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1. Original objectives
· Define shading surface as PV generator object in EnergyPlus through LB+HB
· get the following Building electricity usage and PV electricity production related output variables for data analysis:
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]
	Output:Variable,*,Generator Produced DC Electric Power, hourly;
Output:Variable,*,Generator Produced DC Electric Energy, hourly;
Output:Variable,*,Generator PV Array Efficiency, hourly;
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Output:Variable,*,Generator PV Cell Temperature, hourly;
Output:Variable,*,Facility Total Surplus Electric Energy, hourly;
Output:Variable,*,Facility Total Purchased Electric Energy, hourly;
Output:Variable,*,Facility Total Produced Electric Energy, hourly;
Output:Variable,*,Facility Net Purchased Electric Energy, hourly;
Output:Variable,*,Facility Total Building Electric Demand Power, hourly;
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Output:Variable,*,Facility Total Building Electric Demand Energy, hourly;
Output:Variable,*,Facility Total HVAC Electric Demand Power, hourly;
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Output:Variable,*,Facility Total HVAC Electric Demand Energy, hourly;
Output:Variable,*,Facility Total Electric Demand Power, hourly;
Output:Variable,*,Facility Total Electric Demand Energy, hourly;
Output:Meter, Electricity:Building, hourly;
Output:Meter, ElectricityNet:Facility, hourly;
Output:Meter, ElectricityPurchased:Facility, hourly;




2. Test model
· A simple model was created for the test which includes a small building with three thermal zones in different shapes and volumes. Three shading surfaces detached from the roofs were defined as PV surfaces. 
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]Default settings on building program and constructions are used.
· Chicago’s epw file was used to get both cooling and heating loads.
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3. Tests
Different combinations of the old and new versions of the following components were tested using the same building model. In total seven scenarios were tested. 

	Component
	Old version
	New version

	Ladybug
	V0066, JUN-02-2018
	V0066 JUL-11-2018

	Honeybee
	V0063, JAN-20-2018
	V0063 JUN-29-2018

	PVgen
	V0063, JAN-20-2018
	V0063, MAR-08-2018

	generationSystem  
	V0062, JUL-28-2017
	V0063, JAN-20-2018

	runEnergySimulation 
	V0063, JAN-20-2018
	v0063, JUL-24-2018

	exportToOpenStudio
	
	V0063, AUG-08-2018

	EnergyPlus
	V8.8.0




Compatibility between the components and main issues are summarized in the table below.

	Compatibility
	 Old
	New

	
	Ladybug
V0066
JUN-02-2018
	Honeybee
V0063
JAN-20-2018
	Ladybug
V0066
JUL-11-2018
	Honeybee
V0063
JUN-29-2018

	Old
	PVgen 
V0063
JAN-20-2018
	Yes
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0062
JUL-28-2017
	Yes
	

	
	runEnergySimulation 
V0063
JAN-20-2018
	Yes
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	New
	PVgen 
V0063
MAR-08-2018
	Error
· Solution exception:__init__() takes exactly 12 arguments (8 given)
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0063
JAN-20-2018
	Yes
	Yes

	
	runEnergySimulation 
v0063 
JUL-24-2018
	No
(got reminder to update HB)
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	
	exportToOpenStudio
V0063
AUG-08-2018
	
	Yes






4. Results

· Combination A (Scenario 1) using the older version of the components generates the requested output variables correctly. (see result of Scenario 1 on page 5)
	Compatibility
	 Old
	New

	
	Ladybug
V0066
JUN-02-2018
	Honeybee
V0063
JAN-20-2018
	Ladybug
V0066
JUL-11-2018
	Honeybee
V0063
JUN-29-2018

	Old
	PVgen 
V0063
JAN-20-2018
	Yes
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0062
JUL-28-2017
	Yes
	

	
	runEnergySimulation 
V0063
JAN-20-2018
	Yes
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	New
	PVgen 
V0063
MAR-08-2018
	Error
· Solution exception:__init__() takes exactly 12 arguments (8 given)
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0063
JAN-20-2018
	Yes
	Yes

	
	runEnergySimulation 
v0063 
JUL-24-2018
	No
(got reminder to update HB)
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	
	exportToOpenStudio
V0063
AUG-08-2018
	
	Yes



· Combination B (Scenario 7) using the latest version of the components works only when the code of PVgen is revised in two places to suppress the error output of “-1”. 
· A few of the key output variables requested were missing. (see result of Scenario 7 on page 13)
	Compatibility
	 Old
	New

	
	Ladybug
V0066
JUN-02-2018
	Honeybee
V0063
JAN-20-2018
	Ladybug
V0066
JUL-11-2018
	Honeybee
V0063
JUN-29-2018

	Old
	PVgen 
V0063
JAN-20-2018
	Yes
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0062
JUL-28-2017
	Yes
	

	
	runEnergySimulation 
V0063
JAN-20-2018
	Yes
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	New
	PVgen 
V0063
MAR-08-2018
	Error
· Solution exception:__init__() takes exactly 12 arguments (8 given)
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0063
JAN-20-2018
	Yes
	Yes

	
	runEnergySimulation 
v0063 
JUL-24-2018
	No
(got reminder to update HB)
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	
	exportToOpenStudio
V0063
AUG-08-2018
	
	Yes



Assuming the result of combination A is correct, the result on PV electricity yield for combination B is overestimated by 30.1%. (note the difference in energy unit)
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Result of combination A                                                     Result of combination B                


For combination B, electricity usage is about the same. But cooling loads is overestimated by 7.2%, and heating loads is slightly underestimated by only -0.3%. 
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Result of combination A                                                       Result of combination B                

Without PV, the difference in electricity usage, cooling and heating loads between combination A and B is very small and could be regarded as zero. 



