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Abstract 
Planning for India’s energy future requires addressing multiple and simultaneous economic, social and 
environmental challenges. While there has been conceptual progress towards harnessing their 
synergies, there are limited methodologies available for operationalizing a multiple objective framework 
for development and climate policy. We propose a ‘multi-criteria decision analysis’ (MCDA) approach to 
this problem, using illustrative examples from the cooking and buildings sectors. An MCDA approach 
enables policy processes that are analytically rigorous, participative and transparent, which are required 
to address India’s complex energy and climate challenges.  
 

I. Introduction  
 

India faces a challenging decade ahead in energy and climate policymaking. The problems are multiple: 
sputtering fossil fuel production capabilities; limited access to electricity and modern cooking fuels for 
the poorest; rising fuel imports in an unstable global energy context; continued electricity pricing and 
governance challenges leading to costly deficits or surplus supply; and not least, growing environmental 
contestation around land, water, and air. But all is not bleak: growing energy efficiency programs; 
integrated urbanization and transport policy discussions; inroads to enhancing energy access and 
security; and bold renewable energy initiatives, even if not fully conceptualized, suggest the promise of 
transformation. However one adds the scorecard, there is no doubt that energy decision making is ever 
more complex and interconnected.  
 
The domestic energy policy context is made further challenging by the overlay of global climate 
negotiations. The Paris 2015 climate conference requires every country to submit its intended climate 
contribution. India’s international pledge, submitted in early October, includes a reduction of emissions 
intensity by 33-35% from 2005, and an increase of the share of non-fossil fuel based electricity to 40% of 
total capacity. This pledge has significant domestic energy implications, since energy accounts for 77% of 
India’s greenhouse gas emissions (WRI 2014). In short, India’s energy future requires addressing multiple 
and simultaneous challenges, that together suggest great complexity.  
 
Historically, the country’s policymaking has adopted a rather straight-forward supply orientation: can 
past trends in energy supply be reproduced and enhanced? Although recently, this is leavened by 
welcome attention to the demand side, the discussions typically occur in silos around energy-based 
ministries, which obscure linkages across sub-sectors or larger strategic considerations. Perhaps most 
problematic, social questions around energy have been excluded or at most received lip-service 
treatment, such as access to energy, distribution of consumption, and environmental impacts. A recent 
review of national modelling studies shows that these questions often don’t even get asked by studies 
of India’s energy future (Dubash et al. 2015). The overall result is a number of disconnects: between 
domestic and foreign policy debates, where climate policy is often treated as a foreign policy issue, and 
between energy and climate policy, although in practice climate policy should be built around a sensible 
and well-informed energy policy. 
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At the same time, the consideration of the multiple dimensions of development is, formally at least, 
already enshrined in Indian policy. The National Action Plan on Climate Change calls for a “co-benefits” 
approach where the climate implications of development policies are explicitly considered. The 12th Five 
Year plan also discusses how to implement co-benefits in the context of national energy planning. While 
the language of co-benefits emerged in the context of the climate debate, in the larger context of 
energy policy it is more usefully referred to as assessment of multiple objectives, which does not require 
declaring one objective as primary.  
 
This increasing policy attention to linkages between sustainable development and climate 
considerations -- expressed as co-benefits or multiple objectives -- is backed by a growing research base. 
Global models provide strong evidence of substantial complementarities between climate mitigation, 
reduced air pollution and energy security outcomes in the South Asian region (Rao et al. 2015). Indian 
studies, on the other hand, have paid limited attention to such linkages but a few track achievement ex 
post of the multiple objectives of energy policy (Dubash et al. 2015). Clearly, the idea of energy policy as 
serving a range of economic, social and environmental objectives simultaneously is taking hold. At the 
same time, while the multiple objectives approach has won broad acceptance, there are few efforts, so 
far, to operationalize it. 
 
This paper presents one approach, based on “Multi-Criteria Decision Analysis” or MCDA, which is a well-
established framework in a range of decision making arenas, to operationalize the idea of co-benefits. 
The paper builds on a slew of recent studies and particularly deepens early work done by some of us in 
the context of India’s low carbon expert group (Dubash et al. 2013). We enhance our earlier efforts by 
providing a clear methodological framework to consider the relationships between multiple objectives, 
the tools to simultaneously deal with quantitative and qualitative information, and those to aggregate 
and prioritize policy objectives based on different stakeholder opinions. These characteristics enable 
MCDA to be deeply salient to energy policy, and allow for policymaking to take into account 
complexities, while maintaining rigor and potentially avoiding the paralysis that complexity can bring. 
 
To explain these points more clearly and intuitively, we apply a MCDA approach illustratively to two 
cases in this paper: access to modern cooking fuels and building energy efficiency. We envision the 
approach laid out to provide a starting point for more transparent, analytically rigorous and inclusive 
policy making processes around energy and climate change. Notably, however, it could also be used for 
a much wider range of applications, including adaptation through the process of state action plans, as 
well as for other questions of social policy. The critical message, however, is that this approach is not 
proposed as a single decision making tool to be used by policymakers in isolation. Rather it provides a 
framework for structured discussion, which can inform policy trade-offs, design and implementation. In 
the remainder of the paper we introduce MCDA approaches, describe their existing applications to 
climate and development policy, develop one specific approach and apply it to the cases of the cooking 
and buildings sectors, and offer some concluding observations. 
 

