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Albania’s electricity system is heavily dependent on hydropower, making its electricity 

balance sensitive to hydrological variability and system inefficiencies. This paper asks 

whether Albania’s electricity-balance performance has strengthened over 2000–2024 

and whether any improvement is statistically distinguishable and robust to reasonable 

index-design choices. We construct an electricity balance performance index (EBPI) 

from official electricity-balance statistics using three standardised components—self-

sufficiency, import dependency, and network losses—so that higher values indicate a 

stronger balance. We analyse temporal dynamics using linear regression, a generalized 

additive model (GAM) to capture nonlinear trends, and segmented regression to detect 

structural changes. These analyses are complemented by moving-block bootstrap 

confidence intervals (CIs) for sub-period means and by weighting-sensitivity checks. 

We find a statistically significant long-run improvement in EBPI, with evidence of a 

post-2012 strengthening and the 2020–2024 sub-period mean lying entirely above zero. 

Results remain stable under alternative weighting schemes, indicating that the main 

temporal pattern is not an artefact of a specific composite specification. The findings 

support policies that sustain supply-side resilience and loss reduction while 

strengthening demand-side efficiency in buildings and other end-use sectors.  

Keywords: 
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1. INTRODUCTION

The decarbonisation of power systems and the 

strengthening of energy security have become central pillars 

of European and global energy policy. The European Union 

has committed to climate neutrality by mid-century, with 

successive policy packages stressing the dual need to reduce 

energy imports and accelerate both renewable deployment and 

energy efficiency [1-4]. Buildings account for a large share of 

final energy use and energy-related CO₂ emissions, so the 

energy performance of the building stock—especially its 

electricity use—plays a key role in meeting climate and 

security-of-supply objectives [5]. Within this framework, the 

Energy Performance of Buildings Directive (EPBD) and its 

subsequent amendments, and its recast require Member States 

to move towards a highly efficient, decarbonised building 

stock and to ensure that new buildings are nearly zero-energy 

buildings (NZEBs), while progressively upgrading the 

existing stock [1-3]. 

Albania represents a particularly interesting case in this 

broader transition. Its electricity system is strongly hydro-

dominated: hydropower plants account for 95–98% of 

domestic electricity generation and installed capacity, placing 

the country among the most hydro-dependent systems in 
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Europe [6-8]. This configuration brings clear benefits in terms 

of low direct emissions, but it also exposes the power system 

to substantial hydrological risk and year-to-year variability in 

output. When hydrological conditions are unfavourable, 

Albania becomes a significant net importer of electricity, 

while in wet years it can export surpluses [9, 10]. Historically 

high transmission and distribution losses have further 

undermined the balance between domestic supply and 

demand, making the evolution of the electricity balance a 

central element of national energy security debates. This 

paper, therefore, focuses on a concrete analytical problem: 

how to track, in a transparent and statistically rigorous way, 

whether Albania’s electricity balance has strengthened over 

time and whether there is evidence of a structural shift in that 

trajectory. In such a hydro-dependent context, there is a clear 

need for quantitative, mathematically based indicators that can 

track the long-term evolution of the electricity balance using 

rigorous time-series modelling techniques. 

A large literature has explored how to conceptualise and 

measure energy security through multi-dimensional indices 

and frameworks. A research [11] proposes a five-dimensional 

view—availability, affordability, technology development, 

sustainability, and regulation—and constructs composite 

indicators to assess national performance. Studies [12, 13] 

review and extend such work by mapping the diverse 

definitions and dimensions of energy security and proposing 

global and national energy security indices based on multiple 

indicators, including import dependence, diversification, 

environmental impact, and governance. These contributions 

underline the value of composite, yet interpretable, metrics for 

summarising complex energy-system dynamics.  

However, most existing indices are designed for cross-

country comparisons and whole energy systems, rather than 

for analysing the electricity balance of small, hydro-dominated 

systems like Albania’s, using a minimal set of directly 

observable indicators. In particular, they typically (i) combine 

dimensions that extend well beyond electricity-balance 

outcomes, (ii) target cross-sectional benchmarking more than 

long-run within-country monitoring, and (iii) seldom integrate 

structural-break detection or index-design 

sensitivity/uncertainty checks tailored to a single balance 

identity.  

The electricity balance performance index (EBPI) proposed 

here addresses this specific gap by adopting a narrower 

construct—electricity-balance performance—operationalised 

through a parsimonious set of accounting-consistent indicators 

drawn directly from official balance statistics. Unlike broad 

energy security indices, the EBPI is built explicitly for 

dynamic, within-country time-series assessment and is paired 

with formal tools for trend smoothing and breakpoint 

detection, alongside transparent diagnostics of component 

dependence and index-design sensitivity.  

In parallel, the building sector and its electrification attract 

growing attention in the Mediterranean region, where climate 

conditions and cooling needs pose specific challenges for 

NZEB implementation. Studies on nearly zero-energy 

concepts and deep renovation in Southern Europe and 

Mediterranean climates show that combining envelope 

upgrades, high-performance glazing, efficient heating, 

ventilation, and air conditioning (HVAC) systems, and on-site 

renewables can substantially reduce electricity demand and 

peak loads [5, 14, 15]. Case studies from Mediterranean 

countries also highlight that deep renovation and smart 

integration of rooftop photovoltaic systems and storage can 

contribute not only to decarbonisation, but also to improved 

energy security by reducing import needs and enhancing 

flexibility [16]. 

Recent research has begun to address these issues in the 

Albanian context. One study [17] quantifies the optimum 

insulation thickness of exterior walls for the Albanian building 

stock and assesses associated costs, demonstrating that cost-

effective envelope improvements can yield large energy 

savings in residential buildings. At the household scale, 

another study [18] uses multivariable regression models and 

the RETScreen energy modelling tool to analyse a rooftop PV 

system combined with energy efficiency measures and solar 

water heating for a representative dwelling in Tirana, showing 

substantial potential reductions in grid electricity consumption 

and a significant solar contribution to hot-water demand. 