The outcome of the seven scenarios tested are shown below.

Scenario 1 (S1) : test_PVgen_s1.gh

	Compatibility
	 Old
	New

	
	Ladybug
V0066
JUN-02-2018
	Honeybee
V0063
JAN-20-2018
	Ladybug
V0066
JUL-11-2018
	Honeybee
V0063
JUN-29-2018

	Old
	PVgen 
V0063
JAN-20-2018
	Yes
	Error
The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0062
JUL-28-2017
	Yes
	

	
	runEnergySimulation 
V0063
JAN-20-2018
	Yes
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	New
	PVgen 
V0063
MAR-08-2018
	Error
· Solution exception:__init__() takes exactly 12 arguments (8 given)
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0063
JAN-20-2018
	Yes
	Yes

	
	runEnergySimulation 
v0063 
JUL-24-2018
	No
(got reminder to update HB)
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	
	exportToOpenStudio
V0063
AUG-08-2018
	
	Yes



Results (correct):
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End Uses (as reported in the html file generated)
	
	Electricity [kWh]
	Natural Gas [kWh]
	Additional Fuel [kWh]
	District Cooling [kWh]
	District Heating [kWh]
	Water [m3]

	Heating
	0.00
	0.00
	0.00
	0.00
	17949.89
	0.00

	Cooling
	0.00
	0.00
	0.00
	7014.22
	0.00
	0.00

	Interior Lighting
	2588.20
	0.00
	0.00
	0.00
	0.00
	0.00

	Exterior Lighting
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Interior Equipment
	1697.32
	0.00
	0.00
	0.00
	0.00
	0.00

	… 
	… 
	… 
	… 
	… 
	… 
	… 

	Total End Uses
	4285.52
	0.00
	0.00
	7014.22
	17949.89
	0.00



Electric Loads Satisfied (as reported in the html file generated)
	
	Electricity [kWh]
	Percent Electricity [%]

	Fuel-Fired Power Generation
	0.000
	0.00

	High Temperature Geothermal*
	0.000
	0.00

	Photovoltaic Power
	10531.273
	245.74

	Wind Power
	0.000
	0.00

	Power Conversion
	-210.63
	-4.9

	Net Decrease in On-Site Storage
	0.000
	0.00

	Total On-Site Electric Sources
	10320.647
	240.83

	 
	 
	 

	Electricity Coming From Utility
	2735.303
	63.83

	Surplus Electricity Going To Utility
	8770.434
	204.65

	Net Electricity From Utility
	-6035.13
	-140.8

	 
	 
	 

	Total On-Site and Utility Electric Sources
	4285.517
	100.00

	Total Electricity End Uses
	4285.517
	100.00





Scenario 2 (S2) : test_PVgen_s2.gh

generationSystem component is replaced with the latest version. 
	Compatibility
	 Old
	New

	
	Ladybug
V0066
JUN-02-2018
	Honeybee
V0063
JAN-20-2018
	Ladybug
V0066
JUL-11-2018
	Honeybee
V0063
JUN-29-2018

	Old
	PVgen 
V0063
JAN-20-2018
	Yes
	Error
The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0062
JUL-28-2017
	Yes
	

	
	runEnergySimulation 
V0063
JAN-20-2018
	Yes
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	New
	PVgen 
V0063
MAR-08-2018
	Error
· Solution exception:__init__() takes exactly 12 arguments (8 given)
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0063
JAN-20-2018
	Yes
	Yes

	
	runEnergySimulation 
v0063 
JUL-24-2018
	No
(got reminder to update HB)
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	
	exportToOpenStudio
V0063
AUG-08-2018
	
	Yes



Results (correct): 
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Scenario 3 (S3) : test_PVgen_s3.gh

PVgen component is replaced with the latest version. 
	Compatibility
	 Old
	New

	
	Ladybug
V0066
JUN-02-2018
	Honeybee
V0063
JAN-20-2018
	Ladybug
V0066
JUL-11-2018
	Honeybee
V0063
JUN-29-2018

	Old
	PVgen 
V0063
JAN-20-2018
	Yes
	Error
The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0062
JUL-28-2017
	Yes
	

	
	runEnergySimulation 
V0063
JAN-20-2018
	Yes
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	New
	PVgen 
V0063
MAR-08-2018
	Error
· Solution exception:__init__() takes exactly 12 arguments (8 given)
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0063
JAN-20-2018
	Yes
	Yes

	
	runEnergySimulation 
v0063 
JUL-24-2018
	No
(got reminder to update HB)
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	
	exportToOpenStudio
V0063
AUG-08-2018
	
	Yes



Error:
Got the following error even if the input data for each of the input nodes has been changed to a list of values:
1. Solution exception:__init__() takes exactly 12 arguments (8 given)
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Unable to proceed to run the simulation. 



