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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

STATEMENT OF INQUIRY

Background

The New Haven Rail Line, operated by Metro-North Commuter Railroad (MNR) for the
Connecticut Department of Transportation (ConnDOT), is a key element of Connecticut’s
transportation infrastructure. The line involves over 100 miles of track in the main and branch
lines, nearly 35 million passengers per year and over 300 trains daily, including 282 operated by
MNR and 37 operated by Amtrak.

Significant improvements to this component of Connecticut’s transportation system are
occurring over the next decade in accordance with recommendations made by the Connecticut
Transportation Strategy Board (“Moving Forward, Connecticut’s Transportation Strategy, Report
and Recommendations of the Transportation Strategy Board,” January, 2007). When these
upgrades are completed, the line will be responsible for electricity consumption equal to 0.7%

of the total electric energy consumption of the state. Since this consumption is concentrated in
the southwestern region of the state, where transmission congestion is a problem, alternative
approaches to providing power for the New Haven Line could be constructive.

Stationary fuel cell power plants have been deployed in commercial operation since the early
1990s, and two Connecticut companies — FuelCell Energy and UTC Power —are currently the
only companies to offer commercial products with ratings in excess of 100 kilowatts (kW)
appropriate to use in New Haven Line applications. The New Haven Line infrastructure
improvements provide a valuable window of opportunity to use fuel cell products
manufactured in Connecticut to provide clean, efficient power to serve the increasing electricity
needs of the New Haven Line, while at the same time accelerating deployment of fuel cell
power plants with the attendant growth in the Connecticut economy.

In 2006, the Connecticut General Assembly, in Public Act No. 06-136, mandated a study of “the
feasibility of building a fuel cell power station to generate power for the New Haven Line.”

Study Description

This study was conducted for ConnDOT by the Connecticut Academy of Science and
Engineering (CASE), with ConnDOT required to report the study’s findings and
recommendations to the General Assembly on or before January 1, 2008.

The objectives of the study are to define the applications for electric power on the New Haven
Line; to determine the technical feasibility of fuel cell power plants to meet these requirements;
to identify the economic consequences of using fuel cells; to recommend the best applications
for use of fuel cells; and to identify additional effort required preparatory to issuing a request
for bids on the most promising fuel cell applications.
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The scope of applications considered included the following:

* Primary power from natural gas-fueled fuel cell power plants operating in parallel with
power from the utility network in which one parallel source maintains power to critical
loads if an outage occurs in the other source. This concept was applied to traction
power, maintenance yard power and large passenger stations.

* Back-up power for emergency power needs of small passenger stations using hydrogen-
fueled fuel cell power plants.

SUMMARY OF FINDINGS

Electric Power Requirements

With completion of expansion of the New Haven maintenance yard in 2015 and addition of
passenger stations in West Haven, Milford and Fairfield, the total electric power demand of the
New Haven Line is estimated to be nearly 50,000 kW and annual electric energy consumption is
estimated to be over 200 million kilowatt hours (kWh).

Table ES-1 summarizes the characteristics of the different power applications on the New Haven
Line and summarizes the current cost of power and the potential cost of power from fuel cells
meeting manufacturer cost goals. Traction power for the trains is responsible for 61% of the total
demand, with maintenance yard power, station power and control and signal power accounting
for 33%, 6% and less than 1%, respectively.

Traction Maintenance Passenger Control and

Yards Stations Signaling
Power Demand (kW) >30,300 Growing to 16,000 >3,000 100
Power Form 60/ 1/12,500 60/3/480 60/3/480 100/1/12,500
(Frequency/Number
Phases/voltage)
Load Factor (%) 35-45 35-55 50-70 Not Available
Use for Heat No Yes Yes No
Critical Power Needs No Yes Yes Yes
Power Demand Yes Yes Yes No
Increasing? (New (New

construction) Construction)
Current Cost of Electricity 11.3 14.7 -15.7 125-13 Not Available
(cents per kWh)
Cost of Electricity from 13 - 27 13-16 13-16 Not Available
Fuel Cell (cents per kWh)*
Availability of space for Limited Will probably Constrained Available
fuel cell require roof
mounting

*At cost goal of $2,000/kW installed. Will be reduced with environmental and congestion incentives, which depend

on specific situation, market factors and which in some cases require application and evaluation

TaBLE ES-1: NEw HaveN LINE ELECTRIC POWER REQUIREMENTS
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Commercial fuel cell power plants produce three-phase power at a frequency of 60 Hz (cycles
per second) for use in the United States and at a frequency of 50 Hz to serve electric applications
in Europe and many other portions of the world. This form of power is consistent with power
used in maintenance yard and passenger station facilities. The single-phase, high-voltage power
used in the traction power system will require modification to the electrical output of the fuel
cell power plant. This modification will not involve new technology, but rather a design change
which could be as simple as use of two inverter systems instead of one. In summary, there are
no issues with technical feasibility of fuel cells in New Haven Line applications.

Fuel cell power plants produce both power and heat. Applications which operate the fuel cell
at full electrical capacity and which utilize a high percentage of available fuel cell heat improve
the prospects for fuel cell power plant economics. Another factor improving the prospects is the
ability of the fuel cell, combined with the electric network, to provide critical power at lower
cost than by adding emergency generators or uninterruptible power systems. Table ES-1 shows
that passenger stations and maintenance yards have characteristics which are favorable to fuel
cell power economics, but that traction power has characteristics which are less favorable to the
cost of fuel cell power.

Installation of fuel cells during construction of new facilities will reduce installation cost and
time, so the fact that power demand is increasing is favorable in most of the applications.
Power requirements in the New Haven yard are expected to increase by a factor of ten, from
1,270 kW to 15,000 kW, with many new buildings being constructed between 2008 and 2015. An
expansion of the parking garage facilities at the New Haven station is another situation where
the construction may facilitate fuel cell installation.

Traction power is expected to increase to accommodate increasing passenger loads and design
of the cars to provide better access for passengers with disabilities. However, this need for
increased power will be accommodated by an already planned additional supply point.
Installation of fuel cells distributed along the line between supply points would provide more
uniform voltage levels along the line and improved power security. If improved power security
becomes a key issue with regard to traction power, fuel cells distributed along the line could
provide a more robust electrical system. Another factor which could enhance the suitability

of fuel cells for the traction application is the development of Energy Improvement Districts
along the line, which would provide a use for and an economic benefit from the product heat
produced by fuel cell power plants.

Another important application factor is availability of space to install fuel cell power plants.
Traction power fuel cells would have to be installed adjacent to the utility line, and this area
is very congested. This could lead to significant cost and approval issues in this application.
Passenger station and yard applications involve land already owned by the state for rail
purposes, so this presents somewhat lesser concerns regarding land acquisition costs and
approval issues. For new maintenance buildings in the rail yard at New Haven, rooftop
installation would present fewer siting issues.

Fuel cell power plants are in early stages of commercial deployment and cost is high, in part,
because production volume is still low. At historic fuel cell costs of $4,000 to $5,000 per kW, fuel
cells are not competitive in New Haven Line applications. Fuel cell manufacturers have cost
goals of $2,000/ kW which they expect to achieve with higher production rates and
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further technology advances. Table ES-1 shows that power plants meeting these cost goals

are competitive for some New Haven Line applications without benefit of incentives, but will
require incentives to be competitive for the traction power application. Fuel cell electricity costs
in Table ES-1 do not include the benefit of substantial incentives for the environmental features
of fuel cells or their ability to defer transmission line investment in congested areas. Capturing
these incentives, coupled with avoidance of investment in back-up power in situations where
it is required, could make fuel cells at the cost goal competitive in all applications. Capturing
the incentives would also make fuel cell power plants costing more than the $2,000/kW goal
competitive in some New Haven Line applications.

Fuel Cell Characteristics

The two Connecticut manufacturers, who are the only producers of commercial stationary fuel
cell power plants with ratings in excess of 100 kW, made presentations on the characteristics of
their power plants to the CASE Study Committee and also provided additional information.

In addition, information was developed on fuel cells in the development stage by other
manufacturers. Table ES-2 compares characteristics of molten carbonate fuel cells from FuelCell
Energy and phosphoric acid fuel cells from UTC Power.

FuelCell Energy UTC Power

Fuel Cell Technology Molten Carbonate Phosphoric Acid
Power Plant Ratings (kW) 300, 1,200, 2,400 200, 400
Electrical Generation Efficiency 47 40 to 42
(%-Lower Heating Value)
Total Heat Available (BTU/kWh 2,670 4,000+
electricity delivered)*
High Grade Heat Available* 1,580 - 1,920 2,580 - 2,700
(BTU/kWh electricity delivered)
High Grade Heat Temperature Heat exchange with a gas 250
(Degrees F) stream ranging

from 250 - 700
Footprint 22-42 23-35
(f2/ kW)
Start Time 72 5
(hours)
Response to Load Change 8 hours, instantaneous with Instantaneous

load absorber
Water required (gallons/kWh) 0.18 None
Stack Life in years 3/5 5/10
Current/Projected

* Total heat available includes high-grade heat, which is at temperatures of 250° F or above, as well as low-grade heat
available at lower temperatures.

TaBLE ES-2: SuMMARY OF FUEL CELL CHARACTERISTICS
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The value of the differences in fuel cell characteristics shown in summary form in this table and
in more detail in the body of this report depends on the specifics of the situation. Results of bids
to detailed specifications will be required to determine which power plant is best suited to a
specific application.

Because this study may lead to a procurement action, the fuel cell companies were not asked to
provide cost information. However, other sources indicate that current fuel cell costs are in the
range of $4,000 to $5,000 per kW and the manufacturers have cost goals of $2,000/ kW which
they expect to reach with higher production rates and continued improvement in designs and
technology.

Significant experience with fuel cell power plants in applications similar to yard power and
station power applications on the New Haven Line has been accumulated since the early 1990s,
and unattended fuel cell power plants have availability of 95%, which is equal to or greater
than central station power plants with a three-shift operating and maintenance staff. Multi-
Megawatt installations of fuel cell power plants have been used in other applications. However,
the single-phase, high-voltage requirements of the traction power application would require a
straightforward design modification to current fuel cell power plant products.

Economic Incentives

Because the fuel cell operates efficiently and cleanly in ratings consistent with individual

loads, it contributes to a cleaner environment and more dependable power. Consequently,

a number of incentives are available which improve the economics of fuel cell power plants
installed in Connecticut. These incentives include sale of Renewable Energy Certificates to meet
Connecticut Renewable Portfolio standards, capacity credits from ISO New England, incentives
from the Connecticut Clean Energy Fund for On-Site Renewable Distributed Generation

and a Federal Income Tax Credit. These incentives could reduce cost of fuel cell electricity
significantly.

Federal Support

The federal government has significant programs in support of fuel cell power plants for
stationary and vehicle power. However, an initial review of programs of the US Department of
Energy, Department of Homeland Security and Department of Transportation did not identify
any programs which have funds specifically available for stationary fuel cell power plants
which have been deployed on a commercial basis. While allocation from grants to Connecticut
from the Department of Homeland Security or Department of Transportation is possible, this
would be at the expense of allocations to other projects where these funds are historically
applied, and stationary fuel cell power plant projects may not meet criteria for use of these
funds. The Department of Homeland Security has not made power reliability for transportation
infrastructure a high priority objective and consequently, no funds from that source are expected.

