FEDERAL ENERGY MANAGEMENT PROGRAM A

Energy Efficiency Improvements Through the Use of Combined
Heat and Power (CHP) in Buildings

Combined technology helps Federal energy managers meet mission critical
energy needs

The Role of the Federal Energy Manager

Itishardtoimagine, intoday’s computer age, what
operations are not mission critical tothe operation
of our Federal Government. Therefore, today’s
Federd energy manager playsanimportant rolein
thenation’sgoal to generate energy efficiently and
cost-effectively.

Toaccomplishthisgoa Federa energy managers
must assurethat their systems:

 supply mission critical operations,

* support theeectric grid relighility efforts,
* reduceclimate change gasemissons,

* conservenatura resources, and

¢ providelife-cycle cogt-effectiveness.

System Integration

The Federd energy manager hasagrowing number of
optionsto provide e ectric power and thermd energy
(heating, cooling and humidity control) to buildings
and processesthroughout the Federd system.

This Technology Focuslooks at integrating proven
technologies (e.g., engines, gas turbines, bailers,
absorption chillers, desiccant dehumidifiers, dectric
air conditioners) to maximizethe use of recoverable
thermd energy. It also providesaglimpseinto the
arenaof emerging technologies (microturbines,
fud cells, etc.). FEMP sleadership isessentid to
achievethe nation’senvironmental, economic and
security goals.

Combined Cooling, Heating and Power

Combined Heat and Power (CHP), dso known as
cogeneration, isasystem that efficiently generates
electricity (or shaft power) and usesthe heat gener-
ated in the processto produce steam, hot water, and/
or hot air for other useful purposes. DOE estimates
about 7% of thetotd electrica power generationin
thiscountry iscurrently produced by CHP equip-
ment. Industry working with DOE has examined
broader utilization of the recoverable energy from
on-site or near-site power generation for buildings
and concludesthat sensible cooling and humidity
control provides additiond energy savingsand eco-
nomic potential. Thisnew approachisnow caled

Internet: http://www.eren.doe.gov/femp

Buildings Cooling, Heating and Power .
“BCHP"’ technology, and anindustry roadmap has
been created (detail s can befound a www.bchp.org).

Meeting Executive Order 13123

Sustainable Design and Development for
Federal Agencies

Sustainability isgrounded in the knowledge that all of
lifeisinterdependent—that local actionsmay have
global consequences. Thebasic objectivesof sustain-
ability areto:

* reducetheconsumption of energy, land, and other
nonrenewabl e resources, and

* minimizethewaste of materias, water, and other
limited resources.

Sec. 206. Source Energy

“The Federal Government shall striveto reducetotal
energy use and associated greenhouse gasand other
air emissions, asmessured at the source. To that end
agenciesshdl undertakelife-cycle cost-effective
projectsinwhich source energy decreases, evenif

siteenergy useincreases. |n such cases, agencieswill
receive credit toward energy reduction goalsthrough
guidelinesdeveloped by DOE.”

Sec. 403 (g) Highly Efficient Systems

“Agenciesshall implement district energy systems,
and other highly efficient systems, in new construc-
tion or retrofit projectswhen life cycle cogt-effective.
Agenciesshall consider combined cooling, heat, and
power when upgrading and ng facility power
needsand shdl use combined cooling, heet, and power

Mission Critical Operations

seeing today,” said Kurt Yeager, presi-
dent and CEO of EPRI® at an October 29,
1999, press conference. “This trend is

only expected to increase as competi-
tion becomes more widely adopted.”
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“The 50-year-old grid was simply
never designed to handle the volume
and frequency of power trades that we’re
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systemswhenlife-cycle cod-effective.
Agenciesshal survey local natura re-
sourcesto optimize use of availablebio-
mass, bioenergy, geothermal, or other
naturally occurring energy sources.”

Electrical Technologies

Engine/Generator Sets

Engine-driven generator setsuseinterna
combustion enginesto drive an electric
generator in asingle package. Typically,
congtant duty-cycleenginesuse spark igni-
tion and burn natural gasasthe primary
fud. Biofuelscan dso be used for fud in
place of petroleum and natural ges.

Current engine technol ogy achieves effi-
cienciesin the range of 30-40% [based
onthefud’slower heating vaue (LHV)],
and emissions of NOx and CO, while
higher than most other distributed tech-
nologies, have been reduced significantly
inthelast severd yearsby exhaust cata-
lystsand better design and control of the
combustion process. Enginesare gener-
aly low-cogt, have proven religbility with
proper maintenance, and have good load
following characteristicsand heat recov-
ery potentid. Historically engines have
been used for standby generation, but
they areaso appropriatefor peak power,
or for BCHPin commercial and light
industrial applications.

