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Abstract – The Single Energy Sustainability Index combines three key sustainability 
indicators: environmental, social and economic. The use of indicators makes it possible to 
create an overall index that shows not only how green the region is, but also includes the well-
being and economic situation of its population. The study uses a universal formula that is 
adapted to the case study of Latvia. The energy sustainability index formula combines 12 
weighted indicators. The multi-criteria analysis method AHP was used to determine criteria 
weights for this purpose. Latvia’s overall sustainability index was calculated at 0.48 and only 
the Riga region (0.65) exceeds the index value for Latvia as a whole. Using this sustainability 
development index, it is also possible to analyse possible future development scenarios for 
energy sustainability in Latvia and its regions. To assess the potential for future development 
and sustainability of regions in Latvia and other countries, it is necessary to continue the 
study. 

Keywords – Analytic hierarchy process (AHP); economic aspects; energy sector; energy 
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Nomenclature 
I+N,ij Normalized value of the indicator with positive effects  
I–N,ij Normalized value of the indicator with negative effects  
I+A,ij, I–A,ij Value of the specific “i” indicator  
I+min,ij, I–min,j i – minimum value of its indicator in the regions analysed  
I+max,ij, I–max,ij j – maximum value of its indicator in the regions analysed  
ajk Element A of the matrix (j, k)  
wj Criteria weight vector   
Is,j Sustainability index  
I Energy sustainability indicator  
Is,j Index of individual aspect  
ws Individual aspect index weight  
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1. INTRODUCTION  

Sustainable development is one of the European Union's (EU) core challenges, more than 
20 years since it was enshrined in the Treaty of Amsterdam as an overall EU policy objective. 
The EU defines sustainable development as a development based on balanced economic growth 
and price stability, a competitive social market economy aimed at full employment and social 
progress, and a high level of environmental protection and improving environmental quality [1]. 
As climate change rates rise, the EU has seen a need for more active action and developed a new 
strategy: The European Green Deal. The European Green Deal aims to make the European 
economy climate-neutral, not forgetting also the social and economic sustainability dimension: 
improving the quality of life of citizens by protecting the natural living environment of people 
[2], [3]. One of the four focal points of the European Green Deal is the energy sector. Energy 
production and use currently accounts for more than 75 % of EU greenhouse gas emissions. 
Consistently, the energy sector is an essential point for climate change mitigation and the 
application of environmental policies in Latvia [4]. 

At the national level, Latvia’s National Energy and Climate Plan 2021–2030 has been developed 
which sets out the basic principles, objectives and action lines for the country's energy and climate 
policy for the next ten years, considering long-term developments. “The long-term objective of 
the plan is to promote the development of a climate-neutral economy in a sustainable, competitive, 
cost-effective, safe and market-based way.” Not only does the European Green Deal lead to 
sustainable development, but at the national level it also serves as a programming document that 
provides a way forward for sustainable development. To achieve the long-term objective, the 
intermediate objectives of promoting more efficient use of resources are identified. Reduce the 
consumption of fossil and unsustainable resources while introducing the use and availability of 
renewable and innovative resources for all groups of society. The plan also aims to stimulate 
research and innovation, which would contribute to the above-mentioned challenges. 12 action 
lines have been identified to achieve the objectives of the Action Plan and set out the energy and 
climate policy objectives and targets stemming from EU legislation. The planned national 
contribution to the national targets is expressed in five dimensions of the Energy Union.  

1. Decarburization. 
2. Energy efficiency. 
3. Energy security. 
4. Internal energy market. 
5. Research, innovation and competitiveness. 

At the national level, measures are being put in place to move the economy towards sustainable 
development [5]. Significant measures are envisaged to achieve targets, such as the use of 
liquefied natural gas (LNG) in transport and high-capacity wind park projects. 

There are several ways in which energy production costs, such as atmospheric pollution costs, 
are internalized. Without the internalization of these costs, the unregulated market would lead to 
excessive use of fossil resources, energy producers would not have the initiative to choose 
renewable resources, and energy consumers have less initiative to increase energy efficiency. 
Similarly, one way of benefiting renewable energy is to internalize their external benefits. A tax 
on pollution, subsidies for renewable energy in the form of raw material prices, support from EU 
structural funds and other sources of funding are some of the possible measures to internalize 
external costs [6]. 

The literature contains examples of a variety of attempts to establish a common methodology 
for evaluating policy, economic or environmental measures, not only on the basis of their direct 
purpose and contribution, but also on the potential side effects and consequences they will have 
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in the region's economy, and in terms of its social and environmental areas. An example is 
described in article [7], which describes the development of an energy sustainability index to 
assess energy policy in the US and to warn of the impending energy crisis in 2007. The developed 
index included four groups of indicators: oil security (import, export, price, non-fossil transport %, 
energy efficiency for transport fuel use), energy efficiency (energy intensity and energy 
consumption), reliability/security of electricity supply (natural gas import, price, and electricity 
tariff) and environmental quality (SO2 and CO2 emissions from energy).  