Scenario 4 (S4) : test_PVgen_s4.gh

Old PVgen and generationSystem components were tested in new LB+HB
	Compatibility
	 Old
	New

	
	Ladybug
V0066
JUN-02-2018
	Honeybee
V0063
JAN-20-2018
	Ladybug
V0066
JUL-11-2018
	Honeybee
V0063
JUN-29-2018

	Old
	PVgen 
V0063
JAN-20-2018
	Yes
	Error
The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0062
JUL-28-2017
	Yes
	

	
	runEnergySimulation 
V0063
JAN-20-2018
	Yes
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	New
	PVgen 
V0063
MAR-08-2018
	Error
· Solution exception:__init__() takes exactly 12 arguments (8 given)
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0063
JAN-20-2018
	Yes
	Yes

	
	runEnergySimulation 
v0063 
JUL-24-2018
	No
(got reminder to update HB)
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	
	exportToOpenStudio
V0063
AUG-08-2018
	
	Yes



Error:
Got the following error on mismatching input lists, although all the inputs remain the same. 
· The length of a list of inputs into either _name_, _cellsEfficiency, _integrationMode, _NoParallel,_Noseries, _costPVgen or _powerOutput is longer than the number of Honeybee surfaces connected to this component! e.g if you have 2 Honeybee surfaces you cannot have 3 values input into _costPVgen! Please check the inputs and try again!
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Unable to proceed to run the simulation. 





Scenario 5 (S5) : test_PVgen_s5.gh

New PVgen and generationSystem components were used. 
	Compatibility
	 Old
	New

	
	Ladybug
V0066
JUN-02-2018
	Honeybee
V0063
JAN-20-2018
	Ladybug
V0066
JUL-11-2018
	Honeybee
V0063
JUN-29-2018

	Old
	PVgen 
V0063
JAN-20-2018
	Yes
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0062
JUL-28-2017
	Yes
	

	
	runEnergySimulation 
V0063
JAN-20-2018
	Yes
	

	New
	PVgen 
V0063
MAR-08-2018
	Error
· Solution exception:__init__() takes exactly 12 arguments (8 given)
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!
· PV_HBSurfaces output is “-1”

	
	generationSystem  
V0063
JAN-20-2018
	Yes
	

	
	runEnergySimulation 
v0063 
JUL-24-2018
	No
(got reminder to update HB)
	

	
	exportToOpenStudio
V0063
AUG-08-2018
	
	



Error:
· Still have the input list length mismatching issue
· PV_HBSurfaces output is “-1”, although the PV generator definition seems to be OK.
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Scenario 6 (S6) : test_PVgen_s6.gh

The components used and the versions are the same as Scenario 5. 
	Compatibility
	 Old
	New

	
	Ladybug
V0066
JUN-02-2018
	Honeybee
V0063
JAN-20-2018
	Ladybug
V0066
JUL-11-2018
	Honeybee
V0063
JUN-29-2018

	Old
	PVgen 
V0063
JAN-20-2018
	Yes
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0062
JUL-28-2017
	Yes
	

	
	runEnergySimulation 
V0063
JAN-20-2018
	Yes
	

	New
	PVgen 
V0063
MAR-08-2018
	Error
· Solution exception:__init__() takes exactly 12 arguments (8 given)
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!
· PV_HBSurfaces output is “-1”

	
	generationSystem  
V0063
JAN-20-2018
	Yes
	

	
	runEnergySimulation 
v0063 
JUL-24-2018
	No
(got reminder to update HB)
	

	
	exportToOpenStudio
V0063
AUG-08-2018
	
	



But line 443 and 458 of the code in PVgen component for the error return of “-1” were suppressed so that PV_HBSurfaces can output surfaces. 
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Error:
Although the three PV surfaces can be output from “PV_HBSurfaces” now, the following warning remains:

· The length of a list of inputs into either _name_, _cellsEfficiency, _integrationMode, _NoParallel,_Noseries, _costPVgen or _powerOutput is longer than the number of Honeybee surfaces connected to this component! e.g if you have 2 Honeybee surfaces you cannot have 3 values input into _costPVgen! Please check the inputs and try again!
[image: ]

The code revision above doesn’t work with the old and new versions of runEnergySimulation components, and the following error is reported:

Solution exception:'PV_gen' object has no attribute 'surfacename'

[image: ]
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Scenario 7 (S7) : test_PVgen_s7.gh

Simulation was run by the exportToOpenStudio component
	Compatibility
	 Old
	New

	
	Ladybug
V0066
JUN-02-2018
	Honeybee
V0063
JAN-20-2018
	Ladybug
V0066
JUL-11-2018
	Honeybee
V0063
JUN-29-2018

