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dentifry the Building
Blocks to a Successtul

REC's Project s

Site Location

State Incentives

Federal Incentives
Commodity Price

Short Opportunity Timelines

Team Orientation/Communication
(internal & external)

System Engineering & Integration
A Team “Can Do” Attitude



Fuel Cell Team
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Pasadena Radio Club Event
Powered by 1 kW
Altergy Systems Fuel Cell--2007
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Multiple Units Assured Power/Grid Connect/

Load-Following Seamless Transfer

Measures

STATIC
SWITCH
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Building A Hospital
Campus Microgrid




%"EL National Renewable Energy Laboratory

Innovation for Our Energy Future

Use Readily Available Resources for
Solutions

Working with National
Laboratories for Power
Solutions

Sandia
National
Laboratories

NREL is a national laboratory of the U.S. Department of Energy Office of Energy Efficiency and Renewable Energy operated by the Alliance for Sustainable Energy, LLC




Type of Facility

U.S. Renewable Energy Resources

"o O NGO )P

Captive Hydrogen Producer
Gaseous Hydrogen Producer
By-Product Hydrogen Producer

)

e Biomass Cnncantrﬂtlng Solar Power Wind
By-Product Purif
.y ‘r : i Resource Potential Resource Potential Resource Poter
Liquid Hydrogen Producer .
Satellte Terminal Excellent Excellent Excellen
Undetermined Good Good Good




Approach

. Assess the total renewable resources or fuels

(biomass,~ landfill gas, etc...) available in the
state.

. Select generation technologies that can utilize the

resources in the near-term.

= These technologies must be commercially available or the
technologies themselves are mature, though they may be
lacking mass deployment.

. Translate the resources into electric energy (and

nameplate capacity) Technical Potential.

= Use performance characteristics of select technologies to
estimate technical potential.

Determine Praclical Potential from Technical
Potential.

=  Cnteria used for practical potential is different for each

resource, but attempts to quantify the maximum potential that

could reasonably be expected to be implemented.

. Develop financing assumptions, range of costs and
operating characteristics for such technologies.

. Calculate levelized costs ($/MWh) for electricity

produced from selected renewable technologies
given resource availability.

1. Assess Available
Resources

2. Select Generation
Technologies

3. Determine Technical
Potential of Resource

l

4. Determine Practical
Potential of Resource

!

5. Develop Financing
and Cost Assumptions

1

6. Calculate Levelized
Cost per MWh




Mapping The Incentives

What are the Drivers?

PUC Feed-in Rate Tariff

Desire to Have Renewable Energy
Onsite Power—Energy Security

Full Energy Utilization

Reduced Carbon Footprint/Environmental
Development of Public Private Partnership
Economic Development/Employment
Improve Power Quality to the Local Grid
Federal Tax Incentives to Investor

Utility Incentives to Investor

Carbon Credit to Host Site

Willing 3" Party for Finance

Power Purchase Agreement




The G@Iel Rus Ii1h'ilcégfﬁiT

Biohydrogen




Description

Anaerobic digester biofuels can be produced
in various forms, including Biomethane or
biohydrogen. In this section, the focus is on
Biomethane for electricity generation.

Technologies

E Anaerobic Digestion: Treatment of waste
dates back to the 10" Century BC.

3 steps of AD:
* Hydrolysis
* \olatile Acid Fermentation
* Methane Formation.

Digester Solids o So] o . Solids Biogas Methanfa O&M
Type handling S I loading Production coqtent "1 costs
Feedstock biogas
APS Batch 30% High Continuous 60-75% Low
Two-Phase Continuous 5-10% Medium Continuous 40-60% Medium
SEBAC Batch >10% Medium Discontinuous 40-60% Low
Plug Flow Continuous 5-10% Low Continuous 50-70% Medium
CKATXFZSte Continuous 2-10% Low Continuous 50-70%




UC Davis Biogas Energy Project

Hydrogen Production = >25% 15t Stage
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Digester capacity —
3-8 tons per day
Digestion temperature —
135 F
Expected biogas yield —
11,000- 22,900 ft3/day
Electricity output —
600- 1200 kWh/day

