Lack of rooftop
space to mount and
install the PV system
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Lack of rooftop space to install PVs



The facade of the building is the best place to
harness solar energy

external single pane glass

closed air cavity
| r internal IGU 3D solar module
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Challenges: Partial shadows
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Challenges: Partial shadows
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Challenges: Partial shadows

No Shadows With Shadows

)
=
Ll
=
)
D=
)
>
-8
m
o
4
-
<
w
=
w
wd
- B
=
15
o
7]
11
o
<
w
wd
wd
g
k=
o

36



Challenges: Duck Curve

Net load - March 31
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Challenges: Duck Curve
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Building Energy Simulation Challenges

e Accuracy: “garbage in, garbage out” is very true for energy modeling. It is not about “perfect”
information input. It requires “right” information input.

* Time-consuming: A representation or design model cannot be used for energy modeling.
Building geometry, system specifications, etc. should be streamlined to save simulation time.

e Coordination: between the design model and energy model. Architecture design models have
to be capable of adopting the energy model design.

* tradeoff: between different performance metrics and how they will affect the overall energy
performance.

* Minimizing discrepancies: simulation results have to be very close to the real-world
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Irradiance levels in different regions
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The trade-off of performance metrics
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ClimateStudio
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Site analysis
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Annual radiation map analysis for urban massing




Annual illuminance simulations
for LEED v4 daylighting credits




Annual illuminance simulations
for LEED v4 daylighting credits

https://climatestudiodocs.com/index.html
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How occupants perceive
the environment

Daylight
* Visual comfort = 500 - 2000 lux
* Adequate daylight in the occupied area on the working surface

* |dentify potentials for glare.

Glare

* Level of visual comfort

* Where might it happen?
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Balancing out the
performance metrics

Heating and Cooling

* The BIPV systems will block the sunlight --> less SHGC

* But also, more electricity consumption to heat up the space

during winter.
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Conclusion

The solar industry is rapidly growing and
understanding how the BIPV system works,
challenges and opportunities is significantly

Important.

It is vital for architects and engineers to be
knowledgeable about the variables impacting
the system, enabling them to make informed
decisions during the design stage. This ensures
that BIPV systems operate as intended in real-

world applications.

D=
g
=
<
Ll
4
g
=

53




w
wd
=
=
<
o
=
!
=
<
w
n
w
x
-8

54




References

https://www.energy.gov/eere/articles/confronting-duck-curve-how-address-over-generation-solar-energy
https://www.eia.gov/todayinenergy/detail.php?id=50818#:~:text=We%20expect%20U.5.%20utility%2Dscale,0f%202021%20(6.9%20GW).

https://www.energy.gov/eere/solar/solar-futures-study

https://www.pveducation.org/pvcdrom/modules-and-arrays/module-circuit-design
https://www.eia.gov/todayinenergy/detail.php?id=46118#:~:text=CBECS%20estimates%20that%205.9%20million,was%20last%20conducted%20in%202012.
https://www.analyticsvidhya.com/blog/2021/06/understanding-random-forest/#:~:text=1t%20can%20handle%20binary%2C%20continuous,it%20can%20handle%20missing%20values.
https://www.eia.gov/totalenergy/data/browser/index.php?tbl=T10.06#/?f=A&start=1984&end=2020&charted=0-2-10-4

https://eng.libretexts.org/Bookshelves/Industrial and Systems Engineering/Book%3A Chemical Process Dynamics and Controls (Woolf)/14%3A Design of Experiments/14.01%3A Design o
f Experiments via Taguchi Methods - Orthogonal Arrays

https://www.eia.gov/naturalgas/monthly/

https://pv-magazine-usa.com/2023/01/13/orsted-to-commence-construction-on-471-mw-texas-solar-project/?utm source=dlvr.it&utm medium=linkedin

Bana, Sangram, and R. P. Saini. 2017. "Experimental investigation on power output of different photovoltaic array configurations under uniform and partial shading scenarios." Energy 127:438-453. doi:
10.1016/j.energy.2017.03.139.

Ishaque, Kashif, and Zainal Salam. 2013. "A review of maximum power point tracking techniques of PV system for uniform insolation and partial shading condition." Renewable and Sustainable Energy
Reviews 19:475-488. doi: 10.1016/j.rser.2012.11.032.

Dhimish, Mahmoud, Violeta Holmes, Bruce Mehrdadi, Mark Dales, and Peter Mather. 2018. "PV output power enhancement using two mitigation techniques for hot spots and partially shaded solar cells.
Electric Power Systems Research 158:15-25. doi: 10.1016/j.epsr.2018.01.002.

DOE. 2015. "Guide to Determining Climate Regions by County." Building Technology Office. https://www.energy.gov/sites/prod/files/2015/10/f27/ba_climate _region_guide 7.3.pdf

EIA. 2014. "Solar photovoltaic output depends on orientation, tilt, and tracking." EIA. https://www.eia.gov/todayinenergy/detail.php?id=18871.

EIA. 2022b. "Natural Gas Monthly." https://www.eia.gov/naturalgas/monthly/.

CASIO. 2016. Fast Facts.

ISO-NE. 2018. "Solar Power in New England: Concentration and Impact." ISO-NE. https://www.iso-ne.com/about/what-we-do/in-depth/solar-power-in-new-england-locations-and-impact.

Sarin, C. R., and Geetha Mani. "Demand Response of a Solar Photovoltaic Dominated Microgrid with Fluctuating Power Generation." Advances in Automation, Signal Processing, Instrumentation, and
Control: Select Proceedings of I-CASIC 2020 700 (2021): 195.

Hernandez-Callejo, Luis, Sara Gallardo-Saavedra, and Victor Alonso-Gémez. 2019. “A Review of Photovoltaic Systems: Design, Operation and Maintenance.” Solar Energy 188 (June): 426—40.
https://doi.org/10.1016/j.solener.2019.06.017.

Freitas, Jader de Sousa, Joara Cronemberger, Rai Mariano Soares, and Claudia Naves David Amorim. 2020. “Modeling and Assessing BIPV Envelopes Using Parametric Rhinoceros Plugins
Grasshopper and Ladybug.” Renewable Energy 160: 1468—79. https://doi.org/10.1016/j.renene.2020.05.137.

Kim, K, C Wu, S Hosseiniirani, and C Zhang. 2023. "Performance Assessment of a Multifunctional 3D BIPV System." ARCC 2023 International Conference THE RESEARCH-DESIGN INTERFACE.
Hossei, Hamideh, and Kyoung-Hee Kim. 2023. "Circuit Connection Reconfiguration of Partially Shaded BIPV Systems, a Solution for Power Loss Reduction." ACSA Annual Meeting In
Common.

https://climatestudiodocs.com/index.html

w
wd
=
=
<
o
=
!
=
<
w
»n
w
x
-8

55




