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Executive Summary

This paper addresses two major considerations in planning for India’s future growth.
First, the need to recognize and manage the inevitable pollution load that growing at
potential rates would imply. Secondly, while the proposed transition to Goods and
Services Tax (GST) might imply efficiency effects and therefore facilitate growth, left to
itself it might also encourage pollution. Thus the paper examines the case for integrating
eco-taxes in the GST regime to provide a modern green version of GST, which in turn
can facilitate environment friendly growth.

While a number of alternative methodologies have been developed in the
literature to examine energy-growth-pollution linkages, none of these provide a suitable
framework to discuss fiscal policies and their impact on the choices regarding growth and
pollution. The methodology adopted in this paper consists of using a macro-econometric
model to generate future demand and output profiles and an input-output model to
examine inter-sectoral choices.

In addition to standard features of GST that are being discussed in the literature
and policy circles, the paper argues that the in the green GST regime both centre and
states should have the power to levy non-rebatable excise or cess over above the CGST
and SGST rates on petroleum products, demerit goods and polluting goods and services.
The list of goods selected for such non-rebatable excise/cess may be determined by the
Goods and Services Tax Council.

The paper demonstrates that using eco-taxes in the GST framework works better
for the sustained environment friendly growth for India. It enables fixation of the core
GST rate at relatively lower levels (initially at 14 percent) thereby generating efficiency
effects and better compliance. With low overall GST rate resource allocation and
compliance would be better, unleashing the productive forces of the economy taking the
economy towards achievable potential growth. The eco-taxes in the form of non-
rebatable excises and cesses may be further supplemented by local level eco-taxes to
facilitate regionally balance growth while ensuring that the local pollution is kept within
acceptable limits. For global pollution (e.g., carbon dioxide emissions) the focus has to be
on limited number of industries or sectors.

The policy options available can be summarized as:
¢ Allow growth at less than potential rate as deliberate policy;

e Modify the input-use coefficients of major sources of pollution; and

e Restructure output in favour of less polluting sectors while maintaining growth at
about potential rate.
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Chapter 1

INTRODUCTION

1.1 Context and Issues

The planned nationwide indirect tax code in India will eliminate the multiplicity of indirect
taxes present in the current system, simplify the tax structure and broaden the tax base.
Under the Goods and Services Tax (GST) regime, tax will be levied on goods and services
at each point of sale or provision of service, with the seller or service provider claiming
input credit of tax which he has paid while purchasing the goods or procuring the service.

At present, there are parallel systems of indirect taxation at the central and state
levels with overlapping tax bases with respect to value added up to the stage of
manufacturing. This leads to cascading of indirect taxes. Apart from variations in tax
rates, the levy of inter-state sales tax also fragments the all-India market. The tax
system in India remains a mix of destination- and origin- based levies.

The proposed reforms aim to bring about a comprehensive GST that eliminates
cascading, removes tax barriers in the inter-state movement of goods and services, and
ushers in a system where taxation will be destination-based, goods and services will be
taxed at the same rates, rates will be common across states, inter-state sales tax will be
eliminated and the country as a whole will become a genuine integrated common market.

However, GST in this form may have perverse environmental consequences
unless suitable provisions are built into the system. For instance, if a polluting good is
taxed at a lower rate under the GST regime than the present tax structure (after taking
account central and state taxes), the resulting consumption of the polluting good is
expected to be higher. Further, in a destination-based system, the tax revenue will
accrue to the consuming states rather than the producing states. This will not only
increase emissions in the producing states but will also leave them with lesser revenues
to cope with the negative externalities of production.

India, with a third of the world’s poor and with 80 percent of its billion plus
population living on less than $2 a day, economic growth remains at the top of its
development agenda. However, development can occur only when growth is sustainable.
This means that India must follow a resource use pattern that explicitly accommodates
environmental concerns.



1.2. Energy-Economy-Environment (EEE) Interface

The triad of energy, economy and environment is closely inter-linked. The basis of this
inter-linkage lies in the physical principle of material balance. The principle states that: in
any closed system, matter can neither be created nor destroyed. This implies that the
sum of inputs to a process must balance the mass of outputs in the form of products,
emissions and wastes.

Growth in energy use in recent times has been led by the two largest Asian
economies — China and India. Together they constituted nearly 10 percent of the world’s
total energy consumption in 1990 and 20 percent in 2007 (IEO 2010). Since energy is
one of the primary drivers of economic activity related to manufacturing of goods,
buoyant projections of economic performance for both the economies imply even higher
future energy demand. Further, with fossil fuels such as coal and oil serving as the
primary energy sources, the adverse impact on the economy resulting from increased
manufacturing of goods and burning of fossil fuels will be substantial.

All economic activities either affect or are affected by natural and environmental
resources. For instance, activities such as extraction, manufacture, transport,
consumption and disposal, change the stock of natural resources and degrade the quality
of the environment through addition of wastes. However, with a finite assimilative
capacity of the environment, economic activities today affect the resources available for
the future and have inter-temporal welfare effects.

The generation of energy, industrial activities, commercial and private transport,
agriculture, land use land use change and forestry (LULUCF) and the resulting wastes are
sources of emissions for local (air) pollutants such as particulate matter (PM), sulfur
dioxides (S0,), volatile organic compounds (VOC) etc. and global (air) pollutants which
include greenhouse gases such as carbon dioxide (CO,), methane (CH,), ozone (O3),
chloroflurocarbons (CFC) etc. While local pollutants, as the name suggests, pollute the
ambient air or water concentration, global pollutants, irrespective of where the pollution
occurs affect the entire biosphere. For instance, while the emission of particulate matter
will largely affect places nearest to the source, emission of CO, irrespective of where the
emission occurs will lead to enhanced greenhouse effect and cause climate change.

Pollutants differ according to whether they contribute to the stock (eg.CO,, CH,4
etc.) or to the flow (eg. SO,, SPM etc.) of pollution in the long term. Lieb (2004)
distinguishes between stock and flow pollutants and observes that the pollution-income



relationship for flow pollutants is well-established in literature. Although pollutants such
as SO,, SPM, NOy and CO are stock pollutants, they have short lifetimes and therefore
behave like flow pollutants in the long term. For instance, the life of SO, is 1-4 days, that
of NOy is 2-5 days and that of CO is 1-3 months in the atmosphere and SPM is washed-
out by rain and snowfalls (Liu and Liptak 2000 and IPCC 1996). The flow of the rivers
helps decrease the concentration of pollutants at a particular place. On the other hand,
municipal wastes, which is deposited and accumulates at waste disposal sites is a stock
pollutant. For CO,, with a lifetime of about 125 years, majority of the research indicate a
strict positive pollution-income relationship.

The impact of increasingly higher emissions concentrations will affect human
health through growing burden of disease resulting from direct or indirect exposure to
harmful pollutants. Agriculture, which sustains majority of the population in developing
countries, will be adversely affected through reduction in crop yields. Coastal zones will
see a reduction in fisheries output. This necessitates a better understanding of the causal
chain between the three components — energy, economy and environment — which will
inform policy in choosing the most efficient emission pathways.

1.3. Energy, Economy and Environment Linkages in India

Energy use and the economy have been observed to be growing together in most
countries and India is no exception. Energy as an input in several critical sectors like
petroleum, steel, cement, aluminum etc., is one of the most important catalysts for the
development process. Rapid expansion of the energy sector is thus a necessary condition
for sustaining the growth of the economy. At the same time, energy intensive sectors are
major contributors of India’s growth and hence targeted higher growth rates implies that
energy requirements are poised to increase steeply in the near future. The following
figure shows how energy and the economy have grown together in India.
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The energy use of the economy has been rapidly increasing with coal being the
predominant source of primary energy supply. Coal still contributes about 63 percent of
India’s energy requirements followed by petroleum products and natural gas.

Figure 1.2: Primary Energy Supply by Energy Source
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As a consequence of the energy-economy interactions and the high
predominance of fossil-fuels in the total energy mix, the environment has been severely
affected. Energy-related activities are the prime cause of accumulation of greenhouse
gases, especially CO2, which results in several global environmental issues such as ozone
depletion and climate change. The following figure shows the emissions profile of India.
Energy related emissions constitute about 67% of total GHG emissions and 94% of CO2
emissions.

Figure 1.3: GHG Emission in India by Source
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Energy-intensive growth of the Indian economy has led to a steep rise in
emissions over time. Though India does not rank very high on global emissions currently,
future emissions are poised to grow at a staggering rate. Also, India will be among the
countries which will be highly vulnerable to adverse effects of changing climate. This
necessitates integration of energy, environment and economic policies to simultaneously
achieve high growth with low pollution and energy security.


http://cait.wri.org/

1.4 Objectives of the Study
In the context of a planned GST regime and the possible detrimental effects it could have
on the environment, the present study has the following objectives:
e Project the output till 2029-30 under the business-as-usual GST scenario.
Calculate the corresponding pollution under the GST scenario.
e Simulate different scenarios of eco-tax and observe its impact on macro-
economic outcomes (output and revenue) and pollution.
e Identify the set of tax rates that will help achieve long term objective of
increasing the fiscal space for taking advantage the demographic dividend and
produce high-growth low-pollution scenarios.



Chapter 2

Energy-Economy-Environment Models: Review

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. Moreover,
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.

2.1 Evolution of Energy-Economy-Environment Models
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?
e Can energy supply keep pace with the energy demand growth without affecting
prices?
¢ How would energy use constraints affect fuel prices?
e How would end-use constraints affect the demand for energy-using services?
e To what extent will the shortfall of energy supply affect the growth of the
economy?
e By how much will future international energy demand growth lag economic
growth?



e 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, especially CO,,
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:

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

e How will changes in technology affect the overall energy system cost, energy use
and emissions?

e What is the least cost response to environmental constraints like emission
reduction targets?

e What is the impact of regulations and market based instruments like taxes and
subsidies on emissions?

¢ How to develop mitigation strategies?

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 are



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

e How and to what extent do bio-physical changes affect the economy and the
eco-system?

e What are the macroeconomic and sectoral impacts of pollution reduction policies?

e Comparison and evaluation of different scenarios of mitigation and adaptation

The following figure illustrates the evolution of energy-economy-environment
models. 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 2.1: Evolution of EEE models
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2.2 Typology of Energy-Economy-Environment Models

Over the last four decades, several energy-economy-environment models have been
developed ranging from simple models developed for energy forecasting to recently
developed IAMs which model the bio-physical changes and their feedback on the
economy.

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 co-efficient 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.
Typically, EEE models can be classified:

e Based on approach — Top down, Bottom up, Hybrid;
e Based on method — Macroeconomic, General Equilibrium, Input-Output,

Simulation, Optimization, Accounting framework;

e Based on time — Static / Dynamic , Short/ Medium/ Long/ Very long term;
e Based on level of aggregation — Aggregated/ Disaggregated; and
e Based on geographical coverage — Global / Regional/ National/ Local.

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.

10



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.

2.3 Classification of EEE Models

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.

Bottom-Up Approach

Bottom-up approaches begin 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.

11



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
equipments.

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 detail at the sectoral level.

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.*
¢ Optimization models

! 1t should be noted that bottom-up models are typically solved using these methods. However, some of these methods (like
optimization, simulation) can be used in top-down models as well.

12



e Iterative equilibrium/Simulation models
e Accounting frameworks
e Price elasticity approach
e Excess burden approach

Optimization models

The most common approach to solve partial-equilibrium models is by optimization.
Optimization models use mathematical programming and identifies configurations of
energy system or technology which maximizes (eg., welfare) or minimizes (eg., costs)
the objective variable under some constraints (eg., 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.

Optimization is the widely used approach to solve bottom-up models.
Optimization approaches model the decision of agents based on certain pre-defined
outcomes. For example, given the objective of minimizing cost, energy producers and
consumers select least cost options that fulfill the objective. 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, its likely
impact on cost, emissions etc. can be estimated.

Accounting frameworks

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
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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 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 (price and income levels) and constraints (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 lack in considering the inter-
relationships between the different sectors of the economy.

Top-Down Approach

In contrast to the bottom-up approach, the top-down approach begins with modeling the
entire system and then disaggregating into individual sectors. Unlike bottom-up models,
the models following this approach assume efficient markets and no efficiency-gap. They
also assume competitive equilibrium and optimizing behaviour of consumers and
producers.
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The strength of this approach 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, 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
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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:

e Computable General Equilibrium framework

e Macro-economic framework

e 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 are 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 with
respect to time.

The major advantage of CGE models is that it allows 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 give 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 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 is estimated on the basis of time series data. Like the CGE, it
includes the entire macroeconomy. Unlike CGE models, it can handle disequilibrium and
dynamic aspects more easily by introducing equations that represent these disequilibrium
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(such as unemployment, under-ulilized 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 macro-economy. 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 exogenously, I-O models have to be
combined with other models to explore how final demand itself changes.

The advantage of input-output models 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 2.1: Comparison of Top-down and Bottom-up 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 | Assess costs/benefits of individual

impact on output, income,
GDP

technologies and policies

Capturing Costs

Implicitly capture
administrative, implementation
and other costs.

Can explicitly include
administration and program costs

Perception of

Typically assume efficient

Don’t assume efficient markets,

market markets, and no “efficiency overcoming market barriers can
gap” offer cost-effective energy savings

Capturing Capture inter-sectoral Capture interactions among

interactions feedbacks and interactions projects and policies

Usage Commonly used to assess Commonly used to assess costs

impact of carbon taxes and
fiscal policies

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

Precise description of capital

Homogeneous and abstract

capital equipment concept

Treatment of Menu of technological options | Trend rates (endogenous or
technology introduced €xo0genous)

Potential efficiency | Usually high; costless Usually low constraint on economy
improvements improvements

Source: Compiled by the project team

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 macro-economy-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
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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.

2.4 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. A more general
and comprehensive discussion of EEE models is presented in Appendix A.1. The
discussion there focuses on one bottom-up model (MARKAL), two top-down models
(GEM-E3 and GEMINI-E3) and a hybrid model (E3ME) aiming to understand how the
components of economy, energy and environment are represented in these models.
MARKAL model uses a bottom-up optimization framework, GEM-E3 and GEMINI-E3 use a
CGE framework while the E3ME model uses a macro-econometric framework. All of them
are dynamic models and are wide in scope of the geographical and sectoral coverage.

a. TERI-MoEF (MARKAL) model
Basic Features

e Bottom-up representation of energy producing, transforming and consuming
technologies;

e Cost minimization model based on linear programming version of MARKAL
model;

e 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;

e Technological change is incorporated through TFPG (assumed to be 3%) and
AEEI and is assumed to be limited;

e Finds a least cost set of technologies that satisfies exognously specified end-use
demands. The resulting energy-technology combinations are shown as outputs;

e Scope: 35 energy consuming sectors + energy supply options (coal, oil, gas,
hydro, nuclear, renewables, biomass);

e GHGs covered: only CO, (from energy and industry);

e Timeframe: 2001-2031.
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Model Structure

The MARKAL objective function minimizes 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.

Summarily, the MARKAL model can be depicted as follows:
Minimize TDSC (Total Discounted Energy System cost)

Subject to
Flow conservation constraint
Electricity Peak reserve constraint
Demand satisfaction
Capacity transfer
Capacity utilization
Source capacity

Model Inputs

The MARKAL model needs inputs on four main sets: Energy demand, Energy supply,
Technology and Emissions. In the Indian MARKAL model, the 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.
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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 of 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.
e The set of investments and operating levels in all technologies
¢ Quantities of each fuel produced or traded
e Sectoral and economy-wide energy consumption, fuel mix and emissions
e The overall energy system’s discounted cost

The environmental trajectory in 2030-31 as predicted by the MARKAL model is as follows:
e CO, emissions (aggregate): 4.9 billion tons
e CO,emissions (per capita): 3.4 tons
e Commercial Energy use: 1567 mtoe
e Fall in energy intensity: 0.11 (2001-02) to 0.06 (2031-32) kgoe per $GDP at PPP
e Fall in carbon intensity: 0.37(2001-02) to 0.18(2031-32) kg CO, per $GDP at PPP

b. 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
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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 are as follows:

CO, emissions (aggregate): 7.3 billion tons

CO, emissions (per capita): 5.0 tons

Commercial Energy use: 2149 mtoe

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 CO, per $GDP at PPP

c. 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 commaodities +
Government, intertemporal — planning horizon is from 2003-33.

GHGs covered: CO, (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.
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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:

Cit + Git + Zit + 10 + Eit < Yit + Myt

Each of the components of demand and supply serve as further constraints. On the
demand side, consumption equals the sum of private consumption demand (Cy),
government consumption demand (Gi), investment demand (Z;), intermediate input
demand (IOy) and export demand (E;).

The private consumption demand (C;;) 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 (Gi) is assumed to be exogenous and
specified to grow at a growth rate of 9%. Aggregate Investment Demand (Z;)) depends
on aggregate investible resources (as determined by savings rate) and foreign
investment available.