The Eurostat website provides information on the values of 17 Sustainable Development Goals 
and Indicators for Sustainable Development from UN 2030 Agenda in each of the Member States. 
One of these objectives is economically accessible and clean energy. At present, the EU's progress 
towards this objective is not clearly positive. The EU makes good progress in reducing the energy 
consumption of households in terms of final consumption and GHG emissions, as well as in 
relation to increased energy productivity and share of RES. However, in terms of energy 
dependency, progress is insufficient and final energy consumption figures are currently moving 
away from the EU target [8]. These indicators are applicable at the national level in Latvia as well, 
but development is not going smoothly throughout the country, for example, it is obvious that 
economic and social activities in Latvia are concentrated in Riga and its agglomeration. At the 
European Union level, one of the main initiatives focusing on regional support and involvement 
in achieving climate change objectives is the Covenant of Mayors. It aims to equip cities with the 
methodologies and tools needed to create the city's Sustainable Energy Action Plans. In Latvia, 
24 cities, including Riga, have joined the pact, of which 21 cities submitted an action plan, the 
implementation of which is monitored. The Covenant of Mayors offers a broad and detailed range 
of sustainable energy indicators, but these indicators are not tailored to rural areas and focus 
directly on cities [9], [10]. 

The sustainability of energy in the context of regional and rural communities was examined in 
[11] using the Main Component Analysis (PCA – principal Component Analysis) method. 
For Haris Doukas et al. [11] energy sustainability index, 8 indicators were selected: population 
density, GDP energy consumption, population-to-population production of RES, population 
consumption of fossil fuels, RES electricity, RES heating, RES/fossil fuel electricity generation, 
and population-to-peak tourists. A similar division was used to calculate the Household 
sustainability index for heat generation [12]. Another example of using a composite index to assess 
sustainability can be found in [13], this article includes not only the economic, social and 
environmental dimensions, but also an institutional dimension that supports the other dimensions. 
Composite sustainability indexes have also been used for the assessment of energy systems [14], 
energy security [15] and energy production services [16]. Recently an overall index for measuring 
energy sustainability of various countries using integrated MCDM method analysing 35 countries 
including Latvia [17]. Therefore, we can safely assume that energy sustainability on the national 
level is a well analysed topic. Energy sustainability is topical also on the level of enterprises [18]. 
A review on sustainability indices and indicators as tools to energy issues has been made by Rafael 
Ninno Muniz et al. [19]. They compared Energy Indicators for Sustainable Development designed 
by the International Atomic Energy Agency (IAEA), Energy Indicators for Sustainable 
Development (EISD), Energy Development Index (EDI) by IEA, Multidimensional Energy 
Poverty Index (MEPI), Sustainable Energy Development Index (SEDI), Sustainable Development 
of Energy, Water, and Environment Systems Index (SDEWES), Regulatory Indicators for 
Sustainable Energy (RISE) and Synthetic Index of Sustainable Energy Development (SISED). 

It is also noted that a selection of specific indicators can be adapted to suit specific local situation 
[20]. A clear understanding of the current situation about what is obtainable through sustainability 
indices can help achieving better energy sustainability. 
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2. METHODOLOGY FOR DEVELOPING A SINGLE ENERGY SUSTAINABILITY 
INDEX FOR REGIONS  

The Single Energy Sustainability Index combines three key sustainability indicator groups. 
The use of all three key aspects of sustainability – the environment, social and economic – allows 
for the creation of an overall index showing not only how “green” the region in question is, but 
also including the welfare and economic situation of its population.  

Energy sustainability index (IIA)

Sustainability of the economic 
dimension (IIEA)

Sustainability of the 
environmental dimension (IIVA)

Sustainability of the social 
dimension (ISDA)

Average non - household electricity 
tariff

GDP / capita

Average heat tariff

Average electricity tariff for 
households Share of RES in heat production

Share of RES in electricity 
production

CO2 emissions per MWh of 
electricity produced

CO2 emissions per MWh of heat 
produced

Average salary

Household energy expenditure per 
capita as% of average wage

Population density

Energy dependence

Fig. 1. Sustainable energy development index. 

The energy sustainability index for regions was developed using similar steps as in the 
methodology used in this study [20] that explores the use of to the sustainable development index 
for a company demonstrated using a sample of Henkel companies. The index contains indicators 
that describe the sustainability of regions in the energy cut. These indicators are divided into three 
categories based on the aspects of sustainability (environmental, economic and social) (see Fig. 1). 