These micro-scale studies illustrate how Albanian households 

can support decarbonisation and system flexibility, but they do 

not directly examine how such measures connect to the long-

term evolution of the national electricity balance or to energy-

security-oriented performance metrics. 

At the same time, official statistics from the Albanian 

Institute of Statistics (INSTAT) provide a consistent annual 

electricity balance for Albania from 2000 onwards, including 

domestic generation, imports, exports, network losses, and 

total final consumption, as well as a more recent breakdown of 

final electricity use into household and non-household sectors 

[19]. To date, these data have largely been used in descriptive 

reports and planning documents, rather than for constructing a 

quantitative index of electricity balance performance or 

applying modern statistical modelling to detect structural 

changes over time. Consequently, there remains a gap between 

(i) broad, multi-dimensional energy security indices that are 

often cross-sectional in design, (ii) detailed building-scale 

analyses of energy efficiency and rooftop PV, and (iii) a 

simple, electricity-specific composite indicator that tracks 

how a hydro-dominated power system like Albania’s is 

evolving over decades, using long, internally consistent 

official time series. Addressing this gap requires an electricity-

balance-specific index that is directly interpretable in terms of 

balance identities, suitable for time-series trend and breakpoint 

modelling, and accompanied by basic checks on component 

dependence and index-design sensitivity. 

This paper addresses these gaps by developing a 

mathematical modelling framework centred on an EBPI for 

Albania and analysing its evolution over the period 2000–

2024. The EBPI combines three core indicators—self-

sufficiency (domestic production as a share of total available 

electricity), import dependency, and the share of network 

losses—into a single standardised index, following the logic 

of multi-dimensional energy security metrics but using a 

deliberately parsimonious set of directly measurable variables 

[11, 13]. Although the empirical focus is on Albania, the 

proposed EBPI framework is generic and could be applied to 

other small, hydro-dependent electricity systems in South-

Eastern Europe and beyond. Methodologically, the paper 

integrates composite-index construction with time-series 

modelling tools to track the dynamics of the electricity balance 

in a statistically rigorous way. To characterise long-term, 

potentially non-linear trends in EBPI, we employ a generalized 

additive model (GAM) with penalised regression splines, 

which is well suited to smoothing time-series patterns in 

relatively short samples [20]. We then complement this 

flexible representation with segmented linear regression to 

identify possible structural breakpoints in the EBPI trajectory 
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[21], implemented using the R package segmented [22]. In line 

with composite-indicator good practice, we also report 

correlation diagnostics among the EBPI components: self-

sufficiency (SS), import dependency (ID), and losses share 

(LS), and implement a sensitivity/uncertainty assessment 

based on alternative weighting schemes. In particular, we 

summarise index-design uncertainty using an annual p05–p95 

band obtained by repeatedly re-weighting the three 

standardised components with 5,000 randomly generated, 

plausible weight vectors (centred on equal weighting). 

In addition, we examine the robustness of the composite 

index to alternative weighting schemes by defining security-

focused and efficiency-focused EBPI variants that put greater 

emphasis on supply security and on network efficiency, 

respectively. Finally, drawing on disaggregated data for 2018–

2024, we examine the evolution of household and non-

household electricity consumption levels and their shares in 

total final consumption, thereby linking macro-level 

electricity balance performance to the structure of final 

demand. Taken together, these elements yield three main 

contributions. First, the paper provides the first long-term, 

model-based assessment of Albania’s electricity balance using 

a composite performance index grounded in established 

energy security concepts. Second, it identifies statistically 

supported turning points in the EBPI and discusses their timing 

in relation to hydrological variability and demand dynamics in 

a hydro-dominated power system, without implying causal 

attribution. Third, by explicitly distinguishing household and 

non-household electricity use in recent years, it creates a 

bridge between macro-level electricity balance analysis and 

micro-level building and rooftop PV studies in Albania [17, 

18], offering insights for energy-security-oriented building 

renovation and NZEB strategies in the wider Mediterranean 

context. The robustness checks using alternative EBPI 

specifications reinforce these contributions by showing that 

the main temporal patterns are stable under reasonable 

variations in the weighting scheme used to construct the index. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Data and indicators 

 

The analysis is based on official electricity statistics 

published by the INSTAT [19]. We use annual electricity 

balance data for 2000–2024, which report gross and net 

domestic production, imports, exports, network losses, and 

total final consumption by main balance categories, expressed 

in gigawatt-hours (GWh). In addition, we draw on more 

detailed balance tables with quarterly information by 

consumer category to obtain the sectoral breakdown of final 

electricity consumption (households vs. non-households) for 

2018–2024. 

From these INSTAT series, we construct the following 

annual variables (all in GWh): 

• Available electricity (At): total electricity available in 

year t, defined as the sum of domestic net production 

and gross imports minus gross exports. 

• Domestic net production (Pt): total domestic 

electricity generation net of internal plant 

consumption. 

• Gross imports (It) and gross exports (Et): cross-border 

inflows and outflows of electricity. 

• Net imports (Nt): defined as Nt = It − Et, so that 

positive values indicate net import years and negative 

values indicate net export years. 

• Network losses (Lt): losses in the transmission and 

distribution system. 

• Total final consumption (Ct): total electricity 

delivered to final consumers. 

• Household final consumption (Ct
H) (GWh): 

electricity consumption by households (available for 

2018–2024). 

• Non-household final consumption (Ct
NH): electricity 

consumption by non-household users (services, 

industry, and other consumers; 2018–2024). 

From these basic quantities, we derive several relative 

indicators that summarise the main components of the 

electricity balance, in line with common practice in energy 

statistics and security-of-supply assessments [23, 24]: 

• Self-sufficiency (SSt): 

 

𝑆𝑆𝑡 =
P𝑡
A𝑡

 

 

measuring the share of available electricity covered by 

domestic production (values above 1 indicate net exporter 

years). 

• Import dependency (IDt): 

 

𝐼𝐷𝑡 =
N𝑡

A𝑡
 

 

measuring the share of available electricity covered by net 

imports (negative values correspond to net exporter years). 

