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Measuring energy access through binary indicators is insufficient, and in some cases even misleading. In this
work, we critically evaluate the World Bank’s multi-tier framework (MTF) to measure household electricity ac-
cess using a household survey in rural Bangladesh.We argue that theMTF addressesmultiple objectives, thereby
offering less value as a single composite index than as a set of dimensions along which to evaluate different as-
pects of electricity access. We test the robustness of the framework to alternative specifications as regards the
choice of attributes and tier thresholds. The study shows that access measurement is highly sensitive to changes
in parameter values, the application of different algorithms, and data availability. We also discuss the wider im-
plications of applying the framework to current electricity access intervention programs in Bangladesh, provide
feedback on the MTF’s design, as well as suggest potential improvements for its application in the future.
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Introduction

Recently, there has been growing interest in support of the sustain-
able energy for all (SE4ALL) goal of achieving “universal access to mod-
ern energy services by 2030” (Ki-moon, 2011). This has culminated in
the recent uptake of universal access to affordable and clean energy as
part of the Global Goals For Sustainable Development (Global Goals,
2015). These developments necessitate a robust set of measurement
tools to track progress toward achievement of this goal. However, at
least three issues still remain largely unclear—whatwemean by access,
what is useful to measure to track access, and how to design the right
metrics to measure it. What is increasingly clear and widely agreed is
that simply having an electricity connection or a modern cook stove is
insufficient and incomplete measures of energy access (AGECC, 2010;
Practical Action, 2013; IEA/WB, 2014). That is, any measure of energy
access should contain multiple dimensions to reflect its multi-faceted
nature.

The World Bank's Energy Sector Management Assistance Program
(ESMAP) has been mandated to develop a new framework for measur-
ing energy access. Their newly developed measurement approach is re-
ferred to as themulti-tier framework (Banerjee et al., 2015). It has been
heralded as a new “milestone” in energy measurement (Bensch, 2013).
Themulti-tier framework (MTF) assesses energy access for households,
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productive entities, and communities along several dimensions of
access, referred to as attributes (see Fig. 1). Tier assignments along
these individual attributes are aggregated by different decision rules
to determine the overall tier assignment, which defines the level of
access enjoyed by the household.

In this paper, we critique the proposed MTF for electricity ac-
cess using a case study of 230 households in Bangladesh to illustrate
our arguments.1 We use the MTF as a vehicle to explore effective ways
to measure household electricity access, because the MTF seems to be
the most advanced framework available. Our main premise is that con-
ceptual clarity and communication about what is being measured are
critical to the evaluation of an appropriate metric. With this view, we
argue that the MTF addresses multiple objectives, thereby offering less
value as a single composite index than as a set of dimensions along
which to evaluate different aspects of electricity access. In particular, a
subset of attributes characterizes electricity supply, while others, relat-
ed to consumption, characterize aspects of household energy poverty.
The latter depend on the former, but are also influenced by a number
of other household attributes. We argue that while both concepts –
electricity supply and household electricity poverty – are multi-
faceted and require the type of approach embodied in theMTF, they re-
quire separate metrics. We also discuss the pros and cons of the
1 For the sake of clarity and focus, the present paper only deals with one dimension of
energy poverty, namely electricity access for households, despite acknowledging an im-
portant demand for cooking and heating energy, and equally important productive and
community needs.
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Source: Bhatia & Angelou, 2015

Fig. 1.Multi-tier matrices for household electricity access (2015 version).
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definitions of individual dimensions and their method of aggrega-
tion, and suggest alternatives, where relevant. Using the example
of our case study from Bangladesh, we test the robustness of the
framework to alternative specifications of the choice of attributes
and tier thresholds. We also discuss the wider implications of ap-
plying the framework to current electricity access intervention pro-
grams in Bangladesh. We finally conclude with our learnings from
the application of the framework in Bangladesh, and provide feed-
back on the MTF's design, as well as suggest potential improve-
ments for its application in the future. In particular, we argue for
moving toward a framework focused more on measuring the actual
service level a household with electricity enjoys rather than the
current supply and consumption focus of the MTF that undermines
efficiency considerations and rapidly innovating decentralized
solutions.

The paper is organized as follows. The Measuring electricity access
section provides a brief description of a few key approaches to measur-
ing energy access and presents the essence of the MTF as well as a ge-
neric critique. The Applying the MTF in rural Bangladesh section
briefly presents a country overview of Bangladesh and a descriptive
analysis of the households surveyed in Bangladesh. It further applies
the MTF to the case of Bangladesh followed by a qualitative and



2 More information can be found under https://www.lightingglobal.org/.

23S. Groh et al. / Energy for Sustainable Development 30 (2016) 21–31
quantitative critique. The Analysis and discussion of results section ana-
lyzes and discusses the results of applying theMTF and includes recom-
mendations on how to improve the MTF. Lastly, the Conclusion section
summarises our findings.

Measuring electricity access

Efforts so far

This section highlights a few key examples of the recent efforts and
approaches to measuring energy access. More comprehensive reviews
can be found elsewhere (Banerjee et al., 2015). The predominant cri-
terion for measuring electricity access to date is the binary indicator
estimated as the population share lacking access to an electric grid
connection (IEA, 2010). At times this measure is supplemented by
estimates of the number of people who suffer from an intermittent
electricity supply, although “intermittency” itself lacks a clear defini-
tion (AGECC, 2010). Several alternative metrics have been put for-
ward. Other uni-dimensional indicators include minimum energy
consumption thresholds (Modi et al., 2005) and income-invariant
energy demand measures (Barnes et al., 2011). Multi-dimensional
approaches include the Multidimensional Energy Poverty Index
(MEPI) (Nussbaumer et al., 2013), or the Total Energy Standard (TEA)
(Practical Action, 2012). Recent reviews and comparative studies on
different energy poverty indices include those by Pachauri (2011),
Khandker et al. (2012) and Bensch (2013). Many of the current indica-
tors measure electricity as an output (e.g. lack of access) rather than
an outcome, which better reflects service needs and welfare gains
(Pachauri and Spreng, 2011). This is mainly due to the fact that an accu-
rate measurement of the service level is very challenging given the
diversity of electricity applications, and heterogeneous target groups
(household, micro-businesses and hybrid forms). Nonetheless, despite
high data requirements, “there is a growing consensus that measure-
ments of energy access should be able to reflect a continuum of
improvement” in the services it delivers (IEA/WB, 2014).

