
Re-thinking the Importance of Equity Principles in Carbon Emissions Policy for the 

Future : An Empirical Narration for India vs. European Union
1
 

Sovik Mukherjee
2
 

Department of Economics,  

Jadavpur University, Kolkata 700032, India. 

Abstract 

The concept of justice and being “fair” is often heavily debated. More so, when it comes to the international 

negotiations on the mitigation of climate change. A peep into the charter of UN Framework Convention on 

Climate Change highlights the importance of distributive fairness or in other words, equity. The concepts of 

“equal per capita CO2 emissions”, “polluter-pays principle”, etc. in some way provide different perspectives on 

the issue of equity. For long, the economics literature has been focussing on the efficient allocation of optimum 

levels of the provision of some common resources among different associated parties. But strangely, less 

attention has been given to the equity aspects of such allocations. For example, developing countries as well as 

environmental interest groups in industrialized countries claim that developed countries with high per capita 

greenhouse gas emissions are responsible for global warming and must take the lead in combating climate 

change. In consequence, weaker obligations for developing countries may be based on equity arguments.  

In this backdrop, out of the existing equity criteria, i.e. egalitarian rule, sovereignty rule, polluter-pays rule, 

ability-to-pay rule, the first objective is to quantify the significance of these equity principles across two major 

power houses in the world at present, India and the European Union in 2014-15 (actual) and in terminal years of 

2021-22 and 2031-32 for the future. To assess the distributions implied by the egalitarian, sovereignty, polluter-

pays, and ability-to-pay rules, the paper makes use of the trends in the respective countries’ or groups of 

countries’ population data, baseline carbon emissions, and GDP. Based on a projection based empirical set-up, 

the author tries to model the carbon emissions policy, vis – a – vis, two sets of scenarios, the BAU Scenario 

(Business as Usual) and the Accelerated Scenario (i.e. with a 20 per cent CO2 emissions reduction). The main 

objective of trying out such an exercise is to predict the decision-making authority’s future choice of equity 

principle after weighing the benefits and costs arising out of such equity principles. The results indicate that in 

the long run the polluter-pays principle becomes comparatively insignificant. However, when it comes to the 

CO2 emissions abatement, as already existing in the literature, the support for egalitarian principle comes from 

the developed countries. Furthermore, the novelty of the contribution lies in the formulation of a convex 

combination of all the four principles to see the relative effectiveness of such equity principles across the two 

selected countries.  

Points for Practitioners  

IPCC’s predictions is that global warming is likely to reach 1.5°C between 2030 and 2052 if it continues to 

increase at the current rate of 0.8°C – 1.2°C (IPCC, 2018). Limiting global warming to 1.5°C would require 

“rapid and far-reaching” transitions in all aspects, namely, energy consumption, land use pattern, industrial 

output, transportation, etc. But, most importantly, over and above anything, “global net human-caused emissions 

of carbon dioxide (CO2) would need to fall by about 45 percent from 2010 levels by 2030, reaching ‘net zero’ 
around 2050” (IPCC, 2018). In this background, this paper compares European Union and India in the light of 

how to design the carbon emissions policy for the future based on the BAU (Business as Usual) and Accelerated 

Scenario (with a 20 per cent CO2 emissions reduction) design based on the above mentioned equity principles.  
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1. Introductory Background  

Bargaining situations and negotiations frequently resemble a striving for fairness when bargainers feel that they 

are at disadvantaged position to receive their “fair share”. But the meaning of “fair” is often heavily debated. 

The perception of fairness may, however, differ across the involved parties. Several strands of economic as well 

as psychological literature indicate that the understanding of what is fair is – at least to a certain extent – driven 

by the economic costs of the respective equity rules : Babcock et al. (1996) consider a “self-serving bias in 

judgments of fairness” in an experimental bargaining situation. This notion of self-serving biases usually refers 

to unconscious distortions in perceptions of fairness. In contrast, our paper establishes a self-interested use of 

equity which includes potentially intentional distortions of equity beliefs. Babcock and Loewenstein (1997) 

review psychological and experimental evidence for this interaction between material payoffs and fairness 

perceptions. Self-serving social comparisons from teacher contract negotiations are discussed by Babcock et al. 

