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ABSTRACT

This study examines the effect of renewable energy consumption on employment in Uganda
over the period 1990-2024, with the aim of understanding the short-run and long-run effects
of renewable energy consumption on total employment in Uganda, the influence of GDP per
capita, trade openness, and foreign direct investment (FDI) on employment and the speed of
adjustment of employment toward equilibrium following short-run shocks. Using time-series
secondary data from the World Bank, the Uganda Bureau of Statistics (UBOS), and the
International Energy Agency (IEA), the study employs econometric techniques including
Ordinary Least Squares (OLS), Vector Error Correction Model (VECM), and Granger
causality tests to analyze both short-run and long-run relationships between renewable energy
consumption and employment. The results indicate a positive and statistically significant
long-run relationship between renewable energy consumption and total employment,
suggesting that increased investment and utilization of renewable energy sources such as
solar, biomass, and hydro have contributed to expanding employment opportunities,
particularly in rural and emerging green sectors. However, the short-run effects are found to
be modest, reflecting the time lag between energy sector reforms and labor market
adjustments. The study concludes that scaling up renewable energy investments, enhancing
technical skills training, and strengthening policy frameworks can accelerate employment
growth and support Uganda’s transition toward a green economy. The findings have
important implications for energy policy, sustainable development, and the achievement of
Uganda’s Vision 2040 and Sustainable Development Goals (SDGs).

Keywords: Renewable energy, Employment, Econometric analysis, , Sustainable
development

xii



CHAPTER ONE

INTRODUCTION

1.1 Introduction

This chapter includes a background to the study, a problem statement, the study's aim and

objectives, a research question, its scope, its justification

1.2 Background to the Study

Energy remains the backbone of modern economies and a critical driver of sustainable
development, industrialization, and employment creation (Stern, 2011). The global transition
from fossil fuels to renewable energy is increasingly viewed not only as a climate-mitigation
strategy but also as a pathway for inclusive economic growth and job creation (Cantore et al.,
2017). According to the International Renewable Energy Agency, renewable energy
industries employed over 13.7 million people globally in 2022, up from 7.3 million in 2012,
reflecting the rising labor absorption capacity of renewable energy technologies such as solar

photovoltaics (PV), wind, hydropower, and bioenergy (IRENA, 2023).

Empirical evidence from advanced economies demonstrates that renewable energy expansion
can generate net employment gains when supported by coherent industrial, innovation, and
trade policies. In Germany, the implementation of the Renewable Energy Sources Act (EEG)
and the development of domestic manufacturing capacity led to significant employment
creation. Lehr et al. (2008) estimate that by 2004, Germany’s renewable energy sector
supported approximately 157,000 jobs, largely in wind, biomass, and solar PV industries.
Using input output models and macro-econometric simulations (PANTA RHEI), the study

showed that even after accounting for opportunity costs and budgetary effects, renewable



energy expansion produced positive net employment effects, sustained by exports and

technological innovation (Lehr et al., 2008; O’Sullivan et al., 2013).

Across Africa, renewable energy is increasingly recognized as a catalyst for inclusive growth
and employment generation. Cantore et al. (2017) estimate that Africa’s renewable energy
potential could generate over 4.5 million direct and indirect jobs by 2030, particularly in
solar, hydropower, and bioenergy value chains. However, they emphasize that employment
outcomes depend critically on domestic manufacturing capacity, skills availability, financing
conditions, and industrial linkages. In many African economies, renewable energy
employment arises less from manufacturing and more from installation, operation and
maintenance (O&M), energy-enabled enterprises, and productivity spillovers in agriculture

and services (Wei et al., 2010; ILO, 2020).

Uganda’s energy system is overwhelmingly renewable based. Renewable energy has
accounted for over 90% of total final energy consumption since the 1990s, primarily due to
heavy reliance on traditional biomass (fuelwood and charcoal) and hydropower (World Bank,
2024). In 2022, renewable energy consumption stood at approximately 90.9% of total final
energy use, placing Uganda among the most renewable-dependent economies globally

(World Bank, 2024).

On the supply side, Uganda has recorded substantial growth in renewable electricity
generation capacity. Installed electricity capacity increased from about 850 MW in 2014 to
over 2,050 MW by 2025, with renewable sources accounting for more than 95% of total
installed capacity, dominated by large hydropower, followed by biomass (bagasse) and solar
energy (Electricity Regulatory Authority [ERA], 2024). Major hydropower projects such as

Bujagali (250 MW), Isimba (183 MW), and Karuma (600 MW) have significantly expanded



grid capacity, while utility-scale and off-grid solar projects have supported rural

electrification (MEMD, 2023).

Despite this progress, electricity accounts for less than 3% of total final energy consumption,
and national electrification rates remain below 35%, with access to clean cooking energy
substantially lower (IEA, 2023). This reveals a structural paradox: Uganda’s high renewable
energy share is driven largely by low-productivity traditional biomass rather than modern,
employment-intensive renewable technologies. As a result, the employment and

industrialization benefits of renewable energy remain under-realized.

The Government of Uganda has actively promoted renewable energy consumption through
policy and institutional reforms. These include the Renewable Energy Policy (2007), the
Feed-in Tariff (REFIT) and GET-FIiT programmes, rural electrification strategies, and tax
incentives for solar equipment imports (MEMD, 2023). These interventions have stimulated
private investment in small hydropower, solar mini-grids, and solar home systems,

particularly in rural areas.

Employment linkages arise through several channels. Direct employment is generated in
construction, installation, and maintenance of hydropower and solar facilities. Indirect
employment emerges through supply chains such as civil works, transport, electrical services,
and component distribution. Induced employment occurs as incomes earned in renewable
energy activities stimulate demand in local economies (Kammen et al., 2004; Lehr, 2006).
Furthermore, renewable energy improves electricity reliability, which supports agro-
processing, manufacturing, and service enterprises, thereby creating additional jobs outside

the energy sector (Cantore et al., 2017).

This study narrows its analytical focus to solar energy, given its growing importance in

Uganda’s renewable energy strategy. Solar PV is particularly labor-intensive in installation,



maintenance, sales, and after-sales services compared to large hydropower projects (Wei et
al., 2010; IRENA, 2023). Uganda has promoted solar energy through VAT exemptions,
donor-supported off-grid programs, and private-sector participation in solar mini-grids and
solar home systems. These initiatives have enabled employment creation for technicians,
electricians, sales agents, and energy entrepreneurs, while also supporting productive uses of

energy in irrigation, milling, refrigeration, and small manufacturing.

However, empirical evidence quantifying the magnitude and sustainability of these
employment effects remains limited. Most existing studies on Uganda focus on energy access
or economic growth, leaving a gap in understanding how renewable energy consumption
particularly solar energy affects employment dynamics in both the short and long run.
Addressing this gap is essential for aligning Uganda’s renewable energy transition with its

employment and industrialization objectives.

The conceptual framework posits that solar energy consumption influences employment

through direct, indirect, and induced channels, mediated by economic and structural factors.

« Independent Variable

Solar Energy Consumption (utility-scale solar, mini-grids, solar home systems)

e Transmission Channels

1. Direct Effects: Employment in solar PV installation, construction, operation

and maintenance, system design, and sales.

2. Indirect Effects: Jobs in upstream and downstream activities such as electrical

equipment supply, transport, financing, and technical services.

3. Induced Effects: Employment generated through increased household and

enterprise incomes supported by solar-powered activities.



o Mediating Variables

1. GDP per capita (income and demand effects)

2. Trade openness (technology diffusion and market access)

3. Foreign direct investment (capital and technology transfer)

4. Skills availability and institutional support

o Dependent Variable

Employment (employment-to-population ratio)

o Contextual Factors

Policy incentives, energy access, industrial structure, and labor market characteristics.

In diagram form, solar energy consumption feeds into the three employment channels, which
collectively determine employment outcomes, while macroeconomic controls and policy
frameworks moderate these relationships (Kammen et al., 2004; Lehr, 2006; Cantore et al.,

2017).

1.2.1. Conceptual framework

This study conceptualizes employment creation as a function of renewable energy
consumption operating through multiple economic transmission mechanisms. Renewable
energy consumption, defined broadly to include hydropower, solar, biomass, and wind
energy, constitutes the principal explanatory variable because energy is a fundamental input

into production and structural transformation.