Intermediate demand (I0;) will be given endogenously by 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.
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On the supply side, supply equals the sum of domestic production (Y;) and
imports (My). 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 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
e The sectoral output in value as well as quantity terms
e Total, activity wise and household-class wise emissions

The results of the activity analysis model with respect to key parameters are:
e (O, emissions (aggregate): 4.23 billion tons
e CO,emissions (per capita): 2.9 tons
e CAGR of GDP (2010-11 to 2030-31): 7.66%
e Commercial Energy use: 1042 mtoe
e Fall in energy intensity: 0.1(2003-04) to 0.04 (2030-31) kgoe per $GDP at PPP
e Fall in carbon intensity: 0.37(2003-04) to 0.18(2030-31) kg CO, per $GDP at PPP

d. 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
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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 is analyzed in this model
given certain initial conditions and values of exogenous parameters. Producers maximize
profits in @ competitive market using intermediates, energy inputs and primary inputs.

Households are assumed to have fixed endowment of initial factors and demand
commaodities. 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 (CO, and N,0) 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 Outputs

The model projects GHG emissions in 2030-31 to be 4 billion tonnes of CO,e with per
capita GHG emissions at 2.77 tons CO,e. 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 CO»e in 2003-04 to 0.15 CO,e Kg CO.e
in 2030-31 per $GDP at PPP.
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2.5 Integrated Assessment Models (IAMs)

Overview

There is considerable evidence that human activities through which greenhouse gases
are emitted into the atmosphere are changing our climate (IPCC, 2001). And with the
already large greenhouse gas inventory, the damage potential is substantial. There is
therefore an urgent need to design ‘efficient long-term climate policies’ (de Bruin et al.,
2009) that address climate change.

A nation faced with such a situation can decide on two broad policy options. It
can control its greenhouse gas emission or utilize carbon sinks that reduces its carbon
footprint. This is called mitigation. The other option is to adapt to the changing climate.
Such an option would include policies that focus on adjustments in ecological, social or
economic systems to moderate potential damages or to benefit from opportunities
associated with climate change (Smit and Pilifosova, 2001). However, in order to choose
a particular option or an optimal mix of options to tackle climate change, and to decide
on the extent of such action, would require a thorough understanding of the complex
interactions among multiple systems, particularly socioeconomic and biophysical
processes (Parson and Fisher-vanden, 1997).

Integrated Assessment Models (IAMs) are an important tool in analyzing
strategies to address climate change. These models typically combine knowledge from
various disciplines to inform policy (Harremoes and Turner, 2001) through an evaluation
of the cause and effect chain of climate change — economic activities causing GHG
emissions, the effect of those emissions on atmospheric GHG concentrations, the change
in temperature and other parameters due to increased concentrations, and the impact of
these changes on the ecosystems and the economy (Patt et al., 2010). IAMs, therefore,
not only model the primary dynamic interactions between society and environment, but
also the secondary feedback mechanisms (Goodess et al., 2003).

Figure 2.2 illustrates the inter-disciplinary nature of IAMs. It includes
representations of climate using models and data generated by the climate modeling and
research community along with information on how changes in climate affect humans
and nature which is generated by the impacts, adaptation and vulnerability (IAV)
modelers. In turn, IAMs provide to the climate modeling community emission scenarios
of greenhouse gasses and short-lived species (SLS) and land use projections. To the IAV
modeling community IAMs provide projections of socioeconomic states, general
development pathways and the multiple stressors of climate change (Janetos, 2009).
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Over the years, IAMs have been used to provide (Janetos, 2009):

Globally consistent projections of greenhouse gas (GHG) emissions, driven mostly
by energy use and consumption, and their potential energy, economic, and
ecological consequences

Emissions and land-use scenarios for use in studies applying atmosphere-ocean
general circulation models (GCMs)

Investigation of pathways of emissions consistent with particular goals for
limiting climate change

Analysis of alternative forms of international cooperation in emissions mitigation
Analysis of the ways various economic and technology choices could affect
emissions levels

Consequences of climate mitigation measures under various scenarios

Study of feedbacks between human activities (e.g., urban air pollution and its
control) and the climate system.

Figure 2.2: Structure of IAMs

Human Systems Climate Modeling
Gridded GHG and SLS and Research Include:
Managsd Emissions, Land Use
D + Carbon cycle
* Atmospheric chemistry
=
Models and Data » Climate
Natural Earth Systems LAV Modeling and
Soclosconomic States, Research Include:
Development Paths,
Multiple Stressors * Energy
+ Water
* Coastal zones
Models and Data * Ecosystems
* Health

Source: Adopted from Janetos (2009)

27



Key Aspects of TAMs

IAMs differ amongst themselves in several key areas. Based on their application to policy
issues IAMs can be divided into two categories: policy evaluation models and policy
optimization models. More recently, a third group of policy guidance models that include
characteristics of both policy optimization and policy evaluation models have been
developed. Depending on the objectives, IAMs differ in their complexity of economic and
climate modules. The treatment of uncertainty in the models is another key distinction.
IAMs differ in the responsiveness of agents within the model to climate change policies.
The spatial detail incorporated also differs across IAMs.

Policy evaluation models analyze the effect of a particular policy on the climate
and/or economic system through policy specific simulations. Examples of policy
evaluation models are AIM, CLIMPACTS, ESCAPE, IMAGE and MIT IGSM. In contrast, the
objective of policy optimization models is to search for the optimal policy based on
regulatory efficiency or cost-effectiveness criteria. Models of such kind include CETA,
DICE, FUND, ICAM-3, MERGE and MiniCAM. Policy optimization models are also used in
simulating the effect of efficient level of carbon abatement on the world economy. The
third group of policy guidance models specifies “guardrails” in the form of climate
impacts, mitigation costs and burden sharing schemes that are perceived as intolerable
by stakeholders (Goodess et al., 2003) through their willingness to accept and pay for a
certain amount of climate change in their region. ICLIPS, through its Tolerable Windows
Approach include acceptable levels of climate change and use these as constraints in its
greenhouse gas emissions-climate model to produce feasible emission paths.

The role of uncertainty is critical in the economics of climate change. IAMs differ
in the way uncertainty is treated. This relates to both parametric and stochastic
uncertainty. Parametric uncertainty implies that within a model, one is uncertain about
some of the parameters of the problem, with uncertainty decreasing as time progresses
due to learning components — active (eg., through R&D) or passive (eg., through
observation). Stochastic uncertainty, on the other hand, arises out of imperfect foresight.
Therefore, regardless of the complexity of the model, there are certain elements that are
not modeled such as volcanic eruptions, sunspots etc. that affect global mean
temperature. The sum of these elements behaves like stochastic shocks. Because of the
extreme complexity of the uncertain components, IAMs use sensitivity analysis such as
the process of stochastic simulation, a type of Monte Carlo analysis which is relatively
simple to work with (Weyant et al., 1996).
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Application of TAMs to Understand Emission Control Synergies in India
Greenhouse gas — Air pollution Interaction and Synergies Model (GAINS)

The GAINS model has been developed by an international team of researchers to help
policy-makers identify emission control strategies that achieve given targets on air quality
and greenhouse gas emissions at least cost.

GAINS considers multiple local and regional air pollutants (SO,, NOy, PM, NH;,
VOC) and greenhouse gases (CO,, CH,; N,O, HFCs, PFCs, SFs) and quantifies the
technical and economic interaction between mitigation measures for greenhouse and
non-greenhouse gases (air pollutants). It identifies the simultaneous effect of specific
mitigation measures on different pollutants that adversely affect human health through
exposure of fine particulates and ground-level ozone, damage natural vegetations and
reduce crop yields, and contribute to climate change.

GAINS-Asia models cost-effective emission control strategies for India and China
based on specific country characteristics. Purohit et al. (2010) provide a summary of
findings for India.

i. Estimates of Air Quality

a. Ambient Concentration of PM 2.5

GAINS-Asia measures the concentration levels of primary particulate matter with the help
of source-receptor relationships using an atmospheric transportation model (TM5).

b. Concentrations of Ground-level Ozone

GAINS-Asia estimates the ground-level ozone concentrations and assesses the resulting
impact on human health and crops using different ozone exposure functions. The annual
mean concentrations of ozone were found to lie in the range of 40 to 50 ppb in most of
central and southern India, with higher concentrations measured for Northern India.

ii. Estimates of Air Quality Impacts

a. Health Impacts from Outdoor Pollution

GAINS-Asia estimates a loss in statistical life expectancy of 13 to 34 months resulting
from exposure to anthropogenic emissions of PM 2.5 for 2005.

b. Health Impacts from Indoor Air Pollution

The health impact from indoor air pollution from solid fuel use is estimated by the model
using the methodology followed by the WHO Global Burden of Disease Project. The
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negative impact of indoor pollution on health is measured as disability adjusted life years
(DALYs).

¢. Vegetation Impacts from Ground-level Ozone
GAINS model assesses the impact of increased ground-level ozone concentration on the
yields of four types of crop: rice, wheat, maize and soyabean. This it does by using the
following information:

e an exposure index relating crop yield reductions to ozone exposure;

e functional relationships between ozone exposure and precursor emissions; and

e data on crop production

2.6 Summary

Table 2.2 provides a summary of the models described in the above sections. However,
there are other models that are widely used to model the complex interactions of the
energy, economy and the environment. Although not comprehensive, Table 2.3 provides
an overview of some of the widely used regional and global models.
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Table 2.2: Summary of Models Described in this Chapter

Name of .
the Geographlcal Model Description I:I.Odel Typology
Model ocus ype
It is a macroeconometric model built to assess the
energy-economy-environment issues and polices. It is
capable of producing a wide range of social and
environmental indicators. Some of the common outputs .
of E3ME are: Method:
EU-27, Norway * GDP and its aggregate components Eli:gmetric
E3ME and o sectoral output and GVA, prices, trade and E-3
Switzerland competitiveness effects Approach:
e consumer prices and expenditures, and implied Hpgri d )
household distributional effects Y
s energy demand, by sector and by fuel, energy prices
e CO2 emissions by sector and by fuel and other air-
borne emissions etc.
The GEM-E3 model was designed to provide details on
the macro-economy and its interactions with the
environment and the energy system. It is a general
equilibrium model, meaning it computes the equilibrium
24 European prices of goods, services, labour, and capital that
countries in simultaneously clear all markets.
GEM-E3 The model is mainly used for: Top-down
GEM-E3 Europe, 20 1. simulating the effects of market-based instruments E-3 General
World regions (such as taxes) for energy-related environmental policy Equilibrium
in GEM-E3 on key economic and environmental indicators; framework
World 2. evaluating European Commission programmes aimed
at promoting sustainable economic growth; and
3. public finance, stabilisation policies and their
implications on trade, growth and the behaviour of
economic agents.
GEMINI-E3 has been specifically designed to assess world
climate change policies, in particular the effects of the
Kyoto Protocol, both at the microeconomic and the
macroeconomic levels. It is a multi-country, multi-sector,
dynamic model incorporating a highly detailed
G Al Anpex B representation of indirect taxation. Top-down
EMINI- countries and . . . General
The current version of the model is capable of assessing E-3 Y
E3 11 non-Annex ) . - Equilibrium
B countries intra-European and domestic policies such as the framework

directive on quotas, project of directive "energy-climate"
and the determination of carbon value. A new version,
GEMINI-EMU, has been developed specifically aimed at
assessing intra-European macroeconomic policies but also
relevant for climate change scenarios appraisal.
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(Contd.. Table 2.2)

Name of
the
Model

Geographical
Focus

Model Description

Model
Type

Typology

MARKAL

World

The MARKAL objective function (which generates the
supply curve) is to minimize time discounted total energy
system cost over the planning horizon. The service
demands, technology characteristics and costs are
defined by the user. Given these inputs and the
constrained objective function, the optimization routine
selects the best RES for each time period selecting from
each of the source, energy carriers, processing and
transformation technologies such that it satisfies the
objective function.

MARKAL can be used to

- Identify least cost investment strategies and energy
costs

- Identify least cost response to environmental constraints
like emission cap

- Evaluate new technologies

- Evaluate the impact of regulations, taxes and subsidies

- Assessing project impacts (like GHG savings) in the
context of climate deals

- Develop carbon-mitigation strategies and in national and
local energy planning

E-3

Method:
Optimization

Approach:
Bottom-up

GAINS-
Asia

India, China,
and 43
European
countries
including
Russia

Integrates policy-relevant information from the following
models:
e BernCC carbon cycle model
s MESSAGE global energy scenario model
¢ RAINS air pollution integrated assessment model
o GAINS model, an extension of the RAINS model to
include mitigation potentials for GHGs
e TM5 hemispheric atmospheric chemistry and
transport model
¢ MARKAL and IPAC energy models for India and
China

IAM

Approach:
Hybrid

NCAER
model

India

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.

The model projects GHG emissions in 2030-31 to be 4
billion tonnes of CO,e with per capita GHG emissions at
2.77 tons COze. 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 COze in 2003-04 to 0.15 CO.e Kg COe in 2030-
31 per $GDP at PPP.

Method:
General
Equilibrium

Approach:
Top-down
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(Contd.. Table 2.2)

Name of | Geographical Model Typology
the Focus Model Description Type
Model
IRADe — India It uses a linear programming model based on input- | E-3 Method:
Activity output framework that attempts to maximize the Optimization
Analysis discounted sum of total consumption streams over the
Model planning horizon subject to demand and supply Approach:
constraints. Top-down

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:
. CO; emissions (aggregate): 4.23 billion tons
CO; 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 CO, per $GDP at PPP

Source: Compiled by the project team based on MoEF (2009).
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Table 2.3: Overview of Other widely used Models

Model Time-horizon |Spatial Theme of Approach Aggregation Reference
Coverage Application Level

AIM Dynamic / long Regional IAM :Energy- |Hybrid Disaggregated Kainuma et al

run projections (Asia-pacific) |Environment- |(Simulation, (2003)
Climate- optimization)
Economy

ASF Long run (1985 to |Global IAM: Energy- |Top-down Disaggregated(4 |EPA (1990)

2100) (9 regions) Economy- (Optimization) |modules-energy, [and CIESIN
Climate agriculture, (1995)
industry, landuse)

LEAP Medium to long  |Can be applied |Energy- Bottom-up Depends on data |LEAP (2005)
term modeling at a local, Economy- (Accounting availability. Can be
tool national or Environment  |Framework) aggregated or

regional scale |[tool disaggregated

MESSAGE Dynamic Global IAM: Energy |Hybrid Disaggregated IIASA(2005)
(medium to lon- |(11 macro Supply- (Optimization) and
term) regions) Economy- Nakicenovic

Climate and Riahi
(2003)
E3MG Dynamic/ Global Energy- Hybrid Highly Cambridge
Long run (20 regions)  [Economy- (Macro- disaggregated econometrics
Environment |Econometric (42 sectors,28
Framework) consumer

spending
categories, 14
atmospheric
emissions, 12 fuel
types)

SGM Dynamic- Global IAM: Energy- |Top-down Disaggregated(14 |Edmonds et al.
recursive/ long (13 regions)  [Economy- (General multi-sector (2004)
run (1990-2050) Climate Equilibrium regional models)

framework)

NEMESIS Recursive Regional Energy- Top-down Disaggregated (32 |Brecard et al.
dynamic/Short or |(EU-27, USA, |Economy- (Macro- production (2006)
medium run Japan) Environment  |Econometric sectors, 160 eqgns)

Framework)
PRIMES Dynamic/medium |Regional Energy- Bottom-Up Disaggregated (24 |European
term(1990-2030) (15 European |Economy- (Optimization) + |energy forms, Commission
Union Environment | Top-Down demand sector (1995)
countries) (General and supply sector
Equilibrium) disaggregation)
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

Source: Compiled by the project team from various sources listed.
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Chapter 3
MODEL-BASED PROJECTIONS OF MACRO AGGREGATES

In this chapter we discuss the overall methodological framework adopted by the
study and also the specific modeling approach used to project macro-economic
aggregates.

3.1 Overall Methodological Framework

Here we provide a brief discussion on the methodological framework adopted at different
stages in the estimation process. Broadly the discussion covers, projecting under a set of
assumptions how the economy as measured by its gross value added is likely to perform
in the next two decades, its effect on local and global pollution and the effectiveness of
GST and environmentally motivated taxes in shifting the trajectory of output and
pollution in the long-term.

Figure 3.1 below illustrates the four important components of the modeling
exercise. The first component involves forecasting the performance of the macro-
economy till 2029-30. This is done at an eight-sector level to minimize the complexity of
the model while capturing the structural changes in the economy. The next component
disaggregates the economic performance into fifty-one sectors to bring it in line with
available pollution coefficients. The product of output and pollution coefficient vectors
yield a vector of pollution load corresponding to each of the fifty-one sectors. This
constitutes the third component. The fourth and the final component assess the effect of
GST and eco-tax on output and the environment. The eight sector output is further
disaggregated into fourteen sectors and the fifty-one sectors of the input-output matrix
are compressed into the same fourteen sectors for aligning the projections of sectoral
outputs estimation of pollution load.

