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Summary

Cogenra's innovative solar cogeneration technology, which captures and converts
sunlight into both electricity and hot water, reduces greenhouse gas (GHG) emissions
far faster than conventional solar energy systems, making it the clear choice for
customers committed to environme ntal sustainability, This integration of photovoltaic
[PV and solar hot water (SHW) technology into one system makes solar cogen the
most cost-effective solar energy solution available for commercial and industrial

scale customers, According to 3rd party analysis conducted by Life Cycle Associates,
LLC, Cogenra's approach achieves energy pavback in less than 6 months, 32X to 4X
faster than PV alone. It also delivers the greatest environmental benefits. Cogenra's
approach offsets 26X more GHG emissions vs., a comparable PV system and at least
1.3¥ more GHG emissions vs, a comparable SHW system. Solar cogen achieves these
dramatically higher GHG reductions because it delivers more total renewable energy
than PV alone and more valuable renewable eneray than SHW alone, from systems of
the same area and size.

Backg round Cogeneration - the Cost-Effective Solar

Solar cogeneration of electricity and

hot water maximizes the economic and
environmental value of eneray derived from
the sun. Cogenra's system produces as much
electricity as photovoltaic (PV) technology
allows, then captures most of the remaining
eneray as hot water, in total exploiting over
J0% of the energy incident from the sun. A
single concentrating solar collector module = immediate utility savings & hedge
serves both functions, making the technology * Reduced global and local emissions
more cost effective than PV or solar hot water | Enrenments StstEment

(SHW ) alone or PV and SHW installed as separate

systems. The dual purpose design also magnifies the environmental benefits, since it
offsets more fossil fuel consumption per square foot of installed system.
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Solar Cogeneration
Photovoltaic Electricity + Solar Hot Water
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Figure 1. Canventional PV system va. Cogenra system.

Crdinary photovoltaic (PV) systems, in contrast, convert only 15-20% of the sun's
energy into usable alternating current (A,/C) electricity — and dissipate the rest of the
energy into the air as waste heat. In many cases, the owner of the PV system is also
burning natural gas to heat water on the same site, and thus missing the opportunity
to exploit the waste solar heat to reduce gas consumption, which would not only
lower utility bills but also offset the GHG emissions from burning natural gas.

Crdinary solar hot water (SHW) systems forego the opportunity to generate
electricity, which is almost always more valuable in financial terms than the same
amount of eneragy delivered as heat. Averaged across all current sources of generation
(including nuclear and renewables), electricity also incurs more GHG emissions than
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heat generation on an energy equivalent basis, so solar cogen offsets more GHG
emissions than SHW even if the total energy outputs are the same.

Impact

The GHG reductions of a solar cogen system continue to accrue every year the
system remains in service, Over the 25 year nominal life of a Cogenra system, the
accumulated equivalent reductions are substantial.

Eguivalent emissions offset Annual Cumulative (25 years)
CO2 emissions offset (metric tans) 33 B275

Gasoline consumption saided (gallons) 37233 o3OE25

Tree seedlings planted and allowed to grow ben years B ABT 212175

Mature forest preserved from deforestation (acres) A TI5

Table 1. Equivalent ways to express the carbon emissions offset by a S00kW integrated thermal and electric
Cogenra system!

Analysis

Cogenra contracted Life Cycle Associates, LLC to perform an independent analysis of
the projected GHG impacts of deploying Cogenra's technology. Life Cycle Associates
utilized modified GREET pathway® methodologies it has developed in the course of
extensive work for the California Energy Commission, California Air Resources Board,
and numerous other clients spanning a broad range of green technologies.

