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Energy, Economy and Environment Models 
 

1.0 Introduction 

The interaction between energy, environment and economy is complex 

and non-deterministic. The impact of policy measures such as levying an eco-

tax or allowing trade in emission permits (i.e. a cap-and-trade system) on 

energy use, environment and economy is arguably a long-term issue requiring 

a detailed understanding of how these systems interact with each other. The 

objective of Energy-Economy-Environment (EEE) modeling is to study the 

interactions among the inter-dependent systems. The modern computing 

prowess has made it possible to develop models that simulate the complex EEE 

interactions to generate detailed future scenarios. For instance, using EEE 

models it is possible to study the effect of a policy measure, say levying a 

carbon tax, on future GDP and pollution levels. Depending on how the 

different components of the system and their interactions are represented, these 

models lead to different projections.  

The links between energy and the economy were established several 

decades ago. Energy use and the economy have been observed to be growing 

together. Energy consumption rises as the economy expands and an increase in 

energy supply has been regarded as a critical spur to economic growth. As the 

dependence of world economies on energy increased, the oil crisis of the early 

1970s brought about fears about depleting fossil fuel reserves and its possible 

impact on the economy. This led to the development of energy-economy 

modeling in the early 1970s, also known as decision-aid models, aimed at 

facilitating decision-making. The objective of these energy-economy models 

were often energy forecasting for governments and international institutions. 

Some of the important issues that energy-economy models tried to address are: 

 What would be the projected energy demand growth? 

 Can energy supply keep pace with the energy demand growth without 

affecting prices? 

 How would energy use constraints affect fuel prices? 

 How would end-use constraints affect the demand for energy-using 

services? 
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 To what extent will the shortfall of energy supply affect the growth of 

the economy? 

 By how much will future international energy demand growth lag 

economic growth? 

 Which factors contribute most to the decoupling of energy demand 

and economic growth in various regions? 

 How will improvements in energy-supply technology affect the energy 

balance of the economy? 

Over the years, beyond energy problems, governments became 

increasingly sensitive to environmental issues which started gaining 

prominence. The energy-economy interactions lead to adverse consequences 

on the environment. Energy-related activities are the prime cause of 

accumulation of greenhouse gases (GHGs), especially carbon dioxide (CO2), 

leading to climate change. Similarly, release of CFCs by the industrial 

activities has led to depletion of ozone layer. Fears relating to energy-economy 

interactions affecting the environment, translated into demands for technical 

and economic evaluation of the risks involved and designing appropriate 

responses. Since the 1980s, energy-economy models initially developed for 

energy planning were altered to incorporate the environment, and were 

replaced by energy-economy-environment models. Apart from the issues that 

energy-economy models address, EEE models try to address the following 

issues: 

 What will be the business-as-usual (BAU) trajectory of GHG 

emissions? 

 How will changes in technology affect the overall energy system cost, 

energy use and emissions? 

 What is the least cost response to environmental constraints like 

emission reduction targets? 

 What is the impact of regulations and market based instruments like 

taxes and subsidies on emissions? 

 How to develop mitigation strategies? 
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Although EEE models capture the energy-economy-environment 

linkages, these models do not consider the secondary feedback effects of the 

environment on energy use and economy. A recent development since the 

1990s popularly known as Integrated Assessment Models (IAMs) seek to 

evaluate the impact of human activities on bio-physical systems including 

atmospheric composition, climate and sea level change, and ecosystems. It also 

tries to capture the feedback effects of these changes in bio-physical systems 

on energy use and economy. IAMs use inter-disciplinary knowledge and 

evaluate the cause and effect chain of climate change. IAMs hence explores 

how economic-environment interactions lead to GHG emissions, how 

emissions lead to concentrations, how these concentrations affect the bio-

physical systems (temperature, sea level change) and how these changes have a 

feedback effect on the economy and the eco-system. The typical issues that 

IAMs can address beyond those that can by tackled by EEE models include: 

 What are the potential bio-physical consequences of GHG emissions? 

 How and to what extent do bio-physical changes affect the economy 

and the eco-system? 

 What are the macroeconomic and sectoral impacts of pollution 

reduction policies?  

 Comparison and evaluation of different scenarios of mitigation and 

adaptation. 

Models that were developed for energy planning in the wake of the 

energy crisis have evolved into complex models combining inter-disciplinary 

knowledge that model the interactions and feedback effects between the 

economy, energy and the environment.  Figure 1 illustrates the evolution of 

energy-economy-environment models. The rest of the paper is structured as 

follows: The next section provides a brief discussion on various perspectives 

for the classification of EEE models. The third section discusses the bottom-up 

and top-down classification of EEE models. The fourth section provides an 

overview on some of the EEE models developed for India. 
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Figure 1: Evolution of EEE models 

2.0  Classification of Energy-Economy-Environment Models 

The energy models developed in the 1970s had simple structures. 

