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ABSTRACT

Access to affordable and clean energy is key for sustainable development. Goal 7 of the 17 UN's
Sustainable Development Goals explicitly addresses “affordable and clean energy”, however,
success in most of the remaining 16 Sustainable Development Goals depends on access to
energy too. Impact assessment frameworks describe the impact of access-to-energy projects, but
available frameworks do not capture the entire impact of access-to-energy projects. They do not
account for all energy vectors (electricity, heat, transportation) nor for the full array of effects
along the 17 Sustainable Development Goals with its 247 indicators. By applying the SMART
framework for indicator design the paper analyzes all Sustainable Development Goal indicators
concerning implications through access to energy to finally propose a set of weighted indicators
that fill the abovementioned gap. 58 indicators turn out to be relevant and they lay the
foundation for a holistic impact assessment framework for access-to-energy projects.
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INTRODUCTION

Following the Millennium Summit of the United Nations in the year 2000, all United
Nations member states and several international organizations committed to achieve 8
international development goals by 2015, the so-called “Millennium Development Goals”
(MDGs). These goals were set in order to make progress in development in the global south.
The first MDG mentioned desired progress in eradicating extreme poverty and hunger [1]. By
2015, the number of people who lived on less than $1.25 per day has declined by more than half
compared to 1990, but still 836 million people were affected by extreme poverty [2].
Therefore, it remained a major global challenge to further reduce poverty. In 2015, the
Sustainable Development Goals (SDGs) were brought out as a new set of development goals
with a time period from 2015 to 2030 and with a validity for the global south and the global
north alike. The first goal of the SDGs still concerns to “end poverty in all forms everywhere”
[3]. Access to clean and affordable energy contributes to achieve this goal.
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The correlation between per capita energy consumption and human development has been
studied and it was confirmed that the availability of energy is a requirement for economic
development [4], for cultural and social development [5], and for human development in
general [6]. The correlation grows weaker with an increasing living standard, also known as
“saturation” |7] or “plateau” [8], however the correlation isindisputable at low living standards
|5, 6]. Consequently, providing “access to clean and affordable energy” to all people is
included as a stand-alone goal through SDG 7, while there are a total of 17 SDGs
encompassing all areas of human life [9].

Various articles point out causal relationships between making progress under SDG 7 and
positive contributions to the other 16 SDGs. The UN agency Sustainable Energy for All [10]
acknowledges the significant contribution of energy to improve the quality of life of affected
people and it spurs project implementations. The number and the variety of energy projects in
the global south increases with the objective to reap the benefits as holistic as possible. This is
when a holistic impact assessment of such projects is required to design projects as optimal and
impactful as possible.

Methods and frameworks to assess project performance grow in number, however, they
mostly outline the inputs and the outputs of a certain project and only partly capture the
outcomes on the target group level and the impact on the societal or regional level. This is
misleading since the outcomes and the impacts are actually the units of measurement that
should be looked at. It is the outcomes and the impacts that allow to assess the impacts of a
certain project. The paper hereby refers to the terminology of inputs, outputs, outcomes and
impacts as per the logical framework theory. This theory also is the basis for the SDG design.

e Inputs are the financial, human and material resources that go into a project for its
execution.

¢ Outputs are the services and products produced by a project.

e Outcomes are the project’s effects at the target-group level.

e Impacts are project’s effects at the societal or regional level.

In addition, the majority of frameworks stems from the time before the existence of the
SDGs and they are mostly tailored to a specific type of project, i.e. rural electrification projects.
The intention of the present analysis is to provide the foundation for a universal and holistic
assessment framework which is capable of capturing the impact of access-to-energy
implementations across the entire array of sustainability criteria. Therefore, it is shown how to
select, weight and use the SDG indicators for this purpose.

The structure of this article is as follows: Section 1.1 provides a review of assessment
frameworks on access-to-energy projects. A review of the literature on interlinkages between
SDG 7 and other SDGs was carried out in section 1.2. Section 2 presents the method to get to
the relevant and to the measurable SDG indicators for access-to-energy projects. The resulting
indicators are listed and described in section 3. Findings are discussed and prospective research
is indicated before we conclude with a summary in the last chapter of this article.

SECTION 1: REVIEW SECTION

This chapter gives an overview of existing frameworks for access-to-energy projects
(subsection 1.1) and on interlinkages between access to energy — in terms of SDG 7 — and other
SDGs (subsection 1.2).

Section 1.1: Review of existing frameworks

Assessment frameworks for access-to-energy projects are used to focus on rural
electrification projects in developing countries. A common feature of the frameworks is that
they feed indicators from the common thematic areas of ecology, economy, technology,
society and institutions. The resulting indicators can either be quantitatively or qualitatively



assessed. In some cases surveys provide data as evidence and in other cases persons report
perceived changes. Both approaches aim to rank project activities or energy technologies.

A fundamental and widely used assessment framework was developed by Elisabeth Ilskog
[11] in 2008. Elisabeth Ilskog defined 39 indicators out of the areas “technical”, “economic”,
“social/ethical”, “environmental” and “institutional” sustainability and thereby presented an
improved and standardized assessment of electrification projects. The indicators were
developed following previous work of the International Atomic Energy Agency and under the
MDGs, including both quantitative and qualitative indicators. The scoring is done in a range
from one to seven for each indicator and an aggregated result is reached by averaging the
scores [11]. In the following work, the author sharpened and modified the indicators slightly by
applying the framework to seven rural electrification projects|12].

