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DG/CHP Benefits

• Improved and controllable power reliability & quality, 
important for computers, communications, day-to-day 
functions

• Offer more choice in fuel supply options
• Reduces chances of blackouts from grid: DG can act to 

peak shave in high-demand times to avoid blackouts 

DG Benefits to Building Owner

CHP Benefits to Building Owner 
• Clean energy: lower NOx, SOx, CO2, CO, etc.
• Cut energy costs for end-users while controlling 

systems based on real-time price signals 
• Energy efficiency gains from using “waste” heat to cool 

building (chiller technology) and provide hot water



DG/CHP Benefits
CHP in America

• Currently produce 8% of electric power
• Save building/facility owners over $5 billion/year in fuel costs
• Decrease energy use by almost 1.3 trillion BTU’s/year
• Reduce NOx emissions by 0.4 million tons/year and SO2 emissions by 

over 0.9 million tons/year
• Prevent release of over 35 million metric tons of carbon equivalent into 

the atmosphere
• 77.3 GW of CHP potential in the commercial/institutional sector

Source: USCHPA



DG Characteristics
Prime Movers (distributed power/heat generators)Prime Movers (distributed power/heat generators)

Microturbine Reciprocating Engine Combustion Turbine 

Back Pressure Steam Turbine             Fuel Cell               Organic Rankine Cycle             Stirling Engine



DG Performance Characteristics, Costs and FuelsDG Performance Characteristics, Costs and Fuels
DG Characteristics

Source: Resource Dynamics Corporation, "Integrated Energy Systems (IES) for Buildings: A Market Assessment," August 2002.



DG CharacteristicsDG Characteristics

SCR and “Cool Combustion” to Reduce Emissions

• Selective Catalytic Reduction (SCR) uses ammonia to reduce the NOx
created during the combustion process

• “Cool Combustion” reduces temperature of combustion and formation 
of NOx in atmosphere because no NOx is created during combustion



DG CharacteristicsDG Characteristics
High Flame Temperature Causes High NOx 
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DG CharacteristicsDG Characteristics
Conventional Flame Combustion Generates High NOx 

Exhaust NOx
~ 50 ppm

Fuel

350 oC

1800 oC

1300 oC

Bypass Air

Compressor Drive Turbine



No Flame In The “Cool” Combustor
DG CharacteristicsDG Characteristics
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Energy Efficiency Can Be Doubled with CHP
CHP Characteristics



Technologies
Absorption Chillers
• “Waste” heat from prime mover used to make chilled water
• Lower cost, reliable air conditioning for commercial, institutional, 

college, university, multifamily, and government buildings

CHP CharacteristicsCHP Characteristics



CHP CharacteristicsCHP Characteristics
Absorption Chiller Process
• Low-temp liquid refrigerant—LiBr—absorbs heat from warmer  water 

• Resulting vapor is compressed to a higher pressure using waste heat
• Vapor converted back into a liquid 
• LiBr expanded to a low-pressure mixture of liquid and vapor, absorbing 
heat and producing chilled water for space conditioning



CHP CharacteristicsCHP Characteristics
Absorption Chiller Cost & Performance Data

Cost and Performance of Single-Effect, Indirect-Fired Absorption Chillers 

Tons Cost 
($/ton) Electric Use (kW/ton) Thermal Input (Mbtu/ton)      MaintenanceCost

($/ton annual)
10-100 700-1,200  .02-.04 17-19 30-80
100-500 400-700 .02-.04 17-18 20-50
500-2,000 300-500 .02-.05 17-18 10-30

Source: Resource Dynamics Corporation, "Integrated Energy Systems (IES) for Buildings: A Market Assessment," August 2002.



