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Abstract: There is very little elaboration in literature of the phrase “equitable access to 

sustainable development” that is referenced in the Cancun Agreement on climate change. 

We interpret this at a minimum as people’s right to a decent living standard, which gives 

rise to claims by countries to an exemption from mitigation for the energy and emissions 

needed to provide a decent life to all. We elaborate a conceptual framework for a 

comprehensive quantification of such an energy requirement, including the energy required 

to build out infrastructure to support these living standards. We interpret decent living as 

the consumption by households of a set of basic goods including adequate nutrition, shelter, 

health care, education, transport, refrigeration, television and mobile phones. We develop 

universal indicators for these activities and their infrastructure requirements, and specify a 

methodology to convert these to energy requirements using energy input-output analysis. 

Our main recommendations include estimating bottom-up, country-specific energy and 

emissions requirements, incorporating a minimum for methane emissions, and using 

international benchmarks at the sector level to encourage the reduction of countries’ energy 

and emissions intensity. 
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1. Introduction 

Debates about appropriate climate policy are inseparable from debates about sustainable 

development. The United Nations Framework Convention on Climate Change (UNFCCC) makes 

countless references to sustainable development, and even asserts that “parties have a right to, and 

should, promote sustainable development” [1]. The Cancun Agreement also states that parties agree to 

aim to restrict emissions on the basis of “equitable access to sustainable development”. This has 

historically been interpreted by developing countries as claims to the earth’s carbon emissions 

absorption capacity [2], which recently have included claims to both past and future absorption 

capacity [3]. 

Yet, the emissions “space” that these claims entail for countries depends on how much of earth’s 

absorption capacity is left to allocate (which depends on the stringency of a global target for climate 

stabilization), and how much space they can retrospectively claim (which depends on how much past 

emissions count). This space does not derive from or necessarily correlate with the emissions to which 

countries’ development would in fact give rise.  

Given this reality, the question arises as to what claims to current and future emissions space this 

“right to sustainable development” should actually protect. It is in this light that we see the relevance 

of our project: the elaboration of a conceptual framework to quantify the energy and emissions 

associated with a defensible account of a “decent life” for all, which we call “decent living emissions”. 

We suggest that the minimal requirement of a fair climate regime is that the allocation of emissions 

rights (directly or indirectly) must protect the ability of countries to provide the necessary energy 

services to reach and maintain this decent life for all. Put differently, we suggest that there must be a 

threshold of exemption (from mitigation obligations) that applies to emissions associated with “decent 

living activities”.  

We do not in this paper provide a comprehensive estimate of the total emissions space required [4]. 

Rather we focus on the description and justification of a conceptual framework that links “decent 

living activities” to energy services and thence to emissions, and on the demonstration of methods that 

can be used to build up the necessary estimates (particularly of required energy services). 

We set out a relatively minimalist standard, but we seek to consider not only the energy and 

emissions associated with individual consumption—“maintenance emissions”—but also the 

“development emissions” associated with the construction and maintenance of the infrastructure 

(physical and human resources) needed to provide the shared- and public-goods components  

and enable individual consumption That is, in contrast with individually-based accounts of basic needs, 

we seek to establish a basis for discussing basic needs, and indeed “development”, as a concrete social 

entitlement. 

We identify ten major categories of consumption that comprise “decent living activities”: food, 

shelter, safe water and sanitation, health care, education, transportation, clothing, refrigeration, 

television and mobile phones. We suggest a methodology to estimate the energy and emissions 

associated with the achievement and maintenance of these activities in different countries, and give 

examples for several of the categories. Obviously “decent living” includes other important human 

activities, such as recreation, social relations and involvement in the political process. We do not aim 

to offer an exhaustive list of goods in this minimal basket, but instead to capture those components that 
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matter most for a climate change regime. Our selection is thus guided by resource use, and focuses on 

energy-intensive consumption. We believe that there is both objective justification and empirical 

support for what people want that can provide the basis for a reasonable lower bound on the energy 

and emissions requirements for decent living standards. Equally important in our proposal is a feasible 

analytical approach that policymakers can use even if they were to choose a variant of this basket of 

decent living activities.  

This article proceeds as follows. In Section 2, we discuss the literature on the right to decent living 

that provides much of the justification of our approach. In Section 3, we specifically identify the goods 

and services that make up our minimal basket of “basic goods.” In Section 4, we outline a 

methodology for estimation with illustrations for food, housing and residential energy, water and 

sanitation, transport and health care. Section 5 concludes with some thoughts on incorporating such an 

emissions threshold in a burden-sharing agreement for climate mitigation.  

2. Background 

This project is motivated by the strong support in the climate ethics literature for a global response 

to climate change that respects persons’ right to a basic living standard, and the concomitant lack of 

studies that quantify what such a threshold must entail for energy use and related emissions. The goal 

of establishing a moral minimum for mitigation agreements is to apportion mitigation responsibility in 

a manner that does not infringe on the poor’s basic rights. The goal of a regime that implements such a 

principle would be to assign and implement national mitigation commitments in a manner that leaves 

people whole with respect to these basic rights, so that they needn’t bear the burden of reducing the 

GHG emissions that arise from enjoying these rights. This requires defining what basic rights deserve 

protection, and how much emissions their protection entails.  

2.1. Support for a “Moral Minimum” 

The notion of exempting a certain category of people from mitigation burdens derives from a 

human rights view that humans are entitled to a set of ‘goods’ that enables them to enjoy a basic 

minimum level of well-being. This view has considerable support in the climate ethics literature, but 

also has its roots in the broader literature on global distributive justice.  

Basic rights are the morality of the depths. They specify the line beneath which no one is allowed  

to sink. 