• Losses share (LSt): 

 

𝐿𝑆𝑡 =
L𝑡
A𝑡

 

 

measuring the proportion of available electricity lost in the 

network. 

• Household share of final consumption (SHt
H) (2018–

2024): 

 

SHt
H = 

𝐶𝑡
𝐻

𝐶𝑡
𝐻+𝐶𝑡

𝑁𝐻 

 

measuring the share of total final electricity consumption 

accounted for by households. 

• Non-household share of final consumption (SHt
NH) 

(2018–2024): 

 

SHt
NH = 

𝐶𝑡
𝑁𝐻

𝐶𝑡
𝐻+𝐶𝑡

𝑁𝐻 

 

measuring the corresponding share for non-household users. 

These variables provide the empirical basis for constructing 

the composite index and for subsequent time-series modelling 

of electricity balance performance. 

 

2.2 Construction of the electricity balance performance 

index 

 

To provide a synthetic measure of the overall performance 

of the electricity balance, we constructed a composite EBPI 

that combines self-sufficiency, import dependency, and the 

losses share into a single standardised indicator, following the 
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logic of composite energy security indices [11-13]. 

In line with the broader energy-security literature, we treat 

EBPI as a deliberately parsimonious measure focused on the 

electricity balance. It targets three core and consistently 

observable dimensions of supply performance over the 2000–

2024 period: (i) domestic adequacy/coverage of availability 

(self-sufficiency), (ii) exposure to external supply conditions 

(import dependency), and (iii) technical efficiency of delivery 

(network losses). While this scope is narrower than “full-

spectrum” energy security—which may also include 

diversification, affordability, and reliability/outage 

indicators—it is appropriate for long-run annual balance data, 

for which comparable time-consistent series are available for 

all components. 

First, each of the three components was standardised across 

the 2000–2024 period using z-scores: 

 

SSt
* = 

𝑆𝑆𝑡−𝑆𝑆̅̅̅̅

𝜎𝑆𝑆
, IDt

* = 
𝐼𝐷𝑡−𝐼𝐷̅̅̅̅

𝜎𝐼𝐷
, LSt

* = 
𝐿𝑆𝑡−𝐿𝑆̅̅̅̅

𝜎𝐿𝑆
 

 

where, 𝑆𝑆̅̅ ̅, 𝐼𝐷̅̅ ̅, 𝐿𝑆̅̅ ̅ denote sample means and σSS, σID, σLS the 

corresponding standard deviations. Since higher import 

dependency and higher losses represent worse performance, 

their standardised values were multiplied by -1 so that larger 

values consistently correspond to more favourable outcomes: 

 

IDt
*- = −IDt

*, LSt
*- = −LSt

* 

 

The EBPI is constructed as the simple arithmetic mean of 

the three standardised components after reorienting them so 

that larger values consistently represent more favourable 

outcomes: 

 

EBPIt = 
𝑆𝑆𝑡

∗+𝐼𝐷𝑡
∗𝑛𝑒𝑔

+𝐿𝑆𝑡
∗𝑛𝑒𝑔

3
 

 

By construction, EBPI has (approximately) zero mean over 

the sample period, with positive values indicating years in 

which the overall electricity balance—characterized by high 

self-sufficiency, low import dependency, and low losses—is 

better than the long-term average, while negative values 

indicate weaker performance. This composite index serves as 

the main dependent variable in the subsequent statistical 

modelling of temporal trends. 

To address the concern that composite indicators can be 

influenced by mechanical or statistical dependence among 

inputs, we also implement two transparency and robustness 

diagnostics. First, we compute pairwise Pearson correlations 

among SSt, IDt and LSt over the 2000–2024 period. This 

analysis documents the co-movement of the components and 

verifies that the import-dependency measure does not create 

mechanical redundancy with self-sufficiency. The resulting 

correlation matrix is reported and discussed in the Results 

section. Second, we quantify uncertainty in EBPI summaries 

through two approaches: (i) Sub-period mean EBPI values are 

accompanied by 95% confidence intervals (CIs), computed 

using a within-subperiod moving block bootstrap (block 

length = 3; B = 4,000), and (ii) Index-design sensitivity is 

assessed by recomputing EBPI under alternative weighting 

schemes, including a simulation-based annual p05–p95 band 

obtained from 5,000 plausible weight vectors (centred on 

equal weighting), as described in Section 2.5. 

 

 

 

2.3 Descriptive statistics and graphical analysis 

 

As a preliminary step for the modelling, we conduct a 

descriptive analysis of the electricity balance indicators. For 

the 2000–2024 period, we compute summary statistics (mean, 

minimum, maximum) for available electricity, domestic 

production, net imports, network losses, total final 

consumption, and the three relative indicators (self-

sufficiency, import dependency, losses share). 

To gain insight into medium-term changes, we compute 

sub-period averages for four blocks: 2000–2007, 2008–2013, 

2014–2019, and 2020–2024. Time-series plots are used to 

visualise the evolution of key indicators. In particular, we plot 

domestic production, net imports, and available electricity; 

self-sufficiency and import dependency; and the losses share 

over 2000–2024.  

For the period 2018–2024, we construct stacked bar charts 

of final electricity consumption by combining levels (GWh) 

and shares (%) to represent the structure of final demand by 

households and non-households. All descriptive analyses and 

plots are produced in R [25-27]. This exploratory stage 

supports the specification and interpretation of the subsequent 

regression models. 

 

2.4 Statistical modelling of electricity balance performance 

index trends 

 

To quantify the temporal evolution of the composite EBPI 

and to test for non-linear trends and structural changes, we 

apply three complementary regression specifications, all 

defined on the annual values EBPIt over the period 2000–

2024. In combination, these three specifications provide a 

statistically rigorous framework for analysing the time 

evolution of the EBPI. 

 

2.4.1 Linear trend model 

First, we fitted a simple linear regression model of EBPI on 

the calendar year 
 

EBPIt = β0 + β1yeart + εt 

 

where, β1 captures the average annual change in EBPI and εt 

is an error term. This model provides a baseline measure of 

whether the composite index exhibits a statistically significant 

monotonic trend over time [28]. For this specification, we 

report the estimated slope and the adjusted R2 as a descriptive 

measure of goodness-of-fit. 
 