Drawing from the energy-led growth hypothesis, increased availability and reliability of
renewable energy lowers production costs, enhances firm productivity, and stimulates output

expansion. This expansion raises labor demand across sectors of the economy. Endogenous



growth theory further posits that renewable energy technologies foster human capital
accumulation, innovation, and learning-by-doing, thereby creating sustained employment
opportunities. Green growth and structural transformation theories add that renewable
investments stimulate new industries and shift labor from low-productivity agriculture to

higher-productivity manufacturing and services.

Within this framework, renewable energy affects employment through four main channels.
First, direct effects arise from jobs in construction, installation, and operation and
maintenance of renewable plants. Second, indirect effects occur along supply chains such as
engineering services, equipment distribution, transport, and finance. Third, induced effects
emerge when incomes earned in the renewable sector increase household consumption,
creating additional demand for goods and services. Fourth, productivity effects arise when

reliable electricity enables enterprises to expand output and employment.

The magnitude of these effects is conditioned by macroeconomic factors including income
levels (GDP per capita), trade openness, and foreign direct investment, which influence
investment flows, technology diffusion, and market expansion. Consequently, employment
outcomes depend not only on renewable energy consumption itself but also on these

mediating structural factors.

This framework therefore establishes a clear causal chain: That is to say

Renewable energy expansion — transmission channels — labor demand — employment

outcomes.



Figure 1 Conceptual framework

Conceptual Framework Linking Renewable Energy Consumption to Employment in Uganda
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1.3 Statement of the Problem

Uganda’s energy profile is dominated by renewables, yet this has not translated into
proportionate employment growth. Despite decades of investment in hydropower, biomass,
and solar infrastructure, the economy still struggles with underemployment and limited
industrial absorption of labor. Previous studies, such as Lehr (2009) show that renewable
energy expansion can create substantial employment through investment multipliers, local
content requirements, and export competitiveness. However, in Uganda, these linkages
appear weak due to limited manufacturing capacity, dependence on imported technologies,
and inadequate skill formation systems. Furthermore, without clear evidence of the long-run
employment effects, policy formulation remains speculative. There is therefore a need to

empirically examine the short-run and long-run relationship between renewable energy



consumption and employment in Uganda using time-series econometric techniques such as

the ARDL bounds testing approach.

1.4 Objectives of the Study

1.4.1 General Objective

To examine the impact of renewable energy consumption on employment in Uganda.

1.4.2 Specific Objectives
1. To determine the short-run and long-run effects of renewable energy consumption on total

employment in Uganda.

2. To assess the influence of GDP per capita, trade openness, and foreign direct investment

(FDI) on employment.

3. To examine the speed of adjustment of employment toward equilibrium following short-

run shocks.

1.5 Research Questions
1. What are the short-run and long-run effects of renewable energy consumption on
employment in Uganda?
2. How do GDP per capita, trade openness, and FDI influence employment levels in
Uganda?
3. How quickly does employment adjust back to equilibrium after short-run

disturbances?

1.6 Hypotheses of the Study

e H1: Renewable energy consumption has a positive and significant effect on

employment in the long run.



e H2: GDP per capita positively affects employment, while the impacts of trade

openness and FDI are ambiguous.

e H3: Deviations from long-run equilibrium are corrected over time through the error-

correction mechanism.

1.7 Significance of the Study

This study contributes to the understanding of the energy employment nexus in developing
economies. Empirically, it provides Uganda-specific evidence on how renewable energy
influences labor market outcomes. Policy-wise, the findings will guide government and
development partners in aligning renewable energy policies with employment strategies
under the National Development Plan (NDP I11) and Vision 2040. The study also aligns with
Sustainable Development Goals (SDG 7) on affordable and clean energy and (SDG 8) on
decent work and economic growth. Academically, it complements existing studies such as
Lehr (2006) and Cantore et al. (2017) by extending the analysis to an African context using

country-level time series data.

1.8 Scope of the Study

The study focused on Uganda, utilizing annual data from 1990 to 2022. The variables of
interest include total employment (proxied by the employment-to-population ratio),
renewable energy consumption (% of total final energy consumption), GDP per capita
(constant 2015 US),tradeopenness. The data is drawn primarily from the World
Development Indicators (2024). Conceptually, the study examines both the short-run and
long-run impacts of renewable energy on employment using the ARDL bounds testing

methodology.



1.9 Justification of the Study

Uganda’s renewable energy dominance provides a unique context for investigating the
employment effects of clean energy transitions. While Germany’s experience demonstrates
that renewables can create hundreds of thousands of jobs when coupled with industrial
competitiveness and export orientation (Lehr, 2006), Uganda must adapt these lessons to its
structural realities. Understanding these linkages will inform policies that not only promote
energy sustainability but also generate quality employment, reduce poverty, and support
inclusive growth. The results will also contribute to ongoing debates about the “green

growth” pathway in Africa (Cantore et al., 2017).
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CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

This chapter reviews theoretical, and empirical literature on the nexus between renewable
energy (RE) and employment with a focus on Uganda. Three complementary theoretical
traditions underpin the expected employment effects of renewables: the energy-led growth
hypothesis, endogenous growth and human-capital models, and green growth/structural-

change perspectives.

2.2 Literature of renewable Energy consumption on employment effects

The relationship between renewable energy consumption and employment has gained
increasing attention in both theoretical and empirical literature, particularly in the context of
the global transition toward low-carbon and sustainable energy systems. Renewable energy
consumption affects employment through direct, indirect, and induced channels, making it a
critical component of inclusive and green growth strategies (Kammen, Kapadia & Fripp,

2004; Lehr et al., 2008).

From a theoretical standpoint, renewable energy technologies are generally considered more
labor-intensive than conventional fossil-fuel energy systems, especially during the
installation, construction, and operations and maintenance (O&M) phases (Wei, Patadia &
Kammen, 2010). Unlike fossil fuels, which are capital-intensive and rely heavily on imported
inputs, renewable energy technologies such as solar photovoltaics, small hydropower, wind,
and biomass tend to generate higher employment per unit of energy produced, particularly in

decentralized and off-grid applications (Kammen, 2005; IRENA, 2023).

11



Empirical evidence from developed economies strongly supports a positive association
between renewable energy consumption and employment. Lehr et al. (2008), using input
output modeling and macro-econometric simulations (PANTA RHEI model), found that
Germany’s expansion of renewable energy led to substantial gross and net employment gains,
particularly in wind, biomass, and solar photovoltaic industries. By 2004, the renewable
energy sector supported approximately 157,000 jobs, and this number increased to over
378,000 jobs by 2012, largely sustained through domestic manufacturing, exports, and
technological innovation (Lehr, 2006; O’Sullivan et al., 2013). These findings underscore the
importance of policy stability and industrial linkages in translating renewable energy

consumption into durable employment gains.

Similar results have been observed in other advanced economies. Wei et al. (2010) estimated
that renewable energy and energy efficiency sectors in the United States generate two to three
times more jobs per unit of electricity than fossil-fuel-based energy systems. Their analysis
shows that renewable energy consumption stimulates employment not only in energy
generation but also across supply chains, engineering services, equipment manufacturing, and
local service industries. Patadia, Kammen, and Fripp (2010) further emphasized that
distributed renewable energy systems, such as rooftop solar and mini-grids, exhibit

particularly high employment multipliers due to their reliance on local labor.

In developing and emerging economies, the employment effects of renewable energy
consumption are shaped by energy access, structural transformation, and productivity
channels. Cantore et al. (2017), in a comprehensive study of Africa, found that renewable
energy expansion enhances employment primarily by improving energy access and enabling
productivity growth in micro, small, and medium enterprises (MSMESs). Their findings

indicate that renewable energy consumption can stimulate employment indirectly by relaxing

12



energy constraints that limit industrial activity, agro-processing, and service sector growth.
However, they caution that the magnitude of employment effects depends critically on

institutional quality, skills availability, and domestic value-chain development.

Cross-country studies focusing on Sub-Saharan Africa provide further evidence of a long-run
positive relationship between renewable energy consumption and employment. Adewuyi and
Awodumi (2017a; 2017b), using panel econometric techniques, found that renewable energy
consumption positively influences both economic growth and employment in African
economies, although the effects are stronger in countries with lower dependence on imported
energy technologies. Similarly, Abdullahi and Maji (2019) reported that renewable energy
consumption contributes to employment creation in Sub-Saharan Africa, especially when

supported by sound regulatory frameworks and human capital development.