The discussion in this chapter mainly focuses on the first component of the
overall modeling framework, namely macroeconomic projections. Brief description of two
other key components, namely sectoral disaggregation and estimation of environmental
pollution is provided in the next two sections before describing assumptions underlying
the macroeconomic projections for India over the period 2010-11 to 2029-30.
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Figure 3.1: Overall Modeling Framework

|. Macroeconomic Projections I1. Sectoral Disaggregation

- Projection of GVA at 8 sector level till - Estimation of output from GVA using
2029-30 using macroeconometric Leontief inverse matrix derived from
model Input-Output tables for 2006-07

- GVA at 8 sector level decomposed to - Values of output divided into 51 sectors
14 sector level to facilitate realistic based on GVA ratios corresponding to
estimates of the effect of GST on the 2006-07 to bring it in line with
economy available pollution coefficients

111. Estimation of Environmental Pollution IV. Response to Fiscal Measures

Local emissions: - Assessment of the effect of GST and

- Product of output vector and pollution eco-tax on:
coefficient vector from IPPS database - output; and,
yield estimates of local pollution such - environment
as SO2 and TSP.

Global emissions:

- Product of output vector with carbon
intensity estimates from MoEF report
yield estimates of CO2 emissions.

Source: prepared by the project team

3.2 Sectoral Disaggregation

The macro model projects GDP (at factor cost and constant 1999-00 prices) at an eight
sector disaggregation for the years 2006-07 to 2029-30. This feeds as an input in the
input-output module from which the output vector is calculated for the year 2006-07 to
2029-30 as explained below.

The Centre for Statistical organization (CSO) publishes the Input-Output
Transactions table (IOTT) once in every five years. The CSO provides the input flow
(absorption) matrix and the output (make) matrix. The input flow matrix is a (commaodity
x industry) matrix which gives the value of each commodity j that flows as input into
each industry /. The make matrix is a (industry x commodity) matrix which gives the
value of each commodity j that is produced as output by each industry /i Using these
matrices, we obtain the (commodity x commodity) I-O coefficient matrix (A) that gives
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the number of units of each commodity j that flows as input to produce one unit of
output of each commodity!. Similarly, we also obtain the (industry x industry) I-O
coefficient matrix which gives the number of units of output of each industry /that flows
as input to produce one unit of output of each industry. We assume industry technology
for constructing these matrices?.

Hence, in the I-O tables, each industry/commodity is listed as a consuming
sector across the columns and as a supplying sector across the rows. It is assumed that
the inputs used in producing an output are related to that output by a linear and fixed
coefficient production function. Hence, each column is a technique of production by
which only one product is produced. The output vector of each commaodity/ industry is
denoted by X The output of each commodity/industry is the sum of its use as inputs for
other commodities/industries plus the final demand for that commaodity/industry.

Mathematically, the input-output model can be expressed as
X=AX+F (3.2)
where A - coefficient matrix
X - output vector
F - final demand vector
The solution for this is
X=(A)"'F
where (I-A)? is the Leontief matrix.

Using the (commodity x commodity) matrix (A4), we calculate the Leontiff matrix.
The input-output table for 2006-07 as provided by CSO is at a 130 x 130 level of sectoral
disaggregation. For convenience, we first collapse the original input-output table to 51 x
51 matrix for reasons explained in Chapter 6. The eight sectors for which GDP is
projected (from the macro model) are then matched to these 51 sectors so that we have
a (51 x 1) matrix of final demand for a given year. Subsequently, further aggregation
into fourteen sectors was done. This aggregation was undertaken after taking into
account both contribution of sectors to indirect tax revenues and to pollution.

! The methodology to calculate commodity x commodity table and industry x industry table from the input flow matrix and
output flow matrix is as given in Appendix 2 of CSO’s manual for input-output tables.

2 The commodity x commodity and industry x industry matrices can be constructed either with commodity technology or
industry technology
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3.3 Estimation of Environmental Pollution

The strong inter-linkages between the economy and the environment have already been
discussed in Chapter 2. What is clear from the discussion is the need to find cost-
effective pathways that balance the benefits of growth with its associated environmental
cost at the margin. Industrial emissions contribute significantly to environmental
pollution. This takes the form of emissions into the air or water or through waste
disposals in landfills or incineration.

However, as already pointed out earlier, pollutants can be divided into flow
pollutants and stock pollutants on the basis of their lifetime. Stock pollutants such as CO,
have a lifetime of more than hundred years while flow pollutants have much shorter
durations. Therefore, the true cost (or benefit) of additional emissions (or reduction in
emissions) is the present value of the stream of future costs (or benefits). It is in this
context that the effectiveness of any policy measures needs to be evaluated. It is
because of this reason that we have presented emissions from flow and stock pollutants
separately.

In estimating emission of flow pollutants, we use sectorally disaggregated
information on economic output from the most recently available Input-Output tables and
pollution coefficients from the Industrial Pollution Projection System (IPPS) to generate
the associated pollution load corresponding to each of the sectors. For measuring the
level of a stock pollutant (CO,), we use information on consumption, net calorific value
and emission factor of different fuels. Further, the macro-econometric model provides
projections of output till 2029-30. This allows us to estimate future pollution levels under
a set of assumptions.

It needs to be stated up-front that although it is the ambient concentrations of
pollutants that impact health and the environment, modeling concentrations is far more
complex and involves using detailed transportation models that translate emissions from
a source to ambient concentrations at a receptor. The Central Pollution Control Board
(CPCB) has recently drafted common guidelines for air quality monitoring and source
apportionment studies for Indian cities and detailed studies have been carried out in
select cities — e.g., Mumbai (NEERI, 2010). However, the purpose of this study is to
provide broad aggregates of pollution levels and present the likely future trend till 2029-
30.
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3.4 Macro- Economic Projections

The emphasis is on highlighting the underlying trends in components of aggregate
demand and output. For this purpose we utilize a macro-econometric model, which
provides a disaggregated treatment of the supply side and emphasizes structural changes
in the economy. Long term modelling of the macro economy for two or more decades
into the future needs to be different from short term modelling in several crucial
respects. In particular, long term models need to emphasize the supply side of the
economy far more than the demand side. In short to medium term modelling, the focus
is on the management of cyclical movements, where the demand side is important. On
the other hand, the supply side gains central importance in long term models which need
to focus on growth, productivity, and technological change. However, models of the
Indian economy with a long-term perspective emphasizing supply side factors are not
available specially within the context of questions that are examined in this study.

Long term growth is conditioned by a suitable policy environment. Management
of policies, both monetary policy and fiscal policy, requires to be aimed at providing a
stable economic environment and addressing issues of sustainability rather than short
term policy calibration.

In the Indian context, the impact of the demographic changes such as the
slowing down of the population growth, changes in the age-structure, and consequently
on the availability of the work force and the dependency ratio, needs to be
endogeneised. Similarly, the long term model should provide for structural changes in the
economy like the growing share of the service sector and the falling share of the
agricultural sector. Furthermore, as capital stock increases, the ratio of older capital stock
to total capital stock also increases. This implies that consumption of fixed capital will
increase at an accelerated rate over time. With technological progress, productivity of
factors of production may increase but there will also be diminishing returns to capital.
Technological change can also be a reason for accelerated rate of obsolescence of capital
stock.

In this model, four sectors are considered: real, monetary, fiscal, and trade. The
real sector is specified in a disaggregated way both on the demand side and the output
side. These are the focus areas of the study. Specific policy rules are followed with
reference to fiscal, monetary, and trade policies.
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A major structural change that will progressively affect the economy is the
demographic shift in India where the dependency ratio (defined as the ratio of population
below 14 years and above 60 years) will reach a peak and then decline. Correspondingly,
the share of working age population to total population will increase.

Figure 3.2: Share of Working Population to Total Population
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Source: Based on UN population projections

Figure 3.2 shows the projected share of working age population (in the age
group of 15 years to 60 years) to total population in India based on UN country wise
population projections. The minimum of this ratio at about 54 percent was in 1970 and
the highest of the ratio at about 64 percent is projected to occur around 2033. There is
noticeable acceleration of this ratio soon after 2000. Although it continues to rise, there is
a deceleration after 2007. The window from now to up to 2035 is the critical growth
window for India with the growing availability of labour force and a falling dependency
ratio. It benefits growth from the output side by making available the human resources
needed for sustaining a high rate of growth. It also augments the saving rate and
therefore the supply of investible resources. However, adequate provision is required for
government expenditure on education and health to improve the capabilities of these
human resources who require education, skills and training for productive absorption in
the growing service sectors of the economy.
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Policy Environment

The policy environment focuses on sustainability and support for a long term high growth
profile of the Indian economy. In the fiscal sector, consistent with the central and state
fiscal responsibility legislations, policy is geared towards achieving balance on the
revenue account and reducing government debt to sustainable levels. As government
debt falls, interest payments relative to GDP also fall, creating space for additional
primary expenditure geared towards supporting the education and health sectors. For
this purpose, fiscal deficit broadly follows a rule consistent with the fiscal responsibility
legislations of the central and state governments and the recommendations of the
Twelfth and Thirteenth Finance Commissions. Fiscal deficit is determined as 6.9 percent
of the previous year’s GDP at market prices'. This, assuming a 15 percent growth of
nominal income on average, keeps the combined fiscal deficit at about 6 percent of
current years’ nominal GDP at current market prices. After achieving the desired margin
of reduction in government debt, an asymmetric path for fiscal deficit can be followed by
allowing it increase to levels higher than 6 percent of GDP, if higher growth would still
provide a stable debt-GDP ratio. The suggested target for the combined debt of the
central and state governments by the Twelfth Finance Commission was 56 per cent of
GDP. On the revenue account, the target of the FRBMAs of the central and state
government endorsed by both the Twelfth and Thirteenth Finance Commissions is to
achieve balance or surplus on the revenue account.

Monetary policy is geared towards long term target of reducing the inflation rate
to about 4 percent per annum. We generate broad money (M3) by a rule such that the
annual growth rate of M3 is kept at 17 per cent per annum. It is shown that this
progressively reduces the inflation rate to reach a 4 percent level on a sustained basis.

With respect to the external sector, the long term target is to bring the current
account in balance. This is kept as a target but introduced in incremental steps. Current
account deficit to GDP ratio is taken as exogenous and its time path provides for a
gradual reduction in the current account deficit to GDP ratio.

! Benchmarking with previous year’s GDP is useful since governments can overstate current GDP to validate higher
borrowing in the current year even with fixed fiscal deficit-GDP ratio. If the target with respect to current year GDP is 6
per cent and the economy grows at 15 per cent in nominal terms, we have “A”.

“A” : the fiscal deficit to previous year GDP (say, fdratiolag), given by
Fiscal Deficit = (.06)Y = (.06)*(Y.1*1.15); or
Fdratiolag = fiscal deficit/Y.; = (.06)*(1.15) = .069
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Model Specification

In specifying the model the following notations are used. The natural log of a variable is
denoted by prefixing a variable by *I'. The deviation of the actual value of a variable from
its long term equilibrium value is denoted by prefixing a variable name by Z. The long
term equilibrium value of a variable is indicated by suffixing a variable name by F. The
first difference of variable is denoted by prefixing a variable name by D. Structural breaks
are captured by intercept and slope (intercept dummy*time trend) dummies that are
indicated by D and S. Thus D71 means that intercept dummy has a value 0 from 1950-51
to 1969-70, and a value 1 from 1970-71 onwards. The time trend is indicated by TT
which ranges from 1 to 80 covering the 80 years from 1950-51 to 2029-30. Thus S70 will
have value (D70*TT) equal to zero up to 1969-70, and 31, 32,..., 80 from 1970-71 to
2029-2030. The model is specified as follows. Please refer Appendix A.2 for a description
of various variables used in the model specification.

Al. Aggregate Supply

Aggregate output is divided into eight sectors. The production functions depend on the
capital stock of each of these sectors. In addition, they use as inputs, outputs of the
other sectors. This provides for the interdependence of inter-sectoral growth. Given the
increasing size of the work force, labour is not considered as a constraint, either of skilled
or unskilled variety. However, the study acknowledges that availability of skilled
manpower may become a constraint for certain sectors. Keeping these considerations in
mind, output is divided into the following eight categories:

These sectors are: (a) Agriculture and allied services; (b) industry, consisting of
sub-sectors of (i) manufacturing, (ii) mining and quarrying, and (iii) electricity, gas and
water supply; and (c) services, consisting of sub-sectors of (i) construction, (ii) trade,
hotels, transport, and communications (iii) finance, insurance, real estate, and business
services, and (iv) community, social and personal services.

For each aggregate output category, a production function is specified. For each
sector, capital stock and outputs of other sectors are seen to have a significant influence.

Output in agriculture and allied services (GDP at factor cost at 1999-00 prices)
1. LYAR = F [DRAIN10, LKAR, LYAR (-1), D88, S88]

The DRAIN10 is (0,1) variable taking a value 1 for years when the rainfall is less
than average rainfall by a margin of more than 10 percent of the average.
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In order to determine the GST base, we may use the projections of outputs as
divided into 14 sectors adjusted for exports and imports as discussed below. The
projected outputs are at factor cost and do not contain existing indirect taxes and
subsidies.

a. Adjustment for Threshold Level

Like the Task Force estimates, we can use the share of the unorganized sector as
representing the share of dealers below the threshold level. To the extent goods and
services are purchased from them, these will not be part of the GST base. If their own
purchases of inputs are from the unorganized sector, that will also not be subjected to
GST. It is only to the extent that their purchases of inputs are from the organized sector,
that there will be taxation, which will be on intermediate use of goods and services. The
share of the unorganized sector in NDP as given in the National Income Accounts differ
from sector to sector. However, for our purposes, the important ratio are those that
pertain to the exempt sectors like food and education services or those sectors where
higher or cascading taxation is relevant like petroleum products, tobacco, electricity and
gas, and goods classified as polluting goods. Table 5.9 gives the relevant ratio for 2006-
07 for this purpose.

Table 5.9: Share of Unorganized Sector in NDP at Current Prices for 2006-07

Sector Amount | Sectoral Sector- Share of
of Total wise Share | Unorganized
Organized of Sector
Organized
Sector
Agriculture, forestry and allied 62500 642349 0.10 0.90
Mining and Quarrying 77618 90455 0.86 0.14
Manufacturing 319397 470803 0.68 0.32
Electricity 27901 29453 0.95 0.05
Construction 132810 310503 0.43 0.57
Trade, Hotels, and Restaurants 138981 611540 0.23 0.77
Transport, storage, and communications 83753 258480 0.32 0.68
Financing, Insurance and Real Estate 273855 462444 0.59 0.41
Community, social and personal services 331062 466320 0.71 0.29
All sectors 1447877 3342437 0.43 0.57

Source: Based on Gol (2009), Statement 76.
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b. Adjustment for Exempt Sectors

In the food sector, certain items particularly the cereals are likely to be exempted.
Similarly, medical and health services and education services are likely to be exempted.
Table 5.10 gives the relevant shares.

Table 5.10: Purchases for Intermediate use by Unregistered Dealers from
Registered Dealers

Sector Sector- Share of Proportion of
wise Unorganized Purchases by
Share of Sector Unorganized
Organized Sector from
Sector Organized
Sectors
Agriculture, forestry and allied 0.10 0.90 0.09
Mining and Quarrying 0.86 0.14 0.12
Manufacturing 0.68 0.32 0.22
Electricity 0.95 0.05 0.05
Construction 0.43 0.57 0.24
Trade, Hotels, and Restaurants 0.23 0.77 0.18
Transport, storage, and communications 0.32 0.68 0.22
Financing, Insurance and Real Estate 0.59 0.41 0.24
Community, social and personal services 0.71 0.29 0.21
All sectors 0.43 0.57 0.25

Source: Based on Gol (2009), Statement 76.

c. Adjustment for Sin-goods and Polluting Goods

The composition of final consumption also indicates those sectors that are to be
subjected to excises or higher cesses like tobacco, petroleum products, and beverages.
We also have a list of polluting inputs and goods, which can be subjected to a non-
rebatable component of tax.

d. Derivation of Customs Duty Revenue
Customs duty revenues are generated by application of a core rate and a customs
revenue ratio that reflect the current structure of exemptions and rate differentials.

e. Derivation of Other Taxes

The main taxes left out are stamp duties and registration fees and taxation of vehicles
that are both state taxes. To complete the revenue profile, we provide a growth path for
these by using a growth rate on a base figure.
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Following this route, we define the tax base in the following parts:

BASE GST: This consists of the sum of sectoral outputs other than those relating to
cascading or exempt sectors and corresponding exports. In the model, this consists of

the following:

BASE1 =0.10 * YARN + 0.86 * YCLRN + 0.86 * YCPETRN + 0.86 * YOMQRN +
0.68 * YOMANRN + 0.43 * YCRRN + 0.95 * YEGWSRN + 0.59 * YFIEBRN + 0.32
* YTHCRN + 0.23 * YTHTRN - CSHAREEXPORTS * EXPR * (PEXP [/ 100) +
BASEIMPORTS * IMPR * (PIMP /100)

The coefficient attached to nominal value of output indicates the share of
registered dealers, i.e. after deducting from 1 the share of below threshold dealers.
These coefficients represent the share of the organized sectors (Table 5.9). Exports
undertaken by the unorganized sector is already taken out since the outputs represent
output by the organized sector meant for domestic use as well as exports. We further
need to zero-rate the share of exports by the organized sector. ‘Cshareexports’ is the
coefficient indicating the share of the organized sector considering all sectors together
and kept at 61 percent. This is derived as the weighted sum of the share of orgainzed
sector where the weights are given by the share of exports of each sector in the 2006-07
input-output table. ‘Baseimports’ represents that part of imports which may be used for
final consumption and is kept at 10 percent.