Henry Shue (1980), Basic Rights 

Henry Shue’s statement above characterizes the spirit of a moral threshold. What does respect for 

human dignity demand that all humans have regardless of their culture, nationality, location in history 

or place? Of interest here and in the global distributive justice literature are the types of duties that 

such claims raise for states towards people in other states. In particular, we focus on negative  

duties—duties to respect, or not infringe on, other states’ abilities to fulfill these rights for their own 

people. That is, there is little justification, except under extenuating circumstances, for knowingly 

infringing on others’ basic entitlements.  
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There are two senses in which a morally justified threshold of exemption is a ‘minimum’ in a 

mitigation burden-sharing framework. The most important sense is that this principle has lexical 

priority over all other distributive principles that are invoked to determine a fair allocation of 

mitigation burdens [5]. Another sense in which an exemption threshold is a minimum is that respect 

for such a threshold is the least, and most compelling, of justice considerations that a global climate 

mitigation regime ought to incorporate, if one had to eschew all other considerations. When viewed 

from this perspective, a morally justified threshold for exemption from mitigation burdens has 

potential to serve as a common ground for agreement.  

2.2. Minimum Level of “What?”: Decent Living Standards 

The “Equality of What?” debate—what features of the human condition should count in basic 

entitlements—is larger than the domain of climate change, and reviewed elsewhere in literature [6,7]. 

For a climate mitigation regime, we find sufficient support for defining a set of basic goods that is 

more expansive than mere subsistence, and includes some measure of decent living standards.  

Philosophers differ widely on the content of basic entitlements. Henry Shue defines subsistence 

rights as comprising physical and economic security, on which humans’ survival depends [8].  

In the climate ethics literature, Shue indirectly supports a subsistence-based moral threshold by 

differentiating “subsistence emissions” from luxury emissions [9]. A number of scholars hold a more 

inclusive view of human rights, defined by what is instrumental to ensuring a decent quality of life 

beyond mere subsistence [10–13]. Simon Caney [14], more recently, casts human rights as claims to 

decent living standards, or to the emissions that are required to enjoy decent living standards. However, 

none of these scholars elaborate on the meaning of “decency.” An even more inclusive perspective 

avers that humans ought to have rights to certain “capabilities” for carrying out functions that are the 

ultimate source of human flourishing [15,16]. However, there is considerable ambiguity in this work 

even on what capabilities ought to be given protection, let alone how one would operationalize such 

entitlements [17].  

International law also lends moral and political support to a right to decent living standards. The 

International Covenant on Economic, Social and Cultural Rights (ICESCR) includes the right of 

people to be “free from hunger” (Article 11.2), the right to the “enjoyment of the highest attainable 

standard of physical and mental health” (Article 12.1), and the “right of everyone to an adequate 

standard of living for himself and his family, including adequate food, clothing and housing, and to the 

continuous improvement of living conditions” (Article 11.1). Though this treaty is not easily enforced, 

it has political influence. Politicians would be hard pressed to publicly oppose a position that only 

demanded forbearance from infringing these basic rights. Indeed, in climate negotiations politicians 

have de facto supported this principle by not demanding the participation of the poorest countries in 

mitigation agreements [18].  

2.3. Collective Requirements for Individual Entitlements 

How do shared resources fit into this individualist view of basic needs? In our view, these are 

derivative requirements of individual rights, but not rights in and of themselves. The provision of the 

basic goods that comprise decent living standards may require the existence of institutions and 
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infrastructure in a society in addition to the raw materials that fashion these goods. This is one 

motivation for a viewpoint that frames basic entitlements as “development rights,” which include 

economic, social and political entitlements to individuals, and a collective entitlement to a process of 

change that leads to the progressive realization of these individual rights [19]. The problem is that 

there is little theoretical guidance (and much political controversy) as to what types of institutions such 

a collective entitlement should entail, let alone how much energy (and by extension emissions) these 

entitlements require. 

Our approach is more modest, and rests on the empirical observation that the realization of 

individual basic rights typically requires the use of shared economic resources and systems (such as 

electricity grids and road networks) to meet people’s basic needs. Most people—other than pure 

subsistence farmers—buy food and clothes in markets, go to public schools and receive health care in 

hospitals along with others. That these shared resources are not easily attributable to individuals, and 

vary by geography, level of development, and culture (among other factors) motivates their separate 

categorization as “collective entitlements” but also raises the challenge we explore in this paper of 

deriving them from individual entitlements.  

3. A “Basic Goods” Approach 

We define human entitlements to decent living for our present purpose in terms of the consumption 

of a specific bundle of “basic goods,” which we take to include both physical goods and services. This 

is in contrast to the capabilities approach, as discussed earlier, and to subjective approaches that view 

individuals’ preferences as necessary for defining well-being [20]. Our approach follows and builds on 

the minimalist basic goods approach of Kenneth Reinert, which appeals to both objectivist and 

subjectivist traditions and is particularly appropriate for assessing development policy [21].  

The minimalist basic goods approach is consistent with the capabilities view because these basic 

goods can be thought of as material preconditions (the means) for more abstract functionings (the ends). 

Nussbaum does define a set of central human capabilities, which include physical health, but are 

otherwise relatively abstract [22]. Our approach is also consistent with subjective views because, with 

some exceptions, we expect that most people would want their basic needs satisfied. There is indeed 

evidence that people do “irrationally” choose harmful goods over those that are supposedly essential. 

For example, the extremely poor in India who earn less than $1/day and suffer from malnutrition spend 

a few percent of their income on festivals, tobacco, and intoxicants [23]. However, for the purposes of 

policy, and particularly the assessment of energy requirements, the share of income that people spend 

on these indulgences is so low, we expect that the material impact on energy will likely be negligible. 

Our set of basic goods departs from Reinert’s by including not just those goods that are essential to 

meet physiological needs but also a select few that support these needs and whose inclusion is driven 

primarily by their universal appeal among non-essential consumer goods and their high energy needs. 

The basic goods approach shares some aspects with the common use in the development and 

climate literature of a “poverty line” based on income as a basis for defining a moral threshold, though 

it also differs in important ways. We do use expenditure as a metric for several decent living activities, 

but we consider private and public expenditure where applicable, and we allow for differences across 

countries. A universal poverty line based on purchasing power parity (PPP) can implicitly assign 
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different living standards in different countries, because PPP is a poor levelizer across countries when 

applied to just the basket of goods that the poor consume [24].  

The specific goods and their justification are elaborated next. 