II. Insights from MCDA approaches for policy  
 
A growing number of global studies address the complex challenge of linking climate and development 
in a multiple objectives framework (Ürge-Vorsatz et al. 2014; UNDP 2011; Angelou and Bhatia 2014). For 
instance, the Asian Co-Benefits Partnership (2014) highlights possible entry points to explicitly integrate 
climate and development into decision making (IGES 2014). Co-benefits analysis to indicate synergies 
and optimize tradeoffs have also been undertaken in the context of the Clean Development Mechanism 
(Sun et al. 2010: 78; TERI 2012: 148). Other studies inform discussion of Low Emission Development 
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Strategies (LEDS) which help prioritize actions based on their economic, social, and environmental 
impacts (Cox et al. 2014). The most ambitious effort to develop a multiple objective based analysis 
framework for climate policy is attempted by the United Nations Environment Programme (UNEP 2011; 
Ürge-Vorsatz et al. 2014). Several of these studies draw on MCDA, to simultaneously examine policy 
options against multiple objectives. 
 
Drawing on the literature, this paper develops a specific variant of MCDA approaches that offers a 
number of advantages when applied to Indian energy policy. It requires policymakers to explicitly state, 
upfront, the goals which the policy would seek to maximize. In the cooking and buildings cases which 
will be discussed, the economic, social, environmental and institutional objectives were explicitly laid 
out at the start of decision analysis. The approach also encourages consideration of factors that are 
often ignored, such as household drudgery in the cooking sector. And, it requires identifying relative 
weights for the stated policy goals, for example in the case of the environment of minimizing household 
air pollution versus reducing greenhouse gas emissions. This attention enhances transparency of the 
process and effectiveness of the final decision. 
 
A second advantage is that MCDA offer tools for incorporating both quantitative and qualitative 
information with equal rigor. In contrast with other approaches, such as cost benefit analysis, MCDA 
explicitly allows for the use of qualitative information which is often hard to analyze but nonetheless 
crucial to consider. The underlying argument is that all objectives need to be considered, not only those 
that are quantifiable. For example, Indian policymaking is frequently hindered by implementation 
challenges of vested interests or limited bureaucratic capability, but because these are hard to quantify 
they are left out of policy analysis.  
 
Third, given the careful consideration of qualitative information and subjective weighting of policy goals, 
MCDA approaches are necessarily underpinned by an early and continuous involvement of stakeholders. 
These include technical experts, policymakers, industry, end-users and civil society. For example, for 
policies providing access to modern cooking fuels, it is important to understand the preferences of the 
cook stove users themselves. This broadening of the information base beyond experts to include 
relevant stakeholders likely adds to the complexity of the process, but certainly enhances buy-in and 
enriches the analytical base by providing new insights – for example, cultural concerns around adopting 
different cooking solutions.  
 
Last, the process of deliberation and repeated iteration with stakeholders improves the sectoral 
knowledge base and fills information gaps. For example, policy analysis for the buildings sector requires 
gathering data on a range of issues, from the upfront investment needed for efficiency, to the local 
pollution reduced from lower diesel generator use. 
 
While traditionally MCDA has been used for discrete decisions, such as choosing between power plant 
sites, its application is not as well established for policy analysis where discrete options are harder to 
identify. However, its benefits reinforce its emerging international potential: in South Africa, the 
Mitigation Potential Analysis used social, environmental and macro-economic criteria to assess a variety 
of greenhouse gas (GHG) mitigation options (DEA 2014); and in Chile, stakeholder inputs were used to 
identify the most important co-benefits of mitigation actions and associated implementation conditions 
(MAPS 2015).  
 
The approach developed here draws on these international experiences and extends the few other 
efforts to operationalize multiple objectives for Indian energy decisions. The latter include an early 
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framework for multi-criteria analysis (Dubash et al. 2013), energy dashboards (Sreenivas and Iyer 2015; 
SSEF 2015; Narula et al. 2015), sectoral analysis of the cooking sector (Jain et al. 2015), and state specific 
studies using the framework of sustainable development and green growth (GGGI 2014). Adaptation 
work is also beginning to engage stakeholders to deliberate multiple objectives. The MCDA approach 
described in the next section focuses on energy related policy issues, and can be extended to resilience 
and adaptation, as well as social issues.  
 

III. Description of a MCDA Approach 
 
We discuss the key steps of a MCDA approach in this section. Our focus is less on methodological details 
(which are laid out in accompanying appendices) and more on the reasoning and thought process. Each 
subsection describes one step of the methodology by presenting a rationale for it, the process to be 
adopted, and expected outcomes.  
 
For ease of exposition we use two case studies, of the cooking and buildings sectors, to illustrate the 
approach. Both carry significant development implications and are currently understudied. The cooking 
sector is important because over 86% of rural Indian households, representing over 700 million people, 
used solid fuels for cooking (Census of India 2011). The adverse health effects of traditional, open-stove 
cooking with biomass are well documented and lead to an estimated one million premature deaths 
annually in India (Smith et al. 2014). In this context, India is committed to transition to clean cooking 
fuels under the UN Sustainable Development Goals, and the cost and climate implications of such a 
transition need to be understood. 
 
Buildings, on the other hand, represent the rapid urban transformation taking place. Buildings consume 
more than a third of the economy’s electricity, and it is expected that two-thirds of India’s 2030 building 
stock is yet to be built (Kumar et al. 2010). Unlike traditional pathways to meeting energy goals, energy 
efficiency in the built environment offers multiple benefits that go beyond energy savings. The 
additional benefits include carbon mitigation, improved energy security, job creation, and better socio-
environmental outcomes. However, if unaddressed, it is estimated that 1.2 giga tons of CO2 emissions 
will be locked in as India’s building energy demand increases five-fold over 2005 levels by mid-century 
(Urge-Vorsatz et al. 2012).  
 
