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Overview

Timeline

• Facility Planning:  1996

• Facility Commissioned:  1999

• End: Open - this is an ongoing activity 
to test/validate/document fuel cell 
performance as the technology 
continues to evolve and mature 

Budget

• Two-year project funding: $850K from 
DOE

• FY09: $350K

• FY10: $500K

Objectives

• To provide DOE with an independent 
assessment of state-of-the-art fuel cell 
technology

• To benchmark commercial fuel cell technology 
developments 

Collaborations

• FCTESQA – International consortium (EU, 
Japan, US, etc) to develop standardized fuel 
cell test procedures

• FCTestNet Task Force

• IEC/TC105 – Secretary for Work Group 11/ 
Single Cell Test Protocol

• USFCC

• Institute for Energy (The Netherlands)



Approach

• Develop standardized test procedures for the evaluation of different stack 
technologies

• Characterize stacks and systems in terms of:
• Initial Performance

• Durability:  Accelerated aging test to yield a reasonable projection of life in a reasonable 
amount of test time

• Low-Temperature Performance (future)

• Adapt the Fuel Cell Test Facility (FCTF) hardware and software as needed to 
accommodate the unique needs of different technologies 

• Addresses Barriers
– A. Durability

– J. Start-up Time (future)



Technical Accomplishments:
Progress and Results

• Characterized several fuel cell stacks and systems, ranging in size from 720 W to 85 
kW

– Most fuel cell test objects performed as expected

– Some had issues, most of which were resolved by working with the developer

• FY10 Progress:
– Performance and life characterization of two 5-kW full systems

• Observed performance changes over 1000+ h

– Performance and life characterization of a 2-kW stack is underway

– Test protocol comparison
• Direct comparison of DOE test protocols with those developed in the EU



Testing the 5-kW Full Systems

• Data were acquired using testing protocols that are commonly used in 
transportation  

• Transportation protocols were used for consistency with other tests

• Test plan is based on generic protocols and is developed in collaboration with the 
developer

– Characterize the initial performance of the stack using three polarization experiments:  
• Sequential, current-increasing

• Sequential, current-decreasing

• Random

– Constant power test at 25% of rated power for 120 h

– Dynamic cycling using the DST profile for 1000+ h

– These tests characterize the initial performance of the system and how the performance 
changes with time



DST Cycling Profile for Accelerated Aging Tests
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CXX is the current at which (average) cell voltage is 0.XX in the initial 
polarization curve

Not To Scale

• Profile comes from battery testing

Table 1– Current Density vs Time for the Cycle Profile
Step Duration

sec
CXX Step Duration

sec
CXX

1 15 OCV 9 20 C75

2 25 C80 10 15 C88

3 20 C75 11 35 C80

4 15 C88 12 20 C60

5 24 C80 13 35 C65

6 20 C75 14 8 C88

7 15 C88 15 35 C75

8 25 C80 16 40 C88

• The profile represents the power 
needed for acceleration and hill 
climbing

• DST profile cycles the stack voltage, 
stressing the stack

• The current densities used in the 
DST profile are adjusted to 
accommodate the stack under test



Many Parameters Are Measured During Testing

• Example raw test data shows the number of parameters measured.  In the example below, 
- Vb refers to the stack voltage 
- Ib, the stack current
- Vs, a string of 3 cells

