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Renewable Energy: Solar Resource Available on Horizontal Surface
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Solar Outlook
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Renewable Energy: Solar Resource
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Built Environment – Embodied Carbon

https://kierantimberlake.com/page/carbon-accounting



Energy Efficiency

Renewable Energy 
Integration

Carbon Sequestration

3 Strategies 
Toward Carbon Neutrality

https://kierantimberlake.com/page/carbon-accounting
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Solar Architecture Basics
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Effect of Location



11

Power = I x V

Open circuit

short circuit

Effect of Location
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Effect of Orientation

Building Integrated Photovoltaics A Handbook, 2008
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Effect of Tilting
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Effect of Shadowing

Building Integrated Photovoltaics A Handbook, 2008
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Effect of Shadowing

Building Integrated Photovoltaics A Handbook, 2008
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For crystalline silicon cells, the efficiency drop by -0.4% for every degree rise in temperature; 
reference temp is 20degC.

Effect of Temperature/Ventilation
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BIPV Solar Cells
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Solar Energy (insolation) Distribution
5% UV (300-380nm)
43% visible (380-720nm)
52% near infrared (720-2500nm)

Building Integrated Photovoltaics A Handbook, 2008
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Crystalline silicon 
solar cells Thin film solar cells Organic solar cells

Monocrystalline Polycrystalline On glass pane Foil and strip-
shaped solar cells

Foil/glass substrate

• Wafer technology; individual slices
• Opaque
• Approx. 85% market share
• Mature technology
• 14~20% cell efficiency (mono)
• 13~17% cell efficiency (poly)

• Amorphous silicon
• CdTe
• Micromorph silicon
• CIS, CIGS

• Amorphous silicon
• CIGS

• Vacuum technology; full-surface substrate layering
• Opaque/translucent
• Approx. 15% market share
• Mature technology
• 6~14% module efficiency

• Printing process
• Nanostructure
• Pilot stage
• 2~3% efficiency

Solar Cell Technology
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Solar Spectrum Use for Different Solar Cell Technology



• The renewable energy integration is required to offset the energy use by active building systems.
• The integration of renewable energy system involves variables such as available renewable energy resources, 
energy economics, energy requirements, building constraints, and site constraints.
• Renewable energy resources for site energy could include: sun, wind, hydro, geothermal, biomass, hydrogen, and 
fuel cell.

Solar Cell Technology
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Metal frame

Anti reflective tempered glass

Encapsulant (EVA)

Solar cell

Encapsulant (EVA)

Back substrate

Junction box
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Building Integrated Photovoltaics A Handbook, 2008

Solar Systems Integration
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BIPV Integration
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BIPV Typology

Glazing application

Opaque wall application (rain screen system)

Shading device Curtainwall Closed cavity façade (CCF) Double facade

Roof top application
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LAD HQ-VeilingMétropole Rouen Normandie HQ - Sloping

Google HQ – Dragon ScalePowerhouse Brattørkaia – Sloping Google HQ – Flat

School in port-Undulating

Roof Top Installation
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BIPV Curtainwall

Federation of Korean Industry –
Folded (Horizontal)

Doctors without Borders HQ–
Flat

HanHwa HQ– Modular

Solar Skin Tower – Folded (Vertical) East Park Tower (Tilted)

The Blauhaus - Woven



Photovoltaic in Buildings, 2014

BIPV Design
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BIPV Design
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BIPV Design
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BIPV Design



BIPV Design

Photovoltaic in Buildings, 2014
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Circuit Connection
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1000W/m2

1. Using irradiance color coding at 1pm, summer solstice, which cell connection is better 
for the left-wing? series, parallel or hybrid? Draw lines between cells representing cell 
connection. 

2. What is the maximum theoretical power output based on the I-V curve data?

750W/m2

500W/m2

250W/m2

Solar Cell spec: 0.5V, 160MA measured at lab setting under 1000W/m2 light source. Use the following I-V graph.
https://www.amazon.com/dp/B087TK7T7T?ref_=cm_sw_r_apin_dp_4MBC3S0RF81E1Z0TY456

Left Wing Right Wing

Unfolded
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144mA

108mA

72mA

36mA

0.45V
0.48V

0.49V
0.5V

Current, mA

MPP: 108mA, 0.49V

MPP: 144mA, 0.5V

MPP: 72mA, 0.48V

MPP: 36mA, 0.45V

I-V curve



52



Kyoung Hee Kim, PhD AIA NCARB
Professor of Architecture 

Director of Integrated Design Research Lab
UNC Charlotte

kkim33@uncc.edu


