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Abstract

Improving access to reliable electricity has been recognized as a necessary
condition to foster economic development and reduce poverty. This is therefore
not a surprise to find such a goal in the 2030 Agenda on Sustainable Devel-
opment of the United Nations. Taking this objective as our starting point,
we present, in this paper, a non-parametric performance evaluation exercise
of the East African electricity systems over a 10-year period. We focus our
attention on two intertwined dimensions: effectiveness, i.e. reaching optimal
outcomes, and efficiency, i.e. getting to optimal resource-outcome mixes. We
show how these two dimensions can be measured over time, and how they can
be compared and combined to construct useful indexes. In particular, we make
a distinction between changes and shifts in the performances. The results show
dramatic differences in terms of effectiveness and small differences in terms of
efficiency. This reveals that to reach universal access to reliable electricity, as
defined in the 2030 Agenda on Sustainable Development, resource constraint is

the key factor and not resource utilization.
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1 Introduction

Access for all to reliable, sustainable, and modern energy services at an affordable
cost, especially by promoting the use of renewable energy technologies, is one of the
goals contributing to the United Nations 2030 Agenda on Sustainable Development
Goals (SDG).! Low access to reliable electricity negatively impacts well-being, hin-
ders income-generating opportunities, makes electricity connection and consumption
unaffordable, and increases electricity theft (Dertinger & Hirth, 2020). High access to
reliable electricity, mainly in developing countries, combats poverty reduction, enables
economic growth, and enhances the quality of life (Bensch, 2019; Walheer, 2018a).
Achieving the electricity access and reliability goals of SDG would contribute to
economic development given its economic multiplier effects. Indeed, electricity in-
frastructure is a long-term investment and an input for the production and service
systems (Bacon, 2018; Nepal & Jamasb, 2015). Electricity access and electricity sys-
tem reliability affect economic growth through different channels, such as physical
capital accumulation (Lechthaler, 2017), reduction of household pollution, and ad-
verse health impacts from solid fuel use, as well as providing benefits from improving
lighting in the night (Best & Burke, 2018). Access to electricity and system reliability
are important for productive engagement and community facilities, such as health,
education, government buildings, and public buildings (Bhatia & Angelou, 2015).
Independently of the institutional setting adopted — public or private, vertically
integrated or unbundled, ... — national authorities are expected to pursue the SDG’s
electricity goals or, at least, to put it higher in their agenda. Nevertheless, dramatic
differences are observed across developing countries, with some of them doing much
better than others, which therefore lag far behind the SDG’s electricity objectives.
Many studies have tried to identify the potential impact of institutional choices on
electricity systems, in Africa and elsewhere around the world, paying particular atten-
tion to the efficiency of firms, either vertically integrated or unbundled (production,
transmission, or distribution). Such studies include, for example, Barabutu & Lee
(2018), Blimpo & Cosgrove-Davies (2019), Eberhard et al. (2016), Estache et al.

ITo be precise the 2030 Agenda on Sustainable Development consists of 17 goals (Transforming
our World: The 2030 Agenda for Sustainable Development, United Nations, 2015). SDG 7 is stated
as follows: FEnsure access to affordable, reliable, sustainable, and modern energy for all. While
universal electricity access is named in SDG 7.1, SDG 7.2 advocates for a substantial increase in the
share of renewable energy, and SDG 7.3 for improvements in energy efficiency.



(2008), Gore et al.(2019), Imam et al.(2019), Njeru et al. (2020), Nsabimana (2022),
Plane (1999), Sergi et al. (2018), and Walheer (2018b, 2019, 2020).

In this paper, we adopt a different point of view and an alternative methodological
approach. First, we consider as entities the whole electricity system at the country
level. More precisely, the entities are modelled as integrated electricity distribution
companies whose central activity is to deliver electricity to the whole country and its
population.? This modelling is more coherent when studying the ability of countries
to reach the SDG’s electricity targets as it is defined at the country level. We assume
that each country has a bureaucracy, “referred to collectively as a helmsman” (Lovell
et al., 1995), who is in charge of providing electricity to the whole population and
the economy following SDG’s targets. We focus our attention on six electricity sys-
tems in East African countries: Burundi, Ethiopia, Kenya, Rwanda, Tanzania, and
Uganda. For each country, we obtained rich data on the whole electricity systems
for a 10—year period from 2008 to 2017. Even if the limited size of our sample is a
disadvantage, it is compensated by its panel structure and its homogeneity. Other
than their common geographical localization, the six countries belong to the group
of low-income countries, have similar industrial structures (10% to 25% of GDP) and
face similar challenges, among them fast fast-growing population (nearly 3% year)
and extreme poverty (60% or more of total population with less than $3.65 per day)
(World Bank, 2022).

Second, the methodological approach relies on the distinction between two main
objectives pursued by the country’s decision-makers: effectiveness and efficiency.
These two objectives are in direct relation to SDG goals. Effectiveness measures
outcome maximization, e.g. to which extent the electricity access and reliability goal
is fulfilled (SDG 7.1), and efficiency measures how far the whole electricity system
is from the best practice (SDG 7.3). In other words, effectiveness is the degree to
which an objective is achieved or over-reached (Winkler et al., 2018), while efficiency
balances the resource-outcome mixes. Put differently, the difference between effec-
tiveness and efficiency can be stated as “doing the right things” vs. “doing things
right” (Fgrsund, 2017; Mbuvi et al., 2012; Roghanian et al., 2012).3

2Note that, in the context of this study, rural electrification grids are considered, even if not
interconnected to the central connected network.

3Very often in the economic literature on energy provision, the trade-off between efficiency and
effectiveness is at the centre of the debate. However, in the context of this study, we assume that
East African electricity systems aim to reach higher effectiveness (which implies equity in access)



Effectiveness and efficiency are intertwined (Aparicio et al., 2022; Cherchye et
al. 2019; Perelman and Walheer, 2020). The only difference among them, once
the outcomes (outputs) and the resources (inputs) are defined in the appropriate
form, relies on the fact that resource constraints are not taken into consideration
when measuring effectiveness, as is the case for efficiency. As a consequence, the
simple ratio between effectiveness and efficiency has a straightforward interpretation
of how resources impact performance. The so-called ‘resource ratio’, defined as the
ratio between effectiveness and efficiency indicates to which extent low effectiveness
is due to a resource underutilization or a resource constraint. In other words, in the
context of this study, when a country’s electricity helmsmen are compared with their
peers, he is expected to ensure efficiency and effectiveness in electricity transmission
and distribution. This means he is indebted to ensure resources — enough supply of
electricity, produced in the country or coming from abroad — at his best.

Up to now, the resource ratio has only been used on a cross-sectional basis. In
light of our application involving panel data, we suggest new indexes, inspired by the
indexes developed by Caves et al. (1982) and Fére et al. (1993), capturing efficiency
and effectiveness changes and shifts over time. Shifts capture the performance varia-
tions for the East African electricity system, while changes measure the variations for
the countries in the East African electricity system. Also, by combining change and
shift indexes of efficiency and effectiveness, we obtain new indexes for the resource
ratio. The resulting resource ratio shift and change indexes provide additional valu-
able information about the performance variation for both the East African electricity
system and the countries. Finally, we use a non-parametric estimation method, based
on Charnes et al. (1978), as it is difficult to find strong arguments supporting a par-
ticular parametric functional form given our application to the electricity sector, our
aggregated data, and the two dimensions we consider.