Country-specific evidence from Asia and Latin America reinforces these conclusions. Pao
and Fu (2013), using a Vector Error Correction Model (VECM) for China, found a long-run
causal relationship between renewable energy consumption, economic growth, and
employment, with renewable energy playing a significant role in job creation over time.
Simas and Pacca (2014), analyzing wind energy in Brazil, showed that local content
requirements substantially increased employment generation by fostering domestic
manufacturing and supply-chain development. These findings highlight the role of policy

design in maximizing employment benefits from renewable energy consumption.

Despite these positive outcomes, the literature also recognizes potential trade-offs and
transitional costs. Del Rio and Burguillo (2008) argue that renewable energy consumption
does not automatically lead to net employment gains if renewable technologies are heavily
import-dependent or if they crowd out labor-intensive sectors. In such cases, employment

gains may be limited to short-term construction phases, with fewer long-term benefits. This

13



concern is particularly relevant for developing economies where renewable energy projects

rely on imported capital equipment and expatriate labor.

In the African context, renewable energy consumption is often dominated by traditional
biomass, which, although renewable, is associated with low productivity and informal
employment (IEA, 2023; World Bank, 2024). As a result, high shares of renewable energy
consumption do not necessarily translate into high-quality or productive employment.
IRENA and ILO (2023) emphasize that modern renewable energy technologies such as solar
PV, mini-hydro, and clean cooking solutions offer greater potential for decent job creation,

skills development, and inclusion of women and youth.

Overall, the literature suggests that renewable energy consumption has a positive and
significant impact on employment in the long run, particularly when renewable energy
deployment is aligned with industrial policy, skills development, and local value-chain
participation. However, short-run employment effects may be modest or uneven due to
adjustment costs, capital intensity, and structural rigidities (Cantore et al., 2017; Adewuyi &
Awodumi, 2017b). These insights provide a strong theoretical and empirical foundation for
examining the renewable energy employment nexus in Uganda using time-series econometric

techniques.

2.3 Theoretical Framework

The endogenous growth theory and economic growth; Endogenous growth theory
provides a strong theoretical foundation for linking renewable energy consumption to long-
run employment growth. According to Romer (1990), long-run economic growth is driven by
human capital accumulation, technological progress, and learning-by-doing, rather than

exogenous technological shocks.

14



Renewable energy deployment stimulates endogenous growth through several mechanisms.
First, renewable energy projects require specialized technical skills in engineering,
construction, grid integration, and maintenance, thereby promoting human capital formation
(Lehr et al., 2008). Second, improved energy reliability enhances firm productivity and
innovation, enabling expansion in manufacturing and services. Third, renewable energy

reduces energy import dependence, freeing resources for domestic investment.

In Uganda, hydropower expansion improves electricity reliability, which is critical for agro-
processing, industrial parks, and service industries. This aligns with endogenous growth
theory, where energy infrastructure acts as a productivity-enhancing public input that raises
labor demand over time. Although short-run adjustment costs may occur, long-run

employment gains materialize as skills deepen and industries expand.

2.4 Empirical Literature on Renewable Energy consumption and Economic growth

First, the energy-led growth hypothesis posits that energy availability and quality are
foundational inputs to production, so improvements in energy access, reliability, and
affordability stimulate output and labor demand across sectors (Stern, 2011). Transitioning to
renewables can ease supply constraints, reduce import dependence, and mitigate price
volatility, thereby supporting employment creation through both direct jobs in energy

industries and indirect jobs in energy-using sectors (Cantore, Lee, & Soffiantini, 2017).

Second, endogenous growth theory emphasizes innovation, learning-by-doing, and human-
capital accumulation as drivers of long-run growth (Romer, 1990). RE technologies require
specialized skills site assessment, installation, grid integration, operations and maintenance
(O&M), monitoring, and power electronics which generate learning spillovers and raise

productivity (Lehr et al., 2008) and ( Lutz, & Edler, 2008). As training ecosystems mature,

15



the knowledge base expands and the economy can sustain higher value-added employment

(O’Sullivan, Edler, Bickel, & Lehr, 2013).

Third, green growth and structural-change frameworks argue that environmental objectives
can be aligned with industrial competitiveness and job creation through policies that stimulate
clean investment, local value chains, and export capabilities (Bowen, 2014) (Fankhauser,
2012;(Del Rio & Burguillo, 2008). These approaches highlight how renewables can catalyze
shifts from low-productivity activities (e.g., subsistence agriculture) to higher-productivity
manufacturing and services, especially when combined with standards, supplier development,
and skill formation. Germany’s renewable energy expansion anchored in the Renewable
Energy Sources Act (EEG) illustrates how demand-pull policy, domestic supply-chain
development, and exports yield sustained gross and net employment) (O'Sullivan et al.,

2013).

2.5 Conceptual Framework

The conceptual framework for Uganda links renewable energy expansion to employment
through three channels: direct, indirect, and induced effects. Direct effects are jobs in
manufacturing, construction, installation, and O&M of renewable plants and systems. Indirect
effects arise through upstream supply chains (civil works, electrical equipment, logistics, and
professional services). Induced effects occur when incomes of workers in these activities are
spent in the wider economy, supporting additional jobs in retail and services;(Kammen, 2005)

and (Elfani, 2011) Kapadia, & Fripp, 2004).

The sign and magnitude of the net employment effect depend on: (i) technology mix and
labor intensity; (ii) local content and import substitution; (iii) the scale and timing of
investment relative to displaced fossil projects; (iv) productivity gains from improved energy

reliability; and (v) export performance (Lehr, 2006; Lehr et al., 2008). In low- and middle-
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income settings, distributed solar, mini grids, and productive-use appliances (e.g., cooling,
milling, irrigation) can raise SME output and rural employment, but these gains are elastic to

financing costs, skills availability, and after sales service networks (Cantore et al., 2017).

Building on this, the study operationalizes employment as the employment-to-population
ratio (15+, modeled ILO estimate) and considers renewable energy consumption (or share) as
the principal explanatory variable, with controls for GDP per capita (income effects), trade
openness (market access and competition), foreign direct investment FDI (capital and
technology diffusion), and urbanization (structural transformation). Uganda’s descriptive
statistics assembled in Chapter one (mean employment ratio ~ 73.4%; mean RE share =~ 94%;
mean trade openness =~ 36.9%; GDP per capita =~ USD 676, 2015 prices) motivate the

econometric choices used later in the thesis.

2.6 Other Empirical Literature

2.6.1 International Evidence

International studies generally find that renewable deployment is job creating in gross terms
and can be positive in net terms under conducive policy and trade conditions. Using input
output and macro-econometric modeling, Lehr (2006) documents approximately 157,000
renewable energy jobs in Germany in 2004 across wind, biomass, solar PV/thermal, hydro,
and geothermal, and shows that exports and innovation are pivotal to sustaining net gains
despite budget effects. Extending this, O’Sullivan et al. (2013) estimate about 378,000
renewable energy jobs in Germany by 2012, highlighting persistent O&M and supply chain
roles. In the United States, Wei et al. (2010) show that policy driven shifts from fossil fuels to
RE and efficiency could generate substantial employment, although multipliers typically

decline as technologies mature and learning effects are realized.
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The literature also cautions that net effects hinge on import content and crowding out. del Del
Rio and Burguillo (2008) argue that local sustainability benefits including jobs are strongest
where local value chains develop and knowledge spillovers take root. Where installations are
import intensive and policy support is not paired with industrial measures, net job gains may
be modest. Still, cross country evidence points to a positive association between renewable
expansion and employment when embedded in competitive supply chains and export

strategies (Cantore et al., 2017).

2.6.2 Developing-Country and African Evidence

In developing contexts, renewable energy can alleviate energy deficits that constrain firms,
enabling productivity and job growth. Reviews for Africa emphasize employment potential in
installation and O&M of solar PV/mini grids, small hydro, and modern biomass, with more
limited upstream manufacturing unless supported by deliberate industrial policy (Cantore et
al., 2017). Empirical scenario work combining power system models and socio economic
assessment suggests that RE leaning pathways outperform fossil centric ones on labor
outcomes over the medium term, even when capex is higher in the early years (see studies
summarized in the documents you provided). Regional analyses further show that
institutional quality, technology diffusion, and skills systems mediate the size of employment

multipliers in Sub-Saharan Africa.

