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NREL RD&D accelerates the process of bringing sustainable 
transportation technologies to the market with the ultimate 
goals of: 
    

• Reduction of greenhouse 
gas emissions in the 
transportation sector to 
meet a 2050 goal of 80% 
below 2005 levels  

• Diversification of 
transportation energy 
sources to reduce 
petroleum consumption 
and promote U.S. energy 
security 

Sustainable Transportation Vision 

Figure by NREL 
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Why Hydrogen Fuel Cell Electric Vehicles 

Hydrogen FCEVs are clean, efficient, refuel quickly, and provide long driving range 

Challenges include hydrogen infrastructure cost and reliability, fuel cell durability and reliability  
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The Hydrogen Fueling Infrastructure Research and Station 
Technology (H2FIRST) Project 

Ensure that FCEV customers have a positive fueling experience relative to 
conventional gasoline/diesel stations as vehicles are introduced (2015–2017), 
and transition to advanced refueling technology beyond 2017. 

1. Reduce the installation cost of a hydrogen fueling station to be competitive with 
conventional liquid fuel. 

2. Improve the availability, reliability, and cost while ensuring the safety of high-
pressure components. 

3. Focus a flexible and responsive set of technical experts and facilities to help solve 
today’s urgent challenges and the future unpredicted needs. 

4. Enable distributed generation of renewable hydrogen in a broader energy 
ecosystem. 

 Stakeholders Partners Programs 

Delivered 

On-site 
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Renewable Hydrogen 
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Hydrogen and Fuel Cell Technology Validation at NREL 

Confirmation of component and system technical targets in 
real-world settings 
Evaluation, optimization, and demonstration in integrated 
energy systems 
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Key Analysis Topics 

Critical 

• Fuel cell durability 
• Vehicle operation 

(hours, miles) 
• Specs (power density, 

specific power) 
• Range, fuel economy, 

and efficiency 
• Fill performance 
• Reliability 

Important 

• Drive behaviors 
• Fill behaviors 
• Power management 
• Energy 
• Transients 
• Comparisons to 

conventional vehicles 
 

These key topics were selected based on review of past composite data products, 
targets, most commonly referenced topics, and DOE feedback. 
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FCEV Technology Validation Phases 
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FCEV Technology Validation Phases 
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FCEV Data Partners and Vehicles 

GM 

Mercedes-Benz 

Honda2 

Nissan North America2 

Toyota2 

Six Data 
Providers1 

2005 2006 2007 2008 2009 2010 2011 2012

 

Range of FCEV Model Years

 

  
 

 

  
  

 

  
 

 
        

         

1DOE project overview: 
• $5.5 million DOE funding 
• Data to be collected from up to ~90 vehicles 

2Project managed by Electricore 
Award completed 

Hyundai 
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CDPs 

DDPs 

Public 

Composite Data Products (CDPs)  
• Aggregated data across multiple systems, 

sites, and teams 
• Publish analysis results every six months 

without revealing proprietary data 

Detailed Data Products (DDPs)  
• Individual data analyses 

• Identify individual contribution to CDPs 
• Shared every six months only with the 

partner who supplied the data 

www.nrel.gov/hydrogen/proj_tech_validation.html 

NFCTEC Analysis and Reporting of  
Real-World Operation Data 

Results 

Bundled data (operation and 
maintenance/safety) delivered 

to NREL quarterly 
Internal analysis 

completed quarterly in 
NFCTEC 

National Fuel Cell  
Technology Evaluation Center 
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Data Templates and Tools 

Templates enable collection of similar data from all the projects 
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53 FCEV CDPs—Count and Category (Data through 6/2015) 
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1.3% fills more than 21 days apart.