3.1. What Constitute Basic Goods? 

We consider decent living activities to include the consumption of the following goods and services: 

food, safe water and sanitation, shelter, health care, education, clothing, television, refrigeration and 

mobile phones. Food includes the means to cook at home, while shelter includes adequate space 

conditioning and lighting to make a home livable. Thus, direct energy use by households that enables 

households to cook food and enjoy the comfort of their homes is a derivative entitlement. We define 

this entitlement in terms of energy services, which entails that people have access to both modern 

energy and the appliances that provide these services. Another derived household entitlement is for 

transport services needed to attend school, visit health care facilities, and pursue livelihoods. In 

addition, we define a set of collective requirements for countries, which derive from the provision of 

basic goods to individuals. At a minimum, this includes the public infrastructure required to provide 

the basic goods and services (buildings for housing, hospitals and schools; utilities such as electric 

grids, water distribution systems and communications networks; and transportation systems such as 

roads, rail and vehicles). 

The first four elements—food, safe water and sanitation, shelter, and health care—are widely 

accepted as physiologically motivated ‘basic needs’. Reinert refers to Griffin’s definition of basic 

needs “as what we need to survive, to be healthy, to avoid harm, to function properly” [25]. Along 

with education, these categories comprise the elements of other formulations of “basic needs” [21]. 

Clothing, while included in Universal Declaration of Human Rights (Article 25), is in fact not 

consistently present in detailed accounts of basic needs or poverty indices. Furthermore, the emissions 

for clothing relative to these other essentials is relatively small (3 percent or less) in most  

countries [26]. Therefore, on pragmatic grounds, we exclude clothing from our subsequent analysis.  

The last three goods—television, refrigeration and mobile phones—are a departure from “basic 

needs”. However, we justify their inclusion because they have important health benefits, universal 

appeal, and are all part of the living standard indicators of the Multi-Poverty Index [27]. Refrigeration 

enables food and medicines to be preserved. Television viewing by women has been shown to  

enhance their health knowledge to the point of demonstrably reducing fertility levels [28]. This also 

makes it an educational tool, which would be consistent to include along with schools and other 

education-related goods. Mobile phones have been shown to provide quicker emergency medical 

response (where such care exists) and save lives. This makes them comparable to other elements of 

adequate health care services.  

Refrigerators, televisions and mobile phones have steep penetration rates worldwide where they are 

affordable [29]. According to the World Bank, in developing countries across Africa and Asia, 

television is the first appliance after lighting that people acquire upon receiving electricity  

access [30]. Refrigerators are the next choice, and have a penetration of 94% among urban Chinese  

households [31], and virtually 100 percent in developed countries. Mobile phone penetration is 

concentrated more among high- and middle-income households in developing countries, but growth 
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rates have been exponential, and an increasing share of new subscribers are from low-income 

households [32]. For example, between 2000 and 2005, penetration rates doubled in most developing 

regions, but tripled in sub-Saharan Africa [33].  

It is worth noting that all of these basic goods are available and consumed in forms that  

resemble luxury goods. We aim to include only the most basic types of these goods that meet the 

standard of decent living. For instance, in regions where fans are inadequate to bring temperature and 

humidity to acceptable levels, air conditioning would be assumed necessary. However, gourmet  

food, cosmetic surgery and iPhones, for instance, would not count as basic goods. Finally, we  

re-emphasize that the above list of basic goods is not exhaustive, but rather a minimal set adequate for 

a first-order quantification.  

4. Estimating a Decent Living Energy and Emissions Requirement 

Embedded within this exercise is the task of estimating the minimum per capita energy requirement 

for providing people with decent living standards. Our focus is specifically to calculate “bottom-up” 

what decent living requires in terms of both direct and indirect energy, which to our knowledge has 

very few precedents. Moving from energy needs to emissions raises additional issues about how to 

treat countries’ fuel endowments and non-energy-related emissions. We don’t focus on these topics, 

but we do introduce the idea of a methane emissions threshold in recognition of the dependence of the 

poor on livestock for subsistence in many societies. In Africa and Asia respectively, methane 

emissions from agriculture accounted for 39 percent and 10 percent of GHG emissions in 2005 [34].  

One challenge with defining a universal resource requirement is that people’s needs differ. In 

seeking aggregate estimates for countries, we aim to select activity levels that on average meet our 

definition of decent living standards. That qualification notwithstanding, our methodology does leave 

room for the possibility that these averages can differ by country. 

4.1. Previous Work 

In the climate literature, most recently Costa et al. estimate country-specific emissions requirements 

for achieving a human development index (HDI) threshold of 0.8 by extrapolating statistically 

estimated historical relationships between countries’ emissions and HDI [35]. They propose that 

countries should be exempt from mitigation until they reach this threshold. However, besides  

income the HDI covers only health and education, which neglect living conditions. Using an  

embodied emissions input-output analysis similar to ours, Druckman and Jackson estimate emissions  

associated with a “minimum income” standard for the UK in 2004 to be 17 tons CO2eq/household  

(~120 GJ/cap) [36]. The income level is derived from a “decent life” standard, which is based on 

social participation rather than on material needs. None of the previous burden-sharing proposals for 

climate mitigation that incorporate a moral threshold constructs it “bottom-up” from all its constituents. 

Chakravarty et al.’s threshold of one ton CO2eq focuses only on a minimum residential energy 

requirement [37]. Müller et al. use two tons CO2eq, based on the average of developing countries’ 

energy-related emissions rather than on moral grounds [38]. Baer et al. propose the most expansive 

threshold on the basis of a right to development, whose value ($20/day, or $7,500/year,  

PPP-adjusted) is intended to reflect a level of welfare beyond basic needs, but not affluence (a “safe” 
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threshold that would in rare circumstances jeopardize basic needs). However, this figure is derived in 

part from the world average income, rather than from its constituent parts [12]. 

Table 1. Comparison of studies estimating national per capita energy requirements. 

Activity 
Goldemberg et al. 