We apply the proposed approach to these two cases as an illustration of MCDA’s potential utility to 
Indian policymaking. The outcomes presented here are preliminary, notably because we relied on 
limited expert input and not on full stakeholder workshops. Hence, less salient than the final numerical 
results is the underlying thought process, method and approach. The input data for the cases, and part 
of the methodology in the buildings case, draw on NITI Aayog’s India Energy Security Scenarios (IESS), a 
bottom-up energy accounting model (IESS 2015). This comprehensive database provides a useful 
starting point to undertake sectoral multi-objective analysis, as attempted here. 
 
For both case studies, we define a set of national priorities and preferences, drawn from our 
understanding of the public discourse around Indian energy policy. In a formal decision making context 
these objectives would ideally reflect clear political choices to guide energy and climate policy, while in a 
multi-stakeholder context, they would be arrived at through consultation and discussion. We refer to 
these national priorities as “branch” level objectives (as opposed to specific objectives which we later 
refer to as “leaves”). Here we use four branch-level objectives: 
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 Economic: Economic considerations are fundamental to policymaking. India is in the midst of an 
urban, demographic and infrastructure transformation whose success rests on the economy’s 
ability to grow, create jobs and secure its energy future.   

 Social: It is important that the poorest and most vulnerable gain substantially from development 
policies that reduce poverty and inequality, improve access to quality and affordable goods and 
services, and also act as an engine for further development (Dubash et al. 2013).  

 Environmental: Development policies have environmental implications, which can have 
repercussions for human health and quality of life. Negative impacts need to be minimized 
locally, such as air pollution, and globally, as in the case of GHG emissions.   

 Institutional: Ease of implementation is often neglected during policy evaluation either from 
oversight or because analysis is difficult. However robust policy assessment should account for 
implementation challenges, ex ante and ex post.  

 
A MCDA approach provides a structured way to explicitly consider these objectives. Below are its 
detailed steps.ii   
 
Key Steps of a Policy Relevant MCDA Approach  

Step 1: Define the problem. Identify the policy question’s scope and time horizon by bringing all 

stakeholders on board at the start.  

Step 2: Identify policy objectives and specific metrics for assessment. Understand national priorities and 

stakeholder needs. 

Step 3: Identify policy alternatives to evaluate. Consider range of alternative policy options and the 

metrics for their success.   

Step 4: Analyze the alternatives. Identify data gaps and provide a transparent analytical basis for 

discussions.  

Step 5: Elicit stakeholder preferences and normalize quantitative and qualitative information. Integrate 

qualitative and quantitative information.   

Step 6: Aggregate through weights and compare consequences. Capture the relative importance of 

policy objectives. 

Step 7: Sensitivity analysis. Tests the robustness of the inputs and the process.  

Step 8: Choose the preferred policy alternative. Implement the preferred alternative and evaluate results 

to feed back into the policymaking process.  

Step 1: Define the Problem 
 
Step 1, to carefully define the problem, serves many purposes – it ensures that the most relevant policy 
question is asked, that efforts are appropriately directed, and allows for defining a greater range of 
options for the answer. This first step should be undertaken with stakeholder input, and requires 
specifying the scope and time horizon of the decision question, both of which are central to articulating 
a clear decision problem.  
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The scope frames the larger policy problem: this includes identifying its jurisdiction, technological 
choices, and institutional arrangements. The impact of varying the question’s scope is illustrated by our 
two cases. In the buildings example, one alternative is for the problem to be posed at the national level 
and to compare the benefits from the full range of efficiency measures between the commercial and 
residential sector. Or, the scope can be narrowed to examine the benefits in either the commercial or 
the residential sector. Similarly, the problem’s technological scope can be varied: different efficiency 
measures, such as an efficient building envelope vs. efficient appliances can be assessed; or, the focus 
can be on only one technology option that has a major impact. If the technological scope is limited to 
one efficiency measure, variability can be introduced by broadening the institutional focus through 
different policy instruments, all of which promote the same technology.     
 
Since the purpose of this paper is to bring forth the different applications of a MCDA approach, we 
structure the questions with differing scope for the two case studies. In the buildings sector we focus on 
residential buildings, as 85-90% of the new construction expected by 2030 will be for residential 
purposes resulting in a sharp rise in the associated energy demand (GBPN 2014). Further, we consider 
one technology -- an energy efficient building envelope -- since 70% of savings can be achieved by the 
envelope itself (GBPN 2014). The variation in the policy options is obtained from alternative institutional 
choices. The final policy problem is defined as: which policy options provide maximum benefits from 
India’s residential real estate transformation, through new building envelope efficiency? 
 
In the cooking case, by contrast we ask: which policy options promote access to various modern cooking 
fuels for rural households, in the context of achieving developmental goals in a climate constrained 
world? Here, the problem’s scope incorporates a broader set of technologies by highlighting the choice 
between alternative modern cooking fuels, all with similar institutional choices. And it also signals 
attention to the sustainable development context: issues such as drudgery, household air pollution and 
their adverse impacts on health and wellbeing form the context within which the analysis is undertaken. 
The sector is also relevant from a climate point of view as the use of modern fuels such as liquefied 
petroleum gas (LPG) and electricity lead to increased GHG emissions, while traditional cook stoves lead 
to high levels of black carbon emissions. The focus is on rural households where the energy access 
problem is acute, and for which various central and state modern fuel programs exist.  
 