It is generally believed that electricity is the preferred choice for
lighting and running appliances. For a user, it usually should not matter
what type of supply system delivers electricity (e.g., grid, or off-grid)
unless social status symbols and connotations are at play (e.g. percep-
tion of SHS as second class electrification option vs. the image of the
grid as providing full power access) (Schützeichel, 2015). Of more im-
portance is the quality of the electricity service. If we look at poverty
as an “absence of sufficient choice” (Sen, 1999), according to the capa-
bility approach, we need to pin down individual welfare components
and assess how they interact as multidimensional causes of develop-
ment and deprivation. For instance, using the concept of an energy pov-
erty penalty, Groh (2014) shows how a lack of access to affordable
energy services, a deprivation, can lead to a situation where people
are trapped – or at least delayed – in their capability to achieve welfare
improvements. However, these deprivations are conceptually distinct
from the electricity service conditions that may influence them, and
therefore require differentmetrics. It is, therefore, important in defining
metrics to communicate their purpose. For instance, Shyu (2014) re-
flects on the importance that a minimum amount of electricity for
basic human needs should be assured. This is a normative criterion for
one dimension of energy poverty — a basic minimum. An indicator
that measures total connected electricity load, then, would be one po-
tential indicator to track energy poverty, but not electricity supply.
The latter may influence connected load, such as from a physical capac-
ity constraint in electricity connections. In that case, a capacity con-
straint would be the appropriate electricity supply indicator.

The ESMAP multi-tier framework in brief

The candidate MTF distinguishes between multiple indices starting
from the overall energy access index to indices based on households,
productive use engagements and community facilities again followed
by sub-indices (pls. refer to Appendix I Hierarchy of Energy Access Indices
for details). This study focuses on household access only, but addresses
microbusinesses to the extent they are home-based. The household
electricity access index includes three indicators, electricity supply,
electricity service, and electricity consumption. Each indicator includes
a set of attributes, which are shown below in Fig. 1.

The MTF has undergone several changes, in the indicators used to
measure specific attributes of access, the thresholds that determine
their tier assignment, as well as in the computation rule used to com-
bine the different attributes into a single index (Appendix II shows an ex-
ample where different indicator values apply). We compare several
decision rules, including the most recent available decision rules, pro-
vided by ESMAP.

Each matrix includes a specific set of attributes. Indicators used to
measure specific attributes are either binary or measured along a
graded scale. Each attribute has a decision rule to determine its tier as-
signment. The lowest tier score among all attributes becomes the final
tier assignment according to the latest decision rule. A household can
be assigned to different tiers across the different matrices. Since the
majority of the small stand-alone solar lighting systems certified by
the Lighting Global2 program initiated by the International Finance
Corporation (IFC) do not qualify for even a tier 1 assignment based on
the capacity attribute in the multi-tier matrix for access to household
electricity supply and that for electricity consumption, a fractional
measurement between tier 0 and 1 has been suggested to reflect less
than tier 1 access. Both aggregated and dissected analyses are possible.
The subsequent section discusses each matrix and its assigned attri-
bute(s), as well as combinations of them based on a qualitative and an
empirical assessment of applying a variety of decision rules that have
been used in previous MTF versions.
Generic critique of the MTF for household access to electricity

An old management principle states that what you measure is what
you get. But a prior question to be answered is, what do we actually
want to measure? The MTF for household access to electricity states
here that it wants to go beyond connections and also encompass the
“quantity and quality aspects of improvements”, later specified as the
“amount and quality of electricity delivered” (Bhatia and Angelou,
2015, p. 1 and p. 4). This definition already reflects conceptual ambigu-
ity. The term quality should refer to “the characteristics of […] a service
that bear on its ability to satisfy stated or implied needs” (ASQ, 2015). In
the case of electricity, quality can be interpreted as comprising a num-
ber of attributes, including those in the supply attribute matrix, such
as reliability and duration. However, quality is itself defined as one
specific attribute of electricity supply (voltage), which may cause
confusion to those not familiar with electricity industry jargon.
Quantity, on the other hand, reflects consumption, which depends
on household demand, and is not just a property of the “electricity
delivered”. Furthermore, the notion of quantity undermines any goals
of energy efficiency, which has gained increasing attentionwith the ad-
vent of super-efficient appliances (Craine et al., 2014; Phadke et al.,
2015). The matrix on electricity service actually measures access to
household electricity appliances,which is again closer to a consumption
metric than a supply metric. Consumption also seems over specified, by
appearing explicitly in the consumption metric, and being somewhat
implied in the capacity attribute of the supply metric and in the service
(or appliance) matrix, since different types of appliances have very dif-
ferent ranges of consumption (e.g., consider a phone charger vs a TV). In
sum, both the objective and operationalization of the MTF indices seem
to combine electricity supply with energy poverty, and the indicators
themselves have some amount of redundancy and ambiguity.

https://www.lightingglobal.org/
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Applying the MTF in rural Bangladesh

In this section, we evaluate the MTF against the survey results to as-
sess how effectively the indicators differentiate households, and reflect
their actual conditions. Note that we do not know whether this sample
is generally representative of household conditions in Bangladesh,
let alone elsewhere. The MTF needs to be tested against a broad range
of conditions globally to test its usefulness. The following critique
should be considered a first step in this process, without any implica-
tions of generalizability.