(1985) 
Zhu/Pan 
(2007) 

Druckman-
Jackson (2010) 

This Study

Geographic Scope Universal China UK 
Country-
specific 

Per capita Energy Rqmts (GJ/yr/cap) 32 77 120 a - b

Infrastructure build-out included Y Y N Y 
Direct Energy—Household     
Cooking X X 

X 

X 
Electricity    
Lighting X 

X 

X 
Space cooling (fans) X X 
Television X X 
Mobile phones  X 
Refrigeration X X 
Space heating  X  
Transport (motorized) X X X X 
Primary (Embodied) Energy     
Food 

X 
X X X 

Water X X X 
Housing X X X 
Health care  X X X 
Education  X X X 
Clothing  X X  
Other services   X  
Primary (Embodied) Energy (Infrastructure Expansion)   
Utilities infrastructure  X   
Electricity  X  X 
Communication  X  X 
Water/Sanitation  X  X 
Transport     
Road  X  X 
Rail  X  X 
Buildings     
Hospitals  X  X 
Schools  X  X 
Residential homes  X X X 
Categories marked X are included in the study. When spanning multiple cells, the relevant categories are included in 

aggregate form, but not broken down numerically; a Study estimates GHG emissions per capita of 17 tons CO2eq per 

household. Per capita energy has been backed out from this figure using the average emissions intensity of energy of 

2.4 kg CO2/kgoe and average household size of 2.4 in the UK; b Not yet estimated. This study outlines an analytical 

framework for estimation. 
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Outside the domain of climate change, two studies have estimated comprehensive per capita energy 

requirements that include infrastructure build-outs, but are based on different premises and scopes  

(see Table 1 for a comparison). Goldemberg et al. proposed “one kilowatt” (32 GJ/cap) as a universal 

energy allocation to meet basic human needs and allow for additional growth [39,40]. The authors 

derive this figure from the relationship between an average quality of life index and income growth. 

They calculate that individuals would require 500 W per capita, and assume, rather than estimate, the 

indirect energy requirements, including for infrastructure expansion, to be double that amount.  

Zhu and Pan estimate a minimum energy requirement of ~80 GJ/cap to meet a decent living standard 

in China [41]. They conduct a bottom-up activity-based account of basic needs, using life-cycle 

analysis to estimate the energy intensities of activities, but often rely on material needs from European 

countries as a basis for their estimates. Finally, Smil uses broad correlation between human 

development indicators and energy use to suggest that societies typically need no less than  

50–70 GJ/cap to provide basic rights and opportunities [42]. But this estimate does not consider the 

need for an infrastructure build-out. 

Other studies estimate direct energy requirements (for cooking and appliances) for households, 

based on “engineering approaches” that build up the energy requirements from technology 

characteristics and typical household consumption patterns [43]. However, many of these studies focus 

less on normative judgments about what constitute basic needs than on accounting for regional and 

income-dependent conditions that affect energy use. Furthermore, we suggest including the indirect 

energy requirements associated with providing energy services of a certain standard (e.g., reliability of 

supply), which these other studies neglect. 

4.2. Our Conceptual Approach and Scope 

As mentioned, we separately calculate development emissions (the one-time “stock” of emissions 

required to bridge the infrastructure gap and provide all citizens with access to decent living standards) 

and maintenance emissions (the annual “flow” of emissions required to operate the systems that 

support decent living activities) using the same bottom-up methodology. We assess per capita energy 

requirements as the sum of direct household energy use and the embodied energy use in other decent 

living activities. We use a subset of the well-known IPAT identify to translate economic activities into 

indirect energy and then emissions (see Table 2) [44].  

Emissions = Activity × Embodied energy Intensity × Carbon Intensity of energy 
(1) 

$ kgoe/$ kg CO2/kgoe 

With the exception of direct energy use in households to cook and power appliances, all other 

“activity levels”, or quantities, of basic goods shown in Table 2 are translated into expenditures, either 

private of public, which represent final demand in the parlance of national accounts. The expenditure 

levels for a given activity may differ within countries, due to heterogeneity in prices, population 

density (which matter for infrastructure requirements) or other conditions. In the least, it may be 

important to separately determine and then aggregate the expenditure levels for urban and rural areas, 

and to take into account the rate of rural to urban migration. 
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Table 2. Decent living activities—criteria and indicators. 

Basic Goods Derived Demand  Standard for Decent Living 

Food 

 Adequate Nutrition 

Cooking Energy ~2 MJ/cap/day a, Gas b 

Methane -c 

Water/ Sanitation  
~50l potable/per cap/month,  
HH d access to latrine/flush 

Shelter 

Floor space ~10 m2/cap 

Lighting ~100 Lumens/m2 

Space Conditioning (20–27°C) 

Health Care  70 yr Life Expectancy 

Education  - 
Clothing  - 
Television Electricity 

~100 kWh/month/HH  
(for all appliances) e 

Refrigerator Electricity 

Mobile phone Electricity 

Mobility Vehicle Motorized 
a Useful energy; b LPG or biomass gasifier; c Not estimated yet; d HH: Household; e Example for 
Indian conditions; Actual value would vary with local requirements. See text for details. 

The embodied energy can be estimated using this final demand based on energy input-output 

analysis, which captures energy used in production based on the current technological and structural 

characteristics of economies. This is a standard and widely used approach in estimating household 

energy use, and is well suited to capture country-specific determinants of energy intensity, as discussed 

further in Section 4.5. It has the advantage over “top-down” statistical approaches of not being limited 

to existing aggregate indicators and enabling estimates based on custom specifications for decent 

living conditions. The benefit of using energy input-output over life-cycle analysis to estimate energy 

use is having available in national accounts the comprehensive indirect energy needed for producing 

decent living goods and services. The data on these energy intensities of activities are available for  

112 countries through the Global Trade Analysis Project (GTAP), which contains a database of 

country input-output tables that incorporate international trade and energy flows. This means that the 

calculated consumption energy intensities would include energy intensities of imports. 

However, notwithstanding these benefits, there are a few downsides of using this approach. Energy 

input-output analysis captures only a snapshot of the economy. Multi-year projections would require 

dynamic simulation in order to capture technological trends, and its long-term application in a treaty 

regime would necessitate periodic recalculations. Despite the availability of GTAP, the data 

requirements for this exercise are extensive, particularly for determining the infrastructure gap within 

countries. International data sources, such as the World Development Indicators, provide a good start, 

but would need to be supplemented by within-country data sources.  

