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Design a CHHP System
for your University Campus

CHHP means Co-production of Hydrogen Heat and Power.

Power source is high efficiency internal reforming fuel cell.
— e.g., FuelCell Energy’s Direct Fuel Cell (DFC)

— The internal reforming creates hydrogen for the fuel cell reaction and
excess hydrogen for export.

DFC power plant size options (300 kW, 1400 kW, 2800 kW)

Fuel Options: Natural Gas, Biogas, Propane, etc.



CHHP System Design Basis

» Specifications for Simple
Cycle DFC Power Plant
» Fuelin
> Water in
> Electrical efficiency (e.g. 47%)
» Facility Exhaust waste heat

Specifications for

Hydrogen Production

>

>
>

Anode exhaust
composition

DFC Fuel Utilization

Impact on simple-cycle

waste heat

Supplemental Fuel
Option

DFQ300

AJ/E Cooling

H2 Purification



Direct Fuel Cell® (DFC®) Power Plant

« Simple Cycle Products:
— DFC300™ DFC1500™, DFC3000™

« Simple cycle product specifications available at:
http://www.fuelcellenergy.com/products.php

— Specifications also included in appendix.

» For cost sensitivity analysis DFC simple cycle
capital cost may be taken as $5,000 to $1,000
per kW net AC capacity.

— Cost does not include additional equipment for CHHP
system



Fuel Specification for CHHP System

« Baseline Fuel: Natural gas

« Examples of Renewable Fuels:

— Biogas derived from anaerobic digester, landfill
* Minimum methane content 60%

— Syngas derived from thermal gasification.
 Must be methane rich, at least 50% methane

* Fuel pretreatment
— Non required for pipeline natural gas

— Clean up required for renewable/other fuels
« Sulfur, siloxane, and halogens down to sub-PPMV level.

 Renewable fuels may be blended with natural
gas.



Basis for Hydrogen Co-Production

Anode Exhaust Composition (at fuel utilization of 65%)

> H, 10%
> H,0 40%
> CO 5%
> CO, 45%
> N, 0.3 — 0.8% (fuel dependent)
» CH, <1%

Impact of Hydrogen Co-Production on Heat Energy available for recovery:

» Available heat energy is reduced from simple-cycle specification on a one-for-
one basis of the heat value of hydrogen product exported.

Supplemental Fuel Option:
» Supplemental fuel may be added to facilitate greater hydrogen production.

Fuel Utilization may be decreased to increase hydrogen production:
» Normal simple-cycle fuel utilization 70% - 80%.

> Fo(r3 (i)rl/creased hydrogen production the fuel utilization may be decreased down
to 0.

» Anode exhaust will be richer in hydrogen and carbon monoxide with
decreased fuel utilization according to carbonate fuel cell reaction equations.



Simple Cycle DFCeConfiguration
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Example CHHP Configuration
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APPENDIX

DFC Product Specifications
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" DFC300

Key Features

+ High Efficiency

+ Low Environmental Impact
+ Fuel Flexibdity

« High Rekabdity

+ Qluiat Cperation

Fhecirical Balanoe
of Planl (EEDRP)

Advantages
The DFCE3N0™ stationary fuel cell power plant from
FuelCdl Enesrgy provices high-qualty, Ulra-Clean electrical
power with 47% efficiency in a small footprint, Desigred for
commarcial and industrial apdlications. the system offers
aperation around=tne=clock, easy transport, quiet and reli-
able operation, and easy site planning and regulatory
approval.

Performance

Power Output

Power (@ Plant Raling 300 KW
Standard Dutput AC Vokage 480 W
Standard Frequency &0 Hz

Optional Oulput AC Voltages 460, 440, 420, 400, 380 W

Optional Oulpul Fregquency 50 Hz
Efficiency

LHW 4T +i= 2
Availablls Heat

Exhaust Temperalure 700 += 50 °F
Exhaust Flow 3.850 Ib'h
Mlowable Backpressure 5 lwe
Heat Enengy Availablke for Recavery

(o 250°F) 480,000 Btu/h
{to 120°F) 208,000 Blu'h

ttechanica] Baarce
of Flant (MBOF)

Fuel Consumplion

Fuel Coll Mocule

300 kW, 480 VAL,
333 kWA, B0 or B0 Hz

Matural gas (st 930 B/ 30 sefm
Heal rate, LHY 7,260 BluwkWh
Water Consumption
Average 0.2 gpm
Peak during WTS backilush 10 gpam
Water Discharge
Avarage 045 gpm
Peak durimg WTS backflush 10 gpmn
Pollutant Emissions
BT 0,01 Ia/MWh
S0 00001 In/MWh
P10 000002 InihWh
Greenhouse Gas Emissions

