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Global concerns over increasing carbon emissions, climate change, decreasing environmental quality, limited and uneven endowments of fossil fuels, rising energy demand, and volatile oil prices have inspired the move toward global energy system decarbonization. The challenges of achieving ambitious climate targets and sustainable development cannot be solved without the significant efforts of the Global South. Regarding net-zero emissions, the main issue for developing countries is avoiding future emissions from industrialization and lock-in into fossil fuel-intensive technologies. However, achieving strategic and ambitious climate targets in the Global South will require understanding the economic implications of decarbonization. This study’s objective and key contribution are to systematically review and provide a detailed assessment of the literature on decarbonization in the Global South to understand the multi-level economic implications of achieving net-zero emissions in the Global South. The assessment considers four