Energy demand was a function of the output which was represented by a 

Leontief production function. Energy demand was governed by the parameters 

of the production function and the coefficient relating energy to output. The 

supply of energy was modeled according to the supply of individual fuels 

(which were considered to be perfect substitutes) depending on their respective 

production. Prices were generally irrelevant in the determination of energy 

demand and supply.  

From this simple representation of the energy economy relationships, 

energy models evolved in trying to represent the complex interactions more 

precisely by introducing several methodological advances. The emergence of 

new technologies and strategies in the production process and improved 

distribution of skills among the modeling institutions have forced better 

representation of the system by increasing the complexity. This has led to a 

huge diversity of modeling approaches and accordingly different typologies of 

models can be identified. 

Models can be classified based on their scope in terms of their 

economic and environmental coverage, the approach used in the construction 

of the model , the method used to solve the model, the level of aggregation, 

geographic coverage, time horizon, the way energy is treated and the way 

technological change is incorporated.  
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Energy-economy-environment models can be broadly classified as 

top-down models and bottom-up models based on the approach used to 

construct the models. Top-down models are those in which macroeconomic 

features predominate whereas bottom-up models use technical and engineering 

information about the production process. Models which assume that the 

strategies of the agents in the economy are essentially influenced by decisions 

at the „top‟ adopted a top-down approach. Whereas, those that believe that the 

strategies of agents are constrained by specific local concerns and with 

different objectives, adopted a bottom-up approach. In the recent years, hybrid 

models have been developed which include both top-down and bottom-up 

features that take interest in decisions taking place at the top and the bottom. 

Once the model has been constructed as a top-down or bottom-up 

model, the method to solve the model has to be chosen. Typically, top-down 

models can be solved using macroeconomic (or Keynesian) framework, 

general equilibrium framework or an input-output framework. Bottom-up 

models can be solved using optimization, iterative equilibrium/simulation or 

accounting frameworks. Individual models may use multiple methods and tools 

to solve the model. 

Models can also be classified based on whether they are static or 

dynamic. In static models, a comparative static analysis is done where two 

equilibria are compared. In dynamic models, the time factor is explicitly 

introduced by considering dependencies between stock and flow variables.  

Models can also be classified by the time horizon of their projections. 

Typically, bottom-up models are suitable for short-term forecasts whereas top-

down models are suitable for medium to long-term forecasts. 

A classification of energy-economy-environment models can also be 

made based on the level of aggregation which may be assessed by the number 

of equations, exogenous variables, economic sectors, energy products and 

pollutants. The aggregation level determines the precision with which the 

interactions between the energy system, economy and environment are 

captured. Models can also be classified as global, regional, national or local 

models based on the geographical cover for which the model gives projections. 
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3.0 Bottom-up and Top-down Modeling Approaches 

As mentioned above modeling approaches which have been applied to 

Energy-Environment-Economy can be broadly classified as top-down and 

bottom-up models for convenience though this classification is not exhaustive 

and individual models may have overlapping features. Models which follow a 

similar approach may differ widely in their projections as they would differ in 

the method used to solve, the spatial and time scale, level of aggregation, type 

of energy accounting used and the treatment of energy, capital and so on. The 

choice of a particular model depends on the purpose for which the model is 

used. 

3.1 Bottom-Up Approach 

Bottom-up approach begins with modeling individual sectors and then 

builds up towards the entire system. They don‟t assume efficient markets. The 

strength of bottom-up models is in the rich representation of technology that 

use detailed data on fuels, technologies and policies. It also assesses the costs 

and benefits of individual technologies and policies. The prices of inputs and 

outputs are taken as given in such models. Technology learning may be 

specified as either exogenous or endogenous. Technological change is 

represented as a menu of options presently or potentially available. As there is 

a disaggregated analysis of technical options, the technologies are defined 

precisely. 

Another feature of bottom-up models is a detailed representation of 

end-uses (for example, cooking and lighting for households). The demand for 

useful and final energy for each end-use is calculated taking into account the 

efficiency of the end-use equipment. 

With regard to the treatment of capital, bottom-up models give a 

concrete empirical content to capital where each capital equipment is defined 

precisely. While the microeconomic representation of the economy is rich, 

bottom-up models suffer from the drawback that the macroeconomic 

representation is generally simple. Macro picture of the entire economy is 

arrived at by aggregating components of individual sectors. However, 

aggregating many individual components may become quite data-intensive and 

user-dependent because of the details required at the sectoral level. 
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It is best to use bottom-up models for studying policies that have 

specific sectoral and technological implications. Bottom-up models are 

extremely useful in predicting specific impacts (concerned with a particular 

sector) to changes in exogenous parameters owing to the detailed 

representation of technology and energy systems. However, bottom-up models 

are not very useful in predicting the macroeconomic impact on the economy as 

a whole given that the macro representation is less detailed. Hence, these 

models are not considered very useful in making long-term projections (greater 

than 20-30 years) compared to top-down models. 