Economic factors include indicators such as: average non – household electricity tariff, GDP 
per capita, average heat and electricity tariffs. In the environmental aspect category indicators are 
selected to describe the sustainability of the environmental dimension: CO2 emissions per MWh 
of heat and electricity produced, share of RES in electricity and heat production. Sustainability of 
the social dimension is assessed by energy dependency, population density, household energy 
expenditure per capita as % of average wage, and average salary. 

2.1. Data used and Calculation of Indicators  

For the purpose of the study, the division of Latvia into statistical regions was used, as defined 
in the Cabinet of Ministers Regulation No 271 of 28 April 2004, “On the statistical regions of the 
Republic of Latvia and the administrative units contained therein” [21]. 
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TABLE 1. ENERGY SUSTAINABILITY INDICATOR CALCULATION INPUT DATA 
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Economic indicators               

GDP/capita (2017), EUR 22458 11726 8927 10282 8487 7164 13805 

Average electricity tariff end for non-
household users, EUR/kwh 0.1832 0.1832 0.1832 0.1832 0.1832 0.1832 0.18 

Electricity tariff for households, 
EUR/kWh 0.157 0.157 0.157 0.157 0.157 0.157 0.16 

Heat energy tariff, EUR/MWh 44 54 58 55 50 54 52.42 

Social indicators               

Average wages of citizens in 2017 
(net), EUR 758 640 544 568 579 471 676 

Energy dependency (% energy 
imports) 

44.06 
% 

44.06 
% 

44.06 
% 

44.06 
% 

44.06 
% 

44.06 
% 

44.06 
% 

Population density, people per km2 2110 36 13 18 22 19 30 

Household expenditure on energy 
resources per person % of average 
wages 38 % 45 % 52 % 50 % 49 % 61 % 42 % 

Environmental indicators               

CO2 emissions from heat generation, 
tCO2/MWh 0.1089 0.2118 0.1046 0.2944 0.1618 0.0588 0.1567 

CO2 emissions from electricity 
generation, tCO2/MWh (2016) 0.1049 0.1049 0.1049 0.1049 0.1049 0.1049 0.1049 

Share of RES in heating, % 57 % 21 % 60 % 12 % 45 % 76 % 54.6 % 

Share of RES in electricity supply, % 54 % 54 % 54 % 54 % 54 % 54 % 54 % 

CO2 emissions from heat generation are calculated using the emission factors given in Annex 1 
to the Cabinet of Ministers Regulation No 42 of 23 January 2018 Methodology for calculating 
greenhouse gas emissions [22] and data on enterprise energy consumption compiled from the 
Air 2 reports of the Latvian Environment, Geology and Meteorology Centre (LEGMC) [23]. The 
calculation assumes the following efficiency of boilers: 

 Heavy fuel – 95 % [24]; 
 Diesel fuel – 85 % [25]; 
 Natural gas – 94 % [26]; 
 Liquefied gas – 94 % [25]; 
 Coal – 77 % [27]; 
 Worn-out tires – 70 %. 

For liquid fuels, the emission factor and boiler efficiency are assumed to be equal to diesel 
emissions and boiler efficiency. The CO2 emissions from electricity generation for Latvia are the 
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same, as it is not possible to separate the origin of electricity from each municipality. The value 
of CO2 emissions from electricity used to calculate the index was taken from the European 
Environment Agency database on emission intensity [28]. 

2.2. Data Normalization  

In accordance with the [20] methodology, normalization of indicators will be carried out 
on the basis of whether the indicator has a positive or negative impact on sustainability. 
Positive impacts mean that higher values of this indicator indicate better relevance to 
sustainable development, for example, the highest possible values of the RES rate are 
desirable. An indicator with a negative impact is one that is expected to have minimal values, 
such as the amount of CO2 emissions. 

Indicators with positive effects are normalized using the Eq. (1). 

 A, min,
N,

max, min,

ij j
ij

j j

I I
I

I I

+ +
+

+ +

−
=

−
 (1) 

Indicators with negative effects are normalized using the Eq. (2). 
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1 ij j
ij

j j
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−
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−
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2.3. Determination of the Weight of the Indicators  

The next step is the determination of the weights of the indicators, which are carried out using 
the multi-criteria analysis method AHP. The AHP method [29], [30] is suitable for determining 
the weights of the various criteria based on a comparison of the importance of the criteria (in this 
case indicators) carried out by the expert or expert group.  

AHP method is based on a pairwise comparison matrix A, which reflects the decision-maker's 
choice of relative importance for each criteria in comparison with other criteria used in the 
study [30]. 