Once installed, Cogenra's equipment emits no GHGs while operating and producing
enaray. The comprehensive life cycle analysis, however, accounts for the "upstream
emissions” associated with producing and delivering the raw materials, then
manufacturing and installing the solar array. These upstream emissions are essentially
amortized over the life of the array. The results of the analysis are expressed in terms
of electricity output, but the calculations factor in and properly allocate the upstream
emissions to both electricity and hot water outputs,

it ww wepa.govcleansnes gy jen eng y-reso urcescaleulat ar hitml|
“ WWang "GREETZ7 madel”, Argonne Mational Laboratary, hite hitt pofgreetes_anlgow Page 5of 8
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Based on a detailed bill of materials analysis, Life Cycle Associates calculated the life
cycle greenhouse gas emissions associated with Cogenra’s solar technology to be 13
arams of carbon dioxide equivalent emnissions per Kilowatt-hour of electricity delivered
(13 g COZe/kWh). This result is approximately 50-70% lower than the spectrum

of silicon and CdTe PV technologies widely available today. The Cogenra system
achieves "energy pavback” — producing more enaray than required to create the
system — injust 6 months, approximately 3x to 4x faster than conventional PV

Placing this analysis in context, Cogenra's technology reduces lifecycle GHG emissions
by approximately 97-99% depending on the appropriate baseline selected for
comparison. The baseling varies by state depending on the mix of power generation
sources that supply the grid and can also vary depending on the methodology used
to calculate emissions.” °

' The GHEG and energy payback ratios differ because electricity and heat have different carbon intensities_

1 US. Department of Energy. Energy Infarmeation Administration Voluntary Reparting of Greenhouse Gases Program
See: o weiadoegov/bial, 1605, /pd /8 ppendix%20F _r07102 Zpdl

% Califamia Enviranmental Prote ction Agency Alr Resources Board, Detailed Califarnia-Modified GREET Pathway for
Califarnia Average and Marginal Electricity. Version 21, February 27, 2000,
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Figure 2. GHG life cycle analysis of Cogenra’s technology compared with other solar technologies and
comentional sources.

The foregoing comparison does not yet truly capture the advantage in environmental
impact that Cogenra's technology provides relative to conventional solar options,
because it only describes GHG offsets per unit of energy produced. To complete

the picture, it is necessary to factor in the amount and type of energy produced for
systems covering an eguivalent area. Cogenra's system delivers far more renewable
energy in total than a PV system covering an equivalent area. Delivering more
renewable energy offsets commensurately more GHG emissions. This fundamental
thermodynamic advantaae explains why Cogenra's relative environmental benefits
compared with competing solar technologies are so immense: 26X vs, PV and at least
1.3% (and often much higher) vs. SHW. This is a sustainable advantage that is largely
independent of the details of the calculations.

Pifena ki, of al, "Emisshons from Photowoltaic Ldeopckes”, Environmeantal & cence and Technology, 2008, 42, 21648, 2172.

* indirect emishon reduction facions fom Reference 4, including emissons avwobded from generaon at Tie mangin
{ram fossi-fuel sounces) and indinect transmiszsion and distribution basses.

P Marginal ele ctricity factor from Reference 5.
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Solar Cogen vs. PV: Compared with a single-axis tracked PV systermn with the

same type of solar cells and the same collection area, Cogenra's system produces
approximately 5X the total renewable energy — the same amount of electricity and

in addition 4X that much energy as hot water. Taking into account the relative carbon
intensities of generating electricity and heating water, the overall advantage works out
to 2.6%. That is, a Cogenra system occupying one acre achieves the same GHG offset
as a tracked PV system that occupies 2.6 acres.

Solar Cogen vs. SHW: A fair comparison between solar cogen and solar hot water

is more difficult because SHW systems are usually much simpler and do not track

the sun. & SHW system that tracks the sun could in theory produce about the same
total eneray as a Cogenra system of the same size. The Cogenra system would
nonetheless offset at least 1.3X more GHG emissions because generating electricity by
conventional means incurs a higher carbon intensity than heating water. In practice,
SHW systems do not usually track the sun, so they produce less eneray and Cogenra's
advantage will thus be higher than 1.3%. How much higher depends on the details of
the system configuration.

More Savings than PV or SHW

PV Cogenra Solar Hot Water

m%%.’hﬁhﬁ_ﬁﬁhhﬁ
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Table 2. Relative energy outputs and GHG benefits of Cogenra’s technology compared
with comventional PV and SHW.

Page B of B