Bottom-up models are also known as partial equilibrium models as 

they study one or a restricted number of markets which may be of particular 

interest holding the conditions in the other markets as constant. They are also 

known as engineering-economic models as they are technology-oriented and 

borrow engineering inputs. Examples of bottom-up models include MARKAL, 

EFOM, MEDEE, LEAP, MESSAGE, AIM-End Use, PRIMES, just to name a 

few. Many energy and climate related studies in developing countries use 

bottom-up approach. Bottom-up models often give more optimistic results 

concerning the possibilities for implementing negative-cost or no-regret 

policies. 

There are different methods or tools to solve bottom-up models:
1
 

 Optimization models;  

 Iterative equilibrium/Simulation models; 

 Accounting frameworks; 

 Price elasticity approach; 

 Excess burden approach. 

Optimization models 

The most common approach to solve partial-equilibrium models is by 

optimization. Optimization model uses mathematical programming and 

identifies configurations of energy system or technology which maximizes 

                                                 
1
 It may be noted that some of these methods (like optimization, simulation) can be 

used in top-down models as well. 
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(e.g., welfare) or minimizes (e.g., costs) the objective variable under some 

constraints (e.g., limits on emissions, technology availability, satisfaction of 

demand, equality of supply and demand etc.). The optimization could take 

place in the long-run over all time periods or in the short run on a year to year 

basis (myopic). These models generally assume perfect competition and 

technology choice depends only on energy costs. The optimization routine 

selects among technologies while calculating the price and quantity of each 

commodity in such a way that the objective function is satisfied. It is useful to 

analyze complex options when costs are known. The major drawback of this 

approach is that it is highly data intensive and complex, and hence is not very 

easy to apply without expertise. Also, the objective of minimizing cost may not 

be appropriate to reflect real-world outcome in a baseline scenario. MACRO 

and AIM-End use are some bottom-up models that use optimization 

framework. The Activity-analysis model for India (developed by IRADe) is an 

example of a top-down model using an optimization routine. 

Accounting frameworks 

Optimization is the widely used approach to solve bottom-up models. 

Optimization approaches model the decision of agents based on certain pre-

defined outcomes.  In contrast, using accounting frameworks, rather than 

modeling the decision of the agents, the researcher can model the outcomes of 

decisions. For example, if a particular set of technology is used, it‟s likely 

impact on cost, emissions etc., can be estimated. Accounting frameworks 

accounts for energy flows in a system based on simple engineering 

relationships. It explores the social, environmental and resource cost 

implications of alternative „what if‟ scenarios. 

The advantage of accounting framework is that it is simple, 

transparent, intuitive and flexible. It is easy to parameterize and is not data 

intensive. It does not assume perfect competition and rational behaviour of 

agents as most other EEE models do. It is especially useful in capacity building 

applications. The disadvantage of this framework is that it does not 

automatically yield least cost systems or price consistent solutions. It is more a 

tool of modeling like a sophisticated calculator rather than a modeling 

framework. The framework ensures physical consistency but not economic 
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consistency. LEAP, MEDEE, MESAP are some examples of models that use 

accounting framework. 

Iterative equilibrium / simulation models 

Simulation models simulate the behaviour of energy consumers and 

producers under various signals (e.g., price and income levels) and constraints 

(e.g., limits on rate of stock turnover). The demand and supply is balanced 

through adjusting price mechanism. Prices and quantities adjust endogenously 

in iterative calculations to seek equilibrium. The advantages of this approach 

are that it is not limited by optimal behaviour and it is easy to include non-price 

factors in the analysis. The disadvantage is that it tends to be complex and data 

intensive. Certain important parameters are not known where time-series data 

is lacking. Also, behavioural relationships are controversial and are hard to 

parameterize and future forecast are very sensitive to starting conditions and 

parameters. ENPEP-BALANCE is an example of a simulation model. 

Other approaches 

  Other approaches to solve partial-equilibrium models include the price 

elasticity approach and the excess burden approach. In the price elasticity 

approach, energy demand is estimated based on assumptions regarding short 

and long term price and income elasticities. If the long-term development of 

income and prices are assumed or estimated from some other model, a 

mathematical convolution approach can be used to evaluate the impact of 

policy instruments on energy demand dynamically. The excess burden 

approach estimates the welfare effects of energy tax as given by the loss of 

consumer surplus or producer surplus based on assumptions about the demand 

and supply curve. Both the approaches are simple and transparent but do not 

adequately consider the inter-relationships between the different sectors of the 

economy. 

