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Enhanced Energy Efficiency of CHP
• Existing commercial buildings use from 

36% to 80% of their electric power for Air 
Conditioning.

• Many of these facilities have existing 
chilled water systems.

• CHP driven chilled water has the potential 
to impact the electric loads for Air 
Conditioning beyond the capacity of the 
CHP driven chiller.

• Peak cooling load electric consumption 
reduced by 40% or more before the co-
gen savings are counted.



Economic Benefits of CHP with Absorption 
Chiller-Heaters

• Dramatically reduced Air Conditioning Costs
• Dramatically reduced heating costs.
• Federal Tax Credits
• State Incentives
• Utility Company Incentives for “Demand Reduction” 

or “Peak Shaving”   (“depends on utility company”)
• Accelerated depreciation
• Carbon Tax avoidance
• Reduced Electric Costs for purchase and power 

conditioning
• Expanded mission capability, (Increase Profits!)



Environmental Benefits

• Reduced Carbon Footprint
• Reduced Ozone and Pollution
• Reduced Water Consumption (to cool the 

baseload and peaking plants at the utility)
• No Ozone depleting substances in the 

Chiller-Heater
• No Greenhouse gasses utilized in the 

Chiller-Heater.
• Instant LEED point.



Initial Benefit Analysis – 200kWe CHP
• Customer’s annual electric consumption in kWh:

150,000
• Cost per kWh: $0.10 (not counting demand).
• Cost of Natural Gas per MCF: $7.50
• Value of Power Generated per year: $172,800.00
• Cost to run generator for a year: $147,744.00

» ----------------------------

– Net benefit w/o heat recovery $  25,056.00

• Value of Recovered Heat for a year: $  61,236.00
– 70% of waste heat recovered. ============

• Total Annual benefit: $ 86,292.00



Two Basic Types of Absorption Chillers

• Direct Fired (Natural Gas)

• Indirect Fired (recovered waste heat)

– Hot Water from 158°F to 203°F
(steam fired double effect)

– The Key Economic Component to:

– Combined Heat and Power



Recovered Waste Heat Sources
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Co-Generation Chiller
Significantly enhances the economic benefit!

Electric Generator
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Adapted from ASHRAE 2008



Reciprocating Gen-Sets with 
Secondary Thermal Energy Circuits 
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• Water Cooled Recip Gen 30% +/- kWe
• Heat recovered from cooling jacket

– 33% (100% recoverable)

• Heat recovered from oil, intercooler etc.
– 5%  (100% recoverable)

• Heat recovered from exhaust
– 15% (70% of remaining 22%)

• Gross thermal efficiency
– 90% anytime you are heating or cooling.

• Net thermal efficiency 67% 

Thermal Efficiency of CHP with Water Fired 
Absorption Chiller-Heater



Reciprocating CHP Module
with secondary recovered heat system



Things to Watch For

• Inadequate secondary water circuit flow 
rate.
– Low flow rate, high � T

• Low temperature of secondary water flow
– Usually accompanied by high flow rate, but 

designed for maximum recoverable heat at 
very low temperatures, (domestic hot water).

• Calorific value of fuel (bio-gas).
• High maintenance requirements.



Micro-Turbine with Heat Recovery Module



ISO Conditions:
59� F, 60% RH, Sea Level



ISO Conditions:
59� F, 60% RH, Sea Level



Thermal Efficiency of CHP with Water Fired 
Absorption Chiller-Heater

• Micro-Turbine @ ISO conditions:
• 30% +/-

• Heat Recovered from the Exhaust at 
moderate temperatures:

• 49% +/- (70% of the 70% balance)

• Gross Thermal Efficiency of CHP system:
• 79% +/- anytime you are cooling or heating.

• Net Thermal Efficiency 
– kWe plus chilled water out to Fuel input 64%



Things to Watch For
• Low exhaust gas temperatures.

– Usually as a result of very heavy recuperation to increase 
the electrical efficiency.

• Internal heat exchangers.
– May have very low output temperatures from heat 

exchanger to maximize “recoverable heat volume”, 
(domestic hot water).

• Back-Pressure from external Heat Exchangers
• Calorific value of fuel, (bio-gas).

– Often varies significantly.

• Beware that stainless steel heat exchangers are 
less efficient than copper.







This is a VERY BAD Idea!
1. Takes 2 x 60kWe Class micro-turbines to 

drive it.
2. 200kWe Class micro-turbines exhaust 

temp too low.
3. Exhaust Gas is a compressible medium.