80 Ik
Ch (wilh waste heal recovery) S20=580 In/MWH




DFC300

Dimensions

Waeights

Experlence & Capabilities




Mechanical Balance
of Plant [MEOP)

Key Features

« High Efficency

+ Low Environmental Impast

) FE:IEI Fle}',:lbll,liy Eectricall Balance
+ High Reliability of Plant (EBOP)
+ Quiel Operation

Advantages

The DFC1500™ stationary fuel cell powar plant from Fuell Coll Module
FuelCell Energy provides high-guality, Ulra=Clean electrical 1.4 MW, 480 VAC,
power with 47% efficiency around-the-clock. Designed for 1,550 kVA, 50 or 60 Hz

commercial and industrial applications, the system offers
easy fransport, quiet and reliable operation, and easy site
planning and regulatory approval, The DFC1S00 s ideal for
wastewater treatment plants, manufaciuring, food and bev-
arape processing, large hotels. nospitals, and universities,

Performance
Power Output Water Consumption
Power @ Plant Rating 1,400 kW Average 4.5 gpm
Standard Cutput AC Voltage 480 Peak during WT3S backflush 15 gpm
Standard Frequency &0 Hz
: Water Discharge
Opt Qutput AC L 460, 440, 420, 400, 380 v
Dp "'m: Dutpu F Voltages. 46 EE ¥ Average 2,25 gpm
t

PRI AR T e en =2 Peak during WTS backflush 15 gpm
Efficiency S

v A7 + Pollutant Emissions
L i i NOx 0.01 [bMWh
Available Heat
Exhaust Temperature 700 +- 50 °F s WAL I

P i AW
Exhaust Flow 18,300 Ib/h L 0.00002 [o/MWh
Allowable Backpressure 5 iwe Greenhouse Gas Emissions
Heat Energy Available for Recovery SO 880 lb/MWh
to 250°F .
{2.216.000 Bluh CO: (with waste heat recovery) 520-680 In/MWh
(ko 120°F) 3,730,000 Btw'h
- Sound Level

:u:l Gl'mwmrgggﬂmw D— Standard 72 dBiA) at 10 feet

it Qam ) m Optional 85 dB(A) at 10 feet

Heat rate, LHY 7,260 Blu/x\Wh




DFC1500

Experience & Capabilities




DFC3000

Key Features

« High Efficlancy

= Low Environmental Impact

« Fuel Flexiblity

« High Relabdity

» Quiet Operation ;
Ebsc-lriced Ealaitce
af Blant (FRGR)

Advantages

FuelCell Energy's DFC3000™ system 1§ the largest of

the Direct FuelCell® (DFCE) power plant fleet, capable of

providing high=guality baseload power with 47% electric

power generation efficlency around=the-clock, Scdable up to

&0 MW, the system is especially suitable for applizations

with larger load requirements such as universiies, manufac-
wring facilities, wastewaier treatment plants, and utibtyfgrd

support,

Performance
Power Output

Merhanicel Balarae

ol Plasst (MECH]

Fual Coll Wodule

2.8 MW, 13.8 kVAC

3,110 kWA, 50 or 60 Hz

Water Consumption

Average & gom
Peak during WTS backflush 30 gom
Water Discharge

fverage 4.5 gom
Paak during WTS backfllush 30 gom
Pollutant Emissions

NOx (.07 IAWh
S0 L0007 IiMwh
PM10 000002 Iwh
Greenhouse Gas Emissions

CO: 980 [BAWhH
L0 [with wasle heat recovery) 520-680 bW

Sound Level

T2 dBiA) at 10 fest

Power @ Plan! Raling 2,800 kW
Standard Output AC Vokage 13,800
Standard Fraquency 60 Hz
Optional Output AC Voltages 12,700, 4560Y
Oipticnal Oulpul Freguency 50 Hz
Efficiency

LHEY AT +i-2 %
Availablle Heat

Exhsust Tamparaiure T0O +- 50 °F
Exhaust Flow 36,600 Ib'h
Allowable Backpressure 5 iwe
Heg%gwr Avallable for Recovery

4,433,000 Biuh

{to 120°F)

¥ AE0,000 B

Fuell Consumption

Matural gas (a1 930 Btuft') 362 scfm

Heal Rate, LHY

7.260 ETUKWh



DFC3000

Experience & Capabilities




