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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
FUEL CELL TECHNOLOGIES –  

 
Part 3-201: Stationary fuel cell power systems –  

Performance test methods for small fuel cell power systems 
 

AMENDMENT 1 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees. 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications. 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 

Amendment 1 to IEC 62282-3-201:2017 has been prepared by IEC technical committee 105: 
Fuel cell technologies. 

The text of this Amendment is based on the following documents: 

Draft Report on voting 

105/839/CDV 105/866/RVC 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this Amendment is English. 
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/standardsdev/publications/. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be 

• reconfirmed,

• withdrawn,

• replaced by a revised edition, or

• amended.

___________ 

INTRODUCTION to Amendment 1 

This amendment to IEC 62282-3-201:2017 provides a method of estimating the electric and 
heat recovery efficiency of small stationary fuel cell power systems for a duration of up to ten 
years of operation. Furthermore, this amendment to IEC 62282-3-201:2017 provides an 
evaluation method for electric demand-following small stationary fuel cell power systems, which 
are operating at changing levels of power output. It has been developed as a reference for the 
life cycle assessment calculations in IEC TS 62282-9-101. 

3 Terms and definitions 

Add, at the end of Clause 3, the following new entries: 

3.41 
test duration 
duration of the complete test for the estimation of the electric and heat recovery efficiency up 
to ten years of operation, comprising a specific number of test runs 

3.42 
degradation rate 
reduction of the electric efficiency of a stationary fuel cell power system per time of operation 

Note 1 to entry: The degradation rate is expressed in efficiency per cent points per time (%/h). 

4 Symbols 

Table 1 – Symbols and their meanings for electric/thermal performance 

Replace the existing title of Table 1 with the following new title: 

Symbols and their meanings for electric and thermal performance 

Under the header relating to "Time", in the unit column for "Test duration", add the unit "h" after 
"s" and insert between the existing definitions of "Test duration" and "Start-up time" the 
following new symbol, definition and unit, as shown: 
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t Time  

∆t Test duration  s, h 

∆ta Number of hours between point s and point a h 

∆tst Start-up time s 

 

Under the header relating to "Efficiency", add, after the last existing definition of "Operation 
cycle electrical efficiency", the following new symbols, definitions and units: 

ηel,est,av Estimated average electric efficiency during one year of operation % 

ηel,est(k) Estimated electric efficiency at the end of year k % 

ηel,init 
Calculated value of the linear regression of the electric efficiency at the time of 
point a % 

Δηel Approximated degradation rate of the electric efficiency %/h 

ηth,est(k) Estimated heat recovery efficiency at the end of year k % 

 

9 Test set-up 

Add, after the first paragraph and before Figure 3, the following new paragraph: 

For the electric demand-following test (14.14), the electric load shall be capable of applying or 
simulating an electric load profile to the system. It may be replaced or upgraded by a device, 
which is capable of doing this. Alternatively, the tested small stationary fuel cell power system 
may be equipped with means for setting and operating a load profile. 

14 Type tests on electric/thermal performance 

Replace the existing title of Clause 14 with the following new title: 

Type tests on electric and thermal performance 

Add, at the end of 14.12.11, the following new subclauses: 

14.13 Estimation of electric and heat recovery efficiency up to ten years of operation  

14.13.1 General 

The main objective of this test is to identify and evaluate the environmental performance of a 
small stationary fuel cell power system based on life cycle approach. The test estimates the 
electric efficiency through lifetime due to long term effects on the small stationary fuel cell power 
system. 

NOTE Approximating the degradation rate on small stationary fuel cell power systems is only useful if there is 
substantial daily operation, which is not the case for e.g. backup power systems. 

Figure 16 shows an example of electric efficiency during ten years of operation. 
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Key 

s  starting point of the operation 

a  point at which degradation rate starts to be almost constant 

b  point at which degradation rate is confirmed as almost constant 

c  point when the operation duration is ten years, at which the electric efficiency is calculated by the linear 
extrapolation of the behaviour between a and b 

Δta number of hours between point s and point a 

ηel,init calculated value of the linear regression of the electric efficiency at the time of point a 

Δηel approximated degradation rate of the electric efficiency 

Figure 16 – Example of electric efficiency during ten years of operation  

In general, electric efficiency is gradually degraded with the passage of time. However, the 
degradation rate is not stable at the beginning of the lifetime of a small stationary fuel cell power 
system, such as the time between the points s and a. 