All in all, our paper presents three main distinguished features. First, we are
the first to study the SDG 7 for the East African countries. Second, we construct
a detailed database for six African countries over a long period. Third, while the
resource ratio has been used in previous works, we are, however, the first to come

up with the notions of shifts and changes in that context. Moreover, we connect our

while, at the same time, increasing efficiency (when there is room for that and resources). As in
the United Nations 2030 Agenda, SDG 7.1 and 7.3 are here considered complementary and not
competing goals.



concepts to the SDG 7 goals.

The results show that, among the six Eastern African countries’ electricity systems
studied, dramatic differences in terms of effectiveness persist, despite high positive
rates of change, while efficiency differences are small. As a consequence, the resource
ratio indicates that, for most of these countries, the key problem resides in a resource
constraint and not in resource utilization. This is the case for those countries in
our sample which maintained the national integrated electrical system unbounded,
Burundi and Tanzania, but also for those, except for Kenya, for which separated
vertical integration, that is Ethiopia, Rwanda, and Uganda. In fact, Kenya, whose
reforms date back to 1997, appears in our analysis as the benchmark both in terms
of effectiveness and efficiency, in the last case aside from Rwanda.

The remaining sections are organized as follows. In Section 2, we define our
concepts of efficiency and effectiveness on a cross-sectional basis. In Section 3, we
show how using adapted versions of the efficiency and effectiveness measurements, we
obtain indexes capturing changes and shifts. Section 4 presents the data, Section 5

the results, and Section 6 concludes.

2 Efficiency and effectiveness

The starting point of our analysis is the observation of a panel dataset consisting of n
entities during 7" time periods. In each time period t, entity ¢ is defined by a pair of
resources-outcomes (inputs-outputs) labelled (x;;,y:). We adopt a non-parametric
spirit by defining efficiency (Debreu, 1951; Farrell, 1957) and effectiveness (Cherchye
et al., 2007) from two empirical sets constructed from the observed data. As there
is no guideline about the best parametric functional form describing the electricity
generation process to select, it is probably the safest way to proceed. Moreover, as
the entities are countries in our application, we face aggregated data making the
parametric choice even harder to defend. In the Appendix, we explain how efficiency
and effectiveness can be computed using linear programming. Finally, we point out
that our focus is not only related to the electricity generation process but also to
quality and outcomes.

The first empirical set, used to define efficiency, contains all possible resource-
outcome combinations. The second one, used to define effectiveness, contains the

outcome combinations only. That is, the latter set ignores the resource constraint.



In a sense, these sets form our non-parametric estimator of the unobserved electricity
generation processes (see also Section 4). We define the resource-outcome possibility

set T; at time t as follows:

T = {(XhYt)

yi < Z/\i}’itaxt > Z)\z‘xita Ai > 0} ; (1)
i1

i=1

In words, T; is the monotone and convex hull enveloping the observed resource-
outcome data at time t. It is the most conservative approximation to the data
consistent with a monotone and convex technology (Charnes et al., 1978). Note
that constant returns-to-scale is implicitly assumed in (1). Based on these sets, we
can measure how entities combine their resources to achieve their outcomes at each
period t. If done optimally, we declare the entities as efficient. Inefficiency behaviour,
therefore, reflects that outcomes may, in principle, be increased without requesting
additional resources. In particular, (in)efficiency for an entity, defined by its resource-

outcome pair (xy,y;) is measured as (Debreu, 1951; Farrell, 1957) :

ey, x¢) = min{e | <%,Xt> € Tt} ) (2)

ei(yi,X¢) is the inverse of the maximal amount that outcomes y; can be expanded
while keeping the resources (x;) constant. e;(y:,x;) < 1 and e;(ys,x;) = 1 means
that the maximal amount of the outcomes is produced at time t. A smaller value
of e;(y:,x;) implies more inefficient behaviour at time ¢. Geometrically, it is the
(vertical) distance to the frontier of the resource-outcome possibility set T;.

Next, we define a second collection of empirical sets containing all possible outcome
combinations for each time period. These outcome possibility sets, labelled 7; for each
time period ¢, ignore the resource constraints. In practice, these sets can be obtained
by adapting the definition in (1) with resource values equal to unity for all entities.
Intuitively, replacing all resource values with one indicates that the resources are

ignored. 7; is defined at time ¢ as follows:

yi Szn:)\m‘t,l Zzn:)\ia)\i 20}7 (3)
i—1 i—1

Again, 7; is a monotone and convex hull but, this time envelops the observed outcomes

T = {(Xty}’t)

at time ¢ only. This set allows us to verify whether entities have achieved their



optimal outcome values. When this is the case, we declare such entities effective.
Ineffectiveness means that it is, in principle, possible to increase the outcomes. Note
that, this time, resources are ignored. Effectiveness for an entity evaluated at (y;) is
given by (Cherchye et al., 2007):

pi(ys, 1) = min {p | (% 1) € 7;} . (4)

pi(y:) is the inverse of the maximal possible expansion of the outcomes.? When it is
one, it shows that the maximal value has been reached at time ¢. Smaller value reflects
greater potential outcome improvement. Geometrically, it is the (vertical) distance
to the frontier of the reconstructed outcome set 7;. Intuitively, it is a measure of pure
performance as the resources are ignored.

Interestingly, our measurements of efficiency and effectiveness can be related to
defining a ratio capturing potential resource constraints on the performances. This
measure, introduced by Cherchye et al. (2019) and Perelman and Walheer (2020), is
simply defined as the ratio of effectiveness to efficiency. It is given for an entity with

the resources-outcomes (yy, x;) at time ¢ as follows:

pt(Yt) (5)

) = )

ri(y¢, X¢) 18, by construction, unbounded as there is no specific ranking between the
efficiency and effectiveness measurements. When r,(y;,x;) is greater than one, it
implies that effectiveness is larger than efficiency at time ¢. In other words, it reflects
that the resources are not used optimally. Therefore, outcomes could be increased to
some extent, indicated by the ratio, without requesting more inputs. When, r;(y;, x;)
is smaller than one, it is the opposite situation: more resources are needed if one

wants to increase the outcomes keeping the level of efficiency unchanged.

3 Changes and shifts

Given the time dimension of our dataset, empirical sets and entities can move over
time. To capture such variations, we define two types of indices: shifts and changes.

The former captures the expansion or shrinkage of the empirical sets, and the lat-

4In the following, p;(y¢, 1) is replaced by p;(y:) for better readability.



ter indicates how the entities move in the empirical sets. In practice, changes and
shifts have to be interpreted together to obtain the full picture. In the following, we
show how adapted versions of our efficiency and effectiveness measurements can be
combined to define change and shift indexes between two time periods b (base) and

¢ (current).