NREL cdp_fcev_06
Created: Apr-30-15 11:47 AM | Data Through: 2014Q4

1. Data includes fills from 2012 - 2014. Fills < 1 hour apart are excluded
2. Some vehicles included in the data have scheduled driving aimed at accumulating
    high miles and operation time over a variety of conditions. These vehicles
    typically fill at least once a day. These vehicles are operated on public roads
    and driving is typical for the region.
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Created: May-05-15 12:47 PM | Data Through: 2014Q4 1. Data comes from fcev onboard sensors, includes fills from 2012 to 2014

2. Tanks range from 3.8 to 6.3 kg
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NREL cdp_fcev_09
Created: Apr-30-15  4:15 PM | Data Through: 2014Q4 1. Filters out fills > 1 hour in length and < 1 minute in length

2. Data comes from FCEV onboard sensors and is based on the end and start time of the trip data files around a fill
      

55% of fills are
between 5 and

10 minutes.

Tank Level At Fill

FE

22%

NREL cdp_fcev_15
Created: May-05-15 12:47 PM | Data Through: 2014Q4

1. Some refueling events (between 2012 and 2014) not recorded/detected due to data noise or incompleteness.
2. The outer arc is set at 25% total refuelings.
3. If tank level after fill was not available, a complete fill up was assumed.

Total refuelings1 = 12,750Median Tank Level (At Fill) = 29%
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FCEV Fills
Chevron Profile3

NREL cdp_fcev_16
Created: Apr-30-15 11:47 AM | Data Through: 2014Q4

Total Fill2 Events =
12,750

79.2% of fills b/t 6 AM & 6 PM

3. Friday Chevron profile "Hydrogen Delivery
Infrastructure Options Analysis", T. Chen.

1. Some events not recorded/detected due to
data noise or incompleteness.

2. UTC adjusted to local time using
meridian-based adjustments
and does not account for statutory deviations
from the meridian-based system.
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FCEV Fills
Chevron Profile1

NREL cdp_fcev_17
Created: Apr-30-15 11:49 AM | Data Through: 2014Q4 1. Chevron weekly demand profile "Hydrogen Delivery Infrastructure Options Analysis", T. Chen.

Deployment  
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NREL cdp_fcev_01
Created: Apr-30-15 11:49 AM | Data Through: 2014Q4

1. Vehicle reporting data to NFCTEC for the DOE fuel cell vehicle evaluation project.
   Some vehicles were in operation prior to 2013.
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NREL cdp_fcev_10
Created: Apr-30-15 11:49 AM | Data Through: 2014Q4
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NREL cdp_fcev_53
Created: Oct-30-15 10:45 AM | Data Through: 2015Q2
Included Vehicles: All

Specifications 
(#11, 12, 13, 48) 
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Created: Apr-30-15 11:48 AM | Data Through: 2014Q4

Fuel Cell Electric Vehicle (FCEV) Size Metrics in Evaluation Project
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NREL cdp_fcev_12
Created: Apr-30-15 11:48 AM | Data Through: 2014Q4

Fuel Cell Electric Vehicle (FCEV) Power Metrics in Evaluation Project

1) Fuel cell system includes fuel cell stack and balance of plant. Hydrogen
storage, power electronics, and electric drive are not included.
2) 2017 DOE technical target
(www.energy.gov/sites/prod/files/2014/03/f12/fuel-cells.pdf)
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NREL cdp_fcev_13
Created: Apr-30-15 11:48 AM | Data Through: 2014Q4

Fuel Cell Electric Vehicle (FCEV) Speed & Acceleration Metrics in Evaluation Project
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NREL cdp_fcev_48
Created: Sep-22-15  2:00 PM | Data Through: 2015Q2

Fuel Cell Electric Vehicle (FCEV) Power Metrics in Evaluation Project

1) 2020 DOE technical target Table 3.3.3
(www.energy.gov/sites/prod/files/2015/05/f22/fctomyrddstorage.pdf)

Included Vehicles: All
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Avg Final Pressure = 344 bar
% of Fills > 350 bar = 38%
Number of Fills = 2575

Avg Final Pressure = 713 bar
% of Fills > 700 bar = 63%
Number of Fills = 10121

Average
Nominal

NREL cdp_fcev_25
Created: Apr-30-15 11:48 AM | Data Through: 2014Q4 *The line at 450 bar separates 350 bar fills from 700 bar fills.  It is slightly over 

the allowable 125% of nominal pressure (437.5 bar) from SAE J2601.