Short country overview of Bangladesh

Recent metrics suggest that globally about 17% of the world popula-
tion or 1.166 billion people lack access to the electricity grid.Most of this
unelectrified population resides in Sub-Saharan Africa and South Asia
(87%), and in rural areas (85%) (IEA/WB, 2014). With its 66.6 million
off-grid people, Bangladesh ranks third among the countries with the
highest electrification deficit and has been considered a high impact
country to reach the SE4ALL goals. In 1971, the year of its independence,
a mere 3% of the population of Bangladesh had access to grid electricity.
Today, the share has increased to almost 60%. In the last couple of years
Bangladesh's GDP has been growing at a steady rate between 6% and 7%
(World Bank, 2013). In its development plan, titled Vision 2021, dated
half a century after its struggle for independence, the Government of
Bangladesh (GoB) has made the provision of access to electricity and
achieving economic and social well-being of all citizens through a low
carbon strategy a central goal (GoB, 2012). Universal access to electric-
ity by the year 2020,with improved reliability and quality, is its declared
goal. However, the GoB does not specify what it means by universal
access. Should every Bangladeshi be at least tier 2, 3, 4, or even tier 5
as defined by theMTF? Tohighlight the complexity ofmeasuring access,
many of the on-grid population of Bangladesh, outside the capital city,
may not fulfill the duration attribute for an assignment to a tier 3 level
due to frequent load shedding, and a lack of access to back-up power
supply. In extreme cases, such households might even get assigned to
a tier 0 level, meaning no access at all, despite statistically being
on the grid. At the same time, the question arises how the globally
acclaimed SHS program, with its close to four million installations3 to
date (IDCOL, 2014) performs against the candidate measurement
framework? The same question applies to the Rural Electrification
Board's (REB) grid electrification program through its electrical cooper-
atives, the so called Palli Bidyut Samity (PBS) that for the most part is
considered an equally great success (Khandker et al., 2009). Moreover,
IFC and GIZ recently announced the Lighting Bangladesh program as
part of Lighting Global with the goal to pave the way for the implemen-
tation of small stand-alone solar lighting systems in those households
that so far could not be reached through other measures (IFC, 2015).

Survey description

For testing the MTFs, a sample of 231 Bangladeshi households were
surveyed. Field selection was performed in a top down way, aiming to
reflect diversity in terms of geographical location, weather conditions,
remoteness, and culture. One random district was drawn from the
Northern (Lalmonirhat), Central (Manikganj) and Southern (Bhola)
part of the country (see Appendix IV). Within the respective division,
an area was chosen where the Rural Service Foundation4 has a regional
3 The systems consist of a 10–130Wp panel, battery, charge controller and LED lights.
The system cost ranges from BDT 8100 to BDT 46,100, approximately, with about
10.15% down payment and the remaining balance paid in up to 36 monthly installments
at an 6–12% flat interest rate (depending on the respective institution). Latest installation
figures can be found under http://www.idcol.org/old/bd-map/bangladesh_map/.

4 The Rural Service Foundation is a non-profit organization of Rahimafrooz Group and a
partner organization (PO) of IDCOL's SHS program. To date, RSF has installed more than
500,000 SHS. Further information can be found under: http://rsf-bd.org/solar.html.
office (Rangpur, Manikganj and Bhola).Within the customer base of the
regional offices, the samplewas drawn based on the following criteria in
order to have a diverse set of users (see Appendix IV for a sampling
overview):

1st order past repayment performance,
2nd order system size,
3rd order income activity.

From the stratified groups a random selection was drawn. The re-
maining sample was randomly chosen on-site based on vicinity
criteria. Data was collected based on the generic underlying ques-
tionnaire of the MTF provided by ESMAP, with slight country specific
adaptations and extensions (see Supplementary material 3 for the
detailed questionnaire).5 Of the total interviewed households, the
different electricity access types apply ranging from national grid ac-
cess to no primary access (candles etc.) as shown in Table 1.

About 5% of the sample reported using multiple primary energy
sources which is often referred to as energy/fuel or technology stacking
(Brew-Hammond, 2010) and explains why total access points is bigger
than the number of households sampled. National metrics suggest that
43% of rural households currently lack access to grid electricity in
Bangladesh.While the sample selected in this study is by nomeans rep-
resentative of rural Bangladesh, a comparison suggests that the commu-
nities selected in the study have lower national grid access than that of
the average rural.

MTF decision rules

In this paper, we test six possible decision rules/algorithms for
assigning tiers to householdswithin different frameworks. A framework
refers here to the respectivemetric (e.g. electricity supply; services etc.)
whereas the decision rules or algorithms refer to the applied rule for the
assignment of each household to its respective tier based on its perfor-
mance on the individual attributes (e.g. capacity; duration; etc.):

a. Electricity supply (2014)— simple algorithm
The simple algorithm assigns a household the minimum of the tier
assignments assessed for each attribute. The underlying question-
naire for the empirical analysis of this paper is based on the values
of this version. The framework is similar to the latest version de-
scribed under f. and shown in Fig. 1. It applies the same decision
rule but follows different graduation levels for the tier assignment
(e.g. affordability graduation is binding from tier 2 level onwards
(2014 version) and not only from tier 3 level onwards (2015 ver-
sion)). The complete framework is shown in Appendix II.

b. Electricity supply (2014) — complex algorithm
The underlying framework remains the same here as above (a.).
However, the decision rule has been altered. Instead of using exclu-
sively “and” criteria which makes each graduation value binding, it
makes use of “or” criteria wherever deemed useful. This allows the
framework to become more flexible as a short coming in one attri-
bute does not necessarily bring down the overall tier rating. It also
incorporates an alternative affordability criterion, namely that rela-
tive electricity expenditure is lower than 10% to reach tier 1, and
lower than 5% to reach tier 3. The detailed coding algorithm can be
found in Supplementary material 1.

c. Electricity appliances
This metric, originally referred to as services by ESMAP, assigns tier
levels based on appliances the household is using (e.g. TV or fan
for tier 2, a fridge or water heater for tier 4). The detailed coding al-
gorithm can be found in Supplementary material 1.
5 It needs to be carefully noted that given the candidateMTF is awork in progress, mod-
ifications continued to be made and the provided questionnaire was based on attribute
values that are in line with its 2014 version.

http://www.idcol.org/old/bdap/bangladesh_map/
http://rsfd.org/solar.html


Table 1
Sample based electricity types.

Electricity access type # of households Share of households

National grid 69 30%
SHSa 107 46%
Solar lantern 1 0%
Diesel generator 5 2%
No primary access 55 24%
Other 5 2%
Total 242
Sample size 231

a All sampled SHS form part of the aforementioned IDCOL program.
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d. Electricity capacity/consumption
This frameworkworks as depicted in Fig. 1where certain graduation
levels for annual and daily consumption are fixed for the tier assign-
ment. However, because consumption data are difficult to collect,
particularly for off-grid systems such as solar, we use peak capacity
as a proxy.

e. Electricity services
It has been designed by the authors as a hybrid metric between b.
and c. in order to get closer to a representation of useful energy,
namely combining indicators of supply and appliances.

f. Electricity supply (2015) — simple algorithm
This follows the same principles as a. just with different graduation
levels and also represents the latest consensus of the MTF.