3.1 Changes

Our first dynamic measures capture how entities move in the empirical sets. Intu-
itively, to define changes we compare the distances of the entities to the sets in the
two time periods b and c¢. Changes for the efficiency and effectiveness of an entity
defined by its inputs-outputs pair (x;,y;) between two time periods b and c¢ is given
by:

eC (3] XC
vechange (Yba Ye, Xo, Xc) = € Eib le ) (6>
pe(ye)
\Y% change yYe) — . 7
Pchang (Yb y) pb(yb) ( )

The benchmark value for Vecpange(¥p, Ye, Xp,Xc) is one. An index greater than
unity reveals an efficiency improvement between time b and c. A value less than one
reflects the opposite. A similar interpretation holds for the effectiveness change: the
benchmark value for Vpenange(¥, ye) is unity with a larger (smaller) value than 1
reflecting pure performance progress (regress).

We can apply the same principle to the resource ratio. We obtain the following
index for an entity defined by its inputs-outputs pair (x;, y;) between two time periods

b and c:

rc(yca Xc) _ vpchomge (yb7 yc) (8)
T (Yba Xb) Vechange (yb7 Ye, Xo, Xc)

vTchange (Yba Yo, X, Xc) -

When V7 ehange (Yo, Ye, Xp, Xe) > (<)1, it means that there is an improvement (decline)
in the resource ratio. It is straightforward to see that the resource ratio change is
itself a ratio between the effectiveness and the efficiency changes. It implies that
VT change (Yo, Ye, Xb, Xe) > 1 is equivalent to Vpenange(Yo,Ye) > Vechange(Yor Yer Xp, Xe),
i.e. effectiveness change is larger than efficiency change. Inputs are used in a worst

manner or less inputs are needed between b and c¢. When Vrepange (Yo, Ye, Xp, Xe) < 1,



we have that Vpehange (Yo, ¥e) < Ve(ys, Yo, Xp, Xc), 1.€. inputs are used in a better way

or more inputs are requested.

3.2 Shifts

The previous indexes give the measurement of the performance changes. Attractively,
by modifying and combining the concepts of efficiency and effectiveness, we can also
obtain information about the shifts in the resource-outcome and outcome possibility
sets. These shifts, related to the frontiers of the corresponding empirical sets, show
us potential technological progress and the scope for outcome expansion.

To capture the shift of the resource-outcome possibility set between periods b and
¢, the basic idea is to fix the time period of a resource-outcome pair and make varying

the time period of the set only. Two natural candidates emerge:

e.(yp, X
Veun iy, xs) = ﬁ (9)
Ve, ee(Yer Xe) 10
eshzft(YmXc) — eb(y x ) ( )

Both ratios capture technological change but with respect to a different resource-
outcome combination, i.e. a different path. Nevertheless, they are interpreted in
the same manner: one is the benchmark value, greater values imply technological
improvement, and smaller value technological regress. An issue, at this stage, is that
both indexes are, generally, not equal. A natural question is therefore: which index
has to be selected? or, say differently, which path has to be followed? An alternative
is to construct a path-independent index based on the two path-dependent ones as

follows:

Veshift (Yo, Yes Xo, Xe) = [Vesnist (Yo, Xp) X Veshift(ycaxc)]1/2~ (11)

The geometric average procedure, introduced by Caves et al. (1982) and Fére et
al. (1994) for the Malmquist index and also known as the Fisher ideal decomposi-
tion, is a popular technique to overcome the issue of selecting a time period for the
resource-outcome pair. Ve (Yo, Yes Xp, X) has to be interpreted as Vegp t(yp, Xp)
and Vegp (Yo, Xc), but offers the advantage of avoiding selecting the time period of
the entities, i.e. it is path-independent.

Likewise, there are two ways to define the shift of the outcome possibility set

10



change between periods b and c:

Vshigt(Yb) = 2o(ys) (12)
Vpanise(ye) = % (13)

When Vpgpiri(ys) > 1, it implies more potential outcome expansion at time ¢ com-
pared to time b. Indeed, in that case, p.(yy) > pp(ys) meaning that effectiveness is
larger when the outcome set is the one at period ¢. When Vpgip(ys) < 1, there
is less scope for effectiveness improvement. A similar interpretation is correct for
Vpsni ft (yc) .

Again, we adopt the Fisher ideal decomposition by taking the geometric average of

the two path-dependent indexes to obtain a path-independent counterpart as follows:

Vpshz’ft(}’ba)’c) = [Vpshift(}’b> X vPshift(Yc)]1/2- (14)

Finally, as done for the change in (8), the ratio of the effectiveness and efficiency
shifts give a new interesting shift index:
Vshift(Yo, ¥e)

Vrshift<yb7y07xb7XC) = Ve h'ft(Yb Ve, Xp, X ) (15>

This ratio compares the shifts of effectiveness to the one of efficiency. A value
larger (smaller) than one indicates that the outcome possibilities have moved faster
(slower) than the resource-outcome possibilities. In other words, it captures the dy-
namics between ”doing better the right things” knowledge and “doing things better”
technology. Therefore, relative movements of the ratio indicate either less stringent
resource constraints (values greater than one) or improvements in production tech-

nology (values lower than one).

11



It is straightforward to see that this index defines the shift for the resource ratio:

[vPshift<Yb) X Vpshift(yc)]l/Q
veshift (yba Xb) X veshift(ycv Xc)]1/2 ’

Vpais(ys)  Panige(ye) T/ ?
| Veshift (Yo, X0)  Vesnip(Ye, Xe)

Vrshift (Yba Ye, Xo, Xc) == [

- [Vrshift(yh 7Xb) X vrshift()’c, Xc)]1/27

o —TC(Yb, Xb) Tc(Yca Xc) 12
= X : (16)
_Tb(}’baxb) Tb(}’c,Xc)

4 Data collection

This study draws on a rich database collected from the power sector in six East
African countries — Burundi, Ethiopia, Kenya, Rwanda, Tanzania, and Uganda —
over a 10-year period from 2008 to 2017.° This represents 60 observations overall.
Ethiopia, Kenya, Rwanda, and Uganda have restructured their power sector by sep-
arating it vertically and involving the private sector in competitive activities such as
generation or distribution. Burundi and Tanzania retain a vertically integrated power
sector, in which a single state-owned company performs all activities from upstream
to downstream.

At this point, we highlight that while the number of countries might seem small,
obtaining complete and truthful data is a challenging task in our empirical con-
text. Also, we focus our analysis on a small sample to obtain a homogeneous group.
Studying electricity system performances in (East) Africa over a long time period is
an added value to our empirical analysis.

Given that this study aims to compare the effectiveness and the efficiency of
national electricity systems, data are aggregated and the variables correspond to the

6

consolidated energy sector.” To measure the outcomes of the sector we select two

5Kenya, Tanzania, and Uganda publish their data online: data for customers, electricity pur-
chased and delivered are taken from the Electricity Regulatory Authority (www.era.or.ug) in Uganda,;
the Kenya Power Lighting Company (https://kplc.co.ke) in Kenya and Rwanda Utility Regulatory
Authority (https://rura.rw) in Rwanda. For the other countries, data are retrieved directly (by
the authors) from the electricity companies such as Régie de Production et de Distribution d’Eau
et d’Electricité (REGIDESO) in Burundi, Ethiopian Electric Power and Ethiopian Electric Utility
in Ethiopia, and Tanzania Electric Supply Company Limited (TANESCO) in Tanzania. We have
ensured the homogeneous definitions and comparability of the variables across countries.