2.4.2 Generalized additive model 

Second, to allow for smooth non-linear temporal patterns, 

we estimated a one-dimensional GAM of the form 
 

EBPIt = β0 + f(yeart) + εt 
 

where, f(⋅) is a smooth function of year represented by a 

penalised thin-plate regression spline [20]. We used a 

Gaussian family with identity link, as EBPI is a continuous 

index centred around zero, and set the basis dimension for the 

smooth term to k = 5. Model adequacy was assessed using the 

approximate significance of the smooth term, effective 

degrees of freedom, adjusted R2, and deviance explained. In 

the empirical results, we report the estimated smooth trend 

together with the adjusted R2 (and, where relevant, summary 

measures such as effective degrees of freedom and deviance 

explained). 
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2.4.3 Segmented linear regression 

Finally, to investigate potential structural changes in the 

EBPI time series, we fitted a segmented linear regression 

model with an unknown breakpoint in calendar year. Starting 

from the simple linear model above, we applied the segmented 

regression procedure [21, 22] to estimate the breakpoint ψ and 

the piecewise slopes before and after it. The segmented model 

can be written as 

 

EBPIt = β0 + β1yeart + β2(yeart−ψ)+ + εt 

 

where, (yeart−ψ)+ = max(0, yeart−ψ). In this specification, β1 

represents the slope of EBPI with respect to the year before the 

breakpoint, whereas β1+β2 represents the slope after the 

breakpoint. The breakpoint ψ and its standard error were 

estimated iteratively. The estimated breakpoint and associated 

slopes are presented together with the adjusted R2 for this 

specification.  

Given the relatively short sample (25 annual observations), 

all models were kept deliberately parsimonious and applied 

only to the composite index, avoiding over-parameterisation. 

All statistical analyses were carried out in R [25], using 

standard implementations of linear, generalized additive, and 

segmented regression [20-22]. 

 

2.5 Sensitivity and uncertainty analysis of the electricity 

balance performance index specification 

 

To assess the robustness of the EBPI to alternative design 

choices, we compute two additional variants of the index 

alongside the baseline specification with equal weights on 

self-sufficiency, import dependency, and the share of network 

losses, in line with good practice for composite indicators and 

sensitivity analysis [29, 30]. 

As a transparency check in composite-index construction, 

we compute pairwise Pearson correlations among SSt, DIt, and 

LSt over 2000–2024. This diagnostic does not alter the EBPI 

mechanically; rather, it documents whether components tend 

to move together, which can influence composite-index 

behaviour and the interpretation of changes over time [29, 30] 

and helps verify that the selected import measure does not 

introduce mechanical redundancy with self-sufficiency. 

A security-focused specification puts greater weight on self-

sufficiency and import dependency, reflecting the importance 

of domestic coverage of demand and reduced reliance on 

imports, while an efficiency-focused variant assigns a higher 

weight to network losses, emphasising grid performance and 

loss reduction. For comparability, all three versions of the 

index are expressed on the same standardised scale as the 

baseline EBPI, so that higher values consistently indicate a 

stronger electricity balance. Specifically, we implement (i) a 

baseline equal-weight index (1/3,1/3,1/3), (ii) a security-

focused variant with higher weights on self-sufficiency and 

reduced import dependency (0.50, 0.30, 0.20), and (iii) an 

efficiency-focused variant with higher weight on loss 

reduction (0.20, 0.30, 0.50). The security-focused and 

efficiency-focused weightings are illustrative, non-extreme 

alternatives chosen to reflect two plausible policy emphases 

(security of supply versus loss reduction). 

Comparing their time profiles allows us to evaluate whether 

the main conclusions about the timing and magnitude of 

improvements in Albania’s electricity balance are sensitive to 

reasonable variations in the weighting scheme [11, 13]. This 

sensitivity analysis complements the main regression results 

and strengthens the modelling framework from the perspective 

of composite indicator design. Finally, to characterise index-

design uncertainty more continuously, we construct a 

simulation-based p05–p95 uncertainty band for annual EBPI 

values by repeatedly re-weighting the three standardised 

components using a large set of randomly generated weight 

vectors (centred on equal weighting), following composite-

indicator sensitivity practice [29, 30] (we summarise this 

index-design uncertainty using the annual p05–p95 range 

across re-weighted EBPI values). 

 

 

3. LONG-TERM EVOLUTION OF THE ELECTRICITY 

BALANCE (2000–2024) 

 

This section describes the long-term evolution of Albania’s 

electricity balance over 2000–2024, focusing first on levels 

and relative indicators and then on how improvements are 

distributed across self-sufficiency, import dependency, and 

network losses. 

 

3.1 Levels and relative indicators 

 

Descriptive statistics for the main electricity balance 

indicators over 2000–2024 are reported in Table 1. Total 

available electricity averages 6,968.2 GWh per year, with 

values ranging from 5,348.9 to 8,414.8 GWh, highlighting 

substantial interannual variability. Domestic net production 

shows even greater variability (2898.7–8962.7 GWh), while 

net imports range from sizeable net import positions to years 

of net exports (–919.8 to 3,174.4 GWh). Network losses 

remain a non-trivial component of the balance, averaging 

2,139.8 GWh per year (1,614.3–3,305.6 GWh), and total final 

consumption ranges from 3,350.6 to 6,629.9 GWh (mean 

4,828.4 GWh). 

 

Table 1. Summary statistics for Albania’s electricity balance 

indicators, 2000–2024 

 
Variable Mean Min Max 

Available electricity 6,968.2 5,348.9 8,414.8 

Domestic net 

production 
5,710.6 2,898.7 8,962.7 

Net import 1,247.6 -919.8 3,174.4 

Losses 2,139.8 1,614.3 3,305.6 

Total final 

consumption 
4,828.4 3,350.6 6,629.9 

Self-sufficiency 0.812 0.506 1.133 

Import dependency 0.188 -0.133 0.494 

Losses share 0.314 0.198 0.427 
Source: Author calculations based on a previous study [19]. 