Detached from Ilskog’s work, Brent and Rogers [13] in 2010 developed a model to apply a
sustainability assessment suited to one specific electrification project in Southern Africa.
Similar to the prior author, Brent and Rogers defined indicators along the dimensions
“economics”, “sociology”, “ecosystem sustainability”, “institutional governance” and the
“physics and chemistry of energy conversion processes”, the latter to be a specific approach to
describe technical findings. The initial 20 indicators were developed in accordance with the
MDGs, and they were additionally sharpened along recommendations of the Brundtland
Report [14] and the Stern Review [15]. Subsequently, the authors applied their model to a
project to generate additional useful indicators [13].

In contrast to the frameworks mentioned above, Susanto and Smits in 2010 [16] did not aim
to develop an assessment framework for electrification projects, but to compare various energy
technologies for the off-grid electrification in the Lao People’s Democratic Republic. The
authors reduced Ilskog’s framework to the dimensions of “technology” and ‘“economic
development”, and modified the indicators for scoring of “low”, “medium” and “high”. The
outcomes of their study illustrate how technological complexities and local capacity play a role
in the adoption of renewable energy technologies [16].

In 2012 Ferrer-Marti et al. [17] developed a framework to assess the impact of three
small-scale community wind electrification projects, all of which were located in northern Peru
and differed in the technical solutions. The authors introduced 19 indicators amongst the
dimensions “project design and technical aspects”, “socio-economic aspects” and
“sustainability and management model”, the latter to focus on tariff structure and community
participation in the projects. The indicators were not unified in how contributions towards them
were collected. Some indicators were fed by a ranking score between low, moderate and high,
for others percentages were used and for again others, a binary “met” or “not met” scoring was
used. [17].

Mattarolo et al. [18] in 2014 developed an integrated monitoring and evaluation (M&E)
approach to assess electrification projects by combining the Logical Framework Approach
(LFA) and the Sustainable Livelihoods Framework (SLF). Based on these two key concepts,
the conference paper recommends to highlight participation, ownership and empowerment of
the people within the project. The authors stress the importance of people-oriented M&E
indicators that early on, starting from the project formulation help steering the project activities
towards a sustainable outcome. This approach complements the methodological line developed
from the Ilskog’s work. In particular, it addresses the technological sustainability of the
implemented energy solution by monitoring the functioning of the project’s installations.

Bhandari et al. in 2018 [19] suggest a framework, which includes multiple indicators
among the dimensions — ‘“social”, “economic”, “environmental” and “technical”. The
indicators were defined and developed in collaboration with several stakeholders of a
electrification project in rural Nepal. The authors apply their assessment scheme to the project
and use a scoring system ranging from lowest grade “1” to highest grade “5”. The authors
conclude that applying their framework to different electrification system topologies can help
to create a general ranking of the technologies in rural energy supply settings [19].



The chronological analysis of frameworks developed to assess access-to-energy projects
reveal multiple limitations and gaps in their application.

Firstly, the listed frameworks were designed and tailored to specific project settings or
technologies. Depending on the objective — local setting or technology — the authors were obliged
to make modifications to an existing framework or even to develop a completely new
framework. These approaches are time-consuming and not universal, and consequently, they
contradict the consensus for a universal assessment. Such an assessment would allow for the
comparison of different projects and technologies. A particular limitation is that the available
frameworks were designed for the assessment of electrification projects and as such, they
neglect other energy vectors the like of clean cooking fuels and energy carriers for transport.
By the existence of the SDGs, the important role of all three vectors of energy for human
development has become clear. Accordingly, it is essential to consider all three in a
comparative assessment scheme.

Secondly, the available frameworks aim at assessing the performance of access-to-energy
projects by measuring outputs. They fail to capture the desired project outcomes which, together
with the project impacts, describe the change at the target group and societal or regional level.

This paper proposes to fill these gaps through a universal and holistic impact assessment
framework, which is capable of capturing the impact of access-to-energy projects across all
sustainability dimensions and along the three energy vectors. For this matter, all 247 SDG were
screened indicators for assessment and weighing in access-to-energy projects.

Section 1.2: Research on inter-linkages between Sustainable Development Goal 7 and
other Sustainable Development Goals

The “interlinkages and integrated nature” of the SDGs are highlighted in the preamble to
the 2030 Agenda for Sustainable Development. Its adoption gave an impetus to a closer
examination of interlinkages among the SDGs in the scientific literature as well as in the work
of specialized UN agencies and other bodies. The following subsection presents an overview of
works on the correlations between SDG 7 and other SDGs. They have been reviewed in the
preparation of this manuscript with the intention of detecting those SDGs that, due to their links
to the topic of energy, are considered for the proposed framework for the assessment of
access-to-energy projects.

In 2015 Le Blanc [20] applied network analysis techniques to map the links between the
different SDGs. The author’s work was motivated by facilitating deeper integration across the
policies pursued in various thematic areas of sustainable development. The paper focuses on a
qualitative assessment on the policy level based on the interpretation of wording, rather than
examining individual “biophysical, social and economic systems” [20]. While a relatively low
number of interlinkages are identified for the SDG 7 in Le Blanc’s mapping, the core thematic
areas with the largest number of interlinkages include inequality, sustainable production and
consumption (SPC), poverty, hunger and education. Further, the interconnection between
energy and industrialization is identified as one of several gaps that the author sees not covered
by the SDGs [20].

Nilsson et al. [21] developed the idea of synergies and trade-offs between SDGs mentioned
already by Le Blanc [20] and contributed with a detailed framework describing different types
of interactions between the goals. In order to enable prioritizing among different policy options
based on up-to-date empirical evidence, the authors present a scoring system to assess the
interdependency between two specific SDGs on a scale from -3 for a strong negative, i.e.
cancelling relation, to +3 describing the strongest synergy. Apart from the strength of the
interaction, three more criteria are suggested for assessment: whether the impact is (i)
reversible or irreversible, (i1) unidirectional or bidirectional, and (iii) more or less certain based
on available evidence. Unlike the previously cited work, Nilsson et al. analyse interlinkages on
the goal level and do not look into corresponding targets. For our further analysis, it is
important to note that the authors stress the role of the local context and available technologies



as well as the time and space aspects, encourage attention to specific local root causes and warn
against abstract generalizations [21].