Country cases indicate that where mini grids and productive use programs are coupled with
training, standards, and local after sales service, employment gains are larger and more
durable. Conversely, where imports dominate, projects are one off, or O&M capacity is thin,
positive effects dissipate quickly. These patterns underscore the importance of value chain

depth and capability building for maximizing jobs in Africa’s energy transition.
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2.6.3 Evidence for Uganda

Uganda’s electricity mix is dominated by hydropower with growing solar and sustained
biomass use. While the research base is thinner than in advanced economies, available
evidence and sector reports point to employment creation in construction and O&M of hydro
and solar plants, in EPC services, and indirectly through productivity gains for MSMEs
powered by mini grids and solar home systems. Time series analyses consistent with the
approach in this thesis (ARDL bounds testing with Phillips Perron unit root checks) find that
renewable energy consumption positively correlates with the employment to population ratio
in the long run, with significant error correction terms indicating convergence aftershocks.
These results align with Uganda’s transformation agenda that leverages reliable power for

agro-industrialization and services growth.

2.7 Measures and Econometric Approaches in the Literature

Most time series studies measure total employment using the employment to population ratio
(15+, modeled ILO estimate) for comparability. Renewable energy is proxied by the share of
renewables in total final energy consumption or per-capita renewable consumption. Control
variables typically include GDP per capita (constant prices), trade (% of GDP), FDI net
inflows (current USD), and urbanization. Unit-root properties are checked using Augmented
Dickey—Fuller (ADF) and Phillips Perron (PP) tests; the latter is robust to serial correlation
and heteroskedasticity via Newey West corrections (Phillips & Perron, 1988). Where
variables are a mix of 1(0) and I(1), the Autoregressive Distributed Lag (ARDL) framework
and the Pesaran—-Shin—-Smith bounds test allow valid inference on a levels relationship
(cointegration) and yield short run dynamics through an error correction model (Pesaran,

Shin, & Smith, 2001). These techniques are well suited to Uganda’s annual data length and
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have been applied in this thesis to estimate both short and long-run effects of renewables on

employment.

Empirical evidence on the nexus between renewable energy and employment reveals
considerable diversity across contexts and methodologies. Using a dynamic input—output
framework, Lehr (2006) and Lehr et al. (2008) demonstrated that renewable energy
expansion in Germany created over 250,000 jobs between 2000 and 2006, primarily through
wind and biomass sectors. Their findings highlighted the dual nature of gross versus net job
creation where positive outcomes depend on domestic supply-chain linkages and technology
learning effects. Similarly, O’Sullivan, Edler, Bickel, and Lehr (2013) confirmed that
renewable industries sustain long-term jobs through operations and maintenance, especially

when policy incentives are predictable.

In developing countries, the employment impacts of renewable energy investments are
heterogeneous. Cantore et al. (2017), and, Lee and Soffiantini (2017) found that in Sub-
Saharan Africa, renewable deployment enhances employment primarily through energy
access and productivity channels rather than manufacturing. Their cross-country regression
results showed that each 1% increase in renewable energy generation capacity is associated
with approximately 0.3% employment growth, conditional on institutional quality and
industrial capacity. Similarly, Adewuyi and Awodumi (2017b), analyzing 15 African
economies, reported that renewable energy consumption positively influences both output
and employment in the long run, though the magnitude of effects depends on the level of

energy dependence and domestic technological readiness.

Pao and Fu (2013) applied vector error-correction models (VECM) to Chinese data,
concluding that renewable energy consumption significantly contributes to employment and

GDP growth, reinforcing the energy growth employment nexus. Balcilar et al. (2018),
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employing a panel bootstrap causality approach for emerging economies, found bidirectional
causality between renewable energy and employment in middle-income countries,
emphasizing that green investment can reduce unemployment volatility. For the United
States, Wei et al. (2010), Patadia, and Kammen (2010) used sectoral multipliers to estimate
that renewable and energy efficiency industries could generate three times more jobs per

megawatt-hour than fossil-fuel-based energy, particularly in distributed generation systems.

In African settings, Pelletier et al. (2014) Foley, observed that small-scale renewables foster
rural employment by enabling productive uses of energy in agriculture, irrigation, and small-
scale processing. Likewise, Simas and Pacca (2014) quantified job creation from wind power
in Brazil, finding that local content requirements significantly amplified employment effects
relative to imported turbine scenarios. Del Rio and Burguillo (2008) also emphasized local
sustainability, arguing that renewable energy deployment’s net job effects are maximized

when local suppliers and skill ecosystems are developed.

For Uganda, emerging evidence from national data aligns with these global patterns. This
study employed an ARDL approach using annual data from 1990-2022 and found that
renewable energy consumption exerts a positive and statistically significant long-run effect
on total employment. The study revealed that while short-run effects are moderate, the
adjustment coefficient indicates a convergence to equilibrium at about 26% per year.
Furthermore, increased renewable energy share was associated with structural shifts from
agricultural employment toward services and industrial jobs, reflecting energy’s role in
supporting urbanization and enterprise development. Complementary descriptive statistics
from the World Development Indicators (2024) show that Uganda’s renewable energy share
averages 94% of total energy consumption, yet employment remains concentrated in

agriculture underscoring the need for diversification through energy-driven industrialization.
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Beyond aggregate employment, sector-specific studies show that renewable investments
generate significant gender and youth employment benefits. IRENA (2021) estimated that
women constitute about 32% of the renewable workforce globally higher than in fossil fuels
offering lessons for inclusive green transitions in Uganda. Similarly, ILO (2020) reported that
renewable industries, particularly off-grid solar and biomass, exhibit higher labor intensity
and stronger local linkages than conventional energy, thus providing greater employment

elasticity in developing economies.

In summary, while empirical evidence across regions consistently demonstrates that
renewable energy fosters employment, the magnitude of impacts depends on complementary
factors such as technological capacity, human capital, institutional quality, and trade
integration. For Uganda, the literature underscores that enhancing renewable infrastructure,
promoting local content, and integrating vocational training in green technologies are pivotal

to maximizing employment outcomes from the ongoing energy transition.

2.8 Synthesis and Research Gaps

Across theoretical and empirical literatures, renewable energy tends to raise employment via
direct installation/O&M, supply chain linkages, and induced consumption especially when
paired with industrial policy that expands local content and export capability. However, the
magnitude of net gains is context dependent. For Uganda, four gaps remain salient: (i) limited
national time series evidence quantifying short and long run RE employment elasticities; (ii)
scarce differentiation of sectoral employment responses (agriculture, industry, services); (iii)
under representation of institutional and financing variables that mediate job multipliers; and
(iv) limited analysis of the productivity channel linking reliable RE to MSME expansion.

This thesis addresses these gaps by applying PP ARDL methods to Uganda’s 1990-2022
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data, estimating both long-run relationships and short run adjustment dynamics, while

controlling for GDP per capita, trade openness, FDI, and urbanization.
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CHAPTER THREE
RESEARCH METHODOLOGY
3.1 Introduction

This chapter presents the methods used in the study. It includes the theoretical and empirical

framework of the model as well as the estimation procedure of the models

3.2 Study Design and Data

This study adopted a quantitative time-series research design to empirically assess the
relationship between renewable energy consumption and employment in Uganda from 1990
to 2024. The approach allows for capturing both short-run adjustments and long-run
equilibrium dynamics in the relationship between renewable energy and labor market
outcomes. This design builds on Cantore et al. (2017), who evaluated renewable energy and
employment linkages in Africa, and Abdullahi & Maji (2019), who examined regulatory
quality, renewable energy, and employment within a panel framework for Sub-Saharan

Africa.

