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Introduction
Florida has the second largest residential consumption of electricity in the U.S.1 In a 2009 survey
conducted by the U.S. Energy Information Agency (EIA), electricity accounted for 90% of energy
consumed by Florida households with annual expenditures exceeding the U.S. average by 40%.
However, Florida was also among the states with the lowest site energy consumption.2 This can be
attributed to Florida’s climate and its large number of residents. With strong demand for air
conditioning throughout the year and less need for appliances such as furnaces that would consume
energy on site, Florida households rely heavily on the power grid to satisfy its demand for
electricity year round. This places great pressure on Florida utilities to ensure reliable electric
service particularly during peak demands, requiring utilities to invest in maintaining sufficient
generation, transmission and distribution of power.
With such a heavy reliance on the power grid, it is no surprise that Florida also has one of the
highest carbon dioxide (CO2) emissions from fossil fuel combustion. Florida’s electric power sector
was estimated in 2012 to have generated 105.83 million metric tons of CO2.3 In June 2014, the U.S.
Environmental Protection Agency (EPA) proposed a Clean Power Plan to reduce nationwide CO2
emissions by 30% over a period of 16 years. For Florida’s part, the EPA proposes a 38.3%
reduction in CO2 emissions to help meet this national goal; this means reducing an estimated
emission rate of 1,200 lb/MWh to 740 lb/MWh by 2030.4
These challenges present Florida utilities with an opportunity to explore new energy efficient
technologies. Ideally, this new technology would accomplish the following:


Reduce the generation levels at peak periods of electricity use;



Supplement the intermittent electricity produced by solar and wind; and



Emitt less CO2 by using fossil fuels more efficiently.

This paper explores the potential of deploying residential combined heat and power fuel cell
systems by utilities as a way to meet these conditions. Also known as micro-CHP fuel cell systems
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these units produce hot water heating and electricity from a single fuel source such as natural gas,
effectively maximizing the amount of useful energy generated. By generating between 5 to 50kW of
electricity, they are able to supplement grid electricity in single or multi-family homes and small
commercial sites.
In deploying residential micro-CHP fuel cell systems on a large scale, utilities could distribute
electricity generation and reduce the load on its power lines. Utilities would also reap substantial
long term savings from a decrease in peak power generation.
Distributed generation of energy will greatly improve Florida’s energy efficiency. This paper will
discuss the following points on why Florida utilities are best positioned to invest and implement
this technology:


Strategically deploy micro-CHP-FCS in areas where the grid is most constrained;



Place micro-CHP-FCS in areas most vulnerable to power outages caused by hurricanes;



Make investments in infrastructure that have longer payback periods;



Leverage buying power to lower the cost of micro-CHP-FCS;



Tailor output power of micro-CHP-FCS to match the needs of the grid;



Enable the smart grid to use micro-CHP-FCS effectively at peak periods; and



Work with manufacturers to design and implement the system as seen in Japan and the EU.

This paper will also examine concerns which would impede the adoption of this technology and
what state policy makers could do to encourage investment in this technology.

Combined-Heat-and-Power (CHP) is a proven technology
Similar to a power plant, CHP generates electricity and thermal energy. However, unlike a power
plant, CHP systems and micro-CHP systems are placed close to where the energy will be consumed.
This allows the thermal energy produced to actually be used for heating and hot water. By using
both the electrical and thermal energies produced, CHP energy efficiency can exceed 70% whereas
separate electricity generation at centralized locations averages about 34% in the U.S. Currently,
CHP systems have been used in the industrial sector for such industries as petroleum refining and

paper as well as large commercial settings such as hospitals and college campuses. In 2011, CHP
systems accounted for 7% of the annual US capacity.5

Fuel Cells have Advantages over Conventional Systems

Micro-CHP fuel cell systems are residential scale cogeneration systems. Similar to industrial and
large commercial CHP systems, they produce electricity and heat for use from a single fuel source,
such as natural gas. The advantage of a fuel cell system over a conventional combustion system is
the reduction in CO2 emissions and an improvement in efficiency. For micro-CHP fuel cell systems,
the fuel (e.g., hydrogen, natural gas, or methanol) directly produces electricity when it is
electrochemically reacted with an oxidizer (e.g., air or oxygen). The thermal energy produced
during the reaction can then be used to heat water. For a micro-CHP that relies on combustion, the
fuel must first be used to drive an engine; the mechanical energy produced by the engine is then
used to produce electricity, which decreases the overall efficiency.
Micro-CHP fuel cell systems are also much quieter than conventional systems. Unlike an internal
combustion engine, a fuel cell’s moving parts consist of water pumps and air circulation fans. The
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fuel cell unit sold by Panasonic in Japan lists its noise level at 38dB (a normal conversation’s noise
level is 60dB).6