Further to this GST base, an additional tax base would be provided by (a)
purchases by dealers in the exempt sectors from registered dealers of non-exempt
sectors on which tax will be paid on the intermediate purchases, which will not be
rebated at later stages, and (b) purchases for intermediate use by below threshold

dealers from above threshold dealers in the non-exempt sectors.

RCASCADE1 = TCORE*(0.09 *0.32 * YARN +0.12 *0.27 * YCLRN + 0.12 *0.27
*YCPETRN +0.12 *0.20 * YOMQRN + 0.22 *0.79 * YOMANRN + 0.24 *0.64 *
YCRRN + 0.05 * 0.69 * YEGWSRN + 0.24 * 0.16* YFIEBRN + 0.22 * 0.56 *
YTHCRN +0.18 *0.26 * YTHTRN + 0.21 *0.19 * YCSPRN)

In the equation for RCASCADE1, within the parenthesis, the first coefficient attached to
the output variables, represents purchases by the unorganized sector from the organized
sector (Col 3 of Table 5.10), the second coefficient indicates the extent of use of
intermediate inputs in any sector from other sectors (Table 5.3).

! The suffix ‘N’ in the output of each sector indicates output in current prices.
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BASEPETROL: Base 2 consists of the tax base for the petroleum products:
BASE2 = YPETROLRN + RCASCADE2 + MYPETROLR * (AWPIFUEL /100)

Here the cascading part is calculated as follows:

RCASCADE2 =(TCORE+TPETROL) * YPETROLRN * IUSEPETROL
where TPETROL and IUSEPETROL represent the additional tax and the intermediate use
coefficient of petroleum products, respectively.

BASEPOLL: Base 3 consists of the polluting goods (mainly metals, plastics and leather;
refer Table 4.2).
BASE3 = YPOLLRN + RCASCADE3

Here the cascading part is calculated as follows:
RCASCADE3 = (TCORE+TPOLLN) * YPOLLRN * IUSEPOLL

where 7POLLN and IUSEPOLL represent the additional tax and the intermediate use
coefficient of polluting goods, respectively.

BASEBEVR: This tax base relates to the excise duties on alcoholic beverages.
BASEBEVR = YBEVRN + RCASCADE4

The cascading part is calculated as,

RCASCADE4 = (TCORE+TBEVR) * YBEVRN * IUSEBEVR
where 7BEVR and IUSEBEVR represent the additional tax and the intermediate use
coefficient of alcoholic beverages, respectively.

BASETOBACCO is defined as consumption of tobacco products (CTOBACCO)

To cover the imports duties also, base 6 is defined as follows:
BASECUTOMS=IMPR*(PIMP/100)

In this system of indirect taxes on goods and services, the following are main sources of
revenue:

GST: revenue consists of taxation on the final value of all goods and services except the
exempted sectors and exports+ taxation of intermediate output of the exempted
sectors+ equivalent of countervailing GST on imports used directly for consumption
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Petroleum products: This is subject to a levy of excise by the central government and
sales tax by the state governments.

Alcoholic beverages: This is subject to a levy of excise duty by the state governments
Tobacco products: This is subject to an excise duty by the central government and GST
by both the central and state governments.

Polluting goods and services: These may be subject to GST by both the central and state
governments and an additional excise/cess that is not rebatable; if this is not permitted
then the polluting goods may be subjected to an entry tax by the local bodies.

Other than Import duties, other taxes that may continue are stamp duties and
registration fees and motor vehicle tax are grown by a growth rate on a base figure.

5.5 Projection of Tax Revenues

Tax revenues for different categories are projected by applying a core or modal tax rate
on the tax base, modified by a ‘tax revenue’ ratio (similar to the VAT revenue ratio),
which reflects a combination of factors including compliance, lower rate categories,
exempted categories not taken into account, and tax collection efficiency. Summarily, this
ratio has been called as the compliance rate. For any benchmark year, the compliance
rate can be determined by taking the actual revenue and comparing it with the product
of the modal tax rate, tax base, and compliance rate.

Thus, compliance rate (COMPRATE) = core rate* tax base/actual tax revenue for
each relevant category.

Total tax revenue under indirect taxes will then be the sum of the following:
TRGST = COMPRATE * TCORE * BASE1+ RCASCADEL

TRPETROL = COMPRATE * (TCORE+TPETROL) * BASE2
TRPOLL = COMPRATE * (TCORE+TPOLLN) * BASE3

This can be seen as consisting of two parts: tax revenue from polluting goods at the core
GST rate, and tax revenue from the additional non-rebatable component in the form of
an excise or cess.

For purposes of distinguishing the revenue that is generated by the core GST rate and
that raised by the additional excise/cess on the polluting goods, we divide this tax
revenue into two parts:

TR3A = COMPRATE * TCORE * BASES3, and
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TR3B = COMPRATE * TPOLLN * BASE3 (This should have a cascading part)
TRBEVR = COMPRATE * (TCORE+TBEVR) * BASE4
TRTOBACCO=(TCORE+TTOBRATE)*CTOBACCO
TRCUSTOMS = IMPDUTYRATE * BASES
TROTHERS=TROTHERS(-1)*(1+GROTHERS)

where GROTHERS is the growth rate applied for the residual category.

Given these, the total tax revenue from taxes on goods and services, taking into
account both domestic and international taxes, is given by

TRINDIRECT = TRGST+TRPOLL+TRPETROL+TRBEVR+
TROBACCO+TRCUSTOMS+TROTHERS

Alternative GST Models

Three versions of GST, given the current debate in India, may be distinguished: version
recommended by the Task Force of the 13" Finance Commission (GSTO), a modified
version being suggested here, and the version implied by the proposed constitutional
amendment (GST1), which partially reflects the views of the Empowered Committee of
State Finance Ministers, with elements that the central government has introduced
(GST2). These are briefly discussed below.

GSTO: Model recommended by the Task Force of ThFC: includes all goods and
services under GST including petroleum products, tobacco products, alcoholic beverages,
and polluting goods; some local taxes are also included including property tax, no entry
tax, etc.; provision for non-rebatable excises/cess on the ‘sin/demerit’ goods that
includes including petroleum products, tobacco products, alcoholic beverages, and
polluting goods

GST1: all goods and services under GST including petroleum products, tobacco products,
alcoholic beverages, and polluting goods; local taxes are not included but provision for
non-rebatable excises/cess on the ‘sin/demerit’ goods that includes including petroleum
products, tobacco products, alcoholic beverages, and polluting goods

GST2: this is the model implied in the proposed constitutional amendment introduced to
parliament by the central government. In this model, petroleum products are outside
GST and will continue to cascade; state excise on alcoholic beverages is outside GST and
will continue to cascade; tobacco is part of GST but the central government retains
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powers to levy and excise duty in addition to GST; there is no provision for an
excise/cess on polluting goods and services.

Our empirical exercises start with the GST model (GST1) and examine the
possibilities of revenue neutrality arguing that the core GST rate can start with 16
percent divided into two parts for the centre and states. It argues that if provision is
made for a non-rebatable excise/cess on polluting goods, it is possible to reduce the core
GST rate within a few years, if revenue neutrality is considered in a broader context
where the overall contribution of taxation of goods and services (excluding local taxes) is
taken into consideration. Three important features are: with the international crude oil
prices continuing to rise in the future, the tax on petroleum products will continue to
contribute progressively higher amounts; with the Indian economy progressively opening
out, import duties will continue to have significant revenue importance; and with
provision of non-rebatable excise on polluting goods, these will lead to additional tax
revenues permitting reduction in the core GST rate and more environment friendly output
structure.

From the GST2 model, moving to GST1 model will only mean somewhat higher

excise tax rates for the sin/demerit goods and services but it will provide producers of
these goods also rebate on non-sin/demerit goods when used as inputs.

Figure 5.1: Target and Projected Tax Revenue under GST Framework
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Relative Share of Different Components
In the projected revenues, the relative shares of different components are given in Table
5.11. The following are some of the noticeable features:

The core GST rate is kept at 14 percent.

Without changing the core rate, and compliance rate, the desired buoyancy
comes from the petroleum taxes.

The core rate can be further reduced if higher rate is charged on polluting
goods/petroleum products or if the compliance rate improves.

Overtime the GST share in total tax revenues goes down as the share of exports
in GDP increases, but this is compensated by the higher share of import duties.

Table 5.11: Relative Shares in Total Tax Revenue from Goods and Services

Year | TRGST | TRPOLL | TRPETROL | TRBEVR | TRTOBACCO | TRCUSTOMS | TROTHERS
2011 | 33.44 9.39 15.35 4.64 0.30 18.27 18.60
2012 | 31.39 9.54 16.14 4.49 0.28 20.24 17.93
2013 | 32.31 9.47 16.08 4.45 0.26 19.45 17.97
2014 | 34.27 9.32 15.68 4.44 0.26 17.68 18.35
2015 | 34.50 9.25 15.68 4.36 0.25 17.49 18.47
2016 | 32.88 9.31 16.13 4.22 0.24 18.91 18.31
2017 | 31.28 9.36 16.60 4.07 0.22 20.34 18.12
2018 | 30.69 9.34 16.79 3.98 0.21 20.81 18.16
2019 | 31.06 9.27 16.75 3.94 0.21 20.41 18.35
2020 | 31.16 9.20 16.79 3.89 0.20 20.28 18.48
2021 | 30.38 9.21 17.07 3.82 0.19 20.89 18.43
2022 | 29.46 9.22 17.41 3.73 0.18 21.68 18.31
2023 | 28.77 9.21 17.69 3.65 0.17 22.24 18.26
2024 | 28.66 9.17 17.81 3.60 0.16 22.31 18.28
2025 | 28.49 9.13 17.93 3.55 0.16 22.40 18.34
2026 | 28.45 9.07 18.03 3.50 0.15 22.43 18.36
2027 | 28.20 9.03 18.19 3.43 0.14 22.65 18.36
2028 | 28.17 8.98 18.28 3.38 0.14 22.68 18.36
2029 | 28.17 8.92 18.36 3.34 0.13 22.67 18.40
2030 | 28.67 8.82 18.29 3.31 0.13 22.29 18.49

Source: Based on model projections
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5.6 Concluding Observations

This Chapter uses the macro-model with information from the input-output table to
determine tax bases for different goods and services including petroleum products,
demerit goods like tobaaco and alcoholic beverages and other polluting goods. We take
note of the importance of the external sector when exports are zero rated and the Indian
economy becomes more globalized, part of the domestic production will go out of the tax
base and import duties become more important. Revenue are generated by application of
core rates to tax base along with a revenue realization ratio. Results show that taxation
of polluting goods and service by menas non-rebatable excise and/or cess can facilitate
fixing the GST rate at about 14 percent and generate an increase in the tax-GDP ratio
providing additional fiscal capacity for realizing potential growth as discussed in
Chapter 3.
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Chapter 6

GROWTH, TAXES AND ENVIRONMENTAL POLLUTION: SOME
ESTIMATES

6.1 Introduction

Growth of economic activities produces output as well as pollution. If the Indian economy
grows at its potential rate as discussed in Chapter 3, it will carry a certain pollution load.
In this Chapter, we estimate this pollution load. These estimates are made on the basis
of estimated pollution load coefficients defined per unit of gross output. Given the
present pattern of growth, a change in the structure of output favouring the less
polluting service sector is already visible as discussed in Chapter 3. For further reducing
pollution, the two broad considerations are (a) accepting growth at levels lower than the
potential rate; (b) accelerating structural change in favour of less polluting output by
means of fiscal interventions including eco-taxes within the GST framework and eco-
subsidies. We examine some of these possibilities in this Chapter.

6.2 Estimation of Local Pollution

a. Industry-specific Pollution Coefficients and the IPPS Database

The Industrial Pollution Projection System (IPPS) is a database on industrial pollution
intensity developed by the World Bank. It is a modeling system that combines the US
EPA (Environmental Protection Agency) data for pollution emissions and the Longitudinal
Research Database (LRD) on industrial activity at the plant level to calculate pollution
intensity of industrial sectors. Pollution intensity as provided by IPPS is defined as the
ratio of pollutant output to manufacturing activity. Three measures of manufacturing
activity are provided - value of output, value added and employment. For our purpose,
value of output is the most suitable as it is being projected through the model at a
suitable level of disaggregation. Therefore, data on pollution intensity given in terms of
pounds (of a pollutant) per million US$ (of economic activity) measured at 1987 prices
has been used, with necessary adjustments to express the coefficients in kilograms per
Rs. Crore of output at constant 1999-00 prices.

The IPPS provides pollution coefficients for major air and water pollutants. The
major air pollutants covered by IPPS are SO, NO, CO, FP (Fine particulates), VOC
(Volatile Organic Compounds), TSP (Total Suspended Particulates). Major water
pollutants include BOD (Biological Oxygen Demand) and TSS (Total Suspended Solids).
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One of the major limitations of using the IPPS dataset is that it represents
pollution intensity estimates for United States. Applying the same factors to estimate
pollution levels for a different country would neglect country-specific factors that might
affect the accuracy of the results. This limitation needs to be recognized in interpreting
the results from this study. Assuming that India uses inferior technology compared to US,
actual pollution in India would be higher than that estimated using the IPPS coefficients.
Hence, the estimated pollution using IPPS coefficients should be considered as a lower
bound for pollution estimates.

b. Estimating Local Pollution from Industrial Sources in India
Flow pollution from a particular industry is measured as the product of its pollution
intensity (given by the IPPS database) and its corresponding value of output.

i. Mapping the Industries of the 51x51 Matrix to the ISIC Codes

The IPPS database follows the ISIC classification in presenting industry-wise estimates of
pollution intensity. Information on output is available from the Input-Output tables (I0T)
for 2006 which is disaggregated into 130 industries. We aggregated IOT into a 51x51
matrix to match-up with the ISIC classification. However, out of the 51 industry groups,
only 33 industries could be mapped with ISIC codes. The mapping scheme used to match
industries to its nearest ISIC codes is given in Appendix A.3. These 33 industries include
the 16 CPCB industries (excluding electricity) in 13 industry groups. Of these 16 CPCB
industries, aluminium, zinc and copper have been classified into one industry group —
‘non-ferrous basic metals’ — and mapped to a single four digit ISIC code (3720). Similarly,
fertilizers and pesticides appear as two different industries in the CPCB list, but is treated
as a single industry group — *fertilizers and pesticides’ — and mapped to ISIC code 3512.
Apart from these 13 industry groups, these 33 industries which have been mapped to
ISIC codes include two other sectors known for their high pollution intensities — Coal &
Lignite and Coal tar products. Both of them have been mapped into a single ISIC code
(3540).

