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Disclaimer 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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Abstract 

Fuel cells have been proposed as ideal replacements for other technologies in remote locations 
such as Rural Alaska. A number of suppliers have developed systems that might be applicable in 
these locations, but there are several requirements that must be met before they can be deployed: 
they must be able to operate on portable fuels, and be able to operate with little operator 
assistance for long periods of time. 

This project was intended to demonstrate the operation of a 5 kW fuel cell on propane at a 
remote site (defined as one without access to grid power, internet, or cell phone, but on the road 
system). A fuel cell was purchased by the National Park Service for installation in their newly 
constructed visitor center at Exit Glacier in the Kenai Fjords National Park. The DOE 
participation in this project as initially scoped was for independent verification of the operation 
of this demonstration. 

This project met with mixed success. The fuel cell has operated over 6 seasons at the facility 
with varying degrees of success, with one very good run of about 1049 hours late in the summer 
of 2006, but in general the operation has been below expectations. There have been numerous 
stack failures, the efficiency of electrical generation has been lower than expected, and the field 
support effort required has been far higher than expected. 

Based on the results to date, it appears that this technology has not developed to the point where 
demonstrations in off road sites are justified. 

2 



Table of Contents 
Final Report 0 

Disclaimer 1 
Abstract 2 

Executive Summary: 4 
Background 4 
Results: 5 

Summer of 2003 5 
Summer of 2004 5 
Summer of 2005 7 
Summer of 2006 8 
Summer of 2007 12 
Summer of 2008 13 

Discussion and Conclusions 13 
Acknowledgments 15 
References 16 

List of Figures 

Figure 1 Department of Interior Alaskan Representative Cam Tooey at the Exit Glacier Visitor 
Center observing the operating Acumentrics fuel cell, May 26, 2004 6 

Figure 2 Graph showing the varying electrical demand at the Exit Glacier Visitor center. The 
spikes in demand are due to the arrival of busloads of tourist using the rest room facilities, 
causing the water pump to start 7 

Figure 3 Improvement in stack design resulting in improved polarization performance for the 
Acumentrics fuel cell stacks. Stack lifetime also improved as a result of this change in 
design 8 

Figure 4 Operation of the Acumentrics Fuel Cell at Exit Glacier during the summer of 2006. 
The run ended on September 22, 2006 in a deliberate shutdown at the closing of the visitor 
center at the end of the tourist season 9 

Figure 5 Performance of the fuel cell over a 1 week period, using hourly averaged data. Note 
that the fuel cell stack follows the load on a daily basis 10 

Figure 6 Polarization curve for the Acumentrics fuel cell during the 1300 hour run in late 
summer, 2006 11 

Figure 7 Linear Regression analysis of 3 periods of 1049 hour run showing the complete overlap 
of data from each period, or the absence of stack degradation during this period 12 

3 



Executive Summary: 

Fuel cells have been proposed as ideal replacements for other technologies in remote locations 
such as Rural Alaska[l-3]. A number of suppliers have developed systems that might be 
applicable in these locations, but there are several requirements that must be met before they can 
be deployed: they must be able to operate on portable fuels, and be able to operate with little 
operator assistance for long periods of time. 

This project was intended to demonstrate the operation of a 5 kW fuel cell on propane at a 
remote site (defined as one without access to grid power, internet, or cell phone, but on the road 
system). A fuel cell was purchased by the National Park Service for installation in their newly 
constructed visitor center at Exit Glacier in the Kenai Fjords National Park. The DOE 
participation in this project as initially scoped was for independent verification of the operation 
of this demonstration. 

This project met with mixed success. The fuel cell has operated over 6 seasons at the facility 
with varying degrees of success, with one very good run of about 1049 hours late in the summer 
of 2006, but in general the operation has been below expectations. There have been numerous 
stack and balance of plant failures, the efficiency of electrical generation has been lower than 
expected, and the field support effort required has been far higher than expected. 

Based on the results to date, it appears that this technology has not developed to the point where 
demonstrations in off road sites are justified. 

