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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 :

Annual Minutes of Equipment 
Operation

Capital Cost
Installation

Maint./Spare Parts
Utilities
Miscellaneous

Operating 
Expenses

Initial 
Expenses

Used to calculate 
annual capital recovery 
factor based on:
• Equipment Life
• Interest Rate
• Corporate Tax Rate

Annual 
Capital 

Repayment

+
Annual 

Operating 
Payments =

Machine Rate 
($/min)
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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
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Cathode Stoichiometry 1.8

PROX Stoichiometry
2 (50% of O2 goes to oxidizing CO to CO2,

other half combusts with H2 to make H2O)

Reformer Set 
Temperature

650 °C

LHV Efficiency

System 38% (net electrical/LHV NG)

Reformer 103%

Fuel Cell
41%

(gross electrical/LHV of reformate entering 
stack)

Parasitic 10% (ancil. Electrical load/Gross Power)

PROX Exit Temperature 110oC

PROX CO Exit Level < 20 ppm

8



����*�<���/����%��:�:��*�������8�/
������
=�/0���0��������/����%��0��
���
��8��
����!�����������������0�
>9���
��%����

$�������
���9
� .�!��
��������	
�!��
��	
� ��	
�	
��
�%���!	���%���%�

�	���$������ 346 
�	
��

� '�
"�������� 
����(������	!
� ��
����
��	���
�����	���
��
� ����!	�%���������%������)���

9

������/���������*���9�������*�
�
��%�!���%����
���� �8�������%�
���

�%����*�� ���*������

� ����!	�%���������%������)���
�	%�����
��


9

1 US Patent 7,037,474 B2
2 US Patent 7,182,921 B2
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Nominal System 
Power

Peripheral Load 
Voltage

Battery Voltage Fuel Cell Output Inverter Output

1 kW 24VDC 24 VDC 24-34 VDC 120 VAC
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�������� Fuel Cell Inverter
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�
�������

Net AC 
Power Out

For 1 and 5 kW 
Systems
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Diode

12

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

12 • �����
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(AC line not needed for 25kW)
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�������� Fuel Cell Inverter
Net AC 

Power Out
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For 25 and 100 kW
Systems
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1 kW sys 5 kW sys 25 kW sys 100 kW sys

100 sys/yr J364E@@ JA43@D J3401A J34361
1,000 sys/yr JK4E03 J@46D1 J34A5K JKAE

10,000 sys/yr J046AD J64ED0 J343KA JEA5
50,000 sys/yr JE451K J64A56 J34151 JDD1

Total System Cost per kWnet

1313

Reformer
BOP

FC BOP
FC Stack

Reformer
BOP

FC BOPFC Stack

Reactor
Reactor
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1 kW sys 5 kW sys 25 kW sys 100 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

Total Fuel Cell Subsystem Cost per kWnet

1414

• As expected, small systems are more costly per kW.
• Knee in curve is at surprisingly low manufacturing rate,

a few 1000 systems per year.
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100
sys/yr

1,000
sys/yr

10,000 
sys/yr

50,000 
sys/yr

100
sys/yr

1,000 
sys/yr

10,000 
sys/yr

50,000 
sys/yr

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

1 kW: Fuel Cell Subsystem Cost in $kWnet 100 kW: Fue l Cell Subsystem Cost $/kWnet
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1 kW sys 5 kW sys 25 kW sys 100 kW sys

100 sys/yr JD46@6 J641@E J003 J5E1
1,000 sys/yr JA4013 J34D5A JEA1 JA00

10,000 sys/yr JA415D J34A3@ JDA3 JA@3
50,000 sys/yr J@4E33 J346K3 J500 J@K0

Total System Cost per kWnet
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100
sys/yr

1,000
sys/yr

10,000 
sys/yr

50,000 
sys/yr

100
sys/yr

1,000 
sys/yr

10,000 
sys/yr

50,000 
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

1 kW: Fuel Cell Subsystem Cost in $kWnet 100 kW: Fue l Cell Subsystem Cost $/kWnet

1717
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100
sys/yr

1,000
sys/yr

10,000 
sys/yr

50,000 
sys/yr

100
sys/yr

1,000 
sys/yr

10,000 
sys/yr

50,000 
sys/yr

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

1 kW: Assembly Cost in $kWnet 100 kW: Assembly Cost $/kWnet

1919
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1 kW sys 5 kW sys 25 kW sys 100 kW sys

100 sys/yr J364E@@ JA43@D J3401A J34361
1,000 sys/yr JK4E03 J@46D1 J34A5K JKAE

10,000 sys/yr J046AD J64ED0 J343KA JEA5
50,000 sys/yr JE451K J64A56 J34151 JDD1

Total System Cost per kWnet

2020
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1 kW sys 5 kW sys 25 kW sys 100 kW sys

100 sys/yr J364E@@ JA43@D J3401A J34361
1,000 sys/yr JK4E03 J@46D1 J34A5K JKAE

10,000 sys/yr J046AD J64ED0 J343KA JEA5
50,000 sys/yr JE451K J64A56 J34151 JDD1

Total System Cost per kWnet
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:��*��� JA03 J605 J3EE J3DD :��*��� J336 JKK JKA JK@
:��*�������� J65A J@E J35 J36 :��*�������� J@ J3 J17AE J17A1

�'� J543A6 JA4@@0 J@4EE5 J@4A53 �'� JAAK J@05 J@@@ J@16
:�8��
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������� JD J@ J@ J6

���*& J3466D JD55 J@K@ J@@@ ���*& J60@ J6@6 J36K JK0
���*&����� J3@ J3@ JK JK ���*&����� JE J@ J6 J3

�'� J34DD0 J34AE@ J34@@0 J343KA �'� JA5 JA3 J@@ J6E
������� J@K3 J3EA J361 J33A ������� JA J6 J3 J3

J345A6 J34@0K J3465A J343DK JD5 J50 J56 JAK
���/�� �;C J34DD3 J346ED J341ED JKEK���/�� �;C J3AD J36A JKE J0D
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Reformer
BOP

FC BOP
FC Stack

Reformer
BOP

FC BOPFC Stack

Reactor
Reactor
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