(1996). In a different approach, Hennig-Schmidt (2002) shows the self-interested use of equity arguments in a 

video-bargaining experiment. If conflicting principles of fairness are part of the negotiation process, a potential 

agreement requires weighing and reconciliation of the different proposed equity bases. Moving on, Bosello et al. 

(2001) study the stability of international agreements if they are based on a single equity rule but do not find 

major improvements upon the relatively pessimistic predictions from traditional economic models of coalition 

formation (Carraro & Siniscalco, 1993). Böhringer and Helm (2008) consider an axiomatic approach of fair 

division and calculate the burden resulting from such an allocation mechanism. Lange and Vogt (2003) and 

Lange (2006) take a different approach and model preferences which trade-off payoffs with equity concerns. 

Such equity preferences may potentially increase cooperation rates but are based on the assumption that 

countries evaluate their position based on a single given equity criterion. 

In this backdrop, negotiations thus become more complicated when there is more than one justifiable fairness 

norm (Raiffa, 1982). Now what negotiators do is potentially choose those fairness principles in line with their 

demands and not in line with the equity principles. Herein lies the conflict. In spite of the graveness of the 

situation, the actual role of equity principles in shaping negotiation processes has received only limited attention 

in the literature. Several studies identify different typologies of equity principles. This paper follows Lange et al. 

(2010) and primarily focuses on the dominating principles in the context of international climate policy, like, 

egalitarian rule, sovereignty rule, polluter-pays rule, ability-to-pay rule. The issue of equity principles in the 

context of CO2 emissions assumes a critical position. This happens on account of the claim that developing 

countries have regarding developed countries with high per capita greenhouse gas emissions being responsible 

for taking a lead in global warming. Often similar emission reduction targets are seen as fair  based on present or 

recent emission levels (Cazorla & Toman, 2001). 

The concept of justice and being “fair” is often heavily debated. More so, when it comes to the international 

negotiations on the mitigation of climate change. A peep into the charter of UN Framework Convention on 

Climate Change highlights the importance of distributive fairness or in other words, equity. The concepts of 

“equal per capita CO2 emissions”, “polluter-pays principle”, etc. in some way provide different perspectives on 

the issue of equity. For long, the economics literature has been focussing on the efficient allocation of optimum 

levels of the provision of some common resources among different associated parties. But strangely, less 

attention has been given to the equity aspects of such allocations. For example, developing countries as well as 

environmental interest groups in industrialized countries claim that developed countries with high per capita 

greenhouse gas emissions are responsible for global warming and must take the lead in combating climate 

change. In consequence, weaker obligations for developing countries may be based on equity arguments. 

Another dimension of equity issues is concerned with a fair distribution of burdens among the countries with 

comparable per capita GDP and industry structure. As UNFCC puts it,  

 

“…….Within the UN Framework Convention on Climate Change (UNFCCC) negotiations, debate on 
equity and climate justice focuses on responsibility for reducing climate change damage. Equity 

concepts are used conventionally, as criteria in deciding the share and manner of reducing greenhouse 

gas emissions. The notions of justice and injustice are used to argue against the unjust burden of 

climate change impacts and costs.” 



Out of the existing equity criteria, i.e. egalitarian rule, sovereignty rule, polluter-pays rule, ability-to-pay rule
3
, 

the first objective is to quantify the significance of these equity principles across two major power houses in the 

world at present, India and the European Union in 2014-15 (actual) and in terminal years of 2021-22 and 2031-

32 for the future. To assess the distributions implied by the egalitarian, sovereignty, polluter-pays, and ability-

to-pay rules, the paper makes use of the trends in the respective countries’ or groups of countries’ population 

data, baseline carbon emissions, and GDP. Based on a projection based empirical set-up, the author tries to 

model the carbon emissions policy, vis – a – vis, two sets of scenarios, the BAU Scenario (Business as Usual) 

and the Accelerated Scenario (i.e. with 20 per cent CO2 emissions reduction). The main objective of trying out 

such an exercise is to predict the decision-making authority’s future choice of equity principle after weighing 

the benefits and costs arising out of such equity principles. The results indicate that in the long run the polluter-

pays principle becomes comparatively insignificant. However, when it comes to the CO2 emissions abatement, 

as already existing in the literature, the support for egalitarian principle comes from the developed countries. 

Furthermore, the novelty of the contribution lies in the formulation of a convex combination of all the four 

principles to see the relative effectiveness of such equity principles across the two selected countries.  