Background 

Demonstrating the operation of a solid oxide fuel cell on a readily available, transportable fuel 
(not natural gas or hydrogen) has been a major milestone for use of this technology in Alaska. 
While the most desirable fuel in this application would be diesel fuel [4-6], propane is readily 
available in most remote communities in Alaska, typically used for residential cooking. 

This project was funded largely by the Propane Research Council and the National Park service, 
and UAF and DOE were initially asked to participate only as an independent third party to 
verify data and assist with reporting requirements. 

The fuel cell used in this project was built by Acumentrics Corporation[7, 8], of Westwood, 
Massachusetts (a suburb of Boston). This company has been in the fuel cell business since about 
the 1980s, but has been active in the solid oxide fuel cell industry only since about 2000. 

There are some companies that have been investing in the solid oxide fuel cell industry for many 
decades, most notably Siemens Fuel Cells[9, 10], which has been working on developing tubular 
fuel cells since the mid 1970's. There have been some successes in this program[9], including a 
69,000 laboratory demonstration of a stack, and field demonstrations of more than 30,000 hours, 
with electrical efficiencies of 46% on natural gas. However, the Siemens effort has never 
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resulted in a commercial product, due in large part to the cost of manufacturing the product. 
Much of the cost comes from the need to use high purity ceramic materials and the use of low 
throughput, high cost manufacturing techniques. 

In 2000, the US DOE started the Solid Energy Conversion Alliance (SECA), intended to 
promote research and development efforts of planar solid oxide fuel cells, focusing on 5 kW 
systems[l 1]. This program used industry-university partnerships to address both basic materials 
research issues as well as the manufacturing cost/ system integration issues that need to be 
addressed for the creation of a commercial product. 

Acumentrics Corporation began its efforts in the fuel cell area by concentrating right from the 
very beginning on cost reduction of the manufacturing processes, attempting to create fuel cells 
using conventional ceramic materials manufacturing techniques. It is clear to all involved in the 
fuel cell industry that product needs to both cheap and reliable. While Siemens elected to work 
on making fuel cells robust and degradation resistant, Acumentrics focused on cost reduction 
strategies right from the beginning. 

Unlike companies that have deep corporate pockets, Acumentrics is a very small company, and 
found it necessary to place product in the field as quickly as possible in order to generate revenue 
for the company. In retrospect, it appears that the field deployments may have been a bit 
premature, but the experience gained through the course of this program has helped the company 
develop its product. 

Results: 

This demonstration project has occurred over several years, beginning in the summer of 2003, 
and continuing through the summer of 2008. 

Summer of 2003 

The National Park Service and the Propane Research Council funded the purchase of the 5 kW 
solid oxide fuel cell from Acumentrics Corporation, with the intent of installing it in the new 
visitor center at the beginning of the field season (mid-May), but delays at the factory prevented 
it from being shipped until late August. The fuel cell arrived at the Park, was uncrated and put 
into place in a special room for it. However, it was quickly discovered that the unit had suffered 
damage during shipping, and so after operating for a week, was put back in the crate and shipped 
back to the factory for repairs. 

Summer of 2004 

The fuel cell was shipped back to Alaska in mid-May for installation at the beginning of the 
visitor center season. 
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The National Park Service held a ceremony celebrating the opening of the new visitor center in 
late Mav 2Q04 and thp fiî l r.gll was also unveiled at the same ceremony. 

Figui I' , ii i i I i rior Alaskan Representative Cam Tooey at U_ I <J!J ■ Visitor Center observing the 
operating Acumentrics fuel cell, May 26, 2004. 

The fuel cell ran sporadically during the summer of 2004, for a total of about 350 hours. The 
major issues during this season were associated with the use of a steam reformer for propane. 
This reforming method is more efficient than partial oxidation reformers, but it requires careful 
management of the mass balance between the steam and the fuel. 