An in-depth discussion of the relative merits of the respective ap-
proaches is presented in Analysis and discussion of results section of
the paper, and is based on applying the alternative decision rules and
frameworks to assessing electricity access in Bangladeshi households
using primary field data. Differences in tier assignment based on ap-
plying different frameworks and algorithms were tested with the
help of the Wilcoxon signed-rank test. This is a nonparametric test
allowing for ordinal variables and not assuming normality in the
data (Snedecor and Cochran, 1989). It can compare two sets of scores
that come from the same participant. The change variable in this case is
simply the alternating algorithm/framework used to compute the
respective scores. It further assumes that paired observations are
independent, which is affirmative (see Appendix IV.I). Its modifica-
tion, the signtest, further tests for the quality of matched pairs of
observations. Furthermore, the correlation of tier scores with in-
come is also tested (see Appendix IV.II). As the assumptions for the
Pearson Product–Moment Correlation could not be met (e.g. variable
of ordinal scale, no outliers), the Spearman correlation coefficient, as a
nonparametric measure, is computed to determine this relationship
(Spearman, 1904).

Analysis and discussion of results

Sample tier performance: descriptive statistics

Starting off from amacro picture, official statistics report that 43% of
Bangladesh's rural population has access to the national grid, suggesting
that 57% are energy or, at least, electricity poor (WBI, 2013). Income
poverty is estimated to be lower, at 35%. These statistics are approxi-
mately in line with the estimations based on theminimum end-use en-
ergy indicator, according towhich 58% of the population is energy poor6

and 45% income poor (Barnes et al., 2011). In rural areas one can expect
energy poverty to be higher than income poverty as physical access to
modern energy infrastructure and supply is more of a constraint. Fig. 2
6 Basic minimum energy consists here of energy needed for a minimum quantity of
lighting, cooking, and heating, whereas this paper is focused on services based on
electricity.
below showcases the sample based macro results applying the tier
framework. It is clear that the multi-faceted and multi-tier nature of
energy access is better captured by this approach than by a binary
approach. But as discussed hereafter, very quickly the complexity of
data needs, differing algorithms and frameworks applied can under-
mine the applicability and transparency of the approach. Differing
frameworks and decision algorithms result in very different assess-
ments of the electricity access situation in Bangladesh.

Almost the entire sample can be assigned to tier levels 0, 1 and 2
based on the simple version of the electricity supply algorithm from
2014 (a. under 3.3), whereas applying the new 2015 version or the com-
plex algorithm (f. under 3.3) suggests a higher share being assigned to
tier 2, and a considerable portion assigned even to tier 3 (11% and 8%,
respectively). High sensitivities toward the affordability criterion
emerge when setting the income variable to 0 (a large share of tier 2
households drop down to tier 1). It is interesting to note that the sample
behaves almost exactly the same using the complex algorithm despite
its higher flexibility in terms of tier assignment compared to the simple
version, according to which households are simply assigned to the low-
est performing tier. Affordability remains a critical factor also under the
complex algorithm. For the testing of the electricity supply (2015)
framework the affordability criterion no longer applies which is why
the tier assignment is skewed toward higher tiers compared to the pre-
vious framework. Applying the appliance framework, a few households
even get assigned a level of tier 4. Among others, equal shares remain
between tiers 0 and 2. Electricity consumption data, as not adequately
measured nor normally distributed, does not justify further interpreta-
tion and has therefore been excluded.

Table 2 shows the average assignment (mean) of all observations
based on the answers given in the coded questionnaire and the frame-
work/algorithm used. This mean tier assignment can be interpreted as
the final indicator of energy access.

Statistical differences in means are tested for through a comparison
of the equality of matched pairs (Wilcoxon, 1945) (refer to Appendix IV.I
for the detailed test description and assumptions, as well as Appendix
IV.II for an overview table of its results). The electricity service frame-
work (e. under 3.3), with the most degrees of freedom embedded in
its algorithm, exhibits the most diverse distribution (highest standard
deviation) and also the highest average tier assignment. It results in sig-
nificantly higher (at 1% level) tier assignment than all the other frame-
works applied (except for the complex version without considering
income). This is mainly due to its increased flexibility in measurement
among the individual attributes, where a poor performance in terms
of low capacity can be compensated by a good performance in terms
of used appliances. This is a strong result in favor of the combined
framework as it suggests a better reflection of the multi-faceted status
of energy poverty along with an adequate evaluation of modern energy
technology interventions. The electricity supply framework of 2015
under the simple rule (f. under 3.3) in turn, scores high not because it
has higher degrees of freedom, but because several attributes do not
apply any longer at the lower tier levels. A finer distinction between
lower level tiers might be of particular relevance to lower-income na-
tions and those with a large electricity access deficit. The higher value
of the electricity appliance index (c. under 3.3) than the three versions
of the supply index is contrary to expectations as evidenced by the
statement made by the IEA/WB that “electricity services [appliances]
typically lag behind improvements in supply” (IEA/WB, 2014, p. 52).
Still, closer scrutiny of statistical difference shows a different picture.
The complex algorithm produces significantly different and higher re-
sults than the electricity appliance tier measurement (at the 1%
level). This means that despite a higher mean, triggered by individu-
al high differences in tier results of the service tiers, in depth analysis
of the paired differences reveals that supply is, in fact, even ‘further
ahead’ of appliances. In several cases, the complex algorithm allows
a higher tier assignment resulting in a significantly higher tier aver-
age at the 1% level.



Fig. 2.Multi-tier measurement of access to electricity.
Please note that a different affordability criterion has been used here, and is described in detail in Supplementary material 1.

Table 3
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The stratified sample of households included in this study contains
46% with SHS, 30% with national grid access and 24% with no option
for electricity. If a household has no electricity access it is assigned to
tier 0, except in one case, where based on the services framework this
household is in fact assigned to tier 1. 98% of the SHS users are assigned
to either tier 1 or 2. A fairly diverse set of assignments is obtained from
using the simple supply algorithm for grid-connected households rang-
ing from tier 0 (16 observations) to tier 4 (1 observation). The latter re-
sult clearly showcases the limitations of the binary assessment of
physical grid access. Appendix IV.III exhibits the detailed result tables
of the tier assignments based on a household's electricity source.
Table 3 below further shows that SHS users perform better on average
when there is a higher degree of flexibility in the underlying algorithm,
as is evidenced by significantly higher tier 2 assignmentswhen applying
the complex version as compared to the simple versions of the supply
Table 2
Tier based sample distribution.