More recently, the specific correlations between SDG 7 (Clean Energy for All) and the
remaining 16 SDGs raised interest in the scientific community leading to the following
research articles. Nerini et al. |22] identified and examined the links between energy and other
SDGs that might be remedied by changes in the energy system topology. The research question
goes beyond the initial provision of energy (Target 7.1) and covers all energy-related aspects
and impacts down the road when the point of actually turning energy into energy services.
Unlike the above two articles, the analysis deals with the topic on a detailed SDG target level —
SDG targets which are used in the SDG framework to further specify the goals — and is
substantiated by qualitative evidence obtained from experts in the relevant thematic fields, i.e.
by reference to previous studies. The interlinkages are described using the plain synergy —
trade-off classification. Similarly to Nilsson et al. [21], the authors consider the
interdependencies on the level of individual SDG targets to be manifold and “highly context
specific” [22].

The most comprehensive study on interlinkages between SDG 7 and other SDGs is the
work published by McCollum et al. [23]. The authors in 2017 report on a large-scale
assessment of relevant energy literature to detect the interactions of SDG 7 with other SDGs,
including context-dependencies relating to governance, time, geography, technology and
directionality. The authors assess the nature and strength of identified interactions, the
robustness of the literature evidence and find knowledge gaps as well as critical areas, building
on the scoring framework by Nilsson et al. [21] and a more general description of
interdependencies among the goals provided by Nerini et al. [22]. As such, the
interdependencies with SDG 7 are calibrated on the level of individual SDG targets or a group
of two or more closely related targets. They finally find that positive interactions, in the
meaning and ranking of either indivisible, reinforcing or enabling, outweigh negative
interactions (constraining, counteracting or cancelling) both in number and magnitude,
amongst all SDGs (except SDG 17 “means of implementation”, that was not considered) [23].

In 2017, Pradhan et al. |24 quantified the interactions of the SDGs in both directions of
synergies, being positive correlations and trade-offs, being negative correlations. In a novel
approach, the authors considered such correlations on the most detailed level of the SDGs by
using actual data collected within 227 countries for the SDG indicators which are used to track
progress in the respective targets of the SDGs. SDG 7 is found to have a surprisingly balanced
ratio of positive as well as negative correlations to 14 other SDGs. The authors show that even
the indicators within SDG 7 can correlate negatively in some geographical contexts [24].

The review of the literature examining interlinkages between SDG 7 and other SDGs
allows for the conclusion that none of the previously listed considers the impact access to
energy can have on a project scale, which would be measurable at indicator level of the SDGs,
but all allow for causal linkages and context-dependencies to include governance and political
aspects as well. Also, it turns out that it is not distinguished between the types of energy. In
addition to a review of research articles, a more detailed literature review including project
reports of access-to-energy projects is needed.

Therefore, this article analyses the relevance of access-to-energy in contributing towards
respective SDGs on a project level while at the same time differentiate between the three
energy vectors.

SECTION 2: METHODS

The identified gap calls for a selection of SDG indicators that are influenced by
access-to-energy projects and that play a role in the achievement of other non-energy-related
SDGs. Theoretical background of the used method is explained in subsection 2.1 and it is



applied to SDG 1 to showcase eligible indicators exemplarily. Subsection 2.2 describes the
approach to determine energy vector’s relevance for the respective indicator.

Section 2.1: Selection of eligible indicators

Firstly, SDG indicators that are affected by changes in the access-to-energy level are
outlined. Particular attention is given to the kind of energy (electricity, cooking fuel,
transportation) relevant to this effect. Secondly, the suggested structure and methodology for
data collection and computational method of such indicators is examined to see whether this
indicator can be used as a unit of measurement for an access-to-energy project. To
comprehensively cover all of these aspects, the SMART framework is established method.
SMART stands for the five essential attributes of performance indicators. Even though it has
been decoded into slightly varying words by different authors, this paper understands the
terminology as Specific, Measurable, Achievable, Relevant and Time-bound [25, 26].
Originally introduced by Drucker in 1954 for goal setting as part of the Managing by
Objectives approach in the management science [25], SMART criteria have since been widely
used in many fields for key performance indicators, including the formulation of indicators for
monitoring and evaluation of development projects [27]. In the context of the SDGs, Cormier
and Elliott analyse the indicators pertaining to SDG 14 (Life Below Water) using the SMART
criteria [28].

The specific definition and design of all the 231 (unique) SDG indicators is seen as given
standard by the UN, as valid for the period 2015-2030 and it is therefore not further discussed
in this article. However, some SDG indicators are required to be adjusted in order to be applied
for the evaluation of access-to-energy projects. This concerns time periods and geographical
dimensions in order to match the project duration and the regional zone that the project might
have an impact on. The aforementioned adjustments do not involve modification of the
indicator design but rather a “zooming in” effect in order to make useful policy level indicators
to a grassroots project setting.

The achievability of an indicator for evaluating a project refers to setting a realistic
quantitative target to the particular project context. The time-bound criterion is similarly
project-specific. Like the achievability, it does not deal with what is measured but rather
requires a clear indication by when a specific quantitative target must be achieved. The only
time-related aspect to be considered in the formulation of an indicator is the timing of when
changes happen and become measurable. This depends on the design of the measured
parameter. Potential effects of later and unrelated projects may complicate the measurement of
direct impact from access to energy. The distortion is likely to grow with time. Accordingly,
the discussion focuses on relevance and measurability.