	Old
	PVgen 
V0063
JAN-20-2018
	Yes
	Error
The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0062
JUL-28-2017
	Yes
	

	
	runEnergySimulation 
V0063
JAN-20-2018
	Yes
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	New
	PVgen 
V0063
MAR-08-2018
	Error
· Solution exception:__init__() takes exactly 12 arguments (8 given)
	Error
· The length of a list of inputs is longer than the number of Honeybee surfaces connected to this component!

	
	generationSystem  
V0063
JAN-20-2018
	Yes
	Yes

	
	runEnergySimulation 
v0063 
JUL-24-2018
	No
(got reminder to update HB)
	Error
· Solution exception:'PV_gen' object has no attribute 'surfacename'

	
	exportToOpenStudio
V0063
AUG-08-2018
	
	Yes



Simulation works
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However, the PV electricity generation related output is not the same as the one generated using old versions of LB, HB, PVgen, generationSystem  and runEnergySimulation components.

[image: ] 
Result of Scenario 7 (in GJ)
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Result of Scenario 7 (in kWh)	                                                                  Result of S1 (in kWh)
 
Four output variables were also missing which were generated correctly in Scenario 1. 
	
	Electricity load and generation related output variables requested
	Scenario

	
	
	1
	2
	3
	4
	5
	6
	7

	1
	Electric Load Center Produced Electric Energy
	
	
	
	
	
	
	X

	2
	Electricity:Building
	
	
	
	
	
	
	X

	3
	ElectricityNet:Facility
	
	
	
	
	
	
	X

	4
	ElectricityPurchased:Facility
	
	
	
	
	
	
	X

	5
	Facility Net Purchased Electric Energy
	
	
	
	
	
	
	

	6
	Facility Total Building Electric Demand Power
	
	
	
	
	
	
	

	7
	Facility Total Electric Demand Power
	
	
	
	
	
	
	

	8
	Facility Total HVAC Electric Demand Power
	
	
	
	
	
	
	

	9
	Facility Total Produced Electric Energy
	
	
	
	
	
	
	

	10
	Facility Total Purchased Electric Energy
	
	
	
	
	
	
	

	11
	Facility Total Surplus Electric Energy
	
	
	
	
	
	
	

	12
	Generator PV Array Efficiency
	
	
	
	
	
	
	

	13
	Generator PV Cell Temperature
	X
	X
	
	
	
	
	X

	14
	Generator Produced DC Electric Energy
	
	
	
	
	
	
	

	15
	Generator Produced DC Electric Power
	
	
	
	
	
	
	

	
	Generated 
	Not generated
	X : missing
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image3.png
Electric Loads Satisfied

Electricity [GI] | Percent Electricity [%]
Fuel-Fired Power Generation 0.000 0.00

High Temperature Geothermal® 0.000 0.00
Photovoltaic Power 49343 319.83

Wind Power 0.000 0.00

Power Conversion 099 64

Net Decrease in On-Site Storage 0.000 0.00

Total On-Site Electric Sources 48356 313.43

Electricity Coming From Utility 9.657 62.59

Surplus Electricity Going To Utility 42585 276.03

Net Electricity From Utility 3293 2134

Total On-Site and Utility Elecric Sources 15428 100.00
Total Electricity End Uses 15428 100.00





image4.png
End Uses

Electricity [kWh] | Natural Gas [kWh] | Additional Fuel [kWh] | District Cooling [kWh] | District Heating [kWh] | Water [m3]
Heating 000 0.00 0.00 0.00 17949.89 000

Cooling 000 0.00 0.00 701422 0.00 000

Interior Lighting 258820 0.00 0.00 0.00 0.00 000
Exterior Lighting 000 0.00 0.00 0.00 0.00 000
Interior Equipment 1697.32 0.00 0.00 0.00 0.00 000
Exterior Equipment 000 0.00 0.00 0.00 0.00 000
Fans 000 0.00 0.00 0.00 0.00 000

Pumps 000 0.00 0.00 0.00 0.00 000

Heat Rejection 000 0.00 0.00 0.00 0.00 000
Humidification 000 0.00 0.00 0.00 0.00 000
Heat Recovery 000 0.00 0.00 0.00 0.00 000
Water Systems 000 0.00 0.00 0.00 0.00 000
Refiigeration 000 0.00 0.00 0.00 0.00 000
Generators 000 0.00 0.00 0.00 0.00 000

Total End Uses 428552 0.00 0.00 701422 17949.89 000
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End Uses

Electricity [GI] | Natural Gas [GT] | Additional Fuel [GI] | District Cooling [GT] | District Heating [G] | Water [m3]
Heating 0.00 000 0.00 0.00 6444 0.00

Cooling 0.00 000 0.00 27.06 0.00 0.00

Interior Lighting 932 000 0.00 0.00 0.00 0.00
Exterior Lighting 0.00 000 0.00 0.00 0.00 0.00
Interior Equipment 6.11 000 0.00 0.00 0.00 0.00
Exterior Equipment 0.00 000 0.00 0.00 0.00 0.00
Fans 0.00 000 0.00 0.00 0.00 0.00

