                                                             system_delta_heating[heating_system])

    except KeyError:
        raise ValueError(
            'Invalid system / control combination: %s, %s' % (heating_system, control_system))

    return delta_theta_int_inc_heating



[docs]def calc_delta_theta_int_inc_cooling(cooling_system, control_system):
    """
    Model of losses in the emission and control system for space heating and cooling.

    Correction factor for the heating and cooling setpoints. Extracted from EN 15316-2

    (see cea\databases\CH\Systems\emission_systems.xls for valid values for the heating and cooling system values)

    T0 means there's no heating/cooling systems installed, therefore, also no control systems for heating/cooling.
    In short, when the input system is T0, the output set point correction should be 0.0.
    So if there is no cooling systems, the setpoint_correction_for_space_emission_systems function input: (T1, T0, T1) (type_hs, type_cs, type_ctrl),
    return should be (2.65, 0.0), the control system is only specified for the heating system.
    In another case with no heating systems: input: (T0, T3, T1) return: (0.0, -2.0), the control system is only
    specified for the heating system.

    :param heating_system: The heating system used. Valid values: T0, T1, T2, T3, T4
    :type heating_system: str

    :param cooling_system: The cooling system used. Valid values: T0, T1, T2, T3
    :type cooling_system: str

    :param control_system: The control system used. Valid values: T1, T2, T3, T4 - as defined in the
        contributors manual under Databases / Archetypes / Building Properties / Mechanical systems.
        T1 for none, T2 for PI control, T3 for PI control with optimum tuning, and T4 for room temperature control
        (electromagnetically/electronically).
    :type control_system: str

    :returns: two delta T to correct the set point temperature, dT_heating, dT_cooling
    :rtype: tuple(double, double)
    """
    __author__ = "Shanshan Hsieh"
    __credits__ = ["Shanshan Hsieh", "Daren Thomas"]

    try:

        delta_theta_int_inc_cooling = 0.0 if cooling_system == 'T0' else (control_delta_cooling[control_system] +
                                                             system_delta_cooling[cooling_system])
    except KeyError:
        raise ValueError(
            'Invalid system / control combination: %s, %s' % (cooling_system, control_system))

    return delta_theta_int_inc_cooling
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  Source code for cea.demand.sensible_loads

# -*- coding: utf-8 -*-
"""
Sensible space heating and space cooling loads
EN-13970
"""
from __future__ import division
import numpy as np
from cea.utilities.physics import BOLTZMANN

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca", "Shanshan Hsieh", "Daren Thomas", "Martin Mosteiro"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"



# capacity of emission/control system

[docs]def calc_Qhs_Qcs_sys_max(Af, prop_HVAC):
    # TODO: Documentation
    # Refactored from CalcThermalLoads

    IC_max = -prop_HVAC['Qcsmax_Wm2'] * Af
    IH_max = prop_HVAC['Qhsmax_Wm2'] * Af
    return IC_max, IH_max




# solar and heat gains

[docs]def calc_Qgain_sen(t, tsd, bpr, gv):
    # TODO

    # internal loads
    tsd['I_sol'][t], tsd['I_rad'][t] = calc_I_sol(t, bpr, tsd, gv)

    return tsd



[docs]def calc_Qgain_lat(people, X_ghp, sys_e_cooling, sys_e_heating):
    # TODO: Documentation
    # Refactored from CalcThermalLoads

    # X_ghp is the humidity gain from people in g/h

    if sys_e_heating == 'T3' or sys_e_cooling == 'T3':
        w_int = people * X_ghp / (1000 * 3600)  # kg/s
    else:
        w_int = 0

    return w_int



[docs]def calc_I_sol(t, bpr, tsd, gv):
    """
    This function calculates the net solar radiation (incident -reflected - re-irradiated) according to ISO 13790

    :param t: hour of the year
    :param bpr: building properties object
    :param tsd: time series dataframe
    :param gv: global variables class
    :return:
        I_sol: vector of net solar radiation to the building
        I_rad: vector solar radiation re-irradiated to the sky.
    """

    Asol_wall, Asol_roof, Asol_win = calc_Asol(t, bpr, gv)
    I_rad = calc_I_rad(t, tsd, bpr, gv.Rse)
    I_sol = bpr.solar.I_roof[t] * Asol_roof + bpr.solar.I_win[t] * Asol_win + bpr.solar.I_wall[t] * Asol_wall
    I_sol_net = I_sol - I_rad

    return I_sol_net, I_rad # vector in W



[docs]def calc_I_rad(t, tsd, bpr, Rse):
    """
    This function calculates the solar radiation re-irradiated from a building to the sky according to ISO 13790

    :param t: hour of the year
    :param tsd: time series dataframe
    :param bpr:  building properties object
    :param gv: global variables class
    :return:
        I_rad: vector solar radiation re-irradiated to the sky.
    """

    temp_s_prev = tsd['theta_c'][t - 1]
    if np.isnan(tsd['theta_c'][t - 1]):
        temp_s_prev = tsd['T_ext'][t-1]

    theta_ss = tsd['T_sky'][t] - temp_s_prev
    Fform_wall, Fform_win, Fform_roof = 0.5, 0.5, 1  # 50% reiradiated by vertical surfaces and 100% by horizontal.
    I_rad_win = Rse * bpr.rc_model['U_win'] * calc_hr(bpr.architecture.e_win, theta_ss) * bpr.rc_model[
        'Aw'] * theta_ss
    I_rad_roof = Rse * bpr.rc_model['U_roof'] * calc_hr(bpr.architecture.e_roof, theta_ss) * bpr.rc_model[
        'Aroof'] * theta_ss
    I_rad_wall = Rse * bpr.rc_model['U_wall'] * calc_hr(bpr.architecture.e_wall, theta_ss) * bpr.rc_model[
        'Awall_all'] * theta_ss
    I_rad = Fform_wall * I_rad_wall + Fform_win * I_rad_win + Fform_roof * I_rad_roof

    return I_rad



[docs]def calc_hr(emissivity, theta_ss):
    """
    This function calculates the external radiative heat transfer coefficient according to ISO 13790

    :param emissivity: emissivity of the considered surface
    :param theta_ss: delta of temperature between building surface and the sky.
    :return:
        hr:

    """
    return 4.0 * emissivity * BOLTZMANN * (theta_ss + 273.0) ** 3.0



[docs]def calc_Asol(t, bpr, gv):
    """
    This function calculates the effective collecting solar area accounting for use of blinds according to ISO 13790,
    for the sake of simplicity and to avoid iterations, the delta is calculated based on the last time step.

    :param t: time of the year
    :param bpr: building properties object
    :param gv: global variables class
    :return:
    """
    from cea.technologies import blinds
    Fsh_win = blinds.calc_blinds_activation(bpr.solar.I_win[t], bpr.architecture.G_win, bpr.architecture.rf_sh)
    Asol_wall = bpr.rc_model['Awall_all'] * bpr.architecture.a_wall * gv.Rse * bpr.rc_model['U_wall']
    Asol_roof = bpr.rc_model['Aroof'] * bpr.architecture.a_roof * gv.Rse * bpr.rc_model['U_roof']
    Asol_win = Fsh_win * bpr.rc_model['Aw'] * (1 - gv.F_f)

    return Asol_wall, Asol_roof, Asol_win



# temperature of emission/control system

[docs]def calc_temperatures_emission_systems(tsd, bpr, Qcsf_0, Qhsf_0, gv):
    from cea.technologies import radiators, heating_coils, tabs
    # local variables
    Ta_0 = np.nanmax(tsd['ta_hs_set'])
    if bpr.hvac['type_hs'] == 'T0':
        Ths_sup = np.zeros(8760)  # in C
        Ths_re = np.zeros(8760)  # in C
        mcphs = np.zeros(8760)  # in KW/C

    if bpr.hvac['type_cs'] == 'T0':
        Tcs_re = np.zeros(8760)  # in C
        Tcs_sup = np.zeros(8760)  # in C
        mcpcs = np.zeros(8760)  # in KW/C

    if bpr.hvac['type_hs'] == 'T1' or bpr.hvac['type_hs'] == 'T2':  # radiators

        Ths_sup, Ths_re, mcphs = np.vectorize(radiators.calc_radiator)(tsd['Qhsf'], tsd['theta_a'], Qhsf_0, Ta_0,
                                                                        bpr.building_systems['Ths_sup_0'],
                                                                        bpr.building_systems['Ths_re_0'])

    if bpr.hvac['type_hs'] == 'T3':  # air conditioning
        index = np.where(tsd['Qhsf'] == Qhsf_0)
        ma_sup_0 = tsd['ma_sup_hs'][index[0][0]]
        Ta_sup_0 = tsd['Ta_sup_hs'][index[0][0]] + 273
        Ta_re_0 = tsd['Ta_re_hs'][index[0][0]] + 273
        Ths_sup, Ths_re, mcphs = np.vectorize(heating_coils.calc_heating_coil)(tsd['Qhsf'], Qhsf_0, tsd['Ta_sup_hs'], tsd['Ta_re_hs'],
                                                                               bpr.building_systems['Ths_sup_0'], bpr.building_systems['Ths_re_0'], tsd['ma_sup_hs'],ma_sup_0,
                                                                               Ta_sup_0, Ta_re_0, gv.Cpa, gv)

    if bpr.hvac['type_cs'] == 'T3':  # air conditioning

        index = np.where(tsd['Qcsf'] == Qcsf_0)
        ma_sup_0 = tsd['ma_sup_cs'][index[0][0]]
        Ta_sup_0 = tsd['Ta_sup_cs'][index[0][0]] + 273
        Ta_re_0 = tsd['Ta_re_cs'][index[0][0]] + 273
        Tcs_sup, Tcs_re, mcpcs = np.vectorize(heating_coils.calc_cooling_coil)(tsd['Qcsf'], Qcsf_0, tsd['Ta_sup_cs'], tsd['Ta_re_cs'],
                                                                               bpr.building_systems['Tcs_sup_0'], bpr.building_systems['Tcs_re_0'], tsd['ma_sup_cs'], ma_sup_0,
                                                                               Ta_sup_0, Ta_re_0, gv.Cpa, gv)

    if bpr.hvac['type_hs'] == 'T4':  # floor heating

        Ths_sup, Ths_re, mcphs = np.vectorize(tabs.calc_floorheating)(tsd['Qhsf'], tsd['theta_m'], Qhsf_0,
                                                                      bpr.building_systems['Ths_sup_0'],
                                                                      bpr.building_systems['Ths_re_0'],
                                                                      bpr.rc_model['Af'])

    return Tcs_re, Tcs_sup, Ths_re, Ths_sup, mcpcs, mcphs  # C,C, C,C, W/C, W/C




# space heating/cooling losses

[docs]def calc_Qhs_Qcs_dis_ls(tair, text, Qhs, Qcs, tsh, trh, tsc, trc, Qhs_max, Qcs_max, D, Y, SystemH, SystemC, Bf, Lv):
    """calculates distribution losses based on ISO 15316"""
    # Calculate tamb in basement according to EN
    tamb = tair - Bf * (tair - text)
    if SystemH != 'T0' and Qhs > 0:
        Qhs_d_ls = ((tsh + trh) / 2 - tamb) * (Qhs / Qhs_max) * (Lv * Y)
    else:
        Qhs_d_ls = 0
    if SystemC != 'T0' and Qcs < 0:
        Qcs_d_ls = ((tsc + trc) / 2 - tamb) * (Qcs / Qcs_max) * (Lv * Y)
    else:
        Qcs_d_ls = 0

    return Qhs_d_ls, Qcs_d_ls
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  Source code for cea.demand.electrical_loads

# -*- coding: utf-8 -*-
"""
Electrical loads
"""
from __future__ import division
import numpy as np
from cea.utilities import physics

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def calc_Eint(tsd, bpr, list_uses, schedules):
    """
    Calculate final internal electrical loads (without auxiliary loads)

    :param tsd: Timestep data
    :type tsd: Dict[str, numpy.ndarray]

    :param bpr: building properties
    :type bpr: cea.demand.thermal_loads.BuildingPropertiesRow

    :param list_uses: The list of uses used in the project
    :type list_uses: list

    :param schedules: The list of schedules defined for the project - in the same order as `list_uses`
    :type schedules: List[numpy.ndarray]

    :param building_uses: for each use in `list_uses`, the percentage of that use for this building.
        Sum of values is 1.0
    :type building_uses: Dict[str, numpy.ndarray]

    :returns: `tsd` with new keys: `['Eaf', 'Elf', 'Ealf', 'Edataf', 'Eref', 'Eprof']`
    :rtype: Dict[str, numpy.ndarray]
    """

    # calculate schedules
    schedule_applicances_lighting = average_appliances_lighting_schedule(list_uses, schedules, bpr.occupancy)

    # calculate final electrical consumption due to appliances and lights
    tsd['Eaf'] = schedule_applicances_lighting * bpr.internal_loads['Ea_Wm2'] * bpr.rc_model['Aef']
    tsd['Elf'] = schedule_applicances_lighting * bpr.internal_loads['El_Wm2'] * bpr.rc_model['Aef']
    tsd['Ealf'] = tsd['Elf'] + tsd['Eaf']

    # calculate other loads
    if 'COOLROOM' in bpr.occupancy:
        schedule_Eref = average_appliances_lighting_schedule(['COOLROOM'], schedules, bpr.occupancy)
        tsd['Eref'] = calc_Eref(schedule_Eref, bpr.internal_loads['Ere_Wm2'], bpr.rc_model['Aef'])  # in W
    else:
        tsd['Eref'] = np.zeros(8760)

    if 'SERVERROOM' in bpr.occupancy:
        schedule_Edata = average_appliances_lighting_schedule(['SERVERROOM'], schedules, bpr.occupancy)
        tsd['Edataf'] = calc_Edataf(schedule_Edata, bpr.internal_loads['Ed_Wm2'], bpr.rc_model['Aef'])  # in W
    else:
        tsd['Edataf'] = np.zeros(8760)

    if 'INDUSTRY' in bpr.occupancy:
        schedule_pro = calc_Eprof_schedule(list_uses, schedules, bpr.occupancy)
        tsd['Eprof'] = calc_Eprof(schedule_pro, bpr.internal_loads['Epro_Wm2'], bpr.rc_model['Aef'])  # in W
    else:
        tsd['Eprof'] = np.zeros(8760)
        tsd['Ecaf'] = np.zeros(8760) # not used in the current version but in the optimization part
    return tsd



[docs]def average_appliances_lighting_schedule(list_uses, schedules, building_uses):
    """
    Calculate the schedule to use for lighting and appliances based on the building uses from the schedules
    defined for the project unsing a weighted average.

    :param list_uses: the schedule names for the `schedules` parameter
    :type list_uses: List[str]
    :param schedules: the schedules, one for each name in `list_uses`. Each schedule is a list of 8760 floats...
    :type schedules: List[Tuple[List[float], List[float], List[float]]]
    :param building_uses: A set of weights for the schedules as they apply to this particular building.
    :type building_uses: Dict[str, float]

    :return: appliances lighting schedule as a weighted average of the schedules for a specific building.
    :rtype: numpy.ndarray[numpy.float64]
    """

    # weighted average of schedules
    def calc_average(last, current, share_of_use):
        return last + current * share_of_use

    el = np.zeros(8760)
    num_profiles = len(list_uses)
    for num in range(num_profiles):
        if list_uses[num] not in building_uses:
            current_share_of_use = 0
        else:
            current_share_of_use = building_uses[list_uses[num]]

        el = np.vectorize(calc_average)(el, schedules[num][1], current_share_of_use)
    return el



[docs]def calc_Edataf(schedule, Ed_Wm2, Aef):
    """
    Calculates the final electricity consumption in data centers.

    :param schedule: The data center schedule as calculated by `calc_Ea_El_Edata_Eref_schedule` but just for the
                     SERVERROOM portion of the occupancy.
    :type schedule: ndarray

    :param Ed_Wm2: The maximum electrical consumption due to servers per unit of gross floor area (as taken from the
                   building properties / internal loads file)
    :type Ed_Wm2: float64

    :param Aef: The floor area with electricity in [m2]
    :type Aef: float64

    :returns: final electricity consumption in data centers per hour in [W]
    :rtype: numpy.ndarray[numpy.float64]
    """
    Edataf = schedule * Ed_Wm2 * Aef   # in W
    return Edataf



[docs]def calc_Eref(schedule, Ere_Wm2, Aef):
    Eref = schedule * Ere_Wm2 * Aef  # in W
    return Eref



[docs]def calc_Eprof_schedule(list_uses, schedules, building_uses):
    """
    Calculate a weighted average of the schedules as defined in `list_uses` and `schedules`, using the weights
    in `building_uses` (which is taken from `bpr.occupancy`).

    :param list_uses: the schedule names for the `schedules` parameter
    :type list_uses: list of str
    :param schedules: the schedules, one for each name in `list_uses`. Each schedule is a list of 8760 floats...
    :type schedules: list of list of float
    :param building_uses: A set of weights for the schedules as they apply to this particular building.
    :type building_uses: dict of (str, float)

    :return: A weighted average of the schedules for a specific building.
    :rtype: numpy.ndarray[numpy.float64]
    """

    def calc_average(last, current, share_of_use):
        return last + current * share_of_use

    pro = np.zeros(8760)
    num_profiles = len(list_uses)
    for num in range(num_profiles):
        current_share_of_use = building_uses[list_uses[num]]
        epro = np.vectorize(calc_average)(pro, schedules[num][3], current_share_of_use)
    return epro



[docs]def calc_Eprof(schedule, Epro_Wm2, Aef):
    Eprof = schedule * Epro_Wm2 * Aef  # in W
    return Eprof



[docs]def calc_Eauxf(Ll, Lw, Mww, Qcsf, Qcsf_0, Qhsf, Qhsf_0, Qww, Qwwf, Qwwf_0, Tcs_re, Tcs_sup,
               Ths_re, Ths_sup, Vw, Year, fforma, gv, nf_ag, nfp, sys_e_cooling,
               sys_e_heating, Ehs_lat_aux, tsd):
    Eaux_cs = np.zeros(8760)
    Eaux_ve = np.zeros(8760)
    Eaux_fw = np.zeros(8760)
    Eaux_hs = np.zeros(8760)
    Imax = 2 * (Ll + Lw / 2 + gv.hf + (nf_ag * nfp) + 10) * fforma
    deltaP_des = Imax * gv.deltaP_l * (1 + gv.fsr)
    if Year >= 2000:
        b = 1
    else:
        b = 1.2
    Eaux_ww = np.vectorize(calc_Eauxf_ww)(Qww, Qwwf, Qwwf_0, Imax, deltaP_des, b, Mww)
    if sys_e_heating != "T0":
        Eaux_hs = np.vectorize(calc_Eauxf_hs_dis)(Qhsf, Qhsf_0, Imax, deltaP_des, b, Ths_sup, Ths_re, gv.Cpw)
    if sys_e_cooling != "T0":
        Eaux_cs = np.vectorize(calc_Eauxf_cs_dis)(Qcsf, Qcsf_0, Imax, deltaP_des, b, Tcs_sup, Tcs_re, gv.Cpw)
    if nf_ag > 5:  # up to 5th floor no pumping needs
        Eaux_fw = calc_Eauxf_fw(Vw, nf_ag, gv)

    Eaux_ve = np.vectorize(calc_Eauxf_ve)(tsd, gv)

    Eauxf = Eaux_hs + Eaux_cs + Eaux_ve + Eaux_ww + Eaux_fw + Ehs_lat_aux

    return Eauxf, Eaux_hs, Eaux_cs, Eaux_ve, Eaux_ww, Eaux_fw



[docs]def calc_Eauxf_hs_dis(Qhsf, Qhsf0, Imax, deltaP_des, b, ts, tr, cpw):
    # the power of the pump in Watts
    if Qhsf > 0 and (ts - tr) != 0:
        fctr = 1.05
        qV_des = Qhsf / ((ts - tr) * cpw * 1000)
        Phy_des = 0.2278 * deltaP_des * qV_des
        feff = (1.25 * (200 / Phy_des) ** 0.5) * fctr * b
        # Ppu_dis = Phy_des*feff
        if Qhsf / Qhsf0 > 0.67:
            Ppu_dis_hy_i = Phy_des
            feff = (1.25 * (200 / Ppu_dis_hy_i) ** 0.5) * fctr * b
            Eaux_hs = Ppu_dis_hy_i * feff
        else:
            Ppu_dis_hy_i = 0.0367 * Phy_des
            feff = (1.25 * (200 / Ppu_dis_hy_i) ** 0.5) * fctr * b
            Eaux_hs = Ppu_dis_hy_i * feff
    else:
        Eaux_hs = 0.0
    return Eaux_hs  # in #W



[docs]def calc_Eauxf_cs_dis(Qcsf, Qcsf0, Imax, deltaP_des, b, ts, tr, cpw):
    # refrigerant R-22 1200 kg/m3
    # for Cooling system
    # the power of the pump in Watts
    if Qcsf < 0 and (ts - tr) != 0:
        fctr = 1.10
        qV_des = Qcsf / ((ts - tr) * cpw * 1000)  # kg/s
        Phy_des = 0.2778 * deltaP_des * qV_des
        feff = (1.25 * (200 / Phy_des) ** 0.5) * fctr * b
        # Ppu_dis = Phy_des*feff
        # the power of the pump in Watts
        if Qcsf < 0:
            if Qcsf / Qcsf0 > 0.67:
                Ppu_dis_hy_i = Phy_des
                feff = (1.25 * (200 / Ppu_dis_hy_i) ** 0.5) * fctr * b
                Eaux_cs = Ppu_dis_hy_i * feff
            else:
                Ppu_dis_hy_i = 0.0367 * Phy_des
                feff = (1.25 * (200 / Ppu_dis_hy_i) ** 0.5) * fctr * b
                Eaux_cs = Ppu_dis_hy_i * feff
    else:
        Eaux_cs = 0.0
    return Eaux_cs  # in #W



[docs]def calc_Eauxf_ve(tsd, gv):
    """
    calculation of auxiliary electricity consumption of mechanical ventilation and AC fans
    
    :param tsd: Time series data of building
    :type tsd: dict
    :param gv: global variables
    :type gv
    :return: electrical energy for fans of mechanical ventilation in [Wh/h]
    :rtype: float
    """

    # TODO: DOCUMENTATION
    # FIXME: Why only energy demand for AC? Also other mechanical ventilation should have auxiliary energy demand
    # FIXME: What are the units

    # m_ve_mech is

    fan_power = gv.Pfan  # specific fan consumption in W/m3/h, see globalvar.py

    # mechanical ventilation system air flow [m3/s] = outdoor air + recirculation air
    q_ve_mech = tsd['m_ve_mech']/physics.calc_rho_air(tsd['theta_ve_mech']) \
        + tsd['m_ve_recirculation']/physics.calc_rho_air(tsd['theta_a'])

    Eve_aux = fan_power * q_ve_mech * 3600

    return Eve_aux



[docs]def calc_Eauxf_ww(Qww, Qwwf, Qwwf0, Imax, deltaP_des, b, qV_des):
    if Qww > 0:
        # for domestichotwater
        # the power of the pump in Watts
        Phy_des = 0.2778 * deltaP_des * qV_des
        feff = (1.25 * (200 / Phy_des) ** 0.5) * b
        # Ppu_dis = Phy_des*feff
        # the power of the pump in Watts
        if Qwwf / Qwwf0 > 0.67:
            Ppu_dis_hy_i = Phy_des
            feff = (1.25 * (200 / Ppu_dis_hy_i) ** 0.5) * b
            Eaux_ww = Ppu_dis_hy_i * feff
        else:
            Ppu_dis_hy_i = 0.0367 * Phy_des
            feff = (1.25 * (200 / Ppu_dis_hy_i) ** 0.5) * b
            Eaux_ww = Ppu_dis_hy_i * feff
    else:
        Eaux_ww = 0.0
    return Eaux_ww  # in #W



[docs]def calc_Eauxf_fw(freshw, nf, gv):
    Eaux_fw = np.zeros(8760)
    # for domesticFreshwater
    # the power of the pump in Watts Assuming the best performance of the pump of 0.6 and an accumulation tank
    for day in range(1, 366):
        balance = 0
        t0 = (day - 1) * 24
        t24 = day * 24
        for hour in range(t0, t24):
            balance = balance + freshw[hour]
        if balance > 0:
            flowday = balance / (3600)  # in m3/s
            Energy_hourWh = (gv.hf * (nf - 5)) / 0.6 * gv.Pwater * gv.gr * (flowday / gv.hoursop) / gv.effi
            for t in range(1, gv.hoursop + 1):
                time = t0 + 11 + t
                Eaux_fw[time] = Energy_hourWh
    return Eaux_fw
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  Source code for cea.demand.ventilation_air_flows_detailed

# -*- coding: utf-8 -*-
"""
Ventilation according to [DIN-16798-7]_ and [ISO-9972]_

.. [DIN-16798-7]  Energieeffizienz von Gebäuden - Teil 7: Modul M5-1, M 5-5, M 5-6, M 5-8 –
    Berechnungsmethoden zur Bestimmung der Luftvolumenströme in Gebäuden inklusive Infiltration;
    Deutsche Fassung prEN 16798-7:2014


.. [ISO-9972] Wärmetechnisches Verhalten von Gebäuden –
    Bestimmung der Luftdurchlässigkeit von Gebäuden –
    Differenzdruckverfahren (ISO 9972:2015);
    Deutsche Fassung EN ISO 9972:2015

Convention: all temperature inputs in (°C)
"""

from __future__ import division

import numpy as np
import pandas as pd
from scipy.optimize import minimize

from cea.geometry.geometry_reader import get_building_geometry_ventilation
from cea.utilities.physics import calc_rho_air

__author__ = "Gabriel Happle"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Gabriel Happle"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


# ventilation calculation


[docs]def calc_air_flows(temp_zone, u_wind, temp_ext, dict_props_nat_vent):
    """
    Minimization of variable air flows as a function of zone gauge

    :param temp_zone: zone indoor air temperature (°C)
    :param u_wind: wind velocity (m/s)
    :param temp_ext: exterior air temperature (°C)
    :param dict_props_nat_vent: dictionary containing natural ventilation properties of zone

    qm_sum_in : total air mass flow rates into zone (kg/h)
    qm_sum_out : total air mass flow rates out of zone (kg/h)
    """

    # Different solver options to try:
    # --------------------------------
    # solver_options_nelder_mead ={'disp': False, 'maxiter': 100, 'maxfev': None, 'xtol': 0.1, 'ftol': 0.1}
    # solver_options_cg ={'disp': False, 'gtol': 1e-05, 'eps': 1.4901161193847656e-08, 'return_all': False,
    #                     'maxiter': None, 'norm': -np.inf}
    # solver_options_powell = {'disp': True, 'maxiter': None, 'direc': None, 'maxfev': None,
    #            'xtol': 0.0001, 'ftol': 0.0001}
    # solver_options_tnc = {'disp': True, 'minfev': 0, 'scale': None, 'rescale': -1, 'offset': None, 'gtol': -1,
    #                       'eps': 1e-08, 'eta': -1, 'maxiter': None, 'maxCGit': -1, 'mesg_num': None,
    #                       'ftol': -1, 'xtol': -1, 'stepmx': 0, 'accuracy': 0}
    solver_options_cobyla = {'iprint': 1, 'disp': False, 'maxiter': 100, 'rhobeg': 1.0, 'tol': 0.001}

    # solve air flow mass balance via iteration
    p_zone_ref = 1  # (Pa) zone pressure, THE UNKNOWN VALUE
    res = minimize(calc_air_flow_mass_balance, p_zone_ref,
                   args=(temp_zone, u_wind, temp_ext, dict_props_nat_vent, 'minimize',),
                   method='COBYLA',
                   options=solver_options_cobyla)
    # print(res)
    # get zone pressure of air flow mass balance
    p_zone = res.x

    # calculate air flows at zone pressure
    qm_sum_in, qm_sum_out = calc_air_flow_mass_balance(p_zone, temp_zone, u_wind,
                                                       temp_ext, dict_props_nat_vent, 'calculate')

    return qm_sum_in, qm_sum_out



[docs]def get_properties_natural_ventilation(bpr, gv):
    """
    gdf_geometry_building : GeoDataFrame containing geometry properties of single building
    gdf_architecture_building : GeoDataFrame containing architecture props of single building
    :param gv: globalvars
    :param bpr: building propert row

    :returns: dictionary containing natural ventilation properties of zone
    """

    n50 = bpr.architecture.n50
    vol_building = bpr.geometry['footprint'] * bpr.geometry['height_ag']
    qv_delta_p_lea_ref_zone = calc_qv_delta_p_ref(n50, vol_building)
    area_facade_zone,\
    area_roof_zone,\
    height_zone,\
    slope_roof = get_building_geometry_ventilation(bpr.geometry)
    class_shielding = gv.shielding_class
#    factor_cros = bpr.architecture.f_cros
    factor_cros = 0  # TODO write dict function to look up, ZERO is for office and industrial functions
    area_vent_zone = 0  # (cm2) area of ventilation openings # TODO: get from buildings properties

    # calculate properties that remain constant in the minimization
    # (a) LEAKAGES
    coeff_lea_path,\
    height_lea_path,\
    orientation_lea_path = allocate_default_leakage_paths(calc_coeff_lea_zone(qv_delta_p_lea_ref_zone),
                                                          area_facade_zone, area_roof_zone, height_zone)

    coeff_wind_pressure_path_lea = lookup_coeff_wind_pressure(height_lea_path, class_shielding, orientation_lea_path,
                                                              slope_roof, factor_cros)

    # (b) VENTILATION OPENINGS
    coeff_vent_path,\
    height_vent_path,\
    orientation_vent_path = allocate_default_ventilation_openings(calc_coeff_vent_zone(area_vent_zone), height_zone)
    coeff_wind_pressure_path_vent = lookup_coeff_wind_pressure(height_vent_path, class_shielding, orientation_vent_path,
                                                               slope_roof, factor_cros)

    # make dict for output
    dict_props_nat_vent = {'coeff_lea_path': coeff_lea_path,
                           'height_lea_path': height_lea_path,
                           'coeff_wind_pressure_path_lea': coeff_wind_pressure_path_lea,
                           'coeff_vent_path': coeff_vent_path,
                           'height_vent_path': height_vent_path,
                           'coeff_wind_pressure_path_vent': coeff_wind_pressure_path_vent,
                           'factor_cros': factor_cros}

    return dict_props_nat_vent



# Wind pressure calculation

[docs]def calc_u_wind_site(u_wind_10):
    """
    Adjusts meteorological wind velocity to site surroundings according to 6.4.2.2 in [1]

    :param u_wind_10: meteorological wind velocity (m/s)

    :returns: u_wind_site, site wind velocity (m/s)
    """

    # terrain class of surroundings
    # 0 = open
    # 1 = rural
    # 2 = urban
    ter_class = 2  # TODO: move to globalvars

    # factors from Table B.11 in B.1.4.1 in [1]
    f_wnd = np.array([1.0, 0.9, 0.8])

    # Equation (2) in [1]
    return f_wnd[ter_class] * u_wind_10



[docs]def lookup_coeff_wind_pressure(height_path, class_shielding, orientation_path, slope_roof, factor_cros):
    """
    Lookup default wind pressure coefficients for air leakage paths according to B.1.3.3 in [1]

    :param height_path:
    :param class_shielding:
    :param orientation_path:
    :param slope_roof:
    :param factor_cros:

    :returns: wind pressure coefficients (-)

    Conventions:

    class_shielding = 0 : open terrain
    class_shielding = 1 : normal
    class_shielding = 2 : shielded

    orientation_path = 0 : facade facing wind
                       1 : facade not facing wind
                       2 : roof

    factor_cros = 0 : cross ventilation not possible
                = 1 : cross ventilation possible

    """

    # Table B.5 in [1]
    table_coeff_wind_pressure_cross_ventilation = np.array([[0.5, -0.7, -0.7, -0.6, -0.2],
                                                            [0.25, -0.5, -0.6, -0.5, -0.2],
                                                            [0.05, -0.3, -0.5, -0.4, -0.2],
                                                            [0.65, -0.7, -0.7, -0.6, -0.2],
                                                            [0.45, -0.5, -0.6, -0.5, -0.2],
                                                            [0.25, -0.3, -0.5, -0.4, -0.2],
                                                            [0.8, -0.7, -0.7, -0.6, -0.2]])

    # Table B.6 in [1]
    table_coeff_wind_pressure_non_cross_ventilation = np.array([0.05, -0.05, 0])

    num_paths = height_path.shape[0]
    coeff_wind_pressure = np.zeros(num_paths)

    for i in range(0, num_paths):

        if factor_cros == 1:

            if 0 <= height_path[i] < 15:
                index_row = 0
            elif 15 <= height_path[i] < 50:
                index_row = 3
            elif height_path[i] >= 50:
                index_row = 6
            else:
                #  default
                index_row = 6
                print('Warning: unsupported height')
                print(height_path[i])

            index_row = min(index_row + class_shielding, 6)

            if orientation_path[i] == 2:
                if 0 <= slope_roof < 10:
                    index_col = 0
                elif 10 <= slope_roof <= 30:
                    index_col = 1
                elif slope_roof > 30:
                    index_col = 2
                else:
                    # default
                    index_col = 0
                    print('Warning: unsupported roof slope')
                    print(slope_roof)

                index_col = index_col + orientation_path[i]

            elif orientation_path[i] == 0 or orientation_path[i] == 1:
                index_col = orientation_path[i]

            else:
                # default
                index_col = orientation_path[i]
                print('Warning: unsupported orientation')
                print(orientation_path[i])

            coeff_wind_pressure[i] = table_coeff_wind_pressure_cross_ventilation[index_row, index_col]

        elif factor_cros == 0:
            index_col = orientation_path[i]

            coeff_wind_pressure[i] = table_coeff_wind_pressure_non_cross_ventilation[index_col]

    return coeff_wind_pressure



[docs]def calc_delta_p_path(p_zone_ref, height_path, temp_zone, coeff_wind_pressure_path, u_wind_site, temp_ext):
    """
    Calculation of indoor-outdoor pressure difference at air path according to 6.4.2.4 in [1]

    :param p_zone_ref: zone reference pressure (Pa)
    :param height_path: height of ventilation path (m)
    :param temp_zone: air temperature of ventilation zone in (°C)
    :param coeff_wind_pressure_path: wind pressure coefficient of ventilation path (-)
    :param u_wind_site: wind velocity (m/s)
    :param temp_ext: external air temperature (°C)

    :returns: ``delta_p_path``, pressure difference across ventilation path (Pa)
    """

    # constants from Table 12 in [1]
    # TODO import from global variables
    g = 9.81  # (m/s2)
    rho_air_ref = 1.23  # (kg/m3)
    temp_ext_ref = 283  # (K)

    temp_zone += 273  # conversion to (K)
    temp_ext += 273  # conversion to (K)

    # Equation (5) in [1]
    p_zone_path = p_zone_ref - rho_air_ref * height_path * g * temp_ext_ref / temp_zone

    # Equation (4) in [1]
    p_ext_path = rho_air_ref * (
        0.5 * coeff_wind_pressure_path * u_wind_site ** 2 - height_path * g * temp_ext_ref / temp_ext)

    # Equation (3) in [1]
    delta_p_path = p_ext_path - p_zone_path

    return delta_p_path



# leakages through the envelope

[docs]def calc_qv_delta_p_ref(n_delta_p_ref, vol_building):
    """
    Calculate airflow at reference pressure according to 6.3.2 in [2]

    :param n_delta_p_ref: air changes at reference pressure [1/h]
    :param vol_building: building_volume [m3]

    :returns: qv_delta_p_ref : air volume flow rate at reference pressure (m3/h)
    """

    # Eq. (9) in [2]
    return n_delta_p_ref * vol_building



[docs]def calc_qv_lea_path(coeff_lea_path, delta_p_lea_path):
    """
    Calculate volume air flow of single leakage path according to 6.4.3.6.5 in [1]

    :param coeff_lea_path: coefficient of leakage path
    :param delta_p_lea_path: pressure difference across leakage path (Pa)

    :returns: qv_lea_path : volume flow rate across leakage path (m3/h)
    """
    # default values in [1]
    # TODO reference global variables
    n_lea = 0.667  # (-), B.1.3.15 in [1]

    # Equation (64) in [1]
    qv_lea_path = coeff_lea_path * np.sign(delta_p_lea_path) * np.abs(delta_p_lea_path) ** n_lea
    return qv_lea_path



[docs]def calc_coeff_lea_zone(qv_delta_p_lea_ref):
    """
    Calculate default leakage coefficient of zone according to B.1.3.16 in [1]

    :param qv_delta_p_lea_ref: air volume flow rate at reference pressure (m3/h)

    :returns: coeff_lea_zone : leakage coefficient of zone
    """
    # default values in [1]
    # TODO reference global variables
    delta_p_lea_ref = 50  # (Pa), B.1.3.14 in [1]
    n_lea = 0.667  # (-), B.1.3.15 in [1]

    # Eq. (B.5) in [1] # TODO: Formula assumed to be wrong in [1], corrected to match Eq. (8) in [2]
    coeff_lea_zone = qv_delta_p_lea_ref / (delta_p_lea_ref ** n_lea)

    return coeff_lea_zone



[docs]def allocate_default_leakage_paths(coeff_lea_zone, area_facade_zone, area_roof_zone, height_zone):
    """
    Allocate default leakage paths according to B.1.3.17 in [1]

    :param coeff_lea_zone: leakage coefficient of zone
    :param area_facade_zone: facade area of zone (m2)
    :param area_roof_zone: roof area of zone (m2)
    :param height_zone: height of zone (m)

    :returns: - coeff_lea_path : coefficients of default leakage paths
              - height_lea_path : heights of default leakage paths (m)
              - orientation_lea_path : orientation index of default leakage paths (-)
    """

    # Equation (B.6) in [1]
    coeff_lea_facade = coeff_lea_zone * area_facade_zone / (area_facade_zone + area_roof_zone)
    # Equation (B.7) in [1]
    coeff_lea_roof = coeff_lea_zone * area_roof_zone / (area_facade_zone + area_roof_zone)

    coeff_lea_path = np.zeros(5)
    height_lea_path = np.zeros(5)
    orientation_lea_path = [0, 1, 0, 1, 2]

    # Table B.10 in [1]
    # default leakage path 1
    coeff_lea_path[0] = 0.25 * coeff_lea_facade
    height_lea_path[0] = 0.25 * height_zone
    orientation_lea_path[0] = 0  # facade facing the wind

    # default leakage path 2
    coeff_lea_path[1] = 0.25 * coeff_lea_facade
    height_lea_path[1] = 0.25 * height_zone
    orientation_lea_path[1] = 1  # facade not facing the wind

    # default leakage path 3
    coeff_lea_path[2] = 0.25 * coeff_lea_facade
    height_lea_path[2] = 0.75 * height_zone
    orientation_lea_path[2] = 0  # facade facing the wind

    # default leakage path 4
    coeff_lea_path[3] = 0.25 * coeff_lea_facade
    height_lea_path[3] = 0.75 * height_zone
    orientation_lea_path[3] = 1  # facade not facing the wind

