
2/6/2010

1

Effectiveness of carbon 

mitigation strategies at 

the municipal level: 

Application & extension 

of MARKAL models

Joint TERI ETSAP Workshop

Energy Modeling Tools & Techniques to address 

Sustainable Development & Climate Change

Nagaraj Sivasubramaniam, 
Associate Professor of Leadership

Donahue Graduate School of Business

Duquesne University
Pittsburgh, PA, USA

Project Associates:

Aaron Meyers, S-MBA ó09

Stephen Hockley, S-MBA ó09

Robert Sroufe, 
Associate Professor & 

Murrin Chair in Sustainability & Global Competitiveness



2/6/2010

2

Presentation Outline

ÅMotivation for this project

ÅScenario Development based on state 

and local regulations

ÅRES & results of scenarios using 

MARKAL

ÅIdentifying cost-effective carbon 

mitigation strategies

ÅNext steps

Why MARKAL at the local level?

ÅImprovement of several orders 
of magnitude over current 
options 
ïnone at worst; ICLEIôs CACP at best

ÅApply quantitative reasoning to 
understand possible system 
responses/behaviors

ÅBring the policy analytic 
framework to the municipal 
level
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Types of Models
Simple Complex

Descriptive

ÅCarbon Calculators

ÅEPA PersonalCalculator

ÅCA-CP campus calculator

Economic/Optimization

ÅBottom-up representation 

of the energy system

ÅMERGE, MARKAL

Predictive

ÅCost-Benefit Evaluation

ÅICLEIõs CACP 

Other Types

ÅDynamic systems

ÅChoiceModels

Our Modeling Approach

ÅModel the (whole) energy system, from 
source to end-use;

ÅCritically examine the behavior of the  
energy system when certain elements are 
changed;

ÅPromote learning from the iterative 
process to improve decision making;

ÅImprove our understanding of how the 
system works and help policy makers 
design effective strategies to achieve the 
desired objectives.
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Legal Frameworks for  

Reducing Emissions

ÅInternational

ÅFederal 

ÅState (PA)
ïPA Act 129 - Public Utilities

ïPA Act 213- Alternative Energy Portfolio 
Standards

ÅMunicipal
ïPittsburgh Climate Action Plan (Potential for 

Zoning Regulation, etc)

PA Frameworks

ÅAct 129 of 2008 (HB 2200)
ïAmending PA Code- Public Utilities Section

ïReducing energy consumption and demand 
by certain percentage targets:
ÅConsumption reduction: 1% by 2011, 3% by 2013

ÅPeak Demand reduction: 4.5% by 2013

ÅAct 213 of 2004 (SB 1030)
ïAlternative Energy Portfolio Standards Act

ïTier I Energy: 8% by 2020
ÅSolar Share: 0.5% by 2020

ïTier II Energy: 10% by 2020
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Developing the Scenarios

ÅHow will these laws affect the local 

level?

ÅWhat are some possible strategies to 

deal with these effects?

ÅCould there be any unintended 

consequences?

The Reference Energy System

Electricity

Natural 
Gas

Gasoline

Diesel

Heating

Other 
Needs

Transportation

Cooling

Lighting

Commercial

Municipal

Residential

Heating ςHigh Eff.

Heating ςStd 
Eff.

Heating ς
Electric

Cooling ςHigh Eff.

Cooling ςStd Eff.

Lighting ςRegular

Lighting ςFL (C/T)

Lighting - LED

Other appliances

Cars

Buses

Sources

Demand 
Technologies

End-use Demand End-use Sector

<Imported>
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METHODOLOGY

Participating 

Communities

ÅTwo municipalities in Southwestern 
Pennsylvania

ÅPopulation ~ 6,500 (little or no growth 
over the past ten years)

ÅMedian household income ~$45,000

ÅDifferences in commercial & municipal 
footprint ïCommunity B with larger 
commercial footprint

ÅShare school district
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Data Collection

ÅTownship managers contacted to sponsor 
the project

ÅEnergy supply data collected from utility 
companies

ÅReal estate data from township offices 
and web sites (e.g., city-data.com)

ÅHeating and cooling appliance penetration 
data from community surveys & facilities 
managers

ÅVehicle ownership and VMT data from 
Southwestern Pennsylvania Commission

SCENARIO DEVELOPMENT & 

RESULTS
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Scenarios for Modeling PA 

Frameworks

Act 129

1% reduction of demand each year due to 
demand-sidetechnology and behavioral 
changes (DEM_129 )

1%improvement in efficiency of heating and 
cooling appliances (EFFAPPL)

Phasing out low efficiency appliances in cooling, 
heating and lighting (PHASEOUT)

Act 213
Renewable Portfolio Standard - 8% by 2020
(REN_STD)
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