 

Time-series plots of domestic net production, net imports, 

and available electricity (Figure 1) confirm the strong year-to-

year fluctuations and the tight inverse co-movement between 

production and net imports. Years with relatively low 

domestic output are characterised by high net imports, while 

years with relatively high domestic output show the opposite 

pattern, with some years exhibiting negative net imports (i.e., 

net exports) and self-sufficiency above unity. Despite this 

volatility, a gradual upward shift in available electricity is 

evident in the most recent decade. The average values of self-

sufficiency, import dependency, and the losses share are 

consistent with an electricity system that is structurally 

dependent on hydropower and subject to sizeable year-to-year 

fluctuations in domestic output and net imports. 

58



 
 

Figure 1. Domestic electricity production, net imports and total available electricity in 2000–2024  

 

Table 2. Sub-period averages of self-sufficiency, import dependency and losses share 

 
Sub-Period Self-Sufficiency Import Dependency Losses Share 

2000–2007 0.792 0.230 0.390 

2008–2013 0.765 0.235 0.360 

2014–2019 0.805 0.195 0.274 

2020–2024 0.945 0.055 0.209 
Source: Author calculations based on a previous study [19]. 

 

 
 

Figure 2. Shares of available electricity for self-sufficiency, import dependency, and losses in 2000–2024 

 

Network losses, measured as a share of available electricity, 

represent a substantial component of the balance, particularly 

in the early 2000s. Table 2 summarizes how Albania’s 

electricity balance indicators—self-sufficiency, import 

dependency, and the losses share—have evolved across four 

sub-periods (2000–2007, 2008–2013, 2014–2019, 2020–

2024), all expressed as fractions of available electricity. When 

averaged by these sub-periods, self-sufficiency increases from 

0.792 in the first block to 0.945 in the last, while import 

dependency declines from 0.230 to 0.055. This trend indicates 

that Albania has progressively strengthened its electricity 

balance over time, despite persistent short-term variability in 

domestic output and net imports. Over the same intervals, the 

mean losses share falls from 0.390 in 2000–2007 to 0.209 in 

2020–2024, suggesting that grid improvements and loss-

reduction measures have materially enhanced system 

efficiency. 

Figure 2 illustrates these dynamics, with all three indicators 

expressed as shares of available electricity. Over the full 

period, domestic production covers on average about 81% of 

available electricity (mean self-sufficiency = 0.812), while net 

imports account for the remaining 19% (mean import 

dependency = 0.188). Both indicators exhibit wide variation 

(self-sufficiency ranges from 0.506 to 1.133; import 

dependency from –0.133 to 0.494). 

Before constructing EBPI, we first assess whether its inputs 

59



 

are strongly interdependent. The correlation analysis among 

SSt, DIt, and LSt shows that the strongest relationship is the 

expected negative association between domestic coverage and 

import exposure (corr(SSt, DIt) = −0.832), implying that years 

with higher domestic production relative to availability tend to 

coincide with lower import exposure. In contrast, correlations 

involving the loss shares are noticeably weaker (corr(SSt, LSt) 

= −0.299 and corr(DIt, LSt) = −0.161), suggesting that loss 

dynamics are not merely a mechanical transformation of either 

the production or import shares. Overall, these patterns 

support interpreting EBPI as a multi-component balance 

indicator, rather than a redundant re-expression of a single 

underlying ratio. 

 

3.2 Decomposition of the improvements in balance 

indicators by sub-period 

 

The sub-period averages reported in Table 2 help clarify 

how the observed strengthening of the electricity balance is 

distributed across its three main components. In the early 

2000s (2000–2007), self-sufficiency averaged about 0.79, 

import dependency about 0.23, and the share of network losses 

about 0.39. This configuration reflects a system heavily reliant 

on net imports and is characterised by exceptionally high 

network losses compared with typical transmission and 

distribution loss levels reported for European grids [31] and 

with previous assessments of Albania’s loss levels based on 

INSTAT data. 

In the subsequent block (2008–2013), self-sufficiency 

declines slightly to around 0.77 and import dependency rises 

marginally to about 0.24, while the losses share falls to 

roughly 0.36. This pattern is consistent with a period in which 

improvements in network performance start to materialise, but 

are not yet accompanied by a clear strengthening of the overall 

balance, as increased loss efficiency is partly offset by weaker 

self-sufficiency and somewhat higher reliance on imports. 

From 2014–2019, all three indicators moved in a more 

favourable direction. Average self-sufficiency rises to about 

0.81, import dependency falls to around 0.20, and the losses 

share drops more sharply to roughly 0.27. The most recent 

period, 2020–2024, marks a further step change: self-

sufficiency increases to about 0.95 on average, import 

dependency falls to around 0.06, and the losses share declines 

to roughly 0.21. Comparing the first and last blocks, self-

sufficiency thus increases by about 0.15 points, import 

dependency falls by around 0.18 points, and the losses share is 

reduced by about 0.18 points. In absolute terms, this indicates 

that reductions in import dependency and in network losses are 

at least as important as the increase in self-sufficiency in 

driving the improvement in the configuration of the electricity 

balance. 

Taken together, the block averages show that the transition 

from a weaker to a stronger electricity balance is not driven by 

a single component, but by the joint evolution of all three 

indicators. The early 2000s are characterised by high losses 

and substantial import reliance; the late 2000s and early 2010s 

represent a mixed phase in which loss reduction progresses, 

but self-sufficiency does not yet improve; and the mid-2010s 

and early 2020s are associated with simultaneous gains in 

domestic coverage of demand, reduced dependence on 

imports, and markedly lower losses. This decomposition is 

consistent with, and complements, the EBPI-based results 

presented later in the paper, which summarise these 

multidimensional changes into a single composite index. This 

decomposition is consistent with, and complements, the EBPI-

based results presented later in the paper, which summarise 

these multidimensional changes into a single composite index. 