Suggested Fuel Cell Applications

The best application of fuel cells to New Haven Line electrical power appears to be for new
maintenance buildings in the New Haven yard. These buildings provide good use for the power
plant heat, and use of fuel cells would reduce or eliminate the cost of back-up power.
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Because the yard involves only one meter, excess power from one building will be used in
other buildings in the complex and no export to the utility will occur. New construction will
minimize the cost of fuel cell installation. A number of buildings appear to be good candidates
and multiple installations at this site are possible over the next decade. The best use of fuel cells
in the New Haven yard would be as a source of critical power for new buildings. A total of
2,200 kW of fuel cell capacity would be required to serve this application, which would require
a number of fuel cell power plants to be located at individual buildings. The economics of these
fuel cells would be enhanced by recovery of a significant portion of their product heat.

Fuel cell power plant installation at the new parking garage at the New Haven passenger
station should also be considered. This application also involves new construction and the
possibility of avoiding the cost of a standby generator.

A recent study of the adequacy of the traction power supply resulted in plans to add a fourth
supply point where power is provided from the utility network. With this change, electric
power will not be a constraint even with increased traffic on the Line through 2020.
Consequently, other than economics, the only benefit of using fuel cells for traction power
would be a reduction in line losses and improved voltage control along the line. The economics
of fuel cell power for traction are less favorable than the economics for yard power or passenger
station power because there is no need for heat or for critical power and no need for additional
electric power facilities. Integrating the electrical load of the traction power system with thermal
loads of facilities adjacent to the New Haven Rail Line would improve economics of fuel cells in
traction power applications, and implementation of Energy Improvement Districts facilitated by
action of the General Assembly in 2007 could achieve this result.

If fuel cell power plants are applied to traction power, they could be used in combination with
the utility network to provide greater power reliability in emergency situations. Depending on
the amount of fuel cell power installed, this would permit partial to full passenger service in the
event of a utility power outage.

If emergency power for smaller passenger stations becomes a requirement, hydrogen- fueled
fuel cell power plants for this application should be considered.

Fuel cell power plants are still in the early stages of commercialization and historic costs of

fuel cell power plants do not yield competitive economics unless a significant portion of the
incentives for environmental characteristics and avoidance of transmission congestion described
above are captured. Experience with fuel cell production is increasing, and further technology
improvements which could make fuel cell economics more competitive in the future are
expected. A firm understanding of fuel cell economics will require analysis of bids for a specific
application.

Use of fuel cells in maintenance yard and passenger station facilities is consistent with actions in
Public Act 07-242 to establish a strategic plan to improve energy management in state buildings
and to provide bonding in accordance with implementation of that strategic plan.

Alternative forms of ownership including state ownership and ownership by third parties

should be considered in order to establish the best economic approach for providing fuel cell
power on the New Haven Line.
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Suggested Action

This report provides an initial assessment of the technical and economic feasibility of stationary
fuel cell power for the New Haven Line, and indicates the most attractive applications.
However, more information is needed to assess specific applications. Some of this information
will be developed as design of the new buildings in the New Haven yard and the new parking
garage at the New Haven Station proceeds. Other information will require a study of line losses
on the catenary system. Section 6 of this report provides detail on the additional information
and action required prior to issuing a request for bids, and suggests information which should
be requested from the bidders as well as suggestions for evaluating the bids.
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INTRODUCTION

1. INTRODUCTION

This study of the feasibility of the application of stationary fuel cells to power needs on the New
Haven Line was conducted by the Connecticut Academy of Science and Engineering (CASE) at
the request of the Connecticut Department of Transportation (ConnDOT).

The study was mandated by the 2006 Connecticut General Assembly in Public Act No. 06-136,
Section 19 from which states:

“The Department of Transportation shall study the feasibility of building a fuel cell power
station to generate power for the New Haven Line. Such study shall include, but need not be
limited to, a plan for generating a large percentage of the line’s peak power needs, as well as
serving as a back-up in times of emergencies. On or before January 1, 2008, the Department
of Transportation shall report its findings and recommendations, in accordance with the
provisions of section 11-4a of the general statute, to the joint standing committees of the
General Assembly having cognizance of matters relating to transportation and the budgets
of state agencies.”

In response to the legislation, CASE and ConnDOT defined a scope of study which considered
the following applications:

* Primary power from natural gas-fueled fuel cell power plants operating in parallel
with power from the utility network in which the utility provides emergency power to
critical loads if a fuel cell outage occurs.

e Applications considered included traction power, power for maintenance yard
facilities and large passenger stations at New Haven and Stamford.

* In the case of maintenance yards and large passenger stations, fuel cell power
plants would provide a portion of the electric load consistent with critical power
needs.

* In the case of traction power, installation sizing ranged from base-load operation
to the ability to meet the normal peak power needs of the traction power system.

* Use of power plant heat for maintenance yard facilities, passenger station
facilities and facilities adjacent to the rail line

* Back-up power for emergency power needs of small passenger stations using hydrogen-
fueled fuel cell power plants.

The Connecticut portion of the New Haven Line runs 46 miles from the New York State border
to New Haven, Connecticut. Trains on the main New Haven Line are electric, powered in
Connecticut through an overhead catenary. The New Haven Line has branches to New Canaan
(7.9 miles), Danbury (23.3 miles) and Waterbury (26.9 miles). The New Canaan branch is
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served by electric-powered trains operating off a catenary system while the other branches are
served by diesel-powered trains. The New Haven Line infrastructure and trains are owned by
ConnDOT and the rail service is operated by Metro-North Commuter Railroad (MNR) under
contract to ConnDOT. MNR, a subsidiary of the New York State Metropolitan Transportation
Authority, ranks second in passenger miles among the US commuter rail roads (APTA 2006
Public Transportation Fact Book). Figure 1 shows a picture of a Metro-North train at the New

Haven passenger station. Catenary wires are visible above each track.

/ ,/ RSP |

FIGURE 1: METRO-NORTH TRAIN AT THE NEW HAVEN PASSENGER STATION
(Proto courtesy oF CoNNDOT)

In addition to the electric power required for traction purposes, substantial amounts of electric
power are used for maintenance facilities in the New Haven and Stamford rail yards and for
the rail stations, particularly in New Haven and Stamford. The New Haven maintenance yard
has the largest electrical demand other than the traction power load on the New Haven Line.
Expansion of the New Haven yard over the next decade will increase its electrical demand
significantly. An aerial view of the New Haven yard and train station is shown in Figure 2. A
small amount of power is used for control and signal purposes.

2 CONNECTICUT ACADEMY OF SCIENCE AND ENGINEERING
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FiGcure 2: NEw HAVEN RAIL YARD AERIAL PHOTO - NOVEMBER 2006
(Proto courtesy oF CoNNDOT)

Approximately 32 million passengers use the main line service annually with 2.2 million
passengers per year carried on the branch lines. (“Moving Forward, Connecticut’s
Transportation Strategy, Report and Recommendations of the Transportation Strategy Board,”
January, 2007).

The electrically propelled railcars used on the Line include M2, M4 and M6 multiple unit
commuter cars as well as Amtrak AEM-7 and Acela electric locomotives. The M2 cars, which are
the oldest, entered service in the 1970s. New M8 cars are scheduled to begin entering service in
2008 (ConnDOT website: www.ct.gov/dot/cwp/view.asp?a=1390&q=316752.)

Currently, there are 319 trains operating each weekday on the New Haven Line. Of these, 282
are operated by MNR; 242 of the MNR trains are electric and the remaining trains are diesel
powered (private communication from Bob Walker, MNR). In addition, 37 Amtrak electric trains
operate over the New Haven Line each day.

The New Haven Line connects to Amtrak-owned facilities in New Haven for service to Boston

via Amtrak, to New London via Shore Line East and to Amtrak facilities for service to Hartford
and Springfield.

CONNECTICUT ACADEMY OF SCIENCE AND ENGINEERING 3
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A study of the traction loads of the New Haven Line by Systra Engineering (“Metro-North
Railroad Traction Power Study, New Haven Line AC Territory Final Report (Version 1)”

Systra Engineering, January 25, 2006) provides information on the performance and power
requirements of train cars operated on the New Haven Line. The MNR cars are limited to 80
amps current at 12,500 volts or 1,000 kilovolt amperes (kVA). A top speed of 90 mph can be
achieved in 90 to 160 seconds depending on the specific car model; power demand at speeds of
70 mph is 400 to 700 kilowatts (kW), again depending on the specific car model. Since the trains
make many stops and travel at less than top speed much of the time, the average load imposed
by a train is much lower than the peak power demands described above. Commuter cars on the
New Haven Line have auxiliary loads for lighting, air conditioning and heating of 64 kW per
car and some of these auxiliary loads, particularly heating, will be imposed in winter when the
cars are in the yards overnight to keep water in the cars from freezing.

Increases in train traffic and the average number of cars in each train are expected in order to
accommodate

* increased passenger traffic;

* reduced car capacity associated with increased size of rest rooms to meet American’s
with Disability Act requirements;

* relocation of equipment now outside the car to the car interior to improve reliability;
this also reduces passenger capacity per car.

This will increase electrical loads for traction. In addition to the increases in number of trains
and cars per train, the newer cars will be heavier because of the addition of redundant
equipment, which will lead to further increases in power demand.

Significant investment in improvements to the rail cars, the New Haven yard facilities and
individual stations are recommended in the report of the Connecticut Transportation Strategy
Board (TSB). These improvements provide an opportunity to install fuel cells in a new, rather
than a retrofit, situation. (“Moving Forward, Connecticut’s Transportation Strategy, Report and
Recommendations of the Transportation Strategy Board,” January, 2007)

While fuel cell power onboard rail cars is not within the scope of this study, there are efforts in
Japan to develop and demonstrate this fuel cell application for commuter rail, and there is an
effort in the United States to demonstrate the application to a yard switcher. This application
requires higher durability and reliability than applications to light-duty vehicles or transit
buses, and is not likely to be considered seriously until fuel cells have been proven in these less
demanding applications. These efforts are summarized in Appendix A.
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2. REQUIREMENTS ANALYSIS

The New Haven Line requires power for four essential purposes:

* traction (power to drive the trains)
* signaling

* stations

* rail yards

A summary of the total power requirements and power forms for these different applications
is provided in Table 1. The consumption of electric energy for all power applications associated
with the New Haven Line is estimated to exceed 150 million kilowatt hours (kWh) annually
(equivalent to 15,000 homes) and this total will grow by about 40% with completion of the
New Haven rail yard expansion. This represents on the order of 0.5% - 0.7% of the current total
electricity consumption in Connecticut, which in 2005 was 33 billion kWh (Energy Information
Agency, US Department of Energy).