Pumps 0.00 000 0.00 0.00 0.00 0.00

Heat Rejection 0.00 000 0.00 0.00 0.00 0.00
Humidification 0.00 000 0.00 0.00 0.00 0.00
Heat Recovery 0.00 000 0.00 0.00 0.00 0.00
Water Systems 0.00 000 0.00 0.00 0.00 0.00
Refiigeration 0.00 000 0.00 0.00 0.00 0.00
Generators 0.00 000 0.00 0.00 0.00 0.00

Total End Uses 1543 000 0.00 27.06 6444 0.00
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define a PV generator for the PV modules
detached from building surfaces

©
BV_1 is mounced on Honeybee surface shdSrf_0_0_19£dS790-546d-454a-ased-
45Tbb092270

BV_1 has cthe following properties:

AcSording to the data you entered it is calculated that the modules of
this PV generacor cover roughly 0.2 % of the surface area of this
surface

The solar cell efficiency is 17.5 %

The integration mode is Decoupled

The number of BV modules in parallel is 1

The number of BV modules in series is 13

So BV_1 is made up of 13 BV modules

The cost per PV module is 1 US dollars

Therefore the total cost of PV_1 is 1300.0 US dollars

The pover oucput per PV module is 340.0 W

Therefore the total power output of PV_1 is 4420.0 W

w
_58158696-a52b-490£-8459~

PV_2 is mounted on Honeybee surface shdsSrf_
14Ca6ted6c04

PV_2 has the following properties:
AcCording to the data you entered it is calculated that the modules of
this PV generator cover roughly 80.95 % of the surface area of this
suzrface

The solar cell efficiency is 17.5 %

The integration mode is Decoupled

The number of BV modules in parallel is 1

The number of PV modules in series is §

So BV 2 1is made up of 5 PV modules

The cost per BV module is 100

Therefore the total cost of BV_2 is 500.0 in US dollars
The pover output per PV module is 340.0 W

Therefore cthe total power output of PV 2 is 1700.0 W

@)
PV_3 is mounted on Honeybee surface shdSrf_0_0_aScbad66-226d-4784-asde-
b10esasds3e2

PV_3 has the following properties:

According to the data you entered it is calculated that the modules of
this PV generator cover roughly 85.0 % of the surface area of this
surface

The solar cell efficiency is 17.5 %

The integracion mode is Decoupled

The number of BV modules in parallel is 1

The number of BV modules in series is 7

So PV_3 is made up of 7 PV modules

The cost per BV module is 100.0

Therefore the total cost of PV_3 is 700.0 in US dollars

The pover output per PV module is 340.0 W

Therefore the total power output of PV_3 is 2380.0 W
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runEP

ver 0.0.63
JAN_20_2018

est_runzp_v0063_2018-01-20

This is the EnergyPlus simulation report

T FraquencyHourly
18/

“vsessvsessss Koyt VarNeme=FACTLITY TOTAL ELECTRIC DEMAND ENERGY,
36 Eraquency=Hourly
17| <empry>
“vsessvsesess BnorgyPlus Warmup Error Sumary. During Warmup: 0 Warning; 0
38 Severe Brzors

15

“vsessvsesess EnorgyPlus Sizing Error Sumary. During Sizing: 2 Warning; 0
220 Severe Brzors
121 <empry>
“vsssssvisess EnorgyPlus Completed Successfully—- 7 Waring; 0 Severe
122 Errors; Elapsed Time=0hr O0min 18.€7sec

123/ <empry> [}

Jull path and nam of the IDF file

|
107001

0 C:\cemp\zest_runE?_v0063_2018-01-20\EnezgyPlus\test_runE?_v0063_2018-01-20.idf

1 C:\vemp\sest_runE?_v0063_2018-01-20\EnezgyPlus\test_run?_v0063_2018-01-20 csv

2 C:\vemp\sest_runE?_v0063_2018-01-20\EnezgyPlus\test_run?_v0063_2018-01-20 eio

3 C:\vemp\sest_runE?_v0063_2018-01-20\EnezgyPlus\test_run?_v0063_2018-01-20 rdd
C:\zemp\cest_run£2_v0063_2018-01-20\EnergyPlus\tess_runkp_v0063_2018-01-
20Table neal

5 C:\temp
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a.
runEP

ver 0.0.63
JAN_20_2018

est_runzp_v0063_2018-01-20_s2

This is the EnergyPlus simulation report

B
O —

“vesvessesess Kayt, VarNeme=FACILITY TOTAL ELECTRIC DEMAND ENERGY,
Erequency=Fourly
117 <empry>

“vsessvsisess EnergyPlus Warmup Error Sumary. During Warmup: 0 Warning;
Severe Errors