 Time_Stamp Vb  Ib  Vs01 Vs02 Vs03 Vs04 Vs05 Vs06 Vs07 Vs08 Vs09 Vs10 Vs11 Vs12 Vs13 Vs14 Vs15 Vs16 Vs17 Vs18 Vs19 Vs20 Vs21 Vs22 Vs23 Vs24 Vs25 Vs26 Vs27 Vs28 Vs29 Vs30 Vs31 Vs32 Vs33 Vs34 Vs35 Vs36 Vs37 Vs38 Vs39 Vs40 Vs41 Vs42 Vs43 Vs44 Vs45 Vs46 Vs47 Vs48 Tin Tout Tox Tfu FLH1 FLH2 FLAB FLO1 FLO3 FLH3 Tamb
 13:11:55.44 126.4534 -37.019 2.7387 2.7357 2.7036 2.7085 2.6942 2.6579 2.6948 2.6337 2.6804 2.6942 2.7064 2.7378 2.627 2.6399 2.6713 2.6518 2.664 2.6243 2.5874 2.5874 2.6057 2.6331 2.6359 2.6273 2.5593 2.6951 2.6814 2.6972 2.7021 2.7439 2.7653 2.7287 2.6826 2.6972 2.6966 2.7537 2.6865 2.6911 2.6994 2.635 2.732 2.7006 2.6557 2.6966 2.7033 2.7055 2.7009 2.6426 66 65.0525 60.2 29.8 11.3529 71.2302 -0.2527 257.1795 3.6622 0.4166 20.5
 13:11:56.44 118.7933 -30.0455 2.5153 2.5138 2.5153 2.4995 2.5025 2.4808 2.5031 2.4894 2.5068 2.5153 2.5205 2.5257 2.4842 2.5007 2.5132 2.5144 2.5129 2.4876 2.4873 2.4857 2.4882 2.5144 2.5117 2.5126 2.4793 2.4836 2.476 2.4802 2.4909 2.486 2.4995 2.501 2.4839 2.487 2.4674 2.4976 2.4714 2.4992 2.5037 2.4757 2.512 2.5001 2.4519 2.4946 2.5202 2.5343 2.5095 2.4705 65.3 64.9457 60.2 29.8 11.6276 71.6575 -0.2454 257.9119 3.6622 0.8927 20.5
 13:11:57.44 118.6865 -30.1218 2.5138 2.5111 2.515 2.4958 2.4976 2.4781 2.5037 2.49 2.5056 2.5135 2.5187 2.5242 2.4836 2.4989 2.5111 2.5135 2.5114 2.4863 2.4848 2.4851 2.4854 2.5111 2.5098 2.5108 2.4781 2.4833 2.4741 2.4781 2.4876 2.4827 2.4982 2.4989 2.4812 2.4854 2.465 2.4964 2.4717 2.4976 2.5028 2.4738 2.5101 2.4995 2.4525 2.4921 2.5175 2.5291 2.4992 2.4583 65.3 65.0525 60.2 29.8 11.7191 72.1152 -0.2344 257.0879 3.296 1.0712 20.5
 13:11:58.44 118.6712 -30.2133 2.5132 2.512 2.5147 2.4958 2.4964 2.4769 2.5022 2.4903 2.5053 2.5135 2.5184 2.5233 2.4839 2.4982 2.5111 2.5132 2.512 2.4857 2.4851 2.486 2.4851 2.5111 2.5105 2.5117 2.4796 2.4836 2.4744 2.4793 2.4876 2.4833 2.4986 2.4995 2.4815 2.4857 2.4647 2.4964 2.4711 2.4976 2.5028 2.4744 2.5098 2.4998 2.4534 2.4924 2.5166 2.5272 2.4897 2.4442 65.3 65.0296 60.2 29.8 11.6276 72.512 -0.2344 257.9119 3.6622 1.1307 20.2
 13:11:59.44 118.5644 -30.3507 2.5123 2.5105 2.5147 2.4952 2.4952 2.4772 2.5013 2.4897 2.5047 2.5126 2.5172 2.5217 2.4833 2.4976 2.5095 2.5126 2.5101 2.4842 2.4851 2.4851 2.4842 2.5092 2.5089 2.5108 2.4793 2.483 2.4751 2.479 2.4876 2.483 2.4982 2.4992 2.4802 2.4848 2.4647 2.4958 2.4702 2.4973 2.5016 2.4741 2.5095 2.4986 2.4531 2.4912 2.5156 2.5251 2.483 2.4201 65.3 65.0143 60.5 29.8 11.7191 72.7561 -0.249 257.8204 3.9369 0.7736 20.2
 13:12:00.44 118.4576 -30.3659 2.5101 2.5095 2.5135 2.4931 2.4946 2.4751 2.4992 2.4879 2.5025 2.5111 2.5159 2.5193 2.4815 2.4958 2.5083 2.5117 2.5092 2.4833 2.4848 2.4839 2.4833 2.508 2.5086 2.5101 2.4781 2.483 2.4732 2.4766 2.4863 2.4821 2.4973 2.4979 2.4793 2.4839 2.4635 2.4952 2.4686 2.4967 2.5004 2.4723 2.5074 2.4976 2.4516 2.4897 2.5141 2.523 2.476 2.3829 65.3 65.0754 60.5 29.8 11.536 72.9087 -0.2637 257.7288 4.0284 0.7736 20.2
 13:12:01.44 118.3813 -30.3354 2.5098 2.5071 2.512 2.4921 2.4931 2.4735 2.4979 2.487 2.501 2.5089 2.5144 2.5181 2.4805 2.4946 2.5071 2.5108 2.5083 2.4815 2.4836 2.4833 2.4827 2.508 2.5071 2.5092 2.4781 2.4808 2.4729 2.4772 2.4857 2.4815 2.4961 2.497 2.4784 2.483 2.4622 2.494 2.4677 2.4961 2.4998 2.4717 2.5059 2.4958 2.4528 2.4891 2.5123 2.5224 2.4729 2.3301 65.3 64.9838 60.5 29.8 11.536 73.0918 -0.26 257.8204 4.0284 0.6546 20.2
 13:12:02.44 118.3203 -30.2286 2.5092 2.5068 2.5123 2.4906 2.4924 2.4735 2.497 2.486 2.5007 2.5095 2.5147 2.5172 2.4799 2.4949 2.5068 2.5111 2.5077 2.4815 2.4842 2.4833 2.4821 2.5083 2.5071 2.5092 2.4778 2.4812 2.4735 2.4763 2.4854 2.4812 2.497 2.4973 2.479 2.4827 2.4635 2.4946 2.4674 2.4955 2.4998 2.472 2.5059 2.4958 2.4525 2.4891 2.5129 2.5224 2.4729 2.2559 65.6 65.0601 60.5 30.1 11.3529 73.1529 -0.2527 257.6373 4.0284 0.7736 20.2