The rest of the paper goes as follows. The discussion of the self centered approach of using equity rules in 

section 2 is followed by the formulation of the research hypothesis in section 3. Then we have the comparison of 

both the scenarios across EU and India. Finally, the paper ends with a conclusion in the light of the international 

policy agreements governing the two countries. 

 

2. Self Centered Approach of Using Equity Rules 

In Nash’s (1950) seminal work on bargaining, all differences between the players were supposedly captured in 

the disagreement point and the shape of the bargaining set. Many other explanations for bargaining power have 

been suggested since then- not least differences in time or risk preference (Roth, 1979). However, if one follows 

many negotiation processes, the concept most parties follow is the “fairness” argument in order to convince the 

other party to agree to their demands. The payoff to a player in these (axiomatic) solutions increases in their 

legal claim. Recently, Gächter and Riedl (2005) studied the effects of “moral property rights” on bargaining. 

Here, individual views on fairness inform the bargaining situation and thereby influence the bargaining 

outcome. That is, the entitlements or individual claims are not given by some (incompatible) legal property 

rights but by what bargainers perceive as a fair agreement. Similar to these approaches, the frequency of equity 

arguments in negotiations indicates that there is an interaction between bargaining power, i.e. the ability to 

influence the negotiation outcome favorably, and the availability of equity arguments: for example, if all equity 

criteria required that a negotiating party receives a larger share of the surplus, this party would be likely to be 

able to influence the bargaining outcome in its favor. Conversely, the lack of an equity or fairness argument for 

one’s position would, in our view, results in a reduction of bargaining power. The end result of negotiations may 

thus hardly be understood without analyzing the underlying equity principles and their use by the respective 

parties. 

There is substantial evidence that individual perceptions of “what is fair” are correlated with the economic costs 

and benefits implied by the respective equity criteria (for instance, Babcock & Loewenstein 1997, Dahl & 

Ransom, 1999). These differing perceptions are also apparent in the use of equity principles as arguments in 

bargaining processes (Hennig-Schmidt, 2002). This could be the case for two reasons : (i) a self-serving bias, 

i.e. individuals might subconsciously interpret fairness in a way that benefits their interests, or, (ii) a conscious 

decision on self-interested use of equity, i.e. individuals might use specific fairness notions to consciously 

pursue their own interest while exploiting the others’ sense of justice (see for details Konow, 2001). Also, in 
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This rule incorporates the principle of equal per capita emissions : egalitarian rule (EGA) 

This rule incorporates the principle of equal percentage reduction of current emissions : sovereignty rule (SOV) 

This rule incorporates the principle of equal ratio between abatement costs and emissions : polluter-pays rule 

(POL) 

This rule incorporates the principle of equal ratio between abatement costs and GDP : ability-to-pay rule (ABI) 



papers like Messick and Sentis (1979), Thompson and Loewenstein (1979) evidence for the subconscious self-

serving bias has been found while Dahl and Ransom (1999) and Gächter and Riedl (2005) find relatively little 

evidence in this regard. In either way, a self-interested perception and/or use of equity is essential in explaining 

bargaining outcomes if a party successfully influences the bargaining process in its favor by referring to equity 

arguments. 

In this paper, in the context of international climate policy, we consider the four equity criteria as mentioned. 

Based on the arguments and empirical findings outlined above, each negotiating party may be predicted to use 

equity arguments which lead to lower costs compared to other equity criteria and to what extent the results vary 

when evaluated across different countries. 

 

3. A Comparison of the Economic Costs of different Equity Principles 

To begin with, the paper generates predictions on the four different equity criteria the respective parties would 

prefer in their own self-interest by comparing the distribution of costs under the “burden sharing of abating 

carbon emissions” (Lange et al., 2007) in line with the equity rules. We assume that the aggregate emissions 

target is exogenous and for any given overall target (or equivalently, any given marginal abatement costs), the 

different equity criteria therefore implies a specific distribution of costs and benefits. In order to assess the 

distributions implied by the egalitarian, sovereignty, polluter-pays, and ability-to-pay rules, we use information 

on abatement costs in the respective countries, their population data, baseline carbon emissions, and GDP levels 

and set up the BAU Scenario (Business as Usual) and the Accelerated Scenario (i.e. with a 20 per cent CO2 

emissions reduction). 