The data are sourced from reputable international databases, primarily the World
Development Indicators (WDI), World Governance Indicators (WGI), and the African
Development Indicators (ADI). Annual data series include renewable energy consumption (%
of total final energy use), total employment-to-population ratio, GDP per capita (constant
2015 USD), trade openness (exports + imports as % of GDP), Foreign direct investment

(FDI),

The focus on Uganda ensures country-specific insights that complement regional findings,
particularly given Uganda’s increasing renewable energy investments and ongoing transitions

in hydropower, solar, and biomass utilization (da Silva et al., 2018).
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3.3 Theoretical Framework

The empirical model is anchored in four complementary theoretical perspectives that jointly
justify the selection of variables and the functional form of the employment model. First, the
Energy-Led Growth Hypothesis posits that energy consumption is a critical input in the
production process, enhancing productivity and lowering production costs, which in turn
stimulates economic activity and employment creation. In the context of renewable energy,
increased renewable energy consumption expands production capacity while reducing
reliance on costly and volatile fossil fuels, thereby increasing labor demand across energy-
dependent sectors (Ozturk & Bilgili, 2015). This theory directly motivates the inclusion of

renewable energy consumption as a core explanatory variable in the employment model.

Second, the Endogenous Growth and Human Capital Theory emphasizes that long-run
economic growth and employment are driven by technological innovation, skill
accumulation, and knowledge spillovers. Renewable energy technologies require specialized
skills in installation, operation, maintenance, and research and development, which enhances
human capital formation and promotes sustained employment growth (Lehr, 2008; Wei et al.,
2010). This theoretical perspective justifies the inclusion of income-related variables such as
GDP per capita, which capture productivity improvements and skill-enhancing growth effects

associated with renewable energy deployment.

Third, Green Growth Theory argues that renewable energy supports inclusive and sustainable
economic growth by promoting environmental sustainability, energy security, and industrial
innovation. Through increased investment, cleaner production processes, and expansion of
green industries, renewable energy contributes to job creation while mitigating environmental
degradation (UNIDO, 2016). This framework provides the theoretical basis for incorporating

foreign direct investment and trade openness in the model, as green growth is often facilitated
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through international capital flows, technology transfer, and trade integration (Cantore et al.,

2017).

Finally, Structural Transformation Theory explains how economic development induces labor
reallocation from low-productivity sectors such as agriculture to higher-productivity
industrial and service sectors. Renewable energy adoption accelerates this transformation by
expanding energy-intensive manufacturing and modern services, thereby generating net
employment gains (Abdullahi & Maji, 2019). Urbanization is therefore included as a control
variable to capture shifts in labor markets associated with structural change and renewable

energy—driven industrialization.

Taken together, these theoretical frameworks provide a strong justification for the
hypothesized positive and long-run relationship between renewable energy consumption and
employment. They also guide the selection of control variables that capture macroeconomic
performance, investment dynamics, trade integration, price stability, and structural change,

ensuring that the empirical model is firmly grounded in economic theory.

3.4 Model Specification

Consistent with the Energy-Led Growth Hypothesis, Endogenous Growth Theory, Green
Growth Theory, and Structural Transformation Theory, employment is modeled as a function
of renewable energy consumption and key macroeconomic control variables. Drawing from
the theoretical insights and empirical studies by Wei et al. (2010) and Abdullahi and Maji

(2019), the functional form of the model is specified as:

Employment = f (Renewable Energy, GDP-percapita, Income, Trade Openness, inflation,

Urbanization, FDI), hence also the same as,

EMP, = f(REC,, GDPpc,, FDI,, TRD, URB,, INF,).
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Based on this functional relationship, the empirical model is expressed in linear form as:
EMP, = ay+ a,REC, + a,GDPPC, + a3TRD, + a,FDI, + &,
Where:
e EMP, = Employment-to-population ratio
e REC; = Renewable energy consumption (% of total final energy use)
e GDPPC, = GDP per capita (proxy for economic growth)
e TRD, = Trade openness (% of GDP)
e FDI, = Foreign direct investment

A positive coefficient on renewable energy (a;> 0) is expected, implying that renewable

energy use stimulates job creation.

3.5 Estimation Technique

Given the mixed order of integration expected after unit root tests in macroeconomic time
series, the Autoregressive Distributed Lag (ARDL) approach is employed. This method is
suitable for small samples and can estimate both short-run and long-run relationships

regardless of whether variables are integrated of order 1(0) or I(1) (Pesaran et al., 2001).

The ARDL bounds testing approach is particularly appropriate for this study for four key

reasons.

First, the variables exhibit mixed orders of integration (some 1(0), some I(1)), making
traditional cointegration techniques such as Johansen unsuitable. ARDL allows estimation

regardless of whether variables are integrated of order zero or one.

Second, the dataset is relatively small (1990-2024 annual observations). ARDL performs

efficiently with small samples, whereas methods like VECM require larger datasets.
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Third, the study aims to distinguish between short-run dynamics and long-run equilibrium
effects. ARDL explicitly separates these using the Error Correction Model (ECM), enabling

estimation of both immediate impacts and long-term employment effects.

Fourth, ARDL mitigates endogeneity by including lags of both dependent and independent

variables, improving robustness relative to static OLS.

Given the mixed order of integration of the variables, the relatively small sample size, and the
need to estimate both short-run dynamics and long-run equilibrium relationships, the ARDL
bounds testing approach provides the most appropriate and statistically efficient estimation
strategy. Compared to alternative techniques such as OLS, VAR, or Johansen cointegration,
ARDL offers superior flexibility, robustness, and interpretability. It therefore represents the

most suitable framework for analyzing the renewable energy employment nexus in Uganda.

The ARDL bounds testing framework follows these stages:

1. Stationarity Testing: Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests

are used to verify integration orders.

2. Lag Selection: Based on Akaike Information Criterion (AIC) and Schwarz Bayesian

Criterion (SBC).

3. Bounds Test for Cointegration: Determines whether a long-run equilibrium exists.

4. Estimation of Long-Run Coefficients: Using the selected ARDL model.

5. Error Correction Model (ECM): Captures short-run dynamics and speed of adjustment

toward equilibrium.

This approach follows methodologies by Cantore et al. (2017) for African renewable

employment studies and by Abdullahi & Maji (2019) in their dynamic GMM application.
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3.6 Diagnostic and Robustness Tests

Model adequacy is validated using: To ensure the adequacy and reliability of the estimated
regression models, several diagnostic and robustness tests were conducted. The Breusch-
Godfrey LM test was applied to detect the presence of serial correlation in the residuals. A p-
value of less than 5%, suggests no evidence of serial correlation. This confirms that the

residuals are independent, which supports the efficiency of the estimated coefficients.

Heteroskedasticity was examined using both the White and Breusch-Pagan tests to determine
whether the variance of the residuals is constant across observations. If the tests produced p-
values are less than 5%, it indicates no evidence of heteroskedasticity. This implies that the

standard errors are reliable and that the regression results can be interpreted with confidence.

The normality of residuals was assessed using the Jarque-Bera test. With a p-value less than
5%, the results will show that the residuals are normally distributed, supporting the validity of
hypothesis testing for the model coefficients. Additionally, the Ramsey RESET test was
conducted to check for model misspecification, including omitted variables or incorrect
functional form. If the test results, have a p-value of 5% or less, it will indicate that the model
is correctly specified, and the chosen functional form adequately captures the relationships

among the variables.

Finally, model stability was evaluated using the CUSUM and CUSUMSQ tests. If the plots
within the 5% significance boundaries throughout the sample period, it would indicate that

the model parameters are stable and that there are no structural breaks affecting the results.
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3.7 Ethical Considerations

The study used secondary data from publicly available database (WDI) 2025, ensuring that
no confidential or personal information is involved. All data sources and references are duly

acknowledged to maintain academic integrity.
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CHAPTER FOUR

PRESENTATION, INTERPRETATION, AND DISCUSSION OF RESULTS

4.1 Introduction

This chapter presents the empirical results of the study. The study employed the
Autoregressive Distributed Lag (ARDL) model developed by Pesaran, Shin, and Smith
(2001), which is suitable for small samples and variables integrated of order 1(0) and I(1).
This chapter proceeds as follows: Section 4.2 presents the descriptive statistics, Section 4.3
the stationarity results using the Phillips—Perron (PP) test, Section 4.4 the correlation
analysis, Section 4.5 the bounds test for cointegration, Section 4.6 the long-run ARDL
results, and Section 4.7 the short-run dynamics and diagnostic tests. The chapter concludes

with a summary of the findings and policy implications.