Sponsors:
» California Energy Commission
» California Integrated Waste Management
» University of California, Davis
» Onsite Power Systems & Other Companies



The Anaerobic Digester Process

Hydrolysis
Reactor

Acetogenic
Bacteria

Feedstock Mixed
with Water

Hydraulic
Mixing
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The Anaerobic Digester Process







Biogas Fuel Cells

@ City of Santa Barbara has a 500
KW fuel cell cogeneration system

" operating on anaerobic digester
biogas at the El Estero
Wastewater Treatment Plant. The
project includes a fuel gas cleaning
skid, two 250-KW molten
carbonate fuel cell modules, and
heat recovery systems to produce
approximately 0.6 mmBTU/hr of
S hot water from the fuel cell
R exhaust.

' The facility was commercially
available in December 2004.



Monitor Federal,
State & Local
Incentives for

Anaerobic Digester
& Fuel Cell Projects

Develop
Incentive Based
Projects

For More Information:

http://www.dsireusa.org/

RENEWABLE ENERGY
TAXINCENTIVES

" Governmental Support
&
Project Incentives

Information Courtesy of DISRE
4222009



5. Develop Financing and Cost Assumptions

I 6. Calculate Levelized Cost per MWh I
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Combined-Cycle Unit with
Natural Gas @ $5-10/MMBtu

Solar PV (Residential)
Solar PV (Commercial) 10%0*

Solar PV (Commercial)
Solar PV (Utility Scale) 10%6*
Solar PV (Utility Scale)

Swine Waste (Anaerobic Digester
Hydro Power (Low Head)
Hydro Power (Small Hydro)
Hydro Power (Conventional)
Wind (Off-Shore)

Wind (On-Shore)

Biomass (Fluidized Bed)

Supercritical Pulverized Coal
Unit with Coal @ $2-3/MMBtu

Biomass (Stoker)

Tax-Exempt Entity
Ownership Assumed

Biomass (Co-fire Retrofit)**
Biomass (Co-fire Blending)**
Landfill Gas ICE (<5 MW)
Landfill Gas ICE (=5 MW)

$0 $50 $100 $150 $200 $250 $300 $350 $400 $450 $500

*Cost estimates include reduction of federal solar tax credits to 10% after 2008 for commercial/utility scale installations.
**Co-firing costs are calculated as incremental costs of avoiding coal consumption for generation ($2.25/MMBtu (2007) coal cost assumed).



Financing Assumptions Used

E Tax-exempt entity ownership is assumed for most utility-
scale generation, so tax incentives are not utilized.
— CREBs financing is not included since availability after 2012 is uncertain.
E EXxceptions to tax-exempt entity ownership are for Solar PV
and Anaerobic Digesters.

Ei il A : Tax Exempt Merchant PV | Residential PV Anaerobic
inancial Assumption Entity Owner Digester Owner
0] - 0 -
Weighted Average Cost 7'0/.0 (UL 4.8% (after-tax 7'0/9 e
of Capital (WACC) 6.0% equity req. for mortgage rate) equity req. for
P 100%) g9ag 100%)
Project Life 20 years 20 years 20 years 20 years
30%/ 0
Tax Credits None (10% after SANO0 ezl SO IC
2012) per panel (~$10/MWh)
Depreciation None 5-year MACRS None 7-year flat
Discount Rate 6.0% 7.0% 7.0% 7.0%
celloulEiet CRmyITg 8.72% 6.63% (9.35%) 7.72% 11.08%
Charge




Typical 3" Party Transaction
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To Develop Fuel Cell Project,

What is Needed?

: KONG....

Innovation

Buy-in by All Stakeholders
Anticipated Site Location
Connected Electrical Load
Plot Plan & Utility Interconnections
Full Energy Utilization
Utility Incentives
Governmental Incentives
Timing & Opportunity
Preparation & Economics
Connections/Networking
Solid Teaming Effort
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management



Summary & Conclusion

Biogas & Biohydrogen Enhance the Economics
& Viability of Fuel Cell Installations
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All Successful Projects
Start with an ldea.

Teamwork Is the Key to
Success
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