Variable Obs Mean Std. Dev. Min Max

supply_simple _2014 231 1.13 .88 0 4
supply_simple_inc0 231 .91 .75 0 4
supply_complex 231 1.48 .95 0 3
supply_complex_inc0 231 1.13 .86 0 3
appliances 166 1.54 1.02 0.5 4
services 222 1.62 1.08 0 4
supply_simple_2015 231 1.45 1.04 0 3
framework, and an evenmore pronounced result in the case of applying
the service framework. It is evenmore striking that, on average, on-grid
households get assigned to lower tiers than householdswith SHS, when
applying either of the simple supply frameworks, because of their poor
performance on the duration attribute (and because the lowest attri-
bute performance determines the overall household tier assignment ac-
cording to this framework). This is not the case for the complex or the
service framework. The fact still remains, however, that on average
on-grid households tier assignment is at a maximum (in the case of
applying the service framework) at an index level of 2.49, as compared
to 1.91 for households with a SHS.
Electricity source and tier assignment.

Tier Obs Mean Std. Dev. Min Max

SHS tier performance
supply_simple _2014 107 1.56 .54 0 2
supply_complex 107 1.80 .40 1 2
services 107 1.91 .29 1 2
supply_simple_2015 107 1.52 1.00 0 3

On-grid tier performance
supply_simple_2014 69 1.28 .89 0 4
supply_complex 69 2.04 .53 0 3
services 65 2.49 .83 1 4
supply_simple_2015 69 1.38 1.08 0 3



Table 4
Average relative electricity expenditure for the sample.

Electricity expenditure/total income Sample share

Mean expenditure (all) 6%
Mean expenditure (only those with some expenditure) 8%
Sample share with no expenditure 17%
Less than 5% 46%
5%–10% 17%
More than 10% 20%
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The analysis above shows that tier assignment results are very
sensitive to the respective framework and algorithm used. Generally,
applying a more flexible algorithm provides more distinguishable re-
sults. On the other hand, complexity is increased. Therefore, the follow-
ing section scrutinizes more closely the performance of the sample
along different attributes and assesses the sensitivity of the final tier as-
signment to the inclusion of individual attributes.

Gap analysis along the seven attributes for the case of Bangladesh

Complementing the overall tier result with the full array of results
for individual indictors/attributes is essential to understand where the
strengths andweaknesses of theMTF lie. Appendix IV.III provides further
insights on the performance of the households along the seven attri-
butes of the electricity supply framework. We briefly comment on
each attribute based on its empirical assessment and draw our critique
from these results.

Capacity
The gradation variable in question A.02 is not sufficiently graduated.

A finer distinction among the lower level tiers is needed. The great ma-
jority of observations fall into the range of 51W–500W. Only themore
recent 2015 version has an intermediate option of 200W included. The
inclusion of an “or” decision rule for appliances is useful as it corrects for
the shortcoming of ignoring appliances that do not fulfill the power and
capacity minimum values due to their high efficiency. This will usually
occur in stand-alone systems or nanogrids based on direct current
(DC) supper-efficient appliances.

Duration
The “hours per day” attribute seems less useful than the “evening

supply” indicator. The majority of the households (about 90%) fall into
the range of having at least 8 h of electricity supply per day. Evening
supply, in contrast, seems to be far more relevant, as almost 20% have
less than 2 h of supply and about 43% state they have exactly 2 h of eve-
ning supply. The grid seems to have capacity problems, especially at
peak load times, which is typical for Bangladesh (BPDP, 2015). Survey
respondents' recall is also likely to bemore reliable for just evening sup-
ply, since electricity is mostly used in the evening hours. The hours per
day criterion further turns out obsolete given that it is already implied in
the daily capacity indicator as this contains the multiplication of power
and daily use. The evening hour criterion in turn, is important and has
been improved recently, now distinguishing more closely between
tier 1 and 2.

Reliability
This indicator seems arbitrary and not sufficiently differentiated. It is

also not clear why reliability applies only in the case of supply of more
than 16 h per day, thus applying to only tiers 4 and 5 (in an earlier ver-
sion it was from tier 3 onwards). In the sample, 69% of the households
suffer from more than three interruptions per week, and about 93% of
the households undergo regular outages, lasting more than half an
hour each. However, only 11% of the surveyed on-grid households
have less than 16 h of supply per day.

Quality
The quality (voltage) dimension is described only vaguely. In the

survey, 19% of the people with a connection to the national grid report
appliance breakage due to voltage drops which rules out tier 4 and 5
assignments under the current graduation levels. A more detailed
and differentiated set of criteria is needed here. As more and more
decentralized systems ranging from pico- or nanogrids to minigrids
cover the spectrum from tier 1 to tier 3 (Alstone et al., 2015), an inclu-
sion for this spectrum is recommended as it provides valuable informa-
tion for comparative evaluation. Criteria should then go beyond voltage
problems toward usability of desired appliances based on the technical
infrastructure (e.g. based on direct versus alternating current and differ-
ent voltage levels within the houses).

Affordability
Affordability is measured here based on relative electricity expendi-

ture, as it is considered adverse if a high share of income is spent on it
(Bazilian et al., 2010). Table 4 below summarizes the results. On aver-
age, the sampled household spends between 6% and 8% of their income
on electricity, depending onwhetherwe consider thosewho incur some
expenditure or all households. Since more than 50% of the sample
Bangladeshi households do not fulfill the tier 3 graduation level, a fur-
ther tiered analysis would be useful for more in depth analysis.