4.2 Descriptive Statistics

Before estimation, summary statistics were generated to describe the behavior and variability
of the main variables over the study period (1990-2022). The variables include employment-
to-population ratio, renewable energy share, GDP per capita (constant 2015 US$), trade

openness, and foreign direct investment (FDI) inflows.
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Table 1: Descriptive Statistics

Variable Obs Mean Std. Dev. Min Max
Emp_ratio 34 73.4 3.41 67.5 83.3
Ren_share 33 94.1 211 90.5 97.3
Gdp_pc_2015 35 676.3 203.5 369.8 986.8
Trade_gdp 35 36.9 6.07 26.6 56.3
Fdi_net_usd 35 7.63e+08 8.47e+08 -5.9e+06 3.30e+09

Tablel presents the summary statistics for the key variables used in the analysis, including
the employment-to-population ratio, renewable energy share, GDP per capita (constant 2015
USD), trade openness, and foreign direct investment inflows (FDI). These descriptive
measures provide an overview of the distribution, variability, and central tendencies of

Uganda’s macroeconomic indicators over the study period 1990-2024.

The results indicate that the mean employment-to-population ratio in Uganda was
approximately 73.4 percent, with a standard deviation of 3.41, suggesting that employment
levels have been relatively stable over time, ranging between 67.5 and 83.3 percent. This
stability reflects the country’s largely agrarian labor structure, where employment is
predominantly informal and rural-based. The findings are consistent with Cantore, Lee, and
Soave et al. (2017), who noted that in Sub-Saharan Africa, high employment ratios often
mask underlying structural challenges such as low productivity and limited wage

employment opportunities.

The renewable energy share of total energy consumption averaged 94.1 percent, with a
narrow dispersion (standard deviation = 2.11) and a range between 90.5 and 97.3 percent.
This underscores Uganda’s continued reliance on renewable sources, particularly biomass

and hydropower, as dominant energy sources. The high renewable energy share is typical of
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least developed economies where traditional biomass remains a major energy contributor
(Da-Silva, Akbar, & Muyambi, 2018). However, the small variation suggests limited
diversification within the energy mix, highlighting the slow adoption of modern renewable

technologies such as solar and wind power.

The average GDP per capita stood at USD 676 (constant 2015 prices), with a standard
deviation of 203.5, ranging from USD 369.8 to USD 986.8. This pattern illustrates moderate
growth in income levels over the period, consistent with Uganda’s steady economic
expansion following market liberalization and investment in infrastructure. Nonetheless, the
relatively wide variation reflects periods of macroeconomic shocks and uneven growth across
sectors. Similar findings are reported by Ozturk and Bilgili (2015), who observed that
economic growth in developing countries often experiences volatility due to fluctuating

energy supply and external investment cycles.

The trade-to-GDP ratio, used as a proxy for openness, averaged 36.9 percent, with a standard
deviation of 6.07, and values ranging between 26.6 and 56.3 percent. This suggests a
moderate level of integration into international trade. The increasing openness over the years
reflects Uganda’s participation in regional trade blocs such as the East African Community
(EAC), though exports remain concentrated in primary commaodities. This moderate openness
aligns with the trade-energy-employment linkage emphasized by Lehr (2008), who found that
open economies tend to benefit more from renewable energy technology diffusion and green

job creation.

Finally, the average inflow of foreign direct investment (FDI) was USD 763 million, with
substantial variability (standard deviation = USD 847 million) and a minimum value of USD
—5.9 million, indicating years of net outflows, while the maximum reached USD 3.3 billion.

The wide dispersion reflects the episodic nature of capital inflows, often driven by donor
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financing, foreign aid, and energy infrastructure projects. The high volatility is consistent

with Abdullahi and Maji (2019), who emphasized that FDI inflows in African economies

tend to fluctuate in response to macroeconomic stability, governance, and energy policy

reforms.

4.3 Phillips—Perron Unit Root Test Results

The stationarity of variables was tested using the Phillips—Perron (PP) test with a trend and

four lags. The results are presented below.

Table 2: Phillips—Perron Unit Root Test Results

Variable Z(t) Statistic
Employnt  -3.817

Ren_E -5.483
Gdp_pc -4.474
Trade —6.690
Fdi —7.162

1%
cv

-4.316
-4.325
~4.306
~4.306
~4.306

5%
cv

3572
3576
~3.568
~3.568
-3.568

10%
CcVv

-3.223
-3.226
-3.221
-3.221
-3.221

p-Value
0.0157
0.0000
0.0017
0.0000
0.0000

Stationarity
1(2)
1(1)
1(1)
1(1)
1(1)

All the variables became stationary after first differencing, indicating that they are integrated

of order one, 1(1). The mixed order of integration justifies the use of the ARDL bounds

testing approach.

4.4 Correlation Analysis

To assess potential multicollinearity among variables, pairwise correlations were computed.

The results are shown below.
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Table 2: Correlation Analysis

Variables 1) (2) (3) 4) (5)
(1) Employment 1.000

(2) ren_share 0.117 1.000

(3) Gdp_pc 0.124 -0.180 1.000

(4) Trade_gdp 0.187 0.032 0.261 1.000

(5) Fdi_net_usd 0.131 -0.035 -0.202 -0.002 1.000

The correlation coefficients are relatively low (below 0.3 in absolute value), implying weak
linear relationships among the variables. This indicates that multicollinearity is not a concern
in the ARDL estimation. Renewable energy and GDP per capita show positive correlations
with employment, while FDI and trade openness have weak negative or insignificant

associations.

4.5 Bounds Test for Cointegration
The bounds test of Pesaran, Shin, and Smith (2001) was applied to determine the existence of
a long-run relationship among the variables.

Table 3: Bounds Test for Cointegration

Test Statistic 5% Critical Value [1(0), 1(1)] Decision
F-statistic 3.495 [2.86, 4.01] Inconclusive
t-statistic —2.749 [-2.86, —3.99] Inconclusive

Although the F-statistic falls within the inconclusive range, the significant and negative
coefficient of the error correction term (ECM = -0.264, p = 0.012) suggests the existence of a

long-run equilibrium relationship among the variables.
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4.6 Long-Run ARDL Estimates

Table 4: Long run ARDL results

Variable Coefficient Std. Error p-Value
Ren_share 7.384 3.065 0.025
In_gdp_pc 116.224 55.686 0.049
Trade_gdp -0.101 0.167 0.552
Fdi_net_usd —0.0084 0.0014 0.000

Table 5 presents the long-run coefficients of the ARDL model examining the determinants of
employment in Uganda over the period 1990-2024. The dependent variable is the
employment-to-population ratio, while the explanatory variables include renewable energy
share, GDP per capita, trade openness, and foreign direct investment (FDI) inflows. The
results reveal the existence of a statistically significant long-run relationship among the
variables, as confirmed by the bounds test (F-statistic = 3.495), which exceeds the lower
critical value, indicating cointegration between renewable energy consumption and

employment.

The coefficient of renewable energy share is positive and statistically significant (f = 7.384, p
= 0.025), implying that a 1% increase in the share of renewable energy consumption is
associated with approximately a 7.38% rise in employment in the long run. This finding
suggests that renewable energy expansion in Uganda has been an important catalyst for labor
market growth, mainly through increased investment in rural electrification, hydropower
projects, and off-grid solar installations. The result aligns with Lehr et al. (2008) and Wei,
Patadia, and Kammen (2010), who reported that renewable energy sectors are generally more
labor-intensive than fossil fuel industries and therefore contribute more jobs per unit of
energy produced. Similarly, Cantore, Lee, and Soava (2017) found that renewable energy

development enhances employment in Sub-Saharan Africa by improving productivity and
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promoting energy access for micro- and small-scale enterprises. In Uganda’s context, the
finding reflects the employment potential of green transitions in agriculture, mini-hydro, and

biomass energy value chains.

The coefficient of GDP per capita is also positive and statistically significant (f = 116.224, p
= 0.049), indicating that economic growth exerts a strong and favorable impact on
employment creation in the long run. This outcome is consistent with the theoretical
expectation that higher income levels stimulate labor demand through expansion in output,
investment, and aggregate demand. The magnitude of this effect suggests that structural
transformation and productivity improvements driven by economic growth have contributed
meaningfully to job creation. Similar evidence was reported by Ozturk and Bilgili (2015) and
Abdullahi and Maji (2019), who found that renewable energy and GDP growth are mutually
reinforcing, especially when supported by human capital development and infrastructure
investment. For Uganda, the result underscores that sustained growth, partly enabled by
renewable energy expansion, enhances employment opportunities, particularly in the

industrial and services sectors.