16

18

115 <empry>
“vsessvsesess BnergyPlus Sizing Error Sumary. During Sizing: 2 Warning;
220 Severe Brzors
121 <empry>
“vsessssisess EnorgyPlus Completed Successfully—- 7 Waring; 0 Severe
Errors; Elapsed Time=00hr O0min 15 €0sac

123/ <empry>

122

Jull path and nam of the IDF file

C:\carp\cest._runE?_v0063_2018-01-20_s2\EnergyPlust vest_runEd_v0063_2018-01-
R ampsast_runE?_v0063_2018-01-20_s2\EnergyPLust sess_runE?_v0065_2018-01-
R amptest,_runE?_v0063_2018-01-20_s2\EnergyPlust sest_runsd_v0065_2018-01-
R amm\zest,_runE?_v0063_2018-01-20_s2\EnergyPLust sess_runE?_v0063_2018-01-
R Sest,_runE?_v0063_2018-01-20_s2\EnergyPlust sest_runsd_v0065_2018-01-
FiEANCh
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Electricity [kWh] | Natural Gas [kWh] | Additional Fuel [kWh] | District Cooling [kWh] | District Heating [kWh] | Water [m3]
Heating 000 0.00 0.00 0.00 17949.89 000

Cooling 000 0.00 0.00 701422 0.00 000

Interior Lighting 258820 0.00 0.00 0.00 0.00 000
Exterior Lighting 000 0.00 0.00 0.00 0.00 000
Interior Equipment 1697.32 0.00 0.00 0.00 0.00 000
Exterior Equipment 000 0.00 0.00 0.00 0.00 000
Fans 000 0.00 0.00 0.00 0.00 000

Pumps 000 0.00 0.00 0.00 0.00 000

Heat Rejection 000 0.00 0.00 0.00 0.00 000
Humidification 000 0.00 0.00 0.00 0.00 000
Heat Recovery 000 0.00 0.00 0.00 0.00 000
Water Systems 000 0.00 0.00 0.00 0.00 000
Refiigeration 000 0.00 0.00 0.00 0.00 000
Generators 000 0.00 0.00 0.00 0.00 000

Total End Uses 428552 0.00 0.00 701422 17949.89 000
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Electricity [kWh] | Percent Electricity [%]
Fuel-Fired Power Generation 0.000 0.00

High Temperature Geothermal® 0.000 0.00
Photovoltaic Power 10531273 24574

Wind Power 0.000 0.00

Power Conversion 21063 49

Net Decrease in On-Site Storage 0.000 0.00

Total On-Site Electric Sources 10320.647 24083

Electricity Coming From Utility 2735303 63.83

Surplus Electricity Going To Utility 8770434 20465

Net Electricity From Utility -6035.13 -1408

Total On-Site and Utility Elecric Sources 4285517 100.00
Total Electricity End Uses 4285517 100.00
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fod 1 I

cellEfficiency

1. According to your inputs solar panels cover more than €5% of the surface area of the Honeybee surface shdSf_0_0_ 50a3eda-695F-4¢07-a51c-295976e13dca
Are you sure thatthe power rating and the number of modules on this surface are correct?

& iz value s calculsted from the otal power output of esch PV generator (The sum of each PV module in that generator) ivided by the surface area of the suface they are mounted on.
Dont worry though this component will sl run!

@ 1. Soltion excepton:_int_0 akes exactly 12 arguments (8 gven)
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cellEfficiency

numseries.

powerOutputPerModule

1. According to your inputs solar panels cover more than 85% of the surface area of the Honeybee surface shStf_0_0_93547642-5218-4101-b190-23db2dSbe528
Are you sure that the power rating and the number of modules on this surface are correct?

“This value i calculated from the total power output of each PV generator (The sum of each PV module in that generator) divided by the surface area of the surface they are mounted on.
Don't worry though this component willsill run!

2.The length of a st of inputs into ther_name__cellsEfficiency
integrationMode, NoParallel, Noseries,_costPVgen or_powerOutput

s longer than the number of Honeybee surfaces connected to this component!

.gif you have 2 Honeybee surfaces you cannot have 3 values input into_costPVgen!

Please check the inputs and try again!
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1. Accoring oyourinpt sl panes cove e han 857 e srfoce e of the oy e srface shsr
Sy | eyt e pont g v e e f oo ot
e bl o o ol powt U o 5ch Y Geeor 1 s o Y ol ht gent) Gy h o e of e sfcehey e mouned on
: ot wory hough i compoment il 0

ot

93547642-5218-401-b190-23db2d5bes28
ceiEficiend |

2. The length of a st of inputs nto either _name.__cellsEfficiency
tegrationMode,_NoParallel, Noseries,_costPgen or_powerOutput
s longer than the number of Honeybee surfaces connected to this component!
K .gif you have 2 Honeybee surfaces you cannot have 3 values input into_costPVgen!
Please check the inputs and try again!

rumFarallel

0 apGesapesear
nomSeries] BV_2 has the following propervie:
L} Acgording to the data you entered it is calculated that the modules of
S, this BV generator cover roughly 80.35 % of the surface ares of this
S0 surface