    # default leakage path 5
    coeff_lea_path[4] = coeff_lea_roof
    height_lea_path[4] = height_zone
    orientation_lea_path[4] = 2  # roof

    return coeff_lea_path, height_lea_path, orientation_lea_path



[docs]def calc_qm_lea(p_zone_ref, temp_zone, temp_ext, u_wind_site, dict_props_nat_vent):
    """
    Calculation of leakage infiltration and exfiltration air mass flow as a function of zone indoor reference pressure

    :param p_zone_ref: zone reference pressure (Pa)
    :param temp_zone: air temperature in ventilation zone (°C)
    :param temp_ext: exterior air temperature (°C)
    :param u_wind_site: wind velocity (m/s)
    :param dict_props_nat_vent: dictionary containing natural ventilation properties of zone

    :returns: - qm_lea_in : air mass flow rate into zone through leakages (kg/h)
              - qm_lea_out : air mass flow rate out of zone through leakages (kg/h)
    """

    # get default leakage paths from locals
    coeff_lea_path = dict_props_nat_vent['coeff_lea_path']
    height_lea_path = dict_props_nat_vent['height_lea_path']

    # lookup wind pressure coefficients for leakage paths from locals
    coeff_wind_pressure_path = dict_props_nat_vent['coeff_wind_pressure_path_lea']

    # calculation of pressure difference at leakage path
    delta_p_path = calc_delta_p_path(p_zone_ref, height_lea_path, temp_zone, coeff_wind_pressure_path, u_wind_site,
                                     temp_ext)

    # calculation of leakage air volume flow at path
    qv_lea_path = calc_qv_lea_path(coeff_lea_path, delta_p_path)

    # Eq. (65) in [1], infiltration is sum of air flows greater zero
    qv_lea_in = qv_lea_path[np.where(qv_lea_path > 0)].sum()

    # Eq. (66) in [1], exfiltration is sum of air flows smaller zero
    qv_lea_out = qv_lea_path[np.where(qv_lea_path < 0)].sum()

    # conversion to air mass flows according to 6.4.3.8 in [1]
    # Eq. (67) in [1]
    qm_lea_in = qv_lea_in * calc_rho_air(temp_ext)
    # Eq. (68) in [1]
    qm_lea_out = qv_lea_out * calc_rho_air(temp_zone)

    # print (qm_lea_in, qm_lea_out)

    return qm_lea_in, qm_lea_out



# operation of window openings

[docs]def calc_qv_vent_path(coeff_vent_path, delta_p_vent_path):
    """
    Calculate volume air flow of single ventilation opening path according to 6.4.3.6.4 in [1]

    :param coeff_vent_path : ventilation opening coefficient of air path
    :param delta_p_vent_path : pressure difference across air path (Pa)

    :returns: qv_vent_path : air volume flow rate across air path (m3/h)
    """
    # default values in [1]
    # TODO reference global variables
    n_vent = 0.5  # (-), B.1.2.2 in [1]

    # Equation (60) in [1]
    qv_vent_path = coeff_vent_path * np.sign(delta_p_vent_path) * np.abs(delta_p_vent_path) ** n_vent
    return qv_vent_path



[docs]def calc_coeff_vent_zone(area_vent_zone):
    """
    Calculate air volume flow coefficient of ventilation openings of zone according to 6.4.3.6.4 in [1]

    :param area_vent_zone : total area of ventilation openings of zone (cm2)

    :returns coeff_vent_zone : coefficient of ventilation openings of zone
    """

    # default values in [1]
    # TODO reference global variables
    n_vent = 0.5  # (-), B.1.2.2 in [1]
    coeff_d_vent = 0.6  # (-), B.1.2.1 in [1]
    delta_p_vent_ref = 50  # (Pa) FIXME no default value specified in standard
    # constants from Table 12 in [1]
    rho_air_ref = 1.23  # (kg/m3)

    # Eq. (61) in [1]
    coeff_vent_zone = 3600 / 10000 * coeff_d_vent * area_vent_zone * (2 / rho_air_ref) ** 0.5 * \
                      (1 / delta_p_vent_ref) ** (n_vent - 0.5)

    return coeff_vent_zone



[docs]def allocate_default_ventilation_openings(coeff_vent_zone, height_zone):
    """
    Allocate default ventilation openings according to B.1.3.13 in [1]

    :param coeff_vent_zone : coefficient of ventilation openings of zone
    :param height_zone : height of zone (m)

    :returns: - coeff_vent_path : coefficients of default ventilation opening paths
              - height_vent_path : heights of default ventilation opening paths (m)
              - orientation_vent_path : orientation index of default ventilation opening paths (-)
    """

    # initialize
    coeff_vent_path = np.zeros(4)
    height_vent_path = np.zeros(4)
    orientation_vent_path = [0, 1, 0, 1]

    # Table B.9 in [1]
    # default leakage path 1
    coeff_vent_path[0] = 0.25 * coeff_vent_zone
    height_vent_path[0] = 0.25 * height_zone
    orientation_vent_path[0] = 0  # facade facing the wind

    # default leakage path 2
    coeff_vent_path[1] = 0.25 * coeff_vent_zone
    height_vent_path[1] = 0.25 * height_zone
    orientation_vent_path[1] = 1  # facade not facing the wind

    # default leakage path 3
    coeff_vent_path[2] = 0.25 * coeff_vent_zone
    height_vent_path[2] = 0.75 * height_zone
    orientation_vent_path[2] = 0  # facade facing the wind

    # default leakage path 4
    coeff_vent_path[3] = 0.25 * coeff_vent_zone
    height_vent_path[3] = 0.75 * height_zone
    orientation_vent_path[3] = 1  # facade not facing the wind

    return coeff_vent_path, height_vent_path, orientation_vent_path



[docs]def calc_qm_vent(p_zone_ref, temp_zone, temp_ext, u_wind_site, dict_props_nat_vent):
    """
    Calculation of air flows through ventilation openings in the facade

    :param p_zone_ref : zone reference pressure (Pa)
    :param temp_zone : zone air temperature (°C)
    :param temp_ext : exterior air temperature (°C)
    :param u_wind_site : wind velocity (m/s)
    :param dict_props_nat_vent : dictionary containing natural ventilation properties of zone

    :returns: - qm_vent_in : air mass flow rate into zone through ventilation openings (kg/h)
              - qm_vent_out : air mass flow rate out of zone through ventilation openings (kg/h)
    """

    # get properties from locals()
    coeff_vent_path = dict_props_nat_vent['coeff_vent_path']
    height_vent_path = dict_props_nat_vent['height_vent_path']
    coeff_wind_pressure_path = dict_props_nat_vent['coeff_wind_pressure_path_vent']

    # calculation of pressure difference at leakage path
    delta_p_path = calc_delta_p_path(p_zone_ref, height_vent_path, temp_zone, coeff_wind_pressure_path, u_wind_site,
                                     temp_ext)

    # calculation of leakage air volume flow at path
    qv_vent_path = calc_qv_vent_path(coeff_vent_path, delta_p_path)

    # Eq. (62) in [1], air flow entering through ventilation openings is sum of air flows greater zero
    qv_vent_in = qv_vent_path[np.where(qv_vent_path > 0)].sum()

    # Eq. (63) in [1], air flow entering through ventilation openings is sum of air flows smaller zero
    qv_vent_out = qv_vent_path[np.where(qv_vent_path < 0)].sum()

    # conversion to air mass flows according to 6.4.3.8 in [1]
    # Eq. (67) in [1]
    qm_vent_in = qv_vent_in * calc_rho_air(temp_ext)
    # Eq. (68) in [1]
    qm_vent_out = qv_vent_out * calc_rho_air(temp_zone)

    # print (qm_lea_in, qm_lea_out)

    return qm_vent_in, qm_vent_out



# windows ventilation

[docs]def calc_area_window_free(area_window_max, r_window_arg):
    """
    Calculate free window opening area according to 6.4.3.5.2 in [1]

    :param area_window_max : area of single operable window (m2)
    :param r_window_arg : fraction of window opening (-)

    :returns: area_window_free : open area of window (m2)
    """
    # TODO: check final standard for area_window_max

    # default values
    # r_window_arg = 0.5  # (-), Tab 11 in [1]
    # TODO: this might be a dynamic parameter

    # Eq. (42) in [1]
    area_window_free = r_window_arg * area_window_max
    return area_window_free



[docs]def calc_area_window_tot(dict_windows_building, r_window_arg):
    """
    Calculation of total open window area according to 6.4.3.5.2 in [1]

    :param dict_windows_building : dictionary containing information of all windows in building
    :param r_window_arg : fraction of window opening (-)

    :returns: area_window_tot = total open area of windows in building (m2)
    """

    # Eq. (43) in [1]
    # TODO account only for operable windows and not total building window area
    area_window_tot = calc_area_window_free(sum(dict_windows_building['area_window']), r_window_arg)

    return area_window_tot



[docs]def calc_effective_stack_height(dict_windows_building):
    """
    Calculation of effective stack height for window ventilation according to 6.4.3.4.1 in [1]

    :param dict_windows_building : dictionary containing information of all windows in building

    :returns: height_window_stack : effective stack height of windows of building (m)
    """
    # TODO: maybe this formula is wrong --> check final edition of standard as soon as possible

    # first part of Eq. (46) in [1]
    height_window_stack_1 = dict_windows_building['height_window_in_zone'] + np.array(dict_windows_building[
                                                                                          'height_window_above_ground']) / 2
    # second part of Eq. (46) in [1]
    height_window_stack_2 = dict_windows_building['height_window_in_zone'] - np.array(dict_windows_building[
                                                                                          'height_window_above_ground']) / 2
    # Eq. (46) in [1]
    height_window_stack = max(height_window_stack_1) - min(height_window_stack_2)

    return height_window_stack



[docs]def calc_area_window_cros(dict_windows_building, r_window_arg):
    """
    Calculate cross-ventilation window area according to the procedure in 6.4.3.5.4.3 in [1]

    :param dict_windows_building : dictionary containing information of all windows in building
    :param r_window_arg : fraction of window opening (-)

    :returns: area_window_cros : effective window area for cross ventilation (m2)
    """

    # initialize results
    area_window_ori = np.zeros(4)
    area_window_cros = np.zeros(2)

    # area window tot
    area_window_tot = calc_area_window_tot(dict_windows_building, r_window_arg)

    for i in range(2):
        for j in range(4):

            # Eq. (51) in [1]
            alpha_ref = i * 45 + j * 90
            alpha_max = alpha_ref + 45
            alpha_min = alpha_ref - 45
            for k in range(len(dict_windows_building['name_building'])):
                if alpha_min <= dict_windows_building['orientation_window'][k] <= \
                        alpha_max and dict_windows_building['angle_window'][k] >= 60:
                    # Eq. (52) in [1]
                    area_window_free = calc_area_window_free(dict_windows_building['area_window'][k], r_window_arg)
                    area_window_ori[j] = area_window_ori[j] + area_window_free
        for j in range(4):
            if area_window_ori[j] > 0:
                # Eq. (53) in [1]
                area_window_cros[i] += 0.25 * 1 / (((1 / area_window_ori[j] ** 2) +
                                                    (1 / (area_window_tot - area_window_ori[j]) ** 2)) ** 0.5)

    # Eq. (54) in [1]
    return min(area_window_cros)



[docs]def calc_qm_arg(factor_cros, temp_ext, dict_windows_building, u_wind_10, temp_zone, r_window_arg):
    """
    Calculation of cross ventilated and non-cross ventilated window ventilation according to procedure in 6.4.3.5.4
    in [1]

    :param factor_cros : cross ventilation factor [0,1]
    :param temp_ext : exterior temperature (°C)
    :param dict_windows_building : dictionary containing information of all windows in building
    :param u_wind_10 : wind velocity (m/s)
    :param temp_zone : zone temperature (°C)
    :param r_window_arg : fraction of window opening (-)

    :returns: window ventilation air mass flows in (kg/h)
    """

    # initialize result
    q_v_arg_in = 0
    q_v_arg_out = 0
    qm_arg_in = qm_arg_out = 0  # this is the output for buildings without windows

    # if building has windows
    if dict_windows_building:

        # constants from Table 12 in [1]
        # TODO import from global variables
        rho_air_ref = 1.23  # (kg/m3)
        coeff_turb = 0.01  # (m/s)
        coeff_wind = 0.001  # (1/(m/s))
        coeff_stack = 0.0035  # ((m/s)/(mK))

        # default values from annex B in [1]
        coeff_d_window = 0.67  # (-), B.1.2.1 in [1]
        delta_c_p = 0.75  # (-), option 2 in B.1.3.4 in [1]

        # get necessary inputs
        rho_air_ext = calc_rho_air(temp_ext)
        rho_air_zone = calc_rho_air(temp_zone)
        area_window_tot = calc_area_window_tot(dict_windows_building, r_window_arg)
        h_window_stack = calc_effective_stack_height(dict_windows_building)
        # print(h_window_stack, area_window_tot)

        # volume flow rates of non-cross ventilated zone according to 6.4.3.5.4.2 in [1]
        if factor_cros == 0:

            # Eq. (47) in [1]
            # FIXME: this equation was modified from the version in the standard (possibly wrong in preliminary version)
            # TODO: check final edition of standard as soon as possible
            q_v_arg_in = 3600 * rho_air_ref / rho_air_ext * area_window_tot / 2 * (
                coeff_turb + coeff_wind * u_wind_10 ** 2 + coeff_stack * h_window_stack * abs(
                    temp_zone - temp_ext))  # ** 0.5
            # Eq. (48) in [1]
            q_v_arg_out = -3600 * rho_air_ref / rho_air_zone * area_window_tot / 2 * (
                coeff_turb + coeff_wind * u_wind_10 ** 2 + coeff_stack * h_window_stack * abs(
                    temp_zone - temp_ext))  # ** 0.5

            # print(coeff_turb + coeff_wind * u_wind_10 ** 2 + coeff_stack * h_window_stack * abs(temp_zone - temp_ext))

        elif factor_cros == 1:

            # get window area of cross-ventilation
            area_window_cros = calc_area_window_cros(dict_windows_building, r_window_arg)
            # print(area_window_cros)

            # Eq. (49) in [1]
            q_v_arg_in = 3600 * rho_air_ref / rho_air_ext * ((
                                                                 coeff_d_window * area_window_cros * u_wind_10 * delta_c_p ** 0.5) ** 2 + (
                                                                 area_window_tot / 2 * (
                                                                     coeff_stack * h_window_stack * abs(
                                                                         temp_zone - temp_ext))) ** 2) ** 0.5

            # Eq. (50) in [1]
            # TODO this formula was changed from the standard to use the air density in the zone
            # TODO adjusted from the standard to have consistent units
            # TODO check final edition of standard as soon as possible
            q_v_arg_out = -3600 * rho_air_ref / rho_air_zone * ((
                                                                    coeff_d_window * area_window_cros * u_wind_10 * delta_c_p ** 0.5) ** 2 + (
                                                                    area_window_tot / 2 * (
                                                                        coeff_stack * h_window_stack * abs(
                                                                            temp_zone - temp_ext))) ** 2) ** 0.5

        # conversion to air mass flows according to 6.4.3.8 in [1]
        # Eq. (67) in [1]
        qm_arg_in = q_v_arg_in * calc_rho_air(temp_ext)
        # Eq. (68) in [1]
        qm_arg_out = q_v_arg_out * calc_rho_air(temp_zone)

    return qm_arg_in, qm_arg_out



# mass balance

[docs]def calc_air_flow_mass_balance(p_zone_ref, temp_zone, u_wind_10, temp_ext, dict_props_nat_vent, option):
    """
    Air flow mass balance for iterative calculation according to 6.4.3.9 in [1]

    :param p_zone_ref : zone reference pressure (Pa)
    :param temp_zone : air temperature in ventilation zone (°C)
    :param u_wind_10 : meteorological wind velocity (m/s)
    :param temp_ext : exterior air temperature (°C)
    :param dict_props_nat_vent : dictionary containing natural ventilation properties of zone
    :param option : 'minimize' = returns sum of air mass flows, 'calculate' = returns air mass flows

    :returns: sum of air mass flows in and out of zone in (kg/h)
    """

    # adjust wind velocity
    u_wind_site = calc_u_wind_site(u_wind_10)

    qm_sup_dis = 0
    qm_eta_dis = 0
    qm_lea_sup_dis = 0
    qm_lea_eta_dis = 0
    qm_comb_in = 0
    qm_comb_out = 0
    qm_pdu_in = 0
    qm_pdu_out = 0

    qm_arg_in = 0  # removed to speed up code, as window ventilation is always balanced
    #  with the currently implemented method
    qm_arg_out = 0  #

    qm_vent_in, qm_vent_out = calc_qm_vent(p_zone_ref, temp_zone, temp_ext, u_wind_site, dict_props_nat_vent)
    qm_lea_in, qm_lea_out = calc_qm_lea(p_zone_ref, temp_zone, temp_ext, u_wind_site, dict_props_nat_vent)

    # print('iterate air flows')
    # print(qm_arg_in, qm_arg_out)
    # print(qm_vent_in, qm_vent_out)
    # print(qm_lea_in, qm_lea_out)

    # mass balance, Eq. (69) in [1]
    qm_balance = qm_sup_dis + qm_eta_dis + qm_lea_sup_dis + qm_lea_eta_dis + qm_comb_in + qm_comb_out + \
                 qm_pdu_in + qm_pdu_out + qm_arg_in + qm_arg_out + qm_vent_in + qm_vent_out + qm_lea_in + qm_lea_out
    qm_sum_in = qm_sup_dis + qm_lea_sup_dis + qm_comb_in + qm_pdu_in + qm_arg_in + qm_vent_in + qm_lea_in
    qm_sum_out = qm_eta_dis + qm_lea_eta_dis + qm_comb_out + qm_pdu_out + qm_arg_out + qm_vent_out + qm_lea_out

    # switch output according to selected option
    if option == 'minimize':
        return abs(qm_balance)  # for minimization the mass balance is the output
    elif option == 'calculate':
        return qm_sum_in, qm_sum_out  # for the calculation the total air mass flows are output



[docs]def testing():
    import geopandas
    import cea.globalvar
    gv = cea.globalvar.GlobalVariables()
    from cea import inputlocator
    import time
    import cea.geometry.geometry_reader

    # generate windows based on geometry of vertical surfaces in radiation file
    locator = inputlocator.InputLocator(scenario_path=r'C:\reference-case\baseline')

    surface_properties = pd.read_csv(locator.get_surface_properties())
    gdf_building_architecture = geopandas.GeoDataFrame.from_file(
        locator.get_building_architecture()).drop('geometry', axis=1).set_index('Name')
    prop_geometry = geopandas.GeoDataFrame.from_file(locator.get_building_geometry())
    prop_geometry['footprint'] = prop_geometry.area
    prop_geometry['perimeter'] = prop_geometry.length
    prop_geometry = prop_geometry.drop('geometry', axis=1).set_index('Name')
    df_windows = cea.geometry.geometry_reader.simple_window_generator.create_windows(surface_properties, gdf_building_architecture)

    building_test = 'B153737'  # 'B154767' this building doesn't have windows
    # get building windows
    df_windows_building_test = df_windows.loc[df_windows['name_building'] == building_test].to_dict('list')
    # get building geometry
    gdf_building_test = prop_geometry.ix[building_test]
    gdf_building_architecture = gdf_building_architecture.ix[building_test]

    r_window_arg = 0.1
    temp_ext = 5
    temp_zone = 22
    u_wind = 0.5
    u_wind_10 = u_wind
    factor_cros = 1  # 1 = cross ventilation possible # TODO: get from building properties

    dict_props_nat_vent = get_properties_natural_ventilation(gdf_building_test, gdf_building_architecture, gv)
    qm_arg_in, qm_arg_out \
        = calc_qm_arg(factor_cros, temp_ext, df_windows_building_test, u_wind_10, temp_zone, r_window_arg)

    t0 = time.time()
    res = calc_air_flows(temp_zone, u_wind, temp_ext, dict_props_nat_vent)
    t1 = time.time()

    print(res)
    print(['time: ', t1 - t0])



if __name__ == '__main__':
    testing()
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  Source code for cea.demand.ventilation_air_flows_simple

# -*- coding: utf-8 -*-


from __future__ import division
import numpy as np
from cea.demand import control_ventilation_systems
from cea.utilities import physics

__author__ = "Gabriel Happle"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Gabriel Happle"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "thomas@arch.ethz.ch"
__status__ = "Production"


# THIS SCRIPT IS USED TO CALCULATE ALL VENTILATION PROPERTIES (AIR FLOWS AND THEIR TEMPERATURES)
# FOR CALCULATION OF THE VENTILATION HEAT TRANSFER H_VE USED IN THE ISO 13790 CALCULATION PROCEDURE


[docs]def calc_air_mass_flow_mechanical_ventilation(bpr, tsd, t):
    """
    Calculates mass flow rate of mechanical ventilation at time step t according to ventilation control options and
     building systems properties

    Author: Gabriel Happle
    Date: 01/2017

    :param bpr: Building properties row object
    :param tsd: Time series data dict
    :param t: time step [0..8760]
    :return: updates tsd
    """

    # if has mechanical ventilation and not night flushing : m_ve_mech = m_ve_schedule
    if control_ventilation_systems.is_mechanical_ventilation_active(bpr, tsd, t) \
            and not control_ventilation_systems.is_night_flushing_active(bpr, tsd, t)\
            and not control_ventilation_systems.is_economizer_active(bpr, tsd, t):

        # mechanical ventilation fulfills requirement - ventilation provided by infiltration (similar to CO2 sensor)

        m_ve_mech = max(tsd['m_ve_required'][t] - tsd['m_ve_inf'][t], 0)
        # TODO: check mech ventilation rule - maybe: required + infiltration

    elif control_ventilation_systems.has_mechanical_ventilation(bpr) \
            and control_ventilation_systems.is_night_flushing_active(bpr, tsd, t):

        # night flushing according to strategy
        # ventilation with maximum capacity = maximum required ventilation rate
        m_ve_mech = tsd['m_ve_required'].max()  # TODO: some night flushing rule

    elif control_ventilation_systems.has_mechanical_ventilation(bpr) \
            and control_ventilation_systems.is_economizer_active(bpr, tsd, t):

        # economizer according to strategy
        # ventilation with maximum capacity = maximum required ventilation rate
        m_ve_mech = tsd['m_ve_required'].max()

    elif not control_ventilation_systems.is_mechanical_ventilation_active(bpr, tsd, t):

        # mechanical ventilation is turned off
        m_ve_mech = 0

    else:
        raise ValueError

    tsd['m_ve_mech'][t] = m_ve_mech

    return



[docs]def calc_air_mass_flow_window_ventilation(bpr, tsd, t):
    """
    Calculates mass flow rate of window ventilation at time step t according to ventilation control options and
     building systems properties

    Author: Gabriel Happle
    Date: 01/2017

    :param bpr: Building properties row object
    :param tsd: Time series data dict
    :param t: time step [0..8760]
    :return: updates tsd
    """

    # if has window ventilation and not special control : m_ve_window = m_ve_schedule
    if control_ventilation_systems.is_window_ventilation_active(bpr, tsd, t) \
            and not control_ventilation_systems.is_night_flushing_active(bpr, tsd, t):

        # window ventilation fulfills requirement (control by occupants similar to CO2 sensor)
        m_ve_window = max(tsd['m_ve_required'][t] - tsd['m_ve_inf'][t], 0)
        # TODO: check window ventilation calculation, there are some methods in SIA2044

    elif control_ventilation_systems.is_window_ventilation_active(bpr, tsd, t) \
            and control_ventilation_systems.is_night_flushing_active(bpr, tsd, t):

        # ventilation with maximum capacity = maximum required ventilation rate
        m_ve_window = max(tsd['m_ve_required'])  # TODO: implement some night flushing rule

    elif not control_ventilation_systems.is_window_ventilation_active(bpr, tsd, t):

        m_ve_window = 0

    else:
        raise ValueError

    tsd['m_ve_window'][t] = m_ve_window

    return



[docs]def calc_m_ve_leakage():
    # requires iteration
    # TODO: code
    # TODO: documentation
    return



[docs]def calc_m_ve_leakage_simple(bpr, tsd, gv):
    """
    Calculates mass flow rate of leakage at time step t according to ventilation control options and
     building systems properties

    Estimation of infiltration air volume flow rate according to Eq. (3) in DIN 1946-6

    Author: Gabriel Happle
    Date: 01/2017

    :param bpr: Building properties row object
    :param tsd: Time series data dict
    :param gv: globalvars
    :return: updates tsd
    """

    # 'flat rate' infiltration considered for all buildings

    # get properties
    n50 = bpr.architecture.n50
    area_f = bpr.rc_model['Af']

    # estimation of infiltration air volume flow rate according to Eq. (3) in DIN 1946-6
    n_inf = 0.5 * n50 * (gv.delta_p_dim/50) ** (2/3)  # [air changes per hour] m3/h.m2
    infiltration = gv.hf * area_f * n_inf * 0.000277778  # m3/s

    tsd['m_ve_inf'] = infiltration * physics.calc_rho_air(tsd['T_ext'][:])  # (kg/s)

    return



[docs]def calc_theta_ve_mech(bpr, tsd, t, gv):
    """
    Calculates supply temperature of mechanical ventilation system according to ventilation control options and
     building systems properties

    Author: Gabriel Happle
    Date: 01/2017

    :param bpr: Building properties row object
    :param tsd: Time series data dict
    :param t: time step [0..8760]
    :param gv: globalvars
    :return: updates tsd
    """

    eta_rec = gv.nrec_N  # constant efficiency of Heat recovery

    if control_ventilation_systems.is_mechanical_ventilation_heat_recovery_active(bpr, tsd, t):

        theta_eta_rec = tsd['theta_a'][t-1] if not np.isnan(tsd['theta_a'][t-1]) else tsd['T_ext'][t-1]

        theta_ve_mech = tsd['T_ext'][t] + eta_rec * (theta_eta_rec - tsd['T_ext'][t])  # TODO: some HEX formula

    # if no heat recovery: theta_ve_mech = theta_ext
    elif not control_ventilation_systems.is_mechanical_ventilation_heat_recovery_active(bpr, tsd, t):

        theta_ve_mech = tsd['T_ext'][t]

    else:

        theta_ve_mech = np.nan
        print('Warning! Unknown HEX  status')

    tsd['theta_ve_mech'][t] = theta_ve_mech

    return



[docs]def calc_m_ve_required(bpr, tsd):
    """
    Calculate required outdoor air ventilation rate according to occupancy

    Author: Legacy
    Date: old

    :param bpr: Building properties row object
    :param tsd: Time series data dict
    :return: updates tsd
    """

    tsd['m_ve_required'] = tsd['people'] * bpr.comfort['Ve_lps'] * physics.calc_rho_air(tsd['T_ext'][:]) * 0.001  # kg/s

    return
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  Source code for cea.demand.control_heating_cooling_systems

# -*- coding: utf-8 -*-


from __future__ import division
from cea.demand import rc_model_SIA
from cea.utilities import helpers

__author__ = "Gabriel Happle"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Gabriel Happle"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "thomas@arch.ethz.ch"
__status__ = "Production"


[docs]def has_heating_system(bpr):
    """
    determines whether a building has a heating system installed or not

    bpr : building properties row object

    :returns:
    :rtype: bool
    """

    if bpr.hvac['type_hs'] in {'T1', 'T2', 'T3', 'T4'}:
        return True
    elif bpr.hvac['type_hs'] in {'T0'}:
        return False
    else:
        raise



[docs]def has_cooling_system(bpr):
    """
    determines whether a building has a cooling system installed or not

    :param bpr: building properties row object
    :rtype: bool
    """

    if bpr.hvac['type_cs'] in {'T1', 'T2', 'T3'}:
        return True
    elif bpr.hvac['type_cs'] in {'T0'}:
        return False
    else:
        raise



[docs]def heating_system_is_ac(bpr):
    """
    determines whether a building's heating system is ac or not

    :param bpr: building properties row object

    :rtype: bool
    """

    if bpr.hvac['type_hs'] in {'T3'}:  # central ac
        return True
    elif bpr.hvac['type_hs'] in {'T0', 'T1', 'T2', 'T4'}:
        return False
    else:
        print('Error: Unknown heating system')
        return False



[docs]def cooling_system_is_ac(bpr):
    """
    determines whether a building's heating system is ac or not

    :param: bpr: building properties row object

    :rtype: bool
    """

    if bpr.hvac['type_cs'] in {'T2', 'T3'}:  # mini-split ac and central ac
        return True
    elif bpr.hvac['type_cs'] in {'T0', 'T1'}:
        return False
    else:
        print('Error: Unknown cooling system')
        return False



[docs]def is_active_heating_system(bpr, tsd, t):

    # check for heating system in building
    # check for heating season
    # check for heating demand
    if helpers.is_heatingseason_hoy(t) \
            and has_heating_system(bpr) \
            and rc_model_SIA.has_heating_demand(bpr, tsd, t):

        return True
    else:
        return False



[docs]def is_active_cooling_system(bpr, tsd, t):

    # check for cooling system in building
    # check for cooling season
    # check for cooling demand
    if helpers.is_coolingseason_hoy(t) \
            and has_cooling_system(bpr) \
            and tsd['T_ext'][t] >= tsd['ta_cs_set'][t] \
            and rc_model_SIA.has_cooling_demand(bpr, tsd, t):

        return True
    else:
        return False
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  Source code for cea.demand.airconditioning_model

# -*- coding: utf-8 -*-
"""
Contains debugged version of HVAC model from [Kämpf2009]_

- originally coded by J. Fonseca
- debugged  by G. Happle

.. note:: this is not really true anymore. The procedure now is just loosely based on [Kämpf2009]_.

.. [Kämpf2009] Kämpf, Jérôme Henri
   On the modelling and optimisation of urban energy fluxes
   http://dx.doi.org/10.5075/epfl-thesis-4548
"""


from __future__ import division
from cea.utilities.physics import calc_h, calc_w

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca", "Gabriel Happle"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


# ventilation demand controlled unit

[docs]def calc_hvac_cooling(tsd, hoy, gv):

    """
    Calculate AC air mass flows, energy demand and temperatures
    For the cooling case for AC systems with demand controlled ventilation air flows (mechanical ventilation) and
    conditioning of recirculated air (outdoor air flows are not modified)

    :param tsd: time series data dict
    :type tsd: Dict[str, numpy.ndarray[numpy.float64]]
    :param hoy: time step
    :type hoy: int
    :param gv: global variables
    :type gv: cea.globalvar.GlobalVariables
    :return: AC air mass flows, energy demand and temperatures for the cooling case
    :rtype: Dict[str, numpy.float64]
    """

    temp_zone_set = tsd['theta_a'][hoy]  # zone set temperature according to scheduled set points
    qe_sen = tsd['Qcs_sen'][hoy] / 1000  # get the total sensible load from the RC model in [W]
    m_ve_mech = tsd['m_ve_mech'][hoy]  # mechanical ventilation flow rate according to ventilation control
    wint = tsd['w_int'][hoy]  # internal moisture gains from occupancy
    rel_humidity_ext = tsd['rh_ext'][hoy]  # exterior relative humidity
    temp_ext = tsd['T_ext'][hoy]  # exterior air temperature
    temp_mech_vent = tsd['theta_ve_mech'][hoy]  # air temperature of mechanical ventilation air

    # indoor air set point
    t5 = temp_zone_set

    if m_ve_mech > 0:  # mechanical ventilation system is active, ventilation air and recirculation air gets conditioned

        # State No. 1
        w1 = calc_w(temp_ext, rel_humidity_ext)  # outdoor moisture (kg/kg)

        # ventilation air properties
        # State No. 2
        t2 = temp_mech_vent
        w2 = min(w1, calc_w(t2, 100))  # inlet air moisture (kg/kg), Eq. (4.24) in [1]

        # State No. 3
        # Assuming that AHU does not modify the air humidity
        w3v = w2  # virtual moisture content at state 3

        # determine virtual state in the zone without moisture conditioning
        # moisture balance accounting for internal moisture load, see also Eq. (4.32) in [1]
        w5_prime = (wint + w3v * m_ve_mech) / m_ve_mech

        # supply air condition
        t3 = gv.temp_sup_cool_hvac

        # room supply moisture content:
        # algorithm for cooling case
        w3 = calc_w3_cooling_case(t5, w2, t3, w5_prime)

        # State of Supply
        ts = t3  # minus expected delta T rise in the ducts TODO: check and document value of temp decrease
        ws = w3

        # actual room condition
        w5 = (wint + w3 * m_ve_mech) / m_ve_mech
        h_w5_t5 = calc_h(t5, w5)

        # now the energy of dehumidification can be calculated
        h_t2_ws = calc_h(t2, ws)
        h_t2_w2 = calc_h(t2, w2)
        qe_dehum = m_ve_mech * (h_t2_ws - h_t2_w2)  # (kW) # (kW) energy for dehumidification / latent cooling demand

        # cooling load provided by conditioning ventilation air
        h_t2_w2 = calc_h(t2, w2)
        h_ts_w2 = calc_h(ts, w2)
        q_cs_sen_mech_vent = m_ve_mech * (h_ts_w2 - h_t2_w2)

    elif m_ve_mech == 0:  # mechanical ventilation system is not active, only recirculation air gets conditioned

        # supply air condition
        t3 = gv.temp_sup_cool_hvac

        # State of Supply
        ts = t3  # minus expected delta T rise in the ducts TODO: check and document value of temp decrease
        w5 = wint
        h_w5_t5 = calc_h(t5, w5)

        # No dehumidification of recirculation air as there is no model yet for internal humidity assessment
        qe_dehum = 0
        q_cs_sen_mech_vent = 0
        t2 = temp_mech_vent

    else:
        raise

    # calculate the part of the sensible load that is supplied by conditioning the recirculation air
    # = additional load that has to be covered by conditioning room air through recirculation
    # additional load can not be smaller than 0, over cooling situation
    q_cs_sen_recirculation = min(qe_sen - q_cs_sen_mech_vent, 0)  # (kW)
    h_ts_w5 = calc_h(ts, w5)
    m_ve_hvac_recirculation = q_cs_sen_recirculation / (h_ts_w5 - h_w5_t5)

    # output parameters
    q_cs_sen_hvac = (q_cs_sen_mech_vent + q_cs_sen_recirculation) * 1000
    q_cs_lat_hvac = qe_dehum * 1000
    ma_sup_cs = m_ve_mech + m_ve_hvac_recirculation
    ta_sup_cs = ts
    ta_re_cs = (m_ve_mech * t2 + m_ve_hvac_recirculation * t5) / ma_sup_cs  # temperature mixing proportional to mass flow rates

    # construct output dict
    air_con_model_loads_flows_temperatures = {'q_cs_sen_hvac': q_cs_sen_hvac,
                                              'q_cs_lat_hvac': q_cs_lat_hvac,
                                              'ma_sup_cs': ma_sup_cs,
                                              'ta_sup_cs': ta_sup_cs,
                                              'ta_re_cs': ta_re_cs,
                                              'm_ve_hvac_recirculation' : m_ve_hvac_recirculation}

    if m_ve_mech + m_ve_hvac_recirculation < 0:
        raise ValueError

    return air_con_model_loads_flows_temperatures



[docs]def calc_hvac_heating(tsd, hoy, gv):
    """
    Calculate AC air mass flows, energy demand and temperatures for the heating case
    For AC system with demand controlled ventilation air flows (mechanical ventilation) and conditioning of recirculated
    air (outdoor air flows are not modified)

    :param tsd: time series data dict
    :type tsd: Dict[str, numpy.ndarray[numpy.float64]]

    :param hoy: time step
    :type hoy: int

    :param gv: global variables
    :type gv: cea.globalvar.GlobalVariables

    :return: AC air mass flows, energy demand and temperatures for the heating case
    :rtype: Dict[str, numpy.float64]
    """

    temp_zone_set = tsd['theta_a'][hoy]  # zone set temperature according to scheduled set points
    qe_sen = tsd['Qhs_sen'][hoy] / 1000  # get the total sensible load from the RC model in [W]
    m_ve_mech = tsd['m_ve_mech'][hoy]  # (kg/s) mechanical ventilation flow rate according to ventilation control
    wint = tsd['w_int'][hoy]  # internal moisture gains from occupancy
    rel_humidity_ext = tsd['rh_ext'][hoy]  # exterior relative humidity
    temp_ext = tsd['T_ext'][hoy]  # exterior air temperature
    temp_mech_vent = tsd['theta_ve_mech'][hoy]  # air temperature of mechanical ventilation air

    # indoor air set point
    t5 = temp_zone_set

    if m_ve_mech > 0:  # mechanical ventilation system is active, ventilation air and recirculation air gets conditioned

        # ventilation air properties after heat exchanger
        # State No. 1
        w1 = calc_w(temp_ext, rel_humidity_ext)  # outdoor moisture (kg/kg)

        # State No. 2
        t2 = temp_mech_vent
        w2 = min(w1, calc_w(t2, 100))  # inlet air moisture (kg/kg), Eq. (4.24) in [1]

        # State No. 3
        # Assuming that AHU does not modify the air humidity
        w3v = w2  # virtual moisture content at state 3

        # determine virtual state in the zone without moisture conditioning
        # moisture balance accounting for internal moisture load, see also Eq. (4.32) in [1]
        w5_prime = (wint + w3v * m_ve_mech) / m_ve_mech

        # supply air condition
        t3 = gv.temp_sup_heat_hvac

        # room supply moisture content:
        # algorithm for cooling case
        w3 = calc_w3_heating_case(t5, w2, w5_prime, t3, gv)

        # State of Supply
        ts = t3  # minus expected delta T rise in the ducts TODO: check and document value of temp decrease
        ws = w3

        # actual room condition
        w5 = (wint + w3 * m_ve_mech) / m_ve_mech
        h_w5_t5 = calc_h(t5, w5)

        # Humidification of ventilation air
        h_t2_ws = calc_h(t2, ws)
        h_t2_w2 = calc_h(t2, w2)
        qe_hum = m_ve_mech * (h_t2_ws - h_t2_w2)  # (kW) energy for humidification / latent heating demand

        # Adiabatic humidifier - computation of electrical auxiliary loads
        e_hs_lat_aux = 15 / 3600 * m_ve_mech  # assuming a performance of 15 W por Kg/h of humidified air source: bertagnolo 2012

        # heating load provided by conditioning ventilation air
        h_t2_w2 = calc_h(t2, w2)
        h_ts_w2 = calc_h(ts, w2)
        q_hs_sen_mech_vent = m_ve_mech * (h_ts_w2 - h_t2_w2)

    elif m_ve_mech == 0:  # mechanical ventilation system is not active, only recirculation air gets conditioned

        # supply air condition
        t3 = gv.temp_sup_heat_hvac

        # State of Supply
        ts = t3  # minus expected delta T rise in the ducts TODO: check and document value of temp decrease
        w5 = wint
        h_w5_t5 = calc_h(t5, w5)

        # No humidification of recirculation air as there is no model yet for internal humidity assessment
        qe_hum = 0
        q_hs_sen_mech_vent = 0
        e_hs_lat_aux = 0
        t2 = temp_mech_vent

    else:
        raise

    # calculate the part of the sensible load that is supplied by conditioning the recirculation air
    # = additional load that has to be covered by conditioning room air through recirculation
    # additional load can not be smaller than 0, over heating situation
    q_hs_sen_recirculation = max(qe_sen - q_hs_sen_mech_vent, 0)
    h_ts_w5 = calc_h(ts, w5)
    m_ve_hvac_recirculation = q_hs_sen_recirculation / (h_ts_w5 - h_w5_t5)