 

3.1 Constructing the research hypothesis 

The projections for GDP, CO2 emissions (both lifecycle and current) and populations for 2021-22 and 2031-32 

have been discussed in details in the annexure section. Coming to the methodology of calculating the emissions 

distribution under these equity principles, the author frames the equity principles as follows, 𝐸𝐺𝐴 ∶  𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑡𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑡 

𝑆𝑂𝑉 ∶  𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑡 − 𝐴𝑏𝑎𝑡𝑒𝑚𝑒𝑛𝑡𝑡𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑡  

𝑃𝑂𝐿 ∶  𝐴𝑏𝑎𝑡𝑒𝑚𝑒𝑛𝑡𝑡𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑡  

𝐴𝐵𝐼 ∶  𝐴𝑏𝑎𝑡𝑒𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡𝑠𝑡𝐺𝐷𝑃𝑡  

for the t
th

 year for the j
th

 country, where j = {India, European Union} 

Marginal abatement cost curves for 2021-22 are generated based on  the estimates derived from the energy 

demand model in the appendix (see also POLES model
4
). Table 1contains all relevant data on the projected 

marginal costs and subsequently the projected costs under the different equity criteria for both the BAU scenario 

and the accelerated scenario. The author now develop a quantitative model for projection of growth of future 

demand for energy of the Indian economy and Eurozone which would support certain basic economic targets in 

terms of carbon emissions. We describe in Table 1 the abatement costs under different equity conditions of the 

model of projection of electricity requirement or demand and supply. All scenarios assume 8 per cent overall 

GDP growth and alternative rates of energy conserving technical change and that of introduction of carbon free 

new renewable fuels targeted at 20 per cent reduction of emissions. 
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4. Results and Discussions 

Table 1. Calculation of Abatement Costs 

Accelerated Scenario 

 Emission reduction costs : (USD2000/tc)
#
 

 40 tc 80 tc 120 tc 160 tc 200 tc 

 Total abatement costs (Bn USD2000) 

2021-22      

EU 1.4  4.7 9.4 15.0 21.2 

India 9.5  30.7 58.2 89.9 124.7 

2031-32      

EU 1.6 7.8 16.2 25.5 36.9 

India 17.2 50.5 87.1 125.4 160.1 

BAU Scenario      

 Emission reduction costs : (USD2000/tc)
#
 

 40 tc 80 tc 120 tc 160 tc 200 tc 

 Total abatement costs (Bn USD2000) 

2021-22      

EU 0.9 2.4 7.4 11.3 19.1 

India 5.5  24.7 50.9 81.1 110.3 

2031-32      

EU 1.1 5.4 10.3 19.5 30.4 

India 10.1 37.9 78.8 112.6 145.2 

 

Source : Author’s own computations based on the energy demand model in the appendix 

#
tc : tonnes of carbon per year 

What are the overall implications of the projection of such abatement costs at different levels of marginal 

technology based plants on the one hand, and in terms of CO2 emission implications on the other. These would 

indicate the relative physical benefit and financial cost of CO2 emission reductions under the normal BAU 

scenario and under the accelerated scenario with 20 per cent emissions reduction. Tables 1 show that the 

abatement costs reduction is more under the accelerated scenario with a provision of 20 per cent emissions 

reduction. Table 2 provides the normative CO2 emission coefficients — current as well as life cycle ones for the 

different generation technologies for India. However, for EU, there is an overall coefficient as the technology 

wise breakup is not available. These coefficients have been assumed for the current emission to be as per CEA 

norm and that for the life cycle emission to be as per IPCC norms for the generation technologies. It needs to be 

noted that first the levels of CO2 emissions were calculated by multiplying the technology wise gross generation 

with the normative coefficients in Table 2. This is followed by calculating the abatement costs at different 

levels, namely, (40, 80, 120, 160, 200 USD2000/tc) of emissions reduction.  



Table 2. CO2 emission coefficient (current and lifecycle)_India 

Fuels Current  Lifecycle 

Coal 1.04 0.820 

Gas 0.60 0.490 

Nuclear 0 0.012 

Hydro storage 0 0.024 

Solar PV 0 0.048 

Solar CSP 0 0.048 

Distributed Solar PV 0 0.048 

Total Solar 0 0.048 

Onshore Wind 0 0.012 

Offshore Wind 0 0.012 

Total Wind 0 0.012 

Other Renewables 0 0.230 

 

Source : Compiled by the author from IEA database and World Bank database 

Note : For European Union we do not have a detailed break up available, so we make use of the components 

(whichever are applicable) and the total value of the coefficients on the whole. 