We also focus this analysis on developing countries, since that is where the stakes are highest for 

granting ‘carbon space’ for development. This focus makes the infrastructure build-out component 

assume greater significance. Defining such a threshold for developed countries is nevertheless 
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important as well and raises additional moral and practical challenges. However, we set these aside for 

future consideration. 

4.2.1. Universal Entitlements, Country-specific Energy Requirements 

We define universal indicators of well-being, but propose country-specific requirements for energy. 

There is compelling evidence to suggest that energy consumption characteristics for broadly 

comparable goods and services are unique to countries, and do not exhibit universal patterns of 

variation [45]. But this approach has trade-offs. Using country-specific consumption data accounts for 

structural (e.g., manufacturing share of GDP), institutional (e.g., markets and subsidies) and cultural 

determinants of energy use, but runs the risk of letting countries ‘off the hook’ by not requiring them 

to exploit viable opportunities for energy efficiency (“no regrets”). As we discuss in Section 4.5, we 

suggest using existing energy intensities as baselines and imposing comparative benchmarks in 

specific sectors for encouraging energy efficiency.  

Finally, our scope here is largely conceptual, and the purpose of the subsequent elaboration is 

illustrative and exploratory. For both maintenance and development emissions, we have selected a few 

of the constituent basic goods that cover the important estimation challenges that we foresee. In 

particular, we focus on food, household energy, transport and health care for maintenance emissions, 

and on residential and hospitals buildings and electricity grid expansion for development emissions.  

4.3. Maintenance Emissions: Estimating Annual Energy Needs 

Maintenance emissions refer to the annual, recurring emissions associated with the production and 

consumption of basic goods and services, and the operation of the infrastructure used to provide them. 

4.3.1. Food 

Food comprises up to 20 percent of households’ indirect energy use in developed countries [46,47] 

but over 40 percent in developing countries [48,49]. Food is also the bulk of what low-income 

households spend their money on. We suggest here that the food expenditure associated with an 

income elasticity-based income threshold (proxied by household expenditure) could serve as a 

reasonable basis for a food adequacy norm. A calorie-based norm for defining minimum dietary 

requirements, as used by Goldemberg et al. and Zhu and Pan, does not account for a balanced diet. In 

India, for example, at low income levels calorie-sufficient diets (by their standard) comprise almost 

entirely cereals (e.g., grains) and cereal substitutes. As household expenditures rise, the calorie intake 

from cereals plateaus, and that of other food groups increase. However, with rising expenditure, at 

some point the consumption of these non-cereal foods reflects discretionary expenditure beyond that 

required for a well-balanced diet.  

One way to identify this threshold is from the income elasticity of total food expenditure. Globally, 

low income countries tend to have a higher elasticity of these goods to total expenditure than wealthier 

countries [50]. In India, the income elasticity of food expenditure rises with increasing total 

expenditure at the lowest expenditure levels and then flattens thereafter. The leveling off can be 

interpreted as representing diminishing utility of further expenditure. If this pattern holds in other 
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developing countries (which seems to be the case in Brazil, as seen in [51]), then the expenditure level 

where income elasticity of food expenditure levels off could serve as reasonable parameter with which 

to define a food sufficiency norm.  

Since these estimates are country-specific, for a given expenditure the resulting per capita energy 

and emissions may vary with lifestyles, culture, climate and other factors that determine food 

consumption baskets. If these influences are substantial, this would raise further questions of what 

lifestyle choices ought to be subject to normative judgments about their importance for decent living. 

For instance, comparing India and Brazil from the above-mentioned country studies gives threshold 

food-related energy values of 3.5 GJ per capita in India, and 2 GJ per capita in Brazil [52]. However, if 

one considers total food-related GHG emissions, the average Brazilian’s exceeds that of the average 

Indian’s by one ton, which is explained largely by the almost five-fold difference in their per capita 

food-related methane emissions [53]. This highlights the importance of meat consumption, which is 

the critical difference between Indian and Brazilian diets, and one of the most pertinent lifestyle 

choices concerning climate change. Notably, the energy intensity of meat-intensive diets is not 

substantially higher than non-meat diets (see Section 4.5). 

Should Decent Living Emissions Include a Methane Minimum? 

Methane emissions from agriculture can exceed total national carbon dioxide emissions in poor 

countries by up to factors of 4 to 5 in very poor countries such as Cambodia and the Congo, and are 

between 40 and 90 percent in meat-eating cultures in Latin America. Agricultural methane emissions 

come primarily from livestock, which provide mechanical power (e.g., for irrigation), dairy products, 

and meat. Of these, meat consumption is the fastest-growing, but also most debatably an essential  

food item. 

Meat consumption is driven both by income and cultural preferences. The former suggests it is a 

discretionary expenditure, while the latter suggests that it may be an essential part of even low-income 

diets. Consider that the correlation between GDP and meat consumption (per capita) is 78 percent at a 

national level [54]. But, on a per capita basis, Vietnam has a lower GDP but almost six times the meat 

consumption of India, while Turkey has twice the GDP of China, but a little more than a third of its 

meat consumption. In Latin American countries as well, meat is an essential element of diet at all 

income levels. 

Given that methane emissions are comparable (in CO2 equivalent terms) to food-related CO2 

emissions, methane emissions, like energy emissions, may be a candidate for an exemption threshold. 

What level such a threshold should be demands further empirical analysis of livestock production and 

consumption in poor societies.  

4.3.2. Household Energy 

Household energy use includes direct energy for space heating and cooling to keep homes within 

acceptable comfort levels, cooking energy to cook food and heat water for ablutions, and electricity  

for lighting and powering appliances. Space conditioning energy requirements can be calculated  

“bottom-up” from the required heating degree days and cooling degree days relative to an acceptable 

temperature range or from empirical surveys of actual energy use. However, air conditioning should be 
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included in basic goods only if acceptable comfort levels cannot otherwise be attained. Some studies 

show that with fans, ventilation and minor adaptations, such as clothing, humans are comfortable in a 

range of 20–27 °C in tropical climates, with the optimal temperature being proportional to the outside 

temperature [55]. Space heating needs for developing countries range widely. For instance, they are 

negligible in countries located near the equator, such as India [48], but as high as 15 GJ/cap for China, 

as calculated by Zhu and Pan [41]. Households should have access to modern gas-based stoves for 

cooking to avoid the adverse health impacts of traditional solid fuel stoves. Van Ruijven et al. find that 

households’ cooking energy clusters around 1.7–2.7 MJ/day per household in India [56]. Taking 2 MJ 

as a baseline, households would require about 5 GJ/capita/year of cooking fuel. Lighting needs can 

also be determined based on floor space and acceptable illuminance standards, such as those set by the 

U.S. Illumination Engineering Society of North America (IESNA) for homes. The main novelty of our 

approach is to assess energy needs on the basis of minimum acceptable standards for household energy 

delivery. This represents a departure from literature for electricity, which we therefore describe below. 