Application Total Demand (kW) Power Form

Traction The sum of demands of 25 kilovolts (kV), 60 Hz, single-
individual supply points is phase, center tapped with catenary
48,000 kW. The coincident voltage at 12.5 kV
demand of the supply points
is 30,300 kW

Stations 3,000 kW. Will increase with Three-phase, 480 volts or single-
new garages in New Haven phase 120 volts
and West Haven

Control and Signal Power 100 kW 12,000 Volts, 100 Hz, single-phase

reduced at utilization to 120 Volts

Rail yards Approximately 16,000 kW 480 Volts, 60 Hz, three-phase
with completion of expansion
of New Haven yard

Total 49,000 kW Various (see above)

TaBLE 1: NEw HAVEN LINE POWER DEMANDS

The scope of this study does not include the use of fuel cell power onboard the rail cars.
However, experiments with this type of fuel cell application are underway in Japan, the United
States and other countries. These demonstration projects are described in Appendix A. This
could be a future consideration for cars operating on the Danbury and Waterbury branches of
the New Haven Line, Shore Line East and the New Haven to Hartford and Springfield Line.
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TRACTION POWER

Operating the trains on the Connecticut portion of the New Haven Line requires a coincident
power demand of approximately 30 Megawatts (30,000 kW) at the point of maximum power
demand. The electrical load varies widely, from a minimum during the period from 2 - 4 am to

a peak during the 6 - 9 am peak traffic period. Power is supplied to the trains through a single-
phase, 60 Hz catenary at 12.5 kilovolts (kV). Pantographs located on cars on the train contact

the catenary. The circuit is completed through contact with the rails, which operate at ground
potential. The power is purchased from the utility network at transmission voltage. It is delivered
through transformers connected to two phases of the transmission system and transformed to the
lower voltage of 25 kV at three existing supply points within the Connecticut portion of the New
Haven Line. Another supply point will be added in the near future. The Systra study indicates
that with this addition, the traction power system will meet traffic needs through 2020. The
single-phase is “center tapped” to form a ground and two 12.5 kV power legs. One of these legs
powers the catenary and the other powers a feeder wire. At thirteen wayside substations along
the Connecticut section of the New Haven Line, the feeder wire connects to the catenary through
an autotransformer to provide power and voltage support. Ratings for these wayside substations
range from 4,000 - 12,000 (kVA). Multiple transformers with ratings between 2,000 - 4,000 kVA
make up the substation capacity. Figure 3 shows a simplified electrical diagram of the system.
The traction power substations connect the feeder wire to the catenary through a transformer

to provide more uniform voltage between power supply points. Figure 4 shows the connection
between the feeder wire and the catenary at the wayside substations.

6 CONNECTICUT ACADEMY OF SCIENCE AND ENGINEERING
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Switch snow melting power is provided through the traction power system. The total connected
load for switch snow melting is approximately 6 MW, which is connected at 14 locations along the
Line (“Metro-North Railroad Traction Power Study, New Haven Line AC Territory Final Report
(Version 1)” Systra Engineering, January 25, 2006). The peak demand for snow melting will be less
than the connected load by a significant amount and the average demand will be even lower. This
does not constitute a fuel cell opportunity separate from the traction system load.

The traction power system is presently connected to three power supply points — Cos Cob,
Sasco Creek (Westport) and Devon. Additionally, a supply point in New Haven will be added in
the next several years. The catenary power system on the customer side of the supply points in
Connecticut is normally connected. However, this connection can be broken at two points along
the traction power system (East Norwalk & East Bridgeport) using motor-operated disconnect
switches or circuit breakers. A phase break at the Cos Cob supply point separates the bulk of the
Connecticut catenary system from the catenary system west of Cos Cob.

Issues with the traction power system include the following;:

* Imposition of imbalanced loads on the three phases of the utility network. This does not
seem to be a problem (Discussion with Richard Walsh of Connecticut Light & Power
[CL&P]).

* Imposition of a low power factor load on the utility network. This can cause additional
costs on the utility network, and higher rates are charged to MNR to compensate for
these costs. However, the power factor seems low only at one of the power supply
points.

*  When other utility loads at the western end of the line cause power delivery problems,
the catenary system can act as a parallel system for transmitting utility power from the
east to the power deficient area. This can overload the catenary and feeder circuits of the
New Haven Line; the motor-operated disconnect switches can be used to prevent this
power transfer.

* Traction power demand is increasing because of the high demand of Acela electric
trains operated by Amtrak over the New Haven Line and the increasing number of cars
as well as car weight of MNR commuter trains as discussed above.

* The New Haven Line connects to the utility grid at transmission voltage and is
connected as a single-phase load across two of the phases of the transmission grid.

* The traction power load involves DC motor drives on each MNR rail car. These drives
introduce harmonic currents on the power system and the third and fifth harmonic (180
Hz and 300 Hz) exceed IEEE Standard 519 for connection to the utility system. These
harmonics can be filtered at the point of common coupling to the grid.

* Voltages along the catenary power system can reach quite low (10 kV) levels during
contingency conditions and current demand from the trains must be controlled during
rush hour periods to avoid reaching limits of the protection equipment.

An analytical model of the New Haven Line power flow has been developed for MNR by Systra
Engineering and could be used to model the effects of adding fuel cell power to the traction
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power system. The model can be used to identify power supply deficiencies and the effects of
adding supply at points throughout the system, and in planning for future increases associated
with longer trains (more cars per train). This model has been used to identify the need for a
supply point in the New Haven area. With the additional supply point, the electrical power
system will meet projected needs through 2020, so power will not constrain efforts to increase
service. The consequence of this finding is that the effects of adding fuel cells will be limited to
reducing voltage losses and, if economics are favorable, meeting the need for power at lower cost.

The daily and annual variation of power demand at the three power supply points has been
obtained from Northeast Utilities (Data provided by Rich Walsh, Senior Account Executive,
CL&P). Typical daily and weekend profiles as well as the profile for a peak day for the supply
point with highest power demand are shown in Figure 5.

kW
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20000 4
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FIGURE 5: DAILY POWER PROFILE FOR DEVON SuppPLY POINT (GREEN ~-MAXIMUM
ANNUAL DAy, RED — AVERAGE WEEKDAY, BLUE — AVERAGE WEEKEND)
(FIGURE cOURTESY OF CL&P)

The annual load duration curve for the same supply point is shown in Figure 6. This load
duration curve shows the percentage of time during the period that the load demand exceeds

a particular amount of power. In Figure 6, the electrical load always exceeds 4,000 kW. This
means a 4,000 kW fuel cell installation at this point could operate continuously at rated capacity
without ever exporting power to the utility grid. Additionally, this load duration curve also
shows the load rarely exceeds 14,000 kW although it reaches 19,000 kW for very brief periods.
This indicates that sizing a fuel cell to meet the annual peak demand would result in a power
plant that would either operate at a low percentage of available capacity or, if operated at full
capacity would export more than half of its output energy to the utility network.
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FiGUre 6: ANNUAL LoAD DuraTiON CURVE FOR DEVON SuprprLy POINT
(FiGURE cOURTESY OF CL&P)

Load duration curves for all three supply points are provided in Appendix B. A summary of key
information for the three supply points is shown in Table 2 below. Billing for the New Haven
Line is based on the diversified demand of the three supply points and key parameters for the
diversified billing load are also shown in Table 2. These key parameters include Average Power,
Maximum Power, Power Factor, Maximum Reactive power and Load Factor.

Power factor indicates the degree to which the voltage and current of the load are “out of
phase” (peaks and valleys of the alternating current are not coincident with those for the
alternating voltage). In a purely resistive load, the voltage and current rise and fall together

and the power factor is 1.0. If an inductive load, such as a motor driving an air conditioner

is present, the current will lag the voltage and the power factor will be less than 1.0. With an
inductive load, the power supply must provide both real power (the product of voltage, current
and power factor) as well as reactive power to accommodate the out-of-phase relationship of
voltage and current. Another way to consider this is that the conductors and power supply
must provide for both the peak current and the peak real power.

Load factor indicates the shape of the power profile: a high load factor indicates a fairly constant
load and a low load factor indicates a widely varying load. A fuel cell sized to match the
maximum demand would have high capital cost contribution to the cost of electricity because

it would operate at maximum power only briefly. Therefore, a fuel cell sized lower than the
peak demand would have improved economics because it would operate closer to its maximum
capacity. A higher load factor would permit use of a fuel cell sized nearer the peak demand with
good economics and with less likelihood that the unit will export power to the utility network.
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Supply Average Maximum Power Factor Maximum Load
Point Power Power at Maximum Reactive Power factor
(kW) (kW) Power (kVAR) (Yo)#
(%)
Cos Cob * 3,560 13,536 78 14,448 26
Sasco ** 5,717 15,569 96 5,391 37
Devon ** 8,583 19,030 95 7,970 45
Diversified 16,300 30,300 n/a n/a 54
Demand

# Average power divided by maximum power
* Based on 100 day period in first half of 2007
**Annual Data for 2006

TABLE 2: COMPARISON OF POWER PROFILES AT CURRENT SUPPLY POINTS
ALONG WITH COINCIDENT DIVERSIFIED DEMAND

Several factors should be considered with regard to Table 2, the power profiles of Figure 5 and
the load duration curves of Figure 6 and Appendix B:

1. The introduction of a new power purchase point at New Haven will reduce power
demand for the existing purchase points, especially the Devon and Sasco purchase
points, which are closer to New Haven.

2. The utility transmission system and the catenary and feeder lines for the New Haven
Line operate in parallel. The distribution of power supplied at each purchase point
is influenced by the strength of the utility transmission system at that point and
the impedances of the catenary and feeder power circuits on the New Haven Line
power system. Therefore, power can be transferred along the single-phase system
of the New Haven Line, which reduces the power flow from the utility to the New
Haven Line at the Cos Cob purchase point and could lead to reverse power flow to
the utility transmission system. If this reverse power flow is a problem, phase breaks
along the system can be opened to eliminate the problem. The utility transmission
system in Southwest Connecticut is constrained. As the utility transmission system is
strengthened, power purchased at Cos Cob may increase.

3. There is no explanation for the lower power factor at the Cos Cob supply point.

The diversified demand of the traction load is only 63% of the sum of the loads at the individual
supply points. This results from the movement of trains through the supply points that occurs
over a one-hour period. A train leaving New Haven early in the morning will impose maximum
demand first on Devon, then Sasco Creek, and then Cos Cob. By the time that train reaches
Stamford, the load imposed by that train on supply stations East of Cos Cob will be minimal.
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SIGNAL POWER

At three Signal Power generating stations shown in Figure 3, power is purchased from the utility
grid and converted to 100 Hz through motor-generator sets; this power then is provided to the
control and signaling system. An audio-frequency overlay at approximately 500 Hz is used for
some control and signal power functions, and fuel cell output power must avoid harmonics
which would interfere with this function. Signal power is delivered at 12,000 volts, single-
phase, 100 Hz. Total load is small (on the order of 100 kW). One purchase location supplies the
entire system; however, two other locations provide back-up to the primary station. Step-down
transformers along the entire New Haven Line reduce the voltage down to 120 volts, 100 Hz for
the operation of the signal system and track switches. The use of fuel cells for this purpose would
require design of a special power plant for this single, low-load-rated application, which is a
critical load requiring substantial demonstration of reliability. Consequently, it doesn’t constitute
a near-term fuel cell application opportunity and will not be considered further.

STATION POWER

There are 19 stations on the Connecticut section of the main New Haven Line and 17 stations

on the branch lines. Station power is purchased locally from a utility company. Stations at New
Haven and Stamford represent the largest electrical loads. These stations have large waiting
areas, a number of tenants for food service, newsstands, bus service facilities and offices. Other
stations involve smaller loads, except for a parking garage at the South Norwalk Station. While
there is a parking garage with access to the Bridgeport Station, this garage is some distance from
the station and also serves the Harbor Yard Arena. Station load characteristics for the two large
stations and two smaller stations are provided in Table 3. Total power demand of all the stations
is estimated at 3,000 kW

The New Haven and Stamford station buildings use natural gas for heating. This provides

an opportunity to use fuel cells in a combined heat and power (CHP) application (also may

be referred to as cogeneration) in which the fuel cell power plants produce both heat and
electricity. When there is no demand for heat, as is the case for the traction power application,
the heat is rejected through a radiator or with the exhaust air. However, when there is a demand
for heat, the heat available from the fuel cell can be used to offset some of the natural gas used
to supply that heat. This results in better utilization of resources; lower emissions, including
emissions of greenhouse gases; and improved economics for the fuel cell installation.