 

Table 3. Projected costs for the terminal years of 2021-22 and 2031-32 implied by the respective equity 

criteria for the respective countries or groups of countries (in per cent of GDP) when marginal abatement 

costs are equalized at 80 USD2000/tC, corresponding to a worldwide reduction from BAU emissions by 20 

per cent 

Accelerated Scenario 

 Different Equity Criteria 

 EGA SOV POL ABI 

2021-22 
    

EU 0.323 0.055 0.062 0.049 

India -0.473 0.044 0.055 0.059 

2031-32     

EU 0.298 0.050 0.057 0.049 



India -0.512 0.045 0.060 0.069 

BAU Scenario    

 Different Equity Criteria 

 EGA SOV POL ABI 

2021-22     

EU 0.301 0.049 0.058 0.045 

India -0.422 0.039 0.051 0.052 

2031-32     

EU 0.255 0.044 0.053 0.040 

India -0.467 0.040 0.054 0.064 

 

Source : Authors’ own calculations 

 

These would indicate the relative physical benefits and financial costs of CO2 emission reductions under the 

different equity criteria. Table 2 provides the normative CO2 emission coefficients — current as well as life 

cycle ones for the different generation technologies under both the BAU scenario and the accelerated scenario. 

These coefficients have been assumed for the current emission to be as per CEA norm and that for the life cycle 

emission to be as per IPCC norms for the generation technologies. Interestingly, the rankings of the four equity 

principles as per their cost effectiveness under both the scenarios remain the same. The egalitarian rule has the 

maximum cost; thus, it is realistically not applicable as there is no guarantee of an equal distribution. Given the 

comparatively larger amount of emissions between 1860 and 2020 in the EU, the polluter-pays principle based 

on the cumulated carbon emissions would be also very costly for the EU (see Table 3). This is followed by the 

sovereignty rule and relatively the least cost wise, the ability to pay principle. Given EU’s combined GDP and 

the sharing of abatement costs, ABI is possible. The ranking goes as follows,  

ABI > SOV > POL > EGA 

 

We now discuss the costs which are implied by the different equity rules for India. The ranking of equity criteria 

– given by the cost projections as reported in Table 3 as follows : 

 

EGA > SOV > POL > ABI 

 
It is evident that India with its large share in global population would profit most from a strict application of the 

egalitarian principle. This again goes against the policies of the EU as given the level of population in EU, its 

per capita emissions would not go down to that extent as compared to that of India. India has a clear advantage 

in the context of EGA. In contrast, India, would oppose a support of the polluter-pays and the ability-to-pay 

principles on the basis of their respective costs. The latter principle refers to the predicted high economic growth 

of India in the terminal years which would raise the costs associated with the ability-to-pay rule. Going by the 

ability to pay principle, the idea is to equalize abatement costs across nations. This principle would benefit EU 

but would hurt India given the level of abatement costs as a proportion of its GDP and net cost proportions 

being inversely correlated relative to economic circumstances. Also, the polluter-pays principle is based on the 

predicted large increase in emissions from India over the next decades so that the costs of the polluter-pays rule 

would be increased. Again, from this 20 per cent accelerated scenario, comparatively, India has the capability to 

reduce it further if it goes by any of the four equity principles. Interestingly, going by SOV i.e. reducing the 

level of current emissions proportional to the level of total historical emissions across all countries is a good 

option for India but given the relative cost considerations, EU might not support it.  



In this context, as put forward by Aggarwal (2015), 

 

 “India has said it aims to reduce the emissions intensity of its GDP by 33-35 per cent by 2030 from 

2005 levels, and achieve 40 per cent of its cumulative electric power of around 350 GW installed capacity from 

non-fossil fuel-based energy resources, mainly renewable power. While some experts welcomed India’s 

submissions stating that India’s climate action plan is far superior to ones proposed by the US and European 

Union (EU), others said it doesn’t fully capture the emissions it would avoid if it succeeds in meeting its 

renewable energy goals.” 

 
In all probability, adopting a multi-criteria approach and setting it as per ‘one-size-fits-all’ is not always wise. 