    # output parameters
    q_hs_sen_hvac = (q_hs_sen_mech_vent + q_hs_sen_recirculation) * 1000
    q_hs_lat_hvac = qe_hum * 1000
    ma_sup_hs = m_ve_mech + m_ve_hvac_recirculation
    ta_sup_hs = ts
    ta_re_hs = (
               m_ve_mech * t2 + m_ve_hvac_recirculation * t5) / ma_sup_hs  # temperature mixing proportional to mass flow rates

    air_con_model_loads_flows_temperatures = {'q_hs_sen_hvac': q_hs_sen_hvac,
                                              'q_hs_lat_hvac': q_hs_lat_hvac,
                                              'ma_sup_hs': ma_sup_hs,
                                              'ta_sup_hs': ta_sup_hs,
                                              'ta_re_hs': ta_re_hs,
                                              'e_hs_lat_aux': e_hs_lat_aux,
                                              'm_ve_hvac_recirculation': m_ve_hvac_recirculation}

    if m_ve_mech + m_ve_hvac_recirculation < 0:
        raise ValueError

    return air_con_model_loads_flows_temperatures



# Moisture balance

[docs]def calc_w3_heating_case(t5, w2, w5, t3, gv):
    """
    Algorithm 1 Determination of the room's supply moisture content (w3) for the heating case from Kaempf's HVAC model
    [Kämpf2009]_

    :param t5: temperature 5 in (°C)
    :type t5: numpy.float64

    :param w2: moisture content 2 in (kg/kg dry air)
    :type w2: numpy.float64

    :param w5: moisture content 5 in (kg/kg dry air)
    :type w5: numpy.float64

    :param t3: temperature 3 in (°C)
    :type t3: numpy.float64

    :param gv: global variables
    :type gv: cea.globalvar.GlobalVariables

    :return: w3, moisture content of HVAC supply air in (kg/kg dry air)
    :rtype: numpy.float64
    """

    # get constants and properties
    temp_comf_max = gv.temp_comf_max  # limits of comfort in zone TODO: get from properties
    hum_comf_max = gv.rhum_comf_max  # limits of comfort in zone TODO: get from properties

    w_liminf = calc_w(t5, 30)  # TODO: document
    w_limsup = calc_w(t5, 70)  # TODO: document
    w_comf_max = calc_w(temp_comf_max, hum_comf_max)  # moisture content at maximum comfortable state

    if w5 < w_liminf:
        # humidification
        w3 = w_liminf - w5 + w2

    elif w5 > w_limsup and w5 < w_comf_max:
        # heating and no dehumidification
        # delta_HVAC = calc_t(w5,70)-t5
        w3 = w2

    elif w5 > w_comf_max:
        # dehumidification
        w3 = max(min(min(w_comf_max - w5 + w2, calc_w(t3, 100)), w_limsup - w5 + w2), 0)

    else:
        # no moisture control
        w3 = w2

    return w3



[docs]def calc_w3_cooling_case(t5, w2, t3, w5):
    """
    Algorithm 2 Determination of the room's supply moisture content (w3) for the cooling case from Kaempf's HVAC model
    for non-evaporative cooling

    Source: [Kämpf2009]_

    :param t5: temperature 5 in (°C)
    :type t5: numpy.float64

    :param w2 : moisture content 2 in (kg/kg dry air)
    :type w2: numpy.float64

    :param t3: temperature 3 in (°C)
    :type t3: numpy.float64

    :param w5: moisture content 5 in (kg/kg dry air)
    :type w5: numpy.float64

    :return: w3, moisture content of HVAC supply air in (kg/kg dry air)
    :rtype: numpy.float64
    """

    # get constants and properties
    w_liminf = calc_w(t5, 30)  # TODO: document
    w_limsup = calc_w(t5, 70)  # TODO: document

    if w5 > w_limsup:
        # dehumidification
        w3 = max(min(w_limsup - w5 + w2, calc_w(t3, 100)), 0)

    elif w5 < w_liminf:
        # humidification
        w3 = w_liminf - w5 + w2

    else:
        w3 = min(w2, calc_w(t3, 100))

    return w3
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  Source code for cea.demand.control_ventilation_systems

# -*- coding: utf-8 -*-


from __future__ import division
from cea.utilities import helpers

__author__ = "Gabriel Happle"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Gabriel Happle"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "thomas@arch.ethz.ch"
__status__ = "Production"


#
#  CHECK SYSTEM STATUS
#

[docs]def is_mechanical_ventilation_active(bpr, tsd, t):

    # TODO: check for ventilation schedule
    if has_mechanical_ventilation(bpr) \
            and tsd['m_ve_required'][t] > 0:

        # mechanical ventilation is active if there is a ventilation demand
        return True

    elif has_mechanical_ventilation(bpr) \
            and is_night_flushing_active(bpr, tsd, t):

        # mechanical ventilation for night flushing
        return True

    else:
        return False



[docs]def is_window_ventilation_active(bpr, tsd, t):

    if has_window_ventilation(bpr) \
            and not is_mechanical_ventilation_active(bpr, tsd, t):

        # window ventilation in case of non-active mechanical ventilation
        return True

    else:
        return False



[docs]def is_mechanical_ventilation_heat_recovery_active(bpr, tsd, t):
    """
    Control of activity of heat exchanger of mechanical ventilation system
    
    Author: Gabriel Happle
    Date: APR 2017
    
    :param bpr: Building Properties
    :type bpr: BuildingPropertiesRow
    :param tsd: Time series data of building
    :type tsd: dict
    :param t: time step / hour of the year
    :type t: int
    :return: Heat exchanger ON/OFF status
    :rtype: bool
    """

    if is_mechanical_ventilation_active(bpr, tsd, t)\
            and has_mechanical_ventilation_heat_recovery(bpr)\
            and helpers.is_heatingseason_hoy(t):

        # heat recovery is always active if mechanical ventilation is active (no intelligent by pass)
        # this is the usual system configuration according to Clayton Miller
        return True

    elif is_mechanical_ventilation_active(bpr, tsd, t)\
            and has_mechanical_ventilation_heat_recovery(bpr)\
            and helpers.is_coolingseason_hoy(t)\
            and tsd['theta_a'][t-1] < tsd['T_ext'][t]:

        return True

    elif is_mechanical_ventilation_active(bpr, tsd, t) \
            and helpers.is_coolingseason_hoy(t) \
            and tsd['theta_a'][t-1] >= tsd['T_ext'][t]:

        # heat recovery is deactivated in the cooling case,
        #  if outdoor air conditions are colder than indoor (free cooling)

        return False

    else:
        return False



[docs]def is_night_flushing_active(bpr, tsd, t):

    # night flushing is available for window ventilation (manual) and mechanical ventilation (automatic)
    # night flushing is active during the night in the cooling season,
    #  IF the outdoor conditions are favourable (only temperature at the moment)
    temperature_zone_control = 26  # (°C) night flushing only if temperature is higher than 26 # TODO review and make dynamic
    delta_t = 2 # (°C) night flushing only if outdoor temperature is two degrees lower than indoor # TODO review and make dynamic

    if has_night_flushing(bpr) \
            and helpers.is_coolingseason_hoy(t) \
            and helpers.is_nighttime_hoy(t) \
            and tsd['theta_a'][t-1] > temperature_zone_control \
            and tsd['theta_a'][t-1] > tsd['T_ext'][t] + delta_t:

        return True

    else:
        return False



[docs]def is_economizer_active(bpr, tsd, t):
    """
    Control of activity of economizer of mechanical ventilation system
    Economizer of mechanical ventilation is controlled via zone set point temperatures, indoor air temperature and
    outdoor air temperature.
    Economizer is active during cooling season if the indoor air temperature exceeds the set point and the outdoor
    temperatures are lower than the set point.
    Economizer increases mechanical ventilation flow rate to the maximum.
    
    Author: Gabriel Happle
    Date: APR 2017
    
    :param bpr: Building Properties
    :type bpr: BuildingPropertiesRow
    :param tsd: Time series data of building
    :type tsd: dict
    :param t: time step / hour of the year
    :type t: int
    :return: Economizer ON/OFF status
    :rtype: bool
    """

    if has_mechanical_ventilation_economizer(bpr) \
            and helpers.is_coolingseason_hoy(t) \
            and tsd['theta_a'][t-1] > tsd['ta_cs_set'][t] >= tsd['T_ext'][t]:

        return True

    else:
        return False





#
# CHECK SYSTEM CONFIGURATION
#

[docs]def has_mechanical_ventilation(bpr):

    if bpr.hvac['MECH_VENT']:
        return True
    elif not bpr.hvac['MECH_VENT']:
        return False
    else:
        raise ValueError(bpr.hvac['MECH_VENT'])



[docs]def has_window_ventilation(bpr):

    if bpr.hvac['WIN_VENT']:
        return True
    elif not bpr.hvac['WIN_VENT']:
        return False
    else:
        raise ValueError(bpr.hvac['WIN_VENT'])



[docs]def has_mechanical_ventilation_heat_recovery(bpr):

    if bpr.hvac['HEAT_REC']:
        return True
    elif not bpr.hvac['HEAT_REC']:
        return False
    else:
        raise ValueError(bpr.hvac['HEAT_REC'])



[docs]def has_night_flushing(bpr):

    if bpr.hvac['NIGHT_FLSH']:
        return True
    elif not bpr.hvac['NIGHT_FLSH']:
        return False
    else:
        raise ValueError(bpr.hvac['NIGHT_FLSH'])



[docs]def has_mechanical_ventilation_economizer(bpr):

    if bpr.hvac['ECONOMIZER']:
        return True
    elif not bpr.hvac['ECONOMIZER']:
        return False
    else:
        raise ValueError(bpr.hvac['ECONOMIZER'])
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  Source code for cea.demand.hotwater_loads

"""
Hotwater load (it also calculates fresh water needs)
"""

from __future__ import division
import numpy as np
import scipy
from math import pi
from cea.technologies import storagetank as sto_m

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca", "Shanshan Hsieh"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def calc_mww(schedule, Vww_lpd, Occ_m2p, Af, Pwater):
    """
    Algorithm to calculate the hourly mass flow rate of domestic hot water

    :param schedule: hourly DHW demand profile [1/h]
    :param Vww_lpd: DHW demand per person per day in [L/person/day]
    :param Occ_m2p: Occupant density in [m2/person]
    :param Af: Total floor area per building [m2]
    :param Pwater: water density [kg/m3]
    """

    if Occ_m2p > 0:

        vww = schedule* Vww_lpd * (Occ_m2p ** -1) * Af / 1000 # m3/h
        mww = vww * Pwater / 3600  # in kg/s

    else:

        vww = 0
        mww = 0

    return mww, vww



[docs]def calc_mw(schedule, Vw_lpd, Occ_m2p, Af, Pwater):
    if Occ_m2p > 0:

        vw = schedule * Vw_lpd * (Occ_m2p ** -1) * Af / 1000 # m3/h
        mw = vw * Pwater / 3600  # in kg/s

    else:

        vw = 0
        mw = 0

    return mw, vw



# final hot water demand calculation

[docs]def calc_Qwwf(Af, Lcww_dis, Lsww_dis, Lvww_c, Lvww_dis, T_ext, Ta, Tww_re, Tww_sup_0, Y, gv, Vww_lpd, Vw_lpd, Occ_m2p,
              list_uses, schedules, building_uses):
    # Refactored from CalcThermalLoads
    """
    This function calculates the distribution heat loss and final energy consumption of domestic hot water.
    Final energy consumption of dhw includes dhw demand, sensible heat loss in hot water storage tank, and heat loss in the distribution network.
    :param Af: Conditioned floor area in m2.
    :param Lcww_dis: Length of dhw usage circulation pipeline in m.
    :param Lsww_dis: Length of dhw usage distribution pipeline in m.
    :param Lvww_c: Length of dhw heating circulation pipeline in m.
    :param Lvww_dis: Length of dhw heating distribution pipeline in m.
    :param T_ext: Ambient temperature in C.
    :param Ta: Room temperature in C.
    :param Tww_re: Domestic hot water tank return temperature in C, this temperature is the ground water temperature, set according to norm.
    :param Tww_sup_0: Domestic hot water suppply set point temperature.
    :param vw: specific fresh water consumption in m3/hr*m2.
    :param vww: specific domestic hot water consumption in m3/hr*m2.
    :return:

    """
    # calc schedule of use:
    schedule = calc_Qww_schedule(list_uses, schedules, building_uses)

    # end-use demand
    mww, Vww =  np.vectorize(calc_mww)(schedule, Vww_lpd, Occ_m2p, Af, gv.Pwater)
    mw, Vw = np.vectorize(calc_mww)(schedule, Vw_lpd, Occ_m2p, Af, gv.Pwater)
    Qww = np.vectorize(calc_Qww)(mww, Tww_sup_0, Tww_re, gv.Cpw)
    Qww_0 = Qww.max()
    # distribution and circulation losses
    Vol_ls = Lsww_dis * (gv.D / 1000) ** (2 / 4) * pi #volume per meter of pipe
    Qww_dis_ls_r = np.vectorize(calc_Qww_dis_ls_r)(Ta, Qww, Lsww_dis, Lcww_dis, Y[1], Qww_0, Vol_ls, gv.Flowtap, Tww_sup_0,
                                           gv.Cpw, gv.Pwater, gv)
    Qww_dis_ls_nr = np.vectorize(calc_Qww_dis_ls_nr)(Ta, Qww, Lvww_dis, Lvww_c, Y[0], Qww_0, Vol_ls, gv.Flowtap, Tww_sup_0,
                                             gv.Cpw, gv.Pwater, gv.Bf, T_ext, gv)
    # storage losses
    Qww_st_ls, Tww_st, Qwwf = calc_Qww_st_ls(T_ext, Ta, Qww, Vww, Qww_dis_ls_r, Qww_dis_ls_nr, gv)

    # final demand
    Qwwf_0 = Qwwf.max()
    mcpwwf = Qwwf / abs(Tww_st - Tww_re)

    return mww, Qww, Qww_st_ls, Qwwf, Qwwf_0, Tww_st, Vww, Vw, mcpwwf


# end-use hot water demand calculation

[docs]def calc_Qww_schedule(list_uses, schedules, building_uses):
    """
    Algoithm to calculate the schedule of Qww use

    :param list_uses:
    :param schedules:
    :param building_uses:
    """

    def calc_average(last, current, share_of_use):
        return last + current * share_of_use

    dhw = np.zeros(8760)
    num_profiles = len(list_uses)
    for num in range(num_profiles):
        current_share_of_use = building_uses[list_uses[num]]
        dhw = np.vectorize(calc_average)(dhw, schedules[num][2], current_share_of_use)

    return dhw



[docs]def calc_Qww(mww, Tww_sup_0, Tww_re, Cpw):
    mcpww = mww * Cpw * 1000  # W/K
    Qww = mcpww * (Tww_sup_0 - Tww_re)  # heating for dhw in W
    return Qww


# losess hot water demand calculation

[docs]def calc_Qww_dis_ls_r(Tair, Qww, lsww_dis, lcww_dis, Y, Qww_0, V, Flowtap, twws, Cpw, Pwater, gv):
    if Qww > 0:
        # Calculate tamb in basement according to EN
        tamb = Tair

        # Circulation circuit losses
        circ_ls = (twws - tamb) * Y * lcww_dis * (Qww / Qww_0)

        # Distribtution circuit losses
        dis_ls = calc_disls(tamb, Qww, Flowtap, V, twws, lsww_dis, Pwater, Cpw, Y, gv)

        Qww_d_ls_r = circ_ls + dis_ls
    else:
        Qww_d_ls_r = 0
    return Qww_d_ls_r



[docs]def calc_Qww_dis_ls_nr(tair, Qww, Lvww_dis, Lvww_c, Y, Qww_0, V, Flowtap, twws, Cpw, Pwater, Bf, te, gv):
    if Qww > 0:
        # Calculate tamb in basement according to EN
        tamb = tair - Bf * (tair - te)

        # CIRUCLATION LOSSES
        d_circ_ls = (twws - tamb) * Y * (Lvww_c) * (Qww / Qww_0)

        # DISTRIBUTION LOSSEs
        d_dis_ls = calc_disls(tamb, Qww, Flowtap, V, twws, Lvww_dis, Pwater, Cpw, Y, gv)
        Qww_d_ls_nr = d_dis_ls + d_circ_ls
    else:
        Qww_d_ls_nr = 0
    return Qww_d_ls_nr



[docs]def calc_disls(tamb, hotw, Flowtap, V, twws, Lsww_dis, p, cpw, Y, gv):
    if hotw > 0:
        t = 3600 / ((hotw / 1000) / Flowtap)
        if t > 3600: t = 3600
        q = (twws - tamb) * Y
        try:
            exponential = scipy.exp(-(q * Lsww_dis * t) / (p * cpw * V * (twws - tamb) * 1000))
        except ZeroDivisionError:
            gv.log('twws: %(twws).2f, tamb: %(tamb).2f, p: %(p).2f, cpw: %(cpw).2f, V: %(V).2f',
                   twws=twws, tamb=tamb, p=p, cpw=cpw, V=V)
            exponential = scipy.exp(-(q * Lsww_dis * t) / (p * cpw * V * (twws - tamb) * 1000))
        tamb = tamb + (twws - tamb) * exponential
        losses = (twws - tamb) * V * cpw * p / 1000 * 278
    else:
        losses = 0
    return losses



[docs]def calc_Qww_st_ls(T_ext, Ta, Qww, Vww, Qww_dis_ls_r, Qww_dis_ls_nr, gv):
    Qwwf = np.zeros(8760)
    Qww_st_ls = np.zeros(8760)
    Tww_st = np.zeros(8760)
    Qd = np.zeros(8760)
    Vww_0 = Vww.max()
    Tww_st_0 = gv.Tww_setpoint
    for k in range(8760):
        Qww_st_ls[k], Qd[k], Qwwf[k] = sto_m.calc_Qww_ls_st(Ta[k], T_ext[k], Tww_st_0, Vww_0, Qww[k], Qww_dis_ls_r[k],
                                                            Qww_dis_ls_nr[k], gv)
        Tww_st[k] = sto_m.solve_ode_storage(Tww_st_0, Qww_st_ls[k], Qd[k], Qwwf[k], Vww_0, gv)
        Tww_st_0 = Tww_st[k]

    return Qww_st_ls, Tww_st, Qwwf
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  Source code for cea.geometry.geometry_reader

# -*- coding: utf-8 -*-
"""
algorithms for manipulation of building geometry
"""

from __future__ import division
import pandas as pd

__author__ = "Gabriel Happle"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Gabriel Happle"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


# Windows

[docs]def create_windows(df_prop_surfaces, gdf_building_architecture):
    """
    Creates windows on exposed building surfaces according to building win-wall-ratio

    :param df_prop_surfaces: DataFrame containing all exposed building surfaces (this is the `properties_surfaces.csv`
        file from the radiation calculation)
    :type df_prop_surfaces: DataFrame

    :param gdf_building_architecture: GeoDataFrame containing building architecture - this is the `architecture.shp`
        file from the scenario input, containing the `win_wall` column with the window to wall ratio.
    :type gdf_building_architecture: GeoDataFrame

    :returns: DataFrame containing all windows of all buildings
    :rtype: DataFrame

    Sample rows of output:::

               angle_window  area_window  height_window_above_ground  \
        0            90     1.910858                         1.5
        1            90     2.276739                         1.5
        2            90     2.276739                         4.5
        3            90     2.276739                         7.5
        4            90     2.276739                        10.5

           height_window_in_zone name_building  orientation_window
        0                    1.5       B140589                   0
        1                    1.5       B140590                 180
        2                    4.5       B140590                 180
        3                    7.5       B140590                 180
        4                   10.5       B140590                 180

        [5 rows x 6 columns]
    """
    # TODO: documentation

    # sort dataframe for name of building for default orientation generation
    # FIXME remove this in the future
    if pd.__version__ == '0.16.1':
        # maintain compatibility with ArcGIS 10.4 pandas
        df_prop_surfaces.sort(['Name'])
    else:
        df_prop_surfaces.sort_values('Name')
    # default values
    # FIXME use real window angle in the future
    angle_window_default = 90  # (deg), 90° = vertical, 0° = horizontal

    # read relevant columns from dataframe
    free_height = df_prop_surfaces['Freeheight']
    height_ag = df_prop_surfaces['height_ag']
    length_shape = df_prop_surfaces['Shape_Leng']
    name = df_prop_surfaces['Name']

    # calculate number of exposed floors per facade
    num_floors_free_height = (free_height / 3).astype('int')  # floor height is 3 m
    num_windows = num_floors_free_height.sum()  # total number of windows in model, not used

    # *** experiment with structured array
    # initialize numpy structured array for results
    # array_windows = np.zeros(num_windows,
    #                          dtype={'names':['name_building','area_window','height_window_above_ground',
    #                                          'orientation_window','angle_window','height_window_in_zone'],
    #                                 'formats':['S10','f2','f2','f2','f2','f2']})

    # initialize lists for results
    col_name_building = []
    col_area_window = []
    col_height_window_above_ground = []
    col_orientation_window = []
    col_angle_window = []
    col_height_window_in_zone = []

    # for all vertical exposed facades
    for i in range(name.size):

        # generate orientation
        # TODO in the future get real orientation
        # FIXME
        if i % 4 == 0:
            orientation_default = 0
        elif i % 4 == 1:
            orientation_default = 180
        elif i % 4 == 2:
            orientation_default = 90
        elif i % 4 == 3:
            orientation_default = 270
        else:
            orientation_default = 0

        # get window-wall ratio of building from architecture geodataframe
        # win_wall_ratio = gdf_building_architecture.loc[gdf_building_architecture['Name'] == name[i]].iloc[0]['win_wall']
        win_wall_ratio = gdf_building_architecture.ix[name[i]]['win_wall']
        win_op_ratio = gdf_building_architecture.ix[name[i]]['win_op']

        # for all levels in a facade
        for j in range(num_floors_free_height[i]):
            window_area = length_shape[
                              i] * 3 * win_wall_ratio * win_op_ratio  # 3m = average floor height
            window_height_above_ground = height_ag[i] - free_height[
                i] + j * 3 + 1.5  # 1.5m = window is placed in the middle of the floor height # TODO: make heights dynamic
            window_height_in_zone = window_height_above_ground  # for now the building is one ventilation zone

            col_name_building.append(name[i])
            col_area_window.append(window_area)
            col_height_window_above_ground.append(window_height_above_ground)
            col_orientation_window.append(orientation_default)
            col_angle_window.append(angle_window_default)
            col_height_window_in_zone.append(window_height_in_zone)

    # create pandas dataframe with table of all windows
    df_windows = pd.DataFrame({'name_building': col_name_building,
                               'area_window': col_area_window,
                               'height_window_above_ground': col_height_window_above_ground,
                               'orientation_window': col_orientation_window,
                               'angle_window': col_angle_window,
                               'height_window_in_zone': col_height_window_in_zone})

    return df_windows



# surfaces for ventilation

[docs]def get_building_geometry_ventilation(gdf_building_geometry):
    """
    :param gdf_building_geometry : GeoDataFrame contains single building

    :returns: building properties for natural ventilation calculation
    """

    # TODO: get real slope of roof in the future
    slope_roof_default = 0

    area_facade_zone = gdf_building_geometry['perimeter'] * gdf_building_geometry['height_ag']
    area_roof_zone = gdf_building_geometry['footprint']
    height_zone = gdf_building_geometry['height_ag']
    slope_roof = slope_roof_default

    return area_facade_zone, area_roof_zone, height_zone, slope_roof
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  Source code for cea.resources.natural_gas

"""
natural gas
"""


from __future__ import division

__author__ = "Thuy-An Nguyen"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Thuy-An Nguyen", "Tim Vollrath", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"

# investment and maintenance costs

[docs]def calc_Cinv_gas(PnomGas, gV):
    """
    Calculate investment cost of natural gas connections.

    :param PnomGas: peak natural gas supply in [W]
    :type PnomGas: float
    :param gV: globalvar.py

    :returns InvCa:
    :rtype InvCa:

    """

    InvCa = 0
    InvCa = gV.GasConnectionCost * PnomGas # from Energie360 - Zurich

    return InvCa
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  Source code for cea.demand.preprocessing.properties

"""
building properties algorithm
"""

# HISTORY:
# J. A. Fonseca  script development          22.03.15

from __future__ import division
from __future__ import absolute_import

import numpy as np
import pandas as pd
from cea.utilities.dbfreader import dbf2df, df2dbf

import cea.inputlocator

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca", "Daren Thomas"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def properties(locator, prop_architecture_flag, prop_hvac_flag, prop_comfort_flag, prop_internal_loads_flag):
    """
    algorithm to query building properties from statistical database
    Archetypes_HVAC_properties.csv. for more info check the integrated demand
    model of Fonseca et al. 2015. Appl. energy.

    :param InputLocator locator: an InputLocator instance set to the scenario to work on
    :param boolean prop_architecture_flag: if True, get properties about the construction and architecture.
    :param boolean prop_comfort_flag: if True, get properties about thermal comfort.
    :param boolean prop_hvac_flag: if True, get properties about types of HVAC systems, otherwise False.
    :param boolean prop_internal_loads_flag: if True, get properties about internal loads, otherwise False.

    The following files are created by this script, depending on which flags were set:

    - building_HVAC: .dbf
        describes the queried properties of HVAC systems.

    - architecture.dbf
        describes the queried properties of architectural features

    - building_thermal: .shp
        describes the queried thermal properties of buildings

    - indoor_comfort.shp
        describes the queried thermal properties of buildings
    """

    # get occupancy and age files
    building_occupancy_df = dbf2df(locator.get_building_occupancy())
    list_uses = list(building_occupancy_df.drop(['PFloor', 'Name'], axis=1).columns) #parking excluded in U-Values
    building_age_df = dbf2df(locator.get_building_age())

    # prepare shapefile to store results (a shapefile with only names of buildings
    fields_drop = ['envelope', 'roof', 'windows', 'partitions', 'basement', 'HVAC', 'built']  # FIXME: this hardcodes the field names!!
    names_shp = building_age_df.drop(fields_drop, axis=1)

    # define main use:
    building_occupancy_df['mainuse'] = calc_mainuse(building_occupancy_df, list_uses)

    # dataframe with jonned data for categories
    categories_df = building_occupancy_df.merge(building_age_df, on='Name')

    # get properties about the construction and architecture
    if prop_architecture_flag:
        architecture_DB = get_database(locator.get_archetypes_properties(), 'ARCHITECTURE')

        categories_df['cat_architecture'] = categories_df.apply(lambda x: calc_category(x['mainuse'], x['built'],  x['envelope']),axis=1)

        # define architectural characteristics
        prop_architecture_df = categories_df.merge(architecture_DB, left_on='cat_architecture', right_on='Code')

        # write to shapefile
        prop_architecture_df_merged = names_shp.merge(prop_architecture_df, on="Name")
        fields = ['Es', 'Hs', 'win_wall',  'Occ_m2p', 'n50', 'th_mass',  'type_roof', 'type_wall', 'type_win', 'type_shade']
        prop_architecture_dbf = names_shp.copy()
        for field in fields:
            prop_architecture_dbf[field] = prop_architecture_df_merged[field].copy()
        df2dbf(prop_architecture_dbf, locator.get_building_architecture())


    # get properties about types of HVAC systems
    if prop_hvac_flag:
        HVAC_DB = get_database(locator.get_archetypes_properties(), 'HVAC')

        categories_df['cat_HVAC'] = categories_df.apply(lambda x: calc_category(x['mainuse'], x['built'],  x['HVAC']),axis=1)

        # define HVAC systems types
        prop_HVAC_df = categories_df.merge(HVAC_DB, left_on='cat_HVAC', right_on='Code')

        # write to shapefile
        prop_HVAC_df_merged = names_shp.merge(prop_HVAC_df, on="Name")
        fields = ['type_cs', 'type_hs', 'type_dhw', 'type_ctrl', 'type_vent']
        prop_HVAC_shp = names_shp.copy()
        for field in fields:
            prop_HVAC_shp[field] = prop_HVAC_df_merged[field].copy()
        df2dbf(prop_HVAC_shp, locator.get_building_hvac())

    if prop_comfort_flag:
        comfort_DB = get_database(locator.get_archetypes_properties(), 'INDOOR_COMFORT')

        # define comfort
        prop_comfort_df = categories_df.merge(comfort_DB, left_on='mainuse', right_on='Code')

        # write to shapefile
        prop_comfort_df_merged = names_shp.merge(prop_comfort_df, on="Name")
        fields = ['Tcs_set_C', 'Ths_set_C', 'Tcs_setb_C', 'Ths_setb_C', 'Ve_lps']
        prop_comfort_dbf = names_shp.copy()
        for field in fields:
            prop_comfort_dbf[field] = prop_comfort_df_merged[field].copy()
        df2dbf(prop_comfort_dbf, locator.get_building_comfort())

    if prop_internal_loads_flag:
        internal_DB = get_database(locator.get_archetypes_properties(), 'INTERNAL_LOADS')

        # define comfort
        prop_internal_df = categories_df.merge(internal_DB, left_on='mainuse', right_on='Code')

        # write to shapefile
        prop_internal_df_merged = names_shp.merge(prop_internal_df, on="Name")
        fields = ['Qs_Wp', 'X_ghp', 'Ea_Wm2', 'El_Wm2',	'Epro_Wm2',	'Ere_Wm2', 'Ed_Wm2', 'Vww_lpd',	'Vw_lpd']
        prop_internal_shp = names_shp.copy()
        for field in fields:
            prop_internal_shp[field] = prop_internal_df_merged[field].copy()
        df2dbf(prop_internal_shp, locator.get_building_internal())



[docs]def calc_mainuse(uses_df, uses):

    databaseclean = uses_df[uses].transpose()
    array_min = np.array(databaseclean[databaseclean[:] > 0].idxmin(skipna=True), dtype='S10')
    array_max = np.array(databaseclean[databaseclean[:] > 0].idxmax(skipna=True), dtype='S10')
    mainuse = np.array(map(calc_comparison, array_min, array_max))

    return mainuse



[docs]def get_database(path_database, sheet):
    database = pd.read_excel(path_database, sheet)
    return database



[docs]def calc_comparison(array_min, array_max):
    if array_max == 'PARKING':
        if array_min != 'PARKING':
            array_max = array_min
    return array_max


[docs]def calc_category(a, x, y):
    if 0 < x <= 1920:
        result = '1'
    elif x > 1920 and x <= 1970:
        result = '2'
    elif x > 1970 and x <= 1980:
        result = '3'
    elif x > 1980 and x <= 2000:
        result = '4'
    elif x > 2000 and x <= 2020:
        result = '5'
    elif x > 2020:
        result = '6'

    if 0 < y <= 1920:
        result = '7'
    elif 1920 < y <= 1970:
        result = '8'
    elif 1970 < y <= 1980:
        result = '9'
    elif 1980 < y <= 2000:
        result = '10'
    elif 2000 < y <= 2020:
        result = '11'
    elif y > 2020:
        result = '12'

    category = a + result
    return category



[docs]def run_as_script(scenario_path=None, prop_thermal_flag=True, prop_architecture_flag=True, prop_hvac_flag=True,
                  prop_comfort_flag=True, prop_internal_loads_flag=True):
    """
    Run the properties script with input from the reference case and compare the results. This ensures that changes
    made to this script (e.g. refactorings) do not stop the script from working and also that the results stay the same.
    """
    import cea.globalvar
    gv = cea.globalvar.GlobalVariables()
    if not scenario_path:
        scenario_path = gv.scenario_reference
    locator = cea.inputlocator.InputLocator(scenario_path=scenario_path)
    properties(locator=locator, prop_architecture_flag=prop_architecture_flag,
               prop_hvac_flag=prop_hvac_flag, prop_comfort_flag=prop_comfort_flag,
               prop_internal_loads_flag=prop_internal_loads_flag)



if __name__ == '__main__':
    import argparse

    parser = argparse.ArgumentParser()
    parser.add_argument('-s', '--scenario', help='Path to the scenario folder')
    args = parser.parse_args()

    run_as_script(scenario_path=args.scenario)
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  Source code for cea.demand.calibration.clustering.sax

"""
Symbolic Aggregate approximation (SAX) in python.
Based on the paper "A Symbolic Representation of Time Series, with Implications for Streaming Algorithms"
by J. Lin,  E, Keogh,  S. Lonardi & B. Chiu. 2003.

Adapted from work og N. Hoffman published under MIT license. The original
code can be found in https://github.com/nphoff/saxpy

The MIT License (MIT)
Copyright (c) 2013 Nathan Hoffman
Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated
documentation files (the "Software"), to deal in the Software without restriction, including without limitation the
rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial portions
of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR
OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

"""
from __future__ import division

import math
import scipy.stats as stats
import numpy as np

__author__ = "Nathan Hoffman"
__copyright__ = "Copyright (c) 2013 Nathan Hoffman"
__credits__ = ["Nathan Hoffman", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]class SAX(object):
    """
    This class is for computing common things with the Symbolic
    Aggregate approXimation method.  In short, this translates
    a series of data to a string, which can then be compared with other
    such strings using a lookup table.
    """

    def __init__(self, word_size=8, alphabet_size=7, epsilon=1e-6):

        if alphabet_size < 3:
            raise "Error: The Alphabet Size Is Too Small"
        self.aOffset = ord('a')
        self.word_size = word_size
        self.alphabet_size = alphabet_size
        self.eps = epsilon
        self.beta = list(stats.norm().ppf(np.linspace(0.01, 0.99, self.alphabet_size + 1))[1:-1])
        self.build_letter_compare_dict()
        self.scaling_factor = 1

[docs]    def to_letter_representation(self, x):
        """
        Function takes a series of data, x, and transforms it to a string representation
        """
        (paaX, indices) = self.to_PAA(self.normalize(x))
        self.scaling_factor = np.sqrt((len(x) * 1.0) / (self.word_size * 1.0))
        return self.alphabetize(paaX), indices


[docs]    def normalize(self, x):
        """
        Function will normalize an array (give it a mean of 0, and a
        standard deviation of 1) unless it's standard deviation is below
        epsilon, in which case it returns an array of zeros the length
        of the original array.
        """
        X = np.asanyarray(x)
        if X.std() < self.eps:
            return [0 for entry in X]
        return (X - X.mean()) / X.std()


[docs]    def to_PAA(self, x):
        """
        Function performs Piecewise Aggregate Approximation on data set, reducing
        the dimension of the dataset x to w discrete levels. returns the reduced
        dimension data set, as well as the indicies corresponding to the original
        data for each reduced dimension
        """
        n = len(x)
        stepFloat = n / float(self.word_size)
        step = int(math.ceil(stepFloat))
        frame_start = 0
        approximation = []
        indices = []
        i = 0
        while frame_start <= n - step:
            thisFrame = np.array(x[frame_start:int(frame_start + step)])
            approximation.append(np.mean(thisFrame))
            indices.append((frame_start, int(frame_start + step)))
            i += 1
            frame_start = int(i * stepFloat)
        return (np.array(approximation), indices)


[docs]    def alphabetize(self, paaX):
        """
        Converts the Piecewise Aggregate Approximation of x to a series of letters.
        """
        alphabetizedX = ''
        for i in range(0, len(paaX)):
            letterFound = False
            for j in range(0, len(self.beta)):
                if paaX[i] < self.beta[j]:
                    alphabetizedX += chr(self.aOffset + j)
                    letterFound = True
                    break
            if not letterFound:
                alphabetizedX += chr(self.aOffset + len(self.beta))
        return alphabetizedX


[docs]    def compare_strings(self, sA, sB):
        """
        Compares two strings based on individual letter distance
        Requires that both strings are the same length
        """
        if len(sA) != len(sB):
            raise "Error: String Are Different Length"
        list_letters_a = [x for x in sA]
        list_letters_b = [x for x in sB]
        mindist = 0.0
        for i in range(0, len(list_letters_a)):
            mindist += self.compare_letters(list_letters_a[i], list_letters_b[i]) ** 2
        mindist = self.scaling_factor * np.sqrt(mindist)
        return mindist


[docs]    def compare_letters(self, la, lb):
        """
        Compare two letters based on letter distance return distance between
        """
        return self.compareDict[la + lb]


[docs]    def build_letter_compare_dict(self):
        """
        Builds up the lookup table to determine numeric distance between two letters
        given an alphabet size.  Entries for both 'ab' and 'ba' will be created
        and will have identical values.
        """

        number_rep = range(0, int(self.alphabet_size))
        letters = [chr(x + self.aOffset) for x in number_rep]
        self.compareDict = {}
        for i in range(0, len(letters)):
            for j in range(0, len(letters)):
                if np.abs(number_rep[i] - number_rep[j]) <= 1:
                    self.compareDict[letters[i] + letters[j]] = 0
                else:
                    high_num = np.max([number_rep[i], number_rep[j]]) - 1
                    low_num = np.min([number_rep[i], number_rep[j]])
                    self.compareDict[letters[i] + letters[j]] = self.beta[high_num] - self.beta[low_num]


[docs]    def sliding_window(self, x, num_subsequences=None, overlapping_fraction=None):
        if not num_subsequences:
            num_subsequences = 20
        self.window_size = int(len(x) / num_subsequences)
        if not overlapping_fraction:
            overlapping_fraction = 0.9
        overlap = self.window_size * overlapping_fraction
        move_size = int(self.window_size - overlap)
        if move_size < 1:
            raise " Error: Overlap Specified Is Not Smaller Than WindowSize"
        ptr = 0
        n = len(x)
        windowIndices = []
        stringRep = []
        while ptr < n - self.window_size + 1:
            thisSubRange = x[ptr:ptr + self.window_size]
            (thisStringRep, indices) = self.to_letter_representation(thisSubRange)
            stringRep.append(thisStringRep)
            windowIndices.append((ptr, ptr + self.window_size))
            ptr += move_size
        return (stringRep, windowIndices)


[docs]    def batch_compare(self, xStrings, refString):
        return [self.compare_strings(x, refString) for x in xStrings]


[docs]    def set_scaling_factor(self, scalingFactor):
        self.scaling_factor = scalingFactor


[docs]    def set_window_size(self, windowSize):
        self.window_size = windowSize
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  Source code for cea.resources.geothermal




import pandas as pd
import numpy as np
import math

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def calc_ground_temperature(T_ambient, gv):
    """
    Calculates hourly ground temperature fluctuation over a year following [Kusuda, T. et al., 1965]_.