The approximated degradation rate Δηel is obtained from the change rate of electric efficiency 
over the test duration from point a to point b. Electric efficiency at point b is expected to be 
lower than that at point a. 

14.13.2 Test method 

Start up the system and operate it at rated power output, either 

• in continuous mode, if the purpose of the system is to deliver power output in a continuous 
way (e.g. combined heat and power systems) and if allowed by the system specification, or 
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• in cycling mode, if the purpose of the system is to deliver power output in a continuous way, 
but the system requires regular start-stop operation cycles (e.g. for recovery purposes). The 
system shall be operated at maximum allowed continuous operating hours at rated electric 
power output and at minimum required continuous operation at zero electric power output, 
as given by the system specifications, or 

NOTE 1 Typically this is a daily recovery cycle, such as 23 h of rated operation and 1 h of zero electric power 
output. 

• in discontinuous mode, if the purpose of the system is to deliver power output in a non-
continuous way (e.g. power generators in remote areas). A daily duty cycle, which is typical 
for such a system and its application, shall be specified and applied to the system during 
testing. The duty cycle shall include at least one phase of rated power output, which is 
longer than 3,5 h. 

NOTE 2 The minimum test duration for a rated power output test is 3,5 h (30 min of stabilization followed by 
3 h of measurements, see test methods in 14.2, 14.3 and 14.4). 

During the test several different test runs of equal duration are carried out. Define the duration 
of the test runs and carry out performance measurements according to 14.2, 14.3 and 14.4 for 
each test run, which is named as run(m−1), run(m), run(m+1), and so forth in Figure 16. 

The duration of the test run shall be chosen between a minimum of three hours and a maximum 
of 24 h. The first test run shall be applied right after start-up in point s, when rated output is 
reached. Continuous processing of test runs is not required, there may be gaps between two 
test runs, but operation shall be continued during this gap. 

Small stationary fuel cell power systems may operate in a cycling or discontinuous mode. In 
this case, the test run shall be put in a period of rated operation and not in a period of the 
system being in start-up, ramp-up, shutdown, storage or pre-generation state. 

The test shall be continued until at least 1 000 h after the degradation rate of the electric 
efficiency has become almost constant, which means that the coefficient of determination of the 
linear regression between point a and point b is higher than 0,95. 

The electric efficiency of each test run shall be calculated according to 14.10. 

Point a and point b shall be found by tracing back the efficiency results of the single test runs 
and calculating the coefficient of determination after each test. The interval for the calculation 
of the coefficient of determination shall be evaluated on the following requirements: 

• coefficient of determination of the electric efficiency > 0,95; 

• duration of the interval ≥ 1 000 h; 

• number of tests runs in the interval ≥ 6. 

If an interval is found, which fulfils these requirements, the starting point of the interval is point 
a and the ending point is point b. 

14.13.3 Calculation of estimated electric efficiency 

The approximated degradation rate Δηel (%/h) shall be determined from the absolute value of 
the slope of the linear regression between the points a and b. 

The estimated electric efficiency after each year of operation is obtained by linear extrapolation 
of the behaviour between point a and point b when the degradation rate of the electric efficiency 
is almost constant, which means that the coefficient of determination of the linear regression of 
the electric efficiency is higher than 0,95. 

The estimated electric efficiency after ten years (maximum 87 600 h) of operation is obtained 
by using the same approach. 
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The estimated electric efficiency at the end of each year of operation shall be calculated by 
using Equation (59). The expected annual operating hours depend on the appliance purpose 
and shall be specified by the manufacturer. Operating hours are time intervals, where the stack 
is hot and in pre-generation state or operation state. Expected cold state intervals, for example 
due to seasonal shutdowns, may be subtracted from the maximum annual operating hours, 
which are 8 760 h. 

 ( ) ( )el,est el,init el op aη k η η k t t××= − ∆ − ∆   (59)  

where 
ηel,est(k) is the estimated electric efficiency at the end of year k (%); 

ηel,init is the calculated value of the linear regression of the electric efficiency at the time 
of point a (%); 

Δηel is the approximated degradation rate of the electric efficiency (%/h); 

top is the number of expected annual operating hours (h); 

Δta is the number of hours between point s and point a (h). 

The estimated average electric efficiency during the first year of operation is calculated from 
the average of the measured electric efficiency at point s and the estimated electric efficiency 
at the end of the first year of operation using Equation (60). 

 ( ) ( ) ( )el el,est
el,est,av

s 1
year1

2
η η

η
+

=  (60) 

where 
ηel,est,av(year1) is the estimated average electric efficiency during the first year of 

operation (%); 
ηel(s) is the measured electric efficiency after the start of the test (point s) (%); 

ηel,est(1) is the estimated electric efficiency at the end of the first year of operation 
(%). 