The remaining 18 industry groups could not be mapped to ISIC codes for which
IPPS coefficients were available. These industry groups are mainly service related sectors
except electricity which is a highly polluting sector. Hence, we attribute the highest
coefficient of all the 33 industries with available pollution coefficients to Electricity. For
the remaining 17 industry groups which are predominantly service sectors, the smallest
of all the coefficients is used.
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i, Expressing the Pollution Intensities in Appropriate Units

The pollution intensities given by IPPS are in terms of pounds per 1987 million US dollar
of output value. To calculate the pollution load for a particular industry, we need to
multiply the industries’ pollution intensity with a corresponding value of output. This
requires both of them to be expressed in the same currency. In our report, we convert
pollution intensity from pounds per million US dollar of output (at 1987 prices) to
kilograms per 1,000 rupee value of output (at 1987 prices). To convert US dollars into
rupees, we use the purchasing power parity (PPP) exchange rate of 1987. This allows us
to express intensity in terms of kilograms per 1987 value of output in 1987 prices. On the
other hand, the output of 2006 as given by IOT is in 2006 prices. In order to be
consistent with macroeconomic projections, we convert both the pollution intensity
coefficients and output to 1999-2000 prices by using the appropriate price deflators. The
next step is to estimate the industry-wise pollution load by multiplying the industry-
specific pollution-intensity with its value of output. This gives the industry-wise pollution
load of 2006 expressed in 1999-2000 prices.

ili. Pollution Load from Select Flow Pollutants

In order to devise effective strategies to promote cleaner growth it is important to
understand the contribution of different industries to the pollution process. We highlight
below industries that have been major polluters of air and water in 2006.

a. Air Pollutants

Sulphur Dioxide

Sulphur dioxide is one of the major air pollutants. Major sources of sulphur emissions
include burning of coal, high-sulphur oil and diesel fuel. Electricity sector contributes 51%
of sulphur emissions in India, followed by petroleum products (10%), cement, integrated
iron and steel and non-ferrous basic metals (all at 7%) (Figure 6.1). High concentration
of sulphur dioxide adversely affects vegetation as well as human health. In fact, exposure
to sulphur dioxide in the ambient air has been associated with reduced lung functions,
increased incidence of respiratory symptoms and diseases, irritation of the eyes nose and
throat, and premature mortality.
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Figure: 6.1: Largest Emitters of Sulphur Dioxides from Industrial Processes
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Source: Estimated based on IPPS data and I-O Tables 2006-07

Nitrous Dioxides

Nitrogen dioxides (NO,) along with nitric oxide (NO) contribute to acid rain, depletion of
ozone layer and adversely affect human health. Major emitters of nitrogen dioxides
include fuel combustion, biomass burning and certain production processes. As expected,
majority of NO, emissions come from the electricity sector (47%). Petroleum products
(12%), cement (7%), integrated iron and steel (6%), and crude oil (5%) (Figure 6.2).

Figure 6.2: Largest Emitters of Nitrogen Dioxides from Industrial Processes
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Source: Estimated based on IPPS data and I-O Tables 2006-07
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Fine Particles

Fine particles constitute the tiny sub-divisions of solid matter suspended in air. For
instance, soot expelled from a coal plant’s smokestack find its way into the atmosphere
as fine particles. Figure 6.3 shows that 81% of fine particles in the atmosphere is emitted
by the electricity sector, followed by cement (12%), integrated iron and steel (4%),
edible oil (1%) and petroleum products (1%).

Figure 6.3: Largest Emitters of Fine Particles from Industrial Processes
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Source: Estimated based on IPPS data and I-O Tables 2006-07.

b. Water pollutants

Biological Oxygen Demand (BOD)

BOD refers to the biochemical oxygen demand of water. It is an indirect measure of the
concentration of biologically degradable material present in organic wastes. The paper
and pulp industry contributes 43% of BOD emissions. Industrial chemicals (except
fertilizers and other chemicals) contribute another 22%. Non-ferrous basic metals
industry such as aluminum and copper smelters emit 14% of BOD, followed by other
chemicals (12%) and sugar (2%) (Figure: 6.4).
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Figure 6.4: Largest Emitters of BOD from Industrial Processes
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iv. Estimating Future Pollution Load

Pollution levels in future will depend on a host of factors including technological
innovations, regulations that mandate the use of more energy-efficient processes and the
changes in demand for different goods. In this report future output is estimated under
the assumption of fixed technology. This allows us to estimate the future path that
different pollutants are expected to follow in the next two decades. Figures 6.5 and 6.6
present future estimates of aggregate pollution levels for some of the important air and
water pollutants.

The aggregate level of SO, from all pollution level is expected to rise from 10.1
million tons in 2006-07 to 54.4 million tons in 2029-30 representing a compound annual
growth rate of 7.61%. NO, levels are expected to rise from 5.07 million tons to 27.67
million tons by 2029-30 growing at a rate of 7.66%. The level of fine particulates emitted
annually will grow from 5.23 million tons to 24.88 million tons at a CAGR of 7.02%.
Water pollution, captured by BOD is also expected to increase from 0.36 million tons of
emissions per annum to 2.33 million tons per annum which represents a growth rate of
8.45%.
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Figure 6.5: Air pollution from Specific Pollutants till 2029-30
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Figure 6.6: Water Pollution from Specific Pollutants till 2029-30
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6.2 Estimation of Global Pollution

The IPPS database does not provide pollution intensities for global pollutants or
greenhouse gases (GHGs) that lead to global warming such as methane and carbon
dioxide. The emissions of these gases from different sources are therefore calculated
using a different methodology.

The World Resources Institute (WRI) estimated that in 2005 CO, emissions
accounted for 66% of the total emissions of greenhouse gases in India. CH4 accounted
for another 29.5% and N,O constituted 3.8% of the total GHGs. Since CO, accounts for a
major proportion of the total GHGs emitted in India, we restrict our analysis to estimating
only emissions of CO, from fossil fuel combustion.

Figure 6.7: GHG Emissions in India

GHG Emissions in India(2005)
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Source: Prepared by the Project Team using data from http://cait.wri.org

Although carbon dioxide is emitted from different sources, the primary source of
CO, emissions is combustion of fossil fuels namely coal, oil and gas. Fossil fuels contain
carbon which when combusted, oxidizes and is emitted as CO, into the atmosphere.
Additionally, some carbon is also emitted in the form of CO, CH4 and other hydrocarbons.
Other gases like N,O, SO, and black carbon are also emitted during the combustion of
fossil fuels. Fossil fuel combustion mainly takes place in sectors like electricity, other
energy industries (petroleum refining and solid fuel manufacturing), transport,
residential, commercial and institutional sector, agriculture, fisheries and certain energy
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intensive industries. Apart from fossil fuel combustion, CO, emissions may also result
from industrial processes, non-energy product use and from land use land use change
and forestry (LULUCF).

Figure 6.8: CO2 Emissions by Source

CO2 emissions by source
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Source: Prepared by the project team using data from MoEF, (2010).

Several methods have been proposed in the literature to calculate CO, emissions.
The MoEF has recently released a report on Green House Gas Emission Inventory for
2007 which provides official information on India’s emissions of GHGs (CO,, N,O and CH,)
emitted from energy, industry, agriculture, waste and LULUCF. In this study we follow
the methodology used in estimating CO2 inventory in the MoEF report. The different
steps involved in calculating CO, emissions intensity from fossil-fuel combustion is given
below:

e The Energy Commodity Balance (ECB) for 2007-08 is available from CSO. Using
the ECB 2007-08 and data from other sources (CMIE, Indiastat) to check for
consistency, emissions for 2007-08 are generated at a sectoral level. These
emissions are checked with the official emissions published by the MoEF. This
validates the sectoral mapping of fossil fuel consumption.

e If the emissions generated for 2007-08 are comparable with those of the official
estimates, the same method of allocation of fossil fuel consumption to different
sectors may be adopted for the year 2006-07. An Energy Commodity Balance
(ECB) table needs to be constructed for the year 2006-07.
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¢ From the ECB 2006-07, the emissions for 2006-07 can be generated.

e The next step is to match the sectors for which emissions have been generated
to those of the 51 sectors of the collapsed input-output table.

e Finally, the CO, intensity is calculated from the calculated emissions and the
output given in the input-output table.

Valiagation of Emissions for 2007-08

The CO, emissions for 2007-08 are calculated on the basis of the IPCC revised guidelines
of 1996. As a first check, we need to see if our overall estimate of emissions is
comparable with those of the MoEF. The data for apparent consumption® (in kilo tons) of
all primary fossil fuels and secondary fuels are taken from the CSO. The net calorific
value (NCV) and the CO, emission factors (EF) are borrowed from the MoEF report (see
table 6.1).

Table 6.1: Parameters used in the Calculation of CO, Emissions

Fuels NCV (in tj/kt) EF (in t/4)
Coal 21.905 94.71
Lignite 9.69 106.15
LPG 47.3 63.1
Petrol 44.3 69.3
Naphtha 43.0 74.1
Kerosene 43.8 71.9
ATF 44.1 71.5
Diesel Oil 43.0 74.1
Fuel Qil 40.4 77.4
Lubricants 40.2 73.3

Source: Based on MoEF (2010), Table 5.2

The NCV of a fuel is a measure of its value for heating purposes, i.e., it denotes
the amount of energy that is released during the combustion of a fuel. Emission factor
gives the amount of carbon-di-oxide released per unit of energy released®. Apparent
consumption of each fuel multiplied by the corresponding NCV and EF gives the amount
of CO, emissions generated from each fuel. Adding CO, emissions across each fuel, we
obtain the total CO, emissions from fossil fuel combustion which comes t01433207
thousand tons. This compares reasonable well with the MoEF estimate of CO, emissions

! Apparent consumption = Production + Imports — Exports — International Bunkers — Stock changes

2 CO, emissions factor = carbon emission factor * 44/12
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of 1497029 thousand tons. It should be noted however that the MoEF estimate includes
CO, emissions not only from fossil fuel combustion but also those from industrial
processes, non-energy product use and LULUCF.

Table 6.2: Comparison of MoEF Emissions and Calculated Emissions
(in 000 tons)

MoEF Calculated

Electricity generation 715830 Electricity 789957
Other energy industries 33788 Other energy industries 5985
Transport 138858 Transport 124056
Residential/conmercial 71084 Residential/Commercial 65617
Agriculture/ Fisheries 33277 Agriculture/Fisheries 28721
Cement production 129920 Cement 45890
Glass & cermic production 278 Glass and ceramic 57
Chemicals(including fertilizers) 27889 Chemicals 36508

Fertilizers 14171
Iron & Steel production 116958 Iron and steel 128229
Other Non-ferrous metals 5413 Other non-ferrous metals 1502
Pulp and paper 5223 Pulp and paper 5837
Food processing 27626 Food processing 28801
Textile and leather 1861 Textile and leather 1746
Mining and qurrying 1460 Mining and qurrying 1188

Engineering 344
Non-specific industries 87800 Non-specific industries 147827
Non energy product use 849 Non-energy product use 6748
GRAND TOTAL 1497029 GRAND TOTAL 1433186

Source: Based on MoEF (2010), Table 10.3 and own estimates.

The next step is to calculate sector-wise emissions and validate it with the sector
wise emissions of the MoEF. Energy-Commodity Balance for the year 2007-08 is available
from the CSO. Additionally, other data sources® which give the sectoral consumption of
coal, lignite and petroleum products have also been used. Using these data sources, we
compile the sector-wise consumption of the fuels (see Appendix). Using the NCV and EF
values used to calculate the overall emissions, we calculate the sector wise emissions.
The calculated sector-wise emissions and the MoEF emissions are compared in the table
given below. It can be seen that the sector wise emissions also compare well with the
MoEF emissions.

! CMIE, www.indiastat.com
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Construction of Energy Commodity Balance (ECB) table for 2006-07:

Having validated the emissions for 2007-08, the same sectoral allocation of fuel
consumption is adopted for 2006-07 and an ECB table is constructed for the year 2006-
07. Using the calorific value and emission factors, CO, emissions from fuel combustion is
calculated for the year 2006-07. CO, emissions have been calculated for 16 industry
groups.

Table 6.3: Estimation for CO2 Emissions 2006-07
(in 000 tons)

Industry CO, Emissions
Electricity 726349
Other energy industries 5597
Transport 123104
Residential/Commercial 61532
Agriculture/Fisheries 11467
Cement 41973
Glass and ceramic 67
Chemicals 12665
Fertilizers 28889
Iron and steel 112693
Other non-ferrous metals 232
Pulp and paper 5656
Food processing 26653
Textile and leather 2546
Non-specific industries 155006
Mining and quarrying 2423
TOTAL 1316851

Source: Prepared by project team using ECB data from www.mospi.gov.in

Mapping the sectors generating CO, emissions with the IO sectors:

The 16 industry groups for which CO, emissions have been generated and 3 additional
industry groups for which energy-related emissions are non-existent have been mapped
to the 51 industries of the input-output table.

After mapping the 19 industries with the 51 industries of the input-output matrix,
we derive CO, intensities for the 16 industry groups for which emissions are calculated.
The calculated emissions are divided by the corresponding output (at constant 1999-00
prices) to arrive at intensity estimates. The CO, emission intensity for the remaining
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industry groups have been assumed to be zero as we have considered only energy-
related emissions which can safely assumed to absent or negligible for these industries.

6.3 Estimating Future Pollution Load

We generate future pollution load by estimating (a) growth of output (GDP at factor cost)
up to 2029-30 under specified assumption divided into 14 sectors, (b) using technology
assumptions from the 2006-07 input-output table to convert output in to gross output
(sum of GDP at factor cost/gross value added, net indirect taxes, and input
requirements), (c) pollution load matrix giving pollution per unit of gross output. Pollution
levels into the future can then be analysed and modified either by changing the growth
and/or structure of output, or by changing the input-use coefficients (substitution of
inputs/changed technology) or by changing the pollution load coefficients (more
environment friendly technology). The pollution load coefficients for different types of
pollution are summarized in Table 6.4.

Table 6.4: Sector-wise Pollution Load Matrix

In tons per
Sectors In kg per Rs. crore of output (GDPfc at 1999-00 prices) Rs. crore of
output
S02 NO2 co voc FP TSP Cco2
Agriculture and allied 19.15 169.854 42.170 1.137 0.532 5.701 21.583
Coal and lignite 9609.29 5978.520 4526.028 | 1500.847 295.196 3686.032 38.655
Crude petroleum 5851.68 3366.194 3039.971 | 3098.192 59.145 516.134 38.785
Other mining, n.e.c 0.39 1.946 0.389 0.389 0.000 0.778 117.305
Petroleum products including LPG 33646.64 | 20933.610 | 15847.752 | 5255.171 1033.619 | 12906.533 604.954
Other polluting goods 18180.98 9512.785 | 13496.490 | 3823.649 5879.727 5588.306 1180.950
Beverages including alchoholic beverages 438.74 66.475 5.698 0.950 0.000 45.583 392.589
Remaining manufacturing goods n.e.c 2615.13 1233.597 343.397 932.645 422.400 1106.878 439.789
Construction 0.85 4.271 0.854 0.854 0.000 1.709 320.494
Electricity, Gas and Water supply 73295.45 | 34031.897 | 16632.867 | 7606.496 | 60944.523 | 35448.284 11997.042
Transport, Storage and Communication 0.55 2.755 0.551 0.551 0.000 1.102 483.951
Trade, Hotels and Restaurants 0.31 1.550 0.310 0.310 0.000 0.620 22.867
Financial services, Real estate and Other
services 0.21 1.073 0.215 0.215 0.000 0.429 28.358
Community, social and personal services 0.41 2.055 0.411 0.411 0.000 0.822 97.776

Source: Constructed by the project team based on various sources indicated in the text.

The policy options used in the scenario simulations are summarized below:
a. Allow growth at less than potential rate as deliberate policy;
b. Modify the input-use coefficients of major sources of pollution; and
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C. Restructure output in favour of less polluting sectors while maintaining growth at
about potential rate.

a. Estimates of Pollution: Base Growth Scenario

In the base growth scenario, sectoral growth is projected as per potential growth using
the model discussed in Chapter 3. These growth rates can be considered as potential
growth since they assume a supporting policy scenario and are based on supply side
considerations. Pollution load, both of local and global pollutants are generated using the
projected output at 1999-00 prices, generating gross output from these, and then
applying the pollution coefficients given in Table 6.4.

Table 6.5: Pollution Load: Base Scenario

In kilotons In million
Year tons
S02 NO2 co voc FP TSP Co2

2006-07 | 9801.83 | 5062.65 | 4252.88 | 1633.79 | 4896.29 | 3942.28 1330.53

2007-08 | 10460.48 | 5405.60 | 4564.28 | 1750.00 | 5189.08 | 4198.47 1424.53

2008-09 | 11039.55 | 5698.85 | 4796.26 | 1832.85 | 5531.70 | 4441.31 1528.42

2009-10 | 11846.37 | 6105.60 | 5138.06 | 1964.76 | 5947.83 | 4768.86 1650.03

2010-11 | 12710.88 | 6547.58 | 5507.86 | 2106.59 | 6390.15 | 5118.97 1781.21

2011-12 | 13555.35 | 6982.01 | 5866.31 | 2244.08 | 6827.52 | 5462.30 1913.66

2012-13 | 14412.00 | 7420.45 | 6235.53 | 2385.24 | 7262.19 | 5808.37 2047.11

2013-14 | 15296.90 | 7876.61 | 6624.78 | 2533.07 | 7699.94 | 6163.11 2184.48

2014-15 | 16183.32 | 8332.96 | 7019.80 | 2682.66 | 8130.39 | 6516.49 2323.58

2015-16 | 17075.63 | 8788.30 | 7424.97 | 2835.74 | 8550.83 | 6869.07 2463.51

2016-17 | 18007.12 | 9277.66 | 7849.97 | 2995.25 | 8989.81 | 7237.17 2613.14

2017-18 | 18947.98 | 9760.49 | 8273.60 | 3155.76 | 9438.31 | 7610.21 2767.74

2018-19 | 19983.15 | 10301.26 | 8749.65 | 3334.60 | 9918.57 | 8017.41 2935.41

2019-20 | 21054.44 | 10854.98 | 9240.76 | 3519.83 | 10415.87 | 8438.88 3112.85

2020-21 | 22168.20 | 11429.51 | 9766.13 | 3716.74 | 10909.62 | 8871.37 3296.29

2021-22 | 23345.98 | 12053.04 | 10326.10 | 3925.26 | 11428.59 | 9327.97 3495.48

2022-23 | 24562.21 | 12684.99 | 10902.04 | 4141.01 | 11964.16 | 9799.39 3706.00

2023-24 | 25916.56 | 13399.97 | 11557.95 | 4384.69 | 12540.75 | 10319.50 3937.58

2024-25 | 27335.40 | 14132.97 | 12247.11 | 4641.92 | 13136.72 | 10862.39 4185.25

2025-26 | 28889.84 | 14966.48 | 13018.05 | 4926.19 | 13772.79 | 11453.07 4460.55

2026-27 | 30489.68 | 15803.71 | 13810.55 | 5220.31 | 14422.36 | 12059.79 4755.17

2027-28 | 32313.20 | 16778.71 | 14740.02 | 5561.53 | 15127.86 | 12742.79 5085.81

2028-29 | 34229.52 | 17780.30 | 15723.13 | 5923.90 | 15852.30 | 13456.43 5446.39

2029-30 | 36364.83 | 18939.71 | 16846.00 | 6332.49 | 16628.44 | 14244.06 5855.26

Source: Based on model projections.
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In the base scenario, the structure of output keeps changing in favour of the
services sector. As a result, even while the input-coefficients and the pollution load
coefficients are held constant, the CO2-intensity of output falls as shown in Figure 6.9.

