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A Combined Cooling, Heat, and Power
AWhy do we care
AWhat can be done
A Pros and Cons of CHP

AOptions for Prime Movers

A Options for Recovery of Waste Heat
A Direct Process utilization
A Heating and/or Cooling
A Bottoming Cycles

ASome Comments on Cost
ASome Comments on GHG benefits
A Introduction to PRAC @
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Why Do | Care, Why Am | Here?

C-CHP involves the generation of electric power and
the recovery of waste heat for an additional
benefit.

Why would | want to generate my own electricity?
A Power guality
A Local power reliability
A Added capacity deferring system feed upgrade costs
ANo local grid connection (not likely)
A Save $$$$

I Increased Efficiency of overall system

AGreenhouse Gas Emissions
I Environmental Stewardship
I Value of Carbon Credits.
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Opportunity for Heat Recovery

Thermodynamic Limitation
A Ccannot transform energy at 100% efficiency.
Efficiency = d = (useful energy out) / (energy in)
A Generation of electricity from fossil energy resources

will result in wasted energy.
| Efficiencies range from <10% to approx 50% for simple cycles

A Process heating
| Efficiencies range 50% - 90%

Waste Heat: (1- ) *E

Energy In (fuel): E Electric Power Out:, *E

Engine / Process || >

Carbon In: C Net CO2/Power=C/(d * E) €™,
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Opportunity for Heat Recovery
Conventional Combined Heat & Power:
Generation: 5 MW Natural Gas

Gombustion Turbine
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Opportunity for Heat Recovery

What is DG, CHP and C -CHP?
DG: Distributed Generation (5 kW 1T 20 MW)

CHP: Combined Heat and Power

C-CHP: Combined Cooling, Heat and Power

Generation of electric power at or near the point of final use
with some form of prime mover and the capture of waste
heat to provide some additional beneficial use.

Opportunity to nget more ban
two or maybe three uses for each unit of energy purchased
and consumed on site.
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Local Generation of Electric Power

Why would | want to generate my own electricity?
A Power quality
A Local power reliability
A Added capacity deferring system feed upgrade costs
ANo local grid connection (not likely)
A save $$$$
A Greenhouse Gas Emissions

Unlikely to beat your local electric utility 24/7.

A Even with co -generation, sometimes less expensive to
buy electric power from grid.

A Time of use rates divide day and year into low, mid, and -
high demand periods with corresponding costs. Q
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Possible to save
A$38+ | KW-generated / month in summer peak periods;

A$30+ /kw -generated / month in summer mid -peak
| electric demand and electric energy costs combined
| SCE TOU-8 in summer peak; June 2007 tariff schedule
I Opportunity fuel: no on -site fuel costs included

Purchase NG @ $7.00 / MMBtu, 25% efficiency
A$27 | KW-generated / month in summer peak periods;
A$13 /kw -generated / month in summer mid -peak
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Local Generation of Electric Power

Significant Cost Savings Are Possible.

AOffsetting on -peak and mid -peak demand charges and
energy charges can be economically attractive.
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Local Generation of Electric Power

Generally not possible to become your own utility.

A Back feeding to the grid is discouraged/difficult

I Must be PURPA defined Qualified Facility

A 42 5% efficiency minimum: (efficiency of electric generation + 50%
of actual thermal recovery)/heat input  -LHV

I Must Meet Local Utility Requirements
| SCE requires generation > 1 MW (PV and wind exempted)

I Most times generating entity can only recover avoided costs.
A Typically only a few cents / kw  -hr

A Purchase Agreements with the local utility are possible
and can be negotiated for other than avoided costs.
I Size of system

I Willingness to operate when utility wants the power .
g p y p o
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Local Generation of Electric Power

Now the ugly reality of self generation!

Interconnection issues can be daunting and costly.
A Utility specific

ARule 21 helps to define the requirements and make it
easier buté

Reliability of system can offset any peak shaving
savings.
A For SCE and LADWP, peak demand based upon 15 min
windows. Only applies to month

A Other utilities have ratchet demand charges where the
peak 15 min window can result in charges for the
subsequent 12 months
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What System Do | Want?

A To maximize efficiency, the system should be matched to
provide maximum electric power and heat recovery.

AExampIe of a nNbado system:

A Electric profile is:
| Peak electric load is 1.5 MW
I 300 kW base
A Pool heating is load for waste heat
A System purchased to cover 1.5 MW electric power
| Can6t back feed to the grid
I Operationally, system runs on average at 50% power

A Pool heating requires 1 MMbtu; waste heat generated at 750 kW is

2.7 MMDbtu (example for recip)

System is poorly balanced/designed and with
poor economic payoff
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What System Do | Want?

A Since waste heat is a primary by -product, one
strategy would be size the system for the heat load
and consider the electricity to be a beneficial by -
product.