By the fall of 2004, Acumentrics made the decision that the steam reformer needed to be 
replaced with a CPox reformer. This reforming method has the advantage of eliminating the 
need for mass flow control of steam, simplifying the design, and being of lower cost, but the 
disadvantage of reducing the reformer efficiency from about 80% to about 65%. Acumentrics 
and Energy Alternatives submitted a request to AETDL for an additional $65,000 to cover this 
retrofit. The unit was once again shipped back to the factory for this retrofit. 
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Summer of 2005 

The unit was again installed at Exit Glacier in the spring of 2005, and started in late May. Over 
the course of the summer, the unit operated for a total of 851 hours. In this period, a total of 395 
gallons of propane were consumed by the fuel cell. This means that the electrical efficiency is 
about 11.2% based on propane at 90,000 btu/gallon. The other issue noted was the difficulty the 
fuel cell had due to the spikes in the electrical load caused by the nature of the facility. Since 
Exit Glacier is a very popular tourist destination, busloads of tourists arrive at the facility 
periodically during the course of a day. The first thing that happens when a busload of tourists 
stop is that all people on the bus head for the rest room facilities, and the water demand goes up 
rapidly. This in turn creates a huge surge in demand for electricity—as seen in the figure below. 
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Figure 9 Graph showing the varying electrical demand at the Exit Glacier Visitor center. The spikes in demand are due 
to the arrival of busloads of tourist using the rest room facilities, causing the water pump to start. 

The fuel cell was designed with some battery storage to absorb spikes in electrical loads, but 
these spikes were more intense than the batteries installed in the unit were able to manage. In 
mid-summer, additional batteries were added to the system, which helped the system. 

A much larger issue, however, was the low efficiency during the course of the summer. Solid 
oxide fuel cells should be very efficient—the FCT fuel cell demonstrated in Fairbanks in 2003-

04 had an efficiency of just below 40%, so the 11.2% number is very low. Acumentrics was 
aware of this low efficiency, and also was experiencing problems with short stack life—the 
maximum stack life at this point was only 1500 hours. To solve this problem, Acumentrics 
redesigned the entire fuel cell stack, with the major change being creating additional electrical 
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paths between fuel cell tubes to reduce ohmic losses. The results of this stack redesign can be 
seen in the figure below. 

At meetings with Acumentrics in the fall of 2005, agreements were reached to ship the fuel cell 
back to the factory to retrofit the stack with one of the new design. 

a 
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Figure 10 Improvement in stack design resulting in improved polarization performance for the Acumentrics fuel cell 
stacks. Stack lifetime also improved as a result of this change in design. 

Summer of 2006 

The retrofit of the fuel cell required for the fuel cell to be shipped back to Boston, but the road to 
the Exit Glacier visitor center is not plowed during the winter, so the fuel cell could not be 
shipped back until spring. The completed fuel cell was shipped back to Seward, and arrived for 
initial start-up on July 6. The fuel cell ran for about a week, but there were some issues with the 
electrical system. 



On August 12, the fuel cell was started again, and ran for the remainder of the summer, until it 
was shut off for the closing of the visitor center at the end of the season. This run was 1049 hour 
long, and allowed for data collection with regards to the operation of the fuel cell. Figure 4 
below shows the operational power output for the fuel cell for the whole summer. 

3000 
Summer 2006 Kslt Glacier fuel cell operation 

7/2/06 7/12/06 7/22/06 8/1/06 8/11/0$ 8/21/06 8/31/06 9/10/06 9/20/06 9/30/06 
Hat* 

Figure 11 Operation of the Acumentrics Fuel Cell at Exit Glacier during the summer of 2006. The run ended on 
September 22,2006 in a deliberate shutdown at the closing of the visitor center at the end of the tourist season. 

Note that the fuel cell output varied between about 1200 watts and 2500 watts during the run, 
following the peak during the day, and operating at a lower level at night. The larger battery 
pack allowed for some smoothing of the peaks. 
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Figure 12 Performance of the fuel cell over a 1 week period, using hourly averaged data. Note that the fuel cell stack 
follows the load on a daily basis. 

Figure 5 shows the performance of the fuel cell system, showing the smoothing of the power 
curve allowed by the addition of the larger battery system. While there are some abrupt changes 
in the current and voltage, the sharp spikes caused by the pump coming on when the busses show 
up. 
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Measured polarization curve 

0 20 40 ^ 60 60 100 
Figure 13 Polarization curve for the Acumentrics fuel cell during the 1300 hour run in late summer, 2006. 