H2 Performance 
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Avg Start Temp = 18 oC
% of Starting Temperatures
> 20 deg C = 36%
Number of Fills = 12750

Avg Final Temp = 41 deg C
% of Final Temperatures
> 60 deg C = 11%
Number of Fills = 12750

Tank Temp Before
Average Temp Before
Tank Temp After
Average Temp After

NREL cdp_fcev_28
Created: Apr-30-15  4:20 PM | Data Through: 2014Q4 *SAEJ2601 Limit
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NREL cdp_fcev_29
Created: Apr-30-15 11:47 AM | Data Through: 2014Q4 *SAEJ2601 Limit
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Created: Apr-30-15 11:49 AM | Data Through: 2014Q4 *SAEJ2601 Limits
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Vehicle Tank Temperatures: Before Fill versus Ambient Fill Events
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Created: Oct-30-15 12:11 PM | Data Through: 2015Q2

12,863 Fills

83.4% of fills
started with
the ambient
temperature
greater than

the
incoming
hydrogen

temperature

Included Vehicles: Partial

Fuel Cell Operation 
(# 24, 40, 45, 51, 52) 
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Created: Apr-30-15 11:48 AM | Data Through: 2014Q4 % Rated Max Fuel Cell Power
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All op time
Op time at low current2

NREL cdp_fcev_40
Created: Oct-31-15 12:53 PM | Data Through: 2015Q2

1

1) 100% max fuel cell voltage is approximately open-circuit voltage
2) Low current is < 10 A.Included Vehicles: Partial
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Linear Fit of Stack Hours and Miles
Miles based on CDP-FCEV-26 average speed of all trips

NREL cdp_fcev_51
Created: Oct-31-15 12:55 PM | Data Through: 2015Q2
Included Vehicles: Partial

Fuel Cell Durability 
(# 21, 22, 23, 31, 34, 43, 50) 
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NREL cdp_fcev_21
Created: Apr-30-15 11:49 AM | Data Through: 2014Q4

1 1

1) Range bars created using one data point for each fleet.  Some stacks have accumulated hours beyond 10% voltage degradation.
2) Voltage degradation is measured based on a projected time to a voltage drop, at a high current, level 10% lower than beginning of life
voltage. 10% voltage drop level is a DOE metric for assessing fuel cell durability.
3) Projections using on-road data are calculated at approximately 55 - 65% rated stack current.
4) 10% voltage drop is NOT an indication of an OEM's end-of-life criteria and projections do not address  catastrophic stack failure.
5) Each fleet has one voltage projection value that is the weighted average of the fleet's fuel cell stack projections.
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Fuel Cell 10% Voltage Degradation Against 2,500 Hour Target

NREL cdp_fcev_22
Created: Apr-30-15 11:48 AM | Data Through: 2014Q4

1) Voltage degradation is measured based on a projected time to a voltage drop, at a high current, level 10%
lower than beginning of life voltage. 10% Voltage degradation is a DOE metric for assessing fuel cell
performance not an indication of an OEM's end-of-life criteria.
2) Projections using field data and calculated at high stack current.
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Average of Fleet Projections1-3