Courtesy of Caterpillar

Figure 1. Engine-generator set.

Microturbines

Microturbinesare small, high-speed (up
to 100,000 rpm) electric generator sys-
temsthat include the turbine, compressor,
and generator on asingle shaft or witha
separate generator shaft, and the power
electronicsfor delivering AC power.
Microturbines have only one or two mov-
ing patsand areair-cooled. Some systems
useair bearingsrequiring no lubricating
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oil. Natural gas-fueled microturbines
requirefud pressuresinthe 75to 100 psig
range and these unitsmay require on-board
fuel gascompressors, which areavailable
asastandard option.

Courtesy of Capstone Turbine
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Figure 2. Nominal 30-kwW microturbine.

Microturbinesemit low levelsof noise
(approximately 70dB at 10 feet), and
noise can befurther reduced through
readily available, inexpensive control
technologies.

Microturbinesare currently availablein
nominal 30, 45, 75 and 100 kW sizes
(larger sizesup to 350 kW are being
developed), and individua unitscan be
packaged together to servelarger loads.
Microturbines are capable of producing
power at 20-30% efficiency (LHV).
Research and devel opment effortsto use
advanced ceramics technol ogies target
40% efficiency for the next generation
of products.

Current designsare offered for grid pard-
Id, standd one (black start capable) and can
separatefromthegrid and restart in stand-
aonemode when the grid goes down.

Courtesy of Honeywell Power Systems
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Figure 3. Nominal 75-kW microturbine.
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Combustion Turbines

Combugtion turbinesrangein sizefrom
600 kW to severa hundred megawatts;
however, BCHP-type systemswould
typicaly encompassthe range of 600 kW
to 30 MW. Combustion turbinescan burn
awide range of fuels and are capable of
dual-fuel operation and have operating
effidendiesintherangeof 24-35% (LHV).

Gas-fired turbines require natural gas
to besupplied a fairly high pressures;
therefore, afuel booster compressor is
needed on most local digtribution lines.
Combugtion turbinesrapidly adjust to
changesin load and to produce high
temperature waste.

Courtesy of Solar Turbines

Figure 4. 4,200-kW advanced combus-
tion turbine.

Fuel Cells

Fudl cdlsarean exciting technology that
convert hydrogen-rich fuels, such asnatu-
rd gas, into eectricity and heet through
an extremely quiet and environmentally
clean process. Fuel cellsgenerate electric-
ity through an electrochemical process
inwhich the energy stored inthe fuel is
converted directly to eectricity. There
arethree main componentsthat govern
the operation of fuel cells: aHydrogen
Reformer that extractshydrogenfroma
fuel source, aFud Cdl Stack wherethe
hydrogen fuel generatesDC power inan
dectro-chemical reaction, and an Inverter
that converts DC outputsto AC power.

Phosphoric acid fue cells(PAFCs) have
dready entered the commercial market-
place with over 200 units sold worldwide;
solid oxidefue cdll (SOFCs) and molten
carbonate fuel cells (MCFCs) are under-
going full-scale demongtration and are
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projected to enter themarket by 2002; pro-
ton exchange membranefuel cdl (PEM)
unitsarein development and testing.

Courtesy of International Fuel Cells

Figure 5. 200-kW phosphoric acid fuel cells.

Thermal Technologies

Heating

Heat recovery from power-generating
equipment iswell known. Essentially four
typesof heat exchangersareused: ar-to-air,
ar-to-fluid, fluid-to-air, and fluid-to-fluid.

Design condderation must begiventothe
coincidenceof eectric and thermal load
requirements, whichwill determine the
amount of thermal storage required (if
any) and the proper heat recovery system.

Absorption Chillers

The absorption cycle usesacondenser
and evaporator just like vapor compres-
sion systems, but replacesthe motor and
compressor assembly with athermal fluid
compressor (absorber, generator and small
fluid pump) to transfer low-temperature
energy to high-temperature heat rejection.
The absorption cycle usesthermd energy
(natural gas, waste heet or solar energy),
not electricity, to create chilled water.

The cooling cycle beginsin the evapora-
tor wheretherefrigerant (whichiswater)
issprayed over tubes containing chilled

Courtesy of York International

Figure 6. Sngle-effect absorption chiller.
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water that iscirculated through the build-
ing asacooling medium. The evaporator
operates under avacuum, which permits
therefrigerant (water) to bail at alow tem-
perature and remove heat from the chiller
water. Therefrigerant vapor migratesto
the absorber whereit isabsorbedinto a
concentrated solution of lithium bromide
(LiBr). The combined LiBr/water solu-
tion is pumped to the generator where
hest isadded by natural gascombustion
or another heat source to vaporizethe
refrigerant (water) from the absorbent
(LiBr). The concentrated LiBr returns
through intermediate heat exchangers
to the absorber to repeat itscycle. The
refrigerant entersthe condenser whereit
isliquefied and returned to the evaporator
to repest the process.