The thermal-to-electric ratio is obtained by dividing annual energy value of natural gas consumed
by the annual energy value of electricity consumed. A higher ratio indicates a higher value will be
obtained from the product heat from a fuel cell in that application. Only the main station buildings
have loads that could be satisfied by heat recovered from the fuel cells, and the ratio of thermal-to-
electric energy for these buildings is low compared to commercial buildings (more than 80% of the
potential commercial building market has thermal to electric ratios greater than 0.5). (“Application
Guide for Fuel Cells in Commercial Buildings,” Annual Report, Follow-on 40-kW Field Test
Support Program; Report to Gas Research Institute on Contract No. 5080-344-0308 by G. P. Merten
and S. P. Breen, International Fuel Cells [now UTC Power], December 1985).

Presumably, this is because the stations” operations involve significant interior and exterior
lighting as well as intense elevator and escalator loads compared to commercial buildings.
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Station Maximum Billing | Average Demand Load Factor Thermal to Electric
Demand (kW) (kW) (%) Energy Ratio

New Haven
Station Complex

New Haven — 552 273 50 0.56
Station Building

New Haven 157 113 72 0
Parking Garage

MNR Load at 110 67 61 0
New Haven
Station

Stamford Station

Complex

Stamford Station 310 232 75 0.48
Main

Building

Stamford Station 146 66 45 Electric Heat
Gateway Area

Stamford Parking | 251 178 71 0
Garage

MNR Load at 15.6 12.8 82 0
Stamford Station

Riverside 2.5 1.13 45 0
Southport NA 1.2 NA 0

Notes: Table 3 data are derived from billing information provided by MNR, ConnDOT and New Haven Parking
Authority.
TABLE 3: TyPICAL STATION POWER CHARACTERISTICS

New Haven Station

The New Haven station facilities have three electric meters and corresponding distribution
panels, with the sum of the individual demands totaling over 800 kW. These demands are likely
to involve a high degree of coincidence, so the diversified demand would not be expected to

be much lower. Electric and gas billing information for this station was obtained from the

New Haven Parking Authority ( Paul Wydra), which operates both the station and the parking
garage, and MNR (Joe Capozzoli). In addition to lighting, the electrical load includes air
conditioning, escalator and elevator loads plus some minor cooking loads. The station building
includes offices for ConnDOT, MNR, Amtrak, Shore Line East, New Haven Parking Authority
and other organizations, so the electrical load is much higher than passenger facilities alone
would require. The MNR load at the New Haven Station is for platform lighting. The station
building has an emergency generator set that can provide power for lighting, elevators, pumps,
boilers and associated peripheral equipment. The station building consumes 4.5 million cubic

14 CONNECTICUT ACADEMY OF SCIENCE AND ENGINEERING



FEASIBILITY OF UTILIZING FUEL CELLS FOR THE NEW HAVEN RAIL LINE
REQUIREMENTS ANALYSIS

feet of natural gas per year for heating purposes. All consumption occurs during the period
between October and June.

The parking garage has spaces for 887 cars and a new garage on the site of the current surface
lot to the east of the existing garage is expected to add spaces for up to 1,200 cars. The new
parking garage electrical load would be expected to be about 200 kW peak demand; with the
addition of this garage, the New Haven Station complex will have a total electrical demand of
1,000 kW or more.

The New Haven Station complex is congested, but with the completion of the new parking
garage, some of the surface parking spaces behind the station building may be able to be used
for a fuel cell power plant installation. Location of the fuel cell in this area should provide
reasonable access to the main electrical distribution panel and the heating system.

Stamford Station

Electrical power and natural gas usage information for the Stamford Station at 30 Station Place
and the Stamford Parking Garage on Atlantic Street were obtained from ConnDOT (Joseph
Spagna, Accounts Payable) Northeast Utilities (Richard Walsh) and MNR (Joe Capozzoli).

The station complex consists of three connected buildings: the main station, a smaller building
referred to as the Gateway area and a large (2,100 vehicle) parking garage. Four electric meters
are associated with distribution panels serving different buildings and loads within the
Stamford Station complex. The total demand exceeds 900 kW. A 275 kW emergency generator
provides power for lighting, escalators and elevators during power outages. The station is
heated with warm air furnaces integrated with air conditioning units on the roof of the building.
There is space available near the main station, Gateway area and MNR distribution panels
which could be used to install a fuel cell power plant. The location also has straightforward
access to the heating system so that fuel cell heat could offset natural gas purchased for heating
purposes. The natural gas consumption is 2.2 million cubic feet per year.

A further description of the Stamford Station is provided in Appendix C.

Riverside and Southport

Riverside and Southport have electric energy consumption similar to a single family home

and are typical of most of the stations on the New Haven Line. The load is probably primarily
lighting. The load factor at Riverside is lower than that for either of the larger stations. One
possible explanation is that the load is primarily outdoor lighting which is switched on and off
by a sensor. Neither of these smaller stations have any emergency power equipment other than
small batteries for the lighting.

The Transportation Strategy Board has recommended that new stations be added at West
Haven, Orange and Fairfield. The West Haven facility is projected to have a 450-550-car parking
garage and a station building. The electrical load of the parking garage would probably be
about half that of the current New Haven parking garage. The station building load will
probably be similar to the loads at Riverside and Southport. Fairfield will have a manned ticket
office in a nearby building.
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YARD POWER

Yards for storage of electric-powered cars are located at Stamford, Bridgeport and New Haven.
Maintenance shops are located at New Haven and Stamford. The maintenance shops operate
on a three-shift basis. Information on the power used in these facilities is shown in Table 4.

The Stamford maintenance shop electrical and thermal loads were obtained from MNR

(Joe Capozzolli and Al Adamo) and CL&P (Rich Walsh). The peak electrical demand for the
Stamford yard shop is 640 kW, with an average load of 224 KW. The load exceeds 183 kW 80%
of the time, so a fuel cell sized at 28% of the peak demand would have most of the electricity it
produces consumed on site. The electrical load totals for the maintenance shop at the Stamford
yard are shown in Table 4.

Yard Peak power | Average power Load Factor Thermal to
(kW) (kW) (%) Electric Energy

ratio

Stamford yard 640 224 35. 0.53

maintenance shop

New Haven yard 1,270 705 56 Not available

(current)

New Haven yard 15,000 Not available Not available Not available

(projected)

TABLE 4: YARD POWER REQUIREMENTS

The annual natural gas consumption at the Stamford yard shop is 3,177 million cubic feet.

The monthly consumption pattern indicates most of this gas is used for heating, with the
winter months accounting for most of the consumption. The Stamford yard shop building was
constructed in 1995 and will be more representative of the new construction in the New Haven
yard as compared to the current New Haven yard buildings, most of which were constructed
much earlier.

The electricity totals for the current New Haven yard, which contains seventeen buildings

or electrical loads, are shown in Table 4 (these data were obtained from Al Adamo and Joe
Capozzoli of MNR). The New Haven yard has heavy-duty equipment and a diversity of
buildings, which probably accounts for the higher load factor compared to the Stamford yard
shop. Hourly electrical load data are not available for the New Haven yard facilities. However,
the higher load factor indicates the percentage of electrical peak demand which could be served
with a fuel cell power plant operating at full load would be higher than that for the Stamford

shop building. In addition, a fuel cell providing electricity and heat for one building in the New
Haven yard can export electricity to other buildings in the yard without exporting power to

the utility network, because the entire yard is served through a distribution system owned by
ConnDOT and only one electric bill is provided for the entire yard. Natural gas consumption
has been obtained for one building within the New Haven yard, but because electrical
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information for that building has not been obtained, it can not be used to estimate benefits of
fuel cell heat recovery.

Four of the seventeen current buildings in the New Haven yard are probably the best candidates
for fuel cell power. These include the M2 shop, the M2 Overhaul Shop and the Running Repair
Shop, and the Shore Line East Shop. Unfortunately, individual electrical demands or load
profiles are not available for these existing buildings.

At New Haven, a major expansion of the yard facilities will take place over the period through
2015. Power demand for the existing yard facilities, together with projected power demand for
the yard after expansion has been completed, are shown in Table 4.

The New Haven yard expansion is an attractive application for fuel cell power. The expansion
includes 11 separate facilities which are to begin construction between 2008 and 2013 with
completion from 2009 through 2015. Many of the facilities are very large with high heating
loads. Some have significant amounts of critical power. Table 5 provides information on the
larger facilities associated with the New Haven yard expansion.

Estimates of the electrical demand of the new yard buildings have been made by the design
contractor, Parsons Brinkerhoff (PB), with the critical load for these buildings being estimated at
approximately 20% of the projected electrical demand.

Three forms of critical power are noted: (1) life safety power, which is required by building
code; (2) loss prevention power, which is required by the insurance underwriter; and (3) UPS or
uninterruptible power, which is required for information and communication equipment. The
loss prevention power is associated with “jockey pumps” which are used to boost the low water
pressure in this area of New Haven to the levels required for proper operation of the sprinkler
systems. The component change-out facility has a number of functions which may require no-
break power back-up as noted. These functions include replacing modular systems in railcars
and repair of these systems; administrative, training, security and communications activities;
and a situation room for managing emergency situations.

Heating requirements for yard buildings are expected to be high because many are large, open
buildings which are opened frequently to admit trains for maintenance. However, based on the
heating and electrical demand relationship for the Stamford yard shop, the heat demand will
not be large in comparison to commercial buildings with similar electrical load demand.

The New Haven yard is tightly packed, so land adjacent to these buildings will be at a premium
and fuel cell power plants would probably need to be located on roofs of buildings. Structurally,
the buildings will be designed in many cases for high capacity bridge cranes so roof mounting
should not be a problem.

Making a decision to install fuel cell power plants in the expanded New Haven yard facilities
prior to commencement of construction would minimize design changes and retrofit costs and,
ideally, would occur early in the final design of the buildings. However, a later decision can be
accommodated with somewhat higher design costs.
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Facility Construction Period Projected Comments
Electrical
Demand *
(kw)
Running Repair 1,350
Independent Wheel True | May ‘08 - Nov. ‘09 800
Component Change- out | Oct ‘08 - Nov ‘11 2,600 Includes security, communication,

training, administration offices
which require critical power

Service and Inspection July “10 - April “13 2,800

Car Wash Aug 13 -Aug ‘15 1,350 Cold water wash
Engineering 550

Parking Garage 1,600

* Based on estimates provided by Parsons Brinckerhoff, ConnDOT’s design contractor for the New Haven yard
expansion, and an assumption of 0.9 power factor for the electrical load

TABLE 5: CHARACTERISTICS OF BUILDINGS
TO BE CONSTRUCTED AT THE NEW HAVEN RAIL YARD

Power is supplied to the facilities within the yard at three-phase, 480 volts. Distribution to the
facilities is at 13.8 kV and there are redundant feeders to the substation serving the yard. When
the facility expansion takes place, an additional substation and feeder will be added to permit
yard operation even if one feeder and/or substation experiences an outage. Within the yard,
power will be distributed with a combination of three loops and nine radial feeders. Since the
yard electrical billing is based on one meter for the entire yard, sharing of the output of fuel cells
within buildings over the distribution system on the yard side of the meter will not result in
export of power to the utility and consequently, will permit operating the fuel cell power plants
at rated capacity without an economic penalty associated with exporting power at wholesale
electric rates.