3.2 Top-Down Approach 

In contrast to models using bottom-up models, the top-down modeling 

approach begins with modeling the entire system and then disaggregates the 

output into individual sectors. Unlike bottom-up models, they assume efficient 
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markets and with no efficiency-gap. They also assume competitive equilibrium 

and optimizing behaviour of consumers and producers.  

The strength of these approaches is a far more accurate 

macroeconomic representation. The inter-linkages between an economy‟s 

aggregate production sectors, consumers and government are better represented 

through endogenous representation of most of the parameters like prices and 

demands. Hence, this approach becomes more relevant in economies where the 

interdependence between sectors is pervasive and strong. These inter-linkages 

(between labour, capital and natural resources) are modeled using elasticities of 

substitution.  

The treatment of capital in top-down models is highly abstract in 

contrast to bottom-up models. Capital is related to energy only in so far as it 

possesses a degree of substitutability with energy inputs in production. 

Economic capital is considered as a homogeneous input.  

The technological change is usually represented as an exogenous trend 

affecting the productivity of the homogeneous capital input. The technological 

developments and hence changes in energy systems are modeled using rates of 

substitution between inputs. The potential technological improvements in 

energy systems are not usually accorded much importance as explanatory 

factors in energy trends. 

Given these inter-linkages, top-down models are used to evaluate the 

impacts of policy instruments (like carbon tax) on overall GDP, consumption, 

investments, imports and foreign exchange taking into account the inter-

sectoral feedback and interaction effects. 

The major limitation of this approach, however, is the simple 

representation at the micro level due to high sectoral aggregation. Hence, they 

lack in technological detail and fail to capture technological development as 

bottom-up models do. The data requirements are not very intensive as they use 

aggregated economic data. 

Top-down models are best used to study long-tem macro-economic 

impacts and broad shifts in energy use. They are typically used to assess 

impacts of carbon-taxes and fiscal policies. Since the sectors are aggregated, 
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top-down models cannot be used to study the specific impact of policies on 

individual sectors. They are less suitable for technology-specific policies.  

Hence, an iron and steel plant owner would use a bottom-up model to 

make business forecasts in the short to medium run; whereas, a policy maker 

who would want to evaluate the macro-economic impact of a major policy over 

a long run will use a top-down model. There are different frameworks in which 

top-down models can be solved:  

 Computable General Equilibrium framework; 

 Macro-economic framework; 

 Input - Output framework. 

Computational General Equilibrium (CGE) models 

The main feature of CGE models is the assumption that all markets for 

goods and services clear. The general equilibrium framework includes the 

entire macro-economy and captures the main feedbacks and interrelationships 

between the different economic sectors. These models allow all economic 

agents in all sectors to optimize simultaneously leading to a general 

equilibrium of the entire system. Utility-maximizing consumers and profit-

maximizing firms define demand and supply respectively. The supply and 

demand of one market affects and is affected by all other markets. They are 

price-driven, i.e., any disequilibrium caused by exogenous changes is 

transmitted through adjustments in price. The impact of an exogenous policy 

(like tax) can be evaluated by calculating the new equilibrium of individual 

markets (a set of price, quantities, wages etc) and the simultaneous general 

equilibrium based on assumptions relating to price elasticities, form of utility 

function, production function etc. CGE models can be static or dynamic. 

The major advantage of CGE models is that they allow for a 

comprehensive analysis of the impacts on the whole economy, taking into 

account all the feedback and interaction effects between different economic 

sectors. Hence, it can capture the indirect effects associated with a policy 

change rather than just the direct effects.  

The main limitation, however, is the assumption that all markets are in 

equilibrium. It can thus be best used in long-term analysis where the economy 
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can be assumed to be in general equilibrium. CGE models cannot capture real-

life disequilibrium situations (such as unemployment) adequately. It also 

demands considerable data. 

Macroeconomic (Keynesian) models (MM) 

Macroeconomic models focus on modeling macroeconomic variables 

(either institutional or functional). Depending on the variable of interest, a 

system of functional equations may be defined and estimated on the basis of 

time series data. Like the CGE, it includes the entire economy. Unlike CGE 

models, it can handle disequilibrium and dynamic aspects more easily by 

introducing equations that represent these disequilibria (such as 

unemployment, under-utilized stock etc.) and can capture the effects of 

transitional adjustment costs associated with policy changes. This is the main 

advantage of MM models over CGE models. 

The main limitation is that the feedback and interaction effects are not 

represented very well as compared to CGE models. The impact of policy 

changes are also estimated based on the equations. MM models are best suited 

for short to medium run. MM models can be aggregated or disaggregated. 

They can be static (no time factor introduced) or dynamic (time factor is 

introduced by considering dependencies between stock and flow variables). 