    :param T_ambient: vector with outdoor temperature
    :type T_ambient: np array
    :param gv: globalvar.py


    :return Tg: vector with ground temperatures in [K]
    :rtype Tg: np array

    ..[Kusuda, T. et al., 1965] Kusuda, T. and P.R. Achenbach (1965). Earth Temperatures and Thermal Diffusivity at
    Selected Stations in the United States. ASHRAE Transactions. 71(1):61-74
    """

    T_max = max( T_ambient ) + 273 # to K
    T_avg = np.mean( T_ambient ) + 273 # to K
    e = gv.Z0 * math.sqrt ( ( math.pi * gv.Csl * gv.Psl ) / ( 8760 * gv.Bsl ) ) # soil constants
    Tg = [ T_avg + ( T_max - T_avg ) * math.exp( -e ) * math.cos ( ( 2 * math.pi * ( i + 1 ) / 8760 ) - e )
           for i in range(8760)]

    return Tg
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  Source code for cea.technologies.boilers

# -*- coding: utf-8 -*-
"""
condensing boilers
"""


from __future__ import division
from scipy.interpolate import interp1d


__author__ = "Thuy-An Nguyen"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Thuy-An Nguyen", "Tim Vollrath", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"

#operation costs

[docs]def cond_boiler_operation(Q_load, Q_design, T_return_to_boiler):

    """
    This function calculates efficiency for operation of condensing Boilers at DH plant based on LHV.
    This efficiency accounts for boiler efficiency only (not plant efficiency!)

    operational efficiency after:
        http://www.greenshootscontrols.net/?p=153

    :param Q_load: Load of time step
    :type Q_load: float

    :type Q_design: float
    :param Q_design: Design Load of Boiler

    :type T_return_to_boiler : float
    :param T_return_to_boiler: Return Temperature of the network to the boiler [K]

    :retype boiler_eff: float
    :returns boiler_eff: efficiency of Boiler (Lower Heating Value), in abs. numbers

    """
    #TODO[SH]: Operation efficiency Reference link doesn't work

    #Implement Curves provided by http://www.greenshootscontrols.net/?p=153
    x = [0, 15.5, 21, 26.7, 32.2, 37.7, 43.3, 49, 54.4, 60, 65.6, 71.1, 100] # Return Temperature Dependency
    y = [96.8, 96.8, 96.2, 95.5, 94.7, 93.2, 91.2, 88.9, 87.3, 86.3, 86.0, 85.9, 85.8] # Return Temperature Dependency
    x1 = [0, 0.05, 0.25, 0.5, 0.75, 1] # Load Point dependency
    y1 = [99.5, 99.3, 98.3, 97.6, 97.1, 96.8] # Load Point Dependency

    # do the interpolation
    eff_of_T_return = interp1d(x, y, kind='linear')
    eff_of_phi = interp1d(x1, y1, kind='cubic')

    # get input variables
    if Q_design > 0:
        phi = float(Q_load) / float(Q_design)
    else:
        phi = 0

    #if phi < gV.Boiler_min:
    #    print "Boiler at too low part load, see Model_Boiler_condensing, line 100"

        #raise model error!!

    if T_return_to_boiler == 0: # accounting with times with no flow
        T_return = 0
    else:
        T_return = T_return_to_boiler - 273

    eff_score = eff_of_phi(phi) / eff_of_phi(1)

    boiler_eff = (eff_score * eff_of_T_return(T_return) )/ 100.0


    return boiler_eff



[docs]def cond_boiler_op_cost(Q_therm, Q_design, T_return_to_boiler, BoilerFuelType, ElectricityType, gV):
    """
    Calculates the operation cost of a Condensing Boiler (only operation, not annualized cost)

    :type Q_therm : float
    :param Q_therm: Load of time step

    :type Q_design: float
    :param Q_design: Design Load of Boiler

    :type T_return_to_boiler : float
    :param T_return_to_boiler: return temperature to Boiler (from DH network)

    :param gV: globalvar.py

    :rtype C_boil_therm : float
    :returns C_boil_therm: Total generation cost for required load (per hour) in CHF

    :rtype C_boil_per_Wh : float
    :returns C_boil_per_Wh: cost per Wh in CHF / kWh

    :rtype Q_primary : float
    :returns Q_primary: required thermal energy per hour (in Wh Natural Gas)

    :rtype E_aux_Boiler: float
    :returns E_aux_Boiler: auxiliary electricity of boiler operation
    """

    # Iterating for efficiency as Q_thermal_required is given as input

    #if float(Q_therm) / float(Q_design) < gV.Boiler_min:
    #    print "error expected in Boiler operation, below min part load!"

    #print float(Q_therm) / float(Q_design)

    # boiler efficiency
    eta_boiler = cond_boiler_operation(Q_therm, Q_design, T_return_to_boiler)


    if BoilerFuelType == 'BG':
        GAS_PRICE = gV.BG_PRICE
        #MaintananceCost = gV.Boiler_C_maintainance_fazBG
    else:
        GAS_PRICE = gV.NG_PRICE
        #MaintananceCost = gV.Boiler_C_maintainance_fazNG


    if ElectricityType == 'green':
        ELEC_PRICE = gV.ELEC_PRICE_GREEN
    else:
        ELEC_PRICE = gV.ELEC_PRICE

    C_boil_therm = Q_therm / eta_boiler * GAS_PRICE + (gV.Boiler_P_aux* ELEC_PRICE ) * Q_therm #  CHF / Wh - cost of thermal energy
    C_boil_per_Wh = 1/ eta_boiler * GAS_PRICE + gV.Boiler_P_aux* ELEC_PRICE
    E_aux_Boiler = gV.Boiler_P_aux * Q_therm

    Q_primary = Q_therm / eta_boiler

    return C_boil_therm, C_boil_per_Wh, Q_primary, E_aux_Boiler



[docs]def calc_Cop_boiler(Q_load, Q_design, T_return_to_boiler):

    """
    This function calculates efficiency for operation of condensing Boilers based on LHV.
    This efficiency accounts for boiler efficiency only (not plant efficiency!)

    operational efficiency after:
        http://www.greenshootscontrols.net/?p=153


    :param Q_load: Load of time step
    :type Q_load: float

    :type Q_design: float
    :param Q_design: Design Load of Boiler

    :type T_return_to_boiler : float
    :param T_return_to_boiler: Return Temperature of the network to the boiler [K]


    :retype boiler_eff: float
    :returns boiler_eff: efficiency of Boiler (Lower Heating Value), in abs. numbers
    """

    #Implement Curves provided by http://www.greenshootscontrols.net/?p=153
    x = [0, 15.5, 21, 26.7, 32.2, 37.7, 43.3, 49, 54.4, 60, 65.6, 71.1, 100] # Return Temperature Dependency
    y = [96.8, 96.8, 96.2, 95.5, 94.7, 93.2, 91.2, 88.9, 87.3, 86.3, 86.0, 85.9, 85.8] # Return Temperature Dependency
    x1 = [0.0, 0.05, 0.25, 0.5, 0.75, 1.0] # Load Point dependency
    y1 = [100.0, 99.3, 98.3, 97.6, 97.1, 96.8] # Load Point Dependency

     # do the interpolation
    eff_of_T_return = interp1d(x, y, kind='linear')
    eff_of_phi = interp1d(x1, y1, kind='cubic')

    # get input variables
    if Q_design > 0:
        phi = float(Q_load) / float(Q_design)

    else:
        phi = 0
    #if phi < gV.Boiler_min:
    #    print "Boiler at too low part load, see Model_Boiler_condensing, line 100"

        #raise model error!!


    T_return = T_return_to_boiler - 273
    eff_score = eff_of_phi(phi) / eff_of_phi(1)
    boiler_eff = (eff_score * eff_of_T_return(T_return) )/ 100.0

    return boiler_eff




# investment and maintenance costs

[docs]def calc_Cinv_boiler(Q_design, Q_annual, gV):
    """
    Calculates the annual cost of a boiler (based on A+W cost of oil boilers) [CHF / a]
    and Faz. 2012 data

    :type Q_design : float
    :param Q_design: Design Load of Boiler in [W]

    :type Q_annual : float
    :param Q_annual: Annual thermal load required from Boiler in [Wh]

    :param gV: globalvar.py

    :rtype InvCa : float
    :returns InvCa: Annualized investment costs in CHF/a including Maintenance Cost
    """
    # TODO[SH]: check source
    if Q_design >0:
        InvC = 28000 # after A+W

        if Q_design <= 90000 and Q_design >= 28000:
            InvC_exkl_MWST = 28000 + 0.275 * (Q_design - 28000) # linear interpolation of A+W data
            InvC = (gV.MWST + 1) * InvC_exkl_MWST

        elif Q_design > 90000 and Q_design  <= 320000: # 320kW = maximum Power of conventional Gas Boiler,
            InvC = 45000 + 0.11 * (Q_design - 90000)

        InvCa =  InvC * gV.Boiler_i * (1+ gV.Boiler_i) ** gV.Boiler_n / ((1+gV.Boiler_i) ** gV.Boiler_n - 1)

        if Q_design > 320000: # 320kW = maximum Power of conventional Gas Boiler
            InvCa = gV.EURO_TO_CHF * (84000 + 14 * Q_design / 1000) # after Faz.2012

        Maint_C_annual = gV.Boiler_C_maintainance_faz * Q_annual / 1E6 * gV.EURO_TO_CHF # 3.5 euro per MWh_th FAZ 2013
        Labour_C = gV.Boiler_C_labour * Q_annual / 1E6 * gV.EURO_TO_CHF # approx 4 euro per MWh_th

        InvCa += Maint_C_annual + Labour_C

    else:
        InvCa = 0

    return InvCa
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  Source code for cea.technologies.furnace

# -*- coding: utf-8 -*-
"""
furnaces
"""
from __future__ import division

__author__ = "Thuy-An Nguyen"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Thuy-An Nguyen", "Tim Vollrath", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


# performance model

[docs]def calc_eta_furnace(Q_load, Q_design, T_return_to_boiler, MOIST_TYPE, gv):

    """
    Efficiency for Furnace Plant (Wood Chip  CHP Plant, Condensing Boiler) based on LHV.

    Capacity : 1-10 [MW], Minimum Part Load: 30% of P_design
    Source: POLYCITY HANDBOOK 2012

    :type Q_load : float
    :param Q_load: Load of time step

    :type Q_design : float
    :param Q_design: Design Load of Boiler

    :type T_return_to_boiler : float
    :param T_return_to_boiler: return temperature to the boiler

    :type MOIST_TYPE : float
    :param MOIST_TYPE: moisture type of the fuel, set in MasterToSlaveVariables ('wet' or 'dry')

    :param gV: globalvar.py

    up to 6MW_therm_out Capacity proven!
    = 8 MW th (burner)

    :rtype eta_therm : float
    :returns eta_therm: thermal Efficiency of Furnace (LHV), in abs. numbers

    :rtype eta_el : float
    :returns eat_el: electric efficiency of Furnace (LHV), in abs. numbers

    :rtyp;e Q_aux : float
    :returns Q_aux: auxiliary power for Plant operation [W]

    """

    phi = float(Q_load) / float(Q_design)
    
    # calculate plant thermal efficiency
    if phi > gv.Furn_min_Load:

        #Implement Curves provided by http://www.greenshootscontrols.net/?p=153
        x = [0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1] # part load regime, phi = Q / Q_max
        y = [0.77, 0.79, 0.82, 0.84, 0.845, 0.85, 0.853, 0.854, 0.855]

        # do the interpolation
        eff_of_phi = interpolate.interp1d(x, y, kind='linear')

        # get input variables
        eta_therm = eff_of_phi(phi)

    else:
        eta_therm = 0
        #print "Furnace Boiler below minimum Power! 1"
        #raise ModelError

    # calculate plant electrical efficiency
    if phi < gv.Furn_min_electric:
        eta_el = 0
        #print "Furnace Boiler below minimum Power! 2"

    else:
        x = [2/7.0, 3/7.0, 4/7.0, 5/7.0, 6/7.0, 1] # part load regime, phi = Q / Q_max
        y = [0.025, 0.0625, 0.102, 0.127, 0.146, 0.147]
        eff_el_of_phi = interpolate.interp1d(x, y, kind='cubic')
        eta_el = eff_el_of_phi(phi)



    # Return Temperature Dependency
    x = [0,15.5, 21, 26.7, 32.2, 37.7, 43.3, 49, 54.4, 60, 65.6, 71.1, 100] # Return Temperature Dependency
    y = [96.8,96.8, 96.2, 95.5, 94.7, 93.2, 91.2, 88.9, 87.3, 86.3, 86.0, 85.9, 85.8] # Return Temperature Dependency
    eff_of_T_return = interpolate.interp1d(x, y, kind='linear')

    eff_therm_tot = eff_of_T_return(T_return_to_boiler - 273) * eta_therm / eff_of_T_return(60)

    if MOIST_TYPE == "dry":
        eff_therm_tot = eff_of_T_return(T_return_to_boiler - 273) * eta_therm / eff_of_T_return(60) + 0.087 # 8.7 % efficiency gain when using dry fuel
        #print eff_therm_tot
        eta_el += 0.087

    Q_therm_prim = Q_load / eff_therm_tot  # primary energy requirement

    Q_aux = gv.Boiler_P_aux * Q_therm_prim # 0.026 Wh/Wh= 26kWh_el/MWh_th_prim,

    return eff_therm_tot, eta_el, Q_aux



# operation costs

[docs]def furnace_op_cost(Q_therm, Q_design, T_return_to_boiler, MOIST_TYPE, gv):
    """
    Calculates the operation cost of a furnace plant (only operation, no annualized cost!)

    :type Q_therm : float
    :param Q_therm: thermal energy required from furnace plant in [Wh]

    :type Q_design : float
    :param Q_design: Design Load of Boiler [W]

    :type T_return_to_boiler : float
    :param T_return_to_boiler: return temperature to the boiler

    :type MOIST_TYPE : float
    :param MOIST_TYPE: moisture type of the fuel, set in MasterToSlaveVariables ('wet' or 'dry')

    :param gV: globalvar.py

    :rtype C_furn : float
    :returns C_furn: Total generation cost for required load (per hour) in [CHF], including profits from electricity sold

    :rtype C_furn_per_kWh : float
    :returns C_furn_per_kWh: cost generation per kWh thermal energy  produced in [Rp / kWh], including profits from
    electricity sold

    :rtype Q_primary : float
    :returns Q_primary: required thermal energy per hour [Wh] of wood chips

    :rtype E_furn_el_produced : float
    :returns E_furn_el_produced: electricity produced by furnace plant in [Wh]
    """

    #if Q_load / Q_design < 0.3:
    #    raise ModelError

    ## Iterating for efficiency as Q_therm is given as input
    eta_therm_in = 0.6
    eta_therm_real = 1.0
    i = 0

    # Iterating for thermal efficiency and required load
    while 0.999 >= abs(eta_therm_in/eta_therm_real):
        if i != 0:
            eta_therm_in = eta_therm_real
        i += 1
        Q_th_load = Q_therm / eta_therm_real # primary energy needed
        if Q_design < Q_th_load:
            Q_th_load = Q_design -1

        Furnace_eff = Furnace_eff(Q_th_load, Q_design, T_return_to_boiler, MOIST_TYPE, gv)

        eta_therm_real, eta_el, Q_aux = Furnace_eff

        if eta_therm_real == 0:
            print "error found in Cost Mapping Furnace"
            eta_el = 0
            Q_aux = 0

            break

    Q_prim = Q_th_load
    Q_th_load = Q_therm

    if MOIST_TYPE == "dry":
        C_furn_therm = Q_prim * gv.Furn_FuelCost_dry #  [CHF / Wh] fuel cost of thermal energy
        C_furn_el_sold = (Q_prim * eta_el - Q_aux)* gv.ELEC_PRICE #  [CHF / Wh] cost gain by selling el. to the grid.
        C_furn = C_furn_therm - C_furn_el_sold
        C_furn_per_Wh = C_furn / Q_th_load

    else:
        C_furn_therm = Q_th_load * 1 / eta_therm_real * gv.Furn_FuelCost_wet
        C_furn_el_sold = (Q_prim * eta_el - Q_aux) * gv.ELEC_PRICE
        C_furn = C_furn_therm - C_furn_el_sold
        C_furn_per_Wh = C_furn / Q_th_load # in CHF / Wh

    E_furn_el_produced = eta_el * Q_prim - Q_aux

    return C_furn, C_furn_per_Wh, Q_prim, Q_th_load, E_furn_el_produced




# investment and maintenance costs

[docs]def calc_Cinv_furnace(Q_design, Q_annual, gv):
    """
    Calculates the annualized investment cost of a Furnace
    based on Bioenergy 2020 (AFO) and POLYCITY Ostfildern 

    :type Q_design : float
    :param Q_design: Design Load of Boiler
        
    :type Q_annual : float
    :param Q_annual: annual thermal Power output [Wh]

    :param gV: globalvar.py

    :rtype InvC_return : float
    :returns InvC_return: total investment Cost for building the plant
    
    :rtype InvCa : float
    :returns InvCa: annualized investment costs in [CHF] including O&M
        
    """
    InvC = 0.670 * gv.EURO_TO_CHF * Q_design # 670 € /kW therm(Boiler) = 800 CHF /kW (A+W data)

    Ca_invest =  (InvC * gv.Boiler_i * (1+ gv.Boiler_i) ** gv.Boiler_n / ((1+gv.Boiler_i) ** gv.Boiler_n - 1))
    Ca_maint = Ca_invest * gv.Boiler_C_maintainance
    Ca_labour =  gv.Boiler_C_labour / 1000000.0 * gv.EURO_TO_CHF * Q_annual

    InvCa = Ca_invest + Ca_maint + Ca_labour
    
    return InvCa
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  Source code for cea.technologies.photovoltaic_thermal

"""
Photovoltaic thermal panels
"""


from __future__ import division
import numpy as np
import pandas as pd
from math import *
from cea.utilities import epwreader
from cea.utilities import solar_equations
from cea.technologies.solar_collector import optimal_angle_and_tilt, \
    calc_groups, Calc_incidenteangleB, calc_properties_SC, calc_anglemodifierSC, calc_qrad, calc_qgain, calc_Eaux_SC,\
    SelectminimumenergySc, Selectminimumenergy2, Calc_qloss_net
from cea.technologies.photovoltaic import calc_properties_PV, Calc_PV_power, Calc_diffuseground_comp, Calc_Sm_PV

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def calc_PVT(locator, sensors_data, radiation, latitude, longitude, year, gv, weather_path):
    # weather data

    weather_data = epwreader.epw_reader(weather_path)

    # solar properties
    g, Sz, Az, ha, trr_mean, worst_sh, worst_Az = solar_equations.calc_sun_properties(latitude, longitude, weather_data,
                                                                                      gv)

    # read radiation file
    hourly_data = pd.read_csv(radiation)

    # get only datapoints with production beyond min_production
    Max_Isol = hourly_data.total.max()
    Min_Isol = Max_Isol * gv.min_production  # 80% of the local average maximum in the area
    sensors_data_clean = sensors_data[sensors_data["total"] > Min_Isol]
    radiation_clean = radiation.loc[radiation['sensor_id'].isin(sensors_data_clean.sensor_id)]

    # get only datapoints with aminimum 50 W/m2 of radiation for energy production
    radiation_clean[radiation_clean[:] <= 50] = 0

    # Calculate the heights of all buildings for length of vertical pipes
    height = locator.get_total_demand().height.sum()

    # calculate optimal angle and tilt for panels
    optimal_angle_and_tilt(sensors_data, latitude, worst_sh, worst_Az, trr_mean, gv.grid_side,
                           gv.module_lenght_PV, gv.angle_north, Min_Isol, Max_Isol)

    Number_groups, hourlydata_groups, number_points, prop_observers = calc_groups(radiation_clean, sensors_data_clean)

    Tin = 35
    result, Final = calc_PVT_generation(gv.type_PVpanel, hourlydata_groups,Number_groups, number_points, prop_observers,
                                        weather_data, g, Sz, Az, ha, latitude, gv.misc_losses, gv.type_SCpanel, Tin, height)

    Final.to_csv(locator.PVT_result(), index=True, float_format='%.2f')
    return



[docs]def calc_PVT_generation(type_panel, hourly_radiation, Number_groups, number_points, prop_observers, weather_data,
                        g, Sz, Az, ha, latitude, misc_losses, type_SCpanel, Tin, height):

    lat = radians(latitude)
    g_vector = np.radians(g)
    ha_vector = np.radians(ha)
    Sz_vector = np.radians(Sz)
    Az_vector = np.radians(Az)

    # get properties of the panel to evaluate
    n0, c1, c2, mB0_r, mB_max_r, mB_min_r, C_eff, t_max, IAM_d, Aratio, Apanel, dP1, dP2, dP3, dP4 = calc_properties_SC(
        type_SCpanel)
    Area_a = Aratio * Apanel
    listresults = list(range(Number_groups))
    listareasgroups = list(range(Number_groups))

    Sum_mcp = np.zeros(8760)
    Sum_qout = np.zeros(8760)
    Sum_Eaux = np.zeros(8760)
    Sum_qloss = np.zeros(8760)
    Sum_PV = np.zeros(8760)
    Tin_array = np.zeros(8760) + Tin
    Sum_Area_m = (prop_observers['area_netpv'] * number_points).sum()
    lv = 2  # grid lenght module length
    Le = (2 * lv * number_points.sum()) / (Sum_Area_m * Aratio)
    Li = 2 * height / (Sum_Area_m * Aratio)
    Leq = Li + Le  # in m/m2

    if type_SCpanel == 2:  # for vaccum tubes
        Nseg = 100  # default number of subsdivisions for the calculation
    else:
        Nseg = 10  # default number of subsdivisions for the calculation

    # get properties of PV panel
    n = 1.526  # refractive index of galss
    Pg = 0.2  # ground reflectance
    K = 0.4  # extinction coefficien
    eff_nom, NOCT, Bref, a0, a1, a2, a3, a4, L = calc_properties_PV(type_panel)

    for group in range(Number_groups):
        teta_z = prop_observers.loc[group, 'aspect']  # azimuth of paneles of group
        areagroup = prop_observers.loc[group, 'area_netpv'] * number_points[group]
        tilt_angle = prop_observers.loc[group, 'slope']  # tilt angle of panels
        radiation = pd.DataFrame({'I_sol': hourly_radiation[group]})  # choose vector with all values of Isol
        radiation['I_diffuse'] = weather_data.ratio_diffhout * radiation.I_sol  # calculate diffuse radiation
        radiation['I_direct'] = radiation['I_sol'] - radiation['I_diffuse']  # direct radaition

        # to radians of properties - solar position and tilt angle
        tilt = radians(tilt_angle)  # slope of panel
        teta_z = radians(teta_z)  # azimuth of panel

        # calculate angles necesary
        teta_vector = np.vectorize(Calc_incidenteangleB)(g_vector, lat, ha_vector, tilt, teta_z)
        teta_ed, teta_eG = Calc_diffuseground_comp(tilt)

        results = np.vectorize(Calc_Sm_PV)(weather_data.drybulb_C, radiation.I_sol, radiation.I_direct.copy(),
                                           radiation.I_diffuse.copy(), tilt, lat, teta_z, ha_vector, g_vector,
                                           Sz_vector, Az_vector, teta_vector, teta_ed, teta_eG, areagroup, type_panel,
                                           misc_losses,
                                           n, Pg, K, eff_nom, NOCT, Bref, a0, a1, a2, a3, a4, L)

        # calculate angle modifiers
        T_G_hour['IAM_b'] = calc_anglemodifierSC(T_G_hour.Az, T_G_hour.g, T_G_hour.ha, teta_z, tilt_angle, type_SCpanel,
                                                 latitude, T_G_hour.Sz)

        listresults[group] = Calc_PVT_module(tilt_angle, T_G_hour.IAM_b.copy(), radiation.I_direct.copy(),
                                             radiation.I_diffuse.copy(), T_G_hour.te,
                                             n0, c1, c2, mB0_r, mB_max_r, mB_min_r, C_eff, t_max, IAM_d, Area_a, dP1, dP2,
                                             dP3, dP4, Tin, Leq, Le, Nseg,
                                             eff_nom, Bref, results[0].copy(), results[1].copy(), misc_losses, areagroup)

        Kons = areagroup / Apanel
        Sum_mcp = Sum_mcp + listresults[group][5] * Kons
        Sum_qloss = Sum_qloss + listresults[group][0] * Kons
        Sum_qout = Sum_qout + listresults[group][1] * Kons
        Sum_Eaux = Sum_Eaux + listresults[group][2] * Kons
        Sum_PV = Sum_PV + listresults[group][6]
        listareasgroups[group] = areagroup

    Tout_group = (Sum_qout / Sum_mcp) + Tin  # in C
    Final = pd.DataFrame(
        {'Qsc_KWh': Sum_qout, 'Tscs': Tin_array, 'Tscr': Tout_group, 'mcp_kW/C': Sum_mcp, 'Eaux_kWh': Sum_Eaux,
         'Qsc_l_KWh': Sum_qloss, 'PV_kWh': Sum_PV, 'Area': sum(listareasgroups)}, index=range(8760))

    return listresults, Final



[docs]def Calc_PVT_module(tilt_angle, IAM_b_vector, I_direct_vector, I_diffuse_vector, Te_vector,
                        n0, c1, c2, mB0_r, mB_max_r, mB_min_r, C_eff, t_max, IAM_d, Area_a, dP1, dP2, dP3, dP4, Tin,
                        Leq, Le, Nseg,
                        eff_nom, Bref, Sm_pv, Tcell_pv, misc_losses, areagroup):


    # panel to store the results per flow
    # method with no condensaiton gains, no wind or long-wave dependency, sky factor set to zero.
    # calculate radiation part
    # local variables
    Cpwg = 3680  # J/kgK  water grlycol  specific heat
    maxmsc = mB_max_r * Area_a / 3600
    # Do the calculation of every time step for every possible flow condition
    # get states where highly performing values are obtained.
    mopt = 0  # para iniciar
    Tcell = []
    temperature_out = [np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760)]
    temperature_in = [np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760)]
    supply_out = [np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760)]
    supply_losses = [np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760)]
    Auxiliary = [np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760)]
    temperature_m = [np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760)]
    specific_flows = [np.zeros(8760), (np.zeros(8760) + mB0_r) * Area_a / 3600, (np.zeros(8760) + mB_max_r) * Area_a / 3600,
                      (np.zeros(8760) + mB_min_r) * Area_a / 3600, np.zeros(8760), np.zeros(8760)]  # in kg/s
    specific_pressurelosses = [np.zeros(8760), (np.zeros(8760) + dP2) * Area_a, (np.zeros(8760) + dP3) * Area_a,
                               (np.zeros(8760) + dP4) * Area_a, np.zeros(8760), np.zeros(8760)]  # in Pa
    supply_out_pre = np.zeros(8760)
    supply_out_total = np.zeros(8760)
    mcp = np.zeros(8760)

    # calculate net radiant heat (absorbed)
    tilt = radians(tilt_angle)
    qrad_vector = np.vectorize(calc_qrad)(n0, IAM_b_vector, I_direct_vector, IAM_d, I_diffuse_vector,
                                          tilt)  # in W/m2 is a mean of the group
    counter = 0
    Flag = False
    Flag2 = False
    for flow in range(6):
        Mo = 1
        TIME0 = 0
        DELT = 1  # timestep 1 hour
        delts = DELT * 3600  # convert time step in seconds
        Tfl = np.zeros([3, 1])  # create vector
        DT = np.zeros([3, 1])
        Tabs = np.zeros([3, 1])
        STORED = np.zeros([600, 1])
        TflA = np.zeros([600, 1])
        TflB = np.zeros([600, 1])
        TabsB = np.zeros([600, 1])
        TabsA = np.zeros([600, 1])
        qgainSeg = np.zeros([100, 1])
        for time in range(8760):
            c1_pvt = c1 - eff_nom * Bref * Sm_pv[time]
            Mfl = specific_flows[flow][time]
            if time < TIME0 + DELT / 2:
                for Iseg in range(101, 501):  # 400 points with the data
                    STORED[Iseg] = Tin
            else:
                for Iseg in range(1, Nseg):  # 400 points with the data
                    STORED[100 + Iseg] = STORED[200 + Iseg]
                    STORED[300 + Iseg] = STORED[400 + Iseg]

            # calculate stability criteria
            if Mfl > 0:
                stabcrit = Mfl * Cpwg * Nseg * (DELT * 3600) / (C_eff * Area_a)
                if stabcrit <= 0.5:
                    print 'ERROR' + str(stabcrit) + ' ' + str(Area_a) + ' ' + str(Mfl)
            Te = Te_vector[time]
            qrad = qrad_vector[time]
            Tfl[1] = 0  # mean absorber temp
            Tabs[1] = 0  # mean absorber initial tempr
            for Iseg in range(1, Nseg + 1):
                Tfl[1] = Tfl[1] + STORED[100 + Iseg] / Nseg
                Tabs[1] = Tabs[1] + STORED[300 + Iseg] / Nseg
            # first guess for DeatT
            if Mfl > 0:
                Tout = Tin + (qrad - ((c1_pvt) + 0.5) * (Tin - Te)) / (Mfl * Cpwg / Area_a)
                Tfl[2] = (Tin + Tout) / 2
            else:
                Tout = Te + qrad / (c1_pvt + 0.5)
                Tfl[2] = Tout  # fluid temperature same as output
            DT[1] = Tfl[2] - Te

            # calculate qgain with the guess

            qgain = calc_qgain(Tfl, Tabs, qrad, DT, Tin, Tout, Area_a, c1_pvt, c2, Mfl, delts, Cpwg, C_eff, Te)

            Aseg = Area_a / Nseg
            for Iseg in range(1, Nseg + 1):
                TflA[Iseg] = STORED[100 + Iseg]
                TabsA[Iseg] = STORED[300 + Iseg]
                if Iseg > 1:
                    TinSeg = ToutSeg
                else:
                    TinSeg = Tin
                if Mfl > 0 and Mo == 1:
                    ToutSeg = ((Mfl * Cpwg * (TinSeg + 273)) / Aseg - (C_eff * (TinSeg + 273)) / (2 * delts) + qgain +
                               (C_eff * (TflA[Iseg] + 273) / delts)) / (Mfl * Cpwg / Aseg + C_eff / (2 * delts))
                    ToutSeg = ToutSeg - 273
                    TflB[Iseg] = (TinSeg + ToutSeg) / 2
                else:
                    Tfl[1] = TflA[Iseg]
                    Tabs[1] = TabsA[Iseg]
                    qgain = calc_qgain(Tfl, Tabs, qrad, DT, TinSeg, Tout, Aseg, c1_pvt, c2, Mfl, delts, Cpwg, C_eff, Te)
                    ToutSeg = Tout
                    if Mfl > 0:
                        TflB[Iseg] = (TinSeg + ToutSeg) / 2
                        ToutSeg = TflA[Iseg] + (qgain * delts) / C_eff
                    else:
                        TflB[Iseg] = ToutSeg
                    TflB[Iseg] = ToutSeg
                    qfluid = (ToutSeg - TinSeg) * Mfl * Cpwg / Aseg
                    qmtherm = (TflB[Iseg] - TflA[Iseg]) * C_eff / delts
                    qbal = qgain - qfluid - qmtherm
                    if abs(qbal) > 1:
                        time = time
                qgainSeg[Iseg] = qgain  # in W/m2
            # the resulting energy output
            qout = Mfl * Cpwg * (ToutSeg - Tin)
            Tabs[2] = 0
            # storage of the mean temperature
            for Iseg in range(1, Nseg + 1):
                STORED[200 + Iseg] = TflB[Iseg]
                STORED[400 + Iseg] = TabsB[Iseg]
                Tabs[2] = Tabs[2] + TabsB[Iseg] / Nseg

            # outputs
            temperature_out[flow][time] = ToutSeg
            temperature_in[flow][time] = Tin
            supply_out[flow][time] = qout / 1000  # in kW
            temperature_m[flow][time] = (Tin + ToutSeg) / 2  # Mean absorber temperature at present

            qgain = 0
            TavgB = 0
            TavgA = 0
            for Iseg in range(1, Nseg + 1):
                qgain = qgain + qgainSeg * Aseg  # W
                TavgA = TavgA + TflA[Iseg] / Nseg
                TavgB = TavgB + TflB[Iseg] / Nseg

            # OUT[9] = qgain/Area_a # in W/m2
            qmtherm = (TavgB - TavgA) * C_eff * Area_a / delts
            qbal = qgain - qmtherm - qout

            # OUT[11] = qmtherm
            # OUT[12] = qbal
        if flow < 4:
            Auxiliary[flow] = np.vectorize(calc_Eaux_SC)(specific_flows[flow], specific_pressurelosses[flow], Leq,
                                                        Area_a)  # in kW
        if flow == 3:
            q1 = supply_out[0]
            q2 = supply_out[1]
            q3 = supply_out[2]
            q4 = supply_out[3]
            E1 = Auxiliary[0]
            E2 = Auxiliary[1]
            E3 = Auxiliary[2]
            E4 = Auxiliary[3]
            specific_flows[4], specific_pressurelosses[4] = SelectminimumenergySc(q1, q2, q3, q4, E1, E2, E3, E4, 0, mB0_r,
                                                                                  mB_max_r, mB_min_r, 0, dP2, dP3, dP4,
                                                                                  Area_a)
        if flow == 4:
            Auxiliary[flow] = np.vectorize(calc_Eaux_SC)(specific_flows[flow], specific_pressurelosses[flow], Leq,
                                                        Area_a)  # in kW
            dp5 = specific_pressurelosses[flow]
            q5 = supply_out[flow]
            m5 = specific_flows[flow]
            ##poits where load is negative
            specific_flows[5], specific_pressurelosses[5] = Selectminimumenergy2(m5, q5, dp5)
        if flow == 5:
            supply_losses[flow] = np.vectorize(Calc_qloss_net)(specific_flows[flow], Le, Area_a, temperature_m[flow],
                                                               Te_vector, maxmsc)
            supply_out_pre = supply_out[flow].copy() + supply_losses[flow].copy()
            Auxiliary[flow] = np.vectorize(calc_Eaux_SC)(specific_flows[flow], specific_pressurelosses[flow], Leq,
                                                        Area_a)  # in kW
            supply_out_total = supply_out + 0.5 * Auxiliary[flow] - supply_losses[flow]
            mcp = specific_flows[flow] * (Cpwg / 1000)  # mcp in kW/c

    for x in range(8760):
        if supply_out_total[5][x] <= 0:  # the demand is zero
            supply_out_total[5][x] = 0
            Auxiliary[5][x] = 0
            temperature_out[5][x] = 0
            temperature_in[5][x] = 0
        Tcell.append((temperature_out[5][x] + temperature_in[5][x]) / 2)
        if Tcell[x] == 0:
            Tcell[x] = Tcell_pv[x]

    PV_generation = np.vectorize(Calc_PV_power)(Sm_pv, Tcell, eff_nom, areagroup, Bref, misc_losses)
    result = [supply_losses[5], supply_out_total[5], Auxiliary[5], temperature_out[flow], temperature_in[flow], mcp,
              PV_generation]
    return result


# investment and maintenance costs

[docs]def calc_Cinv_PVT(P_peak):
    """
    P_peak in kW
    result in CHF
    """
    InvCa = 5000 * P_peak /20 # CHF/y
    # 2sol

    return InvCa


[docs]def test_PVT():
    import cea.inputlocator
    locator = cea.inputlocator.InputLocator(r'C:\reference-case\baseline')
    # for the interface, the user should pick a file out of of those in ...DB/Weather/...
    weather_path = locator.get_default_weather()
    radiation = locator.get_radiation()
    gv = cea.globalvar.GlobalVariables()

    calc_PVT(locator=locator, radiation = radiation, latitude=46.95240555555556, longitude=7.439583333333333, year=2014, gv=gv,
                             weather_path=weather_path)



if __name__ == '__main__':
    test_PVT()
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  Source code for cea.technologies.solar_collector

"""
solar collectors
"""

from __future__ import division
import numpy as np
import pandas as pd
from math import *
import re
from cea.utilities import epwreader
from cea.utilities import solar_equations

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


# SC heat generation

[docs]def calc_SC(locator, sensors_data, radiation, latitude, longitude, year, gv, weather_path):
    # weather data
    weather_data = epwreader.epw_reader(weather_path)

    # solar properties
    g, Sz, Az, ha, trr_mean, worst_sh, worst_Az = solar_equations.calc_sun_properties(latitude, longitude, weather_data,
                                                                                      gv)

    # read radiation file
    hourly_data = pd.read_csv(radiation)

    # get only datapoints with production beyond min_production
    Max_Isol = hourly_data.total.max()
    Min_Isol = Max_Isol * gv.min_production  # 80% of the local average maximum in the area
    sensors_data_clean = sensors_data[sensors_data["total"] > Min_Isol]
    radiation_clean = radiation.loc[radiation['sensor_id'].isin(sensors_data_clean.sensor_id)]

    # Calculate the heights of all buildings for length of vertical pipes
    height = locator.get_total_demand().height.sum()

    # calculate optimal angle and tilt for panels
    optimal_angle_and_tilt(sensors_data, latitude, worst_sh, worst_Az, trr_mean, gv.grid_side,
                           gv.module_lenght_SC, gv.angle_north, Min_Isol, Max_Isol)

    Number_groups, hourlydata_groups, number_points, prop_observers = calc_groups(radiation_clean, sensors_data_clean)

    result, Final = SC_generation(gv.type_SCpanel, hourlydata_groups, prop_observers, number_points, g, Sz, Az, ha,
                                  latitude,
                                  gv.Tin, height)

    Final.to_csv(locator.solar_collectors_result(), index=True, float_format='%.2f')
    return



[docs]def SC_generation(type_SCpanel, group_radiation, prop_observers, number_points, weather_data, g, Sz, Az, ha, latitude,
                  Tin, height):
    # get properties of the panel to evaluate
    n0, c1, c2, mB0_r, mB_max_r, mB_min_r, C_eff, t_max, IAM_d, Aratio, Apanel, dP1, dP2, dP3, dP4 = calc_properties_SC(
        type_SCpanel)
    Area_a = Aratio * Apanel
    listgroups = number_points.count()  # counter from the vector with number of points
    listresults = [None] * listgroups
    listresults_perarea = [None] * listgroups
    listareasgroups = [None] * listgroups
    Sum_mcp = np.zeros(8760)
    Sum_qout = np.zeros(8760)
    Sum_Eaux = np.zeros(8760)
    Sum_qloss = np.zeros(8760)
    Tin_array = np.zeros(8760) + Tin
    Sum_Area_m = (prop_observers['area_netpv'] * number_points).sum()
    lv = 2  # grid lenght module length
    Le = (2 * lv * number_points.sum()) / (Sum_Area_m * Aratio)
    Li = 2 * height / (Sum_Area_m * Aratio)
    Leq = Li + Le  # in m/m2
    if type_SCpanel == 2:  # for vaccum tubes
        Nseg = 100  # default number of subsdivisions for the calculation
    else:
        Nseg = 10  # default number of subsdivisions for the calculation

    for group in range(listgroups):
        teta_z = prop_observers.loc[group, 'aspect']  # azimuth of paneles of group
        Area_group = prop_observers.loc[group, 'area_netpv'] * number_points[group]
        tilt_angle = prop_observers.loc[group, 'slope']  # tilt angle of panels
        radiation = pd.DataFrame({'I_sol': group_radiation[group]})  # choose vector with all values of Isol
        radiation['I_diffuse'] = weather_data.ratio_diffhout * radiation.I_sol  # calculate diffuse radiation
        radiation['I_direct'] = radiation['I_sol'] - radiation['I_diffuse']  # direct radaition

        # calculate angle modifiers,
        IAM_b = calc_anglemodifierSC(Az, g, ha, teta_z, tilt_angle, type_SCpanel,
                                     latitude, Sz)  # direct angle modifier

        listresults[group] = Calc_SC_module2(radiation, tilt_angle, IAM_b, radiation.I_direct,
                                             radiation.I_diffuse, weather_data.drybulb_C,
                                             n0, c1, c2, mB0_r, mB_max_r, mB_min_r, C_eff, t_max, IAM_d, Area_a,
                                             dP1, dP2, dP3, dP4, Tin, Leq, Le, Nseg)