The second necessary parameter of problem structuring is defining the time horizon. Policy impacts can 
be evaluated over the short, medium or long term, and either measured in a particular target year or 
aggregated over years. A shorter time frame allows for more accurate cost calculations, without 
assumptions of cost trajectories over the long term. On the flip side, a longer time horizon can widen 
possible policy choices as there is time for institutional capacity and technology choices to expand. Also, 
while measurement of impacts in a particular year provides straightforward comparisons with the 
targets set for that year, cumulative impacts can provide insight into the path taken to get there. We 
illustrate the use of different time scales as well as point and cumulative impacts through our case 
studies. The buildings case examines policy impacts in 2022 and the cooking case, by contrast, looks at 
cumulative impacts of policies over the period 2013-2032. 
 
Step 2: Select Specific Policy Objectives and Metrics for Assessment 
 
After defining the policy problem, the next step is to flesh out the policy objectives. The overarching 
“branch” level objectives have been discussed earlier: economic, social, environmental, and 
institutional. Step 2 requires identifying the next level of specific policy objectives, or “leaves,” within 
these branch-level objectives.  
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The full objectives hierarchy is identified in three consecutive sub-steps, which results in the outcomes 
illustrated in Figures 1 and 2 for the two cases. While our case studies use the two branch- and leaf-level 
tiers, in principle the objectives can be structured into a hierarchy with as many levels of detail as 
required. An alternative option is to structure a “flat” hierarchy where all the objectives are considered 
at the same level, although this is not explored further here.  
 
Figure 1: Multiple objectives and policy alternatives for the cooking sector study 
 

   

 

 

 

  

 
 

 
 
 
 
 
 
 
 
 
 

Which policy options promote access to modern cooking fuels for rural households, in the 
context of achieving developmental goals in a climate constrained world? Time Scale: 2013-2032 

Policy Alternatives: The policy options consist of using different instruments such as subsidies, incentives, 
market creation, and availability of finance, to promote specific technology choices. They are: LPG; 

Compressed biogas; electricity; improved cook stoves. Business-as-usual or the reference case is included. 
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Figure 2: Multiple objectives and policy alternatives for the buildings sector study 

 

  

 

 

 

 
 

 

 
 
 
 

 
 
 
 
The first sub-step of identifying objectives is to clarify, and potentially modify, the branch-level 
objectives which reflect a broad consensus about the type of development sought. As discussed already, 
we use the economic, social, environmental and institutional objectives based on our reading of energy 
policy priorities. In a MCDA application, these branch-level objectives should be informed by political 
choices (such as policy or legal documents) and ideally be reinforced through stakeholder input from 
policy experts to ensure that they capture the current multiple and simultaneous demands of 
development. If needed, it is also possible to refine the branch-level objectives. For example, in some 
contexts it might be useful to explicitly include energy security as an objective. If such modification is 

Which policy options provide maximum benefits from India’s residential real estate 
transformation, through new building envelope efficiency? Time Scale: In 2022 

Policy Alternatives: The policy options use different institutional instruments to scale residential building 
envelope efficiency. They are: mandatory building codes; financial incentives to end users to buy efficient 
homes; financial and administrative incentives to real estate developers; and building ratings. Business-as-
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made, however, it is important that the branch-level objectives transcend particular sectoral interests. 
That is, energy security could feasibly be included, but the decision should not be driven by the resultant 
implications for any one specific sector or policy. 
 
The second sub-step requires identifying the next level of detail of the objectives, or the “leaves” within 
each branch. For example, in the buildings case, the branch-level objective of minimizing social costs 
involves leaf-level objectives of affordability (based on up-front cost, which tend to be high) and 
recurrent expenditure from the use of energy efficiency measures (which tend to be low). Splitting 
affordability into these two sub-categories captures two related, but distinct, elements of affordability. 
 
The leaf-level objectives also need to be relevant to the particular policy problem being considered. 
Returning to the buildings case, we considered, but ultimately rejected, including a leaf-level category 
for indoor occupant comfort, even though it is valued socially. This is because the framing of the policy 
problem (in Step 1) focuses on a single technology (the building envelope) as a result of which all policy 
options, in spite of their different institutional choices, will result in the same level of occupant comfort. 
If the question was structured to allow for multiple technologies, then different policies could result in 
varying occupant comfort levels, which would have made it an important leaf-level objective.  
 
The third sub-step is to convert the leaf-level objectives to specific criteria to assess the policy question. 
The criteria can be either quantitative or qualitative, as decided during stakeholder consultations. For 
example, the environmental branch for both cases includes a leaf-level objective of minimizing GHG 
emissions, measured by estimating the CO2 equivalent emissions from the respective sectors. The 
institutional branch, on the other hand, has leaf-level objectives of political economy and transaction 
costs, both of which are qualitatively determined. Political economy captures the possibility of likely ex 
ante challenges to implementing a policy in the form of interests who mobilize for or against a policy. 
Transaction costs captures elements salient to policy implementation ex post, which include capacity 
and skills required, scope for rent seeking, and the availability of specialized institutions. 
 
There is a further important consideration when selecting objectives. In order to subsequently assess 
tradeoffs across them, MCDA approaches require that the leaf-level objectives are “preferentially 
independent.”iii Put simply, this means that a judgment about how a policy option does in one leaf can 
be made without a priori knowledge about how the same policy fares in any other leaf (Basson 2004). 
For example, in the cooking case, the two leaf-objectives of minimizing the subsidy burden and 
minimizing household fuel cost are preferentially independent because evaluating a policy against one 
leaf-objective requires no knowledge of how the same policy does in the other leaf.  
 