Figure 6.9: CO2 Intensity of Output: Base Scenario
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Source: Based on model projections

b. Simulation 1

As a benchmark, we examine the impact of reduction of achieving less than potential
growth on the pollution load. In this scenario, we reduce each sectoral growth by one
percentage point except agriculture and allied services, which are allowed to growth at
the estimated potential rate. The effect on the pollution load is summarized in Charts 6.
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Figure 6.10: Pollution Load (S02): Base and Simulation 1
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Source: Based on model projections.

Figure 6.11: Pollution Load (CO2): Base and Simulation 1
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c. Simulation 2

In simulation 2, we change the pollution load of selected sectors by 5 percent and in the
case of ‘other polluting goods’ and ‘electricity, gas, and water supply’ by 10 percent and
combine it with reduction in growth of 1 percentage point in coal and lignite, crude
petroleum and petroleum products, polluting goods, alcoholic beverages, and electricity,
gas, and water supply. In this scenario, growth across the board is not reduced. It is
reduced only in sectors more directly responsible for pollution combined with
improvement in technology that causes less pollution®. Figure 6.12 shows the CO,
pollution under the base scenario and Simulation 2. Tables 6.6 and 6.7 summarize the
reduction over time in carbon intensity across simulations compared to the base scenario,
and the CO, emission levels under all the scenarios, respectively.

Figure 6.12: Pollution Load (CO2): Base and Simulation 2
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! It may be noted that the reduction in output of polluting goods and services is brought about by an increase in the non-
rebatable component of the tax. However, there is no one-to-one relationship between tax rate and output reduction. The
policy experiment need to take into account the desired reduction in the output of the polluting goods and services, the
impact of such changes on other outputs, the required increase in the non-rebatable component of the tax rates over and
above the core GST rates given tax-elasticities of prices and price-elasticities of output, and the impact on tax revenue.
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Table 6.6: Progressive Reduction in Carbon Intensity
(progressive percent reduction relative to 2006-07 level)

Year Base Siml Sim2
2007-08 1.78 1.78 1.70
2008-09 3.16 3.16 3.04
2009-10 2.87 2.87 2.72
2010-11 3.47 3.47 3.29
2011-12 4.74 4.88 5.04
2012-13 5.73 6.00 6.50
2013-14 7.02 7.40 8.23
2014-15 8.29 8.78 9,91
2015-16 9.15 9.72 11.16
2016-17 11.12 11.80 13.48
2017-18 12.32 13.08 15.02
2018-19 13.97 14.82 16.97
2019-20 15.33 16.24 18.62
2020-21 16.55 17.50 20.10
2021-22 18.57 19.60 22.31
2022-23 20.11 21.18 24.03
2023-24 21.96 23.09 26.03
2024-25 23.25 24.36 27.46
2025-26 25.45 26.64 29.71
2026-27 27.14 28.32 31.44
2027-28 29.19 30.42 33.49
2028-29 30.75 31.92 35.03
2029-30 33.05 34.30 37.23

Source: Based on model projections
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Table 6.7: CO, Emission Levels over Years
(in million tons)

Year Base Sim1 Sim2
2007-08 1330.5 1330.5 1235.1
2008-09 1424.5 1424.5 1323.4
2009-10 1528.4 1528.4 1420.5
2010-11 1650.0 1650.0 1534.0
2011-12 1781.2 1781.2 1656.5
2012-13 1913.7 1896.0 1769.1
2013-14 2047.1 2009.4 1881.2
2014-15 2184.5 2124.3 1995.9
2015-16 2323.6 2238.4 2111.1
2016-17 2463.5 2351.0 2226.1
2017-18 2613.1 2470.5 2349.1
2018-19 2767.7 2592.1 2475.3
2019-20 2935.4 2723.4 2612.4
2020-21 3112.8 2861.0 2757.3
2021-22 3296.3 3001.2 2906.8
2022-23 3495.5 3152.9 3069.8
2023-24 3706.0 3311.5 3242.0
2024-25 3937.6 3485.8 3432.3
2025-26 4185.3 3670.4 3636.2
2026-27 4460.5 3875.8 3864.4
2027-28 4755.2 4093.4 4109.6
2028-29 5085.8 4337.9 4386.7
2029-30 5446.4 4602.4 4690.8

Source: Based on model projections

The policy options available can be summarized as follows.
a. Allow growth at less than potential rate as deliberate policy;
b. Modify the input-use coefficients of major sources of pollution; and
c. Restructure output in favour of less polluting sectors while maintaining growth at
about potential rate.
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6.4 Summary

In this Chapter we look at the link between growth in the Indian economy with the
pollution load that it carries. Both local and global pollutants are considered. The
estimates are based on the IPPS coefficients for local pollution and the MoEF energy
balance matrix for the CO2 emissions. The policy options that reduce pollution are
achieving growth rates less than potential as a conscious policy option and/or reducing
pollution load by reducing the input use of polluting goods and services and reducing
growth rates specifically of polluting goods and services without sacrificing overall
growth. The latter can be facilitated by eco-taxes and eco-subsidies.
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Chapter 7
FINDINGS AND CONCLUSIONS

This study addresses two major considerations in planning for India’s future growth.
First, there is need to recognize the pollution load that growing at potential rates implies.
Secondly, while the proposed transition to Goods and Services Tax (GST) might imply
efficiency effects and therefore facilitate growth, left to itself it might also encourage
pollution. We examine the case for integrating eco-taxes in the GST regime, which can
then provide a modern green version of GST, which can facilitate environment friendly
growth.

7.1 Methodology and Analytical Framework

While a number of alternative methodologies have been developed in the literature to
examine energy-growth-pollution linkages, none of these provide a suitable framework to
discuss fiscal policies and their impact on the choices regarding growth and pollution. Our
methodology consists of using a macro-econometric model to generate future demand
and output profiles and an input-output model to examine inter-sectoral choices.

We have developed a macro-econometric model to estimate potential growth as
well as potential tax revenues under suitable policy configurations for fiscal, trade, and
monetary policies. It takes a long term view and projects growth based on supply side
considerations. Such growth can be considered as potential growth achievable for the
Indian economy. The model projects such growth up to 2029-30. It is shown that the
structure of output changes by the implicit inter-sectoral drivers particularly the allocation
of investment in these sectors. The model is used to generate both tax revenues and
pollution.

The emphasis is on highlighting the underlying trends in components of
aggregate demand and output. For this purpose we utilize a macro-econometric model,
which provides a disaggregated treatment of the supply side and emphasizes structural
changes in the economy. Long term modelling of the macro economy for two or more
decades into the future needs to be different from short term modelling in several crucial
respects. In particular, long term models need to emphasize the supply side of the
economy far more than the demand side. In short to medium term modelling, the focus
is on the management of cyclical movements, where the demand side is important. On
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the other hand, the supply side gains central importance in long term models which need
to focus on growth, productivity, and technological change.

Long term growth is conditioned by a suitable policy environment. Management
of policies, both monetary policy and fiscal policy, requires to be aimed at providing a
stable economic environment and addressing issues of sustainability rather than short
term policy calibration.

In the Indian context, the impact of the demographic changes such as the
slowing down of the population growth, changes in the age-structure, and consequently
on the availability of the work force and the dependency ratio, needs to be
endogeneised. Similarly, the long term model should provide for structural changes in the
economy like the growing share of the service sector and the falling share of the
agricultural sector. Furthermore, as capital stock increases, the ratio of older capital stock
to total capital stock also increases. This implies that consumption of fixed capital will
increase at an accelerated rate over time. With technological progress, productivity of
factors of production may increase but there will also be diminishing returns to capital.
Technological change can also be a reason for accelerated rate of obsolescence of capital
stock.

In this model, four sectors are considered: real, monetary, fiscal, and trade. The
real sector is specified in a disaggregated way both on the demand side and the output
side. These are the focus areas of the study. Specific policy rules are followed with
reference to fiscal, monetary, and trade policies.

A major structural change that will progressively affect the economy is the
demographic shift in India where the dependency ratio (defined as the ratio of population
below 14 years and above 60 years) will reach a peak and then decline. Correspondingly,
the share of working age population to total population will increase.

7.2 GST: Integrating Eco Taxes

At present, there are parallel systems of indirect taxation at the central and state levels
with overlapping tax bases with respect to value added up to the stage of manufacturing.
This leads to cascading of indirect taxes. Apart from variations in tax rates, the levy of
inter-state sales tax also fragments the all-India market. The tax system remains a mix of
destination- and origin- based levies. The proposed reforms aim to bring about a
comprehensive GST that eliminates cascading, removes tax barriers in the inter-state
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movement of goods and services, and ushers in a system where taxation will be
destination-based, goods and services will be taxed at the same rates, rates will be
common across states, inter-state sales tax will be eliminated and the country as a whole
will become a genuine integrated common market.

However, GST in this form may have perverse environmental consequences
unless suitable provisions are built into the system. For instance, if a polluting good is
taxed at a lower rate under the GST regime than the present tax structure (after taking
account central and state taxes), the resulting consumption of the polluting good is
expected to be higher. Further, in a destination-based system, the tax revenue will
accrue to the consuming states rather than the producing states. This will not only
increase emissions in the producing states but will also leave them with lesser revenues
to cope with the negative externalities of production.

We note that there are clear elements and proposals for integrating eco-taxes in
the GST framework in the Report of the Thirteenth Finance Commission and even in the
proposals of the Empowered Committee. These can be accommodated even within the
proposed amendment to the constitution by the central government. The role of the
Goods and Services Tax Council will be of considerable importance in this context.

In the Green GST proposed in this study, the main features of GST may be
summarized as follows:

a. GST will consist of CGST, SGST, and IGST.

b. There will be single and uniform rate for both CGST and SGST with IGST rate
being equal to CGST rate plus SGST rate.

c. Both centre and states will have the power to levy non-rebatable excise or cess
over above the CGST and SGST rates on petroleum products, demerit goods and
polluting goods and services. The list of goods selected for such non-rebatable
excise/cess may be determined by the Goods and Services Tax Council.

7.3 Pollution-Growth Trade-off

We demonstrate that using eco-taxes in the GST framework works better for the
sustained environment friendly growth for India. It enables fixation of the core GST rate
at relatively lower levels (initially at 14 percent) thereby generating efficiency effects and
better compliance. With low overall GST rate resource allocation and compliance would
be better, unleashing the productive forces of the economy taking the economy towards
achievable potential growth.
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The reduction in output of polluting goods and services is to be brought about by
an increase in the non-rebatable component of the tax. Any increase in the tax needs to
be translated into an increase in prices, which will reduce the demand for and output of
the polluting goods. This will depend in a partial equilibrium setting on tax-elasticity of
price and price-elasticity of output. If both are set at a unity, a desired 10 percent
reduction in the quantity of use of the polluting goods will require a 10 percent increase
in the tax rate. It may, however, be noted that for petroleum products and many of the
other polluting goods as well beverages, prices are administered and even if upward
revision of tax is translated fully or partially into a change in price, there may be a time
lag. In case of a unit tax-elasticity of output, the additional tax revenue due to the higher
rate will be balanced out by the fall in the quantity used of the polluting goods and
services. Additional tax revenues will only result if the tax-elasticity of output is less than
one and under the assumption that the tax-increase is passed through to the prices. In
the model, the additional tax revenues on polluting goods and services are generated by
the higher non-rebatable component of the tax applied to the lower outputs of polluting
goods and services. The policy experiments need to take into account the desired
reduction in the output of the polluting goods and services, the impact of these changes
on other outputs while maintaining the production relations, the required increase in the
non-rebatable component of the tax rates over and above the core GST rates given tax-
elasticities of prices and price-elasticities of output, and the impact on tax revenues.

The eco-taxes in the form of non-rebatable excises and cesses may be further
supplemented by local level eco-taxes to regionally disperse growth so that local pollution
can be dispersed and kept within acceptable limits. For global pollution such as that of
CO,, focus has to be on limited number of industries or sectors.

The policy options available may be summarized as follows.
a. Allow growth at less than potential rate as deliberate policy;
b. Modify the input-use coefficients of major sources of pollution; and
¢. Restructure output in favour of less polluting sectors while maintaining growth at
about potential rate.

7.4 Fiscal Instruments and Pollution

Eco-taxes and eco-subsidies provide a set of instruments that can enable reaching
desired environment objectives with minimum compromise on growth. In a
complementary paper on eco-subsidies, we have argued that eco-taxes and eco-subsidies
should be jointly used to bring about necessary changes in incentives change both input
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choices and technology choices so that these can be made more environment friendly.
Since GST is on the anvil and a constitutional amendment bill has already been
introduced in parliament, it is the appropriate time to make the case for integrating eco-
taxes in the GST framework.

7.5 Scope for Future Research

While the work reported here on the integration of environmental taxes in India’s indirect
tax system in the context of a planned shift towards GST regime provides crucial policy
insights, like every field of research there is scope for future work in several important
directions. Some of these are outlined here:

a.

A bottom-up approach to energy modeling focusing on a gradual shift to low-
carbon growth via regulatory and incentive based mechanisms can be
undertaken which would facilitate desired reduction in GHG emission intensity.
The results from such an exercise can be further used to understand the macro-
economic implications.

The feasibility of endogeneizing energy prices or the energy input coefficients as
function of the relative prices can be explored and the scope for promotion of
energy efficiency and reduction of carbon intensity through public policies can be
assessed.

Multiple uses of eco-tax revenue — say, to reduce industry pollution abatement
burden, development of a few major clean technologies — can be demonstrated
through large scale macro-modeling aimed at achieving high and sustainable
economic growth.

Sectoral studies can be undertaken to supplement the work reported here for
identifying the list of polluting goods and services that need different treatment
under the GST regime. Further, the distributional effects of the sectoral
interventions may also merit detailed and careful examination.
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Appendix A.1
DESCRIPTION OF EEE MODELS

MARKAL Model

Basic Features

MARKAL (MARKet ALlocation) model is a widely used bottom-up dynamic model that was
developed by the Energy Technology Systems Analysis Programme (ESTAP) of the
International Energy Agency (IEA).MARKAL model is originally a linear programming
technology selection framework.

Core Modéel structure.: Representation of Energy and Economy
The models are represented as the reference energy system (RES) which depicts both
the demand and the supply side of the energy system. The supply side includes the
energy carriers involved with primary supplies and the processes involved in supply of
energy. The demand side includes the end-use demand for energy services which may be
disaggregated by sector and specific functions within a sector.

MARKAL is a demand driven model. The user specifies the forecasts of final
demand (which can be obtained from other sources or models) for all energy services
over each time period. These demand levels are generally price insensitive and hence the
demand curve is inelastic. The supply curve is generated by the model by optimization
method which is discussed below.

The MARKAL objective function (which generates the supply curve) is to
minimize time discounted total energy system cost over the planning horizon. The
constraints may include system constraints like flow conservation constraint (energy
supply equals demand), satisfaction of demand, capacity utilization and other logical
constraints. It can also include user imposed policy constraints like emission caps, taxes
etc.

The service demands, technology characteristics and costs are defined by the
user. Given these inputs and the constrained objective function, the optimization routine
selects the best RES for each time period selecting from each of the source, energy
carriers, processing and transformation technologies such that it satisfies the objective
function. Hence, the model calculates the quantity and price of each commodity that
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maximizes producer or consumer surplus at that point where user defined demand curve
intersects the system generated supply curve.