Absorption systems are classified by

single, doubleor triple“ effect” referring
to the number of generatorsinthegiven
system and respective efficiency levels.

by

Courtesy of The Trane Company

Figure 7. Direct-fired double-effect
absorption chiller.

Single-effect absorption chillersidedly
fit BCHP applications providing low-cost
chilled water using low-qudity heat (9to
12 psig steam or 190 to 270 °F hot water).
Double-effect chillersincrease efficiency
using 65 to 115 psig steam, and 300to
370 °F hot water or can be co-fired with
hot air (e.g., direct gasturbineexhaust).

Absorption chillers may economicaly
increasethe capacity of combustion tur-
binesby cooling turbineinlet air and
using turbine exhaust to power the cycle.
Combustion turbine output will typically
increase by 10% to 18% for every 20°F
of reductionininlet air temperature.
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Desiccant Dehumidification

A desiccant materia naturaly attracts
moisture. Thematerial becomes saturated
asmoistureis adsorbed; but when heated,
thedesiccant dries out—or regenerates—
and can beused again.

In adehumidifier, the desiccant removes
moisturefromtheair: thisin turn, releases
heat and raisesthe air temperature. Heat-
recovery devicesthen cool theair, and
cooling devices such as cooling coils of
aconventional air conditioner provide
fina, sensible cooling.

Courtesy of SEMCO
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Figure 8. Desi ccant/enthal py dehumidifier.

In mogt systems, awhee! containing des-
iccant materia continuoudy dehumidifies
outside and/or recirculated air entering
the cooling unit. The desiccant isthen
regenerated by thermal energy supplied
by natural gasor waste heat. A desiccant
system can dso supplement aconventiona
air-conditioning system. The desiccant
removesthe humidity load whilethe evapo-
rator of theair conditioner lowerstheair
temperature.

Sincedesiccantsarethermaly activated,
they aredsoided for integration with on-
Stepower applications.

BCHP Technology Success

The cogni zant Federal energy manager
knowsthat the success of BCHP technol-
ogy focuses ontwo key e ements:

« optimizing the recovery of thermal
energy from on-site power generation,
and

« cost-effectiveintegration of thermal
recovery/use systems.
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BCHP Project Success

Proper planning by the Federal energy manager,
likeinmost capital projects, will help assure success.

Implementing BCHP technologieswithin Federa
Government facilities depends upon identifying the
best uses of BCHP and assuming an agppropriate
investment timeframe.

Undertaking aBCHP project should beviewed as
aninvestment, intermsof planning, implementation,
and operation.

A good approach to any project isto understand the
thermal |oad requirements of thefacility and try
to match theload with recovered energy. Thiswill
then sizethe amount of eectricity that can be opti-
mally produced.

The proper planning of al key aspectsof amedium-
tolarge-scale successful BCHP project, including
legd, financial, regulatory, environmental, engineer-
ing, andtraining issues, requiresthat the project sched-
ule match the expected benefits from full BCHP
implementation.

Thefinancia benefitsfrom aBCHP project will
depend upon the amount of the purchased thermal
and electric power that the BCHP system isreplacing
and themission critical nature of the project.

Larger Federal building
sites, including military
bases, multi-building medical
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BCHP Benefits to Federal Facilities

L eading the way for broad implementation of
BCHP integrated systems, Federa facilitiescan
have a significant impact toward a sustainable
energy future. BCHP and other distributed energy
resources offer:

* deferra of new transmission and distribution
(T&D) capita investments,

* reductionof T&D dectrica linelosses,

 economic source of energy-efficient thermal
energy,

+ dgnificant reductionsin CO, emissions,

 cost-€effective source of new peak demand power,

 improved power quality and reliability (voltage
support, source of reactive power, and power fac-
tor correction),

* reductionin energy ($kWh) and electric demand
($/kW) charges,

* sourceof emergency or standby power, and

 potential source of high-reliability power
for sendtivefacilitieswhen coupled with
uninterruptible power supply (UPS) systems.
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Disclaimer

This report was sponsored by the United States Department of Energy, Office of Federal Energy Management
Programs. Neither the United States Government nor any agency or contractor thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, complete-
ness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade
name, mark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommenda-
tion, or favoring by the United States Government or any agency or contractor thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States Government or any agency or
contractor thereof.
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