Impossible to prevent heat entering the 
generator when the chiller is not calling for it.

4. No more chilled water for the same kWe 
than with a single effect and hot water.

5. Higher life cycle costs.



• Nominal Capacity:

»5 RT
»10 RT
»20 RT
»30 RT
»50 RT

• Multiple Modules can be 
combined.  

• Available as a Chiller or 
Chiller-heater.

Model WFC-SC/SH Water-Fired (Low 
Temp) Chiller / Heater



Why Low Temp Water?
• Low Temp Water is not hot enough to power 

a double effect cycle.
– Rated COP = 0.7

• High Temp Water or Steam IS hot enough to 
power a double effect cycle
– Rated COP = 1.20

• So why does the single effect low temp 
chiller make more sense?



Why Low Temp Water?

• Low grade heat provides for a lower cost 
distribution network
– Lower pressures reduce the cost of pumps, pipes, 

valves, tanks, etc., and the power to drive them

• Low grade heat provides for a higher level of 
reliability
– Lower temperatures and pressures = fewer failures

• Siting and Safety Issues
• Low grade heat makes for a more flexible and 

efficient waste heat collection and utilization 
mechanism



Rate of Heat Transfer

Waste Heat In

Hot Water Out

Heat Exchanger

Adapted from ASHRAE 2008



Volume of Heat in Btu =







Why the Small Chillers?

• Vacuum Integrity
• Simple installation
• Modularity

– By matching the size of the chiller to the 
individual waste heat source (micro-turbine), 
chilled water is still produced if the base load 
is reduced.



Modularity Adds Load Flexibility to the Plant

Return Chilled Water

Supply Chilled Water

30kWe

10RTon

30kWe 30kWe

10RTon 10RTon

60kWe 60kWe 60kWe

20RTon 20RTon 20RTon

200kWe 200kWe 200kWe

30 to 50RTon 30 to 50RTon 30 to 50RTon



Rules of Thumb
• Gen-Set MUST be BASE LOADED !

– Exhaust temp drops off precipitously when the electric 
load falls off

• On smaller than 100kWe gensets, for every nominal 
30kWe electric load, there is recoverable heat to 
drive nominally 10 RTons of chilled water.

• 200kWe gensets at ISO conditions will produce 
enough recoverable heat to drive 43 to 48 RTons of 
chilled water.

• As outdoor ambient increases and kWe efficiency 
goes down, exhaust temp rises, preserving thermal 
efficiency.

• Thermal load should be base loaded !



What is Base Loading?







Snapshot of Utility Usage Report



Snapshot of Utility Usage Report
Expanded for Apparent Power



Determining Base Load



Determining Base Load



Confirming Base Load



Peak Shaving



Applications



Peak Shaving
Side-Stream Piping

Beginning with an existing chilled water plant, a preferentially loaded 
absorption chiller is placed into side stream with the return chilled water. This 
chiller is much smaller than the existing chiller and simply pre-cools the return 
chilled water placing the existing chiller into part load mode.
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Electric Cost Savings from Unloading

Full Load 75% Load Change
COP 4.88 5.91 21%

Input KW elec 105.1

Output kW cooling 513.2

KW electric / Ton 0.720228 0.595

Cost per KW $0.1266

Cost per Ton Hour $0.0912 $0.0753 -$0.0159



Example
• High Rise Luxury Condominium Complex
• AC Load 210 RTons at design conditions
• Demand Peak at 375 kW.
• C200 Base loaded at about 185kW

– 185kW x 24 x 365.25 = 1,621,710 kWh removed 
from the Grid & provided at a reduced cost.

– Demand reduced to 190 kW.

• 1 30 RTon Yazaki chiller applied to the 
existing 220 RTon screw chiller.
– Load to grid reduced another 105,667 kWh
– Demand reduced further to 158 kW.



Refrigeration Sub-Cooling

From Waste
Heat Source

Brazed Plate
Heat Exchanger





Waste Heat Chiller Assist of Small Package Rooftop.

Roof of Bldg

Package Rooftop A/C

Transition
To Hydronic Coil

Hydronic Coil
connected to 

waste heat Chiller

Plenum for dist
Of cold air to bldg

Chilled Water

2 Stage Thermostat

Yazaki
Water Fired

Chiller

Supply Air



Summary

• Micro-CHP provides a means of :

– Saving Money
– Reducing Pollution
– Reducing Carbon related Liabilities
– Increasing the mission capability during 

power outages.



Question? 

Comments?