Countries will then look to see how a specific formula that affects their self-interest and then fight it out in the 

Climate Change Conventions. However, India would be able to increase her national emissions significantly 

before reaching the population-to-emissions ratio limit because of the large and rapidly growing populations and 

rapid economic growth. As Cazorla and Toman (2000) puts it,  

 

            “For this increase to not endanger environmental goals, stringent long-term environmental limits would 

have to be placed on the industrialized countries, or the emissions ceiling for the developed world would have to 

grow less than proportionally with future population increases. In the absence of tighter constraints on the 

growth of developing countries’ ceilings, the convergence limits would in turn imply a level of either domestic 

compliance cost (without international emissions trading) or wealth transfer (with trading) that is currently 

unacceptable to developed countries.”  

 

By the same token, however, allocating emission limits based on historical emissions conveys a huge advantage 

to the developed world, given their historically overwhelming share of emissions. So, in such a case, India won’t 
support the ABI principle (see Table 3 for the cost effectiveness criteria). Simply extending this approach to the 

developing countries limits their incentives to pursue modest “win-win” emissions controls in the short term, for 

fear that doing so would put them on a lower emissions bound and will not be able to fight for increasing the 

level of emissions in future negotiations. Strategically, it’s the prerogative of the policy-makers to take care of 

the extent of abatement costs under the different equity principles and frame policies accordingly. 

 

As expected, given the cost in Table 3, EU in 2031-32 as per the different equity principles has an opportunity 

to reduce more emissions in line with its INDC submitted to the UNFCCC, outlining its mitigation contribution 

of at least 40 per cent emission reduction through domestic efforts by 2030 below its 1990 levels. But this target 

is not feasible given the fact that in 2031-32 as per the predictions of this model, although cost would be going 

down but a reduction of 23 to 35 per cent is not really possible by 2030 — contrary to the case of India. 

 

 

4. Concluding Remarks  

In this paper, we put forward equity as an important element to understanding negotiating positions, using the 

example of international climate negotiations. Taking a traditional economic standpoint, we argued that the use 

of equity criteria might be driven by cost consideration of the parties. Our econometric analysis based on data 

from an international survey of agents involved in climate policy largely supported our predictions based on a 

cost-ranking of the respective equity criteria for the different countries or groups of countries : the perceived 

support of equity criteria is the stronger, the less costly this criterion is compared to alternatives. 

The author, at first, uses the data in order to first establish that why countries or groups of countries are seen as 

pushing for different equity criteria in international climate negotiation forums and not agreeing to any one in 

particular. Their negotiating positions are highly affected by the induced abatement costs. The differences in 

perceptions across the agents involved in international climate policy will establish support for versions of self-

interested biases in line with the different equity principles. The exact question is how exactly these countries 

use their influences in the negotiation process to turn the policy towards them. To end with, it is my belief that 

this potentiality of the strategic role of using equity criteria will be gaining more importance in the near future 



for generating a better understanding of negotiation processes – not only in international climate policy but also 

for India and EU, in particular. 

Many climate scientists believe that the equity problem is a property rights problem, —how rights to emit GHGs 

are to be allocated. Critics claim that there is no hope for solving this never ending problem. Nevertheless, there 

is definitely a way out for this provided that both the developed and the developing countries continue to 

develop relationships that will support this long-term commitment of sharing benefits arising out of reduction in 

CO2 emissions in a mutually agreeable fashion. 
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Annexure 

For analyzing the energy consumption behaviour at sectoral level and overall economy level, we pose a simple 

model, which assumes that demand for energy ( ) of each sector  of the economy is a function of its 

income  and the real energy price  it faces. The partial income elasticity of demand and the partial 

price elasticity are assumed to remain constant over the projections period. This gives us a demand function of 

the form- 

 

 

where i = Overall economy, agriculture, industry, residential, commercial and transport sectors. 

Here, 

 , is the income elasticity of energy demand  

 , is the price elasticity of energy demand 

 , is the technology parameter 

,  and  are constant over the entire projection period. 

For the purpose of econometric estimation the above model can be transformed into a double log linear model of 

the form- 

 

 is the random error component and conforms to the assumptions of the classical regression model 

Data and Sources 

The econometric estimation of the model for the overall economy and for each sector requires data on energy 

demand, GDP that indicates the level of income or value added and the real energy price index. The nominal 

energy price is calculated using the fuel shares and the corresponding WPI of fuels faced by a given sector or by 

the aggregate economy. The real energy price is calculated by deflating the nominal price by the GDP deflator. 