Electricity Supply 

We suggest two departures from previous estimates of electricity requirements for household 

energy appliances: 

 Electricity services for “minimally decent living” should be limited to lighting, fans or  

air-conditioners (where necessary) for space cooling, refrigeration, television and mobile 

phones. As one reference, we estimate an average of 100 kWh per month for an average Indian 

household [57]. 

 Decent living requires electricity to be provided with a minimum level of reliability and quality, 

whose energy requirements have not been previously assessed. 

The second point requires some elaboration. Based on a World Bank survey of 55 developing 

countries, consumers on average experience 30 days of cumulative supply interruptions per year [58]. 

These outages have numerous quantifiable and unquantifiable impacts on livelihoods, economic 

growth and quality of life. These real conditions under which people receive electricity “access” reveal 

the sobering gap in electrification today—even the staggering figure of 1.4 billion who lack any 

electricity access according to the International Energy Agency [59] is a gross underestimate of the 

real gap. Poor power quality, such as regular drops in frequency, low power factors and power surges 

all cause untold amounts of equipment failures in countries with poor electricity grid infrastructure, 

which also is a drag on economic growth and human development. To a large extent, these  

service conditions reflect underinvestment in the electricity grid, both in supply, and more importantly 

in transmission and distribution. Poor distribution system design and inadequate maintenance 

contribute to long outages, particularly in regions served by common grids with high heterogeneity in 

supply reliability. 

There are rules of thumb for the proportions in which over time developed countries invest in 

generation, transmission and distribution in a fully developed grid (i.e., not counting the build-out 

requirements to provide access to areas without electricity). For instance, the IEA estimated that North 

American and European countries spend on transmission and distribution (T&D) about 50 and  

75 percent respectively of what they invest in generation. In comparison, India spent about  



Sustainability 2012, 4                            

 

669

45–60 percent in 2007–2009, but this includes grid expansion for the 40 percent of the country that 

still lacks electricity access [60]. This rule of thumb can be used as a proxy for the shortfall in 

countries’ upkeep of their electricity grid.  

4.3.3. Transport (Household) 

Transport energy needs derive from the mobility requirements of households to perform decent 

living activities. The maintenance energy/emissions from freight transport are accounted for in the 

calculation of embodied energy use from the decent living activities. With growing income, countries 

consistently show an increase in private vehicle ownership and average distance traveled [61]. 

Transport contributed 22 percent of global CO2 emissions in 2008 [62]. In contrast, in India transport 

contributed only 7 percent of emissions. This difference arises in part due to the fact that a quarter and 

over half of trips in urban and rural India respectively are non-motorized. Non-motorized transport is 

time-consuming and reduces the leisure and productive time available to households. Thus while we 

don’t disparage the importance of making non-motorized transportation, such as bicycling, safer and 

healthier, we still suggest that decent living requires that all households have access to a motorized 

form of transport. Besides this stipulation, we see no well-established basis to define a universal 

standard for transport energy use.  

Transport energy use depends additionally on the energy intensity of activity, which depends on the 

shares of motorized modes in transport activity, and the fuel types and efficiencies for each mode. Two 

key normative questions for these categories are: how much of the explosive growth in private vehicles 

in emerging economies is necessary for decent living; and to what extent would better urban planning, 

more efficient engines and cleaner fuel types provide enough local co-benefits to justify their inclusion 

in “business-as-usual” development plans? These choices are of practical significance. According to 

the IEA, transport energy can be reduced by more than half in aggressive scenarios of such energy 

intensity-reducing policies [63].  

We see no guidance in literature to make these judgments. As a point of reference, Zhu and Pan 

estimate the transport energy requirements for basic needs in China to be ~7.2 GJ/cap (including  

~1.9 GJ from indirect energy) based on current conditions, where over 80 percent of passenger  

travel is by public transport, and private travel is ~6700 km/year/cap. In contrast, in Japan, which  

has among the least energy intensive transport sectors among OECD countries, people average  

10,000 passenger-km, and use 17 GJ/cap [64]. These two estimates could serve as reasonable bounds 

on a decent living energy requirement.  

4.3.4. Water and Sanitation 

Water has arguably been accorded the status of a human right by international law and  

institutions [65]. Gleick estimates that people ought to have 50 liters of water per person per day to 

account for all their needs, for drinking, cooking and ablutions [66]. In 1990, there were 55 countries 

totaling over a billion people, who on average did not meet this requirement. Even with regards to 

basic access, 1.1 billion people lacked access to safe (disinfected) water supply in 2004, and 2.6 billion 

people lacked access to sanitation facilities [67]. 
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We therefore suggest that for decent living every household have access to 50 liters per day per 

person of safe water supply in-house or from a yard tap, and access to in-house sanitation facilities. 

This is consistent with the standard set by the MDG. The expenditure required to achieve this standard, 

however, would have to be determined on a per country basis. The cost of providing water varies 

widely by region and type of institutional provider. A survey of 47 countries by the World Bank shows 

that average costs per m3 of water delivered to households varies by a factor of 10 between that 

provided by utilities over distribution systems and that provided by small-scale vendors with tankers 

and carts [68]. Even for a particular institutional form, average costs vary by up to a factor of two 

across regions. Since utility distribution systems are prevalent in urban areas, one approach to 

developing country-level estimates is to calculate a weighted average of utility-based costs for urban 

areas, and community system-based costs for rural areas, but to include only those systems that 

provide safe water. A similar approach can be applied for sanitation, since urban areas may be better 

suited to sewage distribution systems with centralized treatment facilities, while in rural areas 

household septic tanks or pit latrines with slabs can provide “improved” sanitation conditions.  