 13:12:03.44 118.1066 -30.3354 2.5065 2.5047 2.5108 2.4903 2.4906 2.4714 2.4946 2.4842 2.4989 2.5077 2.5117 2.515 2.4778 2.4931 2.5043 2.5092 2.5053 2.4799 2.4818 2.4824 2.4808 2.5065 2.5059 2.5074 2.4769 2.4796 2.4711 2.4751 2.4836 2.4805 2.4952 2.4943 2.4769 2.4808 2.461 2.4921 2.4659 2.4934 2.4976 2.4699 2.5037 2.4943 2.4512 2.4873 2.5105 2.5208 2.4726 2.1442 65.6 65.0296 60.5 30.1 11.536 73.2139 -0.2417 258.5528 4.0284 1.1307 19.8
 13:12:04.44 117.8625 -30.1828 2.5047 2.5031 2.5083 2.4879 2.4885 2.4699 2.4934 2.4827 2.4979 2.5065 2.5111 2.5138 2.4766 2.4915 2.5031 2.5089 2.5047 2.4787 2.4808 2.4812 2.4796 2.505 2.5047 2.5059 2.4747 2.4787 2.4705 2.4738 2.4824 2.479 2.4943 2.4934 2.4757 2.4796 2.4607 2.4912 2.4638 2.4924 2.4967 2.4686 2.5025 2.4934 2.4506 2.4866 2.5089 2.5187 2.4735 1.9819 65.3 65.0449 60.5 30.1 11.7191 73.1223 -0.26 257.9119 3.9369 1.3092 19.8
 13:12:05.44 117.7099 -30.1828 2.5034 2.5013 2.5071 2.486 2.4879 2.4683 2.4912 2.4818 2.4961 2.5047 2.5089 2.512 2.4757 2.4909 2.5019 2.5068 2.5037 2.4769 2.4799 2.4796 2.4778 2.5037 2.5031 2.5043 2.4738 2.4772 2.4689 2.4726 2.4805 2.4775 2.4937 2.4921 2.4738 2.4778 2.4589 2.4903 2.4622 2.4912 2.4949 2.4668 2.5004 2.4912 2.45 2.4851 2.5083 2.5184 2.4751 1.8583 65.3 65.1669 60.8 30.7 11.9938 72.9392 -0.26 258.3697 3.6622 1.1307 19.8
 13:12:06.44 117.6031 -30.0455 2.5013 2.5004 2.5062 2.4845 2.4863 2.4665 2.49 2.4805 2.4955 2.5037 2.5074 2.5105 2.4747 2.4897 2.5004 2.5056 2.5031 2.476 2.4787 2.4781 2.4775 2.5031 2.5016 2.5037 2.472 2.4763 2.4671 2.4711 2.4802 2.4766 2.4918 2.4912 2.4726 2.4763 2.4583 2.49 2.4607 2.4897 2.4934 2.4662 2.4995 2.49 2.4488 2.4851 2.5068 2.5178 2.4769 1.7814 65.3 65.1364 60.8 30.7 11.6276 73.0308 -0.2637 257.4541 3.5707 1.1307 20.2
 13:12:07.44 117.5115 -29.9234 2.501 2.4995 2.505 2.4848 2.4854 2.4662 2.4888 2.4799 2.4955 2.5025 2.508 2.5101 2.4735 2.4894 2.5007 2.5059 2.5022 2.4757 2.4784 2.4781 2.476 2.5022 2.5013 2.5025 2.472 2.4757 2.4671 2.4711 2.4796 2.4763 2.4924 2.4909 2.4723 2.476 2.458 2.4891 2.4601 2.4891 2.494 2.4656 2.4995 2.4906 2.4494 2.4842 2.5059 2.5172 2.4793 1.7408 66 65.2203 60.8 30.7 11.9022 72.7866 -0.26 257.4541 3.9369 0.6546 20.2
 13:12:08.44 117.4963 -29.8929 2.4995 2.4982 2.5047 2.4836 2.4839 2.4647 2.4879 2.479 2.4937 2.5016 2.5065 2.5095 2.4729 2.4885 2.4998 2.505 2.5016 2.4741 2.4781 2.4766 2.4754 2.5016 2.5001 2.5025 2.4711 2.4741 2.4662 2.4689 2.4784 2.4754 2.4912 2.4894 2.4711 2.4747 2.4577 2.4882 2.4595 2.4882 2.4918 2.4644 2.4989 2.4894 2.4491 2.4836 2.5053 2.5169 2.4812 1.7185 66 65.1746 61.5 31 11.4444 72.7866 -0.271 258.095 4.12 0.7736 20.2
 13:12:09.44 117.3437 -29.8166 2.4976 2.4961 2.5025 2.4802 2.4818 2.4631 2.4863 2.4775 2.4918 2.5001 2.5047 2.5071 2.4714 2.4866 2.4976 2.5031 2.4998 2.4723 2.4754 2.4751 2.4729 2.4992 2.4982 2.5004 2.468 2.4723 2.4638 2.4671 2.4769 2.4741 2.4897 2.4882 2.4686 2.4726 2.4555 2.4866 2.457 2.4873 2.4897 2.4619 2.4961 2.4879 2.4482 2.4812 2.5031 2.5153 2.483 1.6892 66 65.1975 61.5 31 11.3529 72.6951 -0.2637 257.3626 3.6622 0.5356 20.5
 13:12:10.44 117.2674 -29.9234 2.497 2.4955 2.5019 2.4802 2.4812 2.4619 2.4848 2.4766 2.4912 2.4995 2.504 2.5059 2.4705 2.4857 2.4976 2.5031 2.4986 2.4717 2.4747 2.4747 2.4729 2.4986 2.4976 2.4992 2.4677 2.4708 2.4631 2.4668 2.476 2.4732 2.4894 2.4873 2.4686 2.472 2.4552 2.486 2.4567 2.4857 2.49 2.461 2.4952 2.4863 2.4482 2.4815 2.5025 2.5144 2.4815 1.6721 65.3 65.2356 61.5 31.3 11.3529 72.5425 -0.249 258.3697 4.0284 0.5356 20.5