Input-Output (I-O) models 

Input-Output models use I-O tables that describe the interrelationship 

between different production sectors of the macroeconomy. The I-O tables are 

in the form of a matrix which defines the amount of output from each 

producing sector that goes as inputs to the various producing sectors as given 

by the input-output coefficients. These models typically assume constant input-

output coefficients over the planning horizon (implying that the production 

structure is unaltered) and constant elasticities of substitution. The final 

demand for each producing sector is specified exogenously in the matrix. The 

change in the final demand of any product will have indirect effects on other 

industries and these sectoral effects of changes in final demand are captured 

through the input-output coefficients. The impact of policy changes works 

through a change in final demand and since final demand is specified 
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exogenously, I-O models have to be combined with other models to explore 

how final demand itself changes. 

The advantage of input-output model is that it has a higher degree of 

sectoral detail than CGE, MM or partial-equilibrium models. The I-O tables are 

readily available for most countries and hence are free from data 

considerations.  

The major limitation of these models is the unrealistic assumption of 

constant input-output coefficients. Another drawback is the exogenously 

specified final demand which necessitates that they are used in conjunction 

with other models that predict final demand. I-O models are also highly 

simplistic in that they neglect feedback effects between demand and supply. 

Hence, I-O models are best suited for short to medium run analysis. The 

following table compares the top-down and bottom-up approaches to EEE 

modeling. 
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Table 1: Comparison of Top-down and Bottom-up Modeling Approaches 

Features Top-Down approach Bottom-Up Approach 

Data Use aggregated economic 

data 

Use detailed data on fuels, 

technologies and policies  

Cost/benefit Assess costs/benefits 

through impact on output, 

income, GDP 

Assess costs/benefits of 

individual technologies and 

policies 

Capturing Costs 

 

Implicitly capture 

administrative, 

implementation and other 

costs. 

Can explicitly include 

administration and program 

costs 

Perception of 

market 

Typically assume 

efficient markets, and no 

“efficiency gap” 

Don‟t assume efficient 

markets, overcoming market 

barriers can offer cost-

effective energy savings 

Capturing 

interactions  

Capture inter-sectoral 

feedbacks and 

interactions  

Capture interactions among 

projects and policies 

Usage Commonly used to assess 

impact of carbon taxes 

and fiscal policies 

Commonly used to assess 

costs and benefits of projects 

and programs 

Less suitable for Examining technology-

specific policies. 

Predicting the macro-

economic impact on the 

economy as a whole 

Treatment of 

capital 

Precise description of 

capital equipment  

Homogeneous and abstract 

concept 

Treatment of 

technology 

Menu of technological 

options introduced 

Trend rates (endogenous or 

exogenous) 

Potential 

efficiency 

improvements 

Usually high; costless 

improvements 

Usually low constraint on 

economy 
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3.3 Hybrid Models 

Bottom-up models are rich in technological representation whereas 

top-down models (CGE or macroeconomic models) better represent the 

macroeconomic environment. However, both the approaches suffer from 

limitations. The sectoral impacts are not captured adequately in top-down 

models and the macroeconomy-wide impacts are not captured adequately in 

bottom-up models. To overcome these limitations, hybrid models are 

developed which incorporates the features of both macro econometric and 

engineering-economic models. In hybrid models, therefore, more detail is 

added to top-down models and more behavioural analysis is added to bottom-

up models.The linking of the two approaches could be done either through hard 

linking (where the processing and transfer of information between models is 

formalized and handled by computers) or soft linking (where transfer of 

information is handled by model users). MARKAL-MACRO and E3ME are 

examples of hybrid models. 

4.0 Select EEE Models for India 

This section discusses some models specific to India which were 

developed with assistance from the Ministry of Environment and Forests 

(MoEF) to project the trajectory of GHG emissions in India (MoEF, 2009). 

These include the NCAER-CGE model, IRADe-Activity Analysis model, 

TERI-MoEF and TERI-Poznan MARKAL models. Table 2 at the end of the 

section provides a summary of various other EEE models. 

TERI-MoEF (MARKAL) Model 

MARKAL model has been used in India by the Ministry of 

Environment and Forests to project the trajectory of GHG emissions. 

Basic features 

 Bottom-up representation of energy producing, transforming and 

consuming technologies; 

 Cost minimization model based on linear programming MARKAL 

model; 
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 Prescriptive model that predicts the future evolution of energy sector 

and GHG emissions only under the validity of cost minimization 

objective and all the assumptions;  

 Technological change is incorporated through TFPG (assumed to be 

3%) and AEEI and is assumed to be limited; 

 Finds a least cost set of technologies that satisfies exognously 

specified end-use demands. The resulting energy-technology 

combinations are shown as outputs; 

 Scope: 35 energy consuming sectors + energy supply options (coal, 

oil, gas, hydro, nuclear, renewables, biomass); 

 GHGs covered: only CO2 (from energy and industry); 

 Timeframe: 2001-2031. 