To illustrate the linkage of the two indicators with the logical framework theory, Figure 1
shows the steps from the implementation of a project, to the outputs of the project, over
outcomes at the target group level and up to the impact that is brought by the entire
implementation. According to the idea of the logical framework theory, any access-to-energy
implementation generates outputs which translate into desired effects on the target group level,
namely outcomes. For this paper, the outcomes were used to assess the relevance of an
indicator.

As the SDG indicators by their nature capture impacts — the outcome at the regional or
societal level — the SDG indicators were used to assess the measurability of an indicator. In
case of an indicator being relevant and measurable, the next step was to quantify its
contribution to the different energy vectors (electricity, cooking fuel, transportation) as found
in the project report or article. More on this can be found in section 2.2.

To prove the relevance of an indicator, the rationale and background of the respective
indicator is studied. Scientific publications and project reports from international development
organizations were considered. The purpose of this paper is to assess and weigh indicators in
order to lay the foundation for an assessment framework for access-to-energy projects. All



interlinkages with a measurable influence on the local project level are considered relevant.
This excludes interlinkages at a higher political or governmental level, those that require causal
linkages and/or those that can be observed by meeting significant additional factors only.
Further, the paper neglects to differentiate between the direction of correlation, such as positive
and negative — but examines the absolute relevance of any type of energy.
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Figure 1. Structure of the logical framework theory

To showcase the examination of the criterion relevance, the following section exemplarily
goes through the method on indicators 1.1.1 (Proportion of population below the international
poverty line, by sex, age, employment status and geographical location (urban/rural)) and 1.2.1
(Proportion of population living below the national poverty line, by sex and age), which both
measure the absolute minimum of economic prosperity to quantify progress towards the
overall objective of poverty reduction. The literature is consistent about the strong positive
impact of access to clean energy to economic development, revealing manifold contributions
of energy to improve the economic wealth of households, such as — at a rudimentary stage —
that access to clean energy sources can help to displace expensive conventional energy, freeing
up resources for other uses [17, 29], further electricity to enable all kinds of productive uses
(““all agriculture or commercial activities, which generate income” [30]) — mostly in rural areas
such activities are related to agriculture [31], to achieve higher productivity in agricultural [32,
33| or manufacturing processes [33, 34|, transportation that can enable access to markets to
significantly diversify both sales opportunities and commercial offer [31] and electricity that
can enable entrepreneurial activities beyond agriculture through powering electric equipment
and tools [32], measurable leading to small scale business development [17, 35] or increased
micro-enterprise profitability [36]. Amongst several others, Yadoo et al. [33] even were able
to quantify the economic improvements of an electrification project in Nepal. It was found that
the displacement of previously used kerosene and batteries for lighting achieved monthly
savings of the beneficiary households of 0.7 USD up to 12 USD. Depending on the size of the
household and the community ownership structure, electrical productive uses leading to
improved productivity and accessible transport of agricultural product to local markets allowed
respective households to gain 135 USD/month — 270 USD/month to their income [33].As for
the proof of project evidence work of previous authors is the fundamental, it must be noted that
the paper takes up the results of such previous work. Therefore, the focus of the paper is on one
indicator at a time and not on correlations or time dependent relations. In future papers,
however, correlations between the indicators could be integrated, which are explicitly not
considered here, as would go beyond the scope here.



In a second step to test the eligibility, the measurability of the SDG indicator within local
energy access projects is assessed. In general, the measurability of the original SDG indicators
and their specific character is assumed. However, for the purposes of a universal framework for
the assessment of remote and small-scale access-to-energy projects is different from impact
measurements for more centralized large-scale projects and localized setting may pose
different requirements compared to tracking the overall progress measurement on a country
level.

The methodology of data collection and computational method of the respective indicator is
analysed, and it is examined whether the indicator is suitable in its characteristics and in its
collection effort to measure progress through access to energy in a locally limited context in a
meaningful way. An attempt is made to understand whether the data on which the screened
projects and analyses were based would have been sufficient to quantify this particular SDG
indicator.

Again to be used as a positive example, indicator 1.1.1 quantifies the proportion of the
population below the international agreed poverty line — currently USD 1.90 a day at 2011
international prices — by dividing the number of persons living in households below the poverty
line by the total number of persons surveyed. To do so, the international poverty threshold must
be converted into local currencies in 2011 and subsequently be converted to prices prevailing at
the time of the relevant household survey by using a Consumer Price Index [37]. In subsequent
for the respective area of project the number N, of poor — being the people living below the

calculated poverty line — is to be determined by either consulting authorities or simply by
conducting a survey and to be divided by the total number of respondents N to calculate the
poverty rate via equation:

b= (1

Since the simplicity of using a survey as the data collection method allows to tailor the
indicator to any project scope, the indicator is considered to be measurable and eligible for the
impact assessment framework.

Section 2.2: Relevant type of energy

The relevance of energy for the SDG indicators was determined by considering the
contributions of electricity, cooking fuel and transportation service. The contribution of the
three vectors of energy is strongly dependent on the project context and it might require
additional investigation, including the development of an appropriate method, to find a
generally valid statement on the relative importance of each energy vector.

The present paper therefore provides estimates for the respective contributions by
summarizing findings from project reports and research articles on a six-point ordinal scale
ranging from 0 to 6. A project report or an article that mentions in its results and/or in its
impacts an effect that can be directly addressed to a certain indicator means that this certain
indicator is included as relevant in our listing below. The scores to the indicators were given in
a comparative way by ranking the results/impacts from project reports/research articles
amongst each other, following the idea of the Multi-Tier-Framework categories including
capacity, duration, and availability [38]. For this purpose, the limits in alignment with the
Multi-Tier-framework (e.g. availability in more or less than 80% of the year) were applied
within the respective categories to evaluate the necessary contribution of a respective energy
vector for that a measurable contribution at the considered indicator could be assessed. If an
energy vector must be present only to a small extent to already be able to induce progress in the
respective indicator (in the example, less than 80% of the year), its relevance is classified as
high and a correspondingly high score is assigned. However, if the energy vector must be
present to an extent more than the defined limit, its relevance is rated as lower. In a subsequent
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review of the indicators scores, they were examined to make sure that the scores are valid and
verified in the sense that they do not go against known correlations and cross-effects between
SDGs. In this way, all relevant SDG indicators could be identified and ranked.

