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Fuel Cell Module System Solution
25W 50 kW 250-300 kW 250 kW to MW’s

Used with permission from Bloom Energy.

Component Modularity
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PEFC: polymer electrolyte fuel cell (70°C)
PAFC: phosphoric acid fuel cell (200°C)
MCFC: molten carbonate fuel cell (650°C)
SOFC: solid oxide fuel cell (800°C)

SOFC-combined cycle

MCFC-combined cycle

MCFC ™ Gas turbine combined cycle
AFEC Gas engine combined cycle /
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_ Large-scale
Vehicle, home Office building power generation
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LHV: lower heating value
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Electric power supply (W)
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FC-CC

Natural Gas
Combined Cycle
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P18t FC-CC(Fuel Cell-Combined Cycle)
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Fuel Cost of Generation of Various Fossil-Fueled Generation Types as a Fuel Cost in $/MWh

HealRole  Conversation S4/ S/ s/ s/ s/

e Efficiency (%) MMBtu MMBtu MMBtu MMBtu MMBtu

(US Average) 9,609 36% $40 $61 $81 $101 $121

Gas-Fuelled Reciprocating

E o LS Wit 8,632 40% $38 $77 $96 $115

Existing Natural Gas-fired
Gas Turbine Combined $31 $61 $77 $92
Cycle (US Average)

Solid Oxide Fuel Cell—
Simple Cycle

New Natural Gas-fired
Gas-Turbine Combined $24 $49 $61 $73
Cycle Plant

$30 $59 $74 $89

GE-Fuel Cells FC-cC* 5,249

Copyright of General Electric Company.
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PAFC(Phosphoric Acid Fuel Cell)

20.24 MW

21.06. &8

6.16 MW

2112 =3

19.80 MW

20.24 MW

9.68 MW

SOFC(Soild Oxide Fuel Cell)

9.9 MW
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15.0 MW
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9.6 MW
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9.6 MW
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8.4 MW

23.01.

=301

15.0 MW
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15.0 MW

9.0 MW

3.0 MW
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1) Fuel Cell Power System Performance
(ASME PTC 50)
2) NG Fuel Flow(ASME MFC-4M)
3) IAPWS-IF97

4) ARHA AP/ SAIR EApA

1) Natural Gas Fuel

2) Continuous Base Load Operating

3) New & Clean Condition
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2015 TECHNICAL REPORT

Operational Performance and Benefits

Assessment of a 3MW Fuel Cell at a Utility

3MWE AZNAS 24THY I MF 2FEOIEIS [SH $

Case Study: Delmarva Power/Bloom Energy Solid Oxide Fuel Cell
A=A 53 52 EMTHEPRI 2015 Technical Report)

Electricity production: 41,508 MWh

Cumulative heat rate: 7.345 BtwkWh HHV (high heating value) (approximately 46.5%
HHV)

Average capacity factor: 78.3%
Average availability: 99.13%
Average grid/trip events: 2.7/month

Beginning-of-life efficiency: 58.1% LHV (lower heating value) in June 2012: 51.1% LHV in
June 2014 (Note: some fuel cell stacks were upgraded during the reporting period).
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7,345.1

=== Heat rate, HHV

=== Cumulative Heat Rate, HHV
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Cumulative heat rate is calculated based on total natural gas Btu in / total net kWh out
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2. EPRI Q&A

t
' |

On September 12, 2012, EPRI hosted the first project webinar, at which funders and participants
met online to receive an update and ask questions about the project. The question-and-answer
portion of the webinar yielded several insights into the details of plant operation and
performance, and is transcribed below.

Q: Bloom reported 97% capacity factor. What caused it to be less than 100%? Were there forced
outages or were they planned?

A: The actual availability of Bloom Energy Server is in excess of 99% where less than 1% is
based on grid outages and power quality events. In a grid-parallel configuration the units have to

System Performance

disconnect 1 case of an outage or power quality event on the grid in compliance with IEEE
1547. The 97% capacity factor is due to a combination of grid events. some slight variation 1
output based upon maintenance, commissioning activities, and testing.

Q: Was there any maintenanece required? If so. how much and who did the maintenance?

A: There has been some routine maintenance such as water purification filters, desulfurization
bed canisters. and cabinet and blower air filter replacements. Currently Bloom employees do all
of the maintenance.

Q: I would like to know more about the remote monitoring done at Bloom's facility. What do
they watch at the remote monitoring location? Do they have monitoring and control capabilities?

A: At Bloom’s Remote Monitoring Control Center (RMCC). Bloom monitors performance of
cach system and can control each system with granularity down to the fuel cell stack. Bloom
monitors system performance (both output and efficiency) as well as any deviations from normal
operations. They also monitor systems to conduct proactive maintenance. Bloom can completely
control the systems, from start-up through full output. remotely from its RMCC.

Q: How is load on the Bloom System controlled?

A: The Bloom system is a generation unit which runs continuously as a base load solution. There
are integrated controls within the system that optimize output and efficiency across all the fuel
cell modules, Manual control is done remotely through the Bloom Energy RMCC.

Q: Does the fuel cell plant respond to load demand changes? Are these units base loaded—in
other words they don’t follow minor load changes?

A: The Brookside installation 1s a base load installation, thus tuns 24/7. They are not configured
to load follow at this time.

Q: What 15 the installed cost of the 3 MW? Does Bloom Energy own the servers? Or Delmarva?
Or are they leased? To what extent does Delmarva control operation and maintenance of the
Bloom Energy Servers?

A: Unfortunately we cannot comment on the cost without a non-diselosure agreement in place
between us. We are happy to execute and discuss further if there's a particular business case
we'd like to explore, Bloom operates and performs all maintenance of the unit.

Q: Are there any plans to utlize waste heat?

A: Bloom Energy Servers utilize the waste heat internally to ereate a higher electrical efficiency.
We currently do not have any plans to use the waste heat externally. External use of waste heat
often requires highly customized. complex installations to match thermal output with thermal
load. Current customers have asked for an all-electric solution to maximize electrical efficiency.

Q: What are the ramp rates for the Bloom Energy units both up and down, in addition to
start/restart timing for the individual units as well as the connected banks of units?

A: During normal operation the Bloom Energy Servers can ramp up and down very quickly. in a
matter of seconds. At complete cold start. the system may take hours to ramp up.

Q: What is the cost to generate ¢lectricity at the Brookside Fuel Cell site?

A: The cost of electricity (COE) of a fuel cell unit includes the following components:
1. Installed capital costs in $/kW and related capital carrying charge : NA

2. Non-fuel operation and maintenance (O&M) costs: NA

3. Fuel Costs: The plant’s heat rate in HHV x the cost of natural gas fuel at the site.

If the cost of natural gas 1s $6/MMBtu and the heat rate is 7.339 Bru/kWh the cost of fuel 15
$44 MWh.

Items that can affect the COE include an investment tax credit for fuel cells, which is currently
30%: taxes; depreciation: and finance charges.