4.3.5. Health Care 

Providing a minimum level of medical and public health services is an integral part of meeting a 

universal standard of good health. We suggest that a life expectancy of 70 years is a reasonable metric 

to use as a basis for determining the energy requirements for providing decent health care. Life 

expectancy at birth is a widely used metric to represent the health standards of a society. It is a part of 

the Human Development Index, and other multi-dimensional poverty indices. It is also highly 

correlated at the national level (93 percent) with infant mortality [69], whose reduction is one of the 

primary targets of the MDG. There are no developed countries that have life expectancies below  

70 years, including countries that arguably have or will soon qualify for that status, such as Malaysia, 

Mexico and China. This particular age level also seems to reflect an inflexion point with respect to the 

value of total expenditure on health care. 

We find that at a national level life expectancy is strongly correlated with absolute health 

expenditure up to about 70 years, after which gains in mortality diminish almost completely (Figure 1).  

Figure 1. Health sector expenditure vs. life expectancy by country. Data source: World 

Development Indicators, World Bank 2011 (Logarithmic trend line shown) [70].  
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In contrast, expenditure as a share of GDP (including public and private) does not exhibit any 

discernible trend. This seems intuitive for social institutions such as health and education, since the 

demands arise from the number of people and less from the level of economic activity, unlike physical 

infrastructure. The expenditure level associated with this inflexion point is roughly $175 (PPP 2005) 

per capita. With the exception of Syria, no country with life expectancy higher than 70 years spends 

less. As a practical check, this threshold works out to just under China’s expenditure on health, and 

over four times that of India. That the average Chinese is expected to live over 73 years, while the 

average Indian only 64, seems to be bear out this relationship. 

4.4. Development Emissions—Measuring Infrastructure Gaps 

The infrastructure build-out can be separated into buildings, utilities (water, electricity, and 

communications), transport-related (roads and rail) and the manufacture of household appliances [71]. 

These can be amortized into annual emissions based on their lifetimes. Each requires different 

estimation approaches, due to their usage characteristics and available data. Appliances are the most 

straightforward, since their emissions can be derived from household expenditure on durables. There 

are few empirical or theoretical guides for estimating the growth in infrastructure stock for economies 

in general, but a few studies that project infrastructure needs for developing economies, including for 

the goal of achieving universal energy access, can be used to develop initial estimates. However, far 

less attention has been paid to building stocks. Here, we set aside appliance manufacturing, briefly 

discuss how to use other estimates of infrastructure investment, and suggest bottom-up approaches for 

deriving the demand for buildings.  

4.4.1. Buildings 

Buildings are typically dedicated to specific activities, and therefore can be directly attributed to, or 

derived from, decent living activities. The relevant building stock minimally includes adequate 

housing for all, and the commercial buildings required to support decent living activities, such as 

hospitals, schools, public administration, factories and stores. We illustrate this for residential 

buildings and for health care. Further research is required to determine the required stock of other 

types of buildings. 

Residential Buildings 

At a minimum, people ought to live in homes that are secure enough to insulate them from 

inclement weather, and that have enough space to lead uncramped lives. The former implies homes 

built with permanent construction. The latter is a subjective judgment, and therefore best guided by 

people’s own choices. In India, for example, rural households in the lowest and highest quintiles had 

average floor spaces of about 4 and 10 m2 per capita respectively in 2002 [56]. The upper end of this 

range could reasonably represent house sizes with which people are satisfied. On this basis, India 

would need to build about 4 billion square meters of permanent structures to house the 400 million 

people who lived in semi- or non-permanent housing in 2005–2006. Based on one estimate of the 

emissions intensity of very low-cost housing construction [72], this would require 1.9–2.4 tons per 
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capita, or a total of about 800 million to 1 billion tons of CO2 emissions [73]. This is equivalent to  

55–70 percent all of India’s CO2 emissions in 2007. 

Hospitals 

The maintenance energy calculated above for the health care sector is based on health care  

expenses in developed countries, which already have a mature stock of infrastructure for health care. 

This expenditure figure may include costs associated with capital turnover or maintenance, but as 

mentioned, this expenditure is not a sufficient condition for improving life expectancy, in part  

because of the need for adequate physical infrastructure, such as hospitals, qualified physicians, and 

medical equipment. Of these, an adequate number of hospitals arguably would be required to enable 

increases in life expectancy, and would also entail energy-intensive construction. Figure 2 shows the 

association between life expectancy and the number of hospital beds per person in a number of 

countries. Though sparse, this does show some correlation that levels off somewhere between 1 and  

3 beds per 1000 people. An even higher threshold may be desirable if one considers other metrics of a 

healthy society, such as infant mortality or premature deaths. The world average is nearly 4 beds per 

1000 people (which is less than China’s average of 4.1 beds).  

Figure 2. Hospital beds vs. life expectancy by country. Data source: World Development 

Indicators, World Bank 2011 (Logarithmic trend line shown) [70].  
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studies that estimate the costs of universal access to specific services. The former do not isolate 

economic activity related to decent living, but they are also based on business-as-usual rather than 

ideal demand. There are thus elements of both over- and under-estimation. The latter do estimate the 

costs of universal access, but typically focus only on the last mile. Below we suggest how these might 

be combined to yield estimates that provide a reasonable bound on these required investments.  

Top-down projections are expressed as the monetary investments (rather than physical stock) 

required to meet future income growth and demand. For instance, the World Bank in 2004 estimated 

that low income countries would have to increase their infrastructure investments from 4 percent of 

GDP to 7.5–9 percent over a five-year period (2005–2010), while middle income countries would need 

to increase theirs from 2.9 percent to 5–5.7 percent [74]. These estimates derive from extrapolations of 

econometrically derived relationships between infrastructure investments and GDP growth. About half 

of this expenditure would be required for maintenance and refurbishment, and the other half for 

expanding the infrastructure stock. One way to carve out the infrastructure needs for decent living 

from these estimates is to assume that the latter would require a share of these investments 

proportional to the share of total consumption comprised by decent living activities. In effect, this 

assumes that the infrastructure elasticity of income for basic needs is the same as the overall economy. 