Storage of diesel-powered cars is accommodated at Danbury. Electrical power is supplied to
cars stored overnight to avoid freezing of water in the car lavatories. The estimated maximum
electrical load for this heating demand is 720 kW (estimate from R. Walker, Director, Operating
Capital Projects, MNR), but the load is probably significantly less than the maximum during
the 4.5 hours each winter night that the heating system is active. This is not an effective fuel
cell load, although a fuel cell used to serve this off-peak load could supply capacity to the grid
during the peak load portion of the day.
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3. PRELIMINARY IDENTIFICATION OF FUEL CELL
CHARACTERISTICS FOR PRIMARY POWER APPLICATION

Fuel cell power plants are similar to other power generation technologies in that they consume
fuel and an oxidant to produce electric power and heat. However, they differ in that conversion
from the chemical energy in the fuel to electricity is through an electrochemical process rather
than a thermal process. Because of that difference, fuel cell power plants produce power
efficiently, cleanly and quietly.

The fuel cell conversion process takes place in a single cell consisting of a fuel electrode, an
oxygen electrode and an electrolyte. The electrodes are thin, flat, porous structures that are
separated by the electrolyte, which may be a solid or a liquid trapped in a porous matrix. At

the fuel electrode, which is called an anode, the fuel reacts, giving up an electron. The electron
travels through an electrical load to the oxidant electrode, called a cathode, where it combines
with oxygen. An ion travels between the electrodes, through the electrolyte, to complete the
circuit. Since fuel cells appropriate for New Haven Line applications use hydrogen fuel at the
anode, the overall reaction of the fuel cell is hydrogen + %2 oxygen, yielding water, direct current
electricity and heat. There are many different types of fuel cells, and they are referred to by the
chemistry of the electrolyte, because this determines their operating temperature, performance
and construction materials. The different fuel cell reactions are described on the website of the
United States Fuel Cell Council (www.usfcc.com). In addition to the three fundamental elements,
a cell will incorporate other elements to distribute the fuel and oxygen to the anode and cathode.

A single fuel cell generates less than a volt and hundreds of amperes per square foot. To provide
practical voltage and power, multiple fuel cells are stacked together in what is referred to as

a cell stack or power section. Separators between the cells conduct electricity from cell to cell
within the cell stack. For stationary applications, there usually will be hundreds of individual
cells in a stack and there may be multiple cell stacks in a power plant.

Fuel cell power plants for space craft application and fuel cell power plants for powering
vehicles such as automobiles or buses use hydrogen fuel and deliver direct current (DC) power.
For stationary power applications, current fuel cell power plants operate on natural gas fuel and
deliver alternating current (AC) power. This means that a complete power plant will include
fuel processing to convert the natural gas to hydrogen and a power conditioner to convert the
DC power to AC power of the form (voltage, number of phases, frequency) required by the
electrical load. Additional components are included to manage fuel flow, air flow, heat and to
control the power plant. A 2002 CASE report provides a more complete description of fuel cells
(A Study of Fuel Cell Systems, October 2002, a report by CASE for the Connecticut Department
of Economic and Community Development and the Connecticut Economic Resource Center).
Additional information is provided on the United States Fuel Cell Council website (www.usfcc.
com), which also includes links to other organizations in the fuel cell field that describe the
current status of their efforts.

These same references also discuss fuel cell characteristics and their benefits. Table 6 below

illustrates how these characteristics provide benefit to stationary power applications on the
New Haven Line, as discussed in Section 2.
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The fuel cell characteristics in Table 6 can have economic benefit, as discussed in Sections 5.1.2

and 5.1.3.

Characteristic

Benefit to New Haven Line Applications

High Electrical Generation
Efficiency

o Reduced fuel cost
o Reduced use of resources
o Reduced output of greenhouse gases

By-product Heat Available
at Useful Temperatures

o Further reduction in operating cost and resource use by
displacing fuel normally consumed to produce heat
o Further reduction in production of greenhouse gases

Characteristics o Power plant benefits apply to the range of ratings for New
Independent of Rating Haven Line stationary power applications
Low Scheduled o Minimizes maintenance cost in distributed generation
Maintenance Frequency applications
and Low Outage Rate
Quiet Operation with No | o Permits power plant location adjacent to buildings, reducing
Vibration or Odor need for transmission and distribution investment

o Eases transmission congestion and facilitates use of heat
Rapid Response to Load o Facilitates use in operation independent of the utility network
Change to provide high reliability power to critical loads
Negligible Emissions o Qualifies for Renewable Portfolio Standard benefits

o Reduces adverse environmental effects of energy production

TABLE 6: FUNDAMENTAL FUEL CELL CHARACTERISTICS AND BENEFITS

Current commercial products are designed to operate on natural gas or waste gas fuels, and
they also produce significant quantities of useful heat. The plants are factory assembled and
tested, and installation is not much different than installing an engine generator set. Remote
monitoring, diagnostics and control are routine with commercial power plants.

Power plants are simple to parallel with other fuel cell power plants and/or with the utility
network. Fuel cells can operate in parallel with the utility and be switched to a crucial load if
a utility outage occurs. If no-break power is required for loads such as information technology
equipment, which can’t tolerate any interruption, fuel cell power plants can be connected to
the grid with auxiliary equipment that provides transparent transfer of critical electrical loads
between the utility network and the fuel cell, providing extremely high power reliability.

The power plants designed for operation on natural gas do not start quickly — at least several
hours is required to start from cold. Consequently, they are not suited for emergency or peaking
power applications, but rather are best used in continuous duty operation.

After startup, some fuel cell power plants respond virtually instantaneously to changes in load
demand. This makes them well suited to providing power to critical loads during outages of the
electric utility network. Other fuel cell power plants require significant time to respond to a load

20

CONNECTICUT ACADEMY OF SCIENCE AND ENGINEERING



FEASIBILITY OF UTILIZING FUEL CELLS FOR THE NEW HAVEN RAIL LINE
PRELIMINARY IDENTIFICATION OF FUEL CELL CHARACTERISTICS FOR
PRIMARY POWER APPLICATION

change. Load absorbers can be used to permit these power plants to respond to load changes.
While load absorber operation will be inefficient, that may not be an issue for short-term
operation in a demand-responsive mode.

Several hundred natural gas fuel cell power plants have been operating around the world for
many years, and the operating experience of these unattended power plants has been good.
Overall availability levels, which account for outages associated with planned or unplanned
maintenance, are now in the 95% range, which is high even in comparison to central station
power plants with three-shift maintenance coverage.

Three fuel cell technologies are being considered for applications like those on the New Haven
Line: molten carbonate fuel cells (MCFC), phosphoric acid fuel cells (PAFC) and solid oxide fuel
cells (SOFC). Connecticut companies produce the only commercial stationary fuel cell products
consistent with the primary power needs of the New Haven Line. Power applications on the
New Haven Line require ratings in the 100 kW-plus range and only FuelCell Energy (FCE) and
UTC Power (UTC) produce commercial products with suitable ratings. FCE produces MCFC
power plants and UTC produces PAFC power plants. While SOFC power plants or power
plants with other technologies from other manufacturers may be deployed in this market in the
future, they are currently in the research and development stage, so they were not evaluated in
detail. SOFC power plants are unlikely to be at the same levels of maturity and dependability
currently demonstrated in MCFC and PAFC fuel cells for at least a decade, perhaps longer.

Alkaline fuel cell power plants were provided by UTC for the Apollo space vehicle and for the
current space shuttle vehicle, but this technology is not suited to stationary power applications.
Proton exchange membrane fuel cells (PEM) are in development for smaller stationary primary
power applications, and with hydrogen fuel, for back-up power and transportation applications
(these are discussed in Section 4); however, there are no current attempts to develop this
technology for large, primary power applications like those on the New Haven Line.

Table 7 compares the three fuel cell technologies which are targeted at primary power
applications with natural gas fuel: MCFC, PAFC and SOFC technologies. Connecticut
companies FCE and UTC have dominant positions in MOFC and PAFC technologies; these
technologies are associated with the only fuel cell power plants commercially available for
use in primary power applications like the New Haven Line. Both FCE and UTC are also
involved in SOFC, which are at an earlier stage of development and may be available for these
applications in the future.

Both MCFC and SOFC operate at high temperatures, which permit thermal integration of the
fuel processor with the cell stack, resulting in higher electrical efficiency, higher temperature
product heat and the possibility of using that product heat in a gas turbine or other bottoming
cycle to achieve greater efficiency if there is no other use for the heat. While demonstrations

of fuel cells with bottoming cycles have been completed, there are no commercial products
available at this time. PAFC stack temperature permits use of the cell stack heat to raise steam
for the fuel processor, which provides an efficiency advantage over the lower temperature PEM
in primary power applications with natural gas fuel.
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While FCE and UTC are now the only companies who offer commercial products with ratings

in excess of 100 kW, a number of companies are involved with the earlier developmental stage
of SOFC, MCFC and PAFC technologies.

Cell Type Molten Carbonate Phosphoric Acid Solid Oxide
Operating 1,300 350 - 400 1,300 - 2,000
Temperature (°F)

Electrode Materials Nickel/Nickel Oxide Graphite/Platinum Ceramic
Primary Cell Stack Stainless Steel Graphite Ceramics, High
Structure temperature metals

Fuel Processing

Integral with cell stack

External to stack

Integral with cell stack

Status

Commercial
Deployment

Commercial
Deployment

Research and Development

Key Companies

FuelCell Energy
GenCell

UTC Power
HydroGen
Corporation

Siemens,
GE,

Versa (FuelCell Energy
Investment),
Accumentrics,
Cummins Power
Generation,
Delphi Automotive
Systems,
Ceramic Fuel Cells Ltd.
UTC Research Center

TABLE 7: CoMPARISON OF FUEL CELL TECHNOLOGIES FOR PRIMARY
STATIONARY POWER WITH RATINGS IN HUNDREDS OF KILOWATTS

Both FCE and UTC briefed the study committee on their products; information from that
briefing material is discussed below. The company websites provide additional information
(www.fce.com and www.utcpower.com). Both companies responded to requests for information
on installation and operating characteristics and on experience with their products:

* FuelCell Energy provided characteristics of three power plants which are currently

available.

* UTC Power provided characteristics of its 200 kW unit, which is currently available and
which will be upgraded with a cell stack with 10-year life in 2008, and a 400 kW unit
which will be available in 2009.

The installation characteristics provided by the fuel cell companies are provided in Table 8.
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Product FCE FCE FCE UTC UTC
DFC300MA™ | DFC1500™ | DVC3000™ | PureCell™200 PureCell™400

Rating (kW) 300 1,200 2,400 200 400

Availability Now Now Now Now/upgrade 2009

2008

Number of 3 10 6 2 1

Skids

Additional Heat Recovery Heat Heat None None

Equipment Recovery Recovery

Total weight 256 251 178 208 159

shipped (Ib/

kW)

Footprint 4.0 3.7 2.2 3.5 23

Including

Access Space

(Ft%/kW)

Gas Supply 15 15 15 0.5 0.5

Pressure

(psig)

Water 0.9 3.5 7 None* None*

Consumed

(gpm)

Water 0.45 1.7 3.5 None None

Discharge

(gpm)

Certification Yes Yes Yes Yes Yes

(*) Water Consumed during operation. Water would have to be provided for an initial fill of the water system during
installation and during some maintenance actions. This could be provided with a permanent plumbing connection or

through tank supply.

TABLE 8: INSTALLATION CHARACTERISTICS OF FUELCELL ENERGY AND
UTC FureL CeLL POWER PLANTS

Total weight and number of skids indicate the installation effort required. FCE does not provide
a packaged CHP heat recovery system. However, heat recovery systems for cogeneration of
steam or hot water are commercially available and adapt easily for integration with the

DFC power plants. These systems are available from a variety of manufacturers for similar
commercial and industrial applications and are specified by the end user or FCE distributor
based upon site-specific heat uses. UTC power plants incorporate heat recovery equipment

which interfaces with a customer water loop.