NREL cdp_fcev_23
Created: Apr-30-15 11:48 AM | Data Through: 2014Q4

1) Voltage degradation is measured based on a projected time to a voltage drop, at a high current, level 10% lower than beginning of life
voltage. 10% Voltage degradation is a DOE metric for assessing fuel cell performance not an indication of an OEM's end-of-life criteria.
2) Projections using on-road data are calculated at high stack current.
3) Each fleet has one voltage projection value that is the weighted average of the fleet's fuel cell stack projections.
4) The projected hours vary based on the percentage of voltage degradation,
     but the projected hours do not imply that all stacks will (or do) operate to these voltage degradation levels.
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NREL cdp_fcev_31
Created: Apr-30-15  4:16 PM | Data Through: 2014Q4

147%
increase4

118%
increase4

1) Durability based on voltage degradation to 10% lower than beginning of life voltage. 10% voltage drop
    level is a DOE metric for assessing fuel cell durability.
2) Projections using on-road data are calculated at approximately 55 - 65% rated stack current.
3) 10% voltage drop is NOT an indication of an OEM's end-of-life criteria and projections do not address
    catastrophic stack failure.
4) Percent increases are calculated relative to LD1 (2006-2007).
5) Maximum operational hours not reported in LD2+ (2010-2011).
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1) Normalized by fleet median value at 200 hours.
2) Each segment point is median FC power (+-50 hrs).  Box not drawn if fewer than 3 points in segment.

Data Range
25th & 75th Percentiles
Group Median
Outlier
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Created: Oct-31-15 12:54 PM | Data Through: 2015Q2

Median power difference
from 0 hour segment to
1900 hour segment = -9.11%

Included Vehicles: Partial
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NREL cdp_fcev_50
Created: Oct-31-15 12:55 PM | Data Through: 2015Q2

1) Statistics by operation hours for individual stacks displayed as long as there were at least 3 stacks in the operation hour group.
2) Voltage degradation is measured based on a projected time to a voltage drop, at a high current, level 10% lower than beginning of
life voltage. 10% voltage drop level is a DOE metric for assessing fuel cell durability.
3) Projections using on-road data are calculated at approximately 55 - 65% rated stack current.
4) 10% voltage drop is NOT an indication of an OEM's end-of-life criteria. Projections do not address catastrophic stack failure.
5) Maximum FC stack operation hours is 5605. 15.4% stacks with more than 2,000 hours.

Included Vehicles: Partial
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2005 - 2007
2007 - 2009
2010 - 2011
2012 - 2014

NREL cdp_fcev_07

    Gen1 ~2005 - 2007
        Refuelings1 = 18,941
        Median distance between refuelings = 56 Miles
    Gen2 ~2007 - 2009
        Refuelings1 = 6,870
        Median distance between refuelings = 81 Miles

2010 - 2011 FCEV Operation 
  Refuelings1= 9,937
  Median distance between refuelings = 98 Miles

Data comes from fcev onboard sensors

Created: Apr-30-15 4:11 PM | Data Through: 2014Q4

2012 - 2014 FCEV Operation
Refuelings1 = 11,510
Top 90th Percentile3 = 204 Miles
Median distance between refuelings = 119 Miles

1. Some refueling events are not detected/reported due to data noise or incompleteness.
2. Distance driven between refuelings is indicative of driver behavior and does not represent the full range of the vehicle.
3. Events with over 400 miles between refueling are filtered out.
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Average gasoline car EPA adjusted
fuel economy5:

Model year 2004 = 22.8 mpg
Model year 2008 = 24.5 mpg
Model year 2013 = 27.6 mpg

Vehicle Average FE
Median Window Sticker3

NREL cdp_fcev_14
Created: Apr-30-15 11:47 AM | Data Through: 2014Q4

1) Calculated from on-road fuel cell stack current.
2) Excludes trips < 1 mile.
3) EPA Combined Rating.
4) 1 kg of hydrogen has the same energy content as 1 gallon (3.2 kg) of gasoline.
5) Source: EPA Light-Duty Automotive Technology, Carbon Dioxide Emissions, and Fuel Eocnomy Trends: 1975 - 2014.
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33%
increase

