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In July 2011, Directed
Technologies Inc. (DTI)) was
acquired by Strategic Analysis
(SA). This project was initiated
under DTI and continues under SA.
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Methodology Reflects Cost of Under-utilization

Capital Cost Initial
Installation Expenses
Ma.u.n.t./Spare Parts Operating
Ut'I|ItIeS Expenses
Miscellaneous
Annual Annual
Capital Operating
Repayment Payments
Annual Minutes of Equipment
Operation

Used to calculate

annual capital recovery

factor based on:

e Equipment Life

e Interest Rate
Corporate Tax Rate

Machine Rate
($/min)
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Z Den'll:IE'Iltr:ater Reactor
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W 22 psi |_| >l Stach
Tank Faanpy L

4.17kg/h
22 psi

Natural Gas

High-Temperature
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Blower
4]l Desulfu Burner
[ ]
= y | Flow Control ookt |
Solenoid Thermostat 5|
Valve Coolant Bypass
Residential Line:
<= 60 psi ﬁ ) SN
4 ke /h u I Anode Exhaust
9 kg/ Flow Control  0.73kg/h Lt ' Cathode
20C Solenoid 23.2 psi Exhaust
Power Management & Electronics (not shown): Titte:
. Reformer System Controller DC/DC Converter System Diagram - 25kW
Fuel Cell System Controller DC/DC Regulator
a I 0 n a ry Compressor Motor Controller ACIDC Inverter Revision Date: 31 May 2011
Wiring, Cabinet Batteries -
Drawn by: Julie Perez




Stationary LT PEM System

Power Density

408 mWiem?

Peak Power Operating Point

0.576 Vicell at 0.603 Afem?

Catalyst Loading

Anode 0.3 mgPtem?
Cathode 0.1 mgPtem?
PtCost 51100/Troy Qunce
Operating Pressure (atm) 1315
Peak Stack Temp. (°C) 85

Active Cells

178 {for 5 kW system)

Membrane Material

Nafion on 25-micronePTFE

Radiator/ Cooling System

Aluminum Radiator, Water/Glycol Coolant, DI Filter, Air Precooler

Bipolar Plates

Stamped S5 316L with TreadStone Coating

Air Compression

Regenerative Blower

Gas Diffusion Layers

Carbon Paper Macroporous Layer with Microporous Layer

Catalyst Application

Nanostructured Thin Film (NSTF) or Dieslot Inking

Air Humidification

Plate Frame Humidifier

Hydrogen Humidification

None

Exhaust Water Recovery

Inreformer subsystem

MEA Containment

Injection-Molded LIM Hydrocaron MEA Frame/Gasket around M&E

Coolant & End Gaskets

Laser Welding/Screen-Printed Adhesive Resin

Freeze Protection

Drain Water at Shutdown

End Plates/Compression

Composite Molded End Plates with Compression Bands

Stack Conditioning (hrs) 5 hours

Stack Air Bleed 2% (molar % of reformate entering stack)
Reformate Composition % Molar

(stack inlet) Dry Wet
H, 75.1 56.5
Co, 19.0 143
o]e] <20 ppm <20 ppm
H.O 0.0 24.8
Methane 44 3.3
Nitrogen 1.5 1.1
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Stationary PEM
Technology System

Fuel

Natural Gas

Process

Steam Reforming

Operating Pressure

Nominally Atmospheric (~1.3-1.5 atm)

Steam-to-Carbon Ratio 3.50
Anode Stoichiometry 1.3 (77% Fuel Util.)
Cathode Stoichiometry 1.8

PROX Stoichiometry

2 (50% of O, goes to oxidizing CO to CO,,
other half combusts with H, to make H,O)

Reformer Set

650 C

LHV Efficiency

System 38% (net electrical/LHV NG)
Reformer 103%
41%
Fuel Cell (gross electrical/LHV of reformate entering
stack)
Parasitic 10% (ancil. Electrical load/Gross Power)

PROX Exit Temperature

110°C

PROX CO Exit Level

<20 ppm
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1 US Patent 7,037,474 B2
2 US Patent 7,182,921 B2
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Stationary LT PEM

Desulfurizer Bed

Absorbent TDA SulfaTrap-R3
Form pellet
Exit temperature 25°C

Absorbtion Performance

>=1% S capture at 60,000 GHSV, 5 psig,
5.0 ppmv H20, 45° C (worst case)

Reforming Catalyst

SR catalyst 2% Ptonalumina
Substrate Fecralloy metal monolith
Form Single layer fin corregated sheet

Exit temperature

658° C

Space velocity

25,000 per hour

Water Gas Shift

WGS catalyst 3% Ptonalumina
Substrate Fecralloy metal monolith
Form Single layer fin corregated sheet
Exit temperature 200° C
Space velocity 10,000 per hour

PROX
PROX catalyst 1% Ptonalumina
Substrate Fecralloy metal monolith
Form Single layer fin corregated sheet