The polarization curve is very important in fuel cell evaluation as it provides information about 
the electrochemical reactions and the fuel cell efficiency. Figure 6 above shows the voltage vs. 
current for the stack during the 1049 hour run. The data appears very linear (as expected in the 
middle part of the polarization curve), and very stable (the points all lie along the same line, and 
do not appear to drift). 

In order to see if the fuel cell is degrading over the time of the test, the polarization data can be 
used. For evaluating this, the data set was divided into three equal parts, and a linear regression 
analysis was done on each of these three data sets. The results of this analysis are shown in 
Figure 7 below. It appears that the three lines have nearly the same slope and intercept, 
indicating that the drift between the beginning and end of the run is minimal. 

This data is consistent with reports from Siemens [11] where fuel cell stack performance actually 
improves slightly over the first 500 hours, then degrades at a rate of about .5% per thousand 
hours after that point. 
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Figure 14 Linear Regression analysis of 3 periods of 1049 hour run showing the complete overlap of data from each 
period, or the absence of stack degradation during this period. 

At the end of the season, the fuel cell was shut down with the expectation that it would start up in 
the spring, and the test would continue. A press release was issued to celebrate the successful 
test. 

Summer of 2007 

The fuel cell was left in place at the Exit Glacier Visitor center for the winter of 06-07, and start
up was attempted when the visitor center was opened in the spring. However, things did not go 
as planned. There was an initial failure of the heat exchanger on top of the unit on May 20, 
2007, which required shipment of a new part from the factory. After restarting in early June, a 
second failure, this time in the stack occurred. Energy Alternatives representatives attempted to 
fix the unit in the field, but were unable to get the system operating properly. One bundle (of 
four) from the stack was removed and replaced with a new bundle. At the factory, the defective 
bundle operated as expected in testing, and the difficulties in the field were attributed to debris in 
the fuel lines. 

Even after the bundle replacement, the system at Exit Glacier still did not function well. After 
mid July, efforts to keep the fuel cell operational were abandoned due to the lack of funds. 
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At the end of 2007, an assessment was made of the program at Exit Glacier. It appeared that 
further operation of the fuel cell at Exit Glacier would require returning the fuel cell to the 
factory yet again and rebuilding the stack, and none of the participating funding agencies had the 
patience or the funds for this. On the other hand, the fuel cell being operated on natural gas in 
Fairbanks [12] appeared to be in better shape, and could be repaired in the field. There was also 
some funding available due to the lack of a willing supplier of a diesel reformer. After 
discussions with the DOE, the decision was made to ship that fuel cell to Exit Glacier for 
operation on propane. 

Summer of 2008 

The final season of the demonstration at Exit Glacier began with the shipment of the fuel cell 
from Fairbanks to Seward in mid-May, 2008. The fuel cell was first installed in the NPS 
warehouse facility where repairs were made to the stack, including replacement of all of the 
thermocouples in the hot box area, replacing the fuel processor (thought to be the cause of failure 
in Fairbanks), rebuilding the insulation around the stack, and reattaching the voltage taps to the 
fuel cell stack. 

The fuel cell was moved from warehouse to the Exit Glacier visitor center in late June, and 
started. However, the fuel cell never operated as well as expected this summer. The stack did 
not perform up to expectations, as it appeared that the fuel processor was not the problem, but 
rather that the stack had suffered degradation. Late in the summer, two rows of cells were 
operating at well below average voltage, so the software which normally shuts the system off to 
prevent damage to the stack was changed to allow the system to operate with the bad cells. 

Discussion a n d Conclusions 

After six summer seasons of operating a small SOFC at Exit Glacier, there have been some 
successes, but also clearly the need for additional development before these devices can be used 
in remote applications. 

The successes include: 
• The ability of the fuel cell to load follow a small building load 
• Operation on propane, which is a transportable fuel 
• Continuous operation of the fuel cell for more than a month unattended. 