6Note that electricity delivered includes, by construction, electricity consumed by the residential,

12



indicators in line with the SDG’s electricity objectives: access and reliability. Access
is proxied by the number of electricity customers per 100 households, and reliability
by the average quantity of electricity delivered annually per inhabitant. We believe
that in the case of reliability, this proxy is the best since low amounts of energy
consumption are mainly the result of factors under the control of national electricity
systems: interruptions due to outages and losses in the distribution network, on one
hand, and energy supply restrictions in production or transmission of energy, on the
other hand.”

The resources are also represented by a proxy variable, an indicator that corre-
sponds to the electricity supplied, i.e. the electricity entered into the distribution
network per inhabitant. In other words, the operation of the electricity system con-
sists of the transmission and distribution of the electricity entered into the system,
including the energy generated at the country level plus the net balance between im-
ported and exported energies. All in all, our proxy represents the electricity supplied
to national consumers.®

We chose not to include other resources, namely installed capacity and transmis-
sion lines, in our analysis as we want a fair performance analysis. In fact, including
these variables as extra resources somehow penalises some countries. Also, installed
capacity is sometimes available to other countries through the exchange of electrical
energy. Moreover, high-voltage transmission lines are not uniform for all countries.
This is the case, for example, in Burundi where 30 kV lines are used for both trans-
mission and distribution, while in other countries these lines have a capacity of 66 kV
or more.

Table 1 presents the averages for our outcomes and resources for the six countries.”

industrial and commercial consumers. However, the available data does not allow us to identify the
corresponding consumption shares.

"There is also a potential demand side factor for the low level of energy consumption in East
African countries. Poor customers might constrain ex-ante their consumption by choosing small
amounts of pre-paid cards as energy bills.

8Tt is important to note that the methodology requires that outcomes are the same for the
effectiveness and efficiency measurements. In our case, we choose as outcomes two indicators and,
for this reason, also resources are in the form of an indicator. To our knowledge, this is the first
paper about the electricity sector applying this approach. For more discussion of the selection of
inputs and outputs for efficiency analysis, refer, for example, to Barabutu & Lee (2018), Estache et
al.(2008), Real & Tovar (2020), and Walheer (2018b, 2019, 2020).

9In Table 1, we present the access variable per household (hh) to make international comparison
easier. Indeed, customers per household are used by most international agencies such as the World
Bank (2022). The number of households is determined by reference to Rahut et al. (2018) who

13



The minimums, the medians, the maximums, and the standard deviations are given
in Tables 5-8 available in the Appendix. We present extra indicators that we have
collected in Table 2.19 In these tables, we give averages for the overall time period
(2008-2017) and three sub-periods (2008-2011, 2012-2014, 2015-2017) for each country
and when pooling all countries.

Several lessons emerge from Table 1. First, there exist huge differences across
countries in outcomes: in population coverage, e.g. 4.3 customers per 100 households
in Burundi vs. 30.1 in Kenya, but particularly in reliability, e.g. 20 kWh/hab by
year in Burundi vs. 93.6 kWh/hab and 144.9 kWh/hab in Tanzania and Kenya,
respectively. Paying attention to the evolution over the periods, we observe that
both outcome indicators clearly increase for most countries. The only exception is
Burundi despite a high annual rate of population growth (3.0% on average over the
period 2008-2017, see Table 2).

We point out that, in fact, such improvements are relatively low when compared
to Sub-Saharan African countries (World Bank, 2022). For instance, from 2015 to
2017 the average access to electricity in Sub-Saharan Africa is 42.2%. Some countries
approach 100% of coverage, such as Cabo Verde (88%), Gabon (87%), and Mauritius
(99%). Also, reliability in 2014 was 4198 kWh per inhabitant in South Africa, 2182.5
in Mauritius, 1815.5 kWh in Botswana, and 478.9 kWh in Mozambique, bringing the
Sub-Saharan African average to 487.32 kWh.

Tables 5 to 8 provide useful additional information. There has been positive
growth over the years for the minima of the access variable for all countries. For the
reliability and resource variables, the maxima are observed during the 2012-2014 pe-
riod. Burundi has the lowest minimum values for all variables, while maximum values
are observed in Kenya. Greater standard deviations are observed for the reliability
and resource variables. This means that inequalities can be observed in the electricity
sector, especially in terms of reliability and resources.

Coming back to Table 1, how to explain the extreme range of variation in these
indicators? This is what we try to do in this paper. We hypothesise that these dif-

ferences result either from energy network distribution inefficiencies or from resource

estimated, based on national surveys conducted between 2011-2013, an average family size of 5.12
for the case of Ethiopia, Tanzania, and Uganda. We generalized the household size over all countries
and determined the number of households per country and year.

10Tn Table 2, m refers to meter. Note that generation capacity and transmission lines are given
per 100 inhabitants for better readability.

14



Table 1: Outcomes and resource — averages

Outcomes
Country | Period Access | Reliability | Resource
(customers

/100hh) (kWh/hab) | (kWh/hab)

All 2008-2017 13.9 66.8 84.4
2008-2011 8.9 58.3 73.6

All 2012-2014 13.6 68.1 87.0
2015-2017 20.9 76.9 96.2

Burundi 4.3 20.0 25.9
Ethiopia 9.5 51.5 69.2
Kenya 2008-2017 30.1 144.9 175.0
Rwanda 17.7 34.7 43.8
Tanzania 13.2 93.6 114.9
Uganda 8.8 56.0 77.4
2008-2011 3.4 20.6 25.8

Burundi | 2012-2014 4.3 21.2 26.7
2015-2017 5.3 18.1 25.2
2008-2011 8.5 36.4 45.6
Ethiopia | 2012-2014 9.7 53.6 76.7
2015-2017 10.5 69.5 93.3
2008-2011 17.1 133.5 158.6

Kenya 2012-2014 26.7 145.5 176.4
2015-2017 50.9 159.5 195.3
2008-2011 9.0 27.1 33.6

Rwanda | 2012-2014 19.5 34.3 44.3
2015-2017 27.5 45 56.9
2008-2011 9.7 85.2 107.8
Tanzania | 2012-2014 12.6 94.9 117.0
2015-2017 18.3 103.6 122.3
2008-2011 5.9 46.7 70.1

Uganda | 2012-2014 8.7 58.7 80.6
2015-2017 13.0 65.5 84.0
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Table 2: Other indicators