The authors are aware that the six-point ordinal scale and the sorting of indicators by it does
not allow for full accuracy, however this just mirrors the limited evidence that is available in
up-to-date project reports and research articles. The authors are convinced that the suggest
sorting of indicators is currently the most accurate and objective way possible in order to shed
light on this topic. As mentioned in the review section, a novel approach for a universal and
holistic assessment is required and this paper hereby presents the foundation of it. The current
research article and project report findings do allow for the below approximation. The scoring
matrix will be provided to interested readers upon request.

SECTION 3: RESULTS AND DISCUSSION

Table 1 comprises all indicators of the SDGs found to be affected by access-to-energy
projects, the relevant energy vector contributing to the indicator and the estimated weight of the
respective energy vector.

The results of the previous table are illustrated in Figure 2 below. Figure 3 shows the
relative contributions of the respective types of energy along the affected 15 SDGs. Figure 2
gives an overview of the number of indicators that are relevant out of a single SDG and a
percentage range of how many indicators of a single SDG are affected by access-to-energy
projects. SDGs are ordered bottom-up by increasing numbers of relevant indicators. This
Figure, aims to depict on the one hand which SDGs are affected at all and on the other hand to
what extent the certain SDG is affected. The majority of SDGs is affected through up to 30% of
its indicators while 5 SDGs are affected by more than 45% of its indicators. This again shows
that our perspective needs to broaden and move away from viewing SDG 7 as the single center
for access-to-energy related impacts in sustainable development.

30-45%

15-30%

0-15%

Figure 2. Number of relevant indicators along the SDGs (left) and share of respective eligible indicators
within the certain SDGs (right)
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Table 1. SDG indicators including its relevance and form of energy

Year 2022
Volume 10, Issue 2, 1090400

SDG [5] Eligible indicator [5]

Relevance of energy from project report / research articles

Sources Relevance of electricity, cooking
fuel and transportation according
to scale

000©0] |

Electricit ~ Cookin  Transp

y g Fuel ortatio
n
1.1.1 Proportion of population below the international e The displacement of expensive conventional energy resources frees up resources for  [17,
poverty line, by sex, age, employment status and other productive uses. 31-36,39-4

geographical location (urban/rural)

1.2.1 Proportion of population living below the national
poverty line, by sex and age

1.2.2 Proportion of men, women and children of all ages
living in poverty in all its dimensions according to
national definitions

SDG 1: No poverty

Electric light extends the productive hours for people.

Electricity enables productive uses leading to improvement of agricultural processes
and higher productivity.

Electricity enables for mechanization in industry to achieve higher productivity.
Transportation gives access to markets, diversifies sales opportunities and
commercial offers.

Electricity improves income generating activities and entrepreneurial opportunities
beyond agricultural activities.

2]

1.4.1 Proportion of population living in households with
access to basic services

Provide access to basic services:

-Access to water (see SDG 6)

-Access to sanitation (see SDG 6)

-Access to public transport (see SDG 9, SDG 11)
-Access to basic health services (see SDG 3)
-Access to basic education (see SDG 4)

-Access to basic information services (SDG 9, 17)

17,23, 33,
40, 43-50]
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SDG 2: Zero
hunger

SDG 3: Good
Health and
Well-Being

2.1.1 Prevalence of undernourishment

2.1.2 Prevalence of moderate or severe food
insecurity in the population, based on the Food
Insecurity Experience Scale

2.2.1 Prevalence of stunting among children under 5
years of age

2.2.2 Prevalence of malnutrition among children
under 5 years of age, by type

2.3.1 Volume of production per labour unit by
classes of farming/pastoral/forestry enterprise size
2.3.2 Average income of small-scale food
producers, by sex and indigenous status

2.4.1 Proportion of agricultural area under
productive and sustainable agriculture

2.c.1 Indicator of food price anomalies

3.1.1 Maternal mortality ratio
3.1.2 Proportion of births attended by skilled health
personnel

3.2.1 Under-five mortality rate
3.2.2 Neonatal mortality rate

Table 1 Continuation

(Clean) cooking fuels are required to make staple foods eatable.

High quality cooking energy enables to cook diverse food, leading to more
healthy and sustainable diets.

Improve crop yield and diversity and labour productivity by sustainable
agriculture, incl. through irrigation and mechanization.

Post-harvest treatment and food storage to decrease post-harvest losses
and enhance food security.

Sustainable transportation enables access to markets, diversifying
commercial offers.

Irrigation systems support food security during droughts.

Improve infrastructure and technology for sustainable agriculture, e.g.
improved irrigation and water management, productive uses, cultivation,
harvesting and post-harvesting processing.

Sustainable transportation enables access to markets, diversifying sales
opportunities and commercial offers.

Usage of biogas digester slurry as fertilize to make land more cultivable.
Improve infrastructure and technology for sustainable agriculture, e.g.
improved irrigation and water management, productive uses, cultivation,
harvesting and post-harvesting processing.

Improve potential crop yield, number of crop-turnus and value of crops by
irrigation

Usage of biogas digester slurry as fertilizer to make land more cultivable.
Improve food security by sustainable agriculture.

Sustainable transportation enables access to markets, diversifying
commercial offers.

Access to information and communication technologies increases price
transparency.

Improve infrastructure and technology for maternal health care, including
electric lighting and sterilization of equipment.

