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Outline 

 

ÅEnergy Storage/carry-through 

 

ÅOn-Site Power Generation/CHP 

 

ÅExample 

 

ÅConcentration on ñon-siteò and end-use customer 

level systems (as opposed to grid scale). 
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Energy Storage 

For short term outages, electric energy storage may suffice: 

ÅUltra-Capacitors: sags/surges 

ÅFlywheels: <60 sec: sags/surges 

ÅBatteries: 

ÅLead Acid 

ÅLi-Ion 

ÅZinc Bromide 

ÅVanadium Redox 

Åothers 

ÅHydrogen: 

ÅConsider hydrogen to be energy storage media vs fuel. 

ÅPEM fuel cell (not necessarily time limited if hydrogen 

fuel is constantly supplied) 
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Energy Storage 

ÅWith possible exception of hydrogen/fuel cell energy 

conversion, all have a finite duration 

ÅPower delivery (kw) and energy capacity (kw-hr) both drive 

costs. 

ÅEnergy storage isnôt limited to power interruptions. 

ÅGreat potential for demand response curtailment benefit 

ÅUtilities can be/are supportive of large scale storage in 

system for demand reduction in critical periods. 

ÅFinancial rewards(?) 

ÅSandia Report1: 

ÅCharacterizes 26 benefits of energy storage in 

catagories of: 1) Electric Supply, 2) Ancillary Services,  

3) Grid System, 4) End User/Utility Customer,  

5) Renewables Integration, and 6) Incidental. 
 

1: Energy Storage for the Electricity Grid:Benefits and Market Potential Assessment Guide: SAND2010-0815 Feb 2010 
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On-Site Power Generation 

ÅNot diesel gen set back-up systems 

ÅOn site power generation, grid parallel but capable 

of switching to ñislandingò mode in event of power 

interruption. 

ÅCan be combustion systems (reciprocating 

engines, gas turbines, boiler/steam turbine) 

ÅCan be electrochemical based systems (fuel cells) 

ÅCan be of configured for high overall efficiency 

operation through both generation of electricity 

and capture of waste heat for use. 

ÅIn case of grid reliability, need waste stream to be 

available to support critical needs. 



© Advanced Power and Energy Program, 2011 6/29 

What is DG / C-CHP? 

ÅGeneration 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. 

  
DG: Distributed Generation ( < 20 MW) 

C-CHP:  Combined Cooling, Heat and Power 

 

ÅOpportunity to ñget more bang for your buckò by 
getting two or maybe three uses for each unit of 
energy purchased and consumed on site. 
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Why DG / C-CHP? 

ÅWhy would I want to generate my own electricity? 
ÅPower Reliability 
ïPower Quality 

ïBack-up Power 

ÅSave $$$$ 
ïIncreased Efficiency of overall system 

ÅAdded capacity deferring system feed upgrade costs 

ÅGreenhouse Gas Emissions 
ïEnvironmental Stewardship 

ïValue of Carbon Credits. 



© Advanced Power and Energy Program, 2011 8/29 

Opportunity for Heat Recovery 

Thermodynamic Limitation 

ÅCannot transform energy at 100% efficiency. 

 Efficiency = ɖ = (useful energy out) / (energy in) 

ÅGeneration of electricity from fossil energy resources 

will result in wasted energy. 

ïEfficiencies range from <10% to approx 50% for simple cycles 

ÅProcess heating 

ïEfficiencies range 50% - 90% 

Engine / Process 

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

Waste Heat: (1- )̢ * E 

Carbon In: C Net CO2/Power=C/(ɖ * E) 
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Opportunity for Heat Recovery 

Carbon In / Work = 154òCò / 75 Carbon In / Work = 100òCò / 75 

Net Carbon Reduction: 35%  
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Reliable and Premium Power 

Cost of Power Outages are exorbitant: 
EPRI/LBNL estimate from 2006: $79B annually (in 2002 dollars)1 

ÅCommercial: $56.8B (72%) 

Å Industrial: $20.4B (26%) 

 

Individual Sectors2 (2000 $): 

ÅCellular Communications: $41K/hr 

ÅCredit Card: $2.6M/hr 

ÅSecurities/Brokerage: $6.5 M/hr 

 

DG can provide support 

ÅApplications that require greater reliability than the grid alone. 

ÅIn conjunction with the grid, ñeight-9ôsò or better reliability possible  

Å0.31 sec / year 

 
1: Cost of Power Interruptions to Electricity Customers in the United States: LBNL-58164; Feb 2006 

2:Electric Power Interruption Cost Estimates for Individual Industries, Sectors, and US Economy: PNNL-13797; Feb 2002  
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Reliable and Premium Power 

Premium Power:  

ÅCould be considered the same as ñreliableò power 

ÅIT-Grade Power  

ÅApplications where power quality is questionable 

ÅHarmonics 

ÅVoltage sags/surges 

ÅEnd of line applications that require greater reliability 

than the grid alone. 

ÅIssues likely to get worse with increase 

renewables 

ÅComputer intensive facilities likely most sensitive.   

ÅSome critical industries (semi-conductor/chips) 
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Energy Saving Opportunities 

DG / C-CHP provides a means for locally generating 

electric power and other beneficial products: 

ÅHot water/Steam 

ÅHVAC ñCoolingò via absorption / adsorption  

chillers 

 

Plus: 

 

ÅOpportunity to generate with grid outage 

ÅStore thermal energy for crucial heating/cooling 

need 
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Waste Heat Recovery 

ÅRecall that there is approximately 70-80% of the heat 

energy input to prime mover (in the form fuel input) 

becomes wasted typically as heat: 

ÅIn the exhaust  

ÅCooling water/oil system 

ÅRadiation to the atmosphere. 

ÅCan not capture all of the heat in the exhaust; 

ÅDo not want to reduce exhaust temp too much 

ÅExhaust condensation-corrosion issues 

ÅExhaust dispersion ï lofting 

ÅAmount of waste heat available varies by prime mover. 

ÅFor MTG, reasonable ROT is 50 - 60% of the exhaust heat can be 

captured. 

Åe.g. Capstone C65; 400,000 btu/hr of heat; 550 F 