Network | Population | Generation | Transmission
Country | Period losses growth capacity lines
(%) (%) (kW/100hab) | (m/100hab)
All 2008-2017 22 2.95 2.36 7.59
2008-2011 21.6 2.95 1.98 7.19
All 2012-2014 22.8 2.92 2.50 7.57
2015-2017 21.8 2.97 2.74 8.13
Burundi 22.7 3.24 0.63 3.44
Ethiopia 24.9 2.81 3.88 10.04
Kenya 2008-2017 17.1 2.62 3.93 10.51
Rwanda 20.7 2.58 1.03 6.91
Tanzania 18.6 3.01 2.56 10.56
Uganda 28.1 3.41 2.16 4.05
2008-2011 20.2 3.30 0.64 3.78
Burundi | 2012-2014 20.4 3.19 0.61 3.38
2015-2017 28.3 3.22 0.63 3.07
2008-2011 20.1 2.82 3.07 8.09
Ethiopia | 2012-2014 30.4 2.86 4.40 10.95
2015-2017 25.7 2.75 4.44 11.72
2008-2011 15.9 2.76 3.33 10.04
Kenya 2012-2014 17.5 2.65 3.91 10.44
2015-2017 18.3 2.45 4.75 11.21
2008-2011 19.3 2.62 0.74 6.62
Rwanda | 2012-2014 22.3 2.50 0.98 6.19
2015-2017 20.9 2.63 1.46 8.01
2008-2011 20.9 2.95 2.37 10.93
Tanzania | 2012-2014 18.9 3.04 2.69 9.95
2015-2017 15.3 3.04 2.68 10.68
2008-2011 33.4 3.23 1.73 3.69
Uganda | 2012-2014 27.1 3.31 2.42 4.49
2015-2017 22.1 3.70 2.48 4.10
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constraints. This is what the methodology we adopted allows us to do. Nevertheless,
if we pay attention to the last column of Table 1, we have part of the answer. We
observe that a comparable range of variation is observed for the resource indicator,
e.g. 25.9 kWh by year in Burundi vs. 114.9 kWh and 175 kWh in Tanzania and
Kenya, respectively.

The percentage of losses in Table 2 corresponds to the gap between electricity
entered into the system and delivered electricity. It appears that, on average, for the
whole period and all countries, losses correspond to 22.0% of the total amount of
electricity entered into the system. Extreme values are observed for Uganda, 33.4%
for the period 2008-2011, and Tanzania, 15.3% for the period 2015-2017. However,
we do not observe a decline in the percentage of losses over the period (on average).
The level of losses in East Africa is very high when compared to other groups or
countries. For example, according to the World Bank (2022), the average losses were
established in 2014 at 5.4% for East Asia and Pacific, 14.29% for Latin America and
the Caribbean, and 11.4% for Sub-Saharan Africa (e.g. South Sudan, Mauritius and
South Africa, with 5.7%, 6.2% and 8.4%, respectively).

Generation capacity and transmission lines per 100 inhabitants, two indicators
that, as explained before, are not used in this study give us an approximate idea of
the investments done by each country. Ethiopia, Kenya, and Tanzania are, from this
point of view, countries that appear in the best situation, especially when compared
with Burundi. Both access to and reliability of the electrical system depend on these
investments.

We end this part by providing a brief macroeconomic perspective of our six coun-
tries. The World Bank (2020) indicates that Burundi’s average GDP per capita of
US$224 during 2008-2017 is about one-third that of Rwanda, Tanzania, and Uganda,
while it is less than one-quarter that of Kenya. Also, Burundi’s population density,
which averaged 333 persons per square kilometre during 2008-2017, is more than four
times that of Kenya, Ethiopia, and Tanzania, with the highest population density
observed in Rwanda. High population density is associated with a positive effect on
utilities’ efficiency (Bobde & Tanaka, 2018) as it reduces per capita electrification
costs and increases their financial sustainability (Blimpo & Cosgrove-Davies, 2019).
Therefore, access to electricity could increase when population density is high as
there are economies of scale for electric utilities (D’Amelio et al., 2016). However,

when high population density is associated with low GDP per capita, efforts for new
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electricity investments are undermined by higher technical and non-technical losses,
particularly due to theft and fraud (de Souza Savian et al., 2021; Jamil & Ahmad,
2019).

5 Results

As in the methodology section, we split the presentation of the results into two parts.
First, we start off by presenting the results for the efficiency and effectiveness scores.

Then, we continue with the results of the change and shift indexes.

5.1 Efficiency and effectiveness

Figure 1 presents the effectiveness and efficiency scores obtained for the six East
African electricity systems over the period 2008-2017. Averages per country and time
intervals are reported in Table 3. We compute efficiency and effectiveness using the
linear programmings (18) and (19) explained in the Appendix for the six countries and
the ten years. In particular, efficiency and effectiveness are computed year by year
separately and using, in each case, annual data from the six East African countries.
This implies that all countries are used as peers when computing the results. For
presentation purposes, average values are computed for the whole period and for
sub-periods (2008-2011, 2012-2014, and 2015-2017) in Table 3.

What we remark immediately is that efficiency scores are higher, in most cases
close to one (the benchmark value), while effectiveness scores vary dramatically, from
0.166 in the case of Burundi to 1 for Kenya, the benchmark country over the whole
period. Overall, the results confirm that access to reliable electricity supply is a major
challenge for East African countries. Even if we consider six countries only in this
study, the variation among them is huge in terms of effectiveness. Except for the
extreme case of Burundi, we observe that Ethiopia and Uganda’s scores are close to
0.40, and Rwanda and Tanzania’s to 0.60.

Next, the efficiency scores for the six electricity systems indicate that they are
close to the best practice. The best performers are Rwanda and Kenya and those lag-
ging behind are Ethiopia and Uganda, but with relatively high efficiency scores: 0.90
and 0.86 on average for the whole period, respectively. In other words, when resource

constraints are considered, in this case, the total amount of electricity supplied to
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Figure 1: Efficiency

and effectiveness by country
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Table 3: Average efficiency and effectiveness

Country | Period | Effectiveness | Efficiency Rizlilsce
All 2008-2017 0.542 0.94 0.57
All 2008-2011 0.542 0.944 0.568

by period | 2012-2014 0.558 0.938 0.588

2015-2017 0.528 0.935 0.553

Burundi 0.166 0.927 0.178

Ethiopia 0.455 0.901 0.505

Kenya 2008-2017 1 0.991 1.01

Rwanda 0.592 1 0.592

Tanzania 0.651 0.964 0.676

Uganda 0.39 0.854 0.457

2008-2011 0.204 0.957 0.213

Burundi | 2012-2014 0.164 0.957 0.172

2015-2017 0.117 0.857 0.137
2008-2011 0.512 0.975 0.524
Ethiopia | 2012-2014 0.4 0.834 0.483
2015-2017 0.436 0.87 0.502
2008-2011 1 1 1
Kenya 2012-2014 1 0.989 1.011
2015-2017 1 0.98 1.021
2008-2011 0.519 1 0.519
Rwanda | 2012-2014 0.727 1 0.727
2015-2017 0.553 1 0.553
2008-2011 0.652 0.94 0.694
Tanzania | 2012-2014 0.653 0.973 0.671
2015-2017 0.649 0.988 0.656
2008-2011 0.364 0.793 0.46
Uganda 2012-2014 0.404 0.873 0.463
2015-2017 0.41 0.917 0.448
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the network, the electricity systems appear under a more favourable view. By con-
struction, efficiency scores reflect here the share of losses in electricity transmission
and distribution. That is, the gap between electricity supplied to the network and
electricity delivered, which are the resource and one of the outcomes of the model,
respectively

The resource ratio is slightly higher than 1 for Kenya, which means that there
is room for efficiency improvement for this country. For all other countries, the
resource ratio is lower than 1 indicating that the resource constraint is probably the
primary source of low effectiveness.!! Also, in most cases there is room for efficiency
improvement, like in the case of Uganda with an efficiency score of 0.85 on average
for the whole period. The exception is Rwanda with an efficiency score of 1.0, which
is the benchmark value, in all sub-periods. Thus, state subsidies should be directed
to rural electrification, which is expensive for utilities.