Micro-CHP Fuel Cell Systems are in Use Overseas
Success of ENE-FARM in Japan
In 2011, Japan experienced the greatest power system crisis since World War II. The damage
caused by the Great Tohuoku Earthquake not only resulted in the devastating radiation leakage
incident at Fukushima but also greatly reduced the country’s electricity supply. This prompted the
government to request households to reduce their demand on the centralized power grid.7
Coincidently, since 2009 the Japanese Government has supported the commercialization of microCHP fuel cell systems known as ENE-FARM for use in private homes. The systems developed by
different manufacturers such as Toshiba, Panasonic, and Enoes (JX Nippon Oil and Energy) are all
sold under the brand ENE-FARM. The Japanese Government along with local governments offered
individual subsidies to help offset capital costs and to encourage sales. The earthquake and
tsunami in 2011 pushed individuals to diversify their energy sources and the popularity of the ENEFARM units grew. The strength of the sales has prompted the Government on several occasions to
reallocate additional funds to the subsidies to maintain momentum. As of 2013, Panasonic alone
has shipped out approximately 30,000 units.
ENE-FARM units run on hydrogen gas derived at the point of use from the city gas supply. It has
combined electric and thermal efficiencies ranging from 80 to 95% depending on the model. Since
its commercial debut, manufacturers and city utilities have worked together to improve durability
and efficiency as well as reduce cost and occupied floor space. The 2013 model offered by Tokyo
Gas was jointly released with Panasonic and boasts a 49% reduction in occupied floor space, a 3%
improvement in efficiency, and 20% decrease in cost. 8
Start of ene.field in Europe
Japan’s successful deployment of residential micro-CHP fuel cell systems has created interest and
excitement around the world. It has encouraged the European Union to set up its own field trials
for residential micro-CHP fuel cell systems under project name ene.field in 2012. The project has
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participation from 12 member states and brings together nine mature European fuel cell microCHP manufacturers and four European utilities as full partners. As of June 2014, the first two of a
planned 1,000 residential fuel cell based micro-CHP were installed in residential homes.9