Footprint indicates the amount of land required to site the power plants. Since space is at a
premium around the New Haven Line, this is an important consideration. Appendix D provides
layouts for single unit installations of each of the power plants in Table 8. This appendix also
provides plot plan for a 12 MW installation of five DFC3000 power plants with a footprint of
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1.33 ft2/kW and an 8 MW installation of 20 PureCell 400 power plants with a footprint of 2.4
ft</kW.

Gas supply pressure requirements may result in the need for a compressor if the fuel cell
requirements are above available distribution pressures.

Fuel cell power plants are certified in accordance with FC-1, a Standard of the American
National Standards Institute (ANSI) and the Canadian Standards Association (CSA);
certification is important in facilitating building permits.

Consumption of water incurs some operating cost and discharge of water may require
permitting. FCE’s DFC power plants contain an onboard Water Treatment System (WTS) to
provide high-purity water for the fuel cell stack. This system includes pretreatment filters,

an anti-scalant injection system, a reverse osmosis (RO) unit, an electro-deionization (EDI)
polishing system, and a storage tank. This system allows the power plant to operate with a
variety of different water sources, including most municipal and some well and surface water
sources. Average wastewater discharge from the WTS will contain the impurities contained in
feed water to the power plant, concentrated by a factor that depends on the reject rate (which
depends on the quality of the incoming water). To date, DFC end users have not experienced
any issues permitting the WTS discharge.

The UTC power plants do not require continuous make-up water. They incorporate water
recovery from the exhaust and treat this water internally using a WTS including ion exchange
resins, which require replacement twice per year. UTC is investigating improvements which
will reduce the frequency of resin bed replacement.

Figures 7 and 8 show rooftop installations of single FuelCell Energy and UTC power plants,

respectively. Figure 9 shows an installation of the 1,200 kW FCE power plant and Figure 10
shows an installation of seven of UTC’s 200 kW power plants totaling 1,400 kW.

24 CONNECTICUT ACADEMY OF SCIENCE AND ENGINEERING



FEASIBILITY OF UTILIZING FUEL CELLS FOR THE NEW HAVEN RAIL LINE

PRELIMINARY IDENTIFICATION OF FUEL CELL CHARACTERISTICS FOR
PRIMARY POWER APPLICATION

gaaAndns

|
&
L]
.

S b W Sl
FiGURE 7: RoorTor INSTALLATION OF 250 KW FUELCELL ENERGY POWER PLANT -
SHERATON HoOTEL, NEw YORK CITY, NY

(PHOTO COURTESY OF FUEL CELL ENERGY)

-+ | B

FiGURE 8: RoorTopr INSTALLATION OF 200 KW UTC PowEeR PLANT -
CoroNa YArRD, NY
(PrOTO courTESY OF UTC POWER)
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FIiGURE 9: InsTALLATION OF 1,200 KW FUELCELL ENERGY POWER PLANT -
DFC 1500MA, TorrINGTON, CT (PHOTO COURTESY OF FUELCELL ENERGY)

——
" i
.

Ficure 10: InstALLATION OF SEVEN UTC 200 kW PowEeR PLANTS FOR TOTAL

Caracrty oF 1,400 kW - VERIZON’S GARDEN CiTY, NY INSTALLATION
(PHOTO courTESY OF UTC POWER)
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Table 9, below, provides power plant operating characteristics for the same power plants.

years (Current/
Future)

Product FCE FCE FCE UTC UTC
DFC300MA™ | DFC1500™ DVC3000™ PureCell™200 | PureCell™400

Rating (kW) 300 1,200 2,400 200 400
Maximum Heat 800/2670 3,200/2670 6,400/2670 800/ 4,0008 1,600/4,000%
Output*
High Grade 480/1,920 1,900/1,580 3,800/1,580 540/2,700 990/2,475
Heat* (from a stream | (from a stream | (from a stream (@ 250°F) (@ 250°F)

cooling from | cooling from | cooling from

700°F - 250°F) | 700°F - 280°F) | 700°F - 290°F)
Electrical 47 47 47 40 42
Generation
Efficiency**
(%)
Cogeneration 83 83 83 85-90 85-90
(CHP)
Efficiency***
(%)
Start Time/ 72/70/0 72/70/4,680 72/110/6,480 5/35/720 5/70/1,440
Average Power /
gas consumed
(hours/kW/scf)
Step Load 8 hrs. 8 hrs. 8 hrs. Instantaneous | Instantaneous
Transient Instantaneous | Instantaneous | Instantaneous

with load with load with load
absorber absorber absorber

Emissions Yes Yes Yes Yes Yes
(Compliance
with CARB
2007)*
Noise 72 @10 ft. 72 @10 ft. 72 @10 ft. 60 @ 30 ft. 65 @ 30 ft.
(dB(A)) Option for 65 | Optionfor 65 | Option for 65
Cell Stack Life in 3/5 3/5 3/5 5/10 NA/10

* Thousand BTU per hour/BTU per kWh electrical output at beginning of life —includes both high-grade and low-

grade heat.

** Lower Heating Value Basis at Beginning of Life
*** Output of Electricity plus Heat divided by Fuel Lower Heating Value
§Low grade heat is at 140°F
# California Air Resources Board 2000 Emission Standards

TABLE 9: OPERATING CHARACTERISTICS OF FUELCELL ENERGY

AND UTC Power FueL CeELL POwEeR PLANTS
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Fuel cell power plants produce electricity and both high-grade and low-grade heat. For the
purposes of this discussion, high-grade heat is considered to be heat at a temperature which
can raise steam at 15 psig. Low-grade heat is available at temperatures below 250° F. Much of
the low-grade heat is associated with condensing water from the fuel cell exhaust. Temperature
and quantity of the high- and low-grade heat depends on the cell technology and system
design; in some cases, the heat delivery temperature will determine the amount of heat that
can be utilized. Generally, the station and yard buildings will require heat for space heating
and small amounts for domestic hot water. Domestic hot water is usually heated from a water
main, with a temperature of about 60°F, to 130°F. Hot air space heating temperatures are not
much different than those for domestic hot water. Hot water space heating systems require heat
at temperatures between 160°F - 200°F. Generally buildings do not utilize heat at temperatures
greater than 250°F because this would entail design and construction according to the pressure
piping code, which would add expense. Temperatures higher than 250°F would be useful in
driving absorption air conditioning, but there are no absorption air conditioners in the buildings
associated with the New Haven Line.

The maximum overall efficiency or Combined Heat and Power (CHP) efficiency is rarely achieved
in practice because it is difficult to find buildings with a year-round use for all the fuel cell heat.

Fuel cell systems have components that operate at cell stack temperature; in the case of the
PAFC, the fuel processor operates above stack temperature. Consequently, primary power fuel
cells operating on natural gas fuel require significant time and energy to start. This means they
are not good candidates for short-term peaking loads, but are well suited to continuous duty
applications.

If the fuel cell is to be used in load following service, rapid response to load changes is required.
The UTC power plants based on the PAFC technology respond instantly to changes in load.
While the MCFC offered by FCE have an inherent slow response, a load leveler can be used for
infrequent load following situations. Operation of a load leveler for a high percentage of the
time would reduce electric efficiency significantly.

Fuel cells have lower emissions and noise levels than other technologies used in distributed
generation applications, which eases restrictions on installation and contributes to a cleaner
environment. Fuel cells operating on natural gas do emit carbon dioxide, but since their electric
generation efficiency is high, the amount is less than many other forms of power generation.
For example, for power plants fueled with natural gas, a fuel cell operating at 40% efficiency
will produce 27% percent more carbon dioxide than a 55% efficient, combined-cycle central
station with 7.5% transmission and distribution losses. However, a 40% fuel cell which makes
use of all the waste heat will produce 24% less carbon dioxide than a combined-cycle central
station operating on natural gas and an 85% efficient boiler generating the equivalent amount of
heat that the fuel cell produces. A coal central station produces 85% more carbon dioxide than
a natural gas power plant of equal efficiency, so fuel cells produce much less carbon dioxide
than coal central plants even without the use of fuel cell power plant heat. Elimination of
transmission and distribution losses associated with central station power (typically 5% - 10%)
also contributes to reduced greenhouse gas emissions.

Many routine maintenance tasks for fuel cell power plants can be performed while the unit is
operating, and only infrequent scheduled shutdowns are required. The most expensive
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maintenance action is cell stack replacement and the replacement cycle is being extended as
experience and design improvements accumulate.

Service experience with commercial fuel cell power plants began in the 1990s and has accumulated
rapidly since then. Table 10 shows fuel cell operating experience accumulated by FCE and UTC.

FuelCell Energy UTC Power

Initial Commercial 2003 1992
Deployment (year)
Number of Units >50 >290
Power Plant Hours 0.8 >8
(Millions)
Electricity Generated >150 >1,300
(Million kWh)
Availability 92% in 2006, 95% over past 5 years

Projecting 95% in 2007

TaBLE 10: FUEL CELL OPERATING EXPERIENCE

The number of power plants and accumulation of operating hours shows that fuel cell power
plants are suited for commercial service. Both companies support their installations around
the globe with spare parts, training, service personnel and technical support on a 24-hour
basis. Operating experience has been quite good, as indicated by the availability figures which
are achieved in unattended operation. Large central station power plants owned by utilities

or independent power producers (IPP) can achieve these levels, but only with a three-shift
operating and maintenance staff on duty.

Future improvements on the PAFC and MCFC power plants described above can be expected.
For the MCFC power plant, gas turbine bottoming cycles have been proposed to increase
system efficiency, and a development effort to establish a power plant that produces hydrogen
along with electric power and heat is underway. This power plant would have three outputs:
electricity (over 200 kW), heat (300,000 BTU per hour) and hydrogen (up to 250 pounds per
day). The hydrogen could be used to fuel vehicles or could be stored and used to provide
peaking power through another generator such as a PEM fuel cell power plant.

Another Connecticut company, GenCell Corporation in Southbury, CT, is developing MCFC
technology with a product target in the 100 kW or less range (www.gencellcorp.com). This
product would be applicable to passenger station power. Also, a Pennsylvania company,
HydroGen Corporation, is developing a PAFC power plant.

Solid oxide fuel cells operate at temperatures higher than those of a MCFC and have the ability
to be combined with a gas turbine bottoming cycle to increase system efficiency. While

this technology is in the research and development phase, significant efforts are underway to
develop the technology for commercial applications like those on the New Haven Line; these
efforts are summarized in Appendix E.
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4. PRELIMINARY IDENTIFICATION OF HYDROGEN-FUELED
FUEL CELL CHARACTERISTICS FOR
EMERGENCY POWER AND PEAKING POWER

Other fuel cell power plants designed for operation with hydrogen fuel are being demonstrated
for use in automobiles, buses and in emergency power applications. Demonstrations of onboard
power for rail cars have been conducted as well (Appendix A). With hydrogen fuel, startup

can be rapid and the power plants would be suited for emergency power application. A large
number of companies are exploring use of proton exchange membrane (PEM) fuel cells for these
applications.

Table 11 provides a comparison of characteristics of two hydrogen-fueled fuel cell systems
which may be suited for emergency power applications in the smaller passenger stations. The
Plug Power system is designed for outdoor operation and has an all-weather enclosure. The
UTC System is designed to be rack mounted indoors. Further information about the Plug Power
unit and other Plug Power GenCore® power plants is available on the Plug Power website.
Many companies are pursuing fuel cell power plants for this application, including ReliOn, Inc.
Both Plug Power and ReliOn are marketing these systems. Plug Power has deployed hundreds
of its emergency back-up product under the trade name GenCore. ReliOn has delivered
emergency back-up power products with a total capacity of 850 kW.