        K = Area_group / Apanel
        listresults[group][5] = listresults[group][5] * K
        listresults[group][0] = listresults[group][0] * K
        listresults[group][1] = listresults[group][1] * K
        listresults[group][2] = listresults[group][2] * K

        listareasgroups[group] = Area_group

    for group in range(listgroups):
        mcp_array = listresults[group][5]
        qloss_array = listresults[group][0]
        qout_array = listresults[group][1]
        Eaux_array = listresults[group][2]
        Sum_qout = Sum_qout + qout_array
        Sum_Eaux = Sum_Eaux + Eaux_array
        Sum_qloss = Sum_qloss + qloss_array
        Sum_mcp = Sum_mcp + mcp_array

    Tout_group = (Sum_qout / Sum_mcp) + Tin  # in C

    Final = pd.DataFrame(
        {'Qsc_Kw': Sum_qout, 'Tscs': Tin_array, 'Tscr': Tout_group, 'mcp_kW/C': Sum_mcp, 'Eaux_kW': Sum_Eaux,
         'Qsc_l_KWH': Sum_qloss, 'Area': sum(listareasgroups)}, index=range(8760))

    return listresults, Final



[docs]def calc_groups(Clean_hourly, observers_fin):
    # calculate number of optima groups as number of optimal combiantions.
    groups_ob = Clean_hourly.groupby(['CATB', 'CATGB', 'CATteta_z'])
    hourlydata_groups = groups_ob.mean().reset_index()
    hourlydata_groups = pd.DataFrame(hourlydata_groups)
    Number_pointsgroup = groups_ob.size().reset_index()
    number_points = Number_pointsgroup[0]

    groups_ob = observers_fin.groupby(['CATB', 'CATGB', 'CATteta_z'])
    prop_observers = groups_ob.mean().reset_index()
    prop_observers = pd.DataFrame(prop_observers)
    Number_groups = groups_ob.size().count()

    hourlydata_groups = hourlydata_groups.drop({'ID', 'GB', 'grid_code', 'pointid', 'array_s', 'area_netpv', 'aspect',
                                                'slope', 'CATB', 'CATGB', 'CATteta_z'}, axis=1).transpose().reindex(
        axis=1)  # vector with radiation points of group
    hourlydata_groups['newindex'] = hourlydata_groups.index
    hourlydata_groups['newindex'] = hourlydata_groups.newindex.apply(lambda x: re.findall('\d+', x))
    hourlydata_groups.index = range(8760)
    for hour in range(8760):
        hourlydata_groups.loc[hour, 'newindex'] = int(hourlydata_groups.loc[hour, 'newindex'][0])

    hourlydata_groups.set_index('newindex', inplace=True)
    hourlydata_groups.sort_index(inplace=True)
    hourlydata_groups.index = range(8760)

    return Number_groups, hourlydata_groups, number_points, prop_observers



[docs]def Calc_SC_module2(radiation, tilt_angle, IAM_b_vector, I_direct_vector, I_diffuse_vector, Te_vector, n0, c1, c2,
                    mB0_r,
                    mB_max_r, mB_min_r, C_eff, t_max, IAM_d, Area_a, dP1, dP2, dP3, dP4, Tin, Leq, Le, Nseg):
    # panel to store the results per flow
    # method with no condensaiton gains, no wind or long-wave dependency, sky factor set to zero.
    # calculate radiation part
    # local variables
    Cpwg = 3680  # J/kgK  water grlycol  specific heat
    maxmsc = mB_max_r * Area_a / 3600
    # Do the calculation of every time step for every possible flow condition
    # get states where highly performing values are obtained.
    mopt = 0  # para iniciar
    temperature_out = [np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760)]
    temperature_in = [np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760)]
    supply_out = [np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760)]
    supply_losses = [np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760)]
    Auxiliary = [np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760)]
    temperature_m = [np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760), np.zeros(8760)]
    specific_flows = [np.zeros(8760), (np.zeros(8760) + mB0_r) * Area_a / 3600,
                      (np.zeros(8760) + mB_max_r) * Area_a / 3600,
                      (np.zeros(8760) + mB_min_r) * Area_a / 3600, np.zeros(8760), np.zeros(8760)]  # in kg/s
    specific_pressurelosses = [np.zeros(8760), (np.zeros(8760) + dP2) * Area_a, (np.zeros(8760) + dP3) * Area_a,
                               (np.zeros(8760) + dP4) * Area_a, np.zeros(8760), np.zeros(8760)]  # in Pa
    supply_out_pre = np.zeros(8760)
    supply_out_total = np.zeros(8760)
    mcp = np.zeros(8760)

    # calculate net radiant heat (absorbed)
    tilt = radians(tilt_angle)
    qrad_vector = np.vectorize(calc_qrad)(n0, IAM_b_vector, I_direct_vector, IAM_d, I_diffuse_vector,
                                          tilt)  # in W/m2 is a mean of the group
    counter = 0
    Flag = False
    Flag2 = False
    for flow in range(6):
        Mo = 1
        TIME0 = 0
        DELT = 1  # timestep 1 hour
        delts = DELT * 3600  # convert time step in seconds
        Tfl = np.zeros([3, 1])  # create vector
        DT = np.zeros([3, 1])
        Tabs = np.zeros([3, 1])
        STORED = np.zeros([600, 1])
        TflA = np.zeros([600, 1])
        TflB = np.zeros([600, 1])
        TabsB = np.zeros([600, 1])
        TabsA = np.zeros([600, 1])
        qgainSeg = np.zeros([100, 1])
        for time in range(8760):
            Mfl = specific_flows[flow][time]
            if time < TIME0 + DELT / 2:
                for Iseg in range(101, 501):  # 400 points with the data
                    STORED[Iseg] = Tin
            else:
                for Iseg in range(1, Nseg):  # 400 points with the data
                    STORED[100 + Iseg] = STORED[200 + Iseg]
                    STORED[300 + Iseg] = STORED[400 + Iseg]

            # calculate stability criteria
            if Mfl > 0:
                stabcrit = Mfl * Cpwg * Nseg * (DELT * 3600) / (C_eff * Area_a)
                if stabcrit <= 0.5:
                    print 'ERROR' + str(stabcrit) + ' ' + str(Area_a) + ' ' + str(Mfl)
            Te = Te_vector[time]
            qrad = qrad_vector[time]
            Tfl[1] = 0  # mean absorber temp
            Tabs[1] = 0  # mean absorber initial tempr
            for Iseg in range(1, Nseg + 1):
                Tfl[1] = Tfl[1] + STORED[100 + Iseg] / Nseg
                Tabs[1] = Tabs[1] + STORED[300 + Iseg] / Nseg
            # first guess for DeatT
            if Mfl > 0:
                Tout = Tin + (qrad - (c1 + 0.5) * (Tin - Te)) / (Mfl * Cpwg / Area_a)
                Tfl[2] = (Tin + Tout) / 2
            else:
                Tout = Te + qrad / (c1 + 0.5)
                Tfl[2] = Tout  # fluid temperature same as output
            DT[1] = Tfl[2] - Te

            # calculate qgain with the guess

            qgain = calc_qgain(Tfl, Tabs, qrad, DT, Tin, Tout, Area_a, c1, c2, Mfl, delts, Cpwg, C_eff, Te)

            Aseg = Area_a / Nseg
            for Iseg in range(1, Nseg + 1):
                TflA[Iseg] = STORED[100 + Iseg]
                TabsA[Iseg] = STORED[300 + Iseg]
                if Iseg > 1:
                    TinSeg = ToutSeg
                else:
                    TinSeg = Tin
                if Mfl > 0 and Mo == 1:
                    ToutSeg = ((Mfl * Cpwg * (TinSeg + 273)) / Aseg - (C_eff * (TinSeg + 273)) / (2 * delts) + qgain +
                               (C_eff * (TflA[Iseg] + 273) / delts)) / (Mfl * Cpwg / Aseg + C_eff / (2 * delts))
                    ToutSeg = ToutSeg - 273
                    TflB[Iseg] = (TinSeg + ToutSeg) / 2
                else:
                    Tfl[1] = TflA[Iseg]
                    Tabs[1] = TabsA[Iseg]
                    qgain = calc_qgain(Tfl, Tabs, qrad, DT, TinSeg, Tout, Aseg, c1, c2, Mfl, delts, Cpwg, C_eff, Te)
                    ToutSeg = Tout
                    if Mfl > 0:
                        TflB[Iseg] = (TinSeg + ToutSeg) / 2
                        ToutSeg = TflA[Iseg] + (qgain * delts) / C_eff
                    else:
                        TflB[Iseg] = ToutSeg
                    TflB[Iseg] = ToutSeg
                    qfluid = (ToutSeg - TinSeg) * Mfl * Cpwg / Aseg
                    qmtherm = (TflB[Iseg] - TflA[Iseg]) * C_eff / delts
                    qbal = qgain - qfluid - qmtherm
                    if abs(qbal) > 1:
                        time = time
                qgainSeg[Iseg] = qgain  # in W/m2
            # the resulting energy output
            qout = Mfl * Cpwg * (ToutSeg - Tin)
            Tabs[2] = 0
            # storage of the mean temperature
            for Iseg in range(1, Nseg + 1):
                STORED[200 + Iseg] = TflB[Iseg]
                STORED[400 + Iseg] = TabsB[Iseg]
                Tabs[2] = Tabs[2] + TabsB[Iseg] / Nseg

            # outputs
            temperature_out[flow][time] = ToutSeg
            temperature_in[flow][time] = Tin
            supply_out[flow][time] = qout / 1000  # in kW
            temperature_m[flow][time] = (Tin + ToutSeg) / 2  # Mean absorber temperature at present

            qgain = 0
            TavgB = 0
            TavgA = 0
            for Iseg in range(1, Nseg + 1):
                qgain = qgain + qgainSeg * Aseg  # W
                TavgA = TavgA + TflA[Iseg] / Nseg
                TavgB = TavgB + TflB[Iseg] / Nseg

            # OUT[9] = qgain/Area_a # in W/m2
            qmtherm = (TavgB - TavgA) * C_eff * Area_a / delts
            qbal = qgain - qmtherm - qout

            # OUT[11] = qmtherm
            # OUT[12] = qbal
        if flow < 4:
            Auxiliary[flow] = np.vectorize(calc_Eaux_SC)(specific_flows[flow], specific_pressurelosses[flow],
                                                         Leq, Area_a)  # in kW
        if flow == 3:
            q1 = supply_out[0]
            q2 = supply_out[1]
            q3 = supply_out[2]
            q4 = supply_out[3]
            E1 = Auxiliary[0]
            E2 = Auxiliary[1]
            E3 = Auxiliary[2]
            E4 = Auxiliary[3]
            specific_flows[4], specific_pressurelosses[4] = SelectminimumenergySc(q1, q2, q3, q4, E1, E2, E3, E4, 0,
                                                                                  mB0_r, mB_max_r, mB_min_r, 0,
                                                                                  dP2, dP3, dP4, Area_a)
        if flow == 4:
            Auxiliary[flow] = np.vectorize(calc_Eaux_SC)(specific_flows[flow], specific_pressurelosses[flow],
                                                         Leq, Area_a)  # in kW
            dp5 = specific_pressurelosses[flow]
            q5 = supply_out[flow]
            m5 = specific_flows[flow]
            ##poits where load is negative
            specific_flows[5], specific_pressurelosses[5] = Selectminimumenergy2(m5, q5, dp5)
        if flow == 5:
            supply_losses[flow] = np.vectorize(Calc_qloss_net)(specific_flows[flow], Le, Area_a, temperature_m[flow],
                                                               Te_vector, maxmsc)
            supply_out_pre = supply_out[flow].copy() + supply_losses[flow].copy()
            Auxiliary[flow] = np.vectorize(calc_Eaux_SC)(specific_flows[flow], specific_pressurelosses[flow],
                                                         Leq, Area_a)  # in kW
            supply_out_total = supply_out + 0.5 * Auxiliary[flow] - supply_losses[flow]
            mcp = specific_flows[flow] * (Cpwg / 1000)  # mcp in kW/c

    result = [supply_losses[5], supply_out_total[5], Auxiliary[5], temperature_out[flow], temperature_in[flow], mcp]
    return result



[docs]def calc_qrad(n0, IAM_b, I_direct, IAM_d, I_diffuse, tilt):
    qrad = n0 * IAM_b * I_direct + n0 * IAM_d * I_diffuse * (1 + cos(tilt)) / 2
    return qrad



[docs]def calc_qgain(Tfl, Tabs, qrad, DT, TinSub, Tout, Aseg, c1, c2, Mfl, delts, Cpwg, C_eff, Te):
    xgain = 1
    xgainmax = 100
    exit = False
    while exit == False:
        qgain = qrad - c1 * (DT[1]) - c2 * abs(DT[1]) * DT[1]
        if Mfl > 0:
            Tout = ((Mfl * Cpwg * TinSub) / Aseg - (C_eff * TinSub) / (2 * delts) + qgain + (
                C_eff * Tfl[1]) / delts) / (Mfl * Cpwg / Aseg + C_eff / (2 * delts))
            Tfl[2] = (TinSub + Tout) / 2
            DT[2] = Tfl[2] - Te
            qdiff = Mfl / Aseg * Cpwg * 2 * (DT[2] - DT[1])
        else:
            Tout = Tfl[1] + (qgain * delts) / C_eff
            Tfl[2] = Tout
            DT[2] = Tfl[2] - Te
            qdiff = 5 * (DT[2] - DT[1])
        if abs(qdiff < 0.1):
            DT[1] = DT[2]
            exit = True
        else:
            if xgain > 40:
                DT[1] = (DT[1] + DT[2]) / 2
                if xgain == xgainmax:
                    exit = True
            else:
                DT[1] = DT[2]
    qout = Mfl * Cpwg * (Tout - TinSub) / Aseg
    qmtherm = (Tfl[2] - Tfl[1]) * C_eff / delts
    qbal = qgain - qout - qmtherm
    if abs(qbal) > 1:
        qbal = qbal
    return qgain



[docs]def Calc_qloss_net(Mfl, Le, Area_a, Tm, Te, maxmsc):
    qloss = 0.217 * Le * Area_a * (Tm - Te) * (Mfl / maxmsc) / 1000
    return qloss  # in kW



[docs]def calc_anglemodifierSC(Az_vector, g_vector, ha_vector, teta_z, tilt_angle, type_SCpanel, latitude, Sz_vector):
    def calc_Teta_L(Az, teta_z, tilt, Sz):
        # calculate incident angles longitudinal and trasnversally of the solar collector
        teta_la = tan(Sz) * cos(teta_z - Az)
        teta_l = degrees(abs(atan(teta_la) - tilt))  # longitudinal incidence angle
        if teta_l < 0:
            teta_l = min(89, abs(teta_T))
        if teta_l >= 90:
            teta_l = 89.999
        return teta_l  # in degrees

    def calc_Teta_T(Az, Sz, teta_z):  # Az is the solar azimuth
        # calculate incident angles transversal
        teta_ta = sin(Sz) * sin(abs(teta_z - Az))
        teta_T = degrees(atan(teta_ta / cos(teta_ta)))  # transversal angle modifier
        if teta_T < 0:
            teta_T = min(89, abs(teta_T))
        if teta_T >= 90:
            teta_T = 89.999
        return teta_T

    def calc_maxtetaL(teta_L):
        if teta_L < 0:
            teta_L = min(89, abs(teta_L))
        if teta_L >= 90:
            teta_L = 89.999
        return teta_L

    def Calc_IAMb(teta_l, teta_T, type_SCpanel):
        if type_SCpanel == 1:  # # Flat plate collector   SOLEX blu SFP, 2012
            IAM_b = -0.00000002127039627042 * teta_l ** 4 + 0.00000143550893550934 * teta_l ** 3 - 0.00008493589743580050 * teta_l ** 2 + 0.00041588966590833100 * teta_l + 0.99930069929920900000
        if type_SCpanel == 2:  # # evacuated tube   Zewotherm SOL ZX-30 SFP, 2012
            IAML = -0.00000003365384615386 * teta_l ** 4 + 0.00000268745143745027 * teta_l ** 3 - 0.00010196678321666700 * teta_l ** 2 + 0.00088830613832779900 * teta_l + 0.99793706293541500000
            IAMT = 0.000000002794872 * teta_T ** 5 - 0.000000534731935 * teta_T ** 4 + 0.000027381118880 * teta_T ** 3 - 0.000326340326281 * teta_T ** 2 + 0.002973799531468 * teta_T + 1.000713286764210
            IAM_b = IAMT * IAML  # overall incidence angle modifier for beam radiation
        return IAM_b

    # convert to radians
    teta_z = radians(teta_z)
    tilt = radians(tilt_angle)

    # Az_vector = np.radians(Az_vector)
    g_vector = np.radians(g_vector)
    ha_vector = np.radians(ha_vector)
    lat = radians(latitude)
    Sz_vector = np.radians(Sz_vector)
    Az_vector = np.radians(Az_vector)
    Incidence_vector = np.vectorize(Calc_incidenteangleB)(g_vector, lat, ha_vector, tilt,
                                                          teta_z)  # incident angle in radians

    # calculate incident angles
    if type_SCpanel == 1:  #
        Teta_L = np.degrees(Incidence_vector)
        Teta_T = 0  # not necessary
        Teta_L = np.vectorize(calc_maxtetaL)(Teta_L)
    if type_SCpanel == 2:  #
        Teta_L = np.vectorize(calc_Teta_L)(Az_vector, teta_z, tilt, Sz_vector)  # in degrees
        Teta_T = np.vectorize(calc_Teta_T)(Az_vector, Sz_vector, teta_z, Incidence_vector)  # in degrees

    # calculate incident angle modifier
    IAM_b_vector = np.vectorize(Calc_IAMb)(Teta_L, Teta_T, type_SCpanel)

    return IAM_b_vector



[docs]def Calc_incidenteangleB(g, lat, ha, tilt, teta_z):
    # calculate incident angle beam radiation
    part1 = sin(lat) * sin(g) * cos(tilt) - cos(lat) * sin(g) * sin(tilt) * cos(teta_z)
    part2 = cos(lat) * cos(g) * cos(ha) * cos(tilt) + sin(lat) * cos(g) * cos(ha) * sin(tilt) * cos(teta_z)
    part3 = cos(g) * sin(ha) * sin(tilt) * sin(teta_z)
    teta_B = acos(part1 + part2 + part3)
    return teta_B  # in radains



[docs]def calc_properties_SC(type_SCpanel):
    """
    properties of module
    :param type_SCpanel:
    :return:
    """
    if type_SCpanel == 1:  # # Flat plate collector   SOLEX blu SFP, 2012
        n0 = 0.775  # zero loss efficeincy
        c1 = 3.91  # W/m2K
        c2 = 0.0081  # W/m2K2
        # specific mass flow rates
        mB0_r = 57.98  # # in kg/h/m2   of aperture area
        mB_max_r = 86.97  # in kg/h/m2   of aperture area
        mB_min_r = 28.99  # in kg/h/m2   of aperture area
        C_eff = 8000  # thermal capacitance of module J/m2K
        t_max = 192  # stagnation temperature in C
        IAM_d = 0.87  # diffuse incident angle considered at 50 degrees
        Aratio = 0.888  # the aperture/gross area ratio
        Apanel = 2.023  # m2
        dP1 = 0
        dP2 = 170 / (Aratio * Apanel)
        dP3 = 270 / (Aratio * Apanel)
        dP4 = 80 / (Aratio * Apanel)
    if type_SCpanel == 2:  # # evacuated tube   Zewotherm SOL ZX-30 SFP, 2012
        n0 = 0.721
        c1 = 0.89  # W/m2K
        c2 = 0.0199  # W/m2K2

        # specific mass flow rates
        mB0_r = 88.2  # in kg/h/m2   of aperture area
        mB_max_r = 147.12  # in kg/h/m2
        mB_min_r = 33.10  # in kg/h/m2
        C_eff = 38000  # thermal capacitance of module anf fluid for Brine J/m2K
        t_max = 196  # stagnation temperature in C
        IAM_d = 0.91  # diffuse incident angle considered at 50 degrees
        Aratio = 0.655  # the aperture/gross area ratio
        Apanel = 4.322  # m2
        dP1 = 0  # in Pa per m2
        dP2 = 8000 / (Aratio * Apanel)  # in Pa per m2
        dP3 = 22000 / (Aratio * Apanel)  # in Pa per m2
        dP4 = 2000 / (Aratio * Apanel)  # in Pa per m2
        # Fluids Cp [kJ/kgK] Density [kg/m3] Used for
        # Water-glyucol 33%  3.68            1044 Collector Loop
        # Water 4.19             998 Secondary collector loop, store, loops for auxiliary

    return n0, c1, c2, mB0_r, mB_max_r, mB_min_r, C_eff, t_max, IAM_d, Aratio, Apanel, dP1, dP2, dP3, dP4



[docs]def calc_Eaux_SC(qV_des, Dp_collector, Leq, Aa):
    """
    auxiliary electricity solar collectort

    :param qV_des:
    :param Dp_collector:
    :param Leq:
    :param Aa:
    :return:
    """
    Ro = 1000  # kg/m3
    dpl = 200  # pressure losses per length of pipe according to solar districts
    Fcr = 1.3  # factor losses of accessories
    Dp_friction = dpl * Leq * Aa * Fcr  # HANZENWILIAMSN PA/M
    Eaux = (qV_des / Ro) * (Dp_collector + Dp_friction) / 0.6 / 10  # energy necesary in kW from pumps
    return Eaux  # energy spent in kWh



# minimization of Eaux

[docs]def SelectminimumenergySc(q1, q2, q3, q4, E1, E2, E3, E4, m1, m2, m3, m4, dP1, dP2, dP3, dP4, Area_a):
    mopt = np.empty(8760)
    dpopt = np.empty(8760)
    const = Area_a / 3600
    ms = [m1 * const, m2 * const, m3 * const, m4 * const]  # float points
    dps = [dP1 * Area_a, dP2 * Area_a, dP3 * Area_a, dP4 * Area_a]  # float points
    balances = [q1 - E1 * 2, q2 - E2 * 2, q3 - E3 * 2,
                q4 - E4 * 2]  # vectors #quality of electricity is twice as expensive
    for time in range(8760):
        balances2 = [balances[0][time], balances[1][time], balances[2][time], balances[3][time]]
        maxenergy = np.max(balances2)
        ix_maxenergy = np.where(balances2 == maxenergy)
        mopt[time] = ms[ix_maxenergy[0][0]]
        dpopt[time] = dps[ix_maxenergy[0][0]]
    return mopt, dpopt



[docs]def Selectminimumenergy2(m, q, dp):
    for time in range(8760):
        if q[time] <= 0:
            m[time] = 0
            dp[time] = 0
    return m, dp



# optimal angle and tilt

[docs]def optimal_angle_and_tilt(observers_all, latitude, worst_sh, worst_Az, transmittivity,
                           grid_side, module_lenght, angle_north, Min_Isol, Max_Isol):
    def Calc_optimal_angle(teta_z, latitude, transmissivity):
        if transmissivity <= 0.15:
            gKt = 0.977
        elif 0.15 < transmissivity <= 0.7:
            gKt = 1.237 - 1.361 * transmissivity
        else:
            gKt = 0.273
        Tad = 0.98
        Tar = 0.97
        Pg = 0.2  # ground reflectance of 0.2
        l = radians(latitude)
        a = radians(teta_z)  # this is surface azimuth
        b = atan((cos(a) * tan(l)) * (1 / (1 + ((Tad * gKt - Tar * Pg) / (2 * (1 - gKt))))))
        return degrees(b)

    def Calc_optimal_spacing(Sh, Az, tilt_angle, module_lenght):
        h = module_lenght * sin(radians(tilt_angle))
        D1 = h / tan(radians(Sh))
        D = max(D1 * cos(radians(180 - Az)), D1 * cos(radians(Az - 180)))
        return D

    def Calc_categoriesroof(teta_z, B, GB, Max_Isol):
        if -122.5 < teta_z <= -67:
            CATteta_z = 1
        elif -67 < teta_z <= -22.5:
            CATteta_z = 3
        elif -22.5 < teta_z <= 22.5:
            CATteta_z = 5
        elif 22.5 < teta_z <= 67:
            CATteta_z = 4
        elif 67 <= teta_z <= 122.5:
            CATteta_z = 2

        if 0 < B <= 5:
            CATB = 1  # flat roof
        elif 5 < B <= 15:
            CATB = 2  # tilted 25 degrees
        elif 15 < B <= 25:
            CATB = 3  # tilted 25 degrees
        elif 25 < B <= 40:
            CATB = 4  # tilted 25 degrees
        elif 40 < B <= 60:
            CATB = 5  # tilted 25 degrees
        elif B > 60:
            CATB = 6  # tilted 25 degrees

        GB_percent = GB / Max_Isol
        if 0 < GB_percent <= 0.25:
            CATGB = 1  # flat roof
        elif 0.25 < GB_percent <= 0.50:
            CATGB = 2
        elif 0.50 < GB_percent <= 0.75:
            CATGB = 3
        elif 0.75 < GB_percent <= 0.90:
            CATGB = 4
        elif 0.90 < GB_percent <= 1:
            CATGB = 5

        return CATB, CATGB, CATteta_z

    # calculate values for flat roofs Slope < 5 degrees.
    optimal_angle_flat = Calc_optimal_angle(0, latitude, transmittivity)
    optimal_spacing_flat = Calc_optimal_spacing(worst_sh, worst_Az, optimal_angle_flat, module_lenght)
    arcpy.AddField_management(observers_all, "array_s", "DOUBLE")
    arcpy.AddField_management(observers_all, "area_netpv", "DOUBLE")
    arcpy.AddField_management(observers_all, "CATB", "SHORT")
    arcpy.AddField_management(observers_all, "CATGB", "SHORT")
    arcpy.AddField_management(observers_all, "CATteta_z", "SHORT")
    fields = ('aspect', 'slope', 'GB', "array_s", "area_netpv", "CATB", "CATGB", "CATteta_z")
    # go inside the database and perform the changes
    with arcpy.da.UpdateCursor(observers_all, fields) as cursor:
        for row in cursor:
            aspect = row[0]
            slope = row[1]
            if slope > 5:  # no t a flat roof.
                B = slope
                array_s = 0
                if 180 <= aspect < 360:  # convert the aspect of arcgis to azimuth
                    teta_z = aspect - 180
                elif 0 < aspect < 180:
                    teta_z = aspect - 180  # negative in the east band
                elif aspect == 0 or aspect == 360:
                    teta_z = 180
                if -angle_north <= teta_z <= angle_north and row[2] > Min_Isol:
                    row[0] = teta_z
                    row[1] = B
                    row[3] = array_s
                    row[4] = (grid_side - array_s) / cos(radians(abs(B))) * grid_side
                    row[5], row[6], row[7] = Calc_categoriesroof(teta_z, B, row[2], Max_Isol)
                    cursor.updateRow(row)
                else:
                    cursor.deleteRow()
            else:
                teta_z = 0  # flat surface, all panels will be oriented towards south # optimal angle in degrees
                B = optimal_angle_flat
                array_s = optimal_spacing_flat
                if row[2] > Min_Isol:
                    row[0] = teta_z
                    row[1] = B
                    row[3] = array_s
                    row[4] = (grid_side - array_s) / cos(radians(abs(B))) * grid_side
                    row[5], row[6], row[7] = Calc_categoriesroof(teta_z, B, row[2], Max_Isol)
                    cursor.updateRow(row)
                else:
                    cursor.deleteRow()



# investment and maintenance costs

[docs]def calc_Cinv_SC(Area):
    """
    Lifetime 35 years
    """
    InvCa = 2050 * Area / 35  # [CHF/y]

    return InvCa



[docs]def test_solar_collector():
    import cea.inputlocator
    locator = cea.inputlocator.InputLocator(r'C:\reference-case\baseline')
    # for the interface, the user should pick a file out of of those in ...DB/Weather/...
    weather_path = locator.get_default_weather()
    radiation = locator.get_radiation()
    gv = cea.globalvar.GlobalVariables()

    calc_SC(locator=locator, radiation=radiation, latitude=46.95240555555556, longitude=7.439583333333333, year=2014,
            gv=gv,
            weather_path=weather_path)



if __name__ == '__main__':
    test_solar_collector()
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  Source code for cea.technologies.heatpumps

"""
heatpumps
"""


from __future__ import division
from math import floor, log


__author__ = "Thuy-An Nguyen"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Thuy-An Nguyen", "Tim Vollrath", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


#============================
#operation costs
#============================

[docs]def calc_Cop_GHP(mdot, tsup, tret, tground, gV):
    """
    For the operation of a Geothermal heat pump (GSHP) supplying DHN.

    :type mdot : float
    :param mdot: supply mass flow rate to the DHN
    :type tsup : float
    :param tsup: supply temperature to the DHN (hot)
    :type tret : float
    :param tret: return temeprature from the DHN (cold)
    :type tground : float
    :param tground: ground temperature
    :param gV: globalvar.py

    :rtype wdot_el : float
    :returns wdot_el: total electric power requirement for compressor and auxiliary el.
    :rtype qcolddot : float
    :returns qcolddot: cold power requirement
    :rtype qhotdot_missing : float
    :returns qhotdot_missing: deficit heating energy from GSHP
    :rtype tsup2 :
    :returns tsup2: supply temperature after HP (to DHN)

    ..[O. Ozgener et al., 2005] O. Ozgener, A. Hepbasli (2005). Experimental performance analysis of a solar assisted
    ground-source heat pump greenhouse heating system, Energy Build.
    ..[C. Montagud et al., 2014] C. Montagud, J.M. Corberan, A. Montero (2014). In situ optimization methodology for
    the water circulation pump frequency of ground source heat pump systems. Energy and Buildings
    """
    tsup2 = tsup      # tsup2 = tsup, if all load can be provided by the HP

    # calculate condenser temperature
    tcond = tsup + gV.HP_deltaT_cond
    if tcond > gV.HP_maxT_cond:
        #raise ModelError
        tcond = gV.HP_maxT_cond
        tsup2 = tcond - gV.HP_deltaT_cond  # lower the supply temp if necessary, tsup2 < tsup if max load is not enough

    # calculate evaporator temperature
    tevap = tground - gV.HP_deltaT_evap
    COP = gV.GHP_etaex / (1- tevap/tcond)     # [O. Ozgener et al., 2005]_

    qhotdot = mdot * gV.cp * (tsup2 - tret)
    qhotdot_missing = mdot * gV.cp * (tsup - tsup2) #calculate the missing energy if tsup2 < tsup

    wdot = qhotdot / COP
    wdot_el = wdot / gV.GHP_Auxratio     # compressor power [C. Montagud et al., 2014]_

    qcolddot =  qhotdot - wdot

    #if qcolddot > gV.GHP_CmaxSize:
    #    raise ModelError

    return wdot_el, qcolddot, qhotdot_missing, tsup2


[docs]def GHP_op_cost(mdot, tsup, tret, gV, COP):
    """
    Operation cost of GSHP supplying DHN

    :type mdot : float
    :param mdot: supply mass flow rate to the DHN
    :type tsup : float
    :param tsup: supply temperature to the DHN (hot)
    :type tret : float
    :param tret: return temeprature from the DHN (cold)
    :type COP: float
    :param COP: coefficient of performance of GSHP
    :param gV: globalvar.py

    :rtype C_GHP_el: float
    :returns C_GHP_el: electricity cost of GSHP operation

    :rtype wdot: float
    :returns wdot: electricty required for GSHP operation

    :rtype qcoldot: float
    :returns qcoldot: cold power requirement

    :rtype q_therm: float
    :returns q_therm: thermal energy supplied to DHN

    """

    q_therm = mdot * gV.cp *( tsup - tret) # Thermal Energy generated
    qcoldot = q_therm * ( 1 - ( 1 / COP ) )
    wdot = q_therm / COP

    C_GHP_el = wdot * gV.ELEC_PRICE

    return C_GHP_el, wdot, qcoldot, q_therm


[docs]def GHP_Op_max(tsup, tground, nProbes, gV):
    """
    For the operation of a Geothermal heat pump (GSHP) at maximum capacity supplying DHN.

    :type tsup : float
    :param tsup: supply temperature to the DHN (hot)
    :type tground : float
    :param tground: ground temperature
    :type nProbes: float
    :param nProbes: bumber of probes
    :param gV: globalvar.py

    :rtype qhotdot: float
    :returns qhotdot: heating energy provided from GHSP
    :rtype COP: float
    :returns COP: coefficient of performance of GSHP

    """

    qcoldot = nProbes * gV.GHP_Cmax_Size_th   # maximum capacity from all probes
    COP = gV.HP_etaex * ( tsup + gV.HP_deltaT_cond ) / ( ( tsup + gV.HP_deltaT_cond ) - tground)
    qhotdot = qcoldot /( 1 - ( 1 / COP ) )

    return qhotdot, COP


[docs]def HPLake_op_cost(mdot, tsup, tret, tlake, gV):
    """
    For the operation of lake heat pump supplying DHN

    :type mdot : float
    :param mdot: supply mass flow rate to the DHN
    :type tsup : float
    :param tsup: supply temperature to the DHN (hot)
    :type tret : float
    :param tret: return temeprature from the DHN (cold)
    :type tlake : float
    :param tlake: lake temperature
    :param gV: globalvar.py

    :rtype C_HPL_el: float
    :returns C_HPL_el: electricity cost of Lake HP operation

    :rtype wdot: float
    :returns wdot: electricty required for Lake HP operation

    :rtype Q_cold_primary: float
    :returns Q_cold_primary: cold power requirement

    :rtype Q_therm: float
    :returns Q_therm: thermal energy supplied to DHN

    """

    wdot, qcolddot = HPLake_Op(mdot, tsup, tret, tlake, gV)

    Q_therm = mdot * gV.cp *(tsup - tret)

    C_HPL_el = wdot * gV.ELEC_PRICE

    Q_cold_primary = qcolddot

    return C_HPL_el, wdot, Q_cold_primary, Q_therm


[docs]def HPLake_Op(mdot, tsup, tret, tlake, gV):
    """
    For the operation of a Heat pump between a district heating network and a lake

    :type mdot : float
    :param mdot: supply mass flow rate to the DHN
    :type tsup : float
    :param tsup: supply temperature to the DHN (hot)
    :type tret : float
    :param tret: return temeprature from the DHN (cold)
    :type tlake : float
    :param tlake: lake temperature
    :param gV: globalvar.py

    :rtype wdot_el : float
    :returns wdot_el: total electric power requirement for compressor and auxiliary el.
    :rtype qcolddot : float
    :returns qcolddot: cold power requirement

    ..[L. Girardin et al., 2010] L. Girardin, F. Marechal, M. Dubuis, N. Calame-Darbellay, D. Favrat (2010). EnerGis:
    a geographical information based system for the evaluation of integrated energy conversion systems in urban areas,
    Energy.

    ..[C. Montagud et al., 2014] C. Montagud, J.M. Corberan, A. Montero (2014). In situ optimization methodology for
    the water circulation pump frequency of ground source heat pump systems. Energy and Buildings
    """

    # calculate condenser temperature
    tcond = tsup + gV.HP_deltaT_cond
    print tcond
    if tcond > gV.HP_maxT_cond:
        raise ModelError

    # calculate evaporator temperature
    tevap = tlake - gV.HP_deltaT_evap
    COP = gV.HP_etaex / (1- tevap/tcond)   # [L. Girardin et al., 2010]_
    qhotdot = mdot * gV.cp * (tsup - tret)

    if qhotdot > gV.HP_maxSize:
        print "Qhot above max size on the market !"

    wdot = qhotdot / COP
    wdot_el = wdot / gV.HP_Auxratio     # compressor power [C. Montagud et al., 2014]_

    qcolddot =  qhotdot - wdot

    return wdot_el, qcolddot


[docs]def HPSew_op_cost(mdot, tsup, tret, tsupsew, gV):
    """
    Operation cost of sewage water HP supplying DHN

    :type mdot : float
    :param mdot: supply mass flow rate to the DHN
    :type tsup : float
    :param tsup: supply temperature to the DHN (hot)
    :type tret : float
    :param tret: return temeprature from the DHN (cold)
    :type tsupsew : float
    :param tsupsew: sewage supply temperature
    :param gV: globalvar.py

    :rtype C_HPSew_el_pure: float
    :returns C_HPSew_el_pure: electricity cost of sewage water HP operation

    :rtype C_HPSew_per_kWh_th_pure: float
    :returns C_HPSew_per_kWh_th_pure: electricity cost per kWh thermal energy produced from sewage water HP

    :rtype qcoldot: float
    :returns qcoldot: cold power requirement

    :rtype q_therm: float
    :returns q_therm: thermal energy supplied to DHN

    :rtype wdot: float
    :returns wdot: electricty required for sewage water HP operation

    ..[L. Girardin et al., 2010] L. Girardin, F. Marechal, M. Dubuis, N. Calame-Darbellay, D. Favrat (2010). EnerGis:
    a geographical information based system for the evaluation of integrated energy conversion systems in urban areas,
    Energy.