 13:12:11.44 117.2979 -29.9539 2.4961 2.494 2.5019 2.4799 2.4802 2.4613 2.4839 2.4757 2.4912 2.4989 2.5037 2.505 2.4696 2.4851 2.4964 2.5025 2.4982 2.4705 2.4741 2.4744 2.472 2.4979 2.4973 2.4982 2.4674 2.4708 2.4622 2.4659 2.4751 2.4729 2.4888 2.4866 2.4668 2.4714 2.4543 2.4857 2.4564 2.4848 2.4885 2.461 2.4952 2.486 2.4476 2.4805 2.5016 2.5141 2.4805 1.6724 65.3 65.2356 61.5 31.3 11.536 72.3899 -0.2454 257.4541 3.9369 0.8927 20.5
 13:12:12.44 117.2063 -30.076 2.4946 2.4937 2.5004 2.4781 2.4784 2.4601 2.4836 2.4744 2.4894 2.4973 2.5019 2.5043 2.468 2.4836 2.4949 2.5013 2.497 2.4686 2.4726 2.4723 2.4705 2.497 2.4961 2.4967 2.4662 2.4696 2.461 2.4647 2.4738 2.4726 2.4885 2.4854 2.4668 2.4708 2.454 2.4851 2.4552 2.4842 2.4866 2.4598 2.494 2.4854 2.447 2.4799 2.4998 2.5129 2.4805 1.6611 65.3 65.228 61.5 31.3 11.6276 72.3899 -0.2564 258.4612 3.7538 0.7141 20.2
 13:12:13.44 117.13 -30.0607 2.494 2.4918 2.4995 2.4772 2.4784 2.4586 2.4821 2.4735 2.4888 2.4958 2.5007 2.5028 2.4668 2.4821 2.494 2.4998 2.4952 2.4683 2.4714 2.4711 2.4696 2.4955 2.4952 2.4964 2.4644 2.468 2.4598 2.4641 2.4723 2.472 2.4876 2.4848 2.4653 2.4683 2.4528 2.4842 2.4537 2.483 2.4854 2.4586 2.4931 2.4842 2.4464 2.479 2.4998 2.5114 2.479 1.6626 65.3 65.2356 61.5 31.3 11.6276 72.4815 -0.26 258.1866 3.6622 0.8927 20.2
 13:12:14.44 117.0995 -30.1523 2.4928 2.4912 2.4989 2.4763 2.4775 2.4589 2.4808 2.4726 2.4882 2.4958 2.4998 2.5013 2.4659 2.4812 2.4928 2.4992 2.4946 2.4668 2.4705 2.4702 2.468 2.4955 2.4931 2.4949 2.4638 2.4668 2.4589 2.4625 2.4714 2.4711 2.4873 2.483 2.4635 2.4674 2.4522 2.483 2.4531 2.4824 2.486 2.4577 2.4918 2.483 2.4461 2.4787 2.4982 2.5111 2.4784 1.6593 65.3 65.3195 61.5 31.3 11.7191 72.3899 -0.26 258.8275 3.7538 1.3688 20.2
 13:12:15.44 116.9927 -30.2133 2.4915 2.4897 2.497 2.4741 2.4747 2.4561 2.479 2.4711 2.4863 2.494 2.4986 2.5007 2.4641 2.4799 2.4906 2.4973 2.4928 2.4653 2.4696 2.4686 2.4668 2.4928 2.4924 2.494 2.4616 2.4647 2.4574 2.461 2.4696 2.4689 2.4857 2.4821 2.4628 2.4668 2.4503 2.4827 2.4516 2.4812 2.4842 2.4564 2.4909 2.4818 2.4448 2.4775 2.4973 2.5105 2.4769 1.6562 65.3 65.3653 61.5 31.3 12.0853 72.3594 -0.249 258.1866 3.7538 1.1902 20.2
 13:12:16.44 116.9774 -30.2591 2.4912 2.4891 2.4973 2.4751 2.4751 2.4555 2.4787 2.4705 2.4857 2.4937 2.4973 2.4989 2.4635 2.4793 2.4903 2.4973 2.4924 2.4647 2.4686 2.468 2.4662 2.4931 2.4912 2.4943 2.4622 2.4656 2.4564 2.4607 2.4696 2.4699 2.4866 2.4818 2.4613 2.4659 2.4512 2.483 2.4506 2.4805 2.483 2.4561 2.4897 2.4821 2.4458 2.476 2.4973 2.5098 2.4744 1.6507 65.3 65.3806 61.7 31.6 11.9938 72.3289 -0.2527 258.3697 3.9369 0.7141 20.2
 13:12:17.44 116.9774 -30.3049 2.4903 2.4882 2.4964 2.4732 2.4735 2.4543 2.4778 2.4696 2.4848 2.4924 2.4964 2.4982 2.4631 2.479 2.4903 2.4967 2.4918 2.4631 2.468 2.4671 2.465 2.4924 2.4912 2.4924 2.4601 2.4644 2.4561 2.4595 2.4696 2.4696 2.486 2.4815 2.4604 2.465 2.45 2.4818 2.4491 2.4796 2.483 2.4549 2.4894 2.4802 2.4442 2.4763 2.4958 2.5086 2.4723 1.6474 65.3 65.3195 61.7 31.6 11.7191 72.2678 -0.249 257.7288 3.9369 0.7141 20.2
 13:12:18.44 116.8554 -30.3201 2.4882 2.4857 2.4946 2.4714 2.4717 2.4534 2.4754 2.4671 2.4833 2.4906 2.4952 2.4964 2.4607 2.4766 2.4879 2.4952 2.49 2.4628 2.4662 2.465 2.4631 2.4903 2.4903 2.4915 2.4592 2.4625 2.4546 2.458 2.4668 2.4677 2.4845 2.4799 2.4592 2.4631 2.4482 2.4812 2.4485 2.4784 2.4805 2.4531 2.4873 2.4793 2.4433 2.4744 2.4937 2.5053 2.4671 1.6443 65.3 65.4035 61.7 31.6 11.536 72.2373 -0.249 258.2781 3.9369 0.8332 20.2