30%
increase

1) Range bars in the learning demo (LD) represented one data point for OEM's fleet
     mean.  2012-2014 analysis represents the spread of all vehicles.
2) Percent increases are calculated relative to LD1 (2006-2007).
3) Refer to NREL cdp_fcev_14 for more detailed information on current analysis.
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Driving 
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FCEV
NHTS3

NREL cdp_fcev_18
Created: Apr-30-15 11:49 AM | Data Through: 2014Q4

Total Drive2 Events
= 134,220

83.0% of driving trips b/t 6 AM & 6 PM

1. Some events not recorded/detected due to
data noise or incompleteness.

2. UTC adjusted to local time using
meridian-based adjustments
and does not account for statutory deviations
from the meridian-based system.

84.4% of NHTS trips b/t 6 AM & 6 PM

3. 2009 NHTS Data Includes Car, Truck, Van, &
SUV day trips
ASCII.csv Source:
http://nhts.ornl.gov/download.shtml#2009
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NREL cdp_fcev_19
Created: Apr-30-15 11:49 AM | Data Through: 2014Q4

1. 2009 NHTS Data Includes Car, Truck, Van, & SUV day trips
ASCII.csv Source: http://nhts.ornl.gov/download.shtml#2009
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Cumulative Frequency
@ 20 miles

DOE Fleet: 28.9%
NHTS: 41.6%

Cumulative Frequency
@ 40 miles

DOE Fleet: 43.9%
NHTS: 68.9%

1) 2009 NHTS Data Includes Car, Truck, Van, & SUV day trips
ASCII.csv Source: http://nhts.ornl.gov/download.shtml#2009
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107,102 trips

Average trip speed
28.3 mph

1) Excludes trips <= 1 mile (19.4%)
2) 2009 NHTS data includes Car, Truck, Van & SUV day trips

FCEV Data
NHTS Data2
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FCEV Speed (28.3 mph avg)
1015 Cycle (14.1 mph avg)
UDDS Cycle (19.6 mph avg)
HWFET Cycle (48.0 mph avg)
US06 Cycle (48.2 mph avg)
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Included Vehicles: Partial
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Included Vehicles: All
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Included Vehicles: Partial
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1) A trip is counted when the fuel cell has successfully started.
2) Trips/Hour based on 50 hour segments spanning stack operating period for stacks with greater than 100 operating hours.
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Created: Oct-31-15 12:52 PM | Data Through: 2015Q2
Included Vehicles: Partial
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1) A trip is counted when the fuel cell has successfully started.
2) Trips/Hour based on 50 hour segments spanning stack operating period for stacks with greater than 100 operating hours.

Data Range
25th & 75th Percentiles
Group Median
Outlier
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Included Vehicles: Partial
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Results are not all presented here but are available online at 
www.nrel.gov/hydrogen/proj_tech_validation.html 
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FCEV Deployment and Operation 
Summary in Evaluation Project through 2015CYQ2 

FCEVs retired 

Max fleet voltage durability  
(hours to 10% degradation metric) 

miles traveled 

Fuel cell  
operation hours 

Max FCEV odometer miles 

Max fuel cell 
operation hours 

Average on-road 
fuel economy miles/kg 

FCEVs 
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DOE MYRDD 2020 Target
Max Fleet Durability Projection5

Ave Fleet Durability Projection5

NREL cdp_fcev_21
Created: Oct-31-15 11:29 AM | Data Through: 2015Q2

1 1

Operation Hours and Projected Hours to 10% Voltage Drop(2-4)

1) Range bars created using one data point for each fleet.  Some stacks have accumulated hours beyond 10% voltage degradation.
2) Voltage degradation is measured based on a projected time to a voltage drop, at a high current, level 10% lower than beginning of life
voltage. 10% voltage drop level is a DOE metric for assessing fuel cell durability.
3) Projections using on-road data are calculated at approximately 55 - 65% rated stack current.
4) 10% voltage drop is NOT an indication of an OEM's end-of-life criteria and projections do not address  catastrophic stack failure.
5) Each fleet has one voltage projection value that is the weighted average of the fleet's fuel cell stack projections.