 

 

4. SECTORAL STRUCTURE OF FINAL 

ELECTRICITY CONSUMPTION (2018–2024) 

 

The sectoral breakdown of final electricity consumption for 

2018–2024 is summarised in Table 3. Over this period, total 

final consumption oscillates between approximately 5855.8 

and 6,629.9 GWh per year. Household consumption ranges 

from 2,681.9 to 3,408.9 GWh, while non-household 

consumption lies between 2,992.5 and 3,540.4 GWh. Figure 3 

displays the evolution of household and non-household 

demand, both in absolute terms (GWh) and as shares of total 

final consumption, providing a compact visual summary of 

levels and structure. 

In absolute terms, household consumption exhibits a 

moderate increasing trend, particularly towards the end of the 

period, with a noticeable rise in 2024 [5]. Non-household 

consumption is somewhat more volatile, peaking in 2021 and 

then declining slightly in subsequent years, but remaining in 

the 3000–3500 GWh range. 

In relative terms, the household share of total final 

consumption remains close to 50% throughout 2018–2024. 

The annual household share varies between about 0.458 and 

0.520, with households dominating slightly in some years 

(e.g., 2020, 2023, 2024) and non-households dominating in 

others (e.g., 2018, 2019, 2021–2022). The corresponding non-

household shares range from 0.480 to 0.542. Taken together, 

Table 3 and Figure 3 indicate a relatively stable and nearly 

balanced distribution of final electricity consumption between 

household and non-household users in the recent period, with 

no pronounced structural shift in sectoral dominance [5]. 

 

Table 3. Final electricity consumption by sector in 2018–2024: Annual levels (GWh) and shares (%) 

 
Year Households (GWh) Non-Households (GWh) Households Share (%) Non-Households Share (%) 

2018 2,681.9 3,173.9 45.8 54.2 

2019 2,750.2 3,210.3 46.1 53.9 

2020 2,965.5 2,992.5 49.8 50.2 

2021 3,089.5 3,540.4 46.6 53.4 

2022 3,074.8 3,191.0 49.1 50.9 

2023 3,116.8 3,104.5 50.1 49.9 

2024 3,408.9 3,147.4 52.0 48.0 
Source: Author calculations based on a previous study [19]. 
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Figure 3. Sectoral composition of final electricity consumption in 2018–2024: Levels (GWh) and shares (%) 

 

 

5. COMPOSITE ELECTRICITY BALANCE 

PERFORMANCE INDEX 

 

To synthesise the joint behaviour of self-sufficiency, import 

dependency and the share of network losses, we construct a 

composite EBPI. Each component is first standardised over 

2000–2024, and the EBPI is then defined as the simple 

arithmetic mean of standardised self-sufficiency and the 

negated, standardised values of import dependency and the 

loss shares. By construction, higher EBPI values correspond 

to a more favourable configuration of the electricity balance, 

characterised by higher self-sufficiency, lower import 

dependency, and lower network losses. 

Over 2000–2024, EBPI spans from approximately 1.26 to 

+1.49 standard deviation units, with a mean close to zero and 

a slightly right-skewed distribution, indicating that a non-

negligible number of years achieve substantially better-than-

average performance. The lowest EBPI values in the sample 

are observed in 2007 (–1.26), 2012 (–1.13), and 2002 (–0.95), 

all of which lie in the lower tail of the distribution and reflect 

combinations of relatively low self-sufficiency, high import 

dependency, and elevated network losses. By contrast, the 

highest EBPI values occur in 2023 (1.49), 2018 (1.40), and 

2021 (1.30), which occupy the upper tail of the distribution 

and correspond to years in which high domestic coverage of 

demand, markedly reduced reliance on imports and 

substantially lower losses jointly produce a much stronger 

electricity balance. These extreme years provide concrete 

illustrations of the transition from weaker to stronger 

configurations of the electricity balance over time. 

The fitted linear trend model, shown in Figure 4, exhibits a 

statistically significant positive slope of about 0.065 (p ≈ 

0.002; adjusted R² ≈ 0.32), implying a clear improvement in 

EBPI over the study period. Allowing for a flexible, non-linear 

trajectory via a GAM with a smooth function of year yields a 

better fit, as illustrated in Figure 5. The GAM explains around 

43% of the deviance (adjusted R² ≈ 0.38), and the smooth term 

is statistically significant (effective degrees of freedom ≈ 1.9, 

p ≈ 0.004). The smoothed curve indicates relatively low and 

fluctuating EBPI values in the early 2000s, followed by a 

marked and sustained improvement beginning in the early 

2010s. 

 

 
 

Figure 4. Electricity balance performance index (EBPI) with 

linear trend in 2000–2024 

 

 
 

Figure 5. EBPI with a generalized additive model-smoothed 

trend in 2000–2024 
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Figure 6. EBPI with segmented linear trend in 2000–2024 

 

Segmented linear regression further refines this picture by 

identifying a structural break. The estimated breakpoint occurs 

around 2012 (≈ 2012.4, standard error ≈ 3.4), with a near-zero 

slope before the breakpoint and a positive slope of about 0.145 

thereafter (Figure 6). The segmented model attains a higher 

adjusted R² than the simple linear model (≈ 0.38 vs. 0.32), 

suggesting that a two-phase representation provides a more 

appropriate description of the EBPI series. Overall, these 

model-based results indicate that the performance of Albania’s 

electricity balance has improved significantly over time, with 

a distinct shift to a steeper upward trajectory in the early 2010s. 

Table 4 reports the mean EBPI for four sub-periods (2000–

2007, 2008–2013, 2014–2019, and 2020–2024), together with 

95% CIs obtained from a within-subperiod moving block 

bootstrap (block length = 3; B = 4,000). Average EBPI is 

negative in the first two sub-periods and turns positive 

thereafter. Notably, the 2020–2024 CI lies entirely above zero, 

indicating a statistically distinguishable strengthening of 

electricity-balance performance relative to earlier periods, 

whereas the 2014–2019 interval still overlaps zero, consistent 

with transitional dynamics and substantial year-to-year 

variability. The corresponding estimates are −0.219 (95% CI: 

[−0.468, 0.226]) for 2000–2007, −0.346 (95% CI: [−0.740, 

0.048]) for 2008–2013, 0.078 (95% CI: [−0.042, 0.457]) for 

2014–2019, and 0.672 (95% CI: [0.472, 0.861]) for 2020–

2024. 