 13:12:19.44 116.8401 -30.3964 2.4879 2.4857 2.494 2.4708 2.4714 2.4531 2.4751 2.4677 2.4827 2.49 2.4946 2.4958 2.4601 2.4766 2.4885 2.4943 2.4894 2.4622 2.4659 2.4653 2.4638 2.4906 2.4894 2.4912 2.4592 2.4628 2.4543 2.458 2.4668 2.4677 2.4845 2.4793 2.4589 2.4625 2.4479 2.4812 2.4479 2.4775 2.4805 2.4522 2.487 2.4784 2.4433 2.4744 2.4934 2.5059 2.4653 1.6456 65.3 65.3729 61.7 32 11.7191 72.1763 -0.238 258.095 3.9369 0.8927 20.2
 13:12:20.44 116.8706 -30.2744 2.4873 2.4854 2.494 2.4696 2.4705 2.4522 2.4751 2.4665 2.4821 2.4897 2.494 2.4952 2.4598 2.4757 2.487 2.4943 2.4888 2.4613 2.4653 2.4644 2.4631 2.4903 2.4891 2.4906 2.4583 2.4622 2.4543 2.4574 2.4668 2.4677 2.4842 2.4793 2.4586 2.4628 2.4488 2.4808 2.447 2.4772 2.4805 2.4512 2.4866 2.4775 2.4433 2.4738 2.4921 2.5053 2.4638 1.6449 65.3 65.3729 61.7 32 11.2613 72.2678 -0.2637 258.1866 4.0284 0.8927 20.2
 13:12:21.44 116.7028 -30.3354 2.4851 2.4827 2.4915 2.4683 2.4693 2.4506 2.4723 2.4647 2.4805 2.4879 2.4918 2.4931 2.4574 2.4741 2.4857 2.4921 2.4876 2.4595 2.4631 2.4622 2.4613 2.4888 2.4876 2.4891 2.4564 2.4598 2.4528 2.4561 2.4638 2.4656 2.4824 2.4772 2.4564 2.4601 2.447 2.4796 2.4464 2.4757 2.4781 2.4497 2.4842 2.476 2.4415 2.4714 2.4906 2.5031 2.461 1.6431 65.3 65.3806 61.7 32 11.4444 72.2678 -0.26 258.1866 4.2116 0.9522 20.2
 13:12:22.44 116.7486 -30.2438 2.4851 2.4833 2.4915 2.468 2.4689 2.45 2.4726 2.4647 2.4802 2.4882 2.4915 2.4934 2.458 2.4738 2.486 2.4934 2.4873 2.4595 2.4635 2.4628 2.4616 2.4891 2.4873 2.4894 2.4567 2.4598 2.4522 2.4552 2.4647 2.4659 2.4827 2.4775 2.4558 2.461 2.447 2.4793 2.4451 2.4751 2.4778 2.4494 2.4845 2.4757 2.4415 2.4726 2.49 2.5037 2.461 1.6456 65.3 65.2661 62 31.6 11.3529 72.1458 -0.2637 257.3626 4.0284 0.8927 20.2
 13:12:23.44 116.6723 -30.2133 2.4839 2.4821 2.4906 2.4665 2.4677 2.4494 2.4708 2.4635 2.479 2.4876 2.4912 2.4928 2.4567 2.4729 2.4845 2.4928 2.4863 2.4586 2.4631 2.4616 2.4604 2.4876 2.4866 2.4885 2.4561 2.4589 2.4512 2.4543 2.4631 2.4656 2.4821 2.476 2.4549 2.4598 2.4458 2.4787 2.4439 2.4735 2.4766 2.4479 2.4833 2.4744 2.4409 2.4708 2.49 2.5022 2.4607 1.6465 65.3 65.228 62 31.6 11.536 72.1458 -0.2637 258.8275 3.8453 1.0117 20.2
 13:12:24.44 116.7028 -30.1218 2.4824 2.4805 2.4888 2.4653 2.4665 2.4482 2.4702 2.4622 2.4781 2.4857 2.4909 2.4912 2.4555 2.4726 2.4848 2.4906 2.4854 2.4577 2.4622 2.4616 2.4598 2.4866 2.4857 2.4879 2.4549 2.4577 2.4503 2.454 2.4619 2.4641 2.4815 2.4747 2.4543 2.458 2.4445 2.4775 2.4433 2.4726 2.4763 2.4473 2.4824 2.4738 2.4396 2.4702 2.4888 2.5022 2.4607 1.6507 65.3 65.3348 62 31.6 11.4444 72.1458 -0.2344 258.4612 3.6622 1.0117 19.8
 13:12:25.44 116.6417 -30.0912 2.4818 2.4799 2.4882 2.465 2.4659 2.447 2.4689 2.4616 2.4766 2.4857 2.4891 2.4906 2.4552 2.4723 2.4842 2.4906 2.4848 2.4574 2.4613 2.461 2.4595 2.486 2.4848 2.4873 2.4546 2.4577 2.4497 2.4531 2.4613 2.4638 2.4812 2.4741 2.4528 2.4574 2.4445 2.4775 2.4424 2.4723 2.4747 2.4461 2.4808 2.4732 2.4406 2.4699 2.4873 2.501 2.461 1.6553 65.3 65.3958 62 32 11.536 72.1458 -0.2197 257.8204 3.2044 0.8332 19.8
 13:12:26.44 116.6417 -29.9539 2.4808 2.4787 2.4882 2.4631 2.4647 2.4464 2.4683 2.461 2.4775 2.4845 2.4888 2.49 2.4546 2.4708 2.4827 2.49 2.4845 2.4561 2.4607 2.4598 2.4583 2.4854 2.4839 2.4866 2.4528 2.4564 2.4488 2.4516 2.4604 2.4628 2.4802 2.4732 2.4522 2.4567 2.4436 2.4769 2.4409 2.4711 2.4744 2.4451 2.4808 2.4726 2.4403 2.4689 2.486 2.5004 2.4604 1.6565 65.3 65.3958 62 32 11.0782 72.1458 -0.26 258.919 3.9369 0.5951 19.8