Florida utilities stand to benefit from micro-CHP fuel cell systems
Reduce generation levels at peak electricity usage
Florida utilities must keep enough capacity on hand to match electricity demand at peak periods or
under emergency situations. Peak power, typically generated by more expensive gas turbines or
small scale generators, is produced on top of baseload power. This increases the load that must be
transmitted and distributed from the power plants to individual customers.
As the load on these lines increase, energy is lost on the lines as heat. A study published in 2011 by
the Regional Assistance Project (RAP) showed an average line loss of 7%, but more alarming was
the calculated marginal line loss of 20% at peak periods.10 Peak power generators need to produce
more electricity to compensate for this line loss, further increasing the cost of one kWh generated at
peak periods.
By placing micro-CHP fuel cell systems at individual customer locations, peak power could be
generated at the point of consumption, and the loss due to transmission and distribution could be
eliminated. Distributed generation would benefit service areas as a whole by saving energy and
peak capacity. In doing so, utilities stand to reduce their operating costs.
Smoothing out solar and wind power
One disadvantage of using renewable resources like solar and wind systems is their varying
electrical output. This variability can result in shortages or surpluses of electricity.
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Graph 1. Actual Power Generation from Wind and Solar in a 48 hour period (August 12, 2014 to
August 13, 2014) at 50Hertz Transmission GmbH in Germany.11
As more focus is placed on renewable energies, these fluctuations must be addressed. As
experienced by Germany in its push toward renewable energies after the 2011 Fukushima nuclear
disaster, even a millisecond lag in the electrical grid can cause thousands of dollars in damages to
the private sector.12 Micro-CHP-FCS could be used to supplement these fluctuations in electrical
output. Low temperature fuel cell systems, as proposed, are well suited to cycling on and off, which
allows for load following.
Emit less CO2 by using the fuel source more efficiently
Growing concern about greenhouse gas (GHG) emissions and its potential effect on our
environment has intensified interest in energy efficient technologies to help address this issue. CO2
emissions are the largest contributor to GHG emissions, and Florida utilities have made great
strides over the years in its reduction. Average CO2 emissions were 1,835 lb/MWh in 2000 and
early efforts by Florida utilities reduced emissions by 34.6% over a 12-year period. Plant
modernization, nuclear power, repowering, and implementation of DSM programs all contributed
to the CO2 emissions reduction.13
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While natural gas powered micro-CHP fuel cell systems still rely on an external fossil fuel source,
these systems operate at lower total CO2 emission rates because both the electricity and heat
generated are used. Graph 2 compares micro-CHP fuel cell systems to a conventional coal fired
plant, an average natural gas fired plant, and an advanced natural gas cogeneration plant. The CO2
emission rate for a micro-CHP fuel cell system is already one half of an average natural gas fired
plant but the CO2 emission rate can be reduced by another 50% once the heat is used for water
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Graph 2: Comparison of CO2 emission rates of micro-CHP-FCS to power plants driven by fossil fuel
combustion. CO2 emission rates decrease as more heat produced by micro-CHP-FCS units is used.14, 15
Reliability
Since the devastating hurricanes in 2004 and 2005, Florida utilities have spent billions on
strengthening their systems against winds and storms so that power may be restored quickly after
an outage.16 Natural gas powered micro-CHP fuel cell systems are less vulnerable to power outages
caused by storms and hurricanes. Since natural gas lines are buried underground, they are less
susceptible to service disruption. Micro-CHP fuel cell systems could be relied on to provide partial
power to homes during outages.
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Florida utilities should drive implementation…
Florida utilities are best positioned to own and install micro-CHP fuel cell systems at individual
customer locations. Utilities are most familiar with their service areas and are able to know where
vulnerabilities to their grids lie. Utilities would be able to strategically place micro-CHP fuel cell
systems to lessen the load on their systems. It would increase on-site fuel consumption at customer
locations and improve system-wide efficiency of heat and electricity production. Their familiarity
with their respective service areas would also allow Florida utilities to first address areas most
susceptible to power outages due to storms and hurricanes and then proceed to evaluate
implementation in other service areas.
Florida utilities are also familiar with investing in improvements that will have longer payback
periods. In recent years, Florida utilities like Florida Power and Light transformed their grid and
business with smart grid technologies.17 Because micro-CHP fuel cell systems are powered by
natural gas and feed into the electrical grid, Florida utilities could use smart grid technologies to
monitor micro-CHP fuel cell systems. They could also program micro-CHP fuel cell systems to run
at peak periods and then to switch back to the electrical grid at off-peak periods.
The ENE-FARM and ene.field projects in Japan and Europe illustrated the importance of having
manufacturers and utilities work together to improve the existing micro-CHP fuel cell technology.
By working together with city gas companies, the Japanese micro-CHP fuel cell system
manufacturers were able to make dramatic improvements in affordability, durability, and efficiency.
By maintaining a close relationship with utilities, manufacturers could have a firmer grasp of
specifications sought by utilities and could work toward design simplification which would improve
affordability. By working with manufacturers, Florida utilities could tailor the output power of the
micro-CHP-FCS to generate a set amount of power to be returned to the electrical grid to offset peak
demand periods. The cost of a micro-CHP fuel cell system will also go down with high production
levels. By deploying micro-CHP fuel cell systems on a large scale, Florida utilities can leverage
buying power to lower cost. Contracts could also be drawn up to include maintenance and service
with purchase.
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…in collaboration with State regulators
Florida’s utility regulator, Florida Public Service Commission (FPSC), plays a significant role in the
adoption of new energy efficient technology. By keeping micro-CHP fuel cell systems on the supplyside, energy efficiency could rapidly expand under utilities’ actions. However, policy will dictate
speed of adoption. FPSC has promoted and monitored supply-side energy efficient improvements
before, such as the Generating Performance Incentive Factor (GPIF). This policy set targets to
encourage utilities to improve the energy efficiency of their baseload generating units, effectively
reducing the average amount of fuel required to generate one MWh.18
One issue that must be addressed is how to encourage energy efficiency if it means a reduction in
demand. Of course, calculating energy savings is harder than calculating CO2 emissions, energy
generation, and consumption. FPSC will need to further explore how to quantify these savings. If
line loss is reduced or load patterns are improved, how can one quantify those benefits? If the costeffectiveness of a program is determined solely through impact to the ratepayer, then Florida
utilities may not have much incentive to invest in more energy efficient technologies. Rather, it
would likely be more cost effective to build more power plants. Therefore, the State should provide
stronger economic incentives to improve energy efficiency. The State must also specify who owns
emission reduction credits, efficiency credits, electrical output and thermal output.

Conclusion
Florida residents rely heavily on the electrical grid. Florida utilities face the challenge of supplying
reliable, continuous electricity to its residents whilst facing mounting pressures from government
agencies and environmental groups to cut CO2 emissions. Micro-CHP fuel cell systems deployed on
a large scale can help to address this challenge. By deploying micro-CHP fuel cell systems on a large
scale at residential locations, utilities can distribute peak power generation across an entire service
area. In doing so, utilities could reduce their operating costs, reduce the load on their grid systems,
and lower CO2 emissions. Finally, state regulators can encourage utilities to achieve these goals
through smart, targeted incentives.
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cell innovations seek to make clean power generation affordable to everyone.
For more information, please visit http://www.bingenergyinc.com.
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