Our results are in line with previous studies on Sub-Saharan African countries’
electricity systems. For instance, Eras-Almeida & Egido-Aguilera (2020) found that
poor access to electricity and system reliability can be attributed to geographic lo-
cation, low household income, and lack of government effectiveness and leadership.
Also, D’Amelio et al. (2016) attribute the general poor performances to the weak-
nesses of governments in setting sound electrification policies, and, at the same time,
to rapid population growth. Finally, let us mention the study by Blimpo & Cosgrove-
Davies (2019) who showed that connecting an additional customer results, very often,

in lost revenue for utilities.

5.2 Changes and shifts

In Table 4 we report the results corresponding to changes and shifts in effectiveness,
efficiency, and resource ratio as well. For the computation aspect, we follow the
different steps explained in the Appendix. In particular, the base and the current
years are two consecutive periods (for example, when b = 2008 then ¢ = 2009; when

b = 2015 then ¢ = 2016). Note that, for presentation purposes, all the results are

HTn this study, the energy supplied to the network is considered, by construction, exogenous.
However, it could be argued that supply constraints are, at least partially, explained by a demand
factor, the difficulties households have in most developing countries to afford the price of electrical
energy.
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reported in percentage points.'?

A clear and net pattern appears when we interpret changes and shifts together.
On the one side, we observe negative and relatively low changes and, on the other side,
positive and, in many cases, high rates in shifts (higher than 10% per year). In other
words, there is an improvement in both the resource-outcome and outcome empirical
possibility sets; 9.5% per year in the case of the outcome set (effectiveness) and 1.8%
for the resource-outcome set (efficiency). At the same time, we see negative variations
for changes inside the possibility sets: -1.3% and -0.4% per year for effectiveness and
efficiency, respectively.

As a consequence, the resource ratio, which measures the relative shifts of the ef-
fectiveness and efficiency possibility sets, increases rapidly, at a rate of 7.6% per year
on average. This means that, over the period 2008-2017, the resource restrictions
are partially removed, and at a high rate, particularly if we think that, at the same
time, the population grew at a constant rate, near 3%, each year in these countries
(see Table 2). A remarkable case is that of Rwanda for which effectiveness, efficiency,
and resource ratio shifts have the highest positive scores (18.5%, 5.3%, and 12.5%,
respectively). Following Lenz et al. (2017), this evolution may be due to the Elec-
tricity Access Rollout Program (EARP), which successfully connected schools, health
facilities, and administrative offices to the national grid in its first phase from 2009
to 2013. Moreover, according to Bimenyimana et al. (2018), the EARP enabled an
increase in new customers by 364,000 from 2012 to 2017 (representing around 700,000
households, which corresponds to 31% of the total households).

The signs of changes in effectiveness and efficiency are, on average, negative for the
whole panel, but mainly for some countries and periods. This is the case of Burundi
and Ethiopia, with an average change rate of -8.0% and -2.8% in effectiveness and
-1.5% and -2.0% in efficiency, per year, respectively. Also, the change in the resource
ratio for these two countries is negative, particularly for Burundi, -6.6% per year,
which corresponds to an increasingly stringent situation in terms of available resources
over time. One possible explanation is that, as pointed out by Nsabimana (2020),
the electricity network depends on investments made in the 1980s in Burundi. As

a result, access to electricity and system reliability remain among the lowest in the

12For example, for the effectiveness shift, the number we report in Table 4 corresponds to
[VDshift(¥p,ye) — 1] X 100%. Also, note that our indexes are not circular making the compari-
son difficult over time. Taking the sub-period averages seems therefore a good compromise. See, for
example, Walheer (2022) for a related discussion.
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Table 4: Changes and shifts

Changes Shifts

Country | Period Effectiveness | Efficiency Resoyrce Effectiveness | Efficiency Resoyrce
ratio ratto
All 2008-2017 -1.3 -0.4 -0.9 9.5 1.8 7.6
2008-2011 -2.0 0.3 -2.3 10.8 1.8 8.9
All 2012-2014 0.8 0.5 0.3 8.4 1.2 7.2
2015-2017 -2.8 -2.0 -0.9 9.3 2.4 6.7
Burundi -8.0 -1.5 -6.6 12.9 1.0 11.8
Ethiopia -2.8 -2.0 -0.8 9.0 1.6 7.3
Kenya 2008-2017 0.0 -0.7 0.7 10.1 0.7 9.4
Rwanda 1.4 0.0 1.4 18.5 5.3 12.5
Tanzania 0.7 0.6 0.1 3.2 1.2 2.0
Uganda 1.2 1.2 -0.1 4.2 1.1 3.1
2008-2011 -6.2 1.1 -7.2 15.1 0.6 14.4
Burundi | 2012-2014 -6.8 1.1 -7.8 13.4 0.6 12.8
2015-2017 -11.0 -6.5 -4.8 10.3 1.9 8.2
2008-2011 -14.5 -1.6 -13.1 15.1 1.1 13.8
Ethiopia | 2012-2014 2.2 0.2 2.1 10.1 0.5 9.6
2015-2017 5.0 -4.6 10.1 2.0 3.1 -1.0
2008-2011 0.0 0.0 0.0 8.3 0.3 8.0
Kenya 2012-2014 0.0 -1.1 1.1 8.1 0.5 7.6
2015-2017 0.0 -0.9 1.0 14.1 1.4 12.5
2008-2011 13.8 0.0 13.8 15.1 8.7 5.9
Rwanda | 2012-2014 5.6 0.0 5.6 13.4 4.9 8.1
2015-2017 -13.4 0.0 -13.4 27.6 2.6 24.4
2008-2011 -2.5 -0.3 -2.2 4.4 0.2 4.3
Tanzania | 2012-2014 1.3 0.9 0.4 3.0 0.4 2.7
2015-2017 3.3 1.2 2.1 2.0 3.0 -0.9
2008-2011 -0.2 2.6 -2.7 7.6 0.2 7.3
Uganda 2012-2014 3.0 1.9 1.1 3.0 0.4 2.7
2015-2017 0.8 -0.7 1.5 2.0 2.7 -0.6
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world.

Two remarkable cases are those of Kenya and Rwanda. As we learned before
in Table 3 both countries are among the best performers in terms of effectiveness
(Kenya) and efficiency (Rwanda). Interestingly, given this particular situation in
those countries, all the variations in effectiveness for Kenya and in efficiency for
Rwanda correspond to shifts in the possibility sets, which are 10.1% and 5.3% by
year, respectively.