 13:12:27.44 116.5807 -29.9844 2.4793 2.4772 2.487 2.4613 2.4631 2.4448 2.4671 2.4598 2.4747 2.4839 2.4879 2.4882 2.4531 2.4699 2.4815 2.4891 2.4833 2.4555 2.4592 2.4577 2.4567 2.4848 2.4833 2.4854 2.4519 2.4543 2.447 2.4503 2.4589 2.4616 2.4784 2.472 2.4503 2.4555 2.4421 2.4751 2.4396 2.4696 2.4729 2.4442 2.4793 2.4711 2.439 2.4683 2.4857 2.4998 2.4616 1.6608 65.3 65.3729 62 32 10.9867 72.0237 -0.2637 258.3697 3.5707 0.7736 19.8
 13:12:28.44 116.5807 -29.8471 2.4787 2.4775 2.486 2.4613 2.4631 2.4451 2.4671 2.4598 2.4757 2.4833 2.4882 2.4891 2.4525 2.4696 2.4808 2.4885 2.4833 2.4552 2.4595 2.458 2.4564 2.4845 2.4824 2.4848 2.4509 2.4549 2.447 2.4503 2.4586 2.4616 2.4787 2.4717 2.45 2.4546 2.4427 2.476 2.4396 2.4696 2.4723 2.4439 2.4787 2.4708 2.4384 2.4683 2.4857 2.4998 2.4631 1.6691 65.3 65.3882 62.3 32 11.3529 72.2068 -0.2637 258.0035 3.4791 0.4166 19.8
 13:12:29.44 116.5349 -29.7861 2.479 2.476 2.4857 2.4619 2.4619 2.443 2.4656 2.4595 2.4754 2.4824 2.4866 2.4879 2.4522 2.4693 2.4812 2.4879 2.483 2.454 2.4586 2.4567 2.4552 2.4833 2.4818 2.4836 2.4503 2.4534 2.4451 2.4488 2.4574 2.4607 2.4784 2.4714 2.4491 2.4543 2.4418 2.4747 2.439 2.4696 2.4714 2.443 2.479 2.4705 2.4387 2.468 2.4848 2.4995 2.465 1.6746 65.3 65.434 62.3 32 11.4444 72.2678 -0.2747 258.5528 3.6622 0.4761 19.8
 13:12:30.44 116.5044 -29.9234 2.4781 2.4754 2.4854 2.461 2.4619 2.4439 2.465 2.4583 2.4738 2.4821 2.4866 2.4873 2.4512 2.468 2.4796 2.4873 2.4815 2.4534 2.4577 2.4558 2.4549 2.4821 2.4812 2.4824 2.4491 2.4525 2.4448 2.4482 2.457 2.4604 2.4778 2.4705 2.4482 2.4534 2.4415 2.4744 2.4384 2.4683 2.4708 2.4427 2.4781 2.4696 2.4381 2.4674 2.4845 2.4992 2.4659 1.6822 65.3 65.3195 62.3 32 11.4444 72.2068 -0.2673 257.9119 3.6622 0.7736 19.8
 13:12:31.44 116.4739 -29.9234 2.4763 2.4751 2.4842 2.4598 2.4613 2.4424 2.4653 2.458 2.4735 2.4812 2.486 2.4866 2.4506 2.4683 2.4796 2.487 2.4815 2.4534 2.4567 2.4558 2.454 2.4818 2.4802 2.483 2.4485 2.4519 2.4445 2.4473 2.4561 2.4601 2.4775 2.4693 2.4473 2.4531 2.4403 2.4738 2.4375 2.4671 2.4696 2.4415 2.4775 2.4689 2.4387 2.4668 2.4836 2.4982 2.4677 1.6898 65.6 65.4035 62.6 32.2 11.7191 72.1458 -0.26 258.5528 3.9369 0.5951 19.8
 13:12:32.44 116.4281 -29.9997 2.4757 2.4744 2.4833 2.4595 2.4607 2.4415 2.4641 2.4564 2.4726 2.4805 2.4851 2.4857 2.4488 2.4671 2.4781 2.4863 2.4799 2.4516 2.4558 2.4546 2.4525 2.4805 2.479 2.4812 2.4479 2.4512 2.4436 2.4464 2.4546 2.4589 2.4769 2.4686 2.4464 2.4516 2.44 2.4735 2.4366 2.4665 2.4702 2.4406 2.4766 2.4686 2.4378 2.4659 2.4824 2.4973 2.4689 1.6999 65.6 65.3806 62.6 32.2 11.6276 72.0542 -0.26 257.8204 3.9369 0.4761 19.8
 13:12:33.44 116.4892 -29.9539 2.476 2.4735 2.4833 2.4583 2.4601 2.4409 2.4635 2.4564 2.4729 2.4805 2.4848 2.4851 2.4491 2.4671 2.4793 2.4857 2.4799 2.4512 2.4555 2.4543 2.4537 2.4799 2.4793 2.4808 2.4476 2.4509 2.443 2.4464 2.4555 2.4583 2.4766 2.4686 2.4454 2.4516 2.4396 2.4726 2.436 2.4668 2.4699 2.44 2.4763 2.468 2.4378 2.465 2.4818 2.4979 2.4696 1.7142 65.6 65.35 62.6 32.2 11.6276 72.0847 -0.2527 258.3697 4.0284 0.8927 20.2
 13:12:34.44 116.4281 -30.1065 2.4744 2.4726 2.4821 2.4574 2.4592 2.4412 2.4622 2.4558 2.4717 2.4793 2.4839 2.4842 2.4476 2.4656 2.4772 2.4842 2.4796 2.4503 2.454 2.4525 2.4519 2.4787 2.4781 2.4805 2.4454 2.4494 2.4412 2.4448 2.454 2.4589 2.4763 2.4677 2.4442 2.4503 2.439 2.472 2.4348 2.465 2.4686 2.4387 2.4751 2.4674 2.436 2.4644 2.4808 2.497 2.4699 1.7121 65.6 65.6095 62.3 32.2 12.0853 72.1152 -0.2344 258.1866 4.0284 0.4761 20.2
 13:12:35.44 116.3823 -30.137 2.4741 2.472 2.4818 2.4567 2.4577 2.44 2.4613 2.4546 2.4708 2.4793 2.483 2.4836 2.4461 2.4647 2.476 2.4845 2.4778 2.4494 2.4534 2.4519 2.4506 2.4781 2.4769 2.4796 2.4451 2.4482 2.4412 2.4442 2.4525 2.4586 2.4744 2.4674 2.4442 2.4488 2.4384 2.4714 2.4354 2.4644 2.4674 2.4384 2.4751 2.4665 2.436 2.4641 2.4812 2.4958 2.4689 1.7228 65.6 65.3958 62.3 32.2 11.3529 72.1763 -0.249 258.919 3.9369 0.4761 20.2