Table 4. Sub-period mean values of the EBPI, with 95% CIs 

estimated via a within-subperiod moving block bootstrap 

 

Sub-Period 

Mean Electricity 

Balance 

Performance 

Index (EBPI) 

95% Confidence 

Interval (CIs) 

2000–2007 −0.219 [−0.468, 0.226] 

2008–2013 −0.346 [−0.740, 0.048] 

2014–2019 0.078 [−0.042, 0.457] 

2020–2024 0.672 [0.472, 0.861] 
Source: Author calculations based on a previous study [19] 

 

The robustness analysis reported in Figure 7 confirms that 

these conclusions do not hinge on the specific weighting 

scheme used to construct the EBPI. The baseline index and the 

two alternative specifications—a security-focused variant that 

places greater weight on self-sufficiency and reduced import 

dependency, and an efficiency-focused variant that gives 

greater weight to lower network losses—move very closely 

together over 2000–2024. All three series display relatively 

low and volatile values in the early 2000s, followed by a 

gradual improvement and a more pronounced upward 

trajectory from the early 2010s onwards. While the alternative 

indices differ slightly in levels in some years, the timing and 

magnitude of the post-2012 strengthening of the electricity 

balance are essentially unchanged. This suggests that the 

observed transition from a weaker to a stronger configuration 

of the electricity balance is a robust feature of the data, rather 

than an artefact of a particular index design. 

Beyond sampling uncertainty (Table 4), EBPI also depends 

on the weighting scheme used to aggregate its components. To 

assess index-design sensitivity, we recomputed EBPI under 

5,000 plausible weighting schemes and summarised the 

resulting annual p05–p95 range. These ranges capture index-

design uncertainty rather than sampling variability. Across 

years, the p05–p95 band has a median width of 0.377 and a 

maximum width of 0.584 (standardised EBPI units). 

Importantly, the upward long-run profile and the ordering of 

sub-period means remain stable under alternative weights, 

indicating that the main conclusions are robust to reasonable 

weighting variation. 

 

 
 

Figure 7. Robustness of the EBPI to alternative weighting of its components (Albania, 2000–2024) 
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6. DISCUSSION 

 

The results of this study provide a coherent picture of how 

Albania’s electricity balance has evolved over 2000–2024 and 

how these dynamics relate to broader debates on energy 

security and the energy transition. Combining traditional 

balance indicators with the EBPI, we document a gradual 

strengthening of the electricity balance—higher self-

sufficiency, lower import dependency, and markedly lower 

network losses—while the system remains exposed to 

hydrological variability and substantial year-to-year 

fluctuations [19]. 

A key implication is that Albania’s trajectory is broadly 

aligned with international objectives to strengthen security of 

supply through domestic low-carbon generation and efficiency 

improvements [1-3, 11-13]. The rise in self-sufficiency and 

reduced reliance on imports is consistent with energy-security 

frameworks that emphasise availability and external 

vulnerability, while the pronounced inter-annual swings in 

production and imports underline the continued relevance of 

resilience and flexibility in hydro-dependent systems [11, 12]. 

The contribution of this study is to operationalise an 

electricity-balance “slice” of energy security—centred on 

coverage, import exposure, and losses—using a deliberately 

parsimonious set of directly observable balance variables, 

prioritising transparency and reproducibility for long-run 

tracking. 

The decline in network losses is particularly noteworthy. 

Losses in the early 2000s were exceptionally high, whereas 

recent levels—around one-fifth of available electricity—

represent a substantial improvement, although they remain 

above the internationally reported range of 4–15% for total 

transmission and distribution losses [31]. From a policy 

perspective, loss reduction is powerful because each 

percentage-point reduction effectively increases usable 

electricity without new generation, amplifying the benefits of 

domestic supply improvements. At the same time, remaining 

loss levels indicate scope for further gains through continued 

technical upgrades and sustained efforts to reduce non-

technical losses [32]. We interpret year-specific changes 

cautiously, given hydrological volatility and potential 

measurement or definition differences in loss reporting.  

The EBPI offers a useful lens through which to interpret 

these parallel developments. By combining self-sufficiency, 

import dependency, and losses into a single standardised 

index, it reflects the multi-dimensional nature of energy 

security highlighted in composite index frameworks [11, 13]. 

The significant upward trend in EBPI and the structural break 

identified in the early 2010s suggest a transition from a regime 

of chronic vulnerability to one of gradual consolidation. 

Before the breakpoint, the system oscillated around a 

relatively weak configuration of indicators; afterwards, 

improvements in domestic production, import dependence, 

and losses moved in the same direction, resulting in a 

systematically stronger electricity balance. Although the 

analysis cannot attribute this shift to specific interventions, the 

timing coincides with a period of accelerated investment in 

generation and grid infrastructure and with the implementation 

of key market and regulatory reforms, as reflected in regional 

and EU-level energy policy documents. 

A natural concern is whether conclusions depend on the 

composite design. The robustness checks suggest they do not. 

Alternative weighting schemes that prioritise supply security 

(higher weights on self-sufficiency and reduced import 

dependency) or network efficiency (higher weights on loss 

reduction) closely track the baseline index over 2000–2024, 

and the broader improvement pattern remains stable. To 

further distinguish persistent shifts from short-run volatility, 

we report both uncertainty for sub-period means (block-

bootstrap CIs) and index-design uncertainty (p05–p95 bands 

across 5,000 plausible weighting schemes), reinforcing that 

the main temporal ordering is robust to reasonable design 

variation. 