As can be seen, 20% of the interviewed households end up spending
more than 10%of their total income for electricity,whichwould result in
them being assigned to the tier 1 level or below. It should be noted that
electricity expenditure is highly dependent on quality and quantity of
services,which an expenditure sharemetric doesn't capture. The afford-
ability indicator does not adequately capture affordability constraints
faced by households. Neither the upfront nature or lumpiness of costs
is easily measured by the recommended indicator, nor are the costs
(discounted) associatedwith appliances needed to convert electric sup-
ply into useful service, included in this indicator. Comparing kWh prices
for electricity while ignoring quantity used can further be misleading.
The updated affordability measurement (Fig. 1) consists of a standard
electricity package of 365 kWh per annum that should cost less than
5% of a household's total expenditure in order to qualify for tier 3. This
is effectively a measure of the unit price of electricity, since for a house-
hold with a given income the affordability criterion implies a fixed
expenditure associatedwith a fixed usage. A 365 kWh per annumpack-
age translates into a consumption of 1 kWh per day which is about 10
times as much as a remote household would need following the exam-
ple of a 25 W solar powered household with average daily use of 4 h
(Phadke et al., 2015). As an example, Hindustan Unilever sells 10 g
packages of washing powder in remote villages. A comparative assess-
ment to a 1 kg package of the same powder in an urban supermarket
would most likely also raise concerns. It should be the goal of such a
framework to get closer to allowing a comparative analysis of what an
hour of TV, light or fan costs to a household instead of comparing peak
capacities and kWhprices, while always taking into consideration econ-
omies of scale. Consequently, affordability cannot be captured in a single
metric but requires multiple measures instead. Moreover, affordability
should apply also for the lower tiers as it is among the key evaluation as-
pects of decentralized energy options.

Legality
This attribute seems out of place as it only impacts the household's

electricity supply indirectly, if at all. TheMTF states that “illegal connec-
tions may cause significant financial losses to the utility, while also
increasing the risk of accidents” (Bhatia and Angelou, 2015, p. 4). In-
stead it should rather apply for an institutional assessment. In the case
of the current survey, there is not a single household officially stating
that it is not paying electricity bills. On the other hand, only 61 house-
holds state that they have a meter, whereas 69 are considered grid
connected. There seems to be a good tracking of the electricity users



28 S. Groh et al. / Energy for Sustainable Development 30 (2016) 21–31
affiliated to the PBS scheme. Furthermore, all SHS users indicate that
they pay their bill to the respective partner organization of the IDCOL
program, making legality a minor issue in the present context.
Health & safety
It is only reflected in the productive use section of the questionnaire,

and thus only received 34 responses from the microbusinesses in the
dataset. Based on this data, it seems a negligible factor, as only one
unit states an incidence in the past. Moreover, this attribute is vaguely
defined, but can be applied to evaluate the extent to which electricity
connections comply with safety standards for electric equipment (for
e.g., adequate insulation on equipment).

In a nutshell, the gap analysis based on the 2014 MTF suggests that
health & safety, aswell as legality seem to be less of an issue. Affordabil-
ity, in turn, measured here as energy expenditure as a share of income,
seems to be of potential concern if applied for all tiers as described in
Appendix III.II. Reliability and (technical) quality only affect the ability
to reach at least a tier 3 level. Here, for the on-grid customers, a better
load management and transformer improvement may have the poten-
tial to move up to 93% of the on-grid households (under the simple
algorithm) to a higher tier level, provided that the secondmost pressing
issue of evening hour supply is also tackled. A more detailed analysis of
these issues is needed, however. Also, these results are estimated for
less than the full sample. The smaller sample is a consequence of various
skipping patterns applied in the questionnaire.7
Sensitivity of MTF to individual attributes

Given the presented descriptive statistics, Table 5 compares the
relative share of households assigned to each tier based on the 2015
MTF version for the cases that all attributes are applied, individual
ones are left out and lastly when only capacity and duration are applied.
As it turns out the latter ones are the only attributes that in fact cause a
significant difference, at least in the current set up of the MTF. As far as
duration is concerned the key question seems to be the supply in the
evening hours whereas daily supply turns out irrelevant in the given
sample.

In general terms, theMTF itself lacks conceptual clarity and commu-
nication about what is beingmeasured. It is crucial here to find the right
distinction between measures of household electricity access, institu-
tional service supply quality and household based energy poverty. If
all of those are being mixed up within the different attributes and a
combination of (in part) redundant matrices, appropriate inference is
impeded. Furthermore, all attributes should be defined so as to have at-
tribution in all tier levels as this will bring us closer to the declared goal
of evaluating the contribution of all types of energy interventions
aiming to move users to higher levels of attributes. Amore detailed dis-
cussion on the subjectivity of some of the factors would also be useful.
Specific recommendations regarding attribute measurement, tier
frameworks and assignment algorithms

This part of the analysis evaluates the underlying decision rules as
well as differences and sensitivities of applying different algorithms
across the respective frameworks.
7 The skipping pattern is based on the household's primary electricity source. Many
questions apply only to households connected to the national grid. Whereas this is useful
for some of the questions in order to keep the questionnaire time short, the authors rec-
ommend not following the skipping pattern for many decentralized options in order to
get a better tier based evaluation of these types of energy interventions. Please refer to
the questionnaire provided with the Supplementary material, Q.A01 to review the exact
skipping pattern.
Rethinking the capacity attribute in light of new appliance efficiencies
evident in the market