It is assumed that ajk denotes element A of the matrix (j, k), if criteria j and k are equally 
significant ayk will be equal to 1 (ajk = 1), if ayk = 5 criterion j is five times more important than 
the criterion k, if ayk = 9 criterion j is absolutely more important than k. Other possible ayk values 
between 1 and 9 are interpreted according to the above model. 

To ensure the uniformity of the matrix data ajk = b automatically means that ajk = 1/b and matrix 
A diagonal value will be equal to 1 because the criterion will be compared to itself. When such a 
matrix is created, the elements of each column are divided by the sum of the elements of this 
column, thereby obtaining the N elements of the normalized weighted matrix. 

 
∑ =

= m

i jk

jk
jk

a

a
a

1

 (3) 

The weight of the relative criteria is calculated as the average for each row of matrix N. 
The criterion weight vector wj is calculated by summing up the value in each column and 
divided by the number of columns in m. 
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The weights of the indicators shall be determined separately for each group of indicators 

(economic, social and environmental). 

3. CALCULATION OF THE SUSTAINABLE DEVELOPMENT INDEX  

For each of the 3 indicator groups, an individual sustainability index is calculated by summing 
up the positive indicator for this group +

jiNI , the products of the indicator weights wjt and 

subtracting from it the sum of the negative indicator −
jiNI , and their weight wij. 

 −+ ⋅+⋅= ∑∑ jiN
n

ji jjiN
n

ji jjts IWIWI ,,,  (5) 

The Eq. (5) determined the weights of the indicators for each group of indicators separately. 

TABLE 2. INDIVIDUAL WEIGHTS OF INDICATORS AND THEIR IMPACT  
(NEGATIVE/POSITIVE EFFECT ON SUSTAINABILITY) 

Indicators Weight Positive /negative 
impact 

Economic conditions  

GDP/capita (2017) EUR 0.14 + 

Average electricity tariff for non-household end-users, EUR/kWh 0.24 – 

Electricity tariff for households, EUR/kWh 0.34 – 

Heat energy tariff, EUR/MWh 0.28 – 

Social aspects  

Average wages of citizens in 2017 (on hand), EUR 0.39 + 

Energy dependency (% energy imports) 0.13 – 

Population density, people per km2 0.06 + 

Household expenditure on energy resources per person % of average wages 0.42 – 

Environment aspects  

CO2 emissions from heat generation, tCO2/MWh 0.25 – 

CO2 emissions from electricity generation, tCO2/MWh (2016) 0.25 – 

Share of RES in heating, % 0.25 + 

Share of RES in electricity supply, % 0.25 + 

The Energy Sustainability Index is calculated as the weighted sum of the individual indexes of 
each group Eq. (6). 

 sjs wII ⋅=∑ ,  (6) 
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4. ENERGY SUSTAINABILITY INDEX IN STATISTICAL REGIONS OF LATVIA  

Using the methodology described above, the Energy Sustainability Index was calculated. 
First, by calculating separately the Energy Sustainability Index for the Environment, 
Economic and Social Aspects and then merging them into a common energy sustainability 
index. In addition, it was assumed that the weights of the economic indicator in the final index 
were 0.4 and the weight of the other two indicators was 0.3 (according to the methodology, 
the sum of the weights of all components of the index should be equal to 1). The calculated 
sustainability index is shown in the form of columns in Fig. 2. 

  

 
Fig. 2. Energy sustainability indicator and its components in Latvia's statistical planning regions. 

 
The energy sustainability index for Latvia has a total value of 0.48. It is marked with the line in 

Fig. 3. We can see that only the statistical planning region index of Riga exceeds the value of the 
index for Latvia as a whole. 

 

 
Fig. 3. Energy sustainability index in Latvia and statistical planning regions. 
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5. DISCUSSION 

The Single Energy Sustainable Development Index combines three key sustainability indicators: 
environmental, social and economic. The use of these indicators makes it possible to create an 
overall index that shows not only how “green” the region is, but also includes the well-being and 
economic situation of its population. 

Assessing the results, it is apparent that the energy sustainability index for the Riga region 
exceeds the average of Latvia. The results depend on the indicators selected and the available data 
in the regional breakdown. When assessing the results from the point of view of the existing 
indicators, Kurzeme can be considered as the less “green” region. The energy sustainability index 
gives priority not only to regions but also to the targeted groups of indicators. 

The results obtained reflect the current situation, since the indicators selected are based on an 
analysis of data in 2017. Using this sustainability development index, it is also possible to analyse 
the development of Latvia and regions on the development side of different scenarios. The method 
applied should also be used for the analysis and cross-comparison of other countries. In order to 
assess the potential for future development and sustainability of regions in Latvia and other 
countries, it is necessary to continue the study. 
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