Step 3: Select Policy Options to Evaluate 
 
The policy options to evaluate are selected after determining the objectives hierarchy (Step 2). This 
sequence allows for a greater range of options to be considered, with input from relevant stakeholders 
who are asked to identify wide-ranging policy options.    
 
Since the policy problem for the cooking case is framed around alternative fuels, each policy option 
represents the promotion of a particular fuel or technology choice, through a sets of policy instruments. 
For each of option, it is assumed that best efforts will be made to increase adoption of clean cooking 
fuels by overcoming technological, economic and capacity challenges and through creation of new 
markets if needed.iv The policy options considered for the cooking case are: 

 To promote LPG as a cooking fuel by increasing rural LPG availability and affordability;  
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 To promote biogas by enabling an efficient feedstock market, encouraging entrepreneurial 
activity in biogas bottling operations and improving affordability through subsidies; 

 To promote electricity for induction based cooking through improved rural electricity access, 
combined with quality day and evening supply, and affordable tariffs; and 

 To promote improved cook stove adoption through availability of clean burning, efficient and 
user friendly cook stoves, and a diverse sustainable feedstock (fuel pellet and wood chip) 
market. 

 
In the buildings case, since the question’s scope requires all policy alternatives to promote a single 
technology, each policy considered has a different institutional focus. These are:  

 To develop and adopt a mandatory energy code for new residential buildings;  

 To provide financial incentives to consumers who buy efficient homes, to absorb the higher 
upfront costs;  

 To provide administrative and financial incentives to real estate developers of efficient homes 
such as lower interest rate loans, increased floor-area ratio, and expedited processing; and 

 To promote a voluntary rating system for efficient homes to motivate end users and developers 
to put a premium on energy efficiency.  

 
The business-as-usual or reference case is considered in both case studies to benchmark against the 
current scenario.  
 
Both sets of policy options were chosen after an iterative process with defining the decision question in 
Step 1. In practice, it is not uncommon to return to the first step and refine the decision problem in light 
of the policy options to evaluate. For example, for cooking the available policy options were spread 
across technologies and policy instruments. However, given the limited understanding of the trade-offs 
among the different technology choices, it was decided to focus on policy options that vary only by 
technology. The building energy policy context, on the other hand, is constrained by serious data gaps, 
making it evident at the outset that results would be more rigorous if the question in Step 1 assessed a 
single technology choice with institutional variability among the policy options. Iterations of this nature 
between clarifying the decision problem and the policy options allow decision makers to be guided by 
what is practically useful, as opposed to being bound to a theoretical methodology.   
 
Step 4: Analyze the Policy Options  
 
The next step is to assess each policy option along each objective. Depending on the objective, policies 
can either be assessed quantitatively (e.g. quantum of CO2-e reductions) or qualitatively (e.g. 
institutional objectives). This equal emphasis on quantitative and qualitative metrics is important as 
policy decisions often have informal implications which cannot be immediately reduced to a number. 
Step 4 and the subsequent steps on normalizing and weighting are the most technical, and below we 
only allude to the method to provide some intuitive understanding of the approach. 
 
A visual assessment of the different policy options, per objective, is possible by creating a matrix with 
the policy options as rows and the leaf-level objectives as columns. Each cell of the matrix represents a 
policy’s score for a particular leaf. We use the cooking case to illustrate the methodology for calculating 
the quantitative and qualitative cells within the matrix.  
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In some cases, a quantitative criterion is simply assessed using available data and literature. For 
example, GHG emissions from cooking for each fuel are derived from a combination of the annual 
average useful energy requirement for cooking per household, fuel calorific value, stove efficiency, and 
the fuel emissions factor. In other cases, a leaf-level objective that is difficult to measure could be 
quantified using a proxy. For example, health impacts of household air pollution are difficult to measure 
as they depend on often unknown factors such as the habitation type or the provisions for ventilation. 
Hence, we use a proxy scale by considering the number of households exposed to pollution, which is 
calculated as a weighted sum of the number of households using traditional and improved cook stoves, 
with higher weight for households with traditional stoves.v 
 
Qualitative criteria, which entail value judgments and cannot be easily calculated, require a constructed 
scale that allows systematic scoring based on judgment. We construct a scale in the cooking case for the 
institutional leaf-level objectives of political economy (ex ante resistance) and transactional costs (ex 
post implementation costs). Specifically, a constructed scale of three levels (low, medium and high) is 
used. Scoring on this scale requires thinking through, assessing and providing rationale for the scores. 
For example, promoting LPG requires improving rural LPG adoption through subsidies, increased rural 
dealerships and improved cylinder availability. We argue there would be minimal ex ante resistance to 
such a policy because a large number of voters would benefit, and hence we assign a “low” score for 
political economy implying low resistance. On the other hand, given smaller habitations and lower rural 
population density, costs for transportation, operating dealerships and bottling plants would be high 
(World LP Gas Association 2005). A “high” score (implying hard to implement) is thus assigned for 
transactional costs. 
 
Appendix 1 shows the analysis matrix for the social, economic and environmental branches in the 
cooking case (Table A1), and the institutional branch in the buildings case (Table A2).  
 
Step 5: Normalizing Quantitative and Qualitative Information 
 
The matrix created in Step 4 makes explicit the quantitative and qualitative scores of different policy 
options across leaf-level objectives, in their respective units. Any assessment of tradeoffs and synergies, 
however, requires the scores to be brought to a common scale or normalized. Moreover, the common 
scale cannot be assumed as linear but rather must reflect the preferences of stakeholders. The next step 
of the MCDA approach discussed in this paper uses “value function” analysis to achieve both these 
goals. Other MCDA approaches can use different methodologies for this step.  
 