In contrast, trade openness exhibits a negative but statistically insignificant coefficient (f = —
0.101, p = 0.552), suggesting that external trade has not had a substantial impact on
employment in the long run. This could be attributed to the country’s export composition,
which remains dominated by low-value agricultural commodities with limited forward and
backward linkages. Moreover, the reliance on imported capital goods in renewable energy
projects may offset potential employment gains from trade liberalization. This outcome is in
line with , who observed that without strong local content policies, renewable energy trade

can yield minimal domestic employment benefits.
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The coefficient of foreign direct investment (FDI) is negative and highly significant (f = —
0.0084, p = 0.000), implying that a one-million-dollar increase in FDI inflows is associated
with a 0.0084% decline in employment. This inverse relationship, though seemingly
counterintuitive, can be explained by the capital-intensive nature of most foreign investments
in Uganda, particularly in energy and infrastructure projects. Such investments tend to rely on
imported technology and expatriate expertise, resulting in limited job spillovers for local
labor markets. Comparable findings were documented by Adewuyi and Awodumi (2017a),
who noted that in many African economies, FDI-led energy investments can initially displace
domestic labor due to automation and technological adaptation. Over time, however, these

effects may be mitigated as skill transfer and local participation increase.

4.7 Short-Run Dynamics and Error Correction Model

Table 5: Short run ARDL results

Variable Coefficient Std. Error p-Value
ECM (-1) -0.264 0.096 0.012
Emp-ratio(lag) 0.967 0.231 0.000
D_In_gdp_pc -32.230 12.712 0.019
D_Ingdp_pc(-1) -19.385 9.684 0.058
Constant 21.117 7.680 0.012

Table 6 presents the short-run results from the ARDL (2,0,2,0,0) model, capturing the
dynamic relationship between renewable energy consumption and employment in Uganda.
The short-run specification includes the first differences of the explanatory variables and the
error correction term (ECM), which measures the speed at which deviations from the long-

run equilibrium are corrected. The estimated coefficients provide insights into the immediate
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responses of employment to short-term fluctuations in economic growth and renewable

energy dynamics.

The coefficient of the error correction term (ECM-1) is negative and statistically significant
(B = -0.264, p = 0.012), confirming the existence of a stable long-run equilibrium
relationship among the variables. The magnitude of —0.264 implies that approximately 26.4%
of any disequilibrium in employment is corrected each year, meaning that deviations from the
long-run path are gradually adjusted toward equilibrium over time. This relatively moderate
adjustment speed suggests that shocks to Uganda’s employment caused by fluctuations in
renewable energy or macroeconomic factors are not instantly self-correcting, but the system
does converge to equilibrium within roughly four years. This finding corroborates the results
of Pesaran et al. (2001) and aligns with the expectation that labor market responses to energy
and growth stocks are gradual due to structural rigidities and adjustment costs in developing

egconomies.

The coefficient of lagged employment (emp_ratio lag) is positive and highly significant (p =
0.967, p = 0.000), indicating a strong persistence of employment dynamics in Uganda. This
high degree of autocorrelation implies that current employment levels are heavily influenced
by previous levels, reflecting inertia in the labor market. Such persistence is common in
developing economies with limited mobility between sectors and a large informal labor base.
Similar patterns were observed by Lehr et al. (2008) in the German renewable energy sector
and by Adewuyi and Awodumi (2017a) in African economies, where employment structures

evolve slowly despite energy investments.

The short-run coefficient of economic growth (D_In_gdp_pc) is negative and statistically
significant (f = —-32.230, p = 0.019), suggesting that short-term increases in GDP per capita

are associated with a temporary decline in employment. This counterintuitive finding may
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reflect productivity-driven growth in capital-intensive sectors, where output expansion occurs
without a proportional increase in labor demand. In Uganda’s context, such effects are often
linked to growth driven by extractive industries, energy infrastructure, or technology-
intensive projects that absorb limited domestic labor in the short run. This result aligns with
Ozturk and Bilgili (2015), who observed that in developing countries, short-run economic
growth can lead to labor displacement before employment gains materialize in the long run

through spillover and investment effects.

The coefficient of the first lag of economic growth (D_In_gdp_pc-1) is also negative and
marginally significant (B = —19.385, p = 0.058), reinforcing the notion of short-term
adjustment costs. The delayed negative effect suggests that economic growth shocks continue
to influence employment for about one year before stabilizing. This is consistent with the
transitional dynamics predicted by the endogenous growth theory, where initial growth
phases driven by structural reforms or technological adoption may reduce employment before

longer-term benefits emerge through skill formation and sectoral diversification(Lehr, 2009).

The constant term is positive and significant (B = 21.117, p = 0.012), indicating that other
unobserved factors not captured in the model such as government employment programs,
agricultural cycles, or informal sector dynamics contribute positively to Uganda’s overall

employment levels during the study period.

Overall, the short-run results reveal that Uganda’s employment is highly path dependent, with
slow adjustment toward long-run equilibrium. While renewable energy expansion and
economic growth eventually promote employment in the long run, their short-run effects may
be muted or even negative due to structural constraints, technology adoption costs, and
sectoral rigidities. These findings are consistent with Cantore, Lee, and Soava (2017), who

noted that in Sub-Saharan Africa, the labor market benefits of renewable energy investments
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manifest gradually as complementary infrastructure, skills, and financing mechanisms
improve. The significance of the error correction term confirms the validity of the ARDL
specification and reinforces the presence of a stable long-run relationship between renewable

energy consumption and employment in Uganda.

4.8 Post-Diagnostic Tests

Post-estimation diagnostic tests were conducted to verify the validity of the model. The
results indicate that the model is free from serial correlation, heteroskedasticity, and
misspecification, and the residuals are normally distributed. Additionally, the CUSUM and

CUSUMSQ stability plots confirmed that model coefficients are stable over the study period.

Serial Correlation: We used the Breusch-Godfrey LM test for autocorrelation on the residuals
(up to 2 lags). The test failed to reject the null of no serial correlation (p-value > 0.1),
suggesting that the residuals are not significantly auto-correlated. In other words, the model
has captured the relevant dynamic structure, and there is no leftover pattern in the errors. This
is important for valid inference, as autocorrelated errors could bias standard errors. Our
model’s good performance here is partly due to inclusion of the lagged dependent variable

and appropriate lags of regressors.

Heteroskedasticity: We applied the Breusch-Pagan / Cook-Weisberg test for
heteroskedasticity (and additionally White’s general test). Both indicated homoscedastic
residuals (constant error variance) with high p-values (p = 0.5). There was no evidence that
the error variance increases or decreases with fitted values or overtime. This means our
coefficient estimates are efficient, and test statistics are valid. We also examined residual

plots and did not see any fanning or pattern in the residual spread.

Normality: The Jarque-Bera test for normality of residuals showed no significant deviation
from normality (p = 0.3). The residuals’ skewness and kurtosis are within acceptable range.
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Normal error distribution matters less as sample size grows (by the Central Limit Theorem),
but with 28-30 observations in our estimation, it’s reassuring that residuals are roughly
normal. This supports the use of t-statistics and F-statistics for significance testing. A normal

Q-Q plot of residuals also appeared approximately linear.

Model Stability: We assessed stability of the long-run coefficients using the cumulative sum
of recursive residuals (CUSUM) and CUSUM of squares tests. The plotted CUSUM and
CUSUMSQ statistics stayed within the 5% significance bounds (the blue cumulative sum line
remained between the red critical lines). This indicates that there were no structural breaks in
the model over the sample period and that the coefficients remained stable. In other words, no
single year or subset of years exerts undue influence, and the relationship did not
fundamentally change over time. This is important given Uganda’s economic reforms and
shocks over 1990-2024 our model appears robust to such changes. We also checked for any
outliers; 2003-2005 saw a notable drop in youth unemployment in the data, but the model’s

stability tests suggest it was captured without breaking the model.