The mumber of BV medules in parallel iz 1

The number of BV medules in series is &

S0 PV_2 is made up of § PV medules

[powerOwputPeriiodue ]

The power oucpuc per PV module is 340.0 W

Therefore the toval powr output of BV_2 is 1700.0 W

@2
. S208143-4d7£-4587-bésc-

2V 3 15 mounted on Honeybee surface shdSrf(
astasaroniis
BV_3 has the following propervie:
Acgording to the data you entered it is calculated that the modules of
<his PV generator cover zoughly 85.0 % of the surface ares of this

o surface
The mumber of BV medules in paallel iz 1
The number of BV modules in series is 7
S0 PU_S is made up of 7 PV medules
The power oucpuc per PV module is 340.0 W
Therefore the toval power output of BV_3 is 2380.0 W
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HESUTaEs  ague
_celisEficiency

_NoParallel

_Noseries

_powerOutputperMode  PV-HBSurfaces,

2V 1 35 mounted on Honeybee surface shdSrf(
2332asbesas

w©
_0_53547£42-5216-4£01-b130~

PV_1 nes the following propsrvies:
Acording to the data you entered it is calculated that the modules of

<his BV generator cover zoughly 50.2 ¥ of the surface area of this

urface

The number of BV modules in paallel iz 1

The number of BV modules in series iz 13

S0 PU_L is made up of 13 BV modules

The power oucpuc per PV module is 340.0 W

Therefore the toval power output of BV_1 i 4420.0 W

@ PV HBSurfaces

‘The Honeybescontext surfaces that have been modified by this component - these suriaces now contain PV generstors
torunin an EnergyPlus simuiation To do so you need to add them to 3 Honeybee generation system first - connect them
tothe PV_HESurfaces input of 2 Honeybee_generationsystem componen.

Gne locally defined
=

e
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except Exception as e:

if str(e)

nsupported operand type(s) for *: "float’ and ‘NoneType'":

an error when there is a missing member exception ie length of o
ybee surfaces not sure how to just catch missing member exception!
warn - "The length of a list of inputs into either _name_, cellsEfficiency \n" + \
"_integrationMode, NoParallel, Noseries, costPVgen or _powerOutput \n” + \
is longer than the number of Honeybee surfaces connected to this component!\n" + \
"e.g if you have 2 Honeybee surfaces you cannot have 3 values input into _costPVgenI\n" + \
"Please check the inputs and try again!”

of inputs is longer than

#print warn
w - gh.GH_RuntimeMessagelevel .Warning
ghenv . Component . AddRuntimeMessage(w, warn)

elif str(e)

“*NoneType® object has no attribute 'containsPVgen'":

# This catches an error when there is a missing member exception ie length of one of inputs is longer than
# number of Honeybee surfaces not sure how to just catch missing member exception!

warn - "The length of a list of inputs into either _name_, cellsEfficiency \n" + \
ntegrationMode, NoParallel, Noseries, costPVgen or _powerOutput \n” + \

is longer than the number of Honeybee surfaces connected to this component!\n" + \

"e.g if you have 2 Honeybee surfaces you cannot have 3 values input into _costPVgenI\n" + \
"Please check the inputs and try again!”

#print warn
w - gh.GH_RuntimeMessagelevel .Warning
ghenv . Component . AddRuntimeMessage(w, warn)

else:
raise




image16.png
is it L

_name_ 1. According to your inputs solar panels cover more than 85% of the surface area of the Honeybee surface shdSrf_0.0_0b0665cd-86ab-dae3-91c1-flelceB020b4
celEfcienc| Hesurtaces o (5] Areyou surethatthe powe aingand the number o mochies o i surfsce e correct?
" e This value i calculated from the total power output of each PV generator (The sum of each PV module in that generator) divided by the surface area of the surface they are mounted on.
~cellsEfficency Don't worry though this component will tllrun!
_NoParallel
Noseris 2.The length of a st of inputs into either_name__cellsEfficiency
— - puf _ -integrationMode, NoParalel, Noseries, costPVgen or _powerOutput
_powerOutputPerMade. [ islonger than the number of Honeybee surfaces connected to this component!
_PVimverter €.gif you have 2 Honeybee surfaces you cannot have 3 values input into_costPgen!
Please check the inputs and try again!
7 Ts mounted on Honeybee Surface SRASEE 0 U DSFCEIebSesiATIS T
0eZ1402b1eeE
numSeries PV_2 hes the following properties:
[ eries]

Acgording to the data you entered it is calculated that the modules of
<his BV generator cover zoughly 80.95 % of the surface ares of this
S oo surtace

The mumber of BV medules in parallel iz 1
The number of BV medules in series is &
S0 PV_2 is made up of § PV medules

[powerOwputPeriiodue ] The power oucpuc per PV module is 340.0 W
Therefore the toval powr output of BV_2 is 1700.0 W
@
2V 3 15 mounted on Honeybee surface shdSrf_0_0_adbIfef-ceda-4ffe-bold-

4F13a3104e3
FV_3 nes che following propsrvies:
Acgording to the data you entered it is calculated that the modules of
<his PV generator cover zoughly 85.0 % of the surface ares of this
o surface
The mumber of BV medules in paallel iz 1
The number of BV modules in series is 7
S0 PU_S is made up of 7 PV medules
The power oucpuc per PV module is 340.0 W
Therefore the toval power output of BV_3 is 2380.0 W
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@ 1. Soltion xceptonPV_gen’cbject has noatrbute surfacename’

a.

runEP

This is the EnergyPlus simulation report

Current document units is in Meters

ver 0.0.63
JAN_20 2018

Conversion to Meters will be applied = 1.000
[1 of 8] Writing simulation parameters...