Electric light enables or improves night-time care services.

Transportation supports medical personnel or patients to arrive in health
care institutions.

Warm water preparation and process steam support hospitals.

Improve infrastructure and technology under births, including electric lighting
and sterilization of equipment.

Decrease indoor air pollution to reduce respiratory diseases (see also
indicator 3.9.1).

Refrigerators and cooling storages support to preserve vaccines (see also
indicators 3.3.4, 3.8.1 (tracer indicator 3) and 3.b.3).

[51-57]

[32, 33, 40,
52, 56, 58,
59]

[32, 40,
53-57, 62]

[17, 33, 40,
42, 60,
63-65]

[17, 42, 65]
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SDG 3: Good
Health and
Well-Being

SDG 4: Quality
Education

3.9.1 Mortality rate attributed to household and
ambient pollution

3.9.2 Mortality rate attributed to unsafe water,
unsafe sanitation and lack of hygiene

4.1.1 Proportion of children and young people: (a) in
grades 2/3; (b) at the end of primary; and (c) at the
end of lower secondary achieving at least a
minimum proficiency level in (i) reading and (ii)
mathematics, by sex

4.2.1 Proportion of children under 5 years of age
who are developmentally on track in health, learning
and psychosocial well-being, by sex

4.2.2 Participation rate in organized learning (one
year before the official primary entry age), by sex
4.3.1 Participation rate of youth and adults in formal
and non-formal education and training in the
previous 12 months, by sex

4.6.1 Percentage of population in a given age group
achieving at least a fixed level of proficiency in
functional (a) literacy and (b) numeracy skills, by sex
4.4.1 Proportion of youth and adults with information
and communications technology (ICT) skills, by type
of skill

4.5.1 Parity indices (female/male, rural/urban,
bottom/top wealth quintile and others such as
disability status, indigenous peoples and
conflict-affected, as data become available) for all
education indicators on this list that can be
disaggregated

Table 1 Continuation

Decrease indoor air pollution through clean cooking and clean lighting to
reduce respiratory diseases.
Decrease non-communicable diseases, such as cardiovascular disease,
cancer, diabetes or chronic respiratory disease (see also indicator 3.4.1) and
child acute lower respiratory infections (see also indicator 3.2.1).
Improve water access through pumping subsoil water
Energy is used for water treatment/sterilization before use.
Improve hygiene by toilet integration in biogas digesters
Electrical lighting appliances increase time to study at night, both in evening
classes and at home, and for heads of household to support studies of their
children.
Utilization of modern energy results in freeing up from drudgery, such as
collection of firewood, and creating time for study.
Savings in energy expanses, e.g. by using less fuelwood, reduces cost for
school feeding programs.
Electrification of schools serves for quality lightning and electrical appliances
used for education, such as DVD-recorder, television, microscope etc.
Electricity serves for communication infrastructure, such as
telecommunication, television and radio systems to enable participation in
distance communication.

Electricity to power ICT appliances and media technologies used in
educational institutions.

Electricity serves for communication infrastructure, such as
telecommunication, television and radio systems to enable participation in
distance education.

Calculation based on previous underlying indicators4.1.1 — 4.4.1. See relevant
respective indicator.

[17, 66-68]

See SDG 6

[17, 33, 40,
42, 48, 49,
59, 69-75]
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based on previous underlying
previous indicators4.1.1 — 4.4.1. See
underlying relevant respective
indicators4. indicator.
1.1-4.4.1.

See relevant
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indicator.



SDG 4:
Quality Education

SDG 5: Gender
Equality

SDG 6: Clean
Water and
Sanitation

4.a.1 Proportion of schools with access to: (a)
electricity; (b) the Internet for pedagogical purposes;
(c) computers for pedagogical purposes; (d)
adapted infrastructure and materials for students
with disabilities; (e) basic drinking water; (f)
single-sex basic sanitation facilities; and (g) basic
handwashing facilities (as per the WASH indicator
definitions)

4.c.1 Proportion of teachers in: (a) pre-primary; (b)
primary; (c) lower secondary; and (d) upper
secondary education who have received at least the
minimum organized teacher training (e.g.
pedagogical training) pre-service or in-service
required for teaching at the relevant level in a given
country

5.4.1 Proportion of time spent on unpaid domestic
and care work, by sex, age and location

5.B.1 Proportion of individuals who own a mobile
telephone, by sex

6.1.1 Proportion of population using safely managed
drinking water services

6.2.1 Proportion of population using safely managed
sanitation services, including a hand-washing facility
with soap and water

6.3.1 Proportion of wastewater safely treated

Table 1 Continuation

Improve access to basic services at educational institutions with electrical
appliances, being access to internet (see 4.4.1), computers (see 4.4.1),
drinking water (see SDG 6), sanitation services (see SDG 3, SDG 6) and
hygiene handwashing facilities (see SDG 3, SDG 6).

Schools with access to basic services and high-quality teaching appliances
are more attractive to teacher.

Provide transportation systems for teacher to access rural regions.
Electricity serves for communication infrastructure, such as
telecommunication, television and radio systems to enable participation in
distance education.

Decrease time women devote on unpaid care and domestic work, including
cooking and collection of rudimentary fuels, collection of water and field work
and domestic appliances.

Access to energy can empower women by improving productivity by
mechanization and thereby increase income-earning.

Electricity is paramount for the functioning of telecommunications
infrastructure.

Power water production, such as desalination technologies
Pumping, transportation and distribution of water, including water transfer.
Energy enables water purification and treatment technologies.

Electric pumps enable water distribution to provide water for handwashing
facility and improved flush toilets.

Electricity supports hygiene through ventilated improved pit latrines.
Biogas digester can be used as composting toilets for symbiotic energy
production.

