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Overall Objectives 
Integrate non-intrusive data collection systems at five •	
100-kg/day delivered liquid hydrogen fueling stations 
located in California for 24-month performance period.

Submit complete sets of the National Renewable Energy •	
Laboratory (NREL) Hydrogen Station Data Templates 
to the National Fuel Cell Technology Evaluation Center 
(NFCTEC).

Provide useful data to accurately benchmark and •	
characterize station capacity, utilization, maintenance, 
and safety.  

Fiscal Year (FY) 2014 Objectives 
Complete station assessments to confirm station sites •	
and subsequent designs are adequate to ensure project 
deliverables are achievable. 

Complete engineering design review and data collection •	
system design (mechanical, electrical, and software 
development) for first two station locations.  

Procure materials. Assemble and test system prior to •	
deployment.

Install and retrieve data of the first two project sites •	
before the end of the year.

Technical Barriers
Unforeseen construction permitting issues experienced •	
by station developer. 

General construction delays experienced by the station •	
developer. 

Efficient communications performance between GTI •	
data collection equipment and functioning station 
equipment inherent to the stations’ operations. 

This project addresses the following technical barriers 
from the Technology Validation section of the Fuel Cell 
Technologies Office Multi-Year Research, Development, and 
Demonstration Plan:

(A)	 Lack of Fuel Cell Electric Vehicle and Fuel Cell Bus 
Performance and Durability Data

(D)	 Lack of Hydrogen Refueling Infrastructure Performance 
and Availability Data

This project will contribute to the achievement of the 
following milestones from the Technology Validation section 
of the Fuel Cell Technologies Program Multi-Year Research, 
Development, and Demonstration Plan:

Milestone 3.2: Validate novel hydrogen compression •	
technologies or systems capable of >200 kg/day that 
could lead to more cost-effective and scalable (up 
to 500 kg/day) fueling station solutions for motive 
applications (4Q, 2014). The stations currently being 
constructed will incorporate Linde’s patented ionic fluid 
compressor. This technology utilizes a liquid piston to 
compress gas rather than a diaphragm or metal piston 
used in conventional compressor technologies. Linde is 
optimistic that this technology can be cost-effectively 
scaled to larger capacity stations in the future.

Milestone 3.4: Validate station compression technology •	
provided by the delivery team (4Q, 2018). (See 
Milestone 3.2)

Milestone 3.8: Validate reduction of cost of transporting •	
hydrogen from central production to refueling sites 
to <$0.90/gallon gasoline equivalent (4Q, 2019). This 
project will yield data directly aiding to develop baseline 
benchmarking and measure improved cost of delivery of 
liquid hydrogen to fueling stations in California.  

Milestone 4.4: Complete evaluation of 700-bar fast-fill •	
fueling stations and compare to SAE International (SAE)  
J2601 specifications and DOE fueling targets (3Q, 2016). 
This project will supply data to the NFCTEC that aid the 
program in the characterization of the stations’ storage 
and delivery capacities, compression performance, 
fueling transactional data, operational cost, maintenance, 
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and safety. Data supplied will provide points of direct 
comparison to SAE fueling standards and DOE fueling 
targets. 

FY 2014 Accomplishments 
Initiated and completed a no-cost time extension in •	
order to reflect delays in construction experienced by the 
California Energy Commission (CEC) project funding.

Station assessments were completed for the first two •	
fueling station locations. The assessments produced 
confirmation to the project team that a data collection 
plan with multiple options to achieve project objectives 
was feasible. 

Engineering design review and data collection •	
system design (mechanical, electrical, and software 
development) was completed. 

Materials were procured. Data collection system •	
assembly and system testing was completed prior to 
deployment.

The additional three stations within project scope have •	
been awarded to Linde by the CEC. Final approval of 
funding allocation is expected in the third quarter of 2014. 
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Introduction 
The objective of this project is to collect, organize, and 

report on operational, transactional, safety, and reliability 
data for five hydrogen fueling stations located in California. 
Goals of the project are as follows. 1) The data collected 
will be statistically meaningful and the stations will have 
sufficient throughput and vehicle fueling frequency to 
minimize data aberrations. 2) The data collected will be 
accurate. 3) The data collected will be comprehensive and 
timely.

This project will directly assist the DOE in assessing 
the readiness level of current infrastructure and state-of-
the-art technologies utilized to support planned fuel cell 
vehicle deployment within the next five years. The data and 
observations collected during the performance period of 
this project will provide NREL with information detailing 
the operational costs, efficiencies, and reliability of the 
delivered hydrogen fueling station design. Furthermore, 
the Linde design utilizes the patented IC90 ionic fluid 
compressor package; through this project GTI will provide 
the performance data which will enable the DOE and 
original equipment manufacturer to evaluate re-world 
efficiencies further gauging the technology’s adequacy in 
this application. This system is a first of its kind utilized for 
hydrogen fueling applications in the United States. 

