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Proof of concept for the modular CHP design

Setup of 2 FC stacks and 1 fuel processor to 1 CHP module

Investigation of controls options and operation strategies

Detailed analysis of system potential

Detailed system analysis

 Efficiency test rig

 Backup boiler

 Fuel processor

 Fuel cell stack
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Motivation and objectives
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CHP unit with fuel processor and two stacks, Q=10 kWth, P=6 kWel

Backup boiler, Q=40 kWth

Heat storage, 2000 l

Efficiency test rig
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System setup
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System setup: Backup Boiler
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System setup: Fuel Processor

2016-04-07



6

System setup: HT-PEM Fuel Cell Stack
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Operation point 56 A (ca. 0,3 A/cm²)
Operation range 0 A – 140 A (0,92 A/cm²)
Cell Voltage 1000 – 300 mV

Characteristics:

Source: Inhouse

Stoich H2/Air=1.5/2.0,
160 °C,
Calculated value for 
full stack, based on SS3
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System setup: Efficiency test rig

Norm cycle (DIN 4709)

test cycle

𝑄𝑓𝑢𝑒𝑙 = 𝑚𝑓𝑢𝑒𝑙𝐻𝑢

𝑄𝐻 =  (  𝑚𝑤𝑐𝑝(𝑇𝑣𝑙 − 𝑇𝑟𝑙))𝑑𝑡

𝑊𝑒𝑙 = 𝑊𝑔𝑒𝑛 −𝑊𝑎𝑢𝑥
𝜂𝑡ℎ,𝐻 =

𝑄𝐻
𝑄𝑓𝑢𝑒𝑙

𝜂𝑒𝑙,𝐻 =
𝑊𝑒𝑙,

𝑄𝑓𝑢𝑒𝑙

𝜂𝑔𝑒𝑠 = 𝜂𝑡ℎ,𝐻 +
𝑓𝑃,𝑒𝑙
𝑓𝑃,𝑓𝑢𝑒𝑙

𝜂𝑒𝑙,𝐻

Definitions (DIN 4709)

𝑓𝑃,𝑒𝑙 = 2.6

𝑓𝑃,𝑓𝑢𝑒𝑙 = 1.1
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Component analysis: Boiler

Electrical
grid

Natural gas
Heat
StorageBoiler

FC1

𝑄ℎ𝑙,𝑎 , 𝑄𝑡𝑤,𝑎

𝑊𝑒𝑙,𝑎

Plant DemandSupply

FC 2

Fuel Proc

Objective: Characterization of boiler efficiency
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𝜂𝐵 =
𝑄𝑡ℎ

𝑚𝐹𝑢𝑒𝑙𝐻𝑢,𝐹𝑢𝑒𝑙
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Component analysis: Boiler
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TC404

TC405

TC407

TC406
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Component analysis: Boiler
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Component analysis: Boiler
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Component analysis: Boiler
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𝜂𝐵 =
𝑄𝑡ℎ

𝑚𝐹𝑢𝑒𝑙𝐻𝑢,𝐹𝑢𝑒𝑙
= 1.02

Efficiency Boiler:



Efficiency test rig for load profiles up to 45 kWth

Requirements of DIN4709 fulfilled

 Mean temperatures

 Deviation of set points and actual points

Different load profiles available 

 DIN 4709

 VDI 4655

Boiler efficiency with test cycle 102% based on LHV

20 starts of the boiler within 24h without FC operation

Number of starts will be reduced significantly with CHP 
operation!
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Summary boiler and efficiency test rig
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Component analysis: CHP unit

Electrical
grid

Natural gas
Heat
StorageBoiler

FC 1

𝑄ℎ𝑙,𝑎 , 𝑄𝑡𝑤,𝑎

𝑊𝑒𝑙,𝑎

Plant DemandSupply

FC 2

Fuel proc

Objective: Characterization of CHP efficiency
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𝜂𝐹𝑃 =
 𝑚𝐻2𝐻𝐻2

 𝑚𝐹𝑢𝑒𝑙𝐻𝑢,𝐹𝑢𝑒𝑙
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Component analysis: CHP unit
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Component analysis: CHP unit
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Hydrogen concentrations higher at 640°C

Higher efficiency at 640°C
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Component analysis: CHP unit
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𝜂𝐹𝑃 =
 𝑚𝐻2𝐻𝐻2

 𝑚𝐹𝑢𝑒𝑙𝐻𝑢,𝐹𝑢𝑒𝑙



Automated start up within 180 min

Control strategy for FP and FC implemented

Efficiency fuel processor ca. 72% based on lower 
heating value

Heat recovery to water cycle ca. 0.8 kW with 
condensing heat exchanger. Exhaust gas fuel processor 
ca. 80 °C. Increase with cathode gas supply expected

For CHP evaluation, the feed back of anode-offgas must 
be considered! Tests are still on going
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Summary CHP unit
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𝜂𝑒𝑙,𝑠𝑦𝑠 = 𝜂𝐹𝑃𝜂𝑒𝑙,𝐹𝐶 =
 𝑚𝐻2𝐻𝐻2

 𝑚𝐹𝑢𝑒𝑙𝐻𝑢,𝐹𝑢𝑒𝑙

𝑃𝑒𝑙
 𝑚𝐻2𝐻𝐻2

=
𝑃𝑒𝑙

 𝑚𝐹𝑢𝑒𝑙𝐻𝑢,𝐹𝑢𝑒𝑙



Efficiency test rig with 
thermal loads up to 
45 kW available

Boiler efficiency about 
102 %, based on LHV

Reformer efficiency 
about 72%, based on 
LHV
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Conclusion and outlook

Stack performance test end of April

Complete system operation expected in May
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Thank you

for your attention!
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