Included Vehicles: Partial

FCEV Operation Hours and Durability 

Wide range of operation 
hours within fleets, as 

well as the average fleet 
durability values 

FCEV operation hours and durability projections to 10% voltage degradation.  
Each fleet has a max and average fuel cell operation hours value and  

a weighted average hours to 10% voltage degradation. 
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NREL cdp_fcev_31
Created: Oct-31-15 12:51 PM | Data Through: 2015Q2

169%
increase4

129%
increase4

1) Durability based on voltage degradation to 10% lower than beginning of life voltage. 10% voltage drop
    level is a DOE metric for assessing fuel cell durability.
2) Projections using on-road data are calculated at approximately 55 - 65% rated stack current.
3) 10% voltage drop is NOT an indication of an OEM's end-of-life criteria and projections do not address
    catastrophic stack failure.
4) Percent increases are calculated relative to LD1 (2006-2007).
5) Maximum operational hours not reported in LD2+ (2010-2011).

Included Vehicles: Partial

FCEV Durability Trend 

FCEV voltage durability has 
continually improved over time.  

4,130 

2,200 

5,605 
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Fuel Cell Operation Hours with 10% Voltage Degradation Metric  

All fuel cell stacks with operation hours greater than 3,000 have 
more than 10% voltage degradation.  
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Fuel Cell Stack Efficiency at Power 

Fuel cell efficiency shown for stack and average (stack and balance of plant) 
of the fleets. Efficiency close to DOE 2020 target at 25% rated power.   
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On-Road Fuel Economy 

The median on-road vehicle fuel economy is ~50 miles per kg,  
nearly twice the 2013 EPA adjusted fuel economy for gasoline.  
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On-Road Fuel Economy Trends 

The on-road fuel economy has consistently 
increased over the last 10 years.  
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On-Road Fuel Economy By Vehicle Mileage 

High mileage and low mileage vehicles have 
similar on-road fuel economy averages.  
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Accomplishment: Driving Distance between Refuelings 

The median distance between refuelings is 122 miles. Distance 
is based on actual driving and not the full vehicle range.  
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Average On-Road Range per FCEV 

Wide range of min and max window sticker range 200–320 
miles, includes different vehicle platforms and generations. 
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Fueling Pressures and Temperatures  

All fills analyzed (>14,800) have followed the SAE J2601 
guidelines for on-board tank pressure and temperature after fill.   
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14,873 Fills

Included Vehicles: All

On-Board Hydrogen Tank Temperatures 

The tank temperature is typically 10°C to 20°C (approximately ambient) before a fill and  
40°C to 65°C after a fill. The tank temperature after a fill has not exceeded 85°C.  
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Summary Status Against Technical Targets 

Steady progress has been demonstrated over the four evaluation 
periods with FCEV technology improvements especially in key 

technical areas like fuel cell durability, range, and fuel economy.  
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Future Work 

• Regular analysis (once a quarter) and published results twice a year (as 
data is available) 

• Future analysis topics include:  
o Validation of technical targets for durability, fuel economy, range, reliability and safety, 

transient performance, power management and specifications, and refueling 
performance 

o Relationship between FCEVs and new stations coming online 
o Impacts of hydrogen demand increasing over time 
o Identify technology gaps and needs based on the on-road performance data 
o Define technology validation efforts as more and more FCEVs are commercial 

• Other research areas 
o Infrastructure 
o Fleet operation, education, and outreach 
o Renewable hydrogen 
o Safety, codes, and standards 
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National Renewable Energy 
Laboratory                                                                                                                                       
Innovation for Our Energy Future 

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.  

 
 
 

Learn more at  
www.nrel.gov/transportation 

and 
www.nrel.gov/hydrogen/ 

proj_tech_validation 
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