 13:12:36.44 116.3518 -30.2133 2.4735 2.4717 2.4818 2.4567 2.458 2.439 2.4613 2.4543 2.4702 2.4775 2.4833 2.4815 2.4467 2.4641 2.476 2.4836 2.4778 2.4494 2.4531 2.4519 2.4506 2.4784 2.4772 2.479 2.4445 2.4482 2.4406 2.4442 2.4531 2.4577 2.4747 2.4662 2.4445 2.4491 2.4381 2.472 2.4348 2.4644 2.4674 2.4378 2.4744 2.4665 2.4363 2.4635 2.4799 2.4958 2.4693 1.7328 65.6 65.5789 62.3 32.2 11.6276 72.1763 -0.249 257.5457 3.7538 0.6546 20.2
 13:12:37.44 116.306 -30.2133 2.4726 2.4708 2.4808 2.4552 2.4567 2.4387 2.4604 2.4534 2.4693 2.4772 2.4815 2.4815 2.4454 2.4635 2.4754 2.4827 2.4766 2.4485 2.4519 2.4509 2.4488 2.4775 2.476 2.4784 2.4439 2.4467 2.44 2.4433 2.4519 2.4577 2.4747 2.4659 2.4427 2.4485 2.4378 2.4711 2.4332 2.4635 2.4656 2.4366 2.4732 2.4656 2.436 2.4635 2.479 2.494 2.4696 1.7432 65.3 65.5637 62.6 32.2 11.7191 72.2678 -0.26 258.4612 4.12 0.7141 20.2
 13:12:38.44 116.4281 -30.2133 2.4723 2.4714 2.4808 2.4555 2.457 2.4387 2.4598 2.4525 2.4693 2.4766 2.4812 2.4818 2.4461 2.4628 2.4754 2.4818 2.4769 2.4479 2.4525 2.45 2.4488 2.4781 2.476 2.4781 2.4436 2.447 2.44 2.443 2.4512 2.458 2.4754 2.4662 2.4424 2.4482 2.4378 2.4717 2.4339 2.4631 2.4662 2.4372 2.4735 2.4656 2.436 2.4631 2.4784 2.4946 2.4696 1.7954 65.3 65.6095 62.6 32.2 11.6276 72.2068 -0.2454 258.8275 3.7538 0.7141 19.8
 13:12:39.44 116.3366 -30.5185 2.4708 2.4693 2.479 2.454 2.4549 2.436 2.4586 2.4512 2.4671 2.4757 2.4799 2.4793 2.4433 2.4607 2.4723 2.4805 2.4751 2.4464 2.4506 2.4482 2.4467 2.476 2.4754 2.4763 2.4427 2.4461 2.4384 2.4415 2.4497 2.4552 2.4729 2.4638 2.4409 2.4461 2.4357 2.4705 2.4317 2.4619 2.4641 2.4348 2.472 2.4638 2.4339 2.4616 2.4769 2.4924 2.468 1.8519 65.3 65.6247 62.6 32.2 11.9938 72.2373 -0.2673 257.7288 3.7538 0.7141 19.8
 13:12:40.44 116.4739 -30.3964 2.4708 2.4686 2.4781 2.4528 2.4549 2.4363 2.4583 2.4512 2.4668 2.4751 2.4793 2.479 2.4433 2.461 2.4723 2.4805 2.4751 2.4461 2.4506 2.4485 2.4473 2.4757 2.4744 2.4763 2.4421 2.4451 2.4384 2.4412 2.4497 2.4561 2.4732 2.4638 2.4412 2.4464 2.4363 2.4696 2.4317 2.4616 2.4647 2.4351 2.472 2.4641 2.4342 2.4619 2.4769 2.4931 2.4689 1.9611 65.3 65.5332 63 32.8 12.0853 72.1763 -0.2673 259.0106 3.7538 0.8927 19.8
 13:12:41.44 116.5502 -30.3354 2.4708 2.4683 2.4784 2.4525 2.4543 2.4354 2.4577 2.45 2.4656 2.4747 2.479 2.4787 2.4427 2.4607 2.4729 2.4799 2.4741 2.4454 2.4497 2.4482 2.4476 2.4754 2.4744 2.4766 2.4418 2.4445 2.4378 2.4409 2.4497 2.4561 2.4726 2.4635 2.44 2.4454 2.436 2.4702 2.4308 2.4619 2.4638 2.4335 2.4711 2.4635 2.4348 2.461 2.4757 2.4921 2.4702 2.0881 65.3 65.64 63 32.8 11.9022 72.3594 -0.2673 258.4612 3.9369 0.9522 19.8
 13:12:42.44 116.6112 -30.3354 2.4693 2.4668 2.4763 2.4516 2.4531 2.4335 2.4552 2.4497 2.4644 2.4735 2.4775 2.4772 2.4415 2.4595 2.4714 2.4799 2.4729 2.4442 2.4485 2.4464 2.4454 2.4738 2.4732 2.4754 2.4403 2.443 2.4366 2.4393 2.4479 2.4546 2.472 2.4619 2.4387 2.4448 2.4345 2.4693 2.4299 2.4604 2.4619 2.4323 2.4696 2.4613 2.4332 2.4598 2.4747 2.4912 2.4683 2.1812 65.3 65.5942 63 32.8 11.6276 72.3594 -0.26 258.2781 4.0284 1.0712 19.8
 13:12:43.44 116.718 -30.3659 2.4686 2.4668 2.4766 2.4516 2.4531 2.4339 2.4564 2.4485 2.4647 2.4729 2.4784 2.4778 2.4412 2.4595 2.4714 2.4796 2.4729 2.4454 2.4491 2.4467 2.4461 2.4757 2.4732 2.4751 2.4409 2.4436 2.4369 2.4396 2.4485 2.4549 2.4723 2.4625 2.439 2.4448 2.4345 2.4696 2.4296 2.4604 2.4622 2.4329 2.4705 2.4619 2.4339 2.4598 2.4741 2.4909 2.4686 2.2578 65.3 65.5637 62.6 32.8 11.3529 72.4815 -0.238 258.095 4.12 1.1902 19.8