The different quantitative and qualitative policy scores at the leaf-level are mapped on to a common 0-
100 scale by creating value functions. Technical details of arriving at a value function are given in 
Appendix 2, where we illustrate the process with an example from the cooking case. The process of 
producing value functions is designed to account for differing stakeholder preferences regarding the 
additional benefits from the policy at different levels.vi This differing value to stakeholders, of marginal 
benefits at the lower end of the scale vs. the higher end of the scale, determines whether the scale is 
linear or not – it is linear if the marginal benefits at all levels are the same, and non-linear if they are not. 
 
At the end of this step, all scores (e.g., the qualitative “high/medium/low” scores and the quantitative 
scores in their respective units) are mapped, and translated, to values between 0 and 100. These values 
make leaf-level objectives comparable and possible to aggregate.  
 



 

12 

 

Working through the value function exercise facilitates greater understanding about the decision 
problem, its challenges, and mutual learning about the preferences of those involved. It rests heavily on 
consultations, and often brings forth the competing perceptions of relevant stakeholders. Ways of 
dealing with differing stakeholder perceptions are discussed at the end of this section.   
 
Step 6: Aggregation through Weights 
 
Value functions provide a normalized score for each policy option across all the leaf-level objectives. The 
next step of decision-making is to aggregate these value scores to capture how a policy does at the 
branch-level. In order to aggregate, however, the relative importance or weight of each leaf-level 
objective needs to be deliberatively determined. In other words, one cannot assume, for instance, that 
the gains to stakeholders from minimizing household or local air pollution are valued equivalently to the 
gains from minimizing global GHG emissions.  
 
Answer difficult questions about which objectives stakeholders value most is central to weighting. For 
example, in the cooking case, is minimizing upfront expenditure more valued than minimizing a 
recurring expenditure, and how do these compare with minimizing drudgery? These tradeoffs are often 
made implicitly by policymakers and may not accurately reflect stakeholder perceptions. As in previous 
steps, weighting requires facilitation across stakeholders as different groups could rank objectives 
differently and/or be willing to trade them off differently. 
 
One technique to determine the relative importance of leaf-level objectives is tradeoff weighting 
(Basson 2004). Its first stage is for stakeholders to identify the most important leaf within the branch. 
Then, through the weighting exercise, stakeholders identify how much of the benefit from the most 
important leaf they are willing to trade, to obtain the maximal benefit from another leaf within the same 
branch. Technical details of the weighting process are presented in Appendix 3. The method results in 
the relative weights of the leaf-level objectives per branch, which enables aggregation of leaf-level 
scores within a branch. The process can be extended iteratively to obtain the relative weights of the 
branch-level objectives too. In our case studies, we do not weigh the branches against each other. 
Instead, we obtain one score per branch or a 4-dimensional score for each policy option to better 
visualize the tradeoffs among the social, economic, environmental and institutional objectives. These 
results are discussed in the next steps. 
 
Step 7 – Sensitivity Analysis 
 
The outcomes of a MCDA exercise should be subject to sensitivity analysis to evaluate the robustness of 
the inputs and process followed. As discussed, there may be widely varying inputs during consultations 
which result in different value functions or weights. Similarly, changes to assumptions, e.g., fuel 
penetration trajectories under different cooking fuel policies, can dramatically alter final scores. The 
robustness of inputs can be evaluated by choosing alternative inputs and checking for any inordinate 
changes in the final ranking of policy options against each objective. If the ranking changes, the 
corresponding inputs need to be interrogated and the process repeated. For example, changing the 
tradeoffs between recurring expenses, upfront expenses and drudgery time within a reasonable range 
does not change the final order of the cooking policy options on the social branch, suggesting that the 
ranking is fairly robust. 
 
Step 8 – Choosing the Preferred Policy Option   
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The above steps lead to an evaluation of each policy option across each objective, and make explicit the 
complementarities and tradeoffs between objectives.  
 
The preliminary results for the two case studies are shown in Figures 3 and 4. For the cooking case 
(Figure 3), all policy options do well in comparison with the reference case on the social branch-level 
objective. This is primarily due to the increased subsidy to clean burning fuels or technologies resulting 
in reduced costs and drudgery. The options promoting modern cooking fuels do better environmentally 
as they reduce household air pollution and marginally lower GHG emissions.vii For institutional and 
economic objectives, however, the reference case does better since it is a path of least institutional 
resistance and requires minimal additional subsidies, making the tradeoffs primarily with respect to 
both these branches. In essence, the analysis concludes that policies pushing modern fuels achieve 
better social and environmental outcomes but require institutional and financial commitment. 
 