On the demand side, the finding that households and non-

households each account for roughly half of final electricity 

consumption (2018–2024) implies that progress toward 

national and EU climate objectives cannot rely solely on 

decarbonising supply; it must also address end-use efficiency 

across both sectors [1, 2]. The building sector is central in 

European decarbonisation strategies, with particular relevance 

in Southern Europe, including deep renovation and NZEB 

policies [33, 34]. Evidence from the broader literature 

indicates that deep retrofits and NZEB-oriented standards can 

substantially reduce energy demand in both residential and 

non-residential buildings, including in Mediterranean climates 

comparable to parts of Albania [5, 14, 35-37]. In Albania’s 

hydro-sensitive context, demand-side efficiency and 

flexibility measures (e.g., retrofits, efficient non-residential 

upgrades, and demand response) can help contain demand 

growth and reduce exposure during low-hydrology years [24]. 

These implications are indicative rather than evaluative: they 

identify leverage points suggested by balance constraints 

rather than quantify policy impacts.  

At the same time, several limitations of this study should be 

underlined. The analysis relies on aggregate annual data at the 

national level and cannot establish causal links between 

policies, investments, and the observed trends. As with any 

composite index, the EBPI is, in principle, sensitive to the 

choice of indicators, weights, and standardisation method. The 

sensitivity checks with alternative weighting schemes 

implemented here mitigate this concern to some extent by 

showing that the main temporal patterns are stable under 

reasonable variations in weights, but the index still does not 

capture all dimensions of energy security identified in the 

broader literature, such as affordability or technological 

innovation [11, 12]. The sectoral breakdown of final 

consumption is limited to a short recent window and to a 

coarse household/non-household distinction, precluding more 

granular analysis by subsector, income group, or building 

typology. Finally, the focus on electricity excludes 

interactions with other energy carriers, notably fuels used for 

space heating and transport, which are central to the NZEB and 

deep-retrofit debate and to the overall energy transition.  

Despite these caveats, the study demonstrates that relatively 

simple indicators derived from official statistics can be 

combined into a composite index and analysed with standard 

time-series models to generate policy-relevant insights into the 

long-term performance of a national electricity system. In the 

case of Albania, the evidence points to measurable 

improvements in security of supply and network efficiency, 

but also to the need for continued diversification of the 

generation mix, deeper regional integration, and ambitious 

demand-side measures in both the residential and non-

residential building stock. As NZEB and deep-renovation 

agendas advance across Europe and the Mediterranean, such 

integrated, data-driven assessments can help ensure that 

supply-side and demand-side policies are designed in a 

mutually reinforcing way, and that observed improvements in 
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electricity balance performance are robust to alternative 

perspectives on what should be prioritised in energy security. 

Recent contributions highlight the practical value of 

transparent time-series modelling for electricity-system 

planning, consistent with our emphasis on statistically 

grounded trend assessment and structural-change detection 

[38]. 

 

 

7. CONCLUSIONS 

 

This paper contributes a parsimonious, electricity-balance–

focused framework for tracking performance in a hydropower-

dominated system using official annual accounts. Using this 

framework, we provide an integrated assessment of the 

evolution of Albania’s electricity balance over the period 

2000–2024, combining traditional indicators of domestic 

generation, net imports, network losses, and final consumption 

with a composite EBPI. The results show that the electricity 

balance has strengthened over time: self-sufficiency has 

increased, import dependency has declined, and the share of 

network losses in available electricity has fallen substantially, 

even though the system remains exposed to hydrological 

variability and inter-annual fluctuations in supply. By 

summarising these developments into a single measure, the 

EBPI reveals a statistically significant upward trend and a 

structural break in the early 2010s. Before this breakpoint, the 

overall configuration of the electricity balance stagnated 

around a relatively vulnerable state, whereas afterwards the 

index exhibits a clearly positive slope. This pattern suggests a 

transition from a phase of chronic vulnerability to one of 

gradual consolidation, plausibly supported by investments in 

domestic generation, network modernisation, and regulatory 

reforms. Importantly, alternative security-focused and 

efficiency-focused versions of the index, which put greater 

weight on supply security or on network efficiency, yield very 

similar temporal profiles. This robustness indicates that the 

observed post-2012 strengthening of the electricity balance is 

not an artefact of a particular weighting scheme but a stable 

feature of the underlying data. In parallel, the sectoral analysis 

of final electricity consumption for 2018–2024 shows that 

households and non-households each account for roughly half 

of total demand. 

Beyond these empirical patterns, the paper’s core 

contribution is methodological: it operationalises a transparent 

composite index from official statistics and combines it with 

complementary time-series tools (linear trend, GAM 

smoothing, and segmented regression) to characterise long-

run change and detect structural shifts, while adding 

uncertainty quantification (sub-period CIs and index-design 

uncertainty). Together, these elements provide a reproducible 

template for diagnosing whether a hydro-dependent electricity 

system is moving toward a stronger balance configuration, and 

whether that diagnosis is robust to reasonable index-design 

choices. 

Crucially, the analysis is descriptive and non-causal: EBPI 

should be interpreted as a performance-tracking indicator 

rather than as an evaluation of the causal impact of particular 

reforms or investments. Accordingly, the policy relevance is 

to highlight leverage points suggested by the balance 

dynamics, especially loss reduction, flexibility/diversification 

to manage hydrological volatility, and demand-side efficiency, 

rather than to attribute observed improvements to specific 

interventions. 

The study’s limitations motivate targeted extensions. 

Because the evidence is based on aggregate annual data and a 

limited indicator set, it cannot cleanly disentangle hydrology-

driven volatility from underlying structural change, nor fully 

capture the affordability and reliability/resilience dimensions 

of energy security. Direct extensions grounded in these 

limitations include: (i) incorporating hydrological covariates 

to separate weather-driven variability from medium-run 

change; (ii) adding affordability and reliability/resilience 

metrics (e.g., prices, SAIDI/SAIFI); (iii) benchmarking EBPI 

against neighbouring hydro-influenced systems using 

harmonised definitions; and (iv) using higher-frequency 

balance data, where available, to study seasonality and periods 

of system stress, such as drought-driven import spikes or peak-

demand shortfalls.  
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