(2 of 8] Writing context surfaces...

[2 of 8] Writing context surfaces...

(3 of 8] Writing geometry...

{4 of 8] Writing Electric Load Center - Generator specifications ...
Runcime error (MissingMemberExcepsion): 'BV_gen' cbject has no attribute
"surfacenane’

Traceback:

1o lime 1260, in urite ]

Vgen, "<string>"
line 2097, in main, "<string>"
line 2393, in script

full path and name of the IDF file
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b.

runEP

ver 0.0.63
JUL_24_2018

est_runzp_v0063_2018-07-24

This is the EnergyPlus simulation report

2 Carrent document units is in Meters
3 Conversion to Meters will be spplied = 1.000
411 of 8] Wriving simlavion parameters.
S (2 of 8] Writing context surfaces.
6 (2 of 8] Writing context surfaces.
7 13 of 8] Wriving geomesry..
8 (4 of 8] Wriving Electric Load Cenver - Generator specificavions -
Runcine error (MissingMemberException): 'PV_gen' object has no averibuce
"surfacensme’
Traceback
Line 1264, in wrive PVgen, "<string"
Tine 2108 in main, "<string>"
Line 2404; in script

10

Jull path and nam of the IDF file
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This is the EnergyPlus simulation report

(o3

. 121 sesssssvesie There are 3 umused day schedules in imput.
exportToOS o e e e B e T T

ver 0.0.63 B uuteeess tmrsytine Yarmp Sozor Somary. Daring Warmp: 0 Wazning: 0

AUG_08_2018 i

“vssssvsisess BnorgyPlus Sizing Error Sumary. During Sizing: § Warning; 0
227 Severe Brzors
128

“vsesssvisess EnorgyPlus Completed Successfully—— 11 Warning; 0 Severe

225 Brrors; Elapsed Time=00nr O0min 17.31sec

130

Jull path and nam of the IDF file

0701
C:\zemp\est_exp0S_v00€3_2018-08-08\OpenStudio\ sest,_exp0S_v00E3_2018-08-08 osm.

C:\camp\ cest_exp0S_v00€3_2018-08-08\OpanStudio\ tes_exp0S_v0063_2018-08-08
\ModelToTaf\in 1z

C:\zamp\cest_exp0S_v00€3_2018-08-08\OpanStudio\ tess_exp0S_v0063_2018-08-08
\ModelToTaf\in a5y

C:\zamp\cest_exp0S_v0063_2018-08-08\OpanStudio\ tes_exp0S_v0063_2018-08-08
\ModeIToTdf\in eio

C:\zamp\cest_exp0S_v0063_2018-08-08\OpanStudio\ tes_exp0S_v0063_2018-08-08
\ModelToTar\in.zdd

C:\zamp\cest_exp0S_v0063_2018-08-08\OpanStudio\ tes_exp0S_v0063_2018-08-08
\ModelToTaf\TnTabla.homl

& C:\zemp.
OpenStudio Model

cest_exp0S_v0063_2018-08-08
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Electricity [kWh]

Percent Electricity [%]

Fuel-Fired Power Generation| 0.000) 9|
High Temperature Geothermal* 0.000) 9|
Photovoltaic Power] 13706.389) 319.83
‘Wind Power] 0.000) 9|
Power Conversion| -275.000) 6.4
Net Decrease in On-Site Storage| 0.000) 9|
Total On-Site Electric Sources| 13432229 313.43
0.000)
Electricity Coming From Utility| 2682.500) 62.59)
surplus Electricity Going To Utility| 11829.167] 276.03]
Net Electricity From Utility| -9147.22)| 2134
0.000)
Total On-Site and Utility Electric Sources| 4285.556| 100)
Total Electricity End Uses| 4285.556)| 100]
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Electric Loads Satisfied

Electricity [kWh] | Percent Electricity [%]
Fuel-Fired Power Generation 0.000 0.00

High Temperature Geothermal® 0.000 0.00
Photovoltaic Power 10531273 24574

Wind Power 0.000 0.00

Power Conversion 21063 49

Net Decrease in On-Site Storage 0.000 0.00

Total On-Site Electric Sources 10320.647 24083

Electricity Coming From Utility 2735303 63.83

Surplus Electricity Going To Utility 8770434 20465

Net Electricity From Utility -6035.13 -1408

Total On-Site and Utility Elecric Sources 4285517 100.00
Total Electricity End Uses 4285517 100.00