Power wastewater treatment technologies.

Gain energy from wastewater treatment.

See relevant
indicator of
the
respective
basic
service.

[48, 69, 76,
77]

[33, 46, 51,
53,72,
78-81]

[82-85]

[45, 59,
86-90]

[32, 46, 88,
89]

[43, 45, 59,
88, 89, 91,
92]

See
releva
nt
indicat
or of
the
respec
tive
basic
service
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SDG 7: Affordable
and clean energy

SDG 8: Decent
Work and
Economic Growth

SDG 9: Industry,
Innovation and
Infrastructure

7.1.1 Proportion of population with access to
electricity

7.1.2 Proportion of population with primary reliance
on clean fuels and technology

7.2.1 Renewable energy share in the total energy
consumption

8.1.1 Annual growth rate of real GDP per capita
8.2.1 Annual growth rate of real GDP per employed
person

8.5.1Average hourly earnings of female and male
employees, by occupation, age and persons with
disabilities

8.5.2 Unemployment rate, by sex, age and persons
with disabilities

8.6.1 Proportion of youth (aged 15-24 years) not in
education, employment or training

8.7.1 Proportion and number of children aged 5-17
years engaged in child labour, by sex and age

8.9.1 Tourism direct GDP as a proportion of total
GDP and in growth rate

8.10.1 (a) Number of commercial bank branches per
100,000 adults and (b) number of automated teller
machines (ATMs) per 100,000 adults

9.2.1 Manufacturing value added as a proportion of
GDP and per capita

9.2.2 Manufacturing employment as a proportion of
total employment

9.3.1 Proportion of small-scale industries in total
industry value added

9.b.1 Proportion of medium and high-tech industry
value added in total value added

Table 1 Continuation

Inherently relevant.

Increase of income due to higher agricultural and industrial productivity.
Improved income generating activities and entrepreneurial opportunities
beyond agricultural activities, such as small-scale business and industry.
Increase enterprise development by electrification.

Job creation through rising enterprises and rapid growth of renewable
energy industry.

Sustainable transportation enable access to markets, diversifying sales
opportunities and commercial offer.

Job creation through rising enterprises and rapid growth of renewable
energy industry.

Decrease time children devote on unpaid domestic housework through fuel
switch from traditional biomass to renewable energies.

Improve access to education and training (see SDG 4).

Hotels and tourism enterprises significantly benefit from access to
electrification and heat.
Sustainable transport to enable access to remote areas.

Access to electricity is crucial for ATMs and financial services.

Improve infrastructure and technology to build industrial capacity.

Enable mechanization and productive processes through electricity and
heat.

Support distribution by sustainable transportation.

Electricity and process heat enables for high-tech manufacturing, such as
manufacture of machinery and equipment (see list of high-tech
manufacturing in metadata).

[17, 32-36,
40, 53, 56,
93, 94]

See relevant
sources
from
8.1.1-8.5.2,
and SDG 4

[17, 95, 96]

[97]

[98-104]
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SDG 9: Industry,
Innovation and
Infrastructure

SDG 10: Reduced
Inequalities

SDG 11:
Sustainable Cities
and Communities

SDG 12:
Responsible
Consumption and
Production

SDG 15: Life on
Land

SDG 16: Peace,
Justice and Strong
Institutions

SDG 17:
Partnership for the
Goals

9.4.1 CO, emission per unit of value added

9.c.1 Proportion of population covered by a mobile
network, by technology

10.1.1 Growth rates of household expenditure or
income per capita among the bottom 40 per cent of
the population and the total population

11.2.1 Proportion of population that has convenient
access to public transport, by sex, age and persons
with disabilities

11.6.2 Annual mean levels of fine particulate matter
(e.g. PM2.5 and PM10) in cities (population
weighted)

12.3.1 (a) Food loss index and (b) food waste index

15.1.1 Forest area as a proportion of total land area
15.3.1 Proportion of land that is degraded over total
land area

15.4.1 Mountain Green Cover Index

16.1.4 Proportion of population that feel safe
walking alone around the area they live

17.8.1 Proportion of individuals using the Internet

Table 1 Continuation

Increase energy efficiency in subsectors of 9.4.1, e.g. manufacturing
processes.
Integration of renewable energy in subsectors of 9.4.1, e.g. manufacturing
processes.
Electricity is paramount for the functioning of the telecommunication
network.
Renewable energies can serve off-grid electricity cost efficiently.
Improve access to sustainable livelihoods, entrepreneurial opportunities,
productive resources, income generating activities, such as especially
described below SDG 1 and SDG 8 and SDG 9.

Improve mobility technology and infrastructure for efficient and sustainable
transportation opportunities.

Improve mobility technology and infrastructure for efficient and sustainable
transportation opportunities.

Reduce pollution from fuel combustion, e.g. as cooking fuel.

Electricity enables post- harvest storage and cooling

Electricity and heat enable food processing (e.g. pasteurization, canning,
preparation and packaging) and drying.

Sustainable transportation enables for access to markets and distribution of
food.

Reduce deforestation by providing alternative cooking fuels (reduction in use
of fuelwood pretends deforestation.) and sustainable and efficient use of
water,

Energy-saving cookstoves and more efficient technologies for charcoal
production reduce pressure on woody ecosystems by reducing demand on
firewood and charcoal. Thereby, erosion can be diminished (indirect
contribution to 6.6).

Sustainable cultivation of energy crops can increase soil and land.
Provision of streetlight enhances the feeling of safety after it is dark.

Electricity is crucial to serve relevant infrastructure and devices.
Stable electricity supply reduces the cost of wireless broadband networks.