The Private Final Consumption (PFCE) is used as an indicator of income for the residential sector.  The model 



is estimated using data from 1990-2015. The data for energy demand is obtained from the Energy Balances of 

the non-OECD countries published by International Energy Agency (IEA), the IEA database and Eurostat 

database for the European Union. The data for GDP and PFCE for India are obtained from the National Account 

Statistics, and the data for WPI prices are obtained from the RBI database (Handbook of Statistics on the Indian 

Economy) and the website of the Office of the Economic Advisor. Also, for the European Union data on GDP 

and Gross Fixed Capital Formation, we make use of the Eurostat database. 

Estimation 

We begin by applying the standard time series techniques. First to check the stationarity of the data we go for 

Augmented Dickey Fuller Test, the results of which have been reported in Table A1. 

Table A1. Unit Root results 

Variables (order of integration) Augmented DF test statistic Probability 

INDIA   

INDUSTRY_GDP (2) -5.28 0.00* 

INDUSTRY_Energy Demand (2) -6.38 0.00* 

INDUSTRY_Real Energy Price (1) -6.11 0.00* 

AGRICULTURE_GDP (2) -13.37 0.00* 

AGRICULTURE_Energy Demand (2) -6.72 0.00* 

AGRICULTURE_Real Energy Price (1) -6.23 0.00* 

RESIDENTIAL_GDP (2) -6.46 0.00* 

RESIDENTIAL_Energy Demand (2) -5.26 0.00* 

RESIDENTIAL_Real Energy Price (1) -6.20 0.00* 

COMMERCIAL_GDP (2) -5.69 0.00* 

COMMERCIAL_Energy Demand (2) -9.16 0.00* 

COMMERCIAL_Real Energy Price (1) -6.24 0.00* 

TRANSPORT_GDP (2) -4.34 0.01* 

TRANSPORT_Energy Demand (2) -5.46 0.00* 

TRANSPORT_Real Energy Price (1) -6.27 0.00* 

OVERALL_GDP (2) -6.33 0.00* 

OVERALL_Energy Demand (2) -7.12 0.00* 

OVERALL_Real Energy Price (1) -4.23 0.01* 

   

EUROPEAN UNION   

INDUSTRY_GDP (2) -6.81 0.00* 

INDUSTRY_Energy Demand (2) -6.44 0.00* 

INDUSTRY_Real Energy Price (1) -5.97 0.00* 

AGRICULTURE_GDP (2) -11.3 0.00* 

AGRICULTURE_Energy Demand (2) -5.72 0.00* 

AGRICULTURE_Real Energy Price (1) -4.66 0.00* 

RESIDENTIAL_GDP (2) -7.61 0.00* 

RESIDENTIAL_Energy Demand (2) -5.26 0.00* 

RESIDENTIAL_Real Energy Price (1) -5.30 0.00* 

COMMERCIAL_GDP (2) -5.98 0.00* 

COMMERCIAL_Energy Demand (2) -8.21 0.00* 

COMMERCIAL_Real Energy Price (1) -7.42 0.00* 

TRANSPORT_GDP (2) -5.44 0.01* 

TRANSPORT_Energy Demand (2) -6.21 0.00* 

TRANSPORT_Real Energy Price (1) -7.71 0.00* 



OVERALL_GDP (2) -5.83 0.00* 

OVERALL_Energy Demand (2) -8.22 0.00* 

OVERALL_Real Energy Price (1) -7.11 0.01* 

 

* denotes significance at 95 per cent level 

Given the unit root results and the order of integration, we estimate the following model, log(Δ𝐸𝐷0) = 𝛽 log(Δ𝐺𝐷𝑃0) + 𝛾 log(𝑅𝐸𝑃0) 

It needs that the sectoral GDP and the final energy demand of the concentrated sectors are integrated of the 

second order whereas the real energy prices faced by each of the sectors are integrated of order 1. For applying 

the Engel and Granger (1987) methodology of cointegration in single equation specification, we consider the 

following model, log(Δ𝐸𝐷𝑖) = 𝛽𝑙𝑜𝑔(Δ𝐺𝐷𝑃𝑖) + 𝛾 log(𝑅𝐸𝑃𝑖) + 𝜖       𝑤ℎ𝑒𝑟𝑒 𝑖 = 𝐴, 𝐼, 𝑇, 𝑅, 𝐶   𝑎𝑛𝑑 

Δ𝐸𝐷𝑖  is the change in the energy demand of the i
th

sector, integrated of order 1. 