Figure 3: Illustrative MCDA results for the cooking sector study 
 

 
 
 
The buildings case results are presented in Figure 4. The policy option targeting end-users scores well on 
the economic, social and environmental branch objectives, but with significant institutional challenges. 
As end user incentives are targeted to home owners who would invest in horizontal construction (as 
opposed to the real estate developer incentives which are more geared towards high rise construction), 
the results suggest that in the short term, horizontal construction offers more opportunities from 
energy efficiency than high-rise buildings. The tradeoffs which emerge are mainly institutional and often 
social. For instance, while the building codes policy scores highly on most fronts, unless the institutional 
issues of ineffective code compliance structures and inadequate technical capacity are addressed 
separately, the option is not feasible. For the social objective, higher upfront costs make efficiency 
adoption difficult, except when end user financial incentives are provided. Ratings and the reference 
case perform poorly on most branches, but with least institutional resistance as they require little 
change from the status quo.  
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Figure 4: Illustrative MCDA results for the buildings sector study 
 

 
 
 

Dealing with differing preferences amongst stakeholders 

The approach presented in this paper assumes a relatively homogenous stakeholder group that will be 
able, albeit with some negotiation, to reach consensus on all aspects of the decision cycle: from 
determining the objectives, to the shape of value functions and weighting for scoring policy options. If 
however, no clear winners or losers emerge from policy options because of conflicting stakeholder 
views, the approach can be used to facilitate further deliberation on the tradeoffs and ways to improve 
the policy options. For instance, a potential option can be identified, ranked second or third by each 
group that will be acceptable to everyone. Where there is potential, compensation can also be given to 
parties to overcome a blockage. This ability to interrogate the transparent decision process is one of the 
prime advantages of MCDA techniques. 
 

IV. Conclusion 
 
Development policymaking, which incorporates energy and climate considerations, is a complex 
undertaking. It involves multiple objectives and various actors with differing agendas. The MCDA 
approach proposed in this paper offers a potentially useful way to work within this complexity, requiring 
decision makers to ask policy relevant questions and identify complementarities and tradeoffs. At the 
same time, MCDA approaches can be perceived as complicated and are not trivial to implement. Our 
intent is to put forward a multi criteria approach less as a rigid decision tool, and more as a framework 
to facilitate structured discussion.  
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This intent is motivated by the need for rigorous judgment embedded within a process of transparent 
discussion to overcome the pathologies in our current decision making processes. For instance, policy 
decisions routinely involve implicit tradeoffs as a default, but which are not articulated either in the 
decision process or outcome. The recent target of increasing domestic coal production from 600 MT to 
1000 MT by 2019 is a case in point. While accelerating growth rates of domestic production can increase 
energy security and perhaps provide cheaper electricity in the short to medium term, this is only one 
aspect of the necessary policy context. The local environmental consequences of coal use on air 
pollution and water stress should be equally presented as outcomes of the policy decision. Another 
example is India’s stated co-benefits basis for climate policy, which is conceptually promising but not yet 
backed by an explicit methodology. The absence of the latter opens the country up to questions of 
credibility and locks us into long term energy decisions that are not informed by comprehensive 
analysis.  
 
MCDA approaches don’t provide an easy answer to these complex issues. However, they offer a way to 
focus on a good process as the starting point for a good answer, and refine understanding over time 
starting from our current benchmark. If MCDA approaches are to be taken forward in policymaking, they 
raise a few considerations. The first is the need to involve stakeholders from the start with a 
commitment to deliberation. This can require working against current policymaking processes which 
may not foster engagement across groups with differing agendas. Second, executing a MCDA approach 
requires time, capacity and resources. Often it is data intensive, requiring extensive input from decision 
analysts and stakeholders. As a starting point, the approach could be led by policymakers, think tanks, 
universities or civil society groups. A ratcheting strategy can be used to introduce MCDA principles into 
policymaking, such as starting with an identification of all stakeholder groups and explicitly using the 
information gathered in the discussions for decision making. Subsequently, more structure can be 
introduced to the process by moving towards explicit identification of objectives, then gradually towards 
value function and weighting exercises. An identification of enabling conditions and supporting tools (for 
example, the IESS) will also be needed to deliver credible results. A MCDA expert can also be brought 
into the process to assist with technicalities.  
 
Irrespective of the details of how the approach is operationalized, MCDA fosters more transparent 
policymaking about underlying assumptions, sensitivities, and trails of argument that lead to a particular 
result. This emphasis on communication and audit trails regarding decisions can benefit our status quo 
and is relevant across timescales. In the immediate climate context, it would strengthen coherence 
between India’s domestic and international position on climate change which rests on the principle of 
not compromising development objectives. Further, it can be employed to distinguish between 
additional climate actions that India could undertake with external aid which fall outside the scope of 
co-benefits. In the longer term, it can be used for other opportune planning purposes and gradually be 
introduced into other spheres of policy making such as health and education, amongst others.  
 
Ultimately, successful implementation of the approach will likely generate evidence to build capacity 
within and outside the government to have a more open, considered, and involved approach to 
policymaking. Such a robust policy-planning framework can allow for India’s energy and climate actions 
to be compatible with its broader social, economic and environmental goals.  
Appendix 1 
 
Table A1 shows the matrix from Step 4 for the cooking case, for the social, environmental and economic 
objectives (all quantitative). The scores are all aggregated for the period 2012-2032. For the social 
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objective, scores are averaged at a household level, and the aggregate time spent in fetching firewood is 
averaged to number of hours spent per week for each household (HH).viii 
 
Table A1: Elements of the cooking case analysis matrix  

 Social Environmental Economic 

Policy 
Options 

Capital 
Expenditure 
(000 Rs/HH) 

Recurring 
Expenses 
(000 
Rs/HH) 

Time Spent 
(Hours/week/ 
HH) 

Household 
air pollution 
(Million HH 
years) 

GHG 
emissions 
(MT CO2-e) 

Subsidy 
burden 
(Rs 
Trillion) 

Energy 
Import 
(Rs 
Trillion) 

Reference 14.1 197 2.3 316 5226 4 12 

LPG 12.4 174 1.9 237 4476 11 16 

Biogas 11.8 182 1.9 237 4513 11 11 

Induction 13.5 174 1.9 237 4732 7 12 

Improved 
Stoves 

13.6 175 2.2 346 4780 12 9 

 
Table A2, provides the matrix column resulting from the institutional objective of the buildings case. We 
select the buildings case to demonstrate the qualitative assessments across policies as each buildings 
policy option is defined by a different policy instrument (as opposed to the cooking case where each 
policy option employs a variety of policy instruments, making its institutional assessment less 
straightforward).  
 