[105, 106]

(82,107,
108]

See relevant
sources
under SDG
1,8 9

(56,
109-112]

[56, 66,
109-112]

[113, 117]

[46, 60, 87,
118-123]

[42,
124-126]

[127]
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Schone, N., Heinz, B. Year 2022
Sustainable Development Goal Indicators as the Foundation... Volume 10, Issue 2, 1090400

In total, 58 indicators from 15 SDGs (including SDG 7) meet the criteria of the SMART
framework, which accounts for 23% of the total indicators. Most numerous indicators per SDG
are found in SDG 4 (Quality education). In 9 of the 11 indicators for measuring progress in
education, the SDG indicators can directly determine a quantifiable impact of access to energy.
The remarkable contribution of energy to SDG 4 stems from the possibility of providing
lighting for evening studies and powering electrical devices that can be used to support
teaching or learning. The substitution of traditional cooking fuels, the procurement of which
may take up productive learning time, is also found to be a great contribution towards better
education. SDG 2 (Zero Hunger) and SDG 8 (Decent work and economic growth) are also
strongly represented in Figure 2, each counting 8 indicators out of 14 and 17 possible
indicators. Notably, only 3 out of 6 indicators of the energy SDG 7 can be applied for the given
purpose of an impact assessment of access-to-energy projects on a local project scale, as the
remaining 3 fail in their methodology.

For two SDGs no eligible indicators were found. These are SDG 14 (Life below water) and
SDG 13 (Climate Action). In the first case, the relevance of energy cannot be proven directly
on a local project scale, but it can be recognized in causal chains, such of which are excluded in
this investigation. The latter — Climate Action — however, is indisputably entangled in its logic
with energy and SDG 7. Nevertheless, the methodology of the indicators of this SDG does not
allow for application on a local project scale, so that the indicators are not included in the
framework as eligible accordingly. In fact, most of the indicators under SDG 13 address
actions and commitments at the national level, to which the effect of a local access-to-energy
implementation cannot be linked.

TOTAL [ 2%
Nopoverty - SDG 1 I — 33%
Zerohunger - SDG 2 48%
Good health & well-being - SDG 3 I 155
Quality education - SDG 4 I — 30%
Gender equalty- SDG 5 IS %
Clean water and sanitation - SDG 6 |GGG e 18%
Clean energy - SDG 7 | 1 20%
Decentwork - SDG 8 | —— 24%

Industry & infrastructure - SDG 9 - I 20%
Sustainable cities - SDG 11 [N 57%
Consumption & production - SDG 12 2%

Life on land - SDG 15 |
Peace & Justice - SDG 16 I
Partnerships for the goals - SDG 17 I

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

mElectricity mClean Cooking fuel Transportation

Figure 3. Contributions to SDGs by energy form. Note that SDG 10 indicators are based on calculations
of other SDGs indicators

Journal of Sustainable Development of Energy, Water and Environment Systems 16



As shown in Table 1, the three energy vectors “electricity”, “cooking fuel” and
“transportation” contribute in varying extend to the achievement of the various SDGs. The
findings of our analysis were visualized in the percentage bar chart in Figure 3 to show which
energy vector contributes in what extent to the achievement of a certain SDG. For this purpose,
the scoring of the table was taken and then averages were calculated for each SDG indicator,
i.e. for each row of the table. Subsequently, the averaging of these results was repeated for each
set of indicators within each SDG. The results are displayed in Figure 3.

The green bars show a dominant contribution of electricity to most of the SDGs. In the
overall result, electricity accounts for almost 50% of the contribution to affecting the SDGs.
Transportation, indicated as yellow bars, has the smallest contribution just behind cooking fuel,
pictured in red. However, this result varies considerably across the SDGs. Transportation, for
example, is a key determinant for the two indicators of SDG 11 (Sustainable Cities and
Communities), which were found to be eligible and which measure access to public transport
and the level of particulate matter emissions in cities. Clean cooking fuel, on the other hand,
has an impact especially in SDG 15 (Life on Land) indicators, which primarily quantify the
potential degradation of land and forests through deforestation for the purpose of cooking fuel
procurement. The Figure clearly shows that all three energy vectors play important roles for
achieving holistic impact within all dimensions of development and that none of it must be
neglected.

CONCLUSION

The paper applied the SMART framework for indicator design to the SDG indicators in
order to examine, on the one hand, the thematic relevance and contribution of energy to these
indicators and thus to achievement of the SDGs. As resources for this, current research articles
and project reports were consulted. On the other hand, the applicability of the indicators for the
assessment of access-to-energy projects in terms of their methodology was examined. 58
indicators along 15 SDGs (including SDG 7) were found to meet all criteria of the SMART
framework and are therefore eligible for an assessment framework to make out the holistic
impact of access-to-energy projects. These SDG indicators lay the foundation for a holistic
assessment framework and therewith fill the gap of existing frameworks by capturing the
actual outcomes and impacts of a project.

However, the derived set of SDG indicators by itself does not dictate the project structure
and implementation, which implies that — in the event of either failure or success — the reasons
for it remain unclear. The authors therefore propose to apply the indicator set alongside of
existing project performance measurements and evaluations.

In addition, such indicators that failed to be eligible since the methodology criteria could
not be fulfilled — especially the indicators of SDG 13 — are to be modified to capture these
thematic interlinkages and to be introduced to the framework.

As aimed for, the proposed set of indicators for a holistic assessment framework can be
applied universally and to any kind of access-to-energy project, without time-consuming
modifications to be made — it is universal.

The findings for each type of energy regarding SDG contributions emphasize that
access-to-energy projects are by no means to be limited to electrification projects only, as clean
cooking fuels and transportation also significantly contribute in separate dimensions of
sustainable development. The authors therefore propose to further investigate the contribution
of types of energy towards separate indicators of the SDGs and subsequently improve
effectiveness of access-to-energy projects by selectively directing specific energy vectors,
depending on the required development in the local context.
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