    """

    COP = gV.HP_etaex * ( tsup + gV.HP_deltaT_cond) / ( ( tsup + gV.HP_deltaT_cond ) - tsupsew )
    q_therm = mdot * gV.cp *(tsup - tret)
    qcoldot = q_therm*( 1 - ( 1 / COP ) )

    wdot = q_therm / COP

    C_HPSew_el_pure = wdot * gV.ELEC_PRICE
    C_HPSew_per_kWh_th_pure = C_HPSew_el_pure / (q_therm)

    return C_HPSew_el_pure, C_HPSew_per_kWh_th_pure, qcoldot, q_therm, wdot





# investment and maintenance costs

[docs]def calc_Cinv_GHP(GHP_Size, gV):
    """
    Calculates the annualized investment costs for the geothermal heat pump

    :type GHP_Size : float
    :param GHP_Size: Design electrical size of the heat pump in [Wel]

    :type InvCa : float
    :returns InvCa: annualized investment costs in [EUROS/a]

    ..[D. Bochatay et al., 2005] D. Bochatay, I. Blanc, O. Jolliet, F. Marechal, T. Manasse-Ratmandresy (2005). Project
    PACOGEN Evaluation economique et environmentale de systemes energetiques a usage residentiel., EPFL.
    """
    nProbe = floor(GHP_Size / gV.GHP_WmaxSize)
    roundProbe = GHP_Size / gV.GHP_WmaxSize - nProbe

    # calculate investment cost of GSHP and Boreholes
    InvC_HP = 0
    InvC_BH = 0

    InvC_HP += nProbe * 5247.5 * (gV.GHP_WmaxSize * 1E-3) ** 0.49
    InvC_BH += nProbe * 7100 * (gV.GHP_WmaxSize * 1E-3) ** 0.74

    InvC_HP += 5247.5 * (roundProbe * gV.GHP_WmaxSize * 1E-3) ** 0.49
    InvC_BH += 7100 * (roundProbe * gV.GHP_WmaxSize * 1E-3) ** 0.74

    InvCa = InvC_HP * gV.GHP_i * (1+ gV.GHP_i) ** gV.GHP_nHP / \
            ((1+gV.GHP_i) ** gV.GHP_nHP - 1) + \
            InvC_BH * gV.GHP_i * (1+ gV.GHP_i) ** gV.GHP_nBH / \
            ((1+gV.GHP_i) ** gV.GHP_nBH - 1)

    return InvCa



[docs]def calc_Cinv_HP(HP_Size, gV):
    """
    Calculates the annualized investment costs for the heat pump

    :type HP_Size : float
    :param HP_Size: Design thermal size of the heat pump in [W]

    :rtype InvCa : float
    :returns InvCa: annualized investment costs in [CHF/a]

    ..[C. Weber, 2008] C.Weber, Multi-objective design and optimization of district energy systems including
    polygeneration energy conversion technologies., PhD Thesis, EPFL
    """
    if HP_Size > 0:
        InvC = (-493.53 * log(HP_Size * 1E-3) + 5484) * (HP_Size * 1E-3)
        InvCa = InvC * gV.HP_i * (1+ gV.HP_i) ** gV.HP_n / \
                ((1+gV.HP_i) ** gV.HP_n - 1)

    else:
        InvCa = 0

    return InvCa



[docs]def GHP_InvCost(GHP_Size, gV):
    """
    Calculates the annualized investment costs for the geothermal heat pump

    :type GHP_Size : float
    :param GHP_Size: Design electrical size of the heat pump in [Wel]

    InvCa : float
        annualized investment costs in EUROS/a
    """
    InvC_HP = 5247.5 * (GHP_Size * 1E-3) ** 0.49
    InvC_BH = 7100 * (GHP_Size * 1E-3) ** 0.74

    InvCa = InvC_HP * gV.GHP_i * (1+ gV.GHP_i) ** gV.GHP_nHP / \
            ((1+gV.GHP_i) ** gV.GHP_nHP - 1) + \
            InvC_BH * gV.GHP_i * (1+ gV.GHP_i) ** gV.GHP_nBH / \
            ((1+gV.GHP_i) ** gV.GHP_nBH - 1)

    return InvCa
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  Source code for cea.technologies.sewage_heat_exchanger

# -*- coding: utf-8 -*-
"""
Sewage source heat exchanger
"""
from __future__ import division
import pandas as pd
import numpy as np
import scipy

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"



[docs]def calc_sewage_heat_exchanger(locator, Length_HEX_available, gv):
    """
    Calaculate the heat extracted from the sewage HEX.

    :param locator: an InputLocator instance set to the scenario to work on
    :param Length_HEX_available: HEX length available
    :type Length_HEX_available: float
    :param gv: globalvar.py

    Save the results to `SWP.csv`
    """

    # local variables
    mcpwaste = []
    twaste = []
    mXt = []
    counter = 0
    names = pd.read_csv(locator.get_total_demand()).Name.count()

    for x in names:
        building = pd.read_csv(locator.get_demand_results_file(x))
        m, t = np.vectorize(calc_Sewagetemperature)( building.Qwwf_kWh, building.Qww_kWh, building.Tsww_C,
                                                     building.Trww_C, building.totwater, building.mcpww_kWC, gv.Cpw,
                                                     gv.Pwater, gv.SW_ratio)
        mcpwaste.append(m)
        twaste.append(t)
        mXt.append(m*t)
        counter = counter +1
    mcpwaste_zone = np.sum( mcpwaste, axis =0)
    twaste_zone = np.sum( mXt, axis =0) / mcpwaste_zone
    twaste_zone = twaste_zone.copy() - twaste_zone.copy() * 0.20 # lossess in the grid

    Q_source, t_source, t_out, tin_e, tout_e  = np.vectorize(calc_sewageheat)( mcpwaste_zone, twaste_zone, gv.width_HEX,
                                                                               gv.Vel_flow, gv.Cpw, gv.h0, gv.min_flow,
                                                                               Length_HEX_available, gv.tmin, gv.ATmin)
    SW_gen = locator.get_sewage_heat_potential()
    pd.DataFrame( { "Qsw_kW" : Q_source, "ts_C" : t_source, "tout_sw_C" : t_out, "tin_sw_C" : twaste_zone,
                    "tout_HP_C" : tout_e, "tin_HP_C" : tin_e}).to_csv( SW_gen, index=False, float_format='%.3f')

    print "done!"



# Calc Sewage heat

[docs]def calc_Sewagetemperature( Qwwf, Qww, tsww, trww, totwater, mcpww, cp, density, SW_ratio):
    """
    Calculate sewage temperature and flow rate released from DHW usages and Fresh Water (FW) in buildings.

    :param Qwwf: final DHW heat requirement
    :type Qwwf: float
    :param Qww: DHW heat requirement
    :type Qww: float
    :param tsww: DHW supply temperature
    :type tsww: float
    :param trww: DHW return temperature
    :type trww: float
    :param totwater: fresh water flow rate
    :type totwater: float
    :param mcpww: DHW heat capacity
    :type mcpww: float
    :param cp: water specific heat capacity
    :type cp: float
    :param density: water density
    :type densigy: float
    :param SW_ratio: ratio of waste water to fresh water production.
    :type SW_ratio: float

    :returns mcp_combi: sewage water heat capacity [kWh/K]
    :rtype mcp_combi: float
    :returns t_to_sewage: sewage water temperature
    :rtype t_to_sewage: float
    """

    if Qwwf > 0:
        Qloss_to_spur = Qwwf - Qww
        t_spur = tsww - Qloss_to_spur / mcpww
        m_DHW = mcpww * SW_ratio # in [kWh/K]
        m_FW = totwater * SW_ratio * 0.5 * cp * density / 3600  # in [kWh/K]
        mcp_combi = m_DHW + m_FW
        t_combi = ( m_DHW * t_spur + m_FW * trww ) / mcp_combi
        t_to_sewage = 0.90 * t_combi                  # assuming 10% thermal loss throuhg piping
    else:
        t_to_sewage = trww
        mcp_combi = totwater * SW_ratio * 0.5 * cp * density / 3600 # in [kWh/K]
    return mcp_combi, t_to_sewage # in lh or kgh and in C


[docs]def calc_sewageheat( mcp, tin, w_HEX, Vf, cp, h0, min_m, L_HEX, tmin, ATmin):
    """
    Calculates the operation of sewage heat exchanger.

    :param mcp: heat capacity of total sewage in a zone
    :type mcp: float
    :param tin: sewage inlet temperature of a zone
    :type tin: float
    :param w_HEX: width of the sewage HEX
    :type w_HEX: float
    :param Vf: sewage flow rate [m/s]
    :type Vf: float
    :param cp: water specific heat capacity
    :type cp: float
    :param h0: sewage heat transfer coefficient
    :type h0: float
    :param min_m: sewage minimum flow rate in [lps]
    :type min_m: float
    :param L_HEX: HEX length available
    :type L_HEX: float
    :param tmin: minimum temperature of extraction
    :type tmin: float
    :param ATmin: minimum area of heat exchange
    :type ATmin: float

    :returns Q_source: heat supplied by sewage
    :rtype: float
    :returns t_source: sewage heat supply temperature
    :rtype t_source: float
    :returns tb2: sewage return temperature
    :rtype tbs: float
    :returns ta1: temperature inlet of the cold stream (from the HP)
    :rtype ta1: float
    :returns ta2: temperature outlet of the cold stream (to the HP)
    :rtype ta2: float

    ..[J.A. Fonseca et al., 2016] J.A. Fonseca, Thuy-An Nguyen, Arno Schlueter, Francois Marechal (2016). City Enegy
    Analyst (CEA): Integrated framework for analysis and optimization of building energy systems in neighborhoods and
    city districts. Energy and Buildings.
    """

    mcp_min = min_m * cp # minimum sewage heat capacity in [kW/K]
    mcp_max = Vf * w_HEX * 0.20 * 1000 * cp   # 20 cm is the depth of the active water in contact with the HEX
    A_HEX = w_HEX * L_HEX   # area of heat exchange
    if mcp > mcp_max:
        mcp = mcp_max
    if mcp_min < mcp <= mcp_max:
        # B is the sewage, A is the heat pump
        mcpa = mcp * 1.1 # the flow in the heat pumps slightly above the flow on the sewage side
        tb1 = tin
        ta1 = tin - ( ( tin - tmin ) + ATmin / 2 )
        alpha = h0 * A_HEX * ( 1 / mcpa - 1 / mcp )
        n = ( 1 - scipy.exp( -alpha ) ) / ( 1 - mcpa / mcp * scipy.exp( -alpha ) )
        tb2 = tb1 + mcpa / mcp * n * ( ta1 - tb1 )
        Q_source = mcp * ( tb1 - tb2 )
        ta2 = ta1 + Q_source / mcpa
        t_source = ( tb2 + tb1 )
    else:
        tb1 = tin
        tb2 = tin
        ta1 = tin
        ta2 = tin
        Q_source = 0
        t_source = tin

    return Q_source, t_source, tb2, ta1, ta2



[docs]def test_ss_heatpump():
    import cea.inputlocator
    import cea.globalvar
    locator = cea.inputlocator.InputLocator(r'C:\reference-case\baseline')
    gv = cea.globalvar.GlobalVariables()

    Length_HEX_available = 120  # 120:CAMP, 210:HEB  #measured from arcpmap

    calc_sewage_heat_exchanger(locator=locator, Length_HEX_available=Length_HEX_available, gv=gv)



if __name__ == '__main__':
    test_ss_heatpump()
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  Source code for cea.technologies.tabs

# -*- coding: utf-8 -*-
"""
Termoactivated building surfaces (TABS)
"""

from __future__ import division
import scipy.optimize

__author__ = "Martin Mosteiro"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Martin Mosteiro"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def calc_floorheating(Qh, tm, Qh0, tsh0, trh0, Af):
    """
    Calculates the operating conditions of the TABS system based on existing radiator model, replacing the radiator
    equation with the simple calculation for TABS from SIA 2044, which in turn is based on Koschenz & Lehmann
    "Thermoaktive Bauteilsysteme (TABS)".

    :param Qh: heating demand
    :param tm: Temperature of the thermal mass
    :param Qh0: nominal heating power of the heating system
    :param tsh0: nominal supply temperature to the TABS system
    :param trh0: nominal return temperature from the TABS system
    :param Af: heated area

    :return: - ``tsh``, supply temperature to the TABS system
             - ``trh``, return temperature from the TABS system
             - ``mCw``, flow rate in the TABS system
    """

    if Qh > 0:
        tsh0 = tsh0 + 273
        trh0 = trh0 + 273
        tm = tm + 273
        mCw0 = Qh0 / (tsh0 - trh0)
        # minimum
        k1 = 1 / mCw0

        R_tabs = 0.08       # m2-K/W from SIA 2044
        A_tabs = 0.8 * Af   # m2
        H_tabs = A_tabs / R_tabs

        def fh(x):
            Eq = mCw0 * k2 - (x+k2-tm) * H_tabs
            return Eq

        k2 = Qh * k1
        result = scipy.optimize.newton(fh, trh0, maxiter=1000, tol=0.1) - 273
        trh = result.real
        tsh = trh + k2
        mCw = Qh / (tsh - trh)
    else:
        mCw = 0
        tsh = 0
        trh = 0
    return tsh, trh, mCw # C,C, W/C
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  Source code for cea.technologies.radiators

# -*- coding: utf-8 -*-
"""
heating radiators
"""
from __future__ import division
from scipy.optimize import newton
import math
import numpy as np


__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def fh(x, mCw0, k2, Qh0, tair, LMRT, nh):
    Eq = mCw0 * k2 - Qh0 * (k2 / (math.log((x + k2 - tair) / (x - tair)) * LMRT)) ** (nh + 1)
    return Eq


[docs]def lmrt(tair0, trh0, tsh0):
    LMRT = (tsh0 - trh0) / math.log((tsh0 - tair0) / (trh0 - tair0))
    return LMRT


[docs]def calc_radiator(Qh, tair, Qh0, tair0, tsh0, trh0):
    nh = 0.3 #radiator constant
    if Qh > 0:
        tair = tair + 273
        tair0 = tair0 + 273
        tsh0 = tsh0 + 273
        trh0 = trh0 + 273
        mCw0 = Qh0 / (tsh0 - trh0)
        # minimum
        LMRT = lmrt(tair0, trh0, tsh0)
        k1 = 1 / mCw0
        k2 = Qh * k1
        result = newton(fh, trh0, args=(mCw0, k2, Qh0, tair, LMRT, nh), maxiter=100, tol=0.01) - 273
        trh = result.real
        tsh = trh + k2
        mCw = Qh / (tsh - trh)
    else:
        mCw = 0
        tsh = 0
        trh = 0
    # return floats with numpy function. Needed when np.vectorize is use to call this function
    return np.float(tsh), np.float(trh), np.float(mCw) # C, C, W/C


try:
    # import Numba AOT versions of the functions above, overwriting them
    from calc_radiator import fh, lmrt
except ImportError:
    # fall back to using the python version
    print('failed to import from calc_radiator.pyd, falling back to pure python functions')
    pass
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  Source code for cea.technologies.pumps

# -*- coding: utf-8 -*-
"""
pumps
"""
from __future__ import division
import os
import pandas as pd
from scipy.interpolate import interp1d
import numpy as np


__author__ = "Thuy-An Nguyen"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Thuy-An Nguyen", "Tim Vollrath", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


# operation and total costs

[docs]def Pump_operation(P_design):

    """
    Modeled after:
        05_merkblatt_wirtschaftlichkeit_14.pdf
        23_merkblatt_pumpen_web.pdf
        ER_2010_11_Heizungspumpen.pdf
        MerkblattPreiseFU2010_2011.pdf
        MerkblattPreiseMotoren2010_2011.pdf

    P_design : float
        Load of time step

    eta_el : float
        electric efficiency of Pumping operation in abs. numbers (e.g. 0.93)
    """

    x = [0.5, 0.75, 1.1, 1.5, 2.2, 3, 4, 5.5, 7.5, 11, 15, 18, 22, 30, 37, 45, 55, 75, 90, 110, 132, 160, 200, 220] # Nominal load in kW
    y = [83, 83.5, 84, 85.2, 86.8, 87.8, 88.8, 89.5, 90.5, 91.5, 92.2, 92.6, 93, 93.6, 93.9, 94.3, 94.6, 95, 95.2, 95.4, 95.6, 95.9, 96,96] # efficiency in %
        # do the interpolation
    eff_of_Pmax = interp1d(x, y, kind='cubic')
    eta_motor = eff_of_Pmax(float(P_design) / float(100))
    eta_pump_fluid = 0.8
    eta_pumping = eta_pump_fluid * eta_motor
    return eta_pumping, eta_pump_fluid, eta_motor



[docs]def calc_Ctot_pump(dicoSupply, buildList, network_results_folder, ntwFeat, gV):
    """
    Computes the total pump investment cost

    :type dicoSupply : class context
    :type buildList : list
    :param buildList: list of buildings in the district
    :type network_results_folder : string
    :param network_results_folder: path to network results folder
    :type ntwFeat : class ntwFeatures

    :rtype pumpCosts : float
    :returns pumpCosts: pumping cost
    """    
    pumpCosts = 0
    #nBuild = dicoSupply.nBuildingsConnected
    #ntot = len(buildList)
    
    os.chdir(network_results_folder)
    if 1:
        pumpCosts = 0
        #nBuild = dicoSupply.nBuildingsConnected
        #ntot = len(buildList)
        
        os.chdir(network_results_folder)
        df = pd.read_csv(dicoSupply.NETWORK_DATA_FILE, usecols=["mdot_DH_netw_total"])
        mdotA = np.array(df)
        mdotnMax = np.amax(mdotA)
        
        #mdot0Max = np.amax( np.array( pd.read_csv("Network_summary_result_all.csv", usecols=["mdot_heat_netw_total"]) ) )
        
        for i in range(int(np.shape(mdotA)[0])):
            deltaP = 2* (104.81 * mdotA[i][0] + 59016)
            pumpCosts += deltaP * mdotA[i][0] / 1000 * gV.ELEC_PRICE / gV.etaPump
            deltaPmax = ntwFeat.DeltaP_DHN
            
        investCosts = calc_Cinv_pump(deltaPmax, mdotnMax, gV.etaPump, gV) # investment of Machinery
        pumpCosts += investCosts
        
    print pumpCosts, " CHF - pump costs in pumps.py"
    
    return pumpCosts



[docs]def Pump_Cost(deltaP, mdot, eta_pumping, gV):
    """
    Calculates the cost of a pumping device.
    if the nominal load (electric) > 375kW, a new pump is installed
    if the nominal load (electric) < 500W, a pump with Pel_design = 500W is assumed

    Investment costs are calculated upon the life time of a GHP (20y) and a GHP- related interest rate of 6%

    :type deltaP : float
    :param deltaP: nominal pressure drop that has to be overcome with the pump

    :type mdot : float
    :param mdot: nominal mass flow

    :type eta_pumping : float
    :param pump efficiency: (set 0.8 as standard value, eta = E_pumping / E_elec)

    :rtype InvCa : float
    :returns InvCa: annualized investment costs in CHF/year
    """

    E_pumping_required = mdot * deltaP /gV.rho_60
    P_motor_tot = E_pumping_required / eta_pumping

    PmaxPumpkW = 375.0
    PpumpMinkW = 0.5

    nPumps = int(np.ceil(P_motor_tot / 1000.0 / PmaxPumpkW))

    PpumpArray = np.zeros((nPumps))
    PpumpRemain = P_motor_tot

    #if PpumpRemain < PpumpMinkW * 1000:
     #   PpumpRemain = PpumpMinkW * 1000


    x = [0.4999, 0.75, 1.1, 1.5, 2.2, 3, 4, 5.5, 7.5, 11, 15, 18.5, 22, 30, 37, 45, 55, 75, 90, 110, 132, 160, 200, 220, 260, 315, 335, 375] # Nominal load in kW
    y = [630, 580, 500, 420, 350, 315, 285, 260, 240, 220, 210, 205, 195, 190, 185, 182, 180, 176, 175, 174, 173, 170, 169, 168, 167, 165, 162, 161.9] # efficiency in %
        # do the interpolation
    x1 = [0.4999, 0.75, 1.1, 1.5, 2.2, 3, 4, 5.5, 7.5, 11, 15, 18.5, 22, 30, 37, 45, 55, 75, 90, 110, 132, 160, 200, 220, 260, 315, 335, 375] # Nominal load in kW
    y1 = [720, 680, 585, 425, 330, 275, 220, 195, 180, 150, 145, 143, 135, 120, 115, 114, 110, 100, 90, 88, 85, 80, 75, 74, 74, 73, 72, 71.9] # efficiency in %
    InvC_mot= interp1d(x, y, kind='cubic')
    InvC_VFC = interp1d(x1, y1, kind='cubic')

    InvC = 0.0
    InvCa = 0.0

    for pump_i in range(nPumps):
        # calculate pump nominal capacity

        PpumpArray[pump_i] =  min(PpumpRemain, PmaxPumpkW*1000)
        if PpumpArray[pump_i] < PpumpMinkW * 1000:
            PpumpArray[pump_i] = PpumpMinkW * 1000
        PpumpRemain -= PpumpArray[pump_i]

        # Calculate cost
        InvC += InvC_mot(PpumpArray[pump_i]/1000.0) + InvC_VFC(PpumpArray[pump_i]/1000.0)
        InvCa +=  InvC * gV.GHP_i * (1+ gV.GHP_i) ** gV.GHP_nHP / ((1+gV.GHP_i) ** gV.GHP_nHP - 1)

    return InvCa


# investment and maintenance costs

[docs]def calc_Cinv_pump(deltaP, mdot, eta_pumping, gV):
    """
    Calculates the cost of a pumping device.
    if the nominal load (electric) > 375kW, a new pump is installed
    if the nominal load (electric) < 500W, a pump with Pel_design = 500W is assumed

    Investement costs are calculated upon the life time of a GHP (20y) and a GHP- related interest rate of 6%

    :type deltaP : float
    :param deltaP: nominal pressure drop that has to be overcome with the pump

    :type mdot : float
    :param mdot: nominal mass flow

    :type eta_pumping : float
    :param pump efficiency: (set 0.8 as standard value, eta = E_pumping / E_elec)

    :rtype InvC_return : float
    :returns InvC_return: total investment Cost in CHF

    :rtype InvCa : float
    :returns InvCa: annualized investment costs in CHF/year
    """

    E_pumping_required = mdot * deltaP / gV.rho_60
    P_motor_tot = E_pumping_required / eta_pumping    # electricty to run the motor

    PmaxPumpkW = 375.0
    PpumpMinkW = 0.5
    print P_motor_tot
    print PmaxPumpkW
    nPumps = int( np.ceil ( P_motor_tot / 1000.0 / PmaxPumpkW))
    # if the nominal load (electric) > 375kW, a new pump is installed

    print nPumps," nPumps"

    PpumpArray = np.zeros((nPumps))
    PpumpRemain = P_motor_tot

    #if PpumpRemain < PpumpMinkW * 1000:
     #   PpumpRemain = PpumpMinkW * 1000


    x = [0.4999, 0.75, 1.1, 1.5, 2.2, 3, 4, 5.5, 7.5, 11, 15, 18.5, 22, 30, 37, 45, 55, 75, 90, 110, 132, 160, 200, 220, 260, 315, 335, 375] # Nominal load in kW
    y = [630, 580, 500, 420, 350, 315, 285, 260, 240, 220, 210, 205, 195, 190, 185, 182, 180, 176, 175, 174, 173, 170, 169, 168, 167, 165, 162, 161.9] # efficiency in %
    # do the interpolation
    x1 = [0.4999, 0.75, 1.1, 1.5, 2.2, 3, 4, 5.5, 7.5, 11, 15, 18.5, 22, 30, 37, 45, 55, 75, 90, 110, 132, 160, 200, 220, 260, 315, 335, 375] # Nominal load in kW
    y1 = [720, 680, 585, 425, 330, 275, 220, 195, 180, 150, 145, 143, 135, 120, 115, 114, 110, 100, 90, 88, 85, 80, 75, 74, 74, 73, 72, 71.9] # efficiency in %
    InvC_mot= interp1d(x, y, kind='cubic')
    InvC_VFC = interp1d(x1, y1, kind='cubic')

    InvC = 0.0
    InvCa = 0.0

    for pump_i in range(nPumps):
        # calculate pump nominal capacity
        PpumpArray[pump_i] =  min(PpumpRemain, PmaxPumpkW*1000)
        if PpumpArray[pump_i] < PpumpMinkW * 1000:
            PpumpArray[pump_i] = PpumpMinkW * 1000
        PpumpRemain -= PpumpArray[pump_i]

        # Calculate cost
        InvC += InvC_mot(PpumpArray[pump_i]/1000.0) + InvC_VFC(PpumpArray[pump_i]/1000.0)
        InvCa += InvC * gV.GHP_i * (1+ gV.GHP_i) ** gV.GHP_nHP / ((1+gV.GHP_i) ** gV.GHP_nHP - 1)

    return InvCa
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  Source code for cea.technologies.blinds

# -*- coding: utf-8 -*-
"""
blinds
"""
from __future__ import division


[docs]def calc_blinds_activation(radiation, g_gl, Rf_sh):
    """
    This function calculates the blind operation according to ISO 13790.

    :param radiation: radiation in [W/m2]
    :param g_gl: window g value
    :param Rf_sh: shading factor
    """
    # activate blinds when I =300 W/m2
    if radiation > 300:  # in w/m2
        return g_gl * Rf_sh
    else:
        return g_gl
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  Source code for cea.technologies.heat_exchangers

"""
heat exchangers
"""


from __future__ import division

__author__ = "Thuy-An Nguyen"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Thuy-An Nguyen", "Tim Vollrath", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


# investment and maintenance costs

[docs]def calc_Cinv_HEX(Q_design, gV):
    """
    Calculates the cost of a heat exchanger (based on A+W cost of oil boilers) [CHF / a]

    :type Q_design : float
    :param Q_design: Design Load of Boiler

    :param gV: globalvar.py

    :rtype InvC_return : float
    :returns InvC_return: total investment Cost in [CHF]

    :rtype InvCa : float
    :returns InvCa: annualized investment costs in [CHF/a]

    """
    if Q_design > 0:
        InvC = 3000 # after A+W

        if Q_design >= 50000 and Q_design <= 80000:
            InvC = 3000 + 2.0/30 * (Q_design - 50000) # linear interpolation of A+W data

        if Q_design  >= 80000 and Q_design < 100000:
            InvC = 5000.0
            #print "A"

        if Q_design > 100000:
            InvC = 80 * Q_design / 1000.0 - 3000
            #print "B"

        InvCa =  InvC * gV.Subst_i * (1+ gV.Subst_i) ** gV.Subst_n / ((1+gV.Subst_i) ** gV.Subst_n - 1)

    else:
        InvCa = 0

    return InvCa
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  Source code for cea.technologies.chillers

"""
Vapor-compressor chiller
"""
from __future__ import division


__author__ = "Thuy-An Nguyen"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Thuy-An Nguyen", "Tim Vollrath", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


# technical model

[docs]def calc_VCC(mdot, tsup, tret, gV):
    """
    For the operation of a Vapor-compressor chiller between a district cooling network and a condenser with fresh water
    to a cooling tower following [D.J. Swider, 2003]_.

    :type mdot : float
    :param mdot: plant supply mass flow rate to the district cooling network
    :type tsup : float
    :param tsup: plant supply temperature to DCN
    :type tret : float
    :param tret: plant return temperature from DCN
    :param gV: globalvar.py

    :rtype wdot : float
    :returns wdot: chiller electric power requirement
    :rtype qhotdot : float
    :returns qhotdot: condenser heat rejection

    ..[D.J. Swider, 2003] D.J. Swider (2003). A comparison of empirically based steady-state models for
    vapor-compression liquid chillers. Applied Thermal Engineering.

    """
    qcolddot = mdot * gV.cp * (tret - tsup)      # required cooling at the chiller evaporator
    tcoolin = gV.VCC_tcoolin                     # condenser water inlet temperature in [K]
    
    if qcolddot == 0:
        wdot = 0
        
    else: 
        #Tim Change:
        #COP = (tret / tcoolin - 0.0201E-3 * qcolddot / tcoolin) \
        #  (0.1980E3 * tret / qcolddot + 168.1846E3 * (tcoolin - tret) / (tcoolin * qcolddot) \
        #  + 0.0201E-3 * qcolddot / tcoolin + 1 - tret / tcoolin)
        
        A = 0.0201E-3 * qcolddot / tcoolin 
        B = tret / tcoolin
        C = 0.1980E3 * tret / qcolddot + 168.1846E3 * (tcoolin - tret) / (tcoolin * qcolddot)
        
        COP = 1 /( (1+C) / (B-A) -1 )
        
        wdot = qcolddot / COP
         
    qhotdot = wdot + qcolddot
    
    return wdot, qhotdot



# Investment costs

[docs]def calc_Cinv_VCC(qcold, gV):
    """
    Annualized investment costs for the vapor compressor chiller

    :type qcold : float
    :param qcold: peak cooling demand in [W]
    :param gV: globalvar.py

    :returns InvCa: annualized chiller investment cost in CHF/a
    :rtype InvCa: float

    """
    InvCa = 0.65 * 23E6 * gV.USD_TO_CHF * qcold / 37E6 / 25
    
    return InvCa
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  Source code for cea.technologies.heating_coils

# -*- coding: utf-8 -*-
"""
Heating and cooling coils of Air handling units
"""
from __future__ import division
import scipy.optimize as sopt
import scipy
import numpy as np

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def calc_heating_coil(Qhsf, Qhsf_0, Ta_sup_hs, Ta_re_hs, Ths_sup_0, Ths_re_0, ma_sup_hs, ma_sup_0,Ta_sup_0, Ta_re_0,
                      Cpa, gv):

    tasup = Ta_sup_hs + 273
    tare = Ta_re_hs + 273
    tsh0 = Ths_sup_0 + 273
    trh0 = Ths_re_0 + 273
    mCw0 = Qhsf_0 / (tsh0 - trh0)

    # log mean temperature at nominal conditions
    TD10 = Ta_sup_0 - trh0
    TD20 = Ta_re_0 - tsh0
    LMRT0 = (TD10 - TD20) / scipy.log(TD20 / TD10)
    UA0 = Qhsf_0 / LMRT0

    if Qhsf > 0 and ma_sup_hs > 0:
        AUa = UA0 * (ma_sup_hs / ma_sup_0) ** 0.77
        NTUc = AUa / (ma_sup_hs * Cpa * 1000)
        ec = 1 - scipy.exp(-NTUc)
        tc = (tare - tasup + tasup * ec) / ec  # contact temperature of coil

        # minimum
        LMRT = abs((tsh0 - trh0) / scipy.log((tsh0 - tc) / (trh0 - tc)))
        k1 = 1 / mCw0

        def fh(x):
            Eq = mCw0 * k2 - Qhsf_0 * (k2 / (scipy.log((x + k2 - tc) / (x - tc)) * LMRT))
            return Eq

        k2 = Qhsf * k1
        try:
            result = sopt.newton(fh, trh0, maxiter=1000, tol=0.01).real - 273
        except RuntimeError:
            print (Qhsf, Qhsf_0, Ta_sup_hs, Ta_re_hs, Ths_sup_0, Ths_re_0, ma_sup_hs, ma_sup_0,Ta_sup_0, Ta_re_0)
            result = sopt.bisect(fh, 0, 350, xtol=0.01, maxiter=500).real - 273

        trh = result
        tsh = trh + k2
        mcphs = Qhsf / (tsh - trh)
    else:
        tsh = trh = mcphs = 0
    # return floats with numpy function. Needed when np.vectorize is use to call this function
    return np.float(tsh), np.float(trh), np.float(mcphs) # C,C, W/C



[docs]def calc_cooling_coil(Qcsf, Qcsf_0, Ta_sup_cs, Ta_re_cs, Tcs_sup_0, Tcs_re_0, ma_sup_cs, ma_sup_0, Ta_sup_0, Ta_re_0,Cpa, gv):
    # Initialize temperatures
    tasup = Ta_sup_cs + 273
    tare = Ta_re_cs + 273
    tsc0 = Tcs_sup_0 + 273
    trc0 = Tcs_re_0 + 273
    mCw0 = Qcsf_0 / (tsc0 - trc0)

    # log mean temperature at nominal conditions
    TD10 = Ta_sup_0 - trc0
    TD20 = Ta_re_0 - tsc0
    LMRT0 = (TD20 - TD10) / scipy.log(TD20 / TD10)
    UA0 = Qcsf_0 / LMRT0

    if Qcsf < -0 and ma_sup_cs > 0:
        AUa = UA0 * (ma_sup_cs / ma_sup_0) ** 0.77
        NTUc = AUa / (ma_sup_cs * Cpa * 1000)
        ec = 1 - scipy.exp(-NTUc)
        tc = (tare - tasup + tasup * ec) / ec  # contact temperature of coil

        def fh(x):
            TD1 = tc - (k2 + x)
            TD2 = tc - x
            LMRT = (TD2 - TD1) / scipy.log(TD2 / TD1)
            Eq = mCw0 * k2 - Qcsf_0 * (LMRT / LMRT0)
            return Eq

        k2 = -Qcsf / mCw0
        try:
            result = sopt.newton(fh, trc0, maxiter=1000, tol=0.01) - 273
        except RuntimeError:
            print('Newton optimization failed in cooling coil, using slower bisect algorithm...')
            try:
                result = sopt.bisect(fh, 0, 350, xtol=0.01, maxiter=500) - 273
            except RuntimeError:
                print ('Bisect optimization also failed in cooing coil, using sample:')


        #if Ta_sup_cs == Ta_re_cs:
        #    print 'Ta_sup_cs == Ta_re_cs:', Ta_sup_cs
        tsc = result.real
        trc = tsc + k2

        #Control system check - close to optimal flow
        min_AT = 5  # Its equal to 10% of the mass flowrate
        tsc_min = Tcs_sup_0  # to consider coolest source possible
        trc_max = Tcs_re_0
        tsc_max = 12
        AT = tsc - trc
        if AT < min_AT:
            if tsc < tsc_min:
                tsc = tsc_min
                trc = tsc_min + min_AT
            if tsc > tsc_max:
                tsc = tsc_max
                trc = tsc_max + min_AT
            else:
                trc = tsc + min_AT
        elif tsc > tsc_max or trc > trc_max or tsc < tsc_min:
            trc = trc_max
            tsc = tsc_max

        mcpcs = Qcsf / (tsc - trc)
    else:
        tsc = trc = mcpcs = 0
    # return floats with numpy function. Needed when np.vectorize is use to call this function
    return np.float(tsc), np.float(trc), np.float(mcpcs)  # C,C, W/C
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  Source code for cea.technologies.storagetank

"""
Sensible Heat Storage - Fully Mixed tank
"""

from __future__ import division
import numpy as np
from scipy.integrate import odeint
import math

__author__ = "Shanshan Hsieh"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["ShanShan Hsieh"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"

[docs]def calc_Qww_ls_st(ta, te, Tww_st, V, Qww, Qww_ls_r, Qww_ls_nr, gv):
    """
    This algorithm calculates the heat flows within a fully mixed water storage tank.
    Heat flows include sensible heat loss to the environment (ql), heat charged into the tank (qc),
    and heat discharged from the tank (qd).

    :param Tww_st: tank temperature in [C]
    :param Tww_setpoint: DHW temperature set point in [C]
    :param ta: room temperature in [C]
    :param te: ambient temperature in [C]
    :param V: DHW tank size in [m3]
    :param Qww: DHW demand in [W]
    :param Qww_ls_r: recoverable loss in distribution in [W]
    :param Qww_ls_nr: non-recoverable loss in distribution in [W]
    :param gv: globalvar.py

    :type Tww_st: float
    :type Tww_setpoint: float
    :type ta: float
    :type te: float
    :type V: float
    :type Qww: float
    :type Qww_ls_nr: float


    :return ql: storage sensible heat loss in [W].
    :return qd: heat discharged from the tank in [W], including dhw heating demand and distribution heat loss.
    :return qc: heat charged into the tank in [W].
    :rtype ql: float
    :rtype qd: float
    :rtype qc: float
    """

    tamb = ta - gv.Bf * (ta - te)         # Calculate tamb in basement according to EN

    h = ( 4 * V * gv.AR ** 2 / math.pi ) ** ( 1.0 / 3.0 )     # tank height in [m], derived from tank Aspect Ratio(AR)
    r = ( V / ( math.pi * h ) ) ** ( 1.0 / 2.0 )         # tank radius in [m], assuming tank shape is cylinder
    Atank = 2 * math.pi * r ** 2 + 2 * math.pi * r * h      # tank surface area in [m2].
    ql = gv.U_dhwtank * Atank * ( Tww_st - tamb )       # tank heat loss to the room in [W]
    qd = Qww + Qww_ls_r + Qww_ls_nr
    if Qww <= 0:
        qc = 0
    else:
        qc = qd + ql + gv.Pwater * V * gv.Cpw * ( gv.Tww_setpoint - Tww_st ) / 3.6
    return ql, qd, qc



[docs]def ode(y, t, ql, qd, qc, Pwater, Cpw, Vtank):
    """
    This algorithm describe the energy balance of the dhw tank with a differential equation.

    :param y: storage sensible temperature in K.
    :param t: time steps.
    :param ql: storage tank sensible heat loss in W.
    :param qd: heat discharged from the tank in W.
    :param qc: heat charged into the tank in W.
    :type y: float
    :type t: float
    :type ql: float
    :type qd: float
    :type qc: float
    
    :return dydt: change in temperature at each time step.
    :type dydt: float
    """
    dydt = (qc - ql - qd) / (Pwater * Vtank * Cpw)
    return dydt


[docs]def solve_ode_storage(Tww_st_0, ql, qd, qc, Vtank, gv):
    """
    This algorithm solves the differential equation, ode.