Table A2: Elements of the buildings case analysis matrix  

 Institutional 

Policy Options Political Economy 
ex ante resistance 

Transactional 
ex post costs 

Reference  Low Low 

Codes High High 

End-user incentives Medium High 

Developer incentives Medium Medium 

Ratings Low High 

 
The “low” scores in Table A2, imply that the policy option has low costs either ex ante or ex post to its 
implementation. For example, continuing with the status quo in the reference case invites little 
opposition and thus does well on these two institutional leaf objectives. A “high” score, on the other 
hand, means that the policy will have high resistance to it and be difficult to implement. Building codes, 
because of the upfront resistance to them from real estate developers, and the low state and technical 
capacity to implement them even if they are made mandatory, score poorly on both leaf objectives.  
 
Appendix 2 
 
The analysis matrix from Step 4 (Appendix 1) can be normalized with value functions where each policy’s 
score (or matrix cell) is mapped to a value between 0 and 100. For each leaf objective (i), a value of 0 is 
assigned to the worst score (Ai), and of 100 to the best score (Bi). A value function that internalizes 
stakeholder preferences can then be drawn between the best and worst scores for each leaf. This is 
done by selecting the midpoint (Ci) between the worst (Ai) and best (Bi) scores. The value of Ci (between 
0 and 100) corresponds to the relative value, to the stakeholders, of going from Ai to Ci and from Ci to Bi. 
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The process is iterative for subsequent midpoints between Ai and Ci and between Ci and Bi until a value 
function is constructed with sufficient resolution. 
 
For example, in the cooking study, the recurring household expenditure ranges between Rs. 174,000 
and Rs. 197,000 aggregated over 20 years, which translates to a yearly range of Rs. 8,700 (best) to Rs. 
9,850 (worst). Their midpoint is approximately Rs. 9,275 per year. Consultations, especially with poorer 
households, could reveal that reducing running expenses from Rs. 9,850 to Rs. 9,275 is more than twice 
as valuable as reducing them from Rs. 9,275 to Rs. 8,700 -- because poor households tend to have fixed 
budgets beyond which any expenses are difficult to meet. The preference would translate to a value 
score of 70 for the Rs. 9,275 data point, as reducing expenses at the higher end is valued more than at 
the lower end. This process is iteratively repeated to construct the value function shown in Figure A1.ix  
 
Figure A1: Value function for recurring household expenses for the cooking study 
 

 
Appendix 3 
 
One of the MCDA techniques to understand the relative importance of leaf-level objectives is tradeoff 
weighting, described here. First, the most important leaf objective within the branch is identified (D1). 
The weight for each leaf, Dx, is arrived at by determining how much of D1 can be traded for increasing 
the value of Dx from 0 to 100. The tradeoff value (gx) for each leaf is determined through consultations. 
 
The weight for each leaf-level objective, Dx, is calculated as: wx = gx / ∑gx. The branch-level score for each 
policy option is calculated as ∑ (vi*wx), where vi is normalized value of the policy option for the leaf-level 
objective, Di. 
 
A short example from the cooking social objective follows. The most important social leaf objective is 
assumed to be recurring household expenses. Another social leaf objective, upfront expenditure, varies 
from a maximum household cost of approximately Rs. 14,000 (value of 0) to the lowest cost of Rs. 
12,000 (value of 100) (Table A1). Since the rural poor exhibit high discount rates we estimate that to 
reduce upfront cost by the difference of Rs. 2,000, households would be willing to increase their 
recurring costs by Rs. 15,000 over the 20 year period.x This increase of Rs. 15,000 corresponds to a value 
of 73 according to the recurring expenses value function, determined in the previous step (Figure A1). 
That is, stakeholders are willing to give up a value of 27 on a scale of 100 in recurring expenditure to 
make the maximum possible reduction in upfront costs. A similar process is followed for leaves within 
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the social branch: drudgery is traded against recurring household expenses by monetizing the average 
time spent collecting firewood using minimum wages. 
 
The illustrative tradeoff calculations are presented in Table A3. In the absence of extensive stakeholder 
consultations, the numbers demonstrate the steps involved in a multi-objective analysis and are not 
intended to replace actual deliberations. However, such methodological insights could be useful to 
inform deliberations and arrive at a consistent approach to resolve differences. 
 

Table A3: Illustrative weights for the social branch-level objective of the cooking case  

Leaf-level 
objective → 
 
Policy 
Options ↓ 

Capital 
Expenditure 
(000 Rs./house) 

Running 
expenses (000 
Rs./house) 

Time spent 
(hours/week/h
ouse) 

Branch 
Score 

Cost Value Cost Value Cost Value 

Ref 14.1 0 197 0 2.25 0 0 

LPG 12.4 76 174 100 1.88 100 95 

Biogas 11.8 100 182 86 1.88 100 93 

Induction 13.5 26 174 100 1.88 100 86 

Improved 
cook stoves 13.6 19 175 99 2.16 25 62 

Tradeoff 
value (gx) 38 100 58  

Weight (wx) 0.20 0.51 0.29 
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