Initial Polarization Results 
Polarization Behavior of Both Stacks Was Comparable
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 Systems were procured in May 2008

 Stacks consisted of 40 cells each



Initial Polarization Results
Power vs. Current Curves Were Almost Identical
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Example Results from Constant Power Test
• Test ran for 120 continuous hours

• Test system operated unattended 
(but with shutdown safety systems 
activated)
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• Voltage oscillations
– Cycle time: ~2 h

– Magnitude of fluctuation: ~0.7%



Example Results from DST Aging Test (1)

• After every 100-125 hours, the performance of the system was characterized by 
reference performance tests (RPTs), which included polarization curves

• Over the course of the experiment, very little change in stack voltage was seen
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Example Results from DST Aging (2)

• Over the course of the experiment, very little change in stack power was seen
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Protocol Comparison

• Different sets of fuel cell stack testing protocols were developed by DOE and by 
FCTESQA (a Framework Program in the EU)

• Both sets of protocols characterize the performance and life of fuel cell stacks

• Basic question to be answered:  How do the differences in the protocols impact 
the observed fuel cell life?  For example, does one set of test protocols stress 
the stack more than the other?

– Understanding the differences will help DOE and fuel cell developers better 
understand test results

– May facilitate fuel cell development

• A test plan was developed that incorporated both sets of protocols and the test 
was performed at Argonne

– An old, 15-kW stack was used in these tests



Comparison with Polarization Curve Protocol Used 
in EU

• In the sequential polarization test, the protocols start at different current densities 
and proceed monotonically up and down in current density

– FCTESQA protocol specifies that only the current-decreasing portion of the curve be 
reported

• The FCTESQA protocol has no equivalent of a random polarization curve

• Conditions used:
– T=65oC; 1 atm

– 100% humidification

– Fuel utilization: 56%

– Oxidant utilization: 35%

– These conditions can change 
with system needs
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Comparison of Results from the Two Protocols (1)

• An old, previously-tested 15-kW stack was characterized and used for the tests

• Comparing the current polarization behavior with that measured in 2002 shows 
some degradation, ~7.5% at maximum current density 
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Comparison of Results from the Two Protocols (2)

• No significant differences seen between the two protocols  
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Comparison of Results from Dynamic Cycling
DOE vs. FCTESQA

• Two dynamic profiles have been proposed by FCTESQA, A and B 

• Comparing the profiles from DOE and from FCTESQA shows:
– Different current densities, times, and ramp rates are used for current on / current off

• Question: How does the dynamic cycling profile affect aging?
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Dynamic Cycling – Comparison of Effect of DST Profile with 
That of FCTESQA Profile B on Stack Performance

• Perform ~75-h cycling tests using DST profile and using FCTESQA profile B on old, 
15-kW stack

• Sequential polarization curves show effect on stack performance
– DST: 7.4% change in performance

– FCTESQA B profile: an additional 2.0% change in performance

• DST profile seems to age the 
stack faster; we will use 
FCTESQA profile A next to 
complete the study as well
as investigate path 
dependencies 
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Summary

• FCTF acquires and benchmarks commercial fuel cell stacks and systems to 
provide DOE with information regarding the state-of-the art in the 
technology

• Testing in FCTF is modeled after US protocols.  International test protocols 
would facilitate data exchange and, hence, technology validations.  The 
FCTF is active in the proposal, evaluation and adoption of standardized 
test methods

• FCTF has the ability to gauge development of fuel cell technology and is 
continuously upgrading capabilities (e.g., larger cooling capacity, fast gas 
transients, and low temperatures)
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