Approach 
Hydrogen station data will be submitted quarterly to 

the NFCTEC at NREL using the appropriate hydrogen 
station data templates. GTI’s project partner, The Linde 
Group, is currently developing delivered hydrogen fueling 
stations under programs sponsored by the CEC. The sites 
will be accessible to the public for fueling consumer fuel 
cell vehicles, commercial vehicles, or government-owned 
vehicles. All five of the sites will be developed at existing 
or at new sites along with conventional gasoline stations 
operated by major, branded fuel providers. This provides the 
project with vehicle fueling data from a broad, cross-section 
of “real-world” vehicle applications. The station sites were 
selected to provide convenient, consumer-friendly vehicle 
fueling for drivers of fuel cell vehicles. Development of each 
of these stations has the support of vehicle original equipment 
manufacturers and each site has passed stringent location 
selection requirements of the CEC to ensure the stations will 
be utilized by a high volume of fuel cell vehicle operators.

The data collection system will utilize a variety of 
methods in order to provide the entire data requirements set 
forth by NREL. This system will utilize the existing control 
architecture of the compressor and dispenser equipment as 
well as monitor and record signals from a set of installed 
instrumentation that will supplement information required 
that is not already captured inherently by the stations’ 
operating system. There are multiple descriptive (opposed 
to measured data) deliverables that will be taken “manually” 
and submitted to GTI for processing and formatting prior to 
delivery to NREL. Manually collected data templates include: 

NREL Site Log: recording safety drills, training, or •	
public meetings

Storage & Delivery: compiling liquid hydrogen supplies •	
delivery quantities and cost 

Fuel Log: transferring transactional data from monthly •	
reports emanating from fuel management system

Maintenance: station maintenance and operations •	
reporting

Hydrogen Cost: Collection of utility bills•	

Safety: station environmental, health, and safety •	
reporting

Hydrogen Quality: SAE quality analysis completed •	
annually and submitted

GTI will collaborate with Linde and create a reporting/
submittal process to collect this type of data required to 
populate the NREL templates.  

Results 
The project team’s efforts in 2014 yielded an 

encouraging path forward that will enable the team to make 
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meaningful contributions to program objectives. The group 
has reviewed and verified the feasibility of extracting all the 
data required to complete technology validation of delivered 

hydrogen stations. Table 1 shows the accumulation of data 
signals identified as a result of engineering drawing reviews 
and discussion with project partners.

Table 1. Electrical Signal Input List for Delivered Hydrogen Fueling Station
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The data collection plan, system design, and software 
developed during FY 2014 will be used as a template for 
all subsequent station installations for the remainder of the 
project. The team’s front-end development efforts will ensure 
a standardized system can be utilized through the duration 
of the project performance period. Figure 1 depicts the 
software programming that is utilized in order to program 
the data loggers to collect and automatically store data in 
remote servers for further analysis. Standardization of the 
design should decrease time and resources spent fabricating 
and deploying the systems while allowing the team to focus 
on the quality and completeness of data submitted to the 
NFCTEC. Figure 2 shows the standardization of project team 
design by making a side by side comparison of conceptual to 
actual data collection modules. 

Furthermore, the project team has secured funding for 
the remaining sites listed in the project’s scope of work. 
This ensures that the amount of data flowing into the data 
center is an adequate and appropriate representation of the 
delivered hydrogen station design methodology. Geographic 
diversity and multiple locations should provide an aggregate 

representation of the stations’ performance and operational 
characteristics. The additional funding allocated to Budget 
Period 2 will enable the team to obtain and supply the 
database with accurate representation and characterization 
of the readiness of delivered hydrogen methodology as a 
vehicular fuel supply.  

Conclusions and Future Directions
Installation and commissioning of the first station •	
system will occur in the third quarter of 2014 at West 
Sacramento, CA site location.

Installation and commissioning of the second system •	
will occur in the fourth quarter of 2014 at San Juan 
Capistrano, CA site location. 

Produce the complete sets of data for the first two •	
project sites at the end of each quarter after startup and 
commissioning is completed. 

Obtain approval to continue project efforts into Budget •	
Period 2.

Figure 1. Logic Beach Hyperware Software Programming
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Figure 2. Conceptual (Left) and Actual (Right) Hardware