Model Structure 

The MARKAL objective function is to minimize the total time 

discounted energy system cost over the planning horizon to meet an 

exogenously specified final demand vector. The energy system cost is the 

annualized investment cost of energy technologies which includes the annual 

fixed and variable O& M costs, exogenous energy procurement costs, fuel and 

material costs along with taxes and subsidies associated with energy sources, 

fuel, material, technology and emissions. 

The constraints include Flow conservation constraint (Energy 

consumption must not exceed procurement), Electricity Peak reserve constraint 

(Installed capacity of electricity production must meet peak season demand), 

Demand Satisfaction (Each service demand should be met in each period), 

Capacity Transfer (Total capacity of each technology is the sum of initial 

capacity and previous investments), Capacity utilization (Activity should not 

exceed installed capacity) and Source capacity (Resource use should not 

exceed source capacity) and optional constraints. 

Model Inputs 

The MARKAL model needs inputs on four main sets: Energy demand, 

Energy supply, Technology and Emissions. In the Indian MARKAL model, the 
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energy sector is divided into five major energy consuming sectors (agriculture, 

commercial, industry, residential and transport) which was further sub-divided 

according to the end-use demands. There are 35 energy consuming sectors in 

total. The end-use demands for each of these sectors are exogenously provided 

based on output of another CGE Model or projected based on a combination of 

econometric techniques. 

On the supply side, various conventional and non-conventional energy 

sources that are available both domestically and abroad are considered. The 

availability of each of these fuels is constrained based on expected growth in 

domestic production and other technological constraints. 

The technology set consist of all technologies including energy supply 

technologies (including transformation technologies) and end-use demand 

technologies. Information related to residual capacity, life, duration, 

investment, fixed and variable costs are specified for each technology. 

Information for the technology characterization is based on the database 

developed by TERI (for National Energy Map for India: Technology Vision 

2030). The emissions set consist of data on emission co-efficient of all energy 

forms and technologies. 

The data sources include Planning Commission, CEA, IEA, NAS, 

annual reports of ministries, annual reports of industrial associations, research 

documents produced by various institutions and outputs from NCAER CGE 

model. 

Model Outputs 

The outputs of TERI-MoEF MARKAL model include the following in each 

period: 

 The set of investments and operating levels in all technologies; 

 Quantities of each fuel produced or traded; 

 Sectoral and economy-wide energy consumption, fuel mix and 

emissions; 

 The overall energy system‟s discounted cost. 
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The environmental trajectory in 2030-31 as predicted by the MARKAL model 

is as follows: 

 CO2 emissions (aggregate): 4.9 billion tons; 

 CO2 emissions (per capita): 3.4 tons; 

 Commercial Energy use: 1567 mtoe; 

 Fall in energy intensity: 0.11(2001-02) to 0.06 (2031-32) kgoe per 

$GDP at PPP; 

 Fall in carbon intensity: 0.37(2001-02) to 0.18(2031-32) kg CO2 per 

$GDP at PPP. 

TERI- Poznan Model 

The TERI- Poznan study uses the same linear programming cost 

minimization MARKAL framework as is used by the TERI-MoEF model 

except that it differs in some key assumptions. The main differences in 

assumptions between the two models are with respect to: 

 GDP growth: 8.2% p.a during 2001-31 (MoEF model: 8.84% CAGR 

of GDP during 2003-30 from NCAER CGE projections); 

 Energy prices: considered to evolve based on expert judgement 

(MoEF model: international energy prices form IEA and domestic 

energy prices from CGE projections); 

 Factor productivity: no improvements assumed (MoEF model: TFPG= 

3 % pa); 

 Energy efficiency: limited improvements based on past trends and 

expert judgement (MoEF model: AEEI = 1.5% pa subject to technical 

feasibility limits). 

The difference in assumptions leads to different results even though 

the basic model framework is the same. The prediction by the TERI-Poznan 

model with respect to key environmental variables is more unfavourable to the 

environment compared to the TERI-MoEF model. The results for 2030-31 are 

as follows: 

 CO2 emissions (aggregate): 7.3 billion tons; 

 CO2 emissions (per capita): 5.0 tons; 

 Commercial Energy use: 2149 mtoe; 
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 Fall in energy intensity: 0.11(2001-02) to 0.08 (2031-32) kgoe per 

$GDP at PPP; 

 Fall in carbon intensity: 0.37(2001-02) to 0.28(2031-32) kg CO2 per 

$GDP at PPP. 

Activity-Analysis Model 

The Activity-Analysis model is a „stand-alone‟ top-down model that 

uses the activity analysis framework to model the linkages between economy 

and environment.  