To summarize, the change and shift results show a positive trend toward the
fulfilment of SDG’s objectives to access reliable electricity, even if some countries lag.
This is the case of Tanzania and Uganda where the shifts in the possibility set are at
a lower path, 3.2% and 4.2% by year, respectively. Also, the change and shift results
confirm that resource constraint is the key factor to reaching the goal of the 2030

Agenda on Sustainable Development and not resource utilization.

6 Conclusion

Population access to reliable and affordable electricity networks is one of the objectives
of the Sustainable Development Goals (SDG) adopted by the United Nations as part
of the 2030 Agenda. In this paper, we take this objective as our starting point
to present a performance evaluation exercise of the whole electricity systems of six
East African countries over a 10-year period. In particular, we focus our attention
on two dimensions: effectiveness, i.e. to what extent have the electricity systems
achieved the optimal outcome values? and efficiency, i.e. to what extent have the
electricity systems achieved the optimal resource-outcome values? While intertwined,
these two dimensions give two different analyses of the electricity goals of the SDG.
As we analyze performances over time, we compute efficiency and effectiveness over
time using indexes. We suggest two main categories of indexes: changes and shifts.
Finally, our analysis makes use of a non-parametric estimation method based on the
construction of empirical possibility sets.

The results show dramatic differences in terms of effectiveness and small differ-
ences in terms of efficiency. High rates of changes and shifts, particularly in the
effectiveness dimension, are also highlighted by our performance evaluation exercise.
Access to reliable electricity supply for the whole population is therefore a faraway

goal for most countries, except for Kenya which is the benchmark in both dimen-
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sions. We identified resource restriction as the main issue with room for efficiency
improvements. This means that new projects and investments in energy production
could only have a direct and positive effect on outcomes. These represent a sufficient
condition, only valid if, at the same time, the capacity and the quality of the trans-
mission and distribution networks follow; a double challenge for these countries, their
economies, and their population, when financial resources are scarce.

However, coming back to the case of Kenya, according to World Bank Indicators
(World Bank, 2022), over the last decade rural electrification extended rapidly in
this country thanks to investments in new technologies based on renewable sources.
Rwanda has also increased its investment in both urban and rural electrification,
thanks to the multi-funded EARP program. In Burundi, the higher population growth
and the dilapidated state of the electrical infrastructure (especially Bujumbura’s un-
derground low-voltage network) have an impact not only on access to electricity but
also on the quality of service. As a result, Burundi has been characterized by long
periods of electricity load shedding. Ethiopia is the largest country in the region, and
much of the electricity generated is consumed by the industrial sector. Uganda has
considerably reduced its electricity losses thanks to the implementation of an institu-
tional framework aimed at the vertical unbundling of the electricity sector. Tanzania
has increased its investment in generation by exploiting new energy resources such
as natural gas. However, as highlighted by our empirical exercise, all these countries
still have to put in new efforts to increase their effectiveness if they want to achieve
universal access to electricity as defined in SDG 7.

Even without being proof of causality, it appears that a policy consisting of in-
creasing the share of energy from renewable sources, particularly in rural areas, has a
direct impact on effectiveness. As for the telecommunications sector in past decades,
technological innovations appear also here as an engine of transformation.!® It is
too early to say which will be the future configuration of the electricity sector in
East African countries. However, this evolution appears already as a first step in the
direction of reaching SDG 7 goals. For this reason, it must be considered by author-
ities and regulators as a priority in their agenda for policy orientation in the energy

sector. Increased expenditure on electrification infrastructure could be achieved by

I3In Sub-Saharan countries, fixed and mobile phone subscriptions per 100 people were 1.7% and
1.4%, respectively, in the earlier 2000s. Today (2020), they are 0.7% and 82.0%, respectively (World
Bank, 2022).
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mobilizing domestic and foreign resources. East African countries could develop joint
electricity infrastructure projects, enabling easier co-financing.

A limitation of our study is that it concerns grid-connected distribution networks,
including local rural electrification agencies, but not energy produced, and consumed,
privately. Therefore, the results need to be interpreted from this point of view.
Nevertheless, it is important to note here that local rural electrification, as well as
private micro-energy production, relies largely on renewable sources, particularly pho-
tovoltaic. According to World Development Indicators (World Bank, 2022), the share
of electricity from renewable sources, excluding hydroelectric, was 48.3% in Kenya in
2015.'* Even without being a proof of causality, our hypothesis, as a conclusion, is
that increasing the share of energy from renewable sources (SGD 7.2), is not neces-
sarily in competition with effectiveness (SDG 7.1), nor with efficiency (SGD 7.3). On
the contrary, the three goals appear to be complementary.

Finally, we point out that the methodology proposed in this paper is also useful
for studying other public services performances, like water and sewerage or trans-
portation, as well as for social services like health and education, particularly in the
case of developing countries. Furthermore, when panel data is available, we suggest
the computation of new indexes capturing efficiency, effectiveness, and resource ratio
changes and shifts over time. From a methodological aspect, a direct extension is
to define our indexes using alternative definitions of the empirical sets, such as an

intertemporal (Cruz-Cazares et al., 2013) or a sequential approach (Walheer, 2024).
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14For the other East African countries covered by this study, this information is only reported
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Appendix A: descriptive statistics
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Table 5: Outcomes and resource — minimum

Outcomes
Country | Period Access | Reliability | Resource
(customers

/100hh) (kWh/hab) | (kWh/hab)
All 2008-2017 3.0 17.2 24.0
2008-2011 3.0 19.7 241
All 2012-2014 4.2 20.2 26.6
2015-2017 4.8 17.2 24.0
Burundi 3.0 17.2 24.0
Ethiopia 8.2 33.7 42.2
Kenya 13.6 132.8 158.0
Rwanda | 2008-2017 5.9 23.7 29.3
Tanzania 9.0 81.6 102.8
Uganda 5.1 42.0 65.1
Burundi | 2008-2011 3.0 19.7 241
Burundi | 2012-2014 4.2 20.2 26.6
Burundi | 2015-2017 4.8 17.2 24.0
Ethiopia | 2008-2011 8.2 33.7 42.2
Ethiopia | 2012-2014 9.3 42.6 67.7
Ethiopia | 2015-2017 9.0 59.1 86.5
Kenya 2008-2011 13.6 132.8 158.0
Kenya 2012-2014 23.5 143.7 172.0
Kenya 2015-2017 38.6 159.9 193.2
Rwanda | 2008-2011 5.9 23.7 29.3
Rwanda | 2012-2014 16.4 28.5 35.6
Rwanda | 2015-2017 25.3 41.2 52.5
Tanzania | 2008-2011 9.0 81.6 102.8
Tanzania | 2012-2014 11.1 94.3 117.6
Tanzania | 2015-2017 16.4 99.5 120.3
Uganda | 2008-2011 5.1 42.0 65.1
Uganda | 2012-2014 7.5 56.9 79.8
Uganda | 2015-2017 11.6 65.7 84.4
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Table 6: Outcomes and resource — median