The estimated average electric efficiency during the second year of operation is calculated from 
the average of the estimated electric efficiency after the first year and the second year of 
operation using Equation (61), calculated by linear extrapolation of the approximated 
degradation rate using Equation (59). 

 ( ) ( ) ( )el,est el,est
el,est,av

1 2
year2

2
η η

η
+

=  (61) 

where 
ηel,est,av(year2) is the estimated average electric efficiency during the second year of 

operation (%); 
ηel,est(1) is the estimated electric efficiency at the end of year 1 (%); 

ηel,est(2) is the estimated electric efficiency at the end of year 2 (%). 

The estimated average electric efficiency during the third year and during each other year up 
to the tenth year shall be calculated, using the same approach as that used during the second 
year. 
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14.13.4 Calculation of estimated heat recovery efficiency 

The calculation of the estimated heat recovery efficiency during ten years of operation is based 
on the assumption that the overall energy efficiency remains rather constant. This means that 
losses in electric efficiency are gained in heat recovery efficiency. 

NOTE This assumption is proved by experience but is not valid for all cases. 

Each estimated heat recovery efficiency at the end of each year of operation can be calculated 
by subtracting each estimated electric efficiency at the same year from the initial overall energy 
efficiency measured at point s, which is the sum of the electric efficiency and heat recovery 
efficiency at the first test run, using Equation (62). 

 ηth,est(k) = ηth(s) + ηel(s) – ηel,est(k) (62) 

where 
ηth,est(k) is the estimated heat recovery efficiency at the end of year k (%); 

ηth(s) is the measured heat recovery efficiency at the initial test run (%); 

ηel (s) is the measured electric efficiency at the initial test run (%); 

ηel,est(k) is the estimated electric efficiency at the end of year k (%). 

The estimated average heat recovery efficiency during each year of operation shall be 
calculated by the average of the estimated heat recovery efficiency at the beginning and at the 
end of that year, using the approach of Equation (61). 

14.14 Electric demand-following test 

14.14.1 General 

This test is for measuring the fuel consumption, the electric power output and the recovered 
thermal power of a stationary small fuel cell power system, operating in electric demand-
following mode. Subsequently it provides a calculation method for electric, heat recovery and 
overall efficiencies, based on the measured values. 

NOTE The test conditions are defined in Clause 11. 

The test is carried out by applying in principle the test methods of 14.2, 14.3 and 14.4 to the 
system. 

14.14.2 Electric demand profile 

The test shall be carried out using a 24 h electric demand profile, which is applied to the system. 
The profile shall be chosen from available regional energy demand data. Depending on the 
objective of the test, it may be necessary to carry out tests with several different profiles.  

The ratio of the maximum electric demand of the profile and the maximum electric power output 
of the small stationary fuel cell system shall be chosen in a way that represents a typical 
application. The maximum demand of the profile may exceed the maximum electric power 
output of the fuel cell system temporarily, but not permanently. The demand profile shall 
represent a full day (24 h), with a resolution of at least 15 min. 

Figure 17 shows an example of an electric demand for a residential application. 
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Figure 17 – Example of the electric demand of a residential application 

14.14.3 Test method 

Carry out the test by concurrently applying the test methods for the fuel consumption test 
(14.2.1.2 or 14.2.2.2), for the electric power output test (14.3.2) and for the heat recovery test 
(14.4.2). 

Apply the following instead of 14.2.1.2 c) and d): 

c) Start the test by applying the values of electric demand profile to the system. 
d) Measure the fuel temperature, fuel pressure, and integrated fuel input flow (in volume or in 

mass). Each measurement shall be taken at intervals of 15 s or less during the entire 
duration of the electric demand profile of 24 h. 

Apply the following instead of 14.2.2.2 c) and e): 

c) Start the test by applying the values of electric demand profile to the system. 
e) Each measurement shall be taken at intervals of 15 s or less during the entire duration of 

the electric demand profile of 24 h. If fuel is to be supplied intermittently, the mass of the 
supplied fuel shall be measured and added to the value measured in d). 

Apply the following instead of 14.3.2 c) and d): 

c) Start the test by applying the values of electric demand profile to the system. 
d) Measure the electric energy output and electric energy input over the test duration. Each 

measurement shall be taken at intervals of 15 s or less during the entire duration of the 
electric demand profile of 24 h. 
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