The simple algorithm undermines the SE4ALL goal of energy effi-
ciency. With higher efficiency appliances,8 a lower demand and storage
capacity is needed to provide the same duration of service supply.
Higher efficiency can lead to lower energy consumption. Appendix V,
as an example, computes the implications of applying the consumption
framework to the present SHS program in Bangladesh as well as to the
up-coming IFC solar lantern programunder the Lighting Bangladesh ini-
tiative (IFC, 2015). As a matter of fact, the products that fall under this
program (b5Wp), hardly reach the tier 1 level based on the consump-
tion framework, or the capacity attribute as applied in the updated sup-
ply framework. The products falling under the much acclaimed
Bangladeshi IDCOL SHS program (usually b=75Wp), also fail to attain
a performance higher than tier 1. Based on an apparent trade-off be-
tween energy efficiency and energy consumption, one finds a paradox
that applying the present frameworks,may result in a lower tier ranking
for a better energy service level. Using the latest simple algorithm, a
lower score in peak capacity would rule out a higher possible overall
tier score supported by sufficient daily and evening supply hours in con-
nectionwith a good performance in electricity appliances available. This
line of argument finds support by Craine et al. (2014) and has further
implications for the investments estimated for achievinguniversal ener-
gy access by 2030. Pachauri et al. (2013) estimate that globally, US$2005
65–86 billion per year would be required to achieve near universal ac-
cess to electricity and clean cooking by 2030 (US$2005 10.7–15.2 billion
per year for rural electrification alone). They also state, however, that
taking into consideration feasible decentralized options, investments
are likely to be lower compared to their estimates that assumes all ac-
cess is achieved via grid extension alone and a minimum consumption
threshold of 420 kWh/household/year. Craine et al. (2014) argue that
the investment estimations could potentially decline from a level of
USD32billion per year over the next 20 years to as low asUSD10billion
per year, largely as a result of revised efficiency values for decentralized
energy options.9 For the lighting example in SHS, up to 50% of cap-
ital cost can be saved by efficiency gains, since a lot less expensive
storage (and generation) capacity is needed, which impact lifetime
cost much more than the higher initial appliance cost (Jacobson,
2015). The Global Tracking Framework report from 2015 has now
corrected its prediction to USD 15.2 billion of annual investment
to reach universal electrification by 2030 (Banerjee et al., 2015,
p. 119). By universal electrification they refer to a purely consump-
tion based level of 420 kWh/household/year (somewhere between tier
3 and 4 on the consumption framework and derived from a daily usage
of 115 W for 10 h). This is considerably higher than previous estima-
tions, e.g. by Pereira et al. (2011), who set this threshold at 10 GJ/year
or 88 kWh/household/year of direct energy consumption per rural
household based on empirical data from Brazil ending up just above
the minimum consumption graduation cut-off for tier 2. The drawback
of both consumption based measurements is that they end up measur-
ing at the “final energy” level as that is easiest to measure, whereas
what really needs measuring is the “energy services” this enables, so
the “useful energy” level is in fact the most appropriate. The suggested
service framework is a first step to overcome this problem. However,
the appliance framework still assumes certain wattages for household
appliances (e.g. TV 31–150 W) and determines the capacity require-
ments accordingly. These do not reflect the latestmarket developments
in appliance efficiencies.
8 E.g.: There are 15 inch color LED DC TVs presently in the market that consume about
6W and DC brushless ceiling fans consuming approx. 5W. The best LED lights have a ratio
of 120 + lm/W. If all of these appliances run 4 h a day, this would constitute 56 kWh (if
two lights are assumed). This is by far lower than the required 200 kWh for tier 2
assignment.

9 This, in turn, has been heavily criticized by Trembath (2014) as being far too low.



Table 5
Sensitivity analysis based on the attributes.

Tier
assignment

All
attributes

W/o
legal

W/o
afford

W/o
quality

W/o
reliability

W/o evening hrs W/o daily hrs W/o
capacity

W/o
health/safety

W/o afford quality
reliability legality

Tier 0 30.30% 30.30% 30.30% 30.30% 30.30% 29.44% 30.30% 1.73% 30.30% 30.30%
Tier 1 6.06% 6.06% 6.06% 6.06% 6.06% 1.30% 6.06% 4.76% 6.06% 6.06%
Tier 2 52.38% 52.38% 52.38% 52.38% 52.38% 41.56% 52.38% 12.99% 52.38% 52.38%
Tier 3 11.26% 9.52% 11.26% 11.26% 11.26% 27.71% 11.26% 74.89% 11.26% 9.52%
Tier 4 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.43% 0.00% 0.00%
Tier 5 0.00% 1.73% 0.00% 0.00% 0.00% 0.00% 0.00% 5.19% 0.00% 1.73%
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Re-designing the affordability attribute
In addition to the need formultiple expenditure-based indicators for

affordability as discussed above,we recommend adding another dimen-
sion to the affordability attribute, related to the poor's cash flow con-
straints. Collins et al. (2010) explain the complexities of the portfolios
of the poor that require an array of sophisticated methods to overcome
various liquidity traps. Pay-as-you-go (PAYG) solutions have revolu-
tionized the SHSmarket in East Africa, allowing its customers increased
flexibility in their payment plans both in terms of up-front payment as
well as amount and frequency of monthly installments (Moreno and
Bareisaite, 2015). This in some cases even leads to payments far ahead
of the plan making sure the available income is not spent otherwise.
These financing/technology innovations, that are expected to be imple-
mented soon in Bangladesh, amongother countries, need to be reflected
in the tier framework. This could be done through a flexibility indicator
feeding into the affordability attribute, as greater flexibility in repay-
ments can substantially improve a household's medium term cash-
flowmanagement. Consequently, affordability ought no longer to be de-
fined merely as an indicator reflecting relative share of electricity ex-
penditure (either for consumption packages, or kWh, or lumen hours),
but should also reflect the degree of payment flexibility as a service im-
provement (Moreno and Bareisaite, 2015; Groh et al. 2015). Again,
these innovations, especially in the early market phase, are more costly.
Without a tier framework reflecting their added value, a cost–benefit-
analysis remains very difficult.

(Ir-)relevance of the electricity consumption framework
First, as pointed out earlier, consumption really is more an energy

poverty measure than one of supply. Furthermore, if electricity supply
performance is measured high on the tier assignment, but extremely
low values are measured on consumption, the reasons behind this can
be manifold. There may not be an ability to pay, there may not be the
need for bigger amounts (possibly due to un-availability of appliances
or availability of an appliance of higher efficiency than expected) etc.
But aren't all these reasons already reflected in the attribute of the
supply and the appliance framework? And if so, why is an additional
consumption framework needed, especially if its values coincide with
the daily capacity value already included in the supply framework?
But here the question remains, what additional information do higher
or lower consumption values give us really formeasuring energy access,
which are not already reflected in one of the access attributes or in the
appliance framework? Furthermore, the implication of applying the
consumption framework in its current form, for attaining energy
efficiency goals, is at the very least questionable.

Further refinement of attributes
Each attribute ought to have a set of indicators that allow for distinc-

tion across all tier levels. Through this, the performance of specific ener-
gy interventions can get reflected in amuch betterway. Once the goal of
the measurement has been clearly defined, the respective inclusion of
necessary attributes should follow. This, however, should be clearly
communicated in the first place. For example in the case of the health
attribute, it should be defined as a measure of energy poverty rather
than electricity supply. As such, it may be defined to reflect the adverse
health impacts due to kerosene lighting (direct effect), lead acid batte-
ries and their lifecycle impacts (indirect effect), among others. Also, it
is worth noting that some of the household attributes can be measured
at different levels (household level versus utility/ESCO/provider level),
which may increase data reliability.