Outcomes
Country | Period Access | Reliability | Resource
(customers

/100hh) (kWh/hab) | (kWh/hab)
All 2008-2017 10.0 56.0 80.2
2008-2011 8.5 42.9 60.0
All 2012-2014 10.6 58.2 81.4
2015-2017 15.5 66.9 86.4
Burundi 4.3 20.1 26.8
Ethiopia 9.2 49.4 74.2
Kenya 24.9 144.1 174.5
Rwanda | 2008-2017 | 473 34.7 44.5
Tanzania 11.7 95.1 117.9
Uganda 8.2 58.2 81.0
Burundi | 2008-2011 3.5 20.9 26.5
Burundi | 2012-2014 4.3 21.5 26.9
Burundi | 2015-2017 5.4 18.0 25.3
Ethiopia | 2008-2011 8.5 35.2 44.1
Ethiopia | 2012-2014 9.7 55.0 80.6
Ethiopia | 2015-2017 10.8 72.1 93.5
Kenya 2008-2011 16.8 133.8 158.9
Kenya 2012-2014 26.2 144.6 177.0
Kenya 2015-2017 51.0 161.3 199.2
Rwanda | 2008-2011 8.5 26.8 33.3
Rwanda | 2012-2014 19.2 36.6 48.4
Rwanda | 2015-2017 26.4 46.3 58.7
Tanzania | 2008-2011 9.7 87.2 109.2
Tanzania | 2012-2014 12.3 95.9 118.2
Tanzania | 2015-2017 18.8 100.1 124.4
Uganda | 2008-2011 5.7 47.8 72.4
Uganda | 2012-2014 8.9 59.5 82.2
Uganda | 2015-2017 12.7 65.7 85.3
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Table 7: Outcomes and resource — maximum

Outcomes
Country | Period Access | Reliability | Resource
(customers

/100hh) (kWh/hab) | (kWh/hab)
All 2008-2017 63.0 164.7 202.7
2008-2011 20.8 141.8 168.4
All 2012-2014 30.3 155.1 188.5
2015-2017 63.0 164.7 202.7
Burundi 5.6 22.9 27.8
Ethiopia 11.7 80.7 104.2
Kenya 63.0 164.7 202.7
Rwanda | 20052017 30.7 49.7 62.2
Tanzania 19.7 115.9 128.0
Uganda 14.6 68.1 86.2
Burundi | 2008-2011 3.8 22.2 27.8
Burundi | 2012-2014 4.5 22.9 27.7
Burundi | 2015-2017 5.6 19.9 27.4
Ethiopia | 2008-2011 8.8 43.7 54.8
Ethiopia | 2012-2014 10.2 65.7 85.5
Ethiopia | 2015-2017 11.7 80.7 104.2
Kenya 2008-2011 20.8 141.8 168.4
Kenya 2012-2014 30.3 155.1 188.5
Kenya 2015-2017 63.0 164.7 202.7
Rwanda | 2008-2011 13.2 32.8 40.5
Rwanda | 2012-2014 22.8 39.5 51.1
Rwanda | 2015-2017 30.7 49.7 62.2
Tanzania | 2008-2011 10.4 90.2 116.9
Tanzania | 2012-2014 14.4 99.1 120.7
Tanzania | 2015-2017 19.7 115.9 128.0
Uganda | 2008-2011 7.1 52.4 74.8
Uganda | 2012-2014 9.7 62.6 83.6
Uganda | 2015-2017 14.6 68.1 86.2
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Table 8: Outcomes and resource — standard deviation

Outcomes
Country | Period Access | Reliability | Resource
(customers
/100hh) (kWh/hab) | (kWh/hab)

All 2008-2017 11.2 43.8 51.9
2008-2011 4.6 41.2 48.6
All 2012-2014 7.8 43.7 51.6
2015-2017 16.1 47.4 56.2

Burundi 0.9 1.8 1.5
Ethiopia 1.1 16.8 22.9
Kenya 16.2 12.2 17.2
Rwanda | 2008-2017 8.6 8.9 11.6
Tanzania 4.0 9.6 7.6
Uganda 3.3 9.1 7.1
Burundi | 2008-2011 0.3 1.3 1.7
Burundi | 2012-2014 0.2 1.4 0.6
Burundi | 2015-2017 0.4 1.4 1.7
Ethiopia | 2008-2011 0.3 4.6 5.8
Ethiopia | 2012-2014 0.4 11.6 9.2
Ethiopia | 2015-2017 1.4 10.9 8.9
Kenya 2008-2011 3.0 4.2 4.9
Kenya 2012-2014 3.4 6.4 8.4
Kenya 2015-2017 12.2 2.5 4.8
Rwanda | 2008-2011 3.2 4.1 4.9
Rwanda | 2012-2014 3.2 5.7 8.3
Rwanda | 2015-2017 2.8 4.3 4.9
Tanzania | 2008-2011 0.6 3.6 5.8
Tanzania | 2012-2014 1.7 2.4 1.6
Tanzania | 2015-2017 1.7 9.3 3.8
Uganda | 2008-2011 1.0 4.9 4.5
Uganda | 2012-2014 1.1 2.9 1.9
Uganda | 2015-2017 1.6 1.4 0.9
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Appendix B: linear programmings

We estimate efficiency and effectiveness using a Data Envelopment Analysis (DEA)-
based methodology. DEA, introduced by Charnes et al. (1978), does not assume
any functional form for the technology but rather reconstructs the technology by
means of a possibility set using the data while imposing some regularity conditions
on the technology (here, we assume that the possibility set is compact and satisfies
constant returns-to-scale). DEA is easy to deal with as it only requires solving linear
programming using all entities as peers. To be fair, DEA presents also some less
desirable features. It is sensitive to outliers and measurement errors. As our sample
is small and we make use of aggregated data, such two aspects are probably under
control.

All our indexes depend on the efficiency and effectiveness measurements evaluated
at different time periods: ey(yo, Xp), €c(Ye,Xe), €(Yes Xe), and e.(yp, Xp); and py(ys),
Pe(¥e), po(ye), and p.(yp). Without lost of generality, we show how e.(ys, X;) and
pe(ys) are computed for an entity evolving at (y;,xp). Let us start with e.(ys, X)

that is obtained solving the following linear programming:

ec(yp, xp) = ,\1mir>l\ e

- (17)

To obtain the three other efficiency measurements, it suffices to change the time
periods for the evaluated country, i.e. (ys Xp), and/or the peers, i.e. (yej,X;) for
j=1,...,nin (17).

Next, we explain how p.(y,) can be computed for an entity evolving at (yy).

Again, a linear programming is used but the resources are not needed. We obtain the

37



following;:

Pe(yp) = min p

1y--5An

(C-1) yu/p <) Ayes

J=1

(Ca)1z§iAj 18)

(C3)Vj=1,....,n:); >0,
(C-4)p>0.

The linear programming in (18) is similar to (17) except that the resources are set
to unity. This directly comes from the definition of the effectiveness measurement
(see (4)). Again, to obtain the three other effectiveness measurements, it suffices to
change the time periods for the evaluated entity, i.e. (ys,X;), and/or the peers, i.e.

(ycj,ch) for j=1,...,nin (18).
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