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Overview

With the ‘Sustainable Energy for All’ initiative led by the UN and World Bank, the provision of access to modern energy has recently been brought to the top of the international development agenda. The current challenge for the scientific community is to support operationalizing the universal access goal. A milestone in this endeavour is the multi-tier framework promoted in the recently published Global Tracking Framework (World Bank, ESMAP and International Energy Agency 2013). This multi-tier framework is intended to capture aspects like the quantity and quality of electricity supplied, the efficiency, safety and convenience of household cookstoves and access to energy services in local enterprises and social infrastructure. Without trying to thwart the ambition of globally achieving a truly modern access to energy for everyone, it is debatable whether we do not also need a single, easy-to-understand index of energy poverty. Similar to the international poverty line of US$ 1.25, which condenses the challenges behind individual economic development, it seems reasonable to establish a critical threshold for energy poverty. 
To date, though, there is no clear consensus about the key characteristics of such a metric of energy poverty, which is crucial in effectively identifying the energy-deprived population as well as measures to overcome their deprivation. This paper discusses five energy poverty measurement approaches and compares their results empirically using a unique household dataset on five sub-Saharan countries complemented by survey-specific qualitative information. The purpose of this paper is, hence, to identify and expand the most promising avenues for effective energy poverty measurement based on a systematic analysis of the same type of empirical data. Recommendations are made on how to consolidate and modify the various metrics such that they eventually help orchestrating activities under the umbrella of the ‘Sustainable Energy for All’ initiative.
Methods

This paper analyses five metrics suitable for energy poverty measurement: first, a minimum energy consumption threshold approach proposed by Modi et al. (2005) and the UN Secretary-General Advisory Group on Energy and Climate Change (UN-AGECC 2010), second, an income-invariant energy demand introduced in Barnes, Khandker and Samad (2011), third, the Multidimensional Energy Poverty Index (MEPI) by Nussbaumer, Bazilian and Modi (2012), fourth, the Correlation Sensitive Energy Poverty Index (CSEPI) adapted from Rippin (2012) and, fifth, the Total Energy Access (TEA) standard presented in Practical Action (2012). In light of the current paucity of secondary data on basic energy use, the metrics are “field-tested” using a rich unique household dataset on five sub-Saharan countries that accommodates the data requirements imposed by all metrics. Except for the MEPI, it is the first time that these metrics are applied to real-world data with the aim of determining energy poverty levels. 
Energy poverty figures are calculated and compared in order to reveal the degree of sensitivi​ty of the individual metrics as well as the consistency between them. By concentrating on a small sample of countries, critical aspects in the data requirements of the various metrics are pinpointed for sub-Saharan Africa. At the same time, the set of in total 13 datasets on different energy project evaluations provides a manageable basis to assess how certain electrification and clean cooking interventions affect the incidence of energy poverty. The surveys that delivered the data underlying this study have been conducted in both rural and peri-urban areas in Western and Eastern sub-Saharan Africa: Benin, Burkina Faso, Senegal, Mozam​bique and Rwanda. The data has been collected between December 2006 and November 2012, either within the framework of baseline surveys for upcoming projects or part of evaluation studies on energy access interventions. These evaluation study samples comprise both households with access to the new energy technology and comparable households without.
Results and Conclusions
While all metrics generally identify a high share of the population as energy poor in the assessed sub-Saharan countries, the index values of the analysed metrics differ up to a range from 0.2 to 1.0 for individual surveys. Different implicit and explicit normative judgements inherent in the operationalization of the metrics can be held responsible for these differences. 
In general, the analysis underscores that access to electricity, cooking gas, improved cookstoves  (ICS), and biogas leads to increased usage of energy services. However, it became apparent that the different metrics typically fail to reflect this in their overall classification as energy poor. If at all, effects on the metrics could rather be observed for subcomponents of the metrics, which exist for three of the assessed metrics, namely the UN-AGECC metric, the MEPI and TEA. 

The findings furthermore underpin the particular importance of ICS. First, due to the generally overwhelming percentage of the poor who still rely on traditional biomass energy and, second, since the energy poverty metrics legitimately depend crucially on the concept of clean versus traditional cookstoves. In this regard, a clear and universal catalogue of which types of stoves can be considered as improved is of high relevance.
With only slight adaptation of the originally proposed sub-indicators, a common multidimensional indicator set is proposed in this paper. Thereby, the two multidimensional metrics MEPI and TEA can be considered as one metric with the option of context-specifically adapting poverty cut-offs and dimensional weights. 
The concrete application of the poverty metrics to real-world data revealed that data requirements are high for all metrics. Even having this tailored household energy dataset available, the analysis still had to rely on certain assumptions and conventions, such as energy efficiency factors. In light of the ambitious universal energy access target, the recommendation emanating from this analysis is to restrict a basic energy threshold level to a basket of energy services that can easily and reliably be identified as it is basically the case MEPI/ TEA and to a lesser extent for the UN-AGECC metric.
A basic energy poverty measurement framework resting upon the essential features sketched in this paper is deemed to be readily applicable on large scale. At the same time it could be complemented by more in-depth case study analyses, which may integrate more dimensions and other issues such as the sustainability of energy access. In any case, all decisions on sub-indicator choice and modifications need to be harmonized with the multi-tier framework of the Global Tracking Framework.
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