Comparison of tier assignments based on differing algorithms and
frameworks

Neither of the tier assignment algorithms – simple or complex – to
measure electricity supply is ideal and results in very different assess-
ments of electricity access. These, in turn, differ from the tier assign-
ments that result from applying the alternative frameworks. However,
it seems clear from the analysis that a higher degree of flexibility,
reflected through an algorithm that evaluates combinations of
attributes or even frameworks, provides a more nuanced measure of
electricity access. This also bears on the ability to better reflect
decentralized energy interventions. At the same time, however, the
complex algorithm is more prone to errors, as it is more complicated
to calculate, which may undermine the approach's simplicity, applica-
bility and transparency. Furthermore, it too is equally subject to a cer-
tain degree of arbitrariness. The suggested service framework shares
this shortcoming as it merges the conditions of the complex access
framework with the ones from the appliance framework.

Lastly, we argue that the majority of measurements critically hinge
on a measure of income (especially, for the affordability indicator),
which is presumably the most difficult indicator to measure reliably.
This causes very high sensitivities in almost all measurements. Appendix
VI shows the Spearman correlation coefficients for all modifications of
the different frameworks and how they relate to household income.
The appliance framework does not show any significant correlation
with income, whereas the simple and complex supply algorithm of
the access framework as well as the service framework are positively
correlated with income (1% significance level). Here the higher average
tier value that results from applying the complex algorithm (0.41) over
the simple rule (0.26) stands out. The 2015 simple algorithm does not
show a significant correlation to income, but only because here the af-
fordability criterion was only applied for higher tier levels where the
majority of the sample does not fall under. These results confirm the
outcomeof the sensitivity analysis (Fig. 2), that reveal that excluding in-
come from the decision rules, results in amuch higher tier performance.
It also suggests that the complex algorithm places more value on in-
come than the simple one, as it appears more often in its decision
rules. The suggested service framework shows the same pattern here
(0.41, 1% significance level), so is equally prone to incomemeasurement
errors. Further improvements are, therefore, needed. Nonetheless,
Appendix VII also shows a considerable amount of data points with a
fairly high income but a tier 0 assignment, which, in turn, suggests
that affordability, is not necessarily always the key decision factor, but
rather one important element among several that manifest in a status
of energy poverty.

Conclusion

The objective of any measurement framework must ultimately lie
not in measuring the supply of energy/electricity, but rather whether



10 See CEEW for a recent application of a modified version of the MTF to certain rural
Indian States (Jain et al., 2015).
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this supply enables certain vital services (communication, illumination,
thermal comfort, entertainment, etc.), which ultimately improve
human wellbeing. However, measuring energy at the level of services
is difficult. This is because it requires a measurement of much more
than the energy carriers themselves (e.g. transformation and end-use
equipment). Recognizing the urgent need of a theoretical underpinning
for the measurement of progress toward the first SE4ALL goal, this
paper strongly advocates in favor of the MTF. It also values the need
for pragmatism in light of the urgent need of an indicator that is fairly
easily computable. Nonetheless, it concludes that the presently favored
simple version of the algorithm for tier assignment does not give suffi-
cient justice to the multi-faceted and multi-tiered nature of energy ac-
cess, especially in the current times of rapid technology innovation in
the decentralized energy sector (e.g. DC super-efficient appliances;
PAYG business models; spread-out of different sizes and typologies of
minigrids).

We recommend revising the algorithms aiming at a compound
framework that combines elements from the supply and the appliance
framework analysis for several reasons. First, this seems to be the
most promising approximation in the absence of a direct measurement
of energy services, bymeasuring energy at the useful level. Second, it re-
flects advances in energy efficiency. Third, it overcomes the shortcom-
ing of a decision rule based on a single metric. Moreover, we suggest
further consideration and refinement of several of the attributes. Fore-
most among these, we consider that affordability cannot be captured
by a singlemetric, but requiresmultiplemeasures instead. Also, each at-
tribute ought to have a set of indicators that allow for distinguishing
across all tier levels. We are aware, however, that these changes could
add further layers of complexity to the algorithm in comparison to the
simple version. Therefore, in addition, we recommend a rigorous evalu-
ation of required attributes in order to bring down the computational
complexity of the MTF, as well as overall confusion about what is actu-
ally beingmeasured.We therefore recommend an immediate reflection
on what it is we want to measure here. Based on this result, the MTF
should be improved and thinned out for obsolete attributes, which, in
turn, may be measured in separate matrices with a different goal alto-
gether. There will always remain a trade-off between an approach that
is more reflective of reality, but is fairly complex and hence prone to er-
rors, and an approach that is simpler, easily computable, but also has
several shortcomings.

As the new framework allows for a reflection of country specific
energy interventions, this paper for the first time evaluates the widely
acclaimed solar home system program of Bangladesh. Currently, SHS,
despite vast numbers of installed units (more than 3.8 million to
date), are not reflected at all in (inter-)national statistics on energy ac-
cess. According to the MTF, the sample households with SHS score at
the tier 1, or at best at the tier 2 level, depending on the application of
the capacity attribute. Based on the latter criterion, eligible products
under up-coming programs such as the IFC Lighting Bangladesh pro-
gram do not even qualify for a tier 1 assignment and are therefore sub-
ject to a fractional measurement. A major challenge, despite opposing
rhetoric, remains the issue of affordability, including higher flexibility
in repayment plans. Monthly installments of the microcredit based
scheme are still too high compared to expenditures for kerosene and
on-grid access, as well as in relation to overall household income.
There is also a need for actions that address households at lower income
levels, as present schemes address largely higher income rural cus-
tomers. The latest trends in energy efficient appliances that are already
available locally, however, are presently paving the way for higher tier
performances provided amore sophisticated tier assessment algorithm,
as is suggested herein, is adopted.

It should be carefully noted that all tier assignments are highly
sensitive to parameter changes, different algorithms, and data require-
ments. The performance evaluation of country specific energy interven-
tions can differ significantly, depending on the type of algorithm used,
which may lead to conflicts when it comes to building consensus for a
universal measurement framework among the SE4ALL member coun-
tries. Once this is achieved, pro-poor policies that influence energy
access by enabling households to achieve higher tier levels can be de-
signed and implemented more effectively. The MTF is definitely a step
in the right direction, and refinements basedonour assessment and appli-
cation of it to the case of Bangladesh will further improve it. Its ultimate
test will lie in its application within various country contexts.10 Still,
only what gets measured, also gets managed, so immediate action is
needed here.
Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.esd.2015.10.007.
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