Basic Features 

 Uses a linear programming framework that maximizes welfare (the 

discounted sum of total construction streams) given the constraints 

imposed by resource availability and various technological 

possibilities for using them; 

 Scope: multisectoral - includes 34 producing sectors producing 25 

commodities and Government; intertemporal – planning horizon is 

from 2003-04 to 2030-2031; 

 GHGs covered: CO2 (from energy, industry, households and 

government consumption only); 

 The sectoral output as given by the input-output matrix is based on the 

updated social accounting matrix of 2003-04 prices; 

 This model is also prescriptive and works given the validity of the 

assumptions and consumption maximizing objective. 

Model structure 

It uses a linear programming model based on input-output framework 

that attempts to maximize the discounted sum of total consumption streams 

over the planning horizon subject to demand and supply constraints. The main 

constraint is that demand equals supply. Each of the components of demand 

and supply serve as further constraints. 

Cit + Git + Zit + IOit + Eit  Yit + Mit 

On the demand side, consumption equals the sum of private consumption 

demand (Cit), government consumption demand (Git), investment demand (Zit), 
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intermediate input demand (IOit) and export demand (Eit). The supply is 

through output (Yit) and imports (Mit).  

The private consumption demand (Cit) comes from rural and urban 

sectors each of which is divided into five classes based on consumer 

expenditure. The per capita consumption of each of these ten household classes 

is estimated separately using a set of equations based on Linear Expenditure 

System (LES) utility function. The model has an endogenous income 

distribution for rural and urban areas separately that traces the change in the 

number of people in different expenditure classes in each time period. This has 

an impact on the structure of consumption demand in the economy. Hence, the 

LES function and the endogenous income distribution together define a 

dynamically changing non-linear demand structure of the economy. NSS data 

is used to estimate private consumption demands.  

The government consumption demand (Git) is assumed to be 

exogenous and specified to grow at a growth rate of 9%. Aggregate Investment 

Demand (Zit) depends on aggregate investible resources (as determined by 

savings rate) and foreign investment available.  

Intermediate demand (IOit) are supplied through the input-output 

coefficients of the SAM. The IO table originally consisting of 115 sectors is 

collapsed to 25 X 34 sectors (25 commodities being produced by 34 producing 

sectors). The 34 producing sectors broadly include agriculture and allied 

sector, industry sector, service sector and energy sector (which include 7 new 

activities). 

Export demand is determined endogenously from the trade module. In 

the trade module, a balance of payments constraint with capital flows is 

imposed. Some constraints on the growth rate of imports and exports are also 

imposed. 

On the supply side, supply equals the sum of domestic production (Yit) 

and imports (Mit). Domestic production is subject to capacity constraint .i.e, 

incremental output will depend on incremental capital and ICOR. Capital Stock 

itself is modeled based on depreciation and investment. Imports are determined 

exogenously from the trade module. 

Apart from the constraints imposed by the components of demand and 

supply, additional constraints include monotonicity constraints, resource and 
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capacity constraints and import constraints.  Given these constraints, the model 

predicts the decisions of various economic agents (producer and consumers) 

that maximizes the objective function. 

Model Outputs 

Given this framework, the model predicts: 

 The sectoral output in value as well as quantity terms; 

 Total, activity wise and household-class wise emissions; 

The results of the activity analysis model with respect to key parameters are: 

 CO2 emissions (aggregate): 4.23 billion tons; 

 CO2 emissions (per capita): 2.9 tons; 

 CAGR of GDP (2010-11 to 2030-31): 7.66%; 

 Commercial Energy use: 1042 mtoe; 

 Fall in energy intensity: 0.1(2003-04) to 0.04 (2030-31) kgoe per 

$GDP at PPP; 

 Fall in carbon intensity: 0.37(2003-04) to 0.18(2030-31) kg CO2 per 

$GDP at PPP. 

NCAER – CGE Model 

Model Structure 

The top-down macroeconomic CGE model developed by NCAER in 

collaboration with Jadavpur University is based on the neoclassical CGE 

framework and incorporates specific institutional factors of the Indian 

economy. It covers more than 37 sectors and is recursively dynamic. 

A system of non-linear equations simultaneously determines the 

endogenous variables in the model. The 37 sector CGE model is calibrated to 

the benchmark equilibrium data set for the Indian economy for 2003-04 by 

constructing a SAM for that particular year. A sequence of equilibria, from 

2003-04 to 2030-31, is generated by using a time-series data of exogenous 

variables which is solved on General Algebraic Modeling System (GAMS). 

Economic structure 

The interaction among the different agents - producers, households, 

the government and the rest of the world (ROW) – to changes in relative prices 
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is analyzed in this model given certain initial conditions and values of 

exogenous parameters. Producers maximize profits in a competitive market 

using intermediates, energy inputs and primary inputs.  

Households are assumed to have fixed endowment of initial factors 

and demand commodities. Apart from saving and paying takes, the households 

are classified into five rural and four urban socio-economic groups. The 

government is not a maximizing agent in the model and government 

consumption, transfers and tax rates are treated as exogenous policy 

instruments. 