A Maximizes operation of system and beneficial use

of fuel; no waste heat nby

A More careful analysis of the heating and electric
profiles will yield a balanced system
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What System Do | Want?

A Ratio of Electric Demand to Heat Demand can
provide guidance as to the proper system for
application:

A Electric to Heat: 1:2 i turbine, microturbine
A Electric to Heat: 1:1 T Reciprocating Engines

AEIectric toHeat: 2:1 1 Fuel Cells

Not hard and f ast rul es

b
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Prime Movers

Microturbine - aka MTG (< 400 kW) : 25 -30% efficient
I 1-3 Ibs/sec of exhaust at a moderate temp of 500 -600deg-F

Gas Turbine (> 1 MW): 30 1 50+% efficient

Il Very |l arge units (up to 1006s of
I Lower end of scale possible for many applications

| Generally no recuperation A 10007 1200 deg-F exhaust
temperature

Both have benefits of high quality, clean heat.

A Higher Quality Heat:

| higher temperature = more useful heat
I No low temp cooling jackets.

AHigh oxygen content
I Approx 18% makes auxiliary heating viable.

A Direct use of exhaust in select processes (1%
|_Industrial process heating and/or drying PACIFIC
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Prime Movers

Capstone iCHP 60/65

Solar Mercury 50

5 MW recuperated
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Prime Movers

Distributed Generation Equipment:

Aic Engine: 35 -40% efficient

| Split waste heat sources:
A Waste in exhaust: 800 i 1200 deg-F: less than 50%

A Waste in water and oil jackets: Plenty of moderate temperature
fluid: 250 F

I Well understood

| Large installed base
I 100 years history

I Maintenance costs?

€™
AG3516C 1250 ekW CHP System

CHP
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Prime Movers

Distributed Generation Equipment:

A Fuel Cell: (30 to 50+% efficient)

| Higher electrical efficiency, but still heat left over

I Low Temperature FC (PAFC, PEM?) suitable for Hot Water
Generation

I High Temperature FC (MCFC, SOFC) have higher quality heat
I New Technology i Minimal O&M and expected life history
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Wide Spread CHP

Why dondt we have CHP at Ut

AQuantity of Waste Heat is tremendous.
| Large centralized power plants are approx 35% efficient
I 500 MW facility A 925 MW of waste heat.

A District Heating is employed in some places

| Centralized steam heating systems in large cities: e.g. New York,
San Francisco.

Great opportunity for greater efficiency of future city
planning for district heating, cooling, and power.
A Lower cost,
A Reduced greenhouse gas (CO2 emissions, AB32)
A Reduced pollutant emissions @
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What to do with the Heat

Direct use of exhaust heat:

AProcess heating/drying (industrial)

| Example: Higgins Brick (Chino, CA) directly utilizes exhaust
from three, 80 KW turbines to preheat combustion air for brick
kiln

ADesiccant Dehumidification: Turbine exhaust

used to regenerate moisture absorbing material
| Useful energy reduction scenario for HVAC systems
I Much energy is used to cool and remove moisture in air.
| Office, labs, and grocery stores _ see great benefit
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What to do with the Heat

Bottoming Cycles: waste heat A more
electricity

AOrganic Rankine Cycles
| Pure Cycle i UTC
| Ormat

Asteam driven generators 1 large gty of high
temp heat A large GT

AThermoelectric generators
AAir Cycles 1 Stirling Cycles
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What to do with the Heat

Possibly of most direct interest:

AGenerate Hot water/steam or other fluid for:
| Space heating
| Domestic hot water
AHospitaIs, Hotels, Food services

Asteam Production
Alndustrial, Hospitals, food services

ACooIing
| Thermally activated systems
AAbsorption and Adsorption chillers
Asteam driven turbine chillers
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What to do with the Heat

Absorption and Adsorption chillers:

Cooling highly beneficial product for:

HVAC 1 particularly South and Southwest
Processes

Cooling liquid loop based HVAC:

A Chillers make cold water to be used in HVAC systems, passing
liquid through coils and heat exchanges to cool air.

Can be used for deeper refrigeration (freezing)

A Lithium Bromide -Water systems: approx 40 deg -F min temp.
Ammonia -Water systems: approx 20 F min temperatures

Absorption Chill ers ofgfeerermgp aornt
Chilled water + hot water
Chiller must reject heat it absorbs A can be used for hot water P

Lower temp/quality
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What to do with the Heat

Absorption and Adsorption chillers:

Adsorption chillers:
A Relatively new concept

A Water and desiccant -inherently safe
I Does not use toxic or potentially hazardous materials.

AMi n t emp: miFd 400s deg
A Utilized on Federal Building in Fresno area
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CHP Examples

MicroTurbines & CHP

Heat Recovery
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