    :param Tww_st_0: initial tank temperature in [C]
    :param ql: storage tank sensible heat loss in W.
    :param qd: heat discharged from the tank in W.
    :param qc: heat charged into the tank in W.
    :param Vtank: DHW tank size in [m3]
    :param gv: globalvar.py

    :type Tww_st_0: float
    :type ql: float
    :type qd: float
    :type qc: float
    :type Vtank: float

    :returns y[1]: solution of the ode
    :rtype y[1]: float
    """
    t = np.linspace(0,1,2)
    y = odeint(ode, Tww_st_0, t, args = (ql, qd, qc, gv.Pwater, gv.Cpw, Vtank))

    return y[1]



# use the optimized (numba_cc) versions of the ode function in this module if available
try:
    # import Numba AOT versions of the functions above, overwriting them
    from storagetank_cc import (ode)
except ImportError:
    # fall back to using the python version
    print('failed to import from storagetank_cc.pyd, falling back to pure python functions')
    pass
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  Source code for cea.technologies.controllers

# -*- coding: utf-8 -*-
"""
controllers
"""
from __future__ import division
import numpy as np

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca", "Gabriel Happle", "Martin Mosteiro"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


# temperature controllers

[docs]def calc_simple_temp_control(tsd, prop_comfort, limit_inf_season, limit_sup_season, weekday):
    def get_hsetpoint(a, b, Thset, Thsetback, weekday):
        if (b < limit_inf_season or b >= limit_sup_season):
            if a == 0:
                if 5 <= weekday <= 6:  # system is off on the weekend
                    return np.nan  # huge so the system will be off
                else:
                    return Thsetback
            else:
                return Thset
        else:
            return np.nan  # huge so the system will be off

    def get_csetpoint(a, b, Tcset, Tcsetback, weekday):
        if limit_inf_season <= b < limit_sup_season:
            if a == 0:
                if 5 <= weekday <= 6:  # system is off on the weekend
                    return np.nan  # huge so the system will be off
                else:
                    return Tcsetback
            else:
                return Tcset
        else:
            return np.nan  # huge so the system will be off

    tsd['ve'] = tsd['people'] * prop_comfort['Ve_lps'] * 3.6  # in m3/h
    tsd['ta_hs_set'] = np.vectorize(get_hsetpoint)(tsd['people'], range(8760), prop_comfort['Ths_set_C'],
                                                   prop_comfort['Ths_setb_C'], weekday)
    tsd['ta_cs_set'] = np.vectorize(get_csetpoint)(tsd['people'], range(8760), prop_comfort['Tcs_set_C'],
                                                   prop_comfort['Tcs_setb_C'], weekday)

    return tsd




[docs]def temperature_control_tabs(bpr, tsd, hoy, gv, control):
    """
    Controls for TABS operating temperature based on the operating parameters defined by Koschenz and Lehmann
    "Thermoaktive Bauteilsysteme (TABS)" (2000), that is: maximum surface temperature and maximum temperature difference
    between TABS surface and air. If either of these is exceeded, they are set to the maximum and all temperatures are
    recalculated.
    The formulas below are simply reformulations of the calculations in the R-C model.
    """

    # TODO: add documentation of input
    # TODO: add credits
    # TODO: add source and numbers of equations in standard

    # get values from bpr
    Htr_ms = bpr.rc_model['Htr_ms']
    Htr_w = bpr.rc_model['Htr_w']
    Htr_em = bpr.rc_model['Htr_em']
    Htr_is = bpr.rc_model['Htr_is']
    Cm = bpr.rc_model['Cm']
    # get values from tsd
    Hve = tsd['h_ve_adj'][hoy]
    I_ia = tsd['I_ia'][hoy]
    I_st = tsd['I_st'][hoy]
    I_m = tsd['I_m'][hoy]
    te_t = tsd['T_ext'][hoy]
    tm_t0 = tsd['Tm'][hoy-1]  # assuming that tm_t0 means mass temperature at previous time step



    if control == 'max_ts':
        # if the calculated surface temperature exceeds the maximum, set ts = ts_max and calculate maximum power
        # and all other temperatures
        ts_max = gv.max_surface_temperature_tabs
        a = np.array([[(Hve + Htr_is), (-Htr_is), 0, (-0.5)],
                      [(-Htr_is), (Htr_w + Htr_ms + Htr_is), (-Htr_ms), (-0.5)],
                      [0, (-Htr_ms), ((Htr_ms + Htr_em) / 2 + Cm), (-0.5)],
                      [0, 1, 0, 0]])
        b = np.array([(Hve * te_t + I_ia), (Htr_w * te_t + I_st + Htr_ms / 2 * tm_t0),
                      (Htr_em * te_t + (-(Htr_ms + Htr_em) / 2 + Cm) * tm_t0 + I_m), ts_max])
        [ta, ts, tm_t, IH_max] = np.linalg.solve(a, b)
    if control == 'max_ts-ta':
        # if the calculated temperature difference between the surface and inside air exceeds the maximum,
        # set ts - ta = dt_max and calculate maximum power and other temperatures
        dt_max = gv.max_temperature_difference_tabs
        a = np.array([[(Hve + Htr_is), (-Htr_is), 0, (-0.5)],
                      [(-Htr_is), (Htr_w + Htr_ms + Htr_is), (-Htr_ms), (-0.5)],
                      [0, (-Htr_ms), ((Htr_ms + Htr_em) / 2 + Cm), (-0.5)],
                      [-1, 1, 0, 0]])
        b = np.array([(Hve * te_t + I_ia), (Htr_w * te_t + I_st + Htr_ms / 2 * tm_t0),
                      (Htr_em * te_t + (-(Htr_ms + Htr_em) / 2 + Cm) * tm_t0 + I_m), dt_max])
        [ta, ts, tm_t, IH_max] = np.linalg.solve(a, b)
    return ta, ts, tm_t, IH_max





# ventilation controllers


[docs]def calc_simple_ventilation_control(ve, people, Af, gv, hour_day, hour_year, n50):
    """
    Modified version of calc_simple_ventilation_control from functions.
    Fixed infiltration according to schedule is only considered for mechanically ventilated buildings.

    ve : required ventilation rate according to schedule (?)
    people : occupancy schedules (pax?)
    Af : conditioned floor area (m2)
    gv : globalvars
    hour_day : hour of the day [0..23]
    hour_year : hour of the year [0..8760]
    n50 : building envelope leakiness from archetypes

    q_req : required ventilation rate schedule (m3/s)
    """
    # TODO: check units

    # 'flat rate' infiltration considered for all buildings
    # estimation of infiltration air volume flow rate according to Eq. (3) in DIN 1946-6
    n_inf = 0.5 * n50 * (gv.delta_p_dim/50) ** (2/3)  # [air changes per hour] m3/h.m2
    infiltration = gv.hf * Af * n_inf * 0.000277778 # m3/s

    if (21 < hour_day or hour_day < 7) and not gv.is_heating_season(hour_year):

        q_req = max(ve * 0.000277778, infiltration) * 1.3  # m3/s
        # free cooling during summer nights (1.3x required ventilation rate per pax plus infiltration)
    else:

        q_req = max(ve * 0.000277778, infiltration)  # m3/s

    return q_req   # m3/s



[docs]def calc_ventialtion_HVAC_buildings(area_envelope, HVAC_on, Tin, Tout, ws, method):
    """
    infiltration according to energy plus, blast, or DOE2 tools

    """
    def calc_F_schedule(HVAC_on): #according to (SSPC 90.1 Envelope Subcommittee
        if HVAC_on:
            F_schedule = 0.25
        else:
            F_schedule = 1
        return F_schedule

    def calc_Idesign(ws, area_envelope):
        I_75pa = 0.00914400602372 * area_envelope # known leakage rate(1.8cfm/sf2) at 75pa per area of building envelope in m/s
        n = 0.65 # air flow exponent
        Cs = 0.1617  # average surface presure coefficient
        rho = 1.18  #kg/m3
        alpha_terrain = 0.22 # urban terrain constant
        I_design = (alpha_terrain+1)*I_75pa*(0.5*Cs*rho*(ws**2))**n # m3/s
        return I_design

    if method is "BLAST":
        A = 0.606
        B = 0.03636
        C = 0.1177
    elif method is "EPLUS":
        A = 1
        B = 0
        C = 0
    elif method is "DOE2":
        A = 1
        B = 0
        C = 0.224
    else:
        A = 1
        B = 0
        C = 0.224

    I_design = calc_Idesign(ws, area_envelope)
    F_schedule = calc_F_schedule(HVAC_on)
    ventilation = I_design + F_schedule *(A+B*abs(Tin-Tout)+C*ws)

    return ventilation
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  Source code for cea.technologies.photovoltaic

"""
photovoltaic
"""


from __future__ import division
import numpy as np
import pandas as pd
from math import *

from scipy import interpolate

from cea.utilities import epwreader
from cea.utilities import solar_equations
from cea.technologies.solar_collector import optimal_angle_and_tilt, calc_groups, Calc_incidenteangleB

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


# PV electricity generation

[docs]def calc_pv_main(locator, sensors_data, radiation, latitude, longitude, year, gv, weather_path):

    # weather data
    weather_data = epwreader.epw_reader(weather_path)

    # solar properties
    g, Sz, Az, ha, trr_mean, worst_sh, worst_Az = solar_equations.calc_sun_properties(latitude, longitude, weather_data,
                                                                                      gv)

    # read radiation file
    hourly_data = pd.read_csv(radiation)

    # get only datapoints with production beyond min_production
    Max_Isol = hourly_data.total.max()
    Min_Isol = Max_Isol * gv.min_production  # 80% of the local average maximum in the area
    sensors_data_clean = sensors_data[sensors_data["total"] > Min_Isol]
    radiation_clean = radiation.loc[radiation['sensor_id'].isin(sensors_data_clean.sensor_id)]

    # get only datapoints with aminimum 50 W/m2 of radiation for energy production
    radiation_clean[radiation_clean[:] <= 50] = 0

    # calculate optimal angle and tilt for panels
    optimal_angle_and_tilt(sensors_data, latitude, worst_sh, worst_Az, trr_mean, gv.grid_side,
                           gv.module_lenght_PV, gv.angle_north, Min_Isol, Max_Isol)

    Number_groups, hourlydata_groups, number_points, prop_observers = calc_groups(radiation_clean, sensors_data_clean)

    results, Final = calc_pv_generation(gv.type_PVpanel, hourlydata_groups, Number_groups, number_points,
                                        prop_observers, weather_data, g, Sz, Az, ha, latitude, gv.misc_losses)

    Final.to_csv(locator.PV_result(), index=True, float_format='%.2f')
    return


[docs]def calc_pv_generation(type_panel, hourly_radiation, Number_groups, number_points, prop_observers, weather_data,
                       g, Sz, Az, ha, latitude, misc_losses):


    lat = radians(latitude)
    g_vector = np.radians(g)
    ha_vector = np.radians(ha)
    Sz_vector = np.radians(Sz)
    Az_vector = np.radians(Az)
    result = list(range(Number_groups))
    areagroups = list(range(Number_groups))
    Sum_PV = np.zeros(8760)

    n = 1.526 #refractive index of galss
    Pg = 0.2 # ground reflectance
    K = 0.4 # extinction coefficien
    eff_nom,NOCT,Bref,a0,a1,a2,a3,a4,L  = calc_properties_PV(type_panel)

    for group in range(Number_groups):
        teta_z = prop_observers.loc[group,'aspect'] #azimuth of paneles of group
        areagroup = prop_observers.loc[group,'area_netpv']*number_points[group]
        tilt_angle = prop_observers.loc[group,'slope'] #tilt angle of panels
        radiation = pd.DataFrame({'I_sol':hourly_radiation[group]}) #choose vector with all values of Isol
        radiation['I_diffuse'] = weather_data.ratio_diffhout*radiation.I_sol #calculate diffuse radiation
        radiation['I_direct'] = radiation['I_sol'] - radiation['I_diffuse']  #direct radaition

        #to radians of properties - solar position and tilt angle
        tilt = radians(tilt_angle) #slope of panel
        teta_z = radians(teta_z) #azimuth of panel

        #calculate angles necesary
        teta_vector = np.vectorize(Calc_incidenteangleB)(g_vector, lat, ha_vector, tilt, teta_z)
        teta_ed, teta_eG  = Calc_diffuseground_comp(tilt)

        results = np.vectorize(Calc_Sm_PV)(weather_data.drybulb_C,radiation.I_sol, radiation.I_direct, radiation.I_diffuse, tilt,
                                              Sz_vector, teta_vector, teta_ed, teta_eG,
                                              n, Pg, K,NOCT,a0,a1,a2,a3,a4,L)


        result[group] = np.vectorize(Calc_PV_power)(results[0], results[1], eff_nom, areagroup, Bref,misc_losses)
        areagroups[group] = areagroup

        Sum_PV = Sum_PV + result[group]

    Final = pd.DataFrame({'PV_kWh':Sum_PV,'Area':sum(areagroups)})
    return result, Final



[docs]def Calc_diffuseground_comp(tilt_radians):
    tilt = degrees(tilt_radians)
    teta_ed = 59.68 - 0.1388 * tilt + 0.001497 * tilt ** 2  # angle in degrees
    teta_eG = 90 - 0.5788 * tilt + 0.002693 * tilt ** 2  # angle in degrees
    return radians(teta_ed), radians(teta_eG)


[docs]def Calc_Sm_PV(te, I_sol, I_direct, I_diffuse, tilt, Sz, teta, tetad, tetaeg,
               n, Pg, K, NOCT, a0, a1, a2, a3, a4, L):  # ha is local solar time


    # calcualte ratio of beam radiation on a tilted plane
    # to avoid inconvergence when I_sol = 0
    lim1 = radians(0)
    lim2 = radians(90)
    lim3 = radians(89.999)
    if teta < lim1:
        teta = min(lim3, abs(teta))
    if teta >= lim2:
        teta = lim3
    if Sz < lim1:
        Sz = min(lim3, abs(Sz))
    if Sz >= lim2:
        Sz = lim3
    Rb = cos(teta) / cos(Sz)  # teta_z is Zenith angle

    # calculate the specific air mass
    m = 1 / cos(Sz)
    M = a0 + a1 * m + a2 * m ** 2 + a3 * m ** 3 + a4 * m ** 4

    # angle refractive  (aproximation accrding to Soteris A.)
    teta_r = asin(sin(teta) / n)  # in radians
    Ta_n = exp(-K * L) * (1 - ((n - 1) / (n + 1)) ** 2)
    # calculate parameters of anlge modifier #first for the direct radiation
    if teta < 1.5707:  # 90 degrees in radians
        part1 = teta_r + teta
        part2 = teta_r - teta
        Ta_B = exp((-K * L) / cos(teta_r)) * (
        1 - 0.5 * ((sin(part2) ** 2) / (sin(part1) ** 2) + (tan(part2) ** 2) / (tan(part1) ** 2)))
        kteta_B = Ta_B / Ta_n
    else:
        kteta_B = 0

    # angle refractive for diffuse radiation
    teta_r = asin(sin(tetad) / n)  # in radians
    part1 = teta_r + tetad
    part2 = teta_r - tetad
    Ta_D = exp((-K * L) / cos(teta_r)) * (
    1 - 0.5 * ((sin(part2) ** 2) / (sin(part1) ** 2) + (tan(part2) ** 2) / (tan(part1) ** 2)))
    kteta_D = Ta_D / Ta_n

    # angle refractive for global radiatoon
    teta_r = asin(sin(tetaeg) / n)  # in radians
    part1 = teta_r + tetaeg
    part2 = teta_r - tetaeg
    Ta_eG = exp((-K * L) / cos(teta_r)) * (
    1 - 0.5 * ((sin(part2) ** 2) / (sin(part1) ** 2) + (tan(part2) ** 2) / (tan(part1) ** 2)))
    kteta_eG = Ta_eG / Ta_n

    # absorbed solar radiation
    S = M * Ta_n * (kteta_B * I_direct * Rb + kteta_D * I_diffuse * (1 + cos(tilt)) / 2 + kteta_eG * I_sol * Pg * (
    1 - cos(tilt)) / 2)  # in W
    if S <= 0:  # when points are 0 and too much losses
        S = 0
    # temperature of cell
    Tcell = te + S * (NOCT - 20) / (800)

    return S, Tcell


[docs]def Calc_PV_power(S, Tcell, eff_nom, areagroup, Bref,misc_losses):
    P = eff_nom*areagroup*S*(1-Bref*(Tcell-25))*(1-misc_losses)/1000 # Osterwald, 1986) in kWatts
    return P


# properties of module

[docs]def calc_properties_PV(type_PVpanel):
    if type_PVpanel == 1:#     # assuming only monocrystalline panels.
        eff_nom = 0.16 # GTM 2014
        NOCT = 43.5 # Fanney et al.,
        Bref = 0.0035  # Fuentes et al.,Luque and Hegedus, 2003).
        a0 = 0.935823
        a1 = 0.054289
        a2 = -0.008677
        a3 = 0.000527
        a4 = -0.000011
        L = 0.002 # glazing tickness
    if type_PVpanel == 2:#     # polycristalline
        eff_nom = 0.15 # GTM 2014
        NOCT = 43.9 # Fanney et al.,
        Bref = 0.0044
        a0 = 0.918093
        a1 = 0.086257
        a2 = -0.024459
        a3 = 0.002816
        a4 = -0.000126
        L = 0.002 # glazing tickness
    if type_PVpanel == 3:#     # amorphous
        eff_nom = 0.08  # GTM 2014
        NOCT = 38.1 # Fanney et al.,
        Bref = 0.0026
        a0 = 1.10044085
        a1 = -0.06142323
        a2 = -0.00442732
        a3 = 0.000631504
        a4 = -0.000019184
        L = 0.0002 # glazing tickness

    return eff_nom,NOCT,Bref,a0,a1,a2,a3,a4,L


# investment and maintenance costs

[docs]def calc_Cinv_pv(P_peak):
    """
    P_peak in kW
    result in CHF
    Lifetime 20 y
    """
    if P_peak < 10:
        InvCa = 3500.07 * P_peak /20
    else:
        InvCa = 2500.07 * P_peak /20

    return InvCa # [CHF/y]



# remuneration scheeme

[docs]def calc_Crem_pv(E_nom):
    """
    Calculates KEV (Kostendeckende Einspeise - Verguetung) for solar PV and PVT.
    Therefore, input the nominal capacity of EACH installation and get the according KEV as return in Rp/kWh

    :param E_nom: Nominal Capacity of solar panels (PV or PVT) in Wh
    :return:
        KEV_obtained_in_RpPerkWh : float
        KEV remuneration in Rp / kWh
    """

    KEV_regime = [0,
                  0,
                  20.4,
                  20.4,
                  20.4,
                  20.4,
                  20.4,
                  20.4,
                  19.7,
                  19.3,
                  19,
                  18.9,
                  18.7,
                  18.6,
                  18.5,
                  18.1,
                  17.9,
                  17.8,
                  17.8,
                  17.7,
                  17.7,
                  17.7,
                  17.6,
                  17.6]
    P_installed_in_kW = [0,
                         9.99,
                         10,
                         12,
                         15,
                         20,
                         29,
                         30,
                         40,
                         50,
                         60,
                         70,
                         80,
                         90,
                         100,
                         200,
                         300,
                         400,
                         500,
                         750,
                         1000,
                         1500,
                         2000,
                         1000000]
    KEV_interpolated_kW = interpolate.interp1d(P_installed_in_kW, KEV_regime, kind="linear")
    KEV_obtained_in_RpPerkWh = KEV_interpolated_kW(E_nom / 1000.0)
    return KEV_obtained_in_RpPerkWh



[docs]def test_photovoltaic():
    import cea.inputlocator
    locator = cea.inputlocator.InputLocator(r'C:\reference-case\baseline')
    # for the interface, the user should pick a file out of of those in ...DB/Weather/...
    weather_path = locator.get_default_weather()
    radiation = locator.get_radiation()
    gv = cea.globalvar.GlobalVariables()

    calc_pv_main(locator=locator, radiation = radiation, latitude=46.95240555555556, longitude=7.439583333333333, year=2014, gv=gv,
                 weather_path=weather_path)



if __name__ == '__main__':
    test_photovoltaic()
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  Source code for cea.technologies.cogeneration

"""
cogeneration (combined heat and power)
"""

from __future__ import division
import numpy as np
from scipy import interpolate
import scipy

__author__ = "Thuy-An Nguyen"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Thuy-An Nguyen", "Tim Vollrath", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"



#===========================
#Combined Cycle Gas Turbine
#===========================


[docs]def calc_Cop_CCT(GT_SIZE, T_DH_Supply, fuel, gV):
    """
    The function iterate the CCT operation between its nominal capacity and minimum load and generate linear functions of
    the GT operation.

    This generated function calculates Operation Point and associated costs of the cogeneration at given
    thermal load (Q_therm_requested).

    How to use the return functions : input Q_therm_requested into the output interpolation functions
    Conditions: not below or above boundaries Q_therm_min & Q_therm_max

    :type GT_SIZE : float
    :param GT_SIZE: Nominal capacity of Gas Turbine (only GT not cogeneration)

    :type T_DH_Supply : float
    :param T_DH_Supply: CHP plant supply temperature to DHN

    :type fuel : string
    :param fuel: type of fuel, either "NG" or "BG"

    :param gV: globalvar.py


    :rtype wdot_interpol : function
    :returns wdot_interpol: interpolation function for part load electricity requirement for given Q_therm_requested

    :rtype Q_used_prim_interpol: function
    :returns Q_used_prim_interpol: interpolation function, primary energy used for given Q_therm_requested

    :rtype cost_per_Wh_th_incl_el_interpol : function
    :returns cost_per_Wh_th_incl_el_interpol: interpolation function, operation cost per thermal energy generated at Q_therm_requested

    :rtype Q_therm_min : float
    :returns Q_therm_min: minimum thermal energy output

    :rtype Q_therm_max : float
    :returns Q_therm_max: maximum thermal energy output

    :rtype eta_elec_interpol: function
    :returns eta_elec_interpol: interpolation function, electrical efficiency at Q_therm_requested


    ..[C. Weber, 2008] C.Weber, Multi-objective design and optimization of district energy systems including
    polygeneration energy conversion technologies., PhD Thesis, EPFL
    """

    it_len = 50

    # create empty arrays

    wdotfin = np.zeros( it_len)
    qdot = np.zeros( it_len)
    eta_elec = np.zeros( it_len)
    eta_heat = np.zeros( it_len)
    Q_used_prim = np.zeros( it_len)
    cost_per_Wh_th_incl_el =  np.zeros( it_len)

    # create range of electricity output from the GT between the minimum and nominal load
    wdot_range = np.linspace(GT_SIZE * gV.GT_minload, GT_SIZE, it_len)

    # calculate the operation data at different electricity load
    for wdot_it in range(len(wdot_range)):
        wdot_in = wdot_range[wdot_it]

        # combine cycle operation
        CC_OpInfo = CC_Op(wdot_in, GT_SIZE, fuel, T_DH_Supply, gV)
        wdotfin[wdot_it] = CC_OpInfo[0]  # Electricity output from the combined cycle
        qdot[wdot_it] = CC_OpInfo[1]     # Thermal output from the combined cycle
        eta_elec[wdot_it] = CC_OpInfo[2] # el. efficiency
        eta_heat[wdot_it] = CC_OpInfo[3] # thermal efficiency

        Q_used_prim[wdot_it] = qdot[wdot_it] / eta_heat[wdot_it]    # primary energy input
        cost_per_Wh_th_incl_el[wdot_it] = (gV.NG_PRICE / eta_heat[wdot_it] - wdotfin[wdot_it] * gV.ELEC_PRICE) / qdot[wdot_it]

    # create interpolation functions
    wdot_interpol = interpolate.interp1d(qdot, wdot_range, kind = "linear")
    Q_used_prim_interpol = interpolate.interp1d(qdot, Q_used_prim, kind = "linear")
    cost_per_Wh_th_incl_el_interpol = interpolate.interp1d(qdot, cost_per_Wh_th_incl_el, kind = "linear")
    eta_elec_interpol = interpolate.interp1d(Q_used_prim, eta_elec, kind = "linear")

    Q_therm_min = min(qdot)
    Q_therm_max = max(qdot)

    return wdot_interpol, Q_used_prim_interpol, cost_per_Wh_th_incl_el_interpol, Q_therm_min, Q_therm_max, eta_elec_interpol


[docs]def CC_Op(wdot, gt_size, fuel, tDH, gV) :
    """
    Operation Function of Combined Cycle at given electricity Demand (wdot).
    The gas turbine (GT) exhaust gas is used by the steam turbine (ST).

    :type wdot : float
    :param wdot: Electric load that is demanded to the gas turbine (only GT output, not CC output!)
    :type gt_size : float
    :param gt_size: size of the gas turbine and (not CC)(P_el_max)
    :type fuel : string
    :param fuel: fuel used, either 'NG' (natural gas) or 'BG' (biogas)
    :type tDH : float
    :param tDH: plant supply temperature to district heating network (hot)
    :param gV: globalvar.py


    :rtype wtot : float
    :returns wtot: total electric power output from the combined cycle (both GT + ST !)
    :rtype qdot : float
    :returns qdot: thermal output from teh combined cycle
    :rtype eta_elec : float
    :returns eta_elec: total electric efficiency
    :rtype eta_heat : float
    :returns eta_heat: total thermal efficiency
    :rtype eta_all : float
    :returns eta_all: sum of total electric and thermal efficiency

    """

    (eta0, mdot0) = GT_fullLoadParam(gt_size, fuel, gV)
    (eta, mdot, texh, mdotfuel) = GT_partLoadParam(wdot, gt_size, eta0, mdot0, fuel, gV)
    (qdot, wdotfin) = ST_Op(mdot, texh, tDH, fuel, gV)

    if fuel == 'NG':
        LHV = gV.LHV_NG
    else:
        LHV = gV.LHV_BG

    eta_elec = (wdot + wdotfin) / (mdotfuel * LHV)
    eta_heat = qdot / (mdotfuel * LHV)
    eta_all = eta_elec + eta_heat
    wtot = wdotfin + wdot

    return wtot, qdot, eta_elec, eta_heat, eta_all


[docs]def GT_fullLoadParam(gt_size, fuel, gV):
    """
    Calculates gas turbine efficiency and exhaust gas mass flow rate at full load.

    :type gt_size : float
    :param gt_size: Maximum electric load that is demanded to the gas turbine
    :type fuel : string
    :param fuel: fuel used, either NG (Natural Gas) or BG (Biogas)
    :param gV: globalvar.py

    :rtype eta0 : float
    :returns eta0: efficiency at full load
    :rtype mdot0 : float
    :returns mdot0: exhaust gas mass flow rate at full load

    ..[C. Weber, 2008] C.Weber, Multi-objective design and optimization of district energy systems including
    polygeneration energy conversion technologies., PhD Thesis, EPFL
    """
    assert gt_size < gV.GT_maxSize + 0.001
    if gt_size == 0:
        eta0 = 0.01
    else:
        eta0 = 0.0196 * scipy.log(gt_size * 1E-3) + 0.1317  # [C. Weber, 2008]_

    if fuel == 'NG':
        LHV = gV.LHV_NG
    else:
        LHV = gV.LHV_BG

    mdotfuel = gt_size / (eta0 * LHV)

    if fuel == 'NG':
        mdot0 = (103.7 * 44E-3 + 196.2 * 18E-3 + 761.4  * 28E-3 + 200.5 * 32E-3 * (gV.CC_airratio - 1) +
                 200.5 * 3.773 * 28E-3 * (gV.CC_airratio - 1) ) * mdotfuel / 1.8156
    else:
        mdot0 = (98.5 * 44E-3 + 116 * 18E-3 + 436.8 * 28E-3 + 115.5 * 32E-3 * (gV.CC_airratio - 1) +
                 115.5 * 3.773 * 28E-3 * (gV.CC_airratio - 1) ) * mdotfuel / 2.754

    return eta0, mdot0


[docs]def GT_partLoadParam(wdot, gt_size, eta0, mdot0, fuel, gV):
    """
    Calculates GT operational parameters at part load

    :type wdot : float
    :param wdot: GT electric output (load)
    :type gt_size : float
    :param gt_size: Maximum electric load that is demanded to the gas turbine
    :type eta0 : float
    :param eta0: GT part-load electric efficiency
    :type mdot0 : float
    :param mdot0: GT part-load exhaust gas mass flow
    :type fuel : string
    :param fuel: fuel used, either 'NG' (natural gas) or 'BG' (biogas)


    :rtype eta : float
    :returns eta: GT part-load electric efficiency
    :rtype mdot : float
    :returns mdot: GT part-load exhaust gas mass flow rate
    :rtype texh : float
    :returns texh: exhaust gas temperature
    :rtype mdotfuel : float
    :returns mdotfuel: mass flow rate of fuel(gas) requirement


    ..[C. Weber, 2008] C.Weber, Multi-objective design and optimization of district energy systems including
    polygeneration energy conversion technologies., PhD Thesis, EPFL

    """
    assert wdot <= gt_size

    if fuel == 'NG':
        exitT = gV.CC_exitT_NG
        LHV = gV.LHV_NG
    else:
        exitT = gV.CC_exitT_BG
        LHV = gV.LHV_BG

    pload = (wdot + 1) / gt_size # avoid calculation errors
    if pload < gV.GT_minload:
        print pload
        print wdot
        print gt_size
        raise ModelError

    eta = (0.4089 + 0.9624 * pload - 0.3726 * pload ** 2) * eta0  # [C. Weber, 2008]_
    #mdot = (0.9934 + 0.0066 * pload) * mdot0
    texh = (0.7379 + 0.2621 * pload) * exitT
    mdotfuel = wdot / (eta * LHV)

    if fuel == 'NG':
        mdot = (103.7 * 44E-3 + 196.2 * 18E-3 + 761.4  * 28E-3 + 200.5 * 32E-3 * (gV.CC_airratio - 1) +
                200.5 * 3.773 * 28E-3 * (gV.CC_airratio - 1) ) * mdotfuel / 1.8156

    else:
        mdot = (98.5 * 44E-3 + 116 * 18E-3 + 436.8 * 28E-3 + 115.5 * 32E-3 * (gV.CC_airratio - 1) + \
                115.5 * 3.773 * 28E-3 * (gV.CC_airratio - 1) ) * mdotfuel / 2.754

    return eta, mdot, texh, mdotfuel


[docs]def ST_Op(mdot, texh, tDH, fuel, gV):
    """
    Operation of a double pressure (LP,HP) steam turbine connected to a district heating network following
    [C. Weber, 2008]_

    :type mdot : float
    :param mdot: GT part-load exhaust gas mass flow rate
    :type texh : float
    :param texh: GT exhaust gas temperature
    :type tDH : float
    :param tDH: plant supply temperature to district heating network (hot)
    :param fuel: fuel used, either 'NG' (natural gas) or 'BG' (biogas)
    :type tDH : float
    :param gV: globalvar.py

    :rtype qdot : float
    :returns qdot: heat power supplied to the DHN
    :rtype wdotfin : float
    :returns wdotfin: electric power generated from the steam cycle

    ..[C. Weber, 2008] C.Weber, Multi-objective design and optimization of district energy systems including
    polygeneration energy conversion technologies., PhD Thesis, EPFL

    """

    temp_i = (0.9 * ((6/48.2) ** (0.4/1.4) - 1) + 1) * (texh - gV.ST_deltaT)
    if fuel == 'NG':
        Mexh = 103.7 * 44E-3 + 196.2 * 18E-3 + 761.4 * 28E-3 + 200.5 * \
                                                               (gV.CC_airratio - 1) * 32E-3 + \
               200.5 * (gV.CC_airratio - 1) * 3.773 * 28E-3
        ncp_exh = 103.7 * 44 * 0.846 + 196.2 * 18 * 1.8723 + \
                  761.4 * 28 * 1.039 + 200.5 * (gV.CC_airratio - 1) * 32 * \
                                       0.918 + 200.5 * (gV.CC_airratio - 1) * 3.773 * 28 * 1.039
        cp_exh = ncp_exh / Mexh  # J/kgK


    else:
        Mexh = 98.5 * 44E-3 + 116 * 18E-3 + 436.8 * 28E-3 + 115.5 * \
                                                            (gV.CC_airratio - 1) * 32E-3 + \
               115.5 * (gV.CC_airratio - 1) * 3.773 * 28E-3
        ncp_exh = 98.5 * 44 * 0.846 + 116 * 18 * 1.8723 + \
                  436.8 * 28 * 1.039 + 115.5 * (gV.CC_airratio - 1) * 32 * \
                                       0.918 + 115.5 * (gV.CC_airratio - 1) * 3.773 * 28 * 1.039
        cp_exh = ncp_exh / Mexh  # J/kgK

    a = np.array([[1653E3 + gV.cp * (texh - gV.ST_deltaT - 534.5), \
                   gV.cp * (temp_i - 534.5)], \
                  [gV.cp * (534.5 - 431.8), \
                   2085.8E3 + gV.cp * (534.5 - 431.8)]])
    b = np.array([mdot * cp_exh * (texh - (534.5 + gV.ST_deltaT)), \
                  mdot * cp_exh * (534.5 - 431.8)])
    [mdotHP, mdotLP] = np.linalg.solve(a, b)   # HP and LP mass flow of a double pressure steam turbine

    temp0 = tDH + gV.CC_deltaT_DH    # condensation temperature constrained by the DH network temperature
    pres0 = (0.0261 * (temp0-273) ** 2 -2.1394 * (temp0-273) + 52.893) * 1E3

    deltaHevap = (-2.4967 * (temp0-273) + 2507) * 1E3
    qdot = (mdotHP + mdotLP) * deltaHevap       # thermal output of ST


    # temp_c = (0.9 * ((pres0/48.2E5) ** (0.4/1.4) - 1) + 1) * (texh - gV.ST_deltaT)
    # qdot = (mdotHP + mdotLP) * (gV.cp * (temp_c - temp0) + deltaHevap)
    # presSTexit = pres0 + gV.ST_deltaP
    # wdotST = 0.9 / 18E-3 * 1.4 / 0.4 * 8.31 * \
    #         (mdotHP * 534.5 * ( (6/48.2) ** (0.4/1.4) - 1 )\
    #         + (mdotLP + mdotHP) * temp_i * ( (presSTexit/6E5) ** (0.4/1.4) - 1 ) )
    #
    # temp1 = (((6E5/pres0) ** (0.4/1.4) - 1) / 0.87 + 1) * temp0
    # wdotcomp = 0.87 / 18E-3 * 1.4 / 0.4 * 8.31 * \
    #           (mdotHP * temp1 * ( (48.2/6) ** (0.4/1.4) - 1 )\
    #           + (mdotHP + mdotLP) * temp0 * ( (6E5/pres0) ** (0.4/1.4) - 1 ))


    h_HP = (2.5081 * (texh - gV.ST_deltaT - 273) + 2122.7) * 1E3  # J/kg
    h_LP = (2.3153 * (temp_i - 273) + 2314.7) * 1E3  # J/kg
    h_cond = (1.6979 * (temp0 - 273) + 2506.6) * 1E3  # J/kg
    spec_vol = 0.0010  # m3/kg

    wdotST = mdotHP * (h_HP - h_LP) + (mdotHP + mdotLP) * (h_LP - h_cond)  # turbine electricity output
    wdotcomp = spec_vol * (mdotLP * (6E5 - pres0) + (mdotHP + mdotLP) * (48.2E5 - 6E5))  # compressor electricity use

    wdotfin = gV.STGen_eta * ( wdotST - wdotcomp )  # gross electricity production of turbine

    return qdot, wdotfin



#===========================
#Fuel Cell
#===========================

[docs]def calc_eta_FC(Q_load, Q_design, phi_threshold, approach_call):
    """
    Efficiency for operation of a SOFC (based on LHV of NG) including all auxiliary losses
    Valid for Q_load in range of 1-10 [kW_el]

    Modeled after:
        Approach A (NREL Approach):
            http://energy.gov/eere/fuelcells/distributedstationary-fuel-cell-systems
            and
            NREL : p.5  of [M. Zolot et al., 2004]_

        Approach B (Empiric Approach): [Iain Staffell]_


    :type Q_load : float
    :param Q_load: Load at each time step

    :type Q_design : float
    :param Q_design: Design Load of FC

    :type phi_threshold : float
    :param phi_threshold: where Maximum Efficiency is reached, used for Approach A

    :type approach_call : string
    :param appraoch_call: choose "A" or "B": A = NREL-Approach, B = Empiric Approach

    :rtype eta_el : float
    :returns eta_el: electric efficiency of FC (Lower Heating Value), in abs. numbers

    :rtype Q_fuel : float
    :returns Q_fuel: Heat demand from fuel (in Watt)

    ..[M. Zolot et al., 2004] M. Zolot et al., Analysis of Fuel Cell Hybridization and Implications for Energy Storage
    Devices, NREL, 4th International Advanced Automotive Battery.
    http://www.nrel.gov/vehiclesandfuels/energystorage/pdfs/36169.pdf

    ..[Iain Staffell, 2009] Iain Staffell, For Domestic Heat and Power: Are They Worth It?, PhD Thesis, Birmingham:
    University of Birmingham. http://etheses.bham.ac.uk/641/1/Staffell10PhD.pdf
    """
    phi = 0.0

    ## Approach A - NREL Approach
    if approach_call == "A":

        phi = float( Q_load ) / float( Q_design )
        eta_max = 0.425 # from energy.gov

        if phi >= phi_threshold:  # from NREL-Shape
            eta_el = eta_max - ((1 / 6.0 * eta_max) / (1.0 - phi_threshold)) * abs(phi - phi_threshold)

        if phi < phi_threshold:
            if phi <= 118/520.0 * phi_threshold:
                eta_el = eta_max * 2/3 * ( phi / ( phi_threshold * 118 / 520.0 ) )

            if phi < 0.5 * phi_threshold and phi >= 118 / 520.0 * phi_threshold:
                eta_el = eta_max * 2/3.0 + \
                         eta_max * 0.25 * ( phi-phi_threshold * 118/520.0) / ( phi_threshold * (0.5 - 118/520.0 ) )

            if phi > 0.5 * phi_threshold and phi < phi_threshold:
                eta_el = eta_max * ( 2/3.0 + 0.25 ) + \
                         1/12.0 * eta_max * ( phi - phi_threshold * 0.5) / (phi_threshold * (1-0.5))

        eta_therm_max = 0.45  # constant, after energy.gov

        if phi < phi_threshold:
            eta_therm = 0.5 * eta_therm_max * (phi / phi_threshold)

        else:
            eta_therm = 0.5 * eta_therm_max * (1 + eta_therm_max * ((phi - phi_threshold) / (1 - phi_threshold)))

    ## Approach B - Empiric Approach
    if approach_call == "B":

        if Q_design > 0:
            phi = float(Q_load) / float(Q_design)

        else:
            phi = 0

        eta_el_max = 0.39
        eta_therm_max = 0.58   #* 1.11 as this source gives eff. of HHV
        eta_el_score = -0.220 + 5.277 * phi - 9.127 * phi**2 + 7.172* phi ** 3 - 2.103* phi**4
        eta_therm_score = 0.9 - 0.07 * phi + 0.17 * phi**2

        eta_el = eta_el_max * eta_el_score
        eta_therm = eta_therm_max * eta_therm_score

        if phi < 0.2:
            eta_el = 0

    return eta_el, eta_therm



# investment and maintenance costs

[docs]def calc_Cinv_CCT(CC_size, gV):
    """
    Annualized investment costs for the Combined cycle

    :type CC_size : float
    :param CC_size: Electrical size of the CC

    :rtype InvCa : float
    :returns InvCa: annualized investment costs in CHF

    ..[C. Weber, 2008] C.Weber, Multi-objective design and optimization of district energy systems including
    polygeneration energy conversion technologies., PhD Thesis, EPFL
    """

    InvC = 32978 * (CC_size * 1E-3) ** 0.5946  # [C. Weber, 2008]_
    InvCa = InvC * gV.CC_i * (1+ gV.CC_i) ** gV.CC_n / ((1+gV.CC_i) ** gV.CC_n - 1)

    return InvCa



[docs]def calc_Cinv_FC(P_design, gV):
    """
    Calculates the investment cost of a Fuel Cell in CHF

    http://hexis.com/sites/default/files/media/publikationen/140623_hexis_galileo_ibb_profitpaket.pdf?utm_source=HEXIS+Mitarbeitende&utm_campaign=06d2c528a5-1_Newsletter_2014_Mitarbeitende_DE&utm_medium=email&utm_term=0_e97bc1703e-06d2c528a5-

    :type P_design : float
    :param P_design: Design thermal Load of Fuel Cell [W_th]

    :rtype InvCa: float
    :returns InvCa: annualized investment costs in CHF
    """

    InvC = (1 + gV.FC_overhead) * gV.FC_stack_cost * P_design / 1000 # FC_stack_cost = 55'000 CHF  / kW_therm, 10 % extra (overhead) cost
    InvCa = InvC * gV.FC_i * (1 + gV.FC_i) ** gV.FC_n / (( 1 + gV.FC_i) ** gV.FC_n - 1)

    return InvCa
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  Source code for cea.technologies.cooling_tower

"""
System Modeling: Cooling tower
"""
from __future__ import division


__author__ = "Thuy-An Nguyen"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Thuy-An Nguyen", "Tim Vollrath", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"

# technical model

[docs]def calc_CT(qhotdot, Qdesign, gV):
    """
    For the operation of a water condenser + direct cooling tower based on [B. Stephane, 2012]_
    
    :type qhotdot : float
    :param qhotdot: heating power to condenser, From Model_VCC
    :type Qdesign : float
    :param Qdesign: Max cooling power
    

    :type wdot : float
    :param wdot: electric power needed for the variable speed drive fan

    ..[B. Stephane, 2012] B. Stephane (2012), Evidence-Based Model Calibration for Efficient Building Energy Services.
    PhD Thesis, University de Liege, Belgium
    """
    if qhotdot < gV.CT_maxSize:
        print "Error in CT model, over the max capacity"
    qpartload = qhotdot / Qdesign

    wdesign_fan = 0.011 * Qdesign
    wpartload = 0.8603 * qpartload ** 3 + 0.2045 * qpartload ** 2 - 0.0623 * \
                qpartload + 0.0026
    
    wdot = wpartload * wdesign_fan
    
    return wdot

    

# Investment costs

[docs]def calc_Cinv_CT(CT_size, gV):
    """
    Annualized investment costs for the Combined cycle

    :type CT_size : float
    :param CT_size: Size of the Cooling tower in [W]

    :rtype InvCa : float
    :returns InvCa: annualized investment costs in Dollars
    """
    if CT_size > 0:
        InvC = (0.0161 * CT_size * 1E-3 + 1457.3) * 1E3
        InvCa = InvC * gV.CT_a
    else:
        InvCa = 0

    return InvCa
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  Source code for cea.technologies.thermal_storage

"""
thermal storage
"""


from __future__ import division

__author__ = "Thuy-An Nguyen"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Thuy-An Nguyen", "Tim Vollrath", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


# investment and maintenance costs

[docs]def calc_Cinv_storage(vol, gV):
    """
    calculate the annualized investment cost of a thermal storage tank

    :param vol: storage tank volume
    :type vol: float
    :param gV: global.var

    :returns InvCa:

    """
    if vol>0:
        InvCa = 7224.8 * vol ** (-0.522) * vol * gV.EURO_TO_CHF / 50
    else:
        InvCa = 0

    return InvCa # CHF/a
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  Source code for cea.technologies.thermal_network

"""
hydraulic network
"""


from __future__ import division

__author__ = "Thuy-An Nguyen"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Thuy-An Nguyen", "Tim Vollrath", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"




# investment and maintenance costs

[docs]def calc_Cinv_network_linear(LengthNetwork, gV):
    """
    calculate annualised network investment cost with a linearized function.