Manufacturer Plug Power UTC Power
Model GenCore® 5T48 PureCell™ Model 5
Configuration Outdoor Rack Mounted
Net Output Capacity (kW) 5 5

Output Form (VDC) 48 48

Fuel Consumption (Ib/hr) 0.7 0.8

Weight (1b.) 500 220
Volume (cu. ft.) 15.9 5.8

Status Commercial Beta Test

TaABLE 11: CoMPARISON OF CHARACTERISTICS OF TwoO FUEL CELL SYSTEMS

Dimensions and weights in Table 11 do not include the hydrogen fuel for these power plants.
Typically, hydrogen would be purchased from industrial gas companies such as Praxair, Air
Products, BOC, etc., and stored onsite in cylinders of compressed gas.

An alternative to purchase of hydrogen in compressed gas cylinders is production of hydrogen
onsite through electrolysis systems. The electrolysis system could be powered by electricity
from the utility network or from renewable sources such as wind or solar power. Three
companies in Connecticut (Avalence, Distributed Energy and Infinity Fuel Cells) are pursuing
electrolysis systems and/or combination electrolysis-fuel cell systems for this application. Other
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companies, including Hydrogenics in Canada, are also involved with this application. The
status of efforts of these companies is provided in Table 12.

Company Location | Product Status Web site
Avalence, LLC | CT High pressure | Field Testing www.avalence.com
electrolysis
Distributed CT Electrolysis Commercial www.distributed-energy.com
Energy Systems and | for Electrolysis,
Systems Electrolysis- | Demonstration
Corporation Fuel Cell for Regenerative
Systems Systems
Hydrogenics Ontario, | Electrolysis Commercial www.hydrogenics.com
Canada | Systems
Infinity Fuel CT Electrolysis- | Demonstration | www.infinityfuel.com
Cell and Fuel Cell with solar-
Hydrogen, Inc. Systems powered
electrolysis

TaBLE 12: CoMPANIES INVOLVED WITH SMALL FUEL CELL, ELECTROLYSIS OR
REGENERATIVE SYSTEMS FOR EMERGENCY BAck-ur POWER

Table 13 provides further characteristics for electrolysis systems from Avalence, LLC, and
Distributed Energy Systems Corporation. It's important to note that the low pressure unit
would require compression with its attendant power consumption and equipment, and that
a more detailed comparison would be required to provide a complete assessment of these
alternatives. Further information on these and other electrolysis units is available on each
company’s website.

Manufacturer Avalance, LLC Distributed Energy
Systems Corporation

Model Hydrofiller 50 Hogen®S 40

Rated Hydrogen Output (scfh) 53 40

Delivery Pressure (psig) Up to 6,500 200

Input Power (kWh/kg 62 75

Hydrogen)

Status Development and Commercial
Demonstration

TABLE 13;: COMPARISON OF ELECTROLYSIS SYSTEMS
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5. FUEL CELL APPLICATION ANALYSIS

Analysis of fuel cell applications to New Haven Line electrical power and heat needs requires
integration of the following information:

application requirements from chapter 2

fuel cell characteristics from chapters 3 and 4

1

2

3. factors affecting the cost of electricity

4. environmental, power supply and homeland security implications, and
5

site-specific considerations such as availability of space for the fuel cells, ability to
secure land, availability of natural gas, ability to secure building permits

The discussion which follows in Section 5.1 discusses

¢ traditional economic factors;
* fuel cell-specific economic factors;

* power reliability and security factors.

Section 5.2 describes the broad application considerations for traction power, station power and
yard power. Section 5.3 discusses more detailed application considerations for traction, station
and yard power.

5.1 FACTORS AFFECTING COST OF ELECTRICITY

Traditional contributions to the cost of electricity include capital, fuel, maintenance and

credit for fuel cell product heat utilized in the application. In addition to these traditional
contributions, renewable energy credits and net metering to encourage more environmentally
benign energy production, and capacity credits to encourage addition of distributed energy in
areas with transmission congestion will influence application economics.

5.1.1 Traditional Cost of Electricity

The traditional cost of electricity is determined by fuel cell installed cost, efficiency and
maintenance cost, and the application and heat load of a building. Capital cost includes the cost
of the power plant at the factory, shipping, site design, permitting and installation. Efficiency
determines the amount of fuel consumed. Maintenance cost includes the cost of planned and
unplanned maintenance and replacement of power plant components during the life of the
power plant. Since fuel cells operate unattended, there is no cost for plant operation. Use of
power plant heat will provide a credit equal to the cost of fuel which would normally be burned
to provide the same amount of heat. A preliminary assessment of these factors was made using
a number of simplifying assumptions. One key assumption is that the capital cost contribution
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to electricity cost per kWh —which includes depreciation, cost of money and taxes —is
equivalent to a five-year payback period. These assumptions are appropriate for initial
screening of the applications, which is the purpose of this study. However, for a final decision
regarding solicitation of bids for fuel cell power plants, further analysis with additional
information on energy requirements, details of rates for purchase of electricity and natural gas,
installation cost including land acquisition and cost of alternative critical power approaches is
required.

Table 14 illustrates the influence of primary application factors on cost of electricity. Figure
11 is a simplified graphical presentation of the same information. A further breakdown
showing individual contributions to the cost of electricity and a discussion of the simplifying
assumptions is provided in Appendix F.

Installed cost Efficiency Capacity Factor | Heat Utilization Cost of electricity
($/kW) (%) (%) (cents/kWh)
Historic Fuel
Cell Cost
5,000 40 50 0 34.89
50 100 100 19.08
Fuel Cell Cost
Goal
2,000 40 100 100 12.15
40 100 0 18.01
40 50 100 16.72
50 100 100 11.23
50 100 0 15.62

TaABLE 14: EFFecT OF POWER PLANT COsT AND APPLICATION FACTORS ON COST OF
ELecTrRICITY FROM FUEL CELL POWER PLANTS
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FIGURE 11: ILLUSTRATION OF THE EFFECTS OF TECHNOLOGY AND APPLICATION
FacTtors oN Cost ofF ELECTRICITY FROM FUEL CELL POWER PLANTS

While fuel cell companies were not asked to provide capital cost information, a recent article
(New York Times, March 4, 2007 “Is the State Selling its Fuel Cell Business Short?” by Jan Ellen
Spiegel) indicated current costs of MCFC from FCE are in the range of $4,800 per kW. The

US Department of Energy website (www.fe.doe.gov/programs/powersystems/fuelcells/
fuelscells_phosacid.html) states the current cost of PAFC is $4,000 to $4,500 per kW.

Additionally, the New York Times article states that the FCE goal for competition with
conventional power is $2,000 per kW. Similar goals of $2,000 - $2,500 per kW installed have been
expressed for UTC fuel cells (private communication from R. Roche, UTC Power). The ability

to achieve the cost goal is based on both improvements in technology and design as well as
increases in production volume. Power plant price for a specific fuel cell project will depend on
the experience of the manufacturer and the specific situation associated with a project, and can
be determined only through responses to a request for bid. Table 14 shows that reduction in the
cost of electricity associated with technology improvements and production rate increases, which
reduce capital cost from $5,000/kW to $2,000/ kW, would reduce the cost of electricity by 40%.

Application factors can affect cost of electricity from a fuel cell to a similar degree.

Table 14 indicates that for a fuel cell at the $2,000 per kW cost goal and 40% efficiency, increasing
the capacity factor from 40% to 100% (average power divided by peak power capacity) can
reduce the cost of electricity by nearly 40% and the ability to utilize waste heat can reduce the
cost of electricity by nearly 50%. Using a fuel cell with 50% rather than 40% efficiency would
reduce electricity cost by 11% - 14% depending on heat utilization. This shows the strong
influence of application factors on economics for a fuel cell meeting competitive goals.
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5.1.2 Economic Factors Associated with Environment and Capacity Considerations

In addition to the traditional economic factors discussed in Section 5.1.1, the clean fuel cell
operation and the ability to locate fuel cells at the electrical load brings into play a number of
special incentives associated with achieving a clean environment, reducing dependence on
foreign sources of energy, and easing congestion on the electricity transmission and distribution
network. These incentives have been established by the state of Connecticut, the Independent
System Operator for New England (ISO-NE) and the federal government.

The incentives include net metering, avoidance of back-up power charges in some situations,
renewable energy credits, capacity credits and tax credits. If an installation is able to capture
these incentives, the economic benefit can be substantial. These factors are affected by specifics
of the power plant installation and, in many cases, require application and evaluation by either
Connecticut government entities or ISO-NE. Table 15 summarizes these additional factors. The
value of these incentives in most cases depends on market factors or on evaluation by third
parties, and there are limitations on the extent of the incentives. Consequently, the incentives
must be evaluated on the details of the specific application.
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Incentive Program

Effect on Economics

Limitations

Value

“Net Metering”

Values excess power
exported to utility at
avoided wholesale
cost

Up to 2,000 kW

Exported energy valued at
retail rate unless net energy
is exported to the utility
network in which case,

the net energy exported

is valued at the avoided
whole- sale cost. Demand
charges still apply

Back-up power

Eliminates a portion

Only for off-peak

Avoids back-up demand

1 -5 year contract

charges of demand charge if outages charges for some outages
fuel cell outage occurs
entirely in off-peak
periods
Renewable Energy Credit for Maximum is 5.5 cents | Value determined by
Certificates environmental benefit | per kWh based on market. Has varied from
of power delivered penalty for failure $10 - $50 per megawatt
to meet Renewable hour (1 - 5 cents per kWh)
Portfolio Standards
Distributed Capital cost subsidy Up to $4,700 per kW, | Depends on CCEF
Generation Incentives | and subsidy for Additional 1.5 cents evaluation of site specific
through Connecticut | kWh delivered per kWh in Southwest | factors, including use of
Clean Energy Fund in Southwest Connecticut. fuel cell heat. Amount of
(CCEF) Connecticut $4 million limit for an | incentive will likely be less
installation over its than $4,500 per kW
life cycle
Distributed Capital cost subsidy Only available if $200 - $500 per kW
Generation Incentive facility does not depending on site- specific
through Department qualify for CCEF factors
of Utility Control incentive;
(DPUC) limited to congestion
charge avoidance
Forward Capacity Monthly credit for Fixed schedule Currently $3.10 per kW per
Market through ISO- | power capacity through 2010, then month. Depends on need,
New England defined by auction, ISO-NE decision

Federal Income tax
credit

Tax credit

Up to 30% of project
cost or $1,000 per kW,
whichever is less.
Efficiency must be
30% or higher.

Depends on legislation to
extend beyond December
2008. Applies only to
facilities owned by profit-
making entities.

TaABLE 15: AppitioNAL EcoNnomMic FACTORS

Net metering: The term “net metering” refers to the value of energy exported to the utility from
a distributed generator located on the customer side of the utility meter. Net metering allows for
the customer to offset grid energy delivery with onsite production at retail rates up to a
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net energy consumption of zero kilowatt hours for the period considered. Above this (i.e., net
exporter of energy to the grid), the net exported energy for the true up period is compensated
at wholesale rates. The latest energy bill extends the true up period to one year. The demand
charge is still in effect. The 2007 General Assembly enacted a bill which extends net metering to
all customers with generation capacity up to two megawatts, and set the period over which net
energy is determined at one year (Public Act 07-242, “ An Act Concerning Electricity and Energy
Efficiency,” Section 39). Net metering minimizes the economic penalty for exporting power to
the utility grid and it could be eliminated in some cases. It permits larger fuel cell power plants
to be installed without incurring a significant penalty for exporting power.

