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This presents the results of a life cycle analysis (LCA) comparing two sunshades for the new 
campus of a large computer company based in Cupertino, CA. The two options compared 
are a fiber-reinforced plastic (FRP) panel fabricated by Kreysler and Associates (K&A) in 
Napa, CA and a float glass (FG) panel manufactured by Schott in Hamburg, Germany. 
 

The Two Systems Compared 

Analysis – Methods 
 
Functional Unit: 1 panel (40’ x 10’) same size for analysis purposes for both options 
Modeling Software: SimaPro – Ecoindicator 95 
  

 
Assumptions:  
 
•No maintenance required 
•Lifetime of 50 years 
•End of life: FRP panels sent to landfill; float glass panels recycled 
•FRP panels transported from Napa, CA to job site 
•FG panels transported from Hamburg, Germany to job site 
•Final comparison assuming same transportation for both options to determine impact 
without this variable  
 
 

Process Flow Diagram 

Lifecycle Costs 

Lifecycle results showed that the FRP 
panel is 35% less expensive than the 
float glass panel option. 
 
Although the cost of  FRP’s raw 
material is higher than that of float 
glass, the float glass panel is more 
expensive because it uses  five times 
more labor and steel. End of life costs 
take into account that the FRP panel is 
not  being recycled.  

 Conclusions 
 
• FRP (System 1) panel performed more favorably in terms of environmental 

sustainably and financially 
• Reductions per panel in the majority of the impact categories by over 60%, total 

weight by 69% and total cost by 53% 
• Recommend that Kreysler & Associates further communications with the computer 

company to install FRP sunshades over float glass sunshades

Strategies for Improvement 
 
• Kreysler & Associates should consider is the end-of-life recycling of the panels once 

they are no longer being used. Even though FRP recycling is still in its infancy, K&A 
should be aware of new technology that could help the FRP panel perform better at 
end-of-life.  

• Kreysler & Associates be on the lookout for alternative materials that can perform just 
as well as FRP (and the resin), but with even less environmental impacts. 
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System 1 – FRP System 
The production of FRP panels utilizes vacuum infusion by first 
spraying on the gel coat to give the model color, followed by 
applying the glass fiber on top. The balsa core is placed on top of 
the glass fiber, followed by the steel to be embedded and the inner 
layer of glass fiber. A rubber bag is placed around the mold and 
sealed with a silicon rubber sheet. The vacuum is placed over the 
construct, compressing it with atmospheric pressure, and the resin 
is let in permeating the molding with glass fiber in it through feeder 
hoses.  The entire molding is then cured, packaged, and shipped 
off to the construction site, where a crane will lift the panels into 
the building.  Steel is bolted down every two feet. Each panel, like 
the glass is projected to have a 50-year lifespan; at the end of 
which, it is unbolted and disposed of in the landfill. 
 
System 2 – Float Glass 
The production of float glass (FG) panels follows an industry 
standard procedure by first combining sand, soda ash, dolomite, 
limestone, and cullet into a mixing batch. The batch materials are 
fed into the furnace around 1600°C, followed by floating a 
continuous ribbon of molten glass along the surface of molten tin 
bath. Irregularities are melted out here to ensure flat and parallel 
surfaces in the glass. The glass is annealed and gradually cooled 
to around 200°C to prevent splitting and breaking during the 
cutting process. The glass is cut, shipped, and installed onto the 
building using a crane and bolted with steel. The lifespan per panel 
is estimated at 50 years. At its end of life, the glass panels can be 
disposed of via recycling or landfill. 

The FRP panel performed much better environmentally and financially compared to the FG 
panels. In every impact category (except for solid waste), the FRP panel performed at minimum 
66.8% environmentally than the FG (except for summer smog and solid waste, which performed 
at 8.5% and -75.2%, respectively). Of the four major categories in our LCA, energy resources, 
greenhouse gas emissions, ozone layer, carcinogens, and solid waste, carcinogens were 
decreased by 224%.  
 
Put into perspective, a reduction of approximately 2,000 kg of CO2 is equivalent to driving one 
30-mpg car almost 12,000 miles in one year. Saving 25,000 MJ per panel, on the other hand, is 
equivalent to burning 1 metric ton of coal. 

Life Cycle Environmental Impact Assessment 

Client 

Purpose 

Kreysler and Associates (K&A) are pioneers in the use of composite materials in 
construction since 1982. The company uses composite materials and advanced 
manufacturing techniques to address complex construction challenges. K&A serves 
architectural, sculptural, and industrial customers.  
 

2” X 2” X ¼” continuous, embedded steel angle with bolted fasteners at 2’ o.c. 
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FRP Panel: 

Raw Material Weight (kg) % of 
total 

Glass Fiber 456.89 49.5% 
Polyester 

Resin 219.31 23.7% 

Structural Steel 128.81 13.9% 
Balsa Wood 118.79 12.9% 

Total 923.79   

FG Panel: 

Raw Material Weight (kg) % of 
total 

Float glass 2362.00 78.3% 
Structural Steel 653.73 21.7% 

Total 3015.73   

A sensitivity analysis was performed to better compare the environmental impacts of FG and 
FRP by taking out FG’s transoceanic and rail transports. The float glass was then assumed to 
travel the exact distance the FRP was (both assumed to originate from K&A) to Cupertino. The 
spider graphs shown below are representing all impact categories in percentages of the two 
panels with and without transportation included. This shows that if transportation is not taken 
into account, the FG panels are still more impactful in most impact categories. 
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Impact Category Total (FG) Total (FRP) Difference % Difference 

Acidification (kg SO2) 24.958 10.0039 14.954 149 
Carcinogens (kg B(a)P) 0.000582 0.000179 0.000402 224 

Energy resources (MJ LHV) 62421.049 37412.1 25008.948 66.8 
Eutrophication (kg PO4) 2.742 1.429 1.312 91.8 

Greenhouse (kg CO2) 4057.697 2144.518 1913.179 89.2 
Heavy metals (kg Pb) 0.0346 0.0178 0.0167 93.8 

Ozone layer (kg CFC11) 0.000663 0.000392 0.00027 68.9 
Pesticides (kg act.sub) 0 0 0 0 

Solid Waste (kg) 7.047 28.469 -21.422 -75.2 
Summer smog (kg C2H4) 1.535 1.414 0.12 8.5 

Winter smog (kg SPM) 13.228 6.508 6.719 103 

For FG, structural steel and float glass materials account for the majority of the environmental 
impacts over transportation. For the FRP, the polyester resin and structural steel account for most 
of the environmental impacts.  
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