Additional development is needed in the following areas 
• Significant cost reductions hi capital cost of the fuel cell 
• Increased reliability, preferably to the point where the fuel cell could operate for a year 

between maintenance 
• Increased fuel cell stack life, preferably to the 40,000 hours advertised by the industry 
• Increased system efficiency, preferably to the 40% advertised by the industry. 
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It is clear from this demonstration that the fuel cell industry is still far from achieving the 
promise of the technology. In the late 1990s, fuel cells were perceived by many as being on the 
verge of replacing the internal combustion engine with a cleaner, more efficient, environmentally 
friendly way of producing electrical power and propelling our vehicles. This excitement 
extended to Alaska, where people get their electrical power from expensive diesel generators. 
Many fuel cell advocates approached the Alaska congressional delegation looking for support for 
deploying this technology in the state. 

The claims that fuel cell supporters make are: 1) Fuel cells are more efficient that combustion 
engines, 2) fuel cells are more reliable than mechanical engines because they have no moving 
parts, 3) fuel cells can be made cheaply in mass manufacturing, 4) fuel cells can be made 
sufficiently reliable for use in power generation and transportation applications, 5) fuel cells can 
be made to operate on conventional fossil fuels such as diesel fuel and coal though the use of 
gasification technologies. 

Over the course of the past decade, the University of Alaska has been involved in testing a total 
of 11 fuel cells (plus attempting to test 2 additional fuel cells that have not been delivered). 
While this has been an interesting ride, it is safe to say that almost none of the promises of the 
fuel cell revolution have been achieved. Some of the claims of the fuel cell industry have nearly 
been verified—fuel cells are at least marginally more efficient than diesel generators (46% as 
compared to 40%) if they are operating on natural gas. They also are relatively clean as 
compared to combustion engines, not least in part because of their sensitivity to impurities such 
as sulfur, which require expensive chemical cleanup of fuel streams before they can be fed into 
the fuel cell. 

However, the shortcomings of fuel cells are many. They still emit carbon dioxide if they are 
operated on hydrocarbon fuels (as most are). They need to have air and fuel supplied to them, 
and require the use of external blowers or compressors (so much for the no moving parts claim). 
So far, no manufacture has succeeded in producing a sufficient number of fuel cells to achieve 
the favorable economics as compared to combustion engines (the closest is UTC with their 
Phosphoric Acid Fuel Cell, but these are still considerably more expensive than gas turbines, and 
they have not achieved significant market penetration.) And the reliability of fuel cells in field 
applications remains problematic—as the results of this study indicate. Also, the use of fuels 
heavier than natural gas remain problematic, though the results of this study are hopeful with 
regards to at least propane. The heavier diesel fuels and coal still have not been demonstrated in 
long term tests (the longest test on diesel fuel is approximately 1000 hours). 

The fuel cell industry appears headed for retrenchment. The Siemens announcement that it was 
seeking a buyer for its fuel cell division in July of 2008 is the most dramatic evidence of this 
trend, but was preceded by announcement from GE that it was no longer pursuing fuel cells as a 
business line. Smaller companies have also failed, including Fuel Cell Technologies of Kingston 
Ontario, and many in the PEM fuel cell industry (H-Power, Dias Analytic and many others). 
Even the major players such as Ballard Power systems (current stock price of $1.74, down from 
a high of $140 per share in 1999) just fired their CEO, and Plug Power (current stock price of 
$1.11, down from a high of $146 per share in 2000) announced today that it was laying off one 
third of its work force (just before Christmas). 
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Given this attrition in the field, Acumentrics seems like a relative winner, recently announcing 
that it had been awarded approximately $15,600,000 for research over the next three and a half 
years [13]. This level of funding represents about the quarterly operating expenses for some of 
the larger fuel cell companies, so the modest level of effort appears to be working in their favor. 

It is clear that even the best fuel cells available today are not yet capable of replacing diesel 
generators in remote Alaskan villages, and that the challenges to develop reliable, robust 
products are many. It is also clear that the investment needed to overcome these challenges is 
significant, as fuel cell R&D has already absorbed several billion dollars. 

However, some fuel cells, such as the UTC Phosphoric Acid system, are approaching 
commercial availability (though the rising price of natural gas in most markets would seem to 
limit their use). And the results of this study would seem to indicate that, given enough patience, 
a solid oxide fuel cell might one day be capable of operation in a remote location. 
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