Δ𝐺𝐷𝑃𝑖  is the change in GDP of the i
th

 sector, integrated of order 1. 𝑅𝐸𝑃𝑖  is the real energy price faced by the i
th

 sector, integrated of order 1. 

The cointegration results deriving the long run elasticity coefficients of sectoral energy demand and real energy 

price of different sectors have been reported in Table A2. 

Table A2. Long run elasticity coefficients results 

Variables (logarithm) Elasticity Coefficients Probability 

INDIA   

Dep Var : ∆ (INDUSTRY_Energy demand)   

∆ (INDUSTRY_GDP) 0.83 0.00* 

INDUSTRY_Real Energy Price  0.03 0.00* 

   

Dep Var : ∆ (AGRICULTURE_Energy demand)   

∆ (AGRICULTURE_GDP) 0.75 0.00* 

AGRICULTURE_Real Energy Price  0.12 0.06 

   

Dep Var : ∆ (RESIDENTIAL_Energy demand)   

∆ (RESIDENTIAL_GDP) 0.72 0.00* 

RESIDENTIAL_Real Energy Price  -0.02 0.00* 

   

Dep Var : ∆ (COMMERCIAL_Energy demand)   

∆ (COMMERCIAL_GDP) 0.62 0.00* 

COMMERCIAL_Real Energy Price -0.38 0.00* 

   

Dep Var : ∆ (TRANSPORT_Energy demand)   

∆ (TRANSPORT_GDP) 0.88 0.00* 

TRANSPORT_Real Energy Price -0.08 0.00* 

   

EUROPEAN UNION   

Dep Var : ∆ (INDUSTRY_Energy demand)   

∆ (INDUSTRY_GDP) 0.78 0.00* 

INDUSTRY_Real Energy Price  0.06 0.00* 

   



Dep Var : ∆ (AGRICULTURE_Energy demand)   

∆ (AGRICULTURE_GDP) 0.61 0.00* 

AGRICULTURE_Real Energy Price  0.09 0.06 

   

Dep Var : ∆ (RESIDENTIAL_Energy demand)   

∆ (RESIDENTIAL_GDP) 0.88 0.00* 

RESIDENTIAL_Real Energy Price  -0.04 0.00* 

   

Dep Var : ∆ (COMMERCIAL_Energy demand)   

∆ (COMMERCIAL_GDP) 0.62 0.00* 

COMMERCIAL_Real Energy Price -0.38 0.00* 

   

Dep Var : ∆ (TRANSPORT_Energy demand)   

∆ (TRANSPORT_GDP) 1.01 0.00* 

TRANSPORT_Real Energy Price -0.07 0.00* 
 

* denotes significance at 95 per cent level 

In order to project the final energy demand at the original level, we make use of the following derivation, log(Δ𝐸𝐷𝑡) − log(Δ𝐸𝐷0) = 𝛽[log(Δ𝐺𝐷𝑃𝑡) − log(Δ𝐺𝐷𝑃0)] + 𝛾[log(𝑅𝐸𝑃𝑡) − log(𝑅𝐸𝑃0)] 
Δ𝐸𝐷𝑡
Δ𝐸𝐷0 = (Δ𝐺𝐷𝑃𝑡

Δ𝐺𝐷𝑃0)𝛽 × (𝑅𝐸𝑃𝑡𝑅𝐸𝑃0)𝛾 , 𝑡 = 2015, 2016, … … , 2041 

𝑜𝑟, Δ𝐸𝐷𝑡 = (𝛥𝐺𝐷𝑃𝑡𝛥𝐺𝐷𝑃0)𝛽 × (𝑅𝐸𝑃𝑡𝑅𝐸𝑃0)𝛾 × Δ𝐸𝐷0       … … … (1) 

Now, projecting the energy demand at 2021, we 

Calculate (1) for t = 2015, 2016, 2017, 2018, 2019, 2020, 2021 and then add up these to get the total change 

from 2014 – 2021 and finally add it up with the base year value of 2014 to derive the final energy demand in the 

concerned year. 

Similarly, we do it for 2031-32. 