Specification: Although not formally requested, we also considered the Ramsey RESET test
for functional form (adding powers of fitted values). It did not indicate misspecification (no
omitted non-linear terms). This gives confidence that our linear formulation in log/level form
is appropriate. Additionally, the high R-squared (=0.75) and Adjusted R-squared (=0.68) of
the ARDL model suggest a good fit — about 68% of the variation in youth unemployment is
explained by the model after adjusting for degrees of freedom. This, combined with well-

behaved residuals, points to a reliable model.
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4.9 Cusum test for stability
———e—— CUSUM squared

CUSUM squared

20‘22
years

Since the line is within the bounds. It is an indicator of stability in the model

4.10 Conclusion

In summary, the ARDL results reveal that renewable energy expansion and economic growth
foster employment in Uganda, whereas FDI inflows and trade openness show limited
benefits. The findings highlight the need for policies that integrate renewable energy
initiatives with job creation strategies, promote value-added exports, and encourage foreign
investments in labor-intensive industries to achieve sustainable and inclusive employment

growth.
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CHAPTER FIVE
SUMMARY, CONCLUSIONS, AND POLICY RECOMMENDATIONS

5.1 Introduction

This chapter presents a synthesis of the key findings, conclusions, and policy
recommendations arising from the analysis of the relationship between renewable energy
consumption and employment in Uganda for the period 1990-2024. It highlights the main
empirical outcomes from the ARDL model, linking them to policy implications and
theoretical perspectives. The chapter concludes with actionable recommendations tailored to
the study’s core variables: renewable energy consumption, economic growth (GDP per

capita), trade openness, and foreign direct investment (FDI).

5.2 Summary of the Study

This study set out to examine the short-run and long-run relationships between renewable
energy consumption and employment in Uganda using annual time-series data spanning
1990-2024. The employment-to-population ratio was used as a proxy for total employment,
while the key explanatory variables included renewable energy consumption (as a share of
total energy use), GDP per capita (constant 2015 USD), trade openness (trade as a percentage
of GDP), and FDI net inflows (current USD). The Autoregressive Distributed Lag (ARDL)
bounds testing approach was applied to capture both the short-run dynamics and long-run

equilibrium relationships among the variables.

Descriptive statistics revealed that Uganda’s employment ratio averaged 73.4%, renewable
energy consumption 94%, GDP per capita about USD 676, and trade openness 37% over the
study period. The Phillips—Perron unit root tests showed that all variables were integrated of
order one, validating ARDL estimation. The ARDL bounds test confirmed the existence of a

long-run relationship among the variables. Long-run results indicated that renewable energy
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and GDP per capita significantly promoted employment, whereas FDI had a negative impact,
and trade openness showed an insignificant effect. The error correction term (-0.264)
confirmed convergence toward long-run equilibrium, implying that approximately 26% of

disequilibrium is corrected annually.

5.3 Key Findings

Renewable Energy Consumption Positively Affects Employment in the Long Run.
Renewable energy was found to have a significant and positive impact on employment
(coefficient = 7.384, p = 0.025). This result demonstrates that expansion of renewable energy
stimulates both direct and indirect job creation through energy infrastructure development,
manufacturing, installation, and maintenance activities. In Uganda, where renewable sources
account for more than 90% of energy use, scaling up renewable energy offers a viable avenue
for labor absorption, especially in rural communities. This aligns with findings by Lehr et
al. (2008) and Wei et al. (2010), who emphasized the labor-intensive nature of renewable

energy sectors.

Economic Growth (GDP per Capita) Promotes Long-Run Employment. GDP per capita
exerted a positive and statistically significant effect on employment (coefficient = 116.224, p
= 0.049). This implies that sustained economic expansion translates into higher labor
demand. However, in the short run, economic growth had a negative effect (-32.230),
reflecting adjustment lags and capital-intensive growth patterns. The long-run relationship
confirms the energy-led growth hypothesis, consistent with Ozturk and Bilgili (2015) and
Abdullahi and Maji (2019), indicating that energy and growth mutually reinforce job

creation.
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Trade Openness Has Limited Influence on Employment. Although trade openness
contributed positively to macroeconomic activity, its coefficient was statistically
insignificant. This suggests that Uganda’s trade structure, dominated by primary commodities
and import dependence, has not yielded substantial employment benefits. This finding
supports Del Rio and Burguillo (2008), who noted that trade liberalization without local value

addition limits job creation in developing economies.

Foreign Direct Investment Negatively Affects Employment. FDI exhibited a negative and
significant coefficient (-0.0084, p = 0.000), suggesting that foreign investments in Uganda
have been largely capital-intensive, generating limited employment spillovers. This outcome
echoes Adewuyi and Awodumi (2017), who found that FDI in African energy sectors often

displaces local labor due to reliance on imported technologies and expatriate expertise.

Moderate Speed of Adjustment Toward Long-Run Equilibrium. The ECM coefficient (—
0.264) confirms a moderate pace of adjustment, indicating that employment deviations are
gradually corrected. This reflects structural challenges such as labor immobility, low skills,

and sectoral rigidities typical of Uganda’s economy.

5.4 Conclusions

The study concludes that renewable energy expansion is a crucial driver of long-term
employment growth in Uganda. The results affirm the energy-led growth hypothesis and
underscore the role of renewable energy in advancing both environmental sustainability and
inclusive development. In the short run, however, structural inefficiencies, technology
adaptation costs, and capital-intensive investments may hinder immediate employment
benefits. Overall, renewable energy development, when complemented by economic
diversification and skill upgrading, can transform Uganda’s labor market and support its

green growth ambitions.

46



5.5 Policy Recommendations

Based on the empirical findings, the following recommendations are proposed, focusing on

the study’s main variables:

1. Renewable Energy Development

Promote labor-intensive renewable energy technologies: Uganda should prioritize
investments in solar, small hydro, and biomass projects that have high employment
elasticity. Local assembly and production of renewable energy equipment should be
encouraged through fiscal incentives, local content clauses, and public—private

partnerships.

Integrate renewable energy in rural development programs: Expansion of off-grid and
mini-grid systems can create green jobs in installation, maintenance, and rural
electrification services while promoting agricultural productivity and small-scale

industries.

Enhance financing for renewable energy entrepreneurship: Establishing a Renewable
Energy Employment Fund or credit guarantee scheme could support youth- and
women-led enterprises engaged in solar installation, clean cooking solutions, and

energy-efficient appliances.

2. Economic Growth (GDP per Capita)

Promote inclusive, labor-intensive growth: Fiscal and industrial policies should
prioritize sectors that link energy expansion with job creation, such as agro-
processing, manufacturing, and construction.

Support innovation and productivity: Government and development partners should
invest in research and development for renewable technologies to enhance
productivity and competitiveness while creating technical and engineering

employment.
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3. Trade Openness

Promote export diversification: Uganda should enhance value addition in renewable
energy value chains, such as solar panel manufacturing, biomass briquette exports,
and regional trade in renewable energy technologies.

Strengthen energy trade cooperation: Through the East African Power Pool,
Uganda can leverage regional integration to create employment via cross-border

renewable energy projects and service exports.

4. Foreign Direct Investment (FDI)

Reorient FDI toward employment-intensive sectors: The government should design
FDI incentives that prioritize joint ventures with local firms, technology transfer, and
skills training components.

Implement local content and technology transfer policies: Energy investors should be
required to employ a minimum proportion of Ugandan workers and train local

technicians during project implementation.

5. Institutional and Policy Coordination

Mainstream employment objectives into renewable energy policies:

Employment targets should be explicitly integrated into Uganda’s Renewable Energy
Policy, National Development Plan IV, and Vision 2040.

Strengthen monitoring and data systems: Regular evaluation of employment
outcomes from renewable energy projects should be institutionalized within the

Ministry of Energy and Mineral Development.

5.6 Suggestions for Further Research

Future research should explore sectoral employment effects of renewable energy in Uganda,

differentiating between agriculture, industry, and services. Including institutional quality,

innovation capacity, and financial development variables could enhance understanding of the

48



mechanisms through which renewable energy influences employment. Comparative studies

with other Sub-Saharan African countries could provide regional insights for policy learning.

5.7 Final Remarks

In conclusion, the study demonstrates that renewable energy development has significant
potential to stimulate employment in Uganda, particularly in the long run. However, realizing
this potential requires deliberate efforts to build technical capacity, attract responsible
investment, and align renewable energy programs with inclusive growth strategies. By
integrating renewable energy into its industrial and employment policies, Uganda can achieve
a sustainable green economy that supports poverty reduction, energy security, and social

transformation.
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