Carbon Capture
Corporation

Biofixation of CO, emissions
from Natural Gas Fired Power Generation
using Microalgae

Carbon Capture Corporation is a privately held camgpdedicated to the reduction of carbon dioxide
(CO,) emissions from electric power plants. Founde@d06, the company is located in Southern
California where it owns and operates a 326-ac@areh center and a 160-acre site for a proposed 46
megawatt ultra-low emission power generation fgcilCarbon Capture’s process development team
currently comprises twenty individuals with expstranging from aquaculture, biotech and biology to
power generation, real estate development andesTiig.

Facility and Project Description

Carbon Capture has applied its initial financiatl aeam resources to acquisition of research and
demonstration facilities and to development of @qtype power plant applicable to natural gas fired
power generation, California’s primary source oivpn The research facility in Imperial Valley is
optimally positioned for commercial scale developmelemonstration and refinement of Carbon
Capture’s biofixation emissions control approachdy:

» Commercial open ponds and additional acreageripe lcale demonstration
» Optimal climate conditions for open pond algae potidn, ample sunlight

» Beneficial use of available water resources

* Very low permeability soil for cost effective poaperation

» Assembly of a commercial power generation facith, source of CO

Anticipated benefits from successful &laofixation on a commercial scale include:

» Ultra low emission power generation achieved ihatdime frame and at a relatively low
cost. Initial results indicate potential to substdly exceed Assembly Bill 32 emission
reduction goals.

» Climate Action Registry registration for naturadeed power generation

» Generation of an additional agricultural industnimpaired/degraded agricultural land in an
economically disadvantaged area.

Technical Strategy — Capturing Power Plant Emissiath Algae
Algae: Spirulina platensis has been selectedhéofdllowing features:
* robustness
» ability to withstand high pH — high alkalinity rdggments of the culture media
» high pH environment inhibits growth of competitiyjgecies
» larger size facilitates greater ease/lower cosanfesting
» high protein content offers diverse applicationsluding fish meal substitution in marine
aquaculture diets
e proven success in commercial open pond production
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Mass Transfer of CO

The initial phase of the Carbon Capture approacto isemove C@ from the efflux gas from
combustion of fossil fuels and to store that et in the form of carbonates in the pond culture
solution of Spirulina microalgae. The algae congetar energy to potential chemical energy and
biomass by fixation of the carbonate through photibesis. Because GContained in the power
plant emissions is converted into carbonate poidhé biofixation process, time averaging of the, CO
emissions fluctuations is accomplished to suppttgh load operation as discussed below.

When algae are provided unlimited nitrogen, phosphand potassium for maximum growth with
available sun light, CQs extracted from the water phase faster thal€@®gecan transfer from the air
to the water. This rapid extraction causes the pith@® pond water to increase as the equilibrium
difference in CQ@partial pressures between the liquid and theaieases. At pond pH exceeding 10.5,
the shortage of CGstarts to limit algae growth rates (no longer tigdiby light, but limited by lack of
CO,).

With exposure of this high pH carbonate buffereysto the flue gas, GG removed from the flue
gas and the pH of the culture water decreasest® reasonable levels (in the mid pH 8 range with th
present concepts). This lower pH culture watdnes treturned to the ponds and blended with the high
pH water of the ponds. Present estimates proj@@ pH change from a day without the power plant
CO, supply or a day without sunlight. This allows iystem to “buffer” normal operational variations
associated with natural gas power generation.

When culture water is equilibrated with air (i.e.ar stone in a beaker), the pH of the water cames
an equilibrium level with the air (the exact vallepends upon component solutes and their physico-
chemical properties). As long as Carbon Captuerates the ponds with a pH level above that
equilibrium level, 100% of the GOemoved from the flue gas will be absorbed byealgawth and

the algae will additionally remove some £@®om the atmosphere. If the pH goes below this
equilibrium value, some of the captured G4l go into the atmosphere as the pond water move
towards equilibrium with the atmosphere. As longhesaverage pH remains near equilibrium, 100%
effective utilization of the carbonate (which reaats a certain fraction of the €ftom the flue gas)
can be achieved.

Projected Magnitude of G@eduction for a 47 Megawatt (MW) Power Plant

Carbon Capture’s proposed 47 MW peaker power [@gbjected to generate one million pounds per
hour of emissions from its stack, of which abo@6.would be CQ This is equivalent to a GO
production of 25 tons per hour. If the plant wasing every hour of every day during any giverryea
the total yearly production of GQvould be 25 tons x 24 hours x 365 days = 219,006 per year.
Because projects do not operate continuously, &@Oaproduction will be adjusted in accordance
with the actual capacity factor. For example, emsg a 10% capacity factor and a 50% capture
efficiency, CQ reduction from this facility could be 10% x 5092%9,000 = 10,950 tons per year.

What isthe impact?

For illustration purposes, 219,000 tons per yedC@f emissions may be equivalent to such
emissions from 68,438 carsUnder this scenario, the reduction of 10,950 @€, from
this 47 MW power plant corresponds to the remok8[422 cars from circulation.

! Assumes 200 g/km G@mission and 16,000 km per year
(sourcehttp://www.newcarnet.co.uk/co2_car_emissions.html
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Applicability to existing power plants in Califoaf

This technology has the potential to apply to pogesteration from natural gas (41.5% of California
supply), coal (15.7%) and even certain renewald@9%) such as geothermal and biomass for
instance, Ehereby offering a potential improventenhearly two thirds of the total power generaiion
California:

Other Applications

Carbon Capture’s algae based carbon absorptioregsads currently designed to facilitate ultra low
emission power generation from natural gas. Thasof future research will be on transferring this
proven technology to coal and biofuels applicatiasswvell as other industrial uses.

Estimated Procurement and Operating Costs
Carbon capture anticipates a cost of $20 per tadd®freduced. Additional research is required to
confirm this initial expectation.

Potential Roadblocks to Development and Deployment

The proposed process requires: i) favorable sposexe, ii) a relatively large foot print for the
production of algae and iii) access to water. \&leete that California, because of its commitment t
reducing green house gases combined with its saongitions, is an ideal candidate for the
development and implementation of Carbon Captunpgzed technology. The expansion to other
states is likely to follow primarily in the southepart of the country. Research efforts at Carbon
Capture are directly addressing approaches to dxpartechnology to less sun exposed geographical
locations.

Strategies for Development and Deployment of Biofixation
* Public Private Partnerships with California stajeracies and federal agencies
*  Pursuit of Climate Action Registry
» Licensing to other facilities and applications
» Developing and financing of more peaker plants thitt technology

Company Contact
Bernard Raemy, Energy Development
(760) 309- 2699

2 Sourcehttp://www.energy.ca.gov/electricity/gross_systemwer.htm California Energy Commission,
California Gross System Power for 2006 in Gigawdtirs (GWh), Natural Gas (41.5%), Nuclear
(12.9%), Large Hydro (19.0%), Coal (15.7%), Rendedb0.9%)
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