Back-up power charges: A recent act of the 2007 General Assembly waives the distribution
demand charge portion of back-up power demand charges for outages which are completely
within off-peak periods (Public Act 07-242, “ An Act Concerning Electricity and Energy
Efficiency,” Section 118). Since a maintenance event for fuel cell outages would normally extend
beyond off-peak periods, this provision will provide a benefit only for a portion of the outages.

Renewable Energy Certificates (RECs) are a mechanism whereby utilities and other power
providers can use RECs to meet renewable portfolio standards (RPS) that require a certain
percentage of electricity delivered to be from renewable sources. Connecticut legislation
classifies fuel cells operating on natural gas as a Class 1 renewable energy source, so each
kilowatt hour generated with fuel cells creates a renewable energy credit which can be sold for
the purposes of meeting RPS in Connecticut. REC prices are quite volatile; in New England,
prices vary from as low as $0.70 per megawatt hour for existing renewables to as high as $49
per megawatt hour for new renewable energy sources (Emerging Markets for Renewable Energy
Certificates: Opportunities and Challenges, NREL/ tp-620-37388 by Ed Holt and Lori Bird, January
2005, published by National Renewable Energy Laboratory). Generally RECs purchased for
RPS compliance purposes are priced higher than RECs purchased on a voluntary basis (“The
Value of RECs in Renewable Project Financing,” by Karlynn Cory, NREL at Renewable Energy
Marketing Conference in San Francisco, December 5, 2006). For example, voluntary clean energy
options offered to customers of the electric utilities in Connecticut are priced at approximately
$11 per megawatt hour (www.ctinnovations.com/funding/ccef/about.php).

Customer-side of the meter funding incentives for distributed generation are offered by the
Connecticut Clean Energy Fund (CCEF). The amount of the incentive depends on details of
the project, including the net energy efficiency, which includes effects of the use of heat from
the fuel cell power plant. Credits are capped at $4,700/kW. In addition to the $4,700/kW,

an additional premium of 1.5 cents/kWh is available for projects located in Southwestern
Connecticut. The program offers grants of up to $50,000 per installation to support site-specific
technical and financial feasibility studies. The total limit of funding for a single project is $ 4
million over the life of the project. Applications are considered on a rolling submission basis.
CCEF staff evaluates and selects projects, which are then submitted to the CCEF Board for
funding approval (“Call for Applications for On-site Renewable Energy Generation Projects,”
Program Opportunity # CCEF-OSDG-001, Connecticut Clean Energy Fund, Program Release
December 1, 2005).

Customer side of the meter funding incentives for distributed generation capacity are also

offered in the amount of $200 - $500 per kilowatt by the Department of Public Utility Control
(DPUC). For fuel cells, these incentives are available only if the project fails to qualify under
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the CCEF program, and therefore this incentive is not additive with the CCEF incentive. The
amount of the DPUC award must be less than the projected reduction in federally mandated
congestion charges (General Statues, Title 16, Section 243i).

ISO-NE purchases “behind the meter capacity” at fixed prices under its Forward Capacity
Market: in the current transition period, capacity rates are set at $3.05 per kW per month
through May 2008 and will increase to $4.10 per kW per month in June 2009 through May

2010. Contracts are for between 1 and 5 years. Following the transition period, capacity rates
will be determined by an auction (“Demand Resources as Qualified Capacity in the New
England Forward Capacity Market,” Henry Yoshimura, ISO New England Inc. Presented to the
Restructuring Roundtable, September 22, 2006).

Federal Income Tax Credit through December 31, 2008: Federal Tax credit is available for fuel
cell installations having greater than 30% efficiency and with rating greater than 0.5 kW (Energy
Policy Act of 2005, Section 1336). The tax credit is calculated as 30% of total project cost or
$1,000/kW of installed nameplate capacity, whichever is less. There are efforts to extend this
credit beyond 2008 in the current session of the US Congress. This Federal Income Tax credit
would not apply to a facility owned by the State of Connecticut.

5.1.3 Power reliability and Security Considerations

Fuel cell power plants can be located at the electrical load; multiple units can be installed to
provide redundancy or an ability to provide critical loads even if one of the units is out of
service and power from the utility network is unavailable. Power reliability and security is
important for

* life safety;
* fire protection;

* continuity of operation for critical power needs such as control and signaling and
system operations;

* continuity of service in the event of security threats.

Emergency power for life safety applications is governed by the National Fire Protection
Association (NFPA) Standard for Emergency and Standby Power Systems, NFPA 110. In this
application, the fuel cell power plant(s) operate continuously, either independent from or in
parallel with the utility supply network. If the fuel cell power plant fails, power is provided
from the utility grid. If the fuel cell is operating in parallel with the utility grid and the grid
fails, the fuel cell switches to grid-independent operation and continues to supply the electrical
load. Transitions from normal operation to emergency operation can be made within seconds
with mechanical switchgear or virtually instantaneously using electronic switching. NFPA
recognizes the utility system as a suitable emergency power system for a site where the primary
power source is an on-site energy conversion device, and recognizes fuel cells as an acceptable
onsite energy conversion system (NFPA 110 Standard for Emergency and Standby Power Systems,
2002 edition, Sections 115.1.4 and A.5.1.4). A number of fuel cell installations of this type are in
operation. The larger passenger stations at New Haven and Stamford and buildings in the New
Haven yard have applications of this type.
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Natural gas-fueled systems are acceptable for emergency power except in locations with severe
seismic problems. In some natural gas systems, locally stored peak shave gas is used during
periods of peak demand. The predominant form of peak shave gas is liquefied natural gas, but
there are some locations where propane-air peak shaving is still used. Fuel cell power plants
are usually designed so that they will not operate with propane-air peak shave gas, although
they can—and have —been designed to operate with this gas as well. Locations along the New
Haven Line are not expected to be exposed to propane-air peak shave gas, but this should be
checked as part of any more detailed study leading to implementation of fuel cell power.

Some mission-critical operations require even higher reliability and can not tolerate any
interruption in power. These include information systems serving real time applications

such as credit card processing, mail processing facilities and industrial control operations. In
these situations, redundant fuel cell power plants are used along with the utility network to
provide “no-break” (uninterruptible) power with very high levels of reliability. Several fuel cell
installations of this type are also in operation. As noted in Section 2, the New Haven yard has
significant critical power applications of this type.

With the emergence of terrorist attacks on transportation infrastructure such as occurred in
London and Madrid, the need for power security and reliability is now being considered. The
first emphasis of Homeland Security considerations for transportation is to prevent attacks
and to ensure public safety during and after an attack (National Infrastructure Protection Plan,
Department of Homeland Security, 2006). Longer term, since commuter rail serves thousands
of professionals involved with finance and commerce, minimizing disruption associated with
an attack may also be a consideration. The track network itself is the most important asset in
maintaining continuity of service, but electric power is essential to operation of the system.
Distributing electric power widely to minimize the disruption associated with an attack on one
facility would be one way to achieve improved security, and fuel cell power plants are well
suited to this application. However, this study found no information to indicate that providing
more secure traction power is a security objective with specific funds allocated for this purpose.

In considering fuel cell power plants for power reliability and security applications, the cost of
fuel cells and their operation, as well as their effectiveness, would be compared to alternative
approaches including engine-generator sets, gas turbine generators, batteries, uninterruptible
power systems, or combinations of these systems. The comparison would require specifying the
level of reliability, permissible transition time, outage duration, etc.

5.2 General Comparison of Applications

Table 16 provides a general comparison of applications in terms of application, economic and
fuel cell product factors.
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Application | Power Plant | Load Ability to | Uses Need for Current Cost
Changes Factor use heat Emergency | additional of Electricity
(%) Generators | power (cents/kWh)
Traction Single-phase | 35-45 No, unless | No Yes, to 11.3
Power inverter, combined accommodate
high voltage with new trains
transformer buildings for MNR and
along Amtrak
track
Station None 50-70 Yes Yes Limited 12.5-13
Power
Station None Essentially | No Yes Limited Note 1
Emergency Zero
Power
Yard Power None 35-55 Yes Yes New Haven 14.7-15.7
yard

Note 1: Economics are based on cost of emergency generator set, batteries plus generator set or uninterruptible power

system.

TABLE 16: GENERAL COMPARISON OF POWER APPLICATIONS ON NEW HAVEN LINE

Table 16 shows that the traction power application is most challenging in terms of changes to
the fuel cell power plant, application factors and the cost of electricity. However, it is by far

the largest use of electric power on the New Haven Line, and use of fuel cell power in this
application would have the greatest effect on reducing transmission congestion in Southwest
Connecticut. Yard power and station power have more favorable economics; the yard expansion
at New Haven provides significant opportunity to install fuel cells in new construction, which
would have the lowest installation cost. Station emergency power considerations would provide
a more attractive economic situation for large stations at New Haven and Stamford, which
currently have emergency generators, and for many, if not all, of the new buildings in the New
Haven yard. Smaller passenger facilities currently have no emergency power provisions other
than possibly battery-powered lighting. If a fuel cell is installed in a new building, it may avoid
the need for purchase of other emergency power equipment, thus improving the economic

competitiveness of fuel cell power plants.

The current cost of electricity shown in Table 16 is the average cost at these locations based on
electric bills for a recent 12-month period. The cost of power has been increasing significantly.
For example, billing data for traction power were obtained for the years 2000 through 2006 from
MNR; the cost of electricity for the month of December increased by 75% during the period.
Part of the reason for higher power cost is higher cost for natural gas, which also affects the

cost of power from fuel cell power plants. The cost of power displaced by a fuel cell operating
at constant load will be somewhat less than is shown in the Table, and this factor should be
considered in final purchase decisions.
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5.3 DISCUSSION OF SPECIFIC APPLICATIONS

This study assesses stationary fuel cell power plants as an alternative to purchasing power from
the electric utility network. Other power plant technologies such as reciprocating engines or gas
turbines were not considered, although they may provide strong competition to fuel cells if the
application were strictly emergency power. The predominant commercial use of stationary fuel
cells is a continuous power application with natural gas fuel, which is the primary application
considered in this report. In this application, the fuel cell will usually share the load with the
utility, with the ability for either source to supply the load independently if the other source is
not available. For smaller-rated applications, hydrogen-fueled standby fuel cell power plants are
being considered; these are discussed in Section 5.3.3. Larger hydrogen-fueled standby power
plants may be considered in the future, but there is no present activity in this area.

5.3.1 Traction Power Discussion

5.3.1.1 Technical considerations

Because the traction power application requires single-phase power at 12.5 to 25 kV, the
standard fuel cell power plants offered commercially by FuelCell Energy or UTC Power will
require modifications to the DC to AC inverter and the output transformer. The inverter
modifications might be as simple as using two of the current inverters in parallel, or they may
require a new single-phase inverter design. These changes do not involve new technology, just a
straightforward design of new equipment. The voltage difference will be accommodated simply
by adding a transformer. If export of power to buildings along the line is desired, a control
system and switchgear will have to be added, but this is a straightforward design activity
utilizing standard equipment.
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5.3.1.2 Traction Application Alternatives

The alternative traction power applications for fuel cells are compared in Table 17.

sized to base load

Application Maximum Economic Prospects Other Factors
Installation Power
Central Location > 30,000 kW Low Load Factor unless Probably requires

changes to catenary and
feeder circuit to permit
power flow; requires

large plot of land

At Current Supply 13,000 - 20,000 kW | Low Load Factor unless Land Availability
Points sized to base load
Between Supply 2,000 - 12,000 kW Low Load Factor unless Land Availability
Points sized 