This integrated approach ensures that supply side technologies are matched to
energy service demands. Hence, MARKAL model identifies a set of variables in each time
period such that the overall system energy cost is minimized.

Representation of the Environment

MARKAL model addresses environmental issues by changing the constraints. The
technology costs and characteristics and energy service demands are specified by the
user. A change in the specification of technology will explore its impacts on total system
costs, change in fuel and technology mix and hence changes in energy use and
emissions.

MARKAL model can model environmental issues such as ‘how to reduce
emissions’ and ‘what is the impact of market based instruments’ by altering the
constraints. For example, given an emission reduction target as an additional constraint,
MARKAL model can identify how the least cost solution changes to meet this constraint.
Hence, the various costs of different levels of emission reduction or carbon tax can be
modeled and future technology configuration can be compared.

MARKAL Uses / Outputs
To summarize, MARKAL can be used to
e Identify least cost investment strategies and energy costs
o Identify least cost response to environmental constraints like emission cap
e Evaluate new technologies
e Evaluate the impact of regulations, taxes and subsidies
e Assessing project impacts (like GHG savings) in the context of climate deals
e Develop carbon-mitigation strategies and in national and local energy planning

MARKAL Variants

There are several variants of MARKAL model in the recent years. MARKAL model started
with a linear programming formulation as explained above. It was followed by a non-
linear programming formulation which combined bottom-up technology model with a
simple top-down macro-economic (MARKAL-MACRO) or micro-economic model (MARKAL-
MICRO). There are also other variants of MARKAL that models material flows besides
energy flows(MARKAL with material flows), addresses future uncertainties using
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stochastic programming methods(MARKAL with uncertainties), models endogenous
technology learning using mixed integer programming(MIT) techniques(MARKAL-ETL),
and to model multiple regions using NLP/LP formulation (MARKAL with multiple regions).

The most recent evolutionary replacement of MARKAL is TIMES (the Integrated
MARKAL-EFOM system) which was introduced in1999. TIMES is also an optimization
framework which leads to least cost solutions given the constraints. Compared to
MARKAL, it is more robust in addressing new application areas and is more flexible
allowing for the analysis of a number of problems which were beyond the scope of
MARKAL.

Application of MARKAL

MARKAL has been applied in more than 40 countries (including India) and by more than
80 institutions indicating its wide acceptability. Some countries and institutions that have
implemented MARKAL include IEA, U.S DOE, European Union, US AID, ESTAP partner
institutions, APEC, ASEAN, China, India, South Africa, Bolivia and so on. Some
applications that demonstrate its use in addressing a wide range of issues have been
discussed here.

APEC (2002) undertook a study to assess the potential role that renewable
energy can play in promoting environmentally sensitive economic development. The
analysis shows that updated non-hydro renewable energy technology holds significant
economic potential and it also shown that establishing renewable portfolio standards to
encourage higher penetrations of these technologies result in only a slight increase in
discounted system cost.

A study by Gielen and Kram (2000) uses the MARKAL family of models in order
to study the full spectrum of Kyoto mechanisms and provides insights regarding optimal
policy selection. Results of the model suggest that if all flexible mechanisms and all
reduction potentials can be used, the equilibrium price of emission credits will be as low
as 3-8 EUR/tCO; eq. The analysis also shows the relevance of non-CO, GHGs, land use
change and afforestation for the Kyoto protocol.

A New England MARKAL model was developed by the Northeast States for

Coordinated Air Use Management (NESCAUM). The model is used to analyze a range of
tranportation, energy and air quality protection programs with a time horizon of 30 years.
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It also focuses on the cost and environmental implications of key program design
elements.

GEM-E3 Model
GEM (General Equilibrium Model) is a CGE model which was developed as a multinational
collaboration project, partly funded by the Commission of the European Communities, DG
Research and national authorities. There are two versions of GEM-E3 model for the World
and for Europe.

Basic Features

e Itis a multi-country model which is simultaneously multinational (15 EU countries
in European version and 21 world regions in world version) and country-specific.
It treats each country separately and links all the countries through endogenous
trade.

e It has multiple industrial sectors and economic agents. In the production side, it
covers 18 products and sectors and in the consumption side, it covers 11 non-
durable and 3 durable goods

e Supply and demand is generated for each sector by the optimizing behaviour of
the economic agents. All markets clear simultaneously and a general equilibrium
is guaranteed through the price adjustment mechanism.

e It is a dynamic recursive over time model driven by accumulation of capital and
equipment.

Core Model

The core model which is the basic version explained below assumes perfect competition
in the commodity market where a single representative firm is considered per sector
producing a commodity. Imperfect competition is assumed for the labour market.
Extensions of the model consider other market imperfections. The market for all the
commodities and the primary factors ( labour, capital) clears simultaneously and the price
and quantities are explicitly computed.

The model considers four economic agents: households, firms, government and
foreign sector. The goods market equilibrium is dependent on the micro-economic
behavior of these agents. An individual firm makes its output decision based on profit
maximization. In the short run, the firm has to maximize profits given constraints of
limited physical capital stock and available technology. The output decisions of all the
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firms together (as given by the sectors in the Input-Output framework) govern the
supply of each commodity.

The demand for each commodity comes from the households, firms and the
government. The household maximizes inter-temporal utility given the inter-temporal
budget constraint thereby defining consumption, savings and leisure. In every period, the
household allocates the income it receives between consumption (of durable and non-
durable goods and services) and savings®. The firm, in addition to being the supplier of
commoadities, also demands certain commodities (as inputs). The government’s demand
for commodities is exogenous. The demand for commodities from the households, firms
and government together constitute the domestic demand which is allocated between
domestic products and imported products following the Armington specification>.

The household’s consumption decision automatically decides his income-leisure
tradeoff and hence defines labour supply curve. The firm, apart from being the supplier
of some commodities and consumer of other commodities, also demands labour. The
firms's demand for labour defines the labour demand curve. The labour market
equilibrium is defined by meeting the equality of labour supply and labour demand.

The households and the firms make investment decisions based on their savings
and investment needs respectively. At the equilibrium point, under conditions that all
agents optimize, supply equals demand and the equilibrium set of prices is determined.
At this point of Walrasian equilibrium, producers earn zero economic profits and
consumers exploit their budget. This point determines the wages of workers and the
prices of different commodities and hence the revenues of different agents. Hence, the
general equilibrium point corresponds to the distribution of revenues and payments
across economic agents. The model is designed in conformity to Walras law in such a

! The firm’s problem is to maximize profit given constraints of limited capital stock and available technology. CES
production functions are used and they exhibit nested seperability scheme involving capital, labour, energy and materials
which shows the substitution possibilities between the factors of production. In the core model, perfect competition is
assumed in all sectors. The production technology hence is assumed to have constant returns to scale.

2 The household behaviour is modeled in two stages. In the first stage, households choose the amount of income and leisure
they want by maximizing a linear expenditure system (Cobb-Douglas utility function) and then allocates his income
between consumption, investment and savings. In the second stage, consumption becomes specific demand (for durable
and non-durable goods) through an integrated model of consumer demand. The demand for consumption categories then
becomes demand for products through a transition matrix with fixed technical coefficients.

® An Armington function represents the mechanism of how demand is allocated between imports and domestic production.
The decision of allocating domestic production between domestic demand and exports is based on profitability
conditions which decide the export prices. A CET (Constant Elasticity Transformation) export supply function reflects
these mechanisms.
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way that the final economic balance of all agents summed together is zero. At any non-
equilibrium situation, the model activates appropriate adjustment processes for all agents
so that they would move to the general equilibrium point. This is provided by the closure
of the model. The GEM-E3 model follows the investment-savings global closure, also
known as the IS-LM closure.

Environmental Module

The objective of the environmental module is to evaluate the effect of the different
environmental policies on the economy and the environment. The model considers
several environmental policy instruments including taxes, subsidies and pollution permit
markets. The pollutants covered include six primary pollutants (COZ, SOZ, NOX, VOC, PM)

and one secondary pollutant, 03.

The environmental module consists of two sub modules:

1. Behavioural module - In this module, the effect of policy instruments on the
behaviour of economic agents (the firms and the consumers) is evaluated. The
three mechanisms which cause reduction in emissions are end-of-pipe
abatement, substitution of fuels and decline in production.

2. State of Environment Module — In this module, the emission information is
translated into deposition, air concentration and damage data.

After considering the feedback effects, the model evaluates the energy related of
CO,, NO, and SO, depending on the energy consumption and abatement levels given by
th behavioural sub module.

Standard Outputs of the Model

e It generates full input-output tables by country and for EU-15 as a whole for the
18 sectors.

e Annual projections of national accounts by country (both in volume and in
relative nominal terms) over the entire time frame.

e Social Accounting Matrix by country which gives the distribution of income and
transfers

e Employment, capital and investment for each country by sector.

e Public finance, tax incidence and revenues by country

e Current account by country

e Consumption matrix by product
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¢ Investment matrix by ownership branch
e Full trade matrix for EU-15 and the rest of the World.

e Atmospheric emissions, pollution abatement capital, purchase of pollution
permits and damages.

Applications of GEM-E3 Models

GEM-E3 model has been applied widely to study various issues. Some selected
applications that show the applicability of GEM- E3 model in terms of addressing a wide
range of issues have been discussed below.

A study by Capros et a/ (1996) uses the GEM-E3 model to analyse the double
dividend issue (policies aimed at simultaneously achieving a cleaner environment and a
higher employment) in 12 member states f the European Union. Using the GEM model,
they show the existence of a positive double dividend coming from an increase in
employment and real wage rate coupled with significantly less energy consumption and
hence fewer emissions of both CO, and other pollutants.

A study for the European Commission by Kouvaritakis et al (2005) analyses how
the implementation of the EU minimum energy tax policy in the new member states will
affect the enlarged EU and also analyses how the nergy taxation policy can contributeto
the climate policy in the enlarged EU. They use the GEM-E3 model to study the macro-
sectoral impacts of energy taxation reform in terms of economic indicators (GDP,
employment and balance of trade) and in terms of environmental indicators (CO, and
other emissions).

Kouvaritakis et al (2003) in another study use the GEM-E3 model to look at the
impact of full liberalization of trade. They find that total elimination of tariffs leads to an
increase in world GDP and welfare level and show that potential benefits from full
liberalization of international trade seem to be concentrated in developing countries.
Their results also support the fact that international trade increases at a higher rate than
GDP.

Model Extensions

The model explained above is the core version of the model. Other extensions of the
model which are operational are briefly mentioned below.
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Market Imperfections: The core model assumes perfect competition in the
commodity markets and imperfect competition in the labour markets. Extensions of the
model implemented in version GEM-E3-SM assume oligopolistic competition for some
sectors.

Imperfect Markets and Economies of Scale: The version GEM-E3-IM incorporates
imperfect competition, economies of scale, product varieties and market integration.

World Closure: The core version of the model assumes financial/monetary sector
closure (IS-LM closure) though other alternative closure rules may apply. A model version
introduces a world closure in which the ROW which is linked with the EU countries
through trade, by adjusting its price and supply reacts to the equilibrium of the EU. This
is usually used as a sensitivity test.

Endogenous Technology representation: Two model versions have incorporated
endogenous technology growth. One of those versions model endogenous investments
on energy efficiency improvement. Another version links the productivity growth to R&D
expenditure and formulates an endogenous growth link.

GEMINI-E3

GEMINI-E3 is a CGE model that has been specifically designed to assess world climate
change policies such as the Kyoto protocol, both at the microeconomic and
macroeconomic levels. The model, developed jointly by the French Ministry of Equipment
and the French Atomic Energy Agency, contains a detailed representation of indirect
taxation in a dynamic multi-country, multi-sector framework. Several successive versions
have been developed since 1994 which includes an expanded coverage of
countries/regions (from 3 to 28) and sectors (from 8 to 18). The current version, which is
the fifth in line, has been developed in collaboration with the Swiss Federal Institute of
Technology (Lausanne).

Economic Structure

Similar to other CGE models, GEMINI-E3 assumes a perfectly competitive domestic and
international market and therefore fully flexible prices. This takes the form of flexible
relative prices for the commodity market, flexible wages for the labour market and
flexible interest and exchange rates to bring about equilibrium in domestic and
international savings. The balancing of savings and investment through endogenously
determined real interest rates help in linking different time periods in the model.
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However, goods of the same sector produced by different countries are treated as
‘economically’ different goods which are substitutable following the Armington
assumption regarding substitution elasticities.

Energy and Environment

The fossil fuel based energy sources — coal, crude oil and natural gas — are treated as
sectors including a fixed factor. The fixed factors represent the non-renewable resources
associated with each fossil fuel energy source. Energy demand is allocated between
aggregate fuel consumption and electricity wherein the demand for individual fuels is also
modeled.

The current version of the model includes all the direct GHGs covered under the
UNFCC such as carbon dioxide, methane, nitrous oxide, and the high global warming
potential (GWP) gases. Non-carbon GHGs are converted to a CO,e basis using the 100-
year GWPs defined by the IPCC. For non-CO2 GHGs, data on emissions and abatement
costs are obtained from the US-EPA.

The regionally disaggregated activity data is used along with parameters on the
carbon content of one unit of consumption in the household, government and
intermediate sectors to estimate aggregate carbon emissions.

For non-carbon GHGs, the emissions of each source are associated with an
economic driver, the coefficient of which is calibrated on the baseline scenario. The
model includes levies on non-carbon GHGs into the price system by computing for all
economic drivers the equivalent tax rates on base prices associated to these levies.

Main Output and Model Applications

GEMINI-E3 provides the following main outputs by country and annually: carbon taxes,
marginal abatement costs and prices of tradable permits (when relevant), effective
abatement of CO2 emissions, net sales of tradable permits (when relevant), total net
welfare loss and components (net loss from terms of trade, pure deadweight loss of
taxation, net purchases of tradable permits when relevant), macroeconomic aggregates
(e.g. production, imports and final demand), real exchange rates and real interest rates
and data at the industry-level (e.g. change in production and in factors of production,
prices of goods).
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Bernard et al (2008) provides a list of activities where GEMINI-E3 has been
directed towards:

e analyzing the implementation of economic instruments for GHG emissions in a
second best setting

e assessing the strategic allocation of GHG emission allowances in the EU-wide
market

e assessing and comparing regional welfare costs associated with alternative multi-
gas strategies for a stabilization of global GHG in the long run

e analyzing the behaviour of Russia in the Kyoto Protocol

e assessing the double-dividend hypothesis of the climate change policy, with due
consideration to pre-existing tax distortions in factor markets for the Swiss
economy

e assessing the effects of the increase of oil prices on global and regional GHG
emissions

GEMINI-E3 and Developing Countries: The TOCSIN Project

The Technology Oriented Cooperation and Strategies in India and China (TOCSIN)
project included social accounting matrices (SAMs) for India and China within the
GEMINI-E3 framework to permit the assessment of welfare, terms of trade and emission
trading for developing countries.

In order to study the effect of carbon taxes on GHG emissions, simulations with
different carbon tax scenarios were run. It assumes a tax on not only CO2 but also other
greenhouse gases such as methane, nitrous oxides and fluorinated gases. A revenue
neutral tax regime is assumed where the revenue collected from the tax is redistributed
by the government to its citizens through a lump sum transfer.

E3ME Models

The Energy-Economy-Environment Model for Europe (E3ME) is a dynamic simulation
model estimated by econometric methods. It is the latest in a succession of models that
aims at assessing policies relating to greenhouse gas mitigation and sustainable energy
use scenarios in an interlinked E3 system.

E3ME is a hybrid model which integrates top-down and bottom-up models of E3
interactions. In the current version, E3ME treats the Electricity Supply Industry (ESI) in a
detailed engineering-based framework while the rest of the model follows a top-down
approach.
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The major components of the E3ME model are as follows:

e the accounting balances for commodities from input-output tables, for energy
carriers from energy balances and for institutional incomes and expenditures
from the national accounts

e environmental emission flows

e 22 sets of time-series econometric equations

E3 Interactions

The 3Es — energy, economy and the environment — form the three distinct modules of
the E3ME. The economy module provides estimates of the level of economic activity and
prices to the energy module which provides measures of emissions of the main air
pollutants to the environment module. The environment module then estimates damages
to health and buildings using the most recent ExeternE coefficients'.

The three coloured boxes represent the three modules within the model (Figure
A.1.1). The interactions between the components are highlighted by the arrows that
indicate the direction of information flow. Exogenous factors such as environment policy,
world oil price, economic policies etc. are shown adjacent to the module where it is used
as input.

Figure A.1.1: Schematic Diagram of the E3ME Model
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! See http://www.externe.info/tools.html for details on ExternE model.
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E3ME is a detailed structural macroeconometric model of over 40 sectors along
with a desegregation of the energy industry where the E3 linkages are established. It is
designed to be estimated and solved for 29 regions of Europe with provisions for
estimating single region solutions. The econometric basis of the model encompasses both
long-term behaviour and dynamic year-to-year fluctuations.