Exit temperature

110°C

Space velocity

30,000 per hour
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For 1 and 5 kW
Systems <
Diode
Net AC
Fuel Cell Power Out
I

Nominal System Peripheral Load Battery Voltage Fuel Cell Output Inverter Output
Power Voltage

1 kW 24VDC 24 VDC 24-34VDC 120 VAC

5 kW 24VDC 24VDC 120-168 VDC 120 VAC

25 kW 24VDC ~270VDC 240-350 VDC 120/240 VAC
100 kW 24VDC/120VAC ~270VDC 240-350 vDC 120/240 VAC

For 25 and 100 kW <
Systems
Net AC
— Power Out
P (AC line not needed for 25kW)

12 . *81 %8 /| %. % % : %
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Total System Cost per kWnet

1 kW sys | 5 kW sys [25 kW sys 100 kW sys
100 sys/yr J3G4AE@@ JAR3@D J3401A J34361
1,000 syslyr JKAEQ3 J@4pbD1 J34A5K JKAE
10,000 sys/yr JO46AD J64EDO J343KA JEAS
50,000 sys/yr JE451K J64A56 J34151 JbD1




Total Fuel Cell Subsystem Cost per kWnet

1 kW sys | 5kW sys |25 kW sys 1300 kW sys
100 systems/yr $3,297 $1,121 $560 $339
1,000 systems/yr $2,315 $790 $415 $277
10,000 systems/yr $1,860 $645 $294 $165
50,000 systems/yr $1,650 $520 $230 $128

* As expected, small systems are more costly per KW.
* Knee in curve is at surprisingly low manufacturing rate,
a few 1000 systems per year.



1 kW: Fuel Cell Subsystem Cost in $kWnet 400 kW: Fue | Cell Subsystem Cost $/kWnet
100 1,000 10,000 50,000 100 1,000 10,000 50,000
syslyr syslyr syslyr syslyr syslyr syslyr syslyr syslyr
Stack $1,238 $667 $402 $342 Stack $290 $235 $131 $100
FC BOP $1,668 $1,473 $1,338 $1,194 FC BOP $45 $41 $33 $27
FC Assembly $391 $174 $120 $114 FC Assembly $4 $2 $1 $1
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Total System Cost per kWnet
1kW sys | 5kW sys [25 kW sys 100 kW sys
100 sys/yr JDA46@6 J6A[L@E JO03 J5E1
1,000 syslyr JA4013 J3405A JEAL JAQO
10,000 sys/yr JA415D J34A3@ JDA3 JA@3
50,000 sys/yr J@4EB3 J346K3 J500 J@KO
B" 314111" , 7
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1 KW: Fuel Cell Subsystem Cost in $kWnet 100 kW: Fue | Cell Subsystem Cost $/kWnet
100 1,000 10,000 50,000 100 1,000 10,000 50,000
syslyr sys/yr syslyr syslyr sys/yr syslyr syslyr sys/yr
Reactor $735 $322 $192 $177 Reactor $115 $100 $95 $94
Reformer BOP $5,142 $4,338 $3,775 $3,451 Reformer BOP $449 $385 $333 $302
Reformer Assembly $355 $141 $89 $83| Reformer Assembly $6 $3 $3 $2
* ( % ( 7
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1 kW: Assembly Cost in $kWnet 100 kW: Assembly Cost $/kWnet
100 1,000 10,000 50,000 100 1,000 10,000 50,000
sys/yr syslyr syslyr syslyr syslyr syslyr syslyr syslyr
FC Stack Assembly $13 $13 $9 $9 FC Stack Assembly $7 $3 $2 $1
FC BOP Assembly $391 $174 $120 $114 FC BOP Assembly $4 $2 $1 $1
Reactor Assembly $254 $37 $15 $12 Reactor Assembly $3 $1 $0.47 $0.40
Reformer BOP Assembly $355 $141 $89 $83|Reformer BOP Assembly $6 $3 $3 $2
9:8 ' I * 0 !
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Total System Cost per kWnet

1kW sys | 5kW sys |25 kW sys 100 kW sys
100 sys/yr J3GAE@@ JAA3@D J3401A J34361
1,000 sys/yr JKA4E(Q3 J@4bD1 J34A5K JKAE
10,000 sys/yr JO46AD J64EDO J343KA JEAS
50,000 sys/yr JE451K J64A56 J34151 IDD1
B *% ;C* * /*
(" ABC %" % %) 311 ,
% 514111 , 4



Total System Cost per kWnet
1 kW sys | 5 kW sys |25 kW sys 1300 kW sys

100syshyr | J3G4E@@ ~ JAB3@D  |J3401A | J34361
1,000 syshyr JKAEQ3  J@4pD1  JIAASK JKAE
10,000 sys/yr JO46AD  JB4EDO  J343KA JEAS
50,000 sys/yr JE451K  Je4AS6  J34151 Ipp1
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