There is to our knowledge no empirical evidence that suggests otherwise. 

These adjusted estimates of decent living infrastructure for part of the population can then be added 

to “last mile” investment estimates for universal access, where available. The latter are more readily 

available for electricity than for other utilities or transport [58]. Further research is necessary to 

determine how historical patterns of investment in emerging economies, such as China and other East 

Asian economies, can shed light on these data gaps. 

4.5. Energy Intensities of Decent Living Activities 

One normative question about defining energy requirements for decent living concerns whether and 

how much developing countries need to increase their energy use as they industrialize, and about how 

much they can be expected to discipline this growth without external support. Here we suggest one 

relatively transparent method of managing both types of considerations is to start with country-specific 

baselines for energy intensity, and incrementally impose sector-level standards. 

As a general trend, energy intensities of economies decrease with time and with increasing income. 

This can be seen in the intensities for sectors relevant to decent living activities, which show some 

convergence with increasing income (Figure 3). But economy-wide energy intensities vary widely 

across countries, by up to a factor of five, and do not correlate well with income. Data from the World 

Development Indicators for 2007 shows a −45% correlation between countries’ GDP and energy 

intensity. Although developed and developing countries tend to dominate the lowest and highest 

percentile groups respectively, there is significant overlap in between (Figure 4). One does see that 

energy intensities vary more widely among developing countries than among developed countries, as 

do changes over time (Figure 4). The direction of these changes, however, is not consistent.  

While most countries seem to have decreased their energy intensities between 1997 and 2007, many 

countries from both groups saw an increase. The factors underlying these shifts are many, but in 

developing countries structural changes in the composition of the economy explain some of this 
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inconsistency [75]. Energy intensities also vary by up to a factor of three for households with similar 

income levels in different countries [45]. These differences arise from different geographic and 

climatic conditions, population density, culture and lifestyle, structure of economies, energy prices and 

labor intensity, and other factors. 

Figure 3. Embodied energy intensity of select sectors by country 2007 (GJ/PPP$-Yaxis) vs. 

GDP (PPP$000)/capita. Data source: Global trade Analysis Project (GTAP) pre-release v8, 

obtained from Chen & Chen (2011) [76]. Graphs show 80 out of 112 countries provided. 

Countries (Central Asian and some African) have been omitted due to data gaps or 

anomalies. Public Administration includes health and education.  
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Figure 4. Selected country energy intensities 2007 (bars). Percent changes from 1997 also shown (crosses). Source: World Development 

Indicators, World Bank [70]. Note: Countries with energy intensities above 0.5 kgoe/$2005PPP have been omitted to better present the data 

(Nigeria, Belarus, Russian Federation, Ethiopia, Kazakhstan, Zambia, Moldova, Azerbaijan, Ukraine, Mozambique, Congo, Dem. Rep., 

Uzbekistan, Turkmenistan). 
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All these facts provide a strong argument that decent living energy requirements should be  

country-specific, and little basis for a “universal” energy intensity standard. As mentioned, this raises a 

concern about how to encourage energy efficiency improvements, particularly those that are 

economically profitable (“no regrets”). We suggest that energy intensity reductions in developing 

countries may be better encouraged by identifying benchmarks for convergence in specific sectors 

instead. Focusing on sectors more directly captures energy efficiency potential. Such a method has 

been proposed before [77]. However, the rates of convergence to these benchmarks need to factor in 

countries’ development conditions, as well as technology access and costs. Measuring efficiency in 

terms of energy intensity per unit expenditure ( as opposed to per unit output) may also complicate 

comparisons, as economy-wide PPP adjustments may not accurately reflect price variations across 

countries of inputs in specific sectors. Designing such comparative benchmark and convergence 

policies therefore requires further research, which is outside the scope of this study. 

5. Concluding Remarks 

We have argued that there is a compelling case for identifying and quantifying activities of “decent 

living” that should be exempted from mitigation obligations under a fair climate regime. Further, there 

are reasonable bases for estimating the aggregate energy requirements for a country to provide citizens 

with this living standard using energy input-output analysis. We have suggested various normative 

standards and methods of identifying the levels of private or public expenditure that reflect these 

standards for each good in a country. We suggest rules of thumb for estimating the investment gap in 

infrastructure, and for residential buildings and hospitals. However, there is limited guidance in the 

literature on relating other basic goods more directly to their underlying supporting infrastructure. 

More empirical research is required in this area. 

The most important suggestion from this study is that universal standards for decent living translate 

to country-specific energy entitlements. This is driven by empirical conditions related to structural, 

cultural and other country-specific determinants of both living standards and energy intensity. 

However, since we have not estimated final per capita energy requirements for countries, we are not in 

a position to judge whether these differences are material. We propose sector-specific energy intensity 

targets to ensure that states are encouraged to pursue energy efficiency opportunities. Further research 

is required to determine appropriate convergence criteria for different countries that offer both 

comparable incentives for improvement and concessions for technological and economic conditions. A 

further novelty of this study is to propose a methane emissions entitlement for agricultural activities. 

Further work is required to determine the conditions under which meat consumption is unavoidable, 

and an appropriate methane emissions threshold. 

Defining country-specific emissions entitlements could have far-reaching implications for a climate 

regime. Other proposals that define individual entitlements define equal income-based or emissions 

entitlements, but in doing so they may mask the extent to which individuals are comparably accounted 

for across countries. In constructing people’s energy and emissions requirements “bottom-up” from a 

universal set of normative criteria, we make this accounting transparent. We conceive of these 

entitlements as enumerating an exemption from countries’ mitigation obligations. The total exempted 

decent living emissions can be incorporated into a burden-sharing regime in a number of ways, such as 
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by subtracting them from countries’ emissions that would otherwise be subject to mitigation. The 

material impact of this adjustment on countries’ mitigation obligations would depend on other 

allocation criteria and the stringency of a global emissions cap, if any. Countries should also be 

encouraged to reduce the actual emissions associated with basic goods where doing so does not 

compromise their benefits.  

We have raised many issues that merit further exploration and research. We hope that our effort will 

encourage others to delve into these questions, and to help move the discussion on “the right to 

sustainable development” beyond rhetoric. 
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