The endogenous variables, i.e. those variables that are determined within the
system of equations are estimated by a set of twenty-two pairs of equations which are
disaggregated into regions and then into sectors. Pollitt et al. (2007) provide a detailed
description of the E3ME model.

The large data requirement for the E3ME is met by using international data
sources such as Eurostat, OECD (Stan), AMECO, IMF and national statistical agencies.

Modelling Energy and Environment in the ESME

Energy Submode/

E3ME integrates the E3 through its energy technology submodel, the Emissions submodel
and feedback effects from the energy submodel to the economy. The energy submodel
includes 19 fuel users, 12 energy carriers and the 29 regions of E3ME. The level of
economic activity, average energy prices by the fuel users relative to the overall price
levels and technological variables are the main explanatory variables used in determining
the aggregate energy demand.

The energy submodel estimates fuel use equations for four fuels namely coal,
heavy oils, gas and electricity and allows for substitution between these energy carriers
by users on the basis of relative prices. Overall fuel use and technological variables are
also allowed to affect the choice. The remaining 8 fuels are determined either as fixed
ratios to aggregate energy use or are assumed to behave in an identical way as other
closely related fuels.

Energy Technology (ETM) Submodel

ETM submodel is a dynamic bottom-up technology simulation technique that assesses the
take-up of a number of conventional and low-carbon energy supply options. As
mentioned before, the ESI is currently analyzed where future low-carbon energy options
for electricity supply are modelled using an engineering treatment. It enables modelling
of energy substitution where non-carbon energy sources are allowed to meet a larger
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part of the European energy demand as the prices of these resources decline with
increased investment, learning by doing and innovation.

Emission Submodel

The air pollution generated from end-use of different fuels and from the primary use of
fuels in energy industries is estimated by the Emission submodel. This includes
atmospheric pollutants such as CO2, SO2, NOX, CO, methane (CH4), black smoke
(PM10), volatile organic compounds (VOC), nuclear, lead, CFCs and other greenhouse
gasesN20, HFC, PFC and SF6. The Emission sub-model is therefore able to simulate the
effect of policies on non-CO2 GHGs and its ancillary benefits in terms of reduction in
associated emissions such as PM10, SO2, NOx.

Main Outputs and Model Applications
E3ME is capable of producing a wide range of economics and environmental indicators.
Some of the most common outputs provided by the E3ME are as follows:

GDP and aggregate components of GDP (household expenditure, investment,
government expenditure and international trade

sectoral output and GVA, prices, trade and competitiveness effects

consumer prices and expenditures, and implied household distributional effects
sectoral employment, unemployment, sectoral wage rates and labour supply
energy demand, by sector and by fuel, energy prices

CO2 emissions by sector and by fuel

other air-borne emissions

material demands

More recently E3ME has been used to:

assess the economic impacts of meeting the UK target of an 80 percent
reduction in GHG emissions by 2050, compared to the 1990 levels

analyze the macroeconomic effects of environmental taxation in the Czech
Republic

study the effects of environmental tax reforms on international competitiveness
in the European Union

analyze the ancillary benefits of GHG mitigation in Europe from policies to meet
Kyoto targets etc.
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Appendix A.2
VARIABLE LIST

Variable A . Sourc_e
No. N Description Unit of Basic
ame
Data
1 AINF Annual rate of inflation with respect to % per NAS
deflator of GDP at market prices annum
2 BM Government borrowing from the market Rs. crore IPFS, RBI
BPR Policy interest rate (bank rate/rep rate) percent RBI
3 CAS Current account surplus Rs. crore NAS
4 CBDEBT Combined debt Rs. crore IPFS
5 CBDTR Combined direct tax revenues Rs. crore IPFS
6 CBFDD Combined fiscal deficit derived (annual Rs. crore IPFS
increase in outstanding liabilities from
central and state governments)
7 CBITR Combined indirect revenues Rs. crore IPFS
8 CBKE Combined capital expenditure Rs. crore IPFS
9 CBPRE Combined primary revenue expenditure Rs. crore IPFS
10 CDEBT Central debt (outstanding liabilities) Rs. crore IPFS
11 CEIR Combined effective interest rate Rs. crore IPFS
12 CFC Consumption of fixed capital Rs. crore IPFS
13 CFDD Central fiscal deficit derived (annual Rs. crore IPFS
increase in outstanding liabilities of central
government)
14 CG Government consumption expenditure at Rs. crore NAS
current prices
15 CGTR Gross central tax revenues Rs. crore IPFS
16 CIP Central interest payment Rs. crore IPFS
17 CKE Central capital expenditure Rs. crore IPFS
18 CKR Central capital receipts Rs. crore IPFS
19 CNTR Central non-tax revenue Rs. crore IPFS
20 COTR Central other tax revenues Rs. crore IPFS
21 CPR Private consumption expenditure at 1999-  Rs. crore NAS
00 prices
22 CPRE Central primary revenue expenditure Rs. crore IPFS
23 CPTR Corporation tax revenue Rs. crore IPFS
24 CRD Central revenue deficit Rs. crore IPFS
25 CRE Central revenue expenditure Rs. crore IPFS
26 CRR Central revenue receipts Rs. crore IPFS
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(Contd.. Appendix A. 2)

Variable I . Sourc_e
No. Description Unit of Basic
Name
Data
27 CRRATIO Cash reserve ratio Rs. crore RBI -
HBMS
CSTR Change in stocks at 1999-00 prices Rs. crore NAS
28 CTR Central net tax revenues (net of states' Rs. crore IPFS
share in central taxes)
29 DADJ Residual for adjustment in GDP at factor Rs. crore NAS
cost in the context of changing the series
from 1950-51 to 1999-00 prices (sectoral
sums do not add to totals as given in NAS)
30 DLM3 Change in money stock (log M3-log M3-1)  Rs. crore RBI
31 DNBCB Change in net current RBI credit to Rs. crore RBI
government
32 DR Dependency ratio % World
Bank
33 DRAIN10 Dummy for deficiency in rainfall of more
than 10 percent of average rainfall
34 DSERVICE Dummy for service sector (one for the
years 2000-01 to 2002-03 and zero for
other years)
35 DUMYIR Dummy for industrial output (one for
selected peak growth years, zero for other
years)
36 EMPA Work force in agriculture Crore Census,
NSS
37 EMPI Work force in Industry Crore Census,
NSS
38 EMPS Work force in services Crore Census,
NSS
39 EXPN Exports at current prices Rs. crore NAS
40 EXPR Exports at constant prices (1999-00) Rs. crore NAS
FINV Foreign investments Rs. crore NAS
GIR Gross investment at 1999-00 prices Rs. crore NAS
41 GRANTS Total grants from centre to states Rs. crore IPFS
42 IAR Investment in agriculture Rs. crore NAS
43 IDLS Indirect taxes net of subsidies Rs. crore NAS
44 IDR Import duty revenues Rs. crore NAS
45 IG Government Investment expenditure at Rs. crore NAS
current prices
46 IIR Investment in industry Rs. crore NAS
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Variable I . Sourc_e
No. Description Unit of Basic
Name
Data
47 IMPN Imports at current prices Rs. crore NAS
48 IMPR Imports at 1999-00 prices Rs. crore NAS
49 IPPDEBT Interest payment on public debt Rs. crore NAS
50 IPR Private investment expenditure at constant Rs. crore NAS
prices
51 IPUB Excess of government investment as given  Rs. crore NAS &
in National Income Account over combined IPFS
capital expenditure of central and state
governments
52 ISR Investment in services at constant prices Rs. crore NAS
53 ITR Income tax revenue Rs. crore NAS
54 KAR Net fixed capital stock in agriculture Rs. crore NAS
55 KIR Net fixed capital stock in industry Rs. crore NAS
56 KR Total capital stock Rs. crore NAS
57 KSR Capital stock in services Rs. crore NAS
58 MO Reserve money Rs. crore RBI -
HBMS
59 M3 Broad money Rs. crore RBI -
HBMS
60 NAIRU Non-accelerating inflation rate of % Estimated
unemployment
61 NBCB Net RBI credit to government Rs. crore RBI -
HBMS
NIB Net invisibles Rs. crore NAS
62 PCRUDE International price for crude petroleum US$ per IMF,
barrel Financial
Statistics
63 PDYR Personal disposable income at 1999-00 Rs. crore NAS
prices
64 PEXP Unit value of exports Index NAS
(1999-00
100)
65 PI Implicit price deflator of investment Index NAS
(1999-00
100)
66 PIMP Unit value of imports Index NAS
(1999-00
100)
67 PVDYR Private income at 1999-00 prices Rs. crore NAS

135



(Contd.. Appendix A. 2)

Variable A . Sourc_e
No. Description Unit of Basic
Name
Data
70 PWR Private wealth in real terms Rs. crore NAS
PYAR Implicit deflator of agriculture Index NAS
(1999-00
100)
PYNAR Implicit deflator of non-agriculture Index NAS
(1999-00
100)
68 PYN Implicit price deflator of GDP at market Index NAS
prices (1999-00
100)
69 PYR Implicit price deflator of GDP at factor cost Index NAS
(1999-00
100)
71 RESCAS Excess of current account balance over Rs. crore NAS &
trade account balance IPFS
72 RESCBIP Excess of interest pay on public debt over  Rs. crore NAS
combined interest payment of central and
state governments
73 RESIDLS Excess of indirect taxes net of subsidies Rs. crore NAS
over combined indirect tax revenues
74 RESIN Residual reflecting excess of some of Rs. crore NAS
sectoral investments in agriculture,
industry and services over sum of private
and public investment in nominal terms
75 RESITR Excess of combined indirect taxes over Rs. crore IPFS
sum of union excise duties, import duty
revenues, state sales taxes and states
other indirect taxes
76 RESMO Sum of components of monetary base Rs. crore RBI -
other than net RBI credit to government HBMS
77 RESPDY Excess of private disposable income over Rs. crore NAS
the sum of personal disposable income
and combined direct taxes
78 RESPVY Other transfers derived as (GDP at factor Rs. crore NAS

cost net of consumption of fixed capital +
interest on public debt - private income)
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. Source
No. Variable Description Unit of Basic
Name
Data
79 RESYN Excess of GDP at market prices over the Rs. crore NAS
sum of private consumption and
investment expenditure, public
consumption and investment expenditure,
exports net of imports in nominal terms
80 RLN Long-term interest rate defined as interest  Rs. crore RBI -
rates on deposits above 3-5 years maturity HBMS
81 RLNR Real long term interest rate % per RBI-NAS
annum
82 RSN Short-term interest rate on deposits of 1-3  Rs. crore RBI -
years maturity HBMS
83 SBITEMS Central revenue receipts Rs. crore IPFS
84 SCIP Interest paid by states to centre Rs. crore IPFS
85 SCLAD Net lending by centre to states Rs. crore IPFS
86 SCTR States shares in gross central taxes Rs. crore IPFS
87 SDEBT State debt (outstanding liabilities) Rs. crore IPFS
88 SEIR State effective interest rate Rs. crore IPFS
89 SFDD State fiscal deficit derived Rs. crore IPFS
90 SIP State interest payment Rs. crore IPFS
91 SKE State capital expenditure Rs. crore IPFS
92 SKR State capital receipts Rs. crore IPFS
93 SOITR States own indirect taxes Rs. crore IPFS
94 SONTR States own non-tax revenues Rs. crore IPFS
95 SOTR State tax revenues other than sales tax Rs. crore IPFS
and other own indirect taxes
96 SPRE State primary revenue expenditure Rs. crore IPFS
97 SRD State revenue deficit Rs. crore IPFS
98 SRE State revenue expenditure Rs. crore IPFS
99 SRR State revenue receipts Rs. crore IPFS
100 SS Share of states in central gross tax Rs. crore IPFS
revenues
101 SSR States sales tax revenue Rs. crore IPFS
102 STRF Transfer to funds from state revenue Rs. crore IPFS
receipts
103 UDR Union excise duties Rs. crore IPFS
104 WF Aggregate work force Crore Census,
NSS
105 XECPTR Expected effective rate of corporative tax % IPFS
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Variable i . Sourcg
No. Description Unit of Basic
Name
Data
106 XGYR Expected growth rate of GDP at factor cost % per NAS
annum
107 XINF Expected Inflation rate % per NAS
annum
108 YAR Agricultural output at 1999-00 prices Rs. crore NAS
109 YIR Industrial output Rs. crore NAS
110 YN GDP at market prices Rs. crore NAS
111 YR GDP at factor cost at 1999-00 prices Rs. crore NAS
112 YSR Service sector output at 1999-00 prices Rs. crore NAS
113 ZCBDTR Excess of combined direct tax revenues Rs. crore IPFS
over sum f income tax and corporate tax
revenues
114 ZCBKE Excess of combined capital expenditure Rs. crore IPFS
over sum of central capital expenditure
and state capital expenditure net of central
loans to states
115 ZCBPRE Excess of combined primary revenue Rs. crore IPFS
expenditure over sum of central primary
revenue expenditure and state primary
revenue expenditure net of grants from
centre to states
116 ZCKE Excess of central capital receipts net of Rs. crore IPFS
central revenue deficit over central capital
expenditure
117 ZSKE Excess of state capital receipts minus state Rs. crore IPFS
revenue deficit over state capital
expenditure
ZYMR Residual in GDP at market prices at 1999-  Rs. crore NAS

00 prices
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Appendix A.3
MAPPING POLLUTING INDUSTRIES WITH ISIC CODES

Table A.3.1. Mapping of Major Polluting Industries with ISIC Codes

CPCB . ISIC
Category Group Name ISIC Description Code
Cement Cement CEMENT, LIME, AND PLASTER 3692
Oil refinery Crude oil PETROLEUM REFINERIES 3530
Drugs and Drugs and medicines DRUGS AND MEDICINES 3522
Pharma
Eggﬂ'gg; Fertilizers & pesticides FERTILIZERS & PESTICIDES 3512
Caustic Soda Industrial chemical except INDUSTRIAL CHEMICALS EXCEPT | 5.
fertilizer and other chemicals | FERTILIZER
Iron and Steel Integrated iron & steel IRON AND STEEL 3710
TANNERIES AND LEATHER
Leather Leather and leather products FINISHING 3231
Aluminium, Non-ferrous basic metals NONFERROUS METALS 3720
Copper, Zinc
Distilleries Other chemicals DISTILLED SPIRITS 3131
Pulp and paper | 2Per, paper prods. & PULP, PAPER, & PAPERBOARD 3411
newsprint
Sugar Sugar SUGAR FACTORIES & REFINERIES | 3118
. o . SYNTHETIC RESINS, PLASTICS
Petrochemical Synthetic fibers, resin MATERIALS, & MANMADE FIBRES 3513
Dyes and dye . SPINNING, WEAVING, &
intermediaries | | &Xtiles and apparel FINISHING TEXTILES 3211
. MISC. PETROLEUM & COAL
Coal and lignite PRODUCTS 3540
Coal tar products MISC. PETROLEUM & COAL 3540

PRODUCTS
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Table A.3.2. Mapping of Other Industries with ISIC Codes

i ISIC
Group Name ISIC Description Code
Animal husbandry MEAT PRODUCTS 3111
Beverages WINE INDUSTRIES 3132
Ceramic STRUCTURAL CLAY PRODUCTS 3691
Edible oil OILS AND FATS 3115
Electrical machinery & equipment ELECTRICAL INDUSTRIAL MACHINERY 3831
Electronic and non-electrical MACHINERY & EQUIPMENT, N.E.C. 3829
machinery
Fishing FISH PRODUCTS 3114
) . SPECIAL INDUSTRIAL MACHINERY &
Machinery, tools & implements EQUIPMENT 3824
Miscellaneous food products FOOD PRODUCTS, N.E.C. 3121
Miscellaneous manufacturing MANUFACTURING INDUSTRIES, N.E.C. 3909
Miscellaneous metal products STRUCTURAL METAL PRODUCTS 3813
Other non-metallic mineral prods. NN(EDIEMETALLIC MINERAL PRODUCTS, 3699
Petroleum products MISC. PETROLEUM & COAL PRODUCTS 3540
Plastic products PLASTICS PRODUCTS, N.E.C. 3560
Rail & other transport equipment RAILROAD EQUIPMENT 3842
Rubber products RUBBER PRODUCTS, N.E.C. 3559
Tobacco products TOBACCO MANUFACTURES 3140
Wood and wood products WOOD & CORK PRODUCTS, N.E.C. 3319

Table A.3.3. Sectors with No Corresponding IPPS Coefficients

Electricity*

Banking and insurance
Cash Crop
Communication
Construction

Food crops

Forestry and logging
Fruits and vegetables
Gas & water supply

Mineral products

Natural gas

Other crops

Otherservices1

Otherservices?2

Plantation Crop

Railway & other transport service
Tea and coffee processing

Trade

* The maximum of all the coefficients are assumed
The remaining sectors are assumed to have the minimum of all the coefficients.
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