  India is treated as a small open economy which is a price-taker in the 

import markets with no restrictions on how much it can import. Further, the 

internationally traded goods are differentiated from domestically produced 

goods. It is a Walrasian model where markets for all commodities and non-

fixed factors clear through adjustments in prices. With exogenously fixed 

foreign savings, the model follows a savings driven macro closure in which the 

investment level adjusts to satisfy the savings-investment balance. 

Energy and the environment 

The GHG emissions (CO2 and N2O) in the economy is determined by 

using inputs of fossil fuels in the production process, gross outputs produced 

and consumption demands of the households and the government along with 

fixed coefficients.  

Model applications 

The model projects GHG emissions in 2030-31 to be 4 billion tonnes 

of CO2e with per capita GHG emissions at 2.77 tons CO2e. The growth in GDP 

is projected to be 8.84 percent. Total commercial primary energy in 2030-31 is 

estimated to be 1087 mtoe. Energy intensity is estimated to decline at an 

annual compound rate of 3.85 percent. CO2 intensity is also projected to 

decline from 0.37 Kg CO2e in 2003-04 to 0.15 CO2e Kg CO2e in 2030-31 per 

$GDP at PPP. 
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Table 2: Overview of Some Widely Used Models 

Model Time-horizon Spatial 

coverage 

Theme of 

application 

Approach Aggregation 

level 

Reference 

AIM Dynamic / long 

run projections 

Regional 

(Asia-pacific) 

IAM 

:Energy-

Environment-

Climate-

Economy 

Hybrid 

(Simulation, 

optimization) 

Disaggregated Kainuma et al 

(2003 and 

2005) 

ASF Long run (1985 

to 2100) 

Global 

(9 regions) 

IAM: 

Energy-

Economy-

Climate 

Top-down 

(Optimization) 

Disaggregated(4 

modules-energy, 

agriculture, 

industry, landuse) 

EPA (1990) 

and SEDAC 

(1996) 

 

LEAP Medium to long 

term modeling 

tool 

Can be 

applied at a 

local, 

national or 

regional scale 

Energy-

Economy-

Environment 

tool 

Bottom-up 

(Accounting 

Framework) 

Depends on data 

availability. Can 

be aggregated or 

disaggregated 

SEIB (2006 a, 

b) 

MESSAGE Dynamic 

(medium to lon-

term) 

Global 

(11 macro 

regions) 

IAM: Energy 

Supply-

Economy-

Climate 

Hybrid 

(Optimization) 

Disaggregated  IIASA(2005) 

and 

Nakicenovic 

and Riahi 

(2003), 

(Messner and 

Strubegger, 

1995) 
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Model Time-horizon Spatial 

coverage 

Theme of 

application 

Approach Aggregation 

level 

Reference 

E3MG Dynamic/ 

Long run 

Global 

(20 regions) 

Energy-

Economy-

Environment 

Hybrid 

(Macro-

Econometric 

Framework) 

Highly 

disaggregated 

(42 sectors,28 

consumer 

spending 

categories, 14 

atmospheric 

emissions, 12 

fuel types) 

Cambridge 

econometrics 

SGM Dynamic- 

recursive/ long 

run (1990-2050) 

 

Global 

(13 regions) 

IAM: 

Energy-

Economy-

Climate 

Top-down 

(General 

Equilibrium 

framework) 

Disaggregated(14 

multi-sector 

regional models) 

Edmonds et 

al. (2004) 

 

NEMESIS Recursive 

dynamic/Short or 

medium run 

Regional 

(EU-27, 

USA, Japan) 

Energy-

Economy-

Environment 

Top-down 

(Macro-

Econometric 

Framework) 

Disaggregated 

(32 production 

sectors, 160 eqns) 

Fougeyrollas 

et al. (2002) 

PRIMES Dynamic/medium 

term(1990-2030) 

Regional 

(15 European 

Union 

countries) 

Energy-

Economy-

Environment 

Bottom-Up 

(Optimization) 

+ Top-Down 

(General 

Equilibrium) 

Disaggregated 

(24 energy forms, 

demand sector 

and supply sector 

disaggregation) 

European 

Commission 

(1995) 

Source: Srivastava and Kavi Kumar (2011) 
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Note:  

AIM: Asia-pacific Integrated Model; ASF: Atmospheric Stabilization 

Framework model; 

E3MG: Energy-Economy-Environment Model for the Globe; SGM: Second 

Generation Model; 

LEAP: Long-Range Energy Alternatives Planning System; 

MESSAGE: Model for Energy Supply Strategy Alternatives and their General 

Environmental impact; 

NEMESIS: New Econometric Model of Evaluation by Sectoral 

Interdependency and Supply; 

PRIMES: Price Induced Model of the Energy System.               
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