Packaged Systems Save Installation Time & Costs
• Cut installation time by up to 2/3 with easier integration into building
• Aim is to reduce capital costs with pre-engineered prime mover and 
chiller technologies
• Are modular and adaptable to various capacity and space requirements
•Three chiller companies are working to make packaged systems

CHP CharacteristicsCHP Characteristics



Over 4 million commercial buildings in U.S.
• Consume about 18% of nation’s energy
• Over $100 billion in annual utility bills

CHP commercial market potential breakdown
• 18.6 GW potential in office buildings
• 6.7 GW potential in hotels/motels
• 8.8 GW potential in hospitals
• 3.5 GW potential in health clubs/spas
• 3.4 GW potential in extended service restaurants
• 2.7 GW potential in correctional facilities
• 1.2 GW potential in supermarkets

Applications for Green Buildings

Commercial Buildings



• 16 billion square feet of building space
• Over $11 billion on fixed-site energy costs, 

75% of which is for electricity
• Some downtown government buildings 

configured for district energy, steam-based 
energy utilization

State and Local Governments

Applications for Green Buildings



Thermal Energy Can Be Efficiently Distributed in Multiple, Thermal Energy Can Be Efficiently Distributed in Multiple, 
Applications for Green Buildings

Nearby BuildingsNearby Buildings

Source: Integrated Energy Systems (IES) for Buildings: A Market Assessment, Resource Dynamics Corporation, September 2002



Sonoma Development Center

• Hospitals are ideal CHP candidates because of high electrical and 
thermal energy needs 24/7/365

• More than 200 hospitals and healthcare facilities use CHP to cut energy 
costs by 50% and decrease power interruptions and outages by up to 
95%

Applications for Green Buildings

• Sonoma Development Center generates 
1.5 MW of power with natural gas turbine

• Produces 20,000 lbs/hr of steam for 
district heating and cooling loop

• Provides energy to campus consisting of 
over 100 buildings on 1,553 acres in 
Sonoma County, California



Applications for Green Buildings
Corporate Headquarters, Pleasantville, NY 
• 650,000 sq/ft with 1,100 employees
• Data center power and cooling critical, 24/7
• 1400 kW gas turbine + absorption chillers
• Total energy consumption decreased from 252,000 MMBtu/yr to 

202,500 MMBtu/yr; a reduction of 20%
• Total site NOx reduction from 6 tons/year to 2 tons/year



The Philadelphian High-Rise Condominium
• 1.55 MW reciprocating engine, 200-ton absorption chiller, 2 high 

efficiency electric chillers
• $0.20/sq. ft net yearly energy savings
• Recuperated CHP costs in 3rd year of operation

Applications for Green Buildings



Economic FeasibilityEconomic Feasibility

DG/CHP Tech Selection and Economic Feasibility ToolsDG/CHP Tech Selection and Economic Feasibility Tools
• RECIPRO
• Cogeneration Ready Reckoner
• BCHP Screening Tool
• Building Energy Analyzer
• D-Gen Pro
• HeatMap Pro
• Many others….



Spark Spread
Spark SpreadSpark Spread
Difference between costs of grid electricity and natural gas price—see 
FEMP chart below—is one  indicator of CHP economic feasibility

Economic FeasibilityEconomic Feasibility

State Incentives
• California
• New York
• Ohio

• Illinois
• New Jersey
• Minnesota

• Michigan
• Pennsylvania
• Oregon



Economic FeasibilityEconomic Feasibility
Payback Calculations

Payback can be 
calculated via 
inputs into 
spreadsheet



LEED Rating ContributionLEED Rating Contribution

Energy & Atmosphere

• Up to 10 points in Credit 1: Optimize Energy Performance
• 1 point in Credit 4: Ozone Protection 

• XONON is only turbine system pre-certified in CA, with some of nation’s highest air 
quality regulations
• XONON meets the CARB 2007 DG Standard – today
• XONON is being recommended for BACT by the SCAQMD Science Committee



Closing ThoughtsClosing Thoughts

Thanks for this opportunity to explain how DG and CHP 
can provide clean energy for  green buildings.

More information at http://www.kawasaki.com/gtd/

Questions can be answered at table top.

http://www.kawasaki.com/gtd/
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