    :param LengthNetwork: total length of the network in [m]
    :pram gV: globalvar.py

    :returns InvCa: annualised investment cost of the thermal network
    :rtype InvCa: float

    """

    InvC = 0
    InvC = LengthNetwork * gV.PipeCostPerMeterInv
    InvCa = InvC * gV.PipeInterestRate * (1+ gV.PipeInterestRate) ** gV.PipeLifeTime / ((1+gV.PipeInterestRate) ** gV.PipeLifeTime - 1)

    return InvCa
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  Source code for cea.technologies.substation

"""
Substation Model
"""
from __future__ import division
import pandas as pd
import time
import numpy as np
import scipy

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca", "Tim Vollrath", "Thuy-An Nguyen"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


# Substation model

[docs]def substation_main(locator, total_demand, building_names, gv, Flag):
    """
    this function calculates the temperatures and mass flow rates of the district heating network
    at every costumer. Based on this, the script calculates the hourly temperature of the network at the plant.
    This temperature needs to be equal to that of the customer with the highest temperature requirement plus thermal
    losses in the network.

    :param locator: path to locator function
    :param total_demand: dataframe with total demand and names of all building in the area
    :param building_names:  dataframe with names of all buildings in the area
    :param gv: path to global variables class
    :param Flag: boolean, True if the function is called by the master optimizaiton. False if the fucntion is
        called during preprocessing
    """

    t0 = time.clock()
    # generate empty vectors
    Ths = np.zeros(8760)
    Tww = np.zeros(8760)
    Tcs = np.zeros(8760) + 1E6

    # determine grid target temperatures at costumer side.
    iteration = 0
    buildings = []
    for name in building_names:
        buildings.append(pd.read_csv(locator.get_demand_results_folder() + '//' + name + ".csv",
                                     usecols=['Name', 'Thsf_sup_C', 'Thsf_re_C', 'Tcsf_sup_C', 'Tcsf_re_C',
                                              'Twwf_sup_C', 'Twwf_re_C', 'Qhsf_kWh', 'Qcsf_kWh', 'Qwwf_kWh',
                                              'mcphsf_kWC', 'mcpwwf_kWC', 'mcpcsf_kWC',
                                              'Ef_kWh']))
        Ths = np.vectorize(calc_DH_supply)(Ths.copy(), buildings[iteration].Thsf_sup_C.values)
        Tww = np.vectorize(calc_DH_supply)(Tww.copy(), buildings[iteration].Twwf_sup_C.values)
        Tcs = np.vectorize(calc_DC_supply)(Tcs.copy(), buildings[iteration].Tcsf_sup_C.values)
        iteration += 1
    T_DHS = np.vectorize(calc_DH_supply)(Ths, Tww)
    T_DHS_supply = np.where(T_DHS > 0, T_DHS + gv.dT_heat, T_DHS)
    T_DCS_supply = np.where(Tcs != 1E6, Tcs - gv.dT_cool, 0)

    # Calculate disconnected buildings files and substation operation.
    if Flag:
        index = 0
        combi = [0] * len(building_names)
        for name in building_names:
            print name
            dfRes = total_demand[(total_demand.Name == name)]
            combi[index] = 1
            key = "".join(str(e) for e in combi)
            dfRes.to_csv(locator.get_optimization_substations_total_file(key), sep=',', float_format='%.3f')
            combi[index] = 0
            # calculate substation parameters per building
            substation_model(locator, gv, buildings[index], T_DHS, T_DHS_supply, T_DCS_supply, Ths, Tww)
            index += 1
    else:
        index =0
        # calculate substation parameters per building
        for name in building_names:
            substation_model(locator, gv, buildings[index], T_DHS, T_DHS_supply, T_DCS_supply, Ths, Tww)
            index += 1
    print time.clock() - t0, "seconds process time for the Substation Routine \n"



[docs]def substation_model(locator, gv, building, t_DH, t_DH_supply, t_DC_supply, t_HS, t_WW):
    '''

    :param locator: path to locator function
    :param gv: path to global variables class
    :param building: dataframe with consumption data per building
    :param t_DH: vector with hourly temperature of the district heating network without losses
    :param t_DH_supply: vector with hourly temperature of the district heating netowork with losses
    :param t_DC_supply: vector with hourly temperature of the district coolig network with losses
    :param t_HS: maximum hourly temperature for all buildings connected due to space heating
    :param t_WW: maximum hourly temperature for all buildings connected due to domestic hot water
    :return:
        Dataframe stored for every building with the mass flow rates and temperatures district heating and cooling
        side in:

        where fName_result: ID of the building accounting for the individual at which it belongs to.

    '''

    # calculate temperatures and massflow rates HEX for space heating costumers.
    thi = t_DH_supply + 273  # In k
    Qhsf = building.Qhsf_kWh.values * 1000  # in W
    Qnom = max(Qhsf)  # in W
    if Qnom > 0:
        tco = building.Thsf_sup_C.values + 273  # in K
        tci = building.Thsf_re_C.values + 273  # in K
        cc = building.mcphsf_kWC.values * 1000  # in W/K
        index = np.where(Qhsf == Qnom)[0][0]
        thi_0 = thi[index]
        tci_0 = tci[index]
        tco_0 = tco[index]
        cc_0 = cc[index]
        t_DH_return_hs, mcp_DH_hs, A_hex_hs = \
            calc_substation_heating(Qhsf, thi, tco, tci, cc, cc_0, Qnom, thi_0, tci_0, tco_0, gv)
    else:
        t_DH_return_hs = np.zeros(8760)
        mcp_DH_hs = np.zeros(8760)
        A_hex_hs = 0
    # calculate temperatures and massflow rates HEX for dhW costumers.
    Qwwf = building.Qwwf_kWh.values * 1000  # in W
    Qnom = max(Qwwf)  # in W
    if Qnom > 0:
        tco = building.Twwf_sup_C.values + 273  # in K
        tci = building.Twwf_re_C.values + 273  # in K
        cc = building.mcpwwf_kWC.values * 1000  # in W/K
        index = np.where(Qwwf == Qnom)[0][0]
        thi_0 = thi[index]
        tci_0 = tci[index]
        tco_0 = tco[index]
        cc_0 = cc[index]
        t_DH_return_ww, mcp_DH_ww, A_hex_ww = \
            calc_substation_heating(Qwwf, thi, tco, tci, cc, cc_0, Qnom, thi_0, tci_0, tco_0, gv)
    else:
        t_DH_return_ww = np.zeros(8760)
        A_hex_ww = 0
        mcp_DH_ww = np.zeros(8760)

    # calculate mix temperature of return DH
    t_DH_return = np.vectorize(calc_HEX_mix)(Qhsf, Qwwf, t_DH_return_ww, mcp_DH_ww, t_DH_return_hs, mcp_DH_hs)
    mcp_DH = (mcp_DH_ww + mcp_DH_hs)
    # calculate temperatures and massflow rates HEX for cooling costumers incl refrigeration and processes
    Qcf = (abs(building.Qcsf_kWh.values)) * 1000  # in W
    Qnom = max(Qcf)  # in W
    if Qnom > 0:
        tci = t_DC_supply + 273  # in K
        tho = building.Tcsf_sup_C.values + 273  # in K
        thi = building.Tcsf_re_C.values + 273  # in K
        ch = (abs(building.mcpcsf_kWC.values)) * 1000  # in W/K
        index = np.where(Qcf == Qnom)[0][0]
        tci_0 = tci[index]  # in K
        thi_0 = thi[index]
        tho_0 = tho[index]
        ch_0 = ch[index]
        t_DC_return_cs, mcp_DC_cs, A_hex_cs = \
            calc_substation_cooling(Qcf, thi, tho, tci, ch, ch_0, Qnom, thi_0, tci_0, tho_0, gv)
    else:
        t_DC_return_cs = t_DC_supply
        mcp_DC_cs = 0
        A_hex_cs = 0

    # converting units and quantities:
    T_return_DH_result_flat = t_DH_return + 273.0  # convert to K
    T_supply_DH_result_flat = t_DH_supply + 273.0  # convert to K
    mdot_DH_result_flat = mcp_DH * 1000 / gv.cp  # convert from kW/K to kg/s
    mdot_heating_result_flat = mcp_DH_hs * 1000 / gv.cp  # convert from kW/K to kg/s
    mdot_dhw_result_flat = mcp_DH_ww * 1000 / gv.cp  # convert from kW/K to kg/s
    mdot_cool_result_flat = mcp_DC_cs * 1000 / gv.cp  # convert from kW/K to kg/s
    T_r1_dhw_result_flat = t_DH_return_ww + 273.0  # convert to K
    T_r1_heating_result_flat = t_DH_return_hs + 273.0  # convert to K
    T_r1_cool_result_flat = t_DC_return_cs + 273.0  # convert to K
    T_supply_DC_result_flat = t_DC_supply + 273.0  # convert to K
    T_supply_max_all_buildings_flat = t_DH + 273.0  # convert to K
    T_hotwater_max_all_buildings_flat = t_WW + 273.0  # convert to K
    T_heating_sup_max_all_buildings_flat = t_HS + 273.0  # convert to K
    Electr_array_all_flat = building.Ef_kWh.values * 1000  # convert to #to W

    # save the results into a .csv file
    results = pd.DataFrame({"mdot_DH_result": mdot_DH_result_flat,
                            "T_return_DH_result": T_return_DH_result_flat,
                            "T_supply_DH_result": T_supply_DH_result_flat,
                            "mdot_heating_result": mdot_heating_result_flat,
                            "mdot_dhw_result": mdot_dhw_result_flat,
                            "mdot_DC_result": mdot_cool_result_flat,
                            "T_r1_dhw_result": T_r1_dhw_result_flat,
                            "T_r1_heating_result": T_r1_heating_result_flat,
                            "T_return_DC_result": T_r1_cool_result_flat,
                            "T_supply_DC_result": T_supply_DC_result_flat,
                            "A_hex_heating_design": A_hex_hs,
                            "A_hex_dhw_design": A_hex_ww,
                            "A_hex_cool_design": A_hex_cs,
                            "Q_heating": Qhsf,
                            "Q_dhw": Qwwf,
                            "Q_cool": Qcf,
                            "T_total_supply_max_all_buildings_intern": T_supply_max_all_buildings_flat,
                            "T_hotwater_max_all_buildings_intern": T_hotwater_max_all_buildings_flat,
                            "T_heating_max_all_buildings_intern": T_heating_sup_max_all_buildings_flat,
                            "Electr_array_all_flat": Electr_array_all_flat})

    results.to_csv(locator.get_optimization_substations_results_file(building.Name.values[0]), sep=',', index=False,
                   float_format='%.3f')
    return results



# substation cooling


[docs]def calc_substation_cooling(Q, thi, tho, tci, ch, ch_0, Qnom, thi_0, tci_0, tho_0, gv):
    '''
    this function calculates the state of the heat exchanger at the substation of every customer with cooling needs

    :param Q: cooling laad
    :param thi: in temperature of primary side
    :param tho: out temperature of primary side
    :param tci: in temperature of secondary side
    :param ch: capacity mass flow rate primary side
    :param ch_0: nominal capacity mass flow rate primary side
    :param Qnom: nominal cooling load
    :param thi_0: nominal in temperature of primary side
    :param tci_0: nominal in temperature of secondary side
    :param tho_0: nominal out temperature of primary side
    :param gv: path to global variables class
    :return:
        tco = out temperature of secondary side (district cooling network)
        cc = capacity mass flow rate secondary side
        Area_HEX_cooling = are of heat excahnger.
    '''

    # nominal conditions network side
    cc_0 = ch_0 * (thi_0 - tho_0) / ((thi_0 - tci_0) * 0.9)
    tco_0 = Qnom / cc_0 + tci_0
    dTm_0 = calc_dTm_HEX(thi_0, tho_0, tci_0, tco_0, 'cool')
    # Area heat exchange and UA_heating
    Area_HEX_cooling, UA_cooling = calc_area_HEX(Qnom, dTm_0, gv.U_cool)
    tco, cc = np.vectorize(calc_HEX_cooling)(Q, UA_cooling, thi, tho, tci, ch)

    return tco, cc, Area_HEX_cooling



# substation heating

[docs]def calc_substation_heating(Q, thi, tco, tci, cc, cc_0, Qnom, thi_0, tci_0, tco_0, gv):
    '''
    This function calculates the mass flow rate, temperature of return (secondary side)
    and heat exchanger area of every substation.

    :param Q: heating load
    :param thi: in temperature of secondary side
    :param tco: out temperature of primary side
    :param tci: in temperature of primary side
    :param cc: capacity mass flow rate primary side
    :param cc_0: nominal capacity mass flow rate primary side
    :param Qnom: nominal cooling load
    :param thi_0: nominal in temperature of secondary side
    :param tci_0: nominal in temperature of primary side
    :param tco_0: nominal out temperature of primary side
    :param gv: path to global variables class
    :return:
        tho = out temperature of secondary side (district cooling network)
        ch = capacity mass flow rate secondary side
        Area_HEX_heating = are of heat excahnger.
    '''
    # nominal conditions network side
    ch_0 = cc_0 * (tco_0 - tci_0) / ((thi_0 - tci_0) * 0.9)
    tho_0 = thi_0 - Qnom / ch_0
    dTm_0 = calc_dTm_HEX(thi_0, tho_0, tci_0, tco_0, 'heat')
    # Area heat excahnge and UA_heating
    Area_HEX_heating, UA_heating = calc_area_HEX(Qnom, dTm_0, gv.U_heat)
    tho, ch = np.vectorize(calc_HEX_heating)(Q, UA_heating, thi, tco, tci, cc)
    return tho, ch, Area_HEX_heating



# Heat exchanger model

[docs]def calc_HEX_cooling(Q, UA, thi, tho, tci, ch):
    """
    This function calculates the mass flow rate, temperature of return (secondary side)
    and heat exchanger area for a plate heat exchanger.
    Method of Number of Transfer Units (NTU)

    :param Q: cooling load
    :param UA: coefficient representing the area of heat exchanger times the coefficient of transmittance of the
               heat exchanger
    :param thi: in temperature of primary side
    :param tho: out temperature of primary side
    :param tci: in temperature of secondary side
    :param ch: capacity mass flow rate primary side
    :return: - ``tco``, out temperature of secondary side (district cooling network)
             - ``cc``, capacity mass flow rate secondary side
    """

    if ch > 0:
        eff = [0.1, 0]
        Flag = False
        tol = 0.00000001
        while abs((eff[0] - eff[1]) / eff[0]) > tol:
            if Flag == True:
                eff[0] = eff[1]
            else:
                cmin = ch * (thi - tho) / ((thi - tci) * eff[0])
            if cmin < ch:
                cc = cmin
                cmax = ch
            else:
                cc = cmin
                cmax = cc
                cmin = ch
            cr = cmin / cmax
            NTU = UA / cmin
            eff[1] = calc_plate_HEX(NTU, cr)
            cmin = ch * (thi - tho) / ((thi - tci) * eff[1])
            tco = tci + eff[1] * cmin * (thi - tci) / cc
            Flag = True
        cc = Q / abs(tci - tco)
        tco = tco - 273
    else:
        tco = 0
        cc = 0
    return np.float(tco), np.float(cc / 1000)



[docs]def calc_plate_HEX(NTU, cr):
    """
    This function calculates the efficiency of exchange for a plate heat exchanger according to the NTU method of
    AShRAE 90.1

    :param NTU: number of transfer units
    :param cr: ratio between min and max capacity mass flow rates
    :return:
        eff: efficiency of heat exchange
    """
    eff = 1 - scipy.exp((1 / cr) * (NTU ** 0.22) * (scipy.exp(-cr * (NTU) ** 0.78) - 1))
    return eff



[docs]def calc_shell_HEX(NTU, cr):
    """
    This function calculates the efficiency of exchange for a tube-shell heat exchanger according to the NTU method of
    AShRAE 90.1

    :param NTU: number of transfer units
    :param cr: ratio between min and max capacity mass flow rates
    :return:
        eff: efficiency of heat exchange
    """
    eff = 2 * ((1 + cr + (1 + cr ** 2) ** (1 / 2)) * (
        (1 + scipy.exp(-(NTU) * (1 + cr ** 2))) / (1 - scipy.exp(-(NTU) * (1 + cr ** 2))))) ** -1
    return eff



[docs]def calc_HEX_mix(Q1, Q2, t1, m1, t2, m2):
    """
    This function computes the average  temperature between two vectors of heating demand.
    In this case, domestic hotwater and space heating.

    :param Q1: load heating
    :param Q2: load domestic hot water
    :param t1: out temperature of heat exchanger for space heating
    :param m1: mas flow rate secondary side of heat exchanger for space heating
    :param t2: out temperature of heat exchanger for domestic hot water
    :param m2: mas flow rate secondary side of heat exchanger for domestic hot water
    :return:
        tavg: average out temperature.
    """
    if Q1 > 0 or Q2 > 0:
        tavg = (t1 * m1 + t2 * m2) / (m1 + m2)
    else:
        tavg = 0
    return np.float(tavg)



[docs]def calc_HEX_heating(Q, UA, thi, tco, tci, cc):
    """
    This function calculates the mass flow rate, temperature of return (secondary side)
    and heat exchanger area for a shell-tube pleat exchanger in the heating case.

    Method of Number of Transfer Units (NTU)

    :param Q: load
    :param UA: coefficient representing the area of heat exchanger times the coefficient of transmittance of the
               heat exchanger
    :param thi: in temperature of secondary side
    :param tco: out temperature of primary side
    :param tci: in temperature of primary side
    :param cc: capacity mass flow rate primary side

    :return: - ``tho``, out temperature of secondary side (district cooling network)
             - ``ch``, capacity mass flow rate secondary side
    """

    if Q > 0:
        eff = [0.1, 0]
        Flag = False
        tol = 0.00000001
        while abs((eff[0] - eff[1]) / eff[0]) > tol:
            if Flag == True:
                eff[0] = eff[1]
            else:
                cmin = cc * (tco - tci) / ((thi - tci) * eff[0])
            if cmin < cc:
                ch = cmin
                cmax = cc
            else:
                ch = cmin
                cmax = cmin
                cmin = cc
            cr = cmin / cmax
            NTU = UA / cmin
            eff[1] = calc_shell_HEX(NTU, cr)
            cmin = cc * (tco - tci) / ((thi - tci) * eff[1])
            tho = thi - eff[1] * cmin * (thi - tci) / ch
            Flag = True

        tho = tho - 273
    else:
        tho = 0
        ch = 0
    return np.float(tho), np.float(ch / 1000)



[docs]def calc_dTm_HEX(thi, tho, tci, tco, flag):
    '''
    This function estimates the logarithmic temperature difference between two streams

    :param thi: in temperature hot stream
    :param tho: out temperature hot stream
    :param tci: in temperature cold stream
    :param tco: out temperature cold stream
    :param flag: heat: when using for the heating case, 'cool' otherwise
    :return:
        dtm = logaritimic temperature difference
    '''
    dT1 = thi - tco
    dT2 = tho - tci
    if flag == 'heat':
        dTm = (dT1 - dT2) / scipy.log(dT1 / dT2)
    else:
        dTm = (dT2 - dT1) / scipy.log(dT2 / dT1)
    return abs(dTm.real)



[docs]def calc_area_HEX(Qnom, dTm_0, U):
    """
    Thi function calculates the area of a het exchanger at nominal conditions.

    :param Qnom: nominal load
    :param dTm_0: nominal logarithmic temperature difference
    :param U: coeffiicent of transmissivity

    :return: - ``area``, area of heat exchange
             - ``UA``, coefficient representing the area of heat exchanger times the coefficient of transmittance of the
               heat exchanger
    """
    area = Qnom / (dTm_0 * U)  # Qnom in W
    UA = U * area
    return area, UA



[docs]def calc_DC_supply(t_0, t_1):
    """
    This function calculates the temperature of the district cooling network according to the minimum observed
    (different to zero) in all buildings connected to the grid.

    :param t_0: last minimum temperature
    :param t_1:  current minimum temperature to evaluate
    :return: ``tmin``, new minimum temperature
    """
    if t_0 == 0:
        t_0 = 1E6
    if t_1 > 0:
        tmin = min(t_0, t_1)
    else:
        tmin = t_0
    return tmin



[docs]def calc_DH_supply(t_0, t_1):
    """
    This function calculates the temperature of the district heating network according to the maximum observed
    in all buildings connected to the grid.
    :param t_0: last maximum temperature
    :param t_1: current maximum temperature
    :return: ``tmax``, new maximum temperature
    """
    tmax = max(t_0, t_1)
    return tmax
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  Source code for cea.utilities.reporting

"""
Functions for Report generation
"""

import pandas as pd
import datetime
import os

__author__ = "Gabriel Happle"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Gabriel Happle", "Daren Thomas"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def full_report_to_xls(tsd, output_folder, basename, gv):
    """ this function is to write a full report to an ``*.xls`` file containing all intermediate and final results of a
    single building thermal loads calculation"""

    df = pd.DataFrame(tsd)

    # Create a Pandas Excel writer using XlsxWriter as the engine.
    timestamp = datetime.datetime.now().strftime('%Y-%m-%d-%H-%M-%S')
    output_path = os.path.join(output_folder,"%(basename)s-%(timestamp)s.xls" % locals())
    writer = pd.ExcelWriter(output_path, engine='xlwt')

    df.to_excel(writer, na_rep='NaN')

    # Close the Pandas Excel writer and output the Excel file.
    writer.save()
    writer.close()
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  Source code for cea.utilities.epwreader

"""
Energyplus file reader
"""
import pandas as pd

import cea.inputlocator
import cea.globalvar as globalvar
import numpy as np
from cea.utilities.physics import BOLTZMANN

gv = globalvar.GlobalVariables()

__author__ = "Clayton Miller"
__copyright__ = "Copyright 2014, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Clayton Miller", "Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"


[docs]def epw_reader(weather_path):
    epw_labels = ['year', 'month', 'day', 'hour', 'minute', 'datasource', 'drybulb_C', 'dewpoint_C', 'relhum_percent',
                  'atmos_Pa', 'exthorrad_Whm2', 'extdirrad_Whm2', 'horirsky_Whm2', 'glohorrad_Whm2',
                  'dirnorrad_Whm2', 'difhorrad_Whm2', 'glohorillum_lux', 'dirnorillum_lux', 'difhorillum_lux',
                  'zenlum_lux', 'winddir_deg', 'windspd_ms', 'totskycvr_tenths', 'opaqskycvr_tenths', 'visibility_km',
                  'ceiling_hgt_m', 'presweathobs', 'presweathcodes', 'precip_wtr_mm', 'aerosol_opt_thousandths',
                  'snowdepth_cm', 'days_last_snow', 'Albedo', 'liq_precip_depth_mm', 'liq_precip_rate_Hour']

    result = pd.read_csv(weather_path, skiprows=8, header=None, names=epw_labels).drop('datasource', axis=1)
    result['dayofyear'] = pd.date_range('1/1/2016', periods=8760, freq='H').dayofyear
    result['ratio_diffhout'] = result['difhorrad_Whm2'] / result['glohorrad_Whm2']
    result['skycover'] = result['ratio_diffhout'].fillna(1)
    result['skytemp_C'] = np.vectorize(calc_skytemp)(result['drybulb_C'], result['dewpoint_C'], result['skycover'])

    return result



[docs]def calc_skytemp(Tdrybulb, Tdewpoint, N):
    sky_e = (0.787 + 0.764 * ((Tdewpoint + 273) / 273)) * 1 + 0.0224 * N + 0.0035 * N ** 2 + 0.00025 * N ** 3
    hor_IR = sky_e * BOLTZMANN * (Tdrybulb + 273) ** 4
    sky_T = ((hor_IR / BOLTZMANN) ** 0.25) - 273

    return sky_T  # sky temperature in C



[docs]def test_reader():
    locator = cea.inputlocator.InputLocator(r'C:\reference-case\baseline')
    # for the interface, the user should pick a file out of of those in ...DB/Weather/...
    weather_path = locator.get_default_weather()
    epw_reader(weather_path=weather_path)



if __name__ == '__main__':
    test_reader()
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  Source code for cea.utilities.solar_equations

"""
solar equations
"""


from __future__ import division
import numpy as np
import pandas as pd
import ephem
import datetime
import math


__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2015, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"

# import ephem library

def _ephem_setup(latitude, longitude, altitude, pressure, temperature):
    # observer
    obs = ephem.Observer()
    obs.lat = str(latitude)
    obs.lon = str(longitude)
    obs.elevation = altitude
    obs.pressure = pressure / 100.
    obs.temp = temperature

    #sun
    sun = ephem.Sun()
    return obs, sun


[docs]def pyephem(time, latitude, longitude, altitude=0, pressure=101325,
            temperature=12):

    # Written by Will Holmgren (@wholmgren), University of Arizona, 2014

    try:
        time_utc = time.tz_convert('UTC')
    except TypeError:
        time_utc = time

    sun_coords = pd.DataFrame(index=time)

    obs, sun = _ephem_setup(latitude, longitude, altitude,
                            pressure, temperature)

    # make and fill lists of the sun's altitude and azimuth
    # this is the pressure and temperature corrected apparent alt/az.
    alts = []
    azis = []
    for thetime in time_utc:
        obs.date = ephem.Date(thetime)
        sun.compute(obs)
        alts.append(sun.alt)
        azis.append(sun.az)

    sun_coords['apparent_elevation'] = alts
    sun_coords['apparent_azimuth'] = azis

    # redo it for p=0 to get no atmosphere alt/az
    obs.pressure = 0
    alts = []
    azis = []
    for thetime in time_utc:
        obs.date = ephem.Date(thetime)
        sun.compute(obs)
        alts.append(sun.alt)
        azis.append(sun.az)

    sun_coords['elevation'] = alts
    sun_coords['azimuth'] = azis

    # convert to degrees. add zenith
    sun_coords = np.rad2deg(sun_coords)
    sun_coords['apparent_zenith'] = 90 - sun_coords['apparent_elevation']
    sun_coords['zenith'] = 90 - sun_coords['elevation']

    return sun_coords


# solar properties

[docs]def calc_sun_properties(latitude, longitude, weather_data, gv):

    date = pd.date_range(gv.date_start, periods=8760, freq='H')

    # solar elevation, azuimuth and values for the 9-3pm period of no shading on the solar solstice
    sun_coords = pyephem(date, latitude, longitude)
    sun_coords['declination'] = np.vectorize(declination_degree)(date, 365)
    sun_coords['hour_angle'] = np.vectorize(get_hour_angle)(date, longitude)
    worst_sh = sun_coords['elevation'].loc[gv.worst_hour, 'Sh']
    worst_Az = sun_coords['azimuth'].loc[gv.worst_hour, 'Az']

    # mean trnasmissivity
    weather_data['diff'] = weather_data.difhorrad_Whm2 / weather_data.glohorrad_Whm2
    T_G_hour = weather_data[np.isfinite(weather_data['diff'])]
    T_G_day = np.round(T_G_hour.groupby(['dayofyear']).mean(), 2)
    T_G_day['diff'] = T_G_day['diff'].replace(1, 0.90)
    T_G_day['trr'] = (1 - T_G_day['diff'])
    transmittivity = T_G_day['ttr'].mean()

    return sun_coords['declination'], sun_coords['zenith'], sun_coords['azimuth'], sun_coords['hour_angle'], transmittivity, worst_sh, worst_Az



[docs]def calc_sunrise(sunrise, Yearsimul, longitude, latitude):
    o, s = _ephem_setup(latitude, longitude, altitude=0, pressure=101325, temperature=12)
    for day in range(1, 366):  # Calculated according to NOAA website
        o.date = datetime.datetime(Yearsimul, 1, 1) + datetime.timedelta(day - 1)
        next_event = o.next_rising(s)
        sunrise[day - 1] = next_event.datetime().hour
    return sunrise



[docs]def declination_degree(when, TY):
    """The declination of the sun is the angle between Earth's equatorial plane and a line
    between the Earth and the sun. It varies between 23.45 degrees and -23.45 degrees,
    hitting zero on the equinoxes and peaking on the solstices. [1]_

    :param when: datetime.datetime, date/time for which to do the calculation
    :param TY: float, Total number of days in a year. eg. 365 days per year,(no leap days)
    :param DEC: float,  The declination of the Sun

    .. [1] http://pysolar.org/
    """
    return 23.45 * math.sin((2 * math.pi / (TY)) * ((when.utctimetuple().tm_yday) - 81))



[docs]def get_hour_angle(when, longitude_deg):
    solar_time = get_solar_time(longitude_deg, when)
    return 15 * (12 - solar_time)



[docs]def get_solar_time(longitude_deg, when):
    "returns solar time in hours for the specified longitude and time," \
    " accurate only to the nearest minute."
    when = when.utctimetuple()
    return \
        (
            (when.tm_hour * 60 + when.tm_min + 4 * longitude_deg + equation_of_time(when.tm_yday))
        /
            60
        )
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  Source code for cea.utilities.physics

# -*- coding: utf-8 -*-
"""
Physical functions
"""
from __future__ import division
import scipy.optimize as sopt
import scipy
import numpy as np

__author__ = "Jimeno A. Fonseca"
__copyright__ = "Copyright 2016, Architecture and Building Systems - ETH Zurich"
__credits__ = ["Jimeno A. Fonseca", "Gabriel Happle"]
__license__ = "MIT"
__version__ = "0.1"
__maintainer__ = "Daren Thomas"
__email__ = "cea@arch.ethz.ch"
__status__ = "Production"

# stefan-boltzmann constant
BOLTZMANN = 0.0000000567  # W/m2K4

[docs]def calc_w(t, RH):
    """
    Moisture content in kg/kg of dry air

    t : temperature of air in (°C)
    RH : relative humidity of air in (%)

    w : moisture content of air in (kg/kg dry air)
    """
    Pa = 100000  # Pa
    Ps = 610.78 * scipy.exp(t / (t + 238.3) * 17.2694)
    Pv = RH / 100 * Ps
    w = 0.62 * Pv / (Pa - Pv)

    # TODO: source?

    return w



[docs]def calc_h(t, w):
    """
    calculates enthalpy of moist air in kJ/kg

    t : air temperature in (°C)
    w : moisture content of air in (kg/kg dry air)

    h : enthalpy of moist air in (kJ/kg)
    """

    if 0 < t < 60:  # temperature above zero
        h = (1.007 * t - 0.026) + w * (2501 + 1.84 * t)
    elif -100 < t <= 0: # temperature below zero
        h = (1.005 * t) + w * (2501 + 1.84 * t)
    else:
        raise
        h = np.nan
        print('Warning: Temperature out of bounds (>60°C or <-100°C)')
        print(t)

    # TODO: source?

    return h



[docs]def calc_t_from_h(h, w):
    """
    calculates temperature in (°C) from enthalpy (kJ/kg) of moist air with know moisture content
    inverse equation of calc_h(t,w)

    :param h: enthalpy of moist air in (kJ/kg)
    :param w: moisture content of air in (kg/kg dry air)
    :return: temperature in (°C)
    """

    t1 = (-1359.24*(w-3.998e-4*(h+0.026)))/(w+0.547283)

    t2 = (-1359.24*(w-3.998e-4*h))/(w+0.546196)

    # choose appropriate result based on temperature range
    if 0 < t1 < 60:
        t = t1
    elif -100 < t2 <= 0:
        t = t2
    else:
        raise
        t = np.nan
    #    print('Warning: Temperature out of bounds (>60°C or <-100°C)')
     #   print(t1,t2)

    return t



[docs]def calc_RH(w, t):  # Moisture content in kg/kg of dry air
    Pa = 100000  # Pa

    def Ps(x):
        Eq = w * (Pa / (x / 100 * 610.78 * scipy.exp(t / (t + 238.3 * 17.2694))) - 1) - 0.62
        return Eq

    result = sopt.newton(Ps, 50, maxiter=100, tol=0.01)
    RH = result.real
    return RH



[docs]def calc_t(w, RH):  # tempeature in C
    Pa = 100000  # Pa

    def Ps(x):
        Eq = w * (Pa / (RH / 100 * 610.78 * scipy.exp(x / (x + 238.3 * 17.2694))) - 1) - 0.62
        return Eq

    result = sopt.newton(Ps, 19, maxiter=100, tol=0.01)
    t = result.real
    return t



[docs]def calc_rho_air(temp_air):
    """
    Calculation of density of air according to 6.4.2.1 in [1]

    temp_air : air temperature in (°C)

    rho_air : air density in (kg/m3)

    """
    # constants from Table 12 in [1]
    # TODO import from global variables
    # TODO implement dynamic air density in other functions
    rho_air_ref = 1.23  # (kg/m3)
    temp_air_ref_K = 283  # (K)
    temp_air_K = temp_air + 273  # conversion to (K)

    # Equation (1) in [1]
    rho_air = temp_air_ref_K / temp_air_K * rho_air_ref

    return rho_air
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  Source code for cea.utilities.helpers

# -*- coding: utf-8 -*-
"""
Some helper functions that could be useful
"""

from __future__ import division
import math
import numpy as np


[docs]def hoy_2_doy(hoy):
    """
    Hour of year to day of year
    hoy: hour of year
    doy: day of year
    """

    if check_hoy(hoy):
        return int(math.floor(hoy/24)) + 1
    else:
        return None



[docs]def doy_2_hoy(doy):
    """
    Day of year to hour of year

    doy: day of year
    hoy: hour of year
    """

    if check_doy(doy):
        return doy*24
    else:
        return None



[docs]def hoy_2_woy(hoy):
    """
    Hour of year to week of year
    hoy: hour of year
    woy: weak of year
    """

    if check_hoy(hoy):
        return int(math.floor(hoy_2_doy(hoy)/7)) + 1
    else:
        return None



[docs]def hoy_2_moy(hoy):
    """
    hour of year to month of year
    hoy: hour of year
    moy: month of year
    """

    if check_hoy(hoy):

        # months_of_year = np.array([1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12])
        days_in_month = np.array([0, 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31])

        return np.where(np.cumsum(days_in_month) >= hoy_2_doy(hoy))[0][0]
    else:
        return None



[docs]def hoy_2_hod(hoy):
    """
    hour of year to hour of day
    hoy: hour of year
    hod: hour of day
    """

    if check_hoy(hoy):
        return hoy % 24
    else:
        return None



[docs]def hoy_2_dom(hoy):
    """
    hour of year to day of month
    hoy: hour of year
    dom: day of month
    """

    if check_hoy(hoy):

        days_in_month = np.array([0, 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31])
        doy = hoy_2_doy(hoy)
        moy = hoy_2_moy(hoy)
        return doy - np.cumsum(days_in_month)[moy] + days_in_month[moy]
    else:
        return None



[docs]def hoy_2_seasonhour(hoy, gv):
    """
    hour of year to hour relative to start of heating season
    hoy: hour of year
    seasonhour: hour relative to start of heating season
    """

    hoy_heat_stop, hoy_heat_start = gv.seasonhours

    if check_hoy(hoy):
        if hoy > hoy_heat_start - 1:
            seasonhour = hoy - hoy_heat_start
        else:
            seasonhour = hoy + 8760 - hoy_heat_start

        return seasonhour

    else:
        return None



[docs]def seasonhour_2_hoy(seasonhour, gv):
    """
    hour relative to start of heating season to hour of year
    seasonhour: hour relative to start of heating season
    hoy: hour of year
    """

    hoy_heat_stop, hoy_heat_start = gv.seasonhours

    # convert negative seasonhours to positive (for heating up phase consideration)
    if seasonhour < 0:
        seasonhour = 8760 - abs(seasonhour)

    if check_hoy(seasonhour):
        if seasonhour < 8760 - hoy_heat_start:
            hoy = hoy_heat_start + seasonhour
        else:
            hoy = hoy_heat_start - 8760 + seasonhour
        return hoy

    else:
        return None



[docs]def check_hoy(hoy):
    """
    check for hour of year within bounds
    hoy: hour of year
    bool
    """

    if 0 <= hoy <= 8759:
        return True
    else:
        print('Error: hour of year out of bounds')
        print(hoy)
        return False



[docs]def check_doy(doy):
    """
    check for day of year within bounds
    doy: day of year
    bool
    """

    if 0 <= doy <= 359:
        return True
    else:
        print('Error: day of year out of bounds')
        print(doy)
        return False



[docs]def is_nighttime_hoy(hoy):
    """
    Check if a certain hour of year is during night or not
    hoy: hour of year
    bool
    """
    if check_hoy(hoy):

        location = 'CH'  # TODO get location

        start_night = 21  # 21:00 # TODO: make dynamic (e.g. as function of location/country)
        stop_night = 7  # 07:00 # TODO: make dynamic (e.g. as function of location/country)

        if start_night <= hoy_2_hod(hoy) or stop_night >= hoy_2_hod(hoy):
            return True
        else:
            return False
    else:
        return



[docs]def is_daytime_hoy(hoy):
    """
    Check if a certain hour of the year is during the daytime or not
    hoy : hour of year
    bool
    """
    if check_hoy(hoy):

        if not is_nighttime_hoy(hoy):
            return True
        else:
            return False
    else:
        return



[docs]def is_heatingseason_hoy(hoy):
    """
    checks if a certain hour of the year is part of the heating season or not
    hoy : hour of year
    bool
    """

    if check_hoy(hoy):

        #TODO: get location from (?)
        location = 'CH'

        #TODO: get start heating season f(location)
        seasonhours = [3216, 6192]

        if hoy > seasonhours[1] or hoy < seasonhours[0]:
            return True
        else:
            return False

    else:
        return



[docs]def is_coolingseason_hoy(hoy):
    """
    checks if a certain hour of the year is part of the cooling season or not
    hoy : hour of year
    bool
    """

    if check_hoy(hoy):
        if not is_heatingseason_hoy(hoy):
            return True
        else:
            return False

    else:
        return



[docs]def test_helpers():
    """
    test helpers
    """
    import cea.globalvar
    gv = cea.globalvar.GlobalVariables()
    # translate hours of year to hours relative to start of heating season
    a = np.vectorize(hoy_2_seasonhour)(range(8760), gv)
    # translate back
    b = np.vectorize(seasonhour_2_hoy)(a, gv)
    # compare
    print(np.array_equal(range(8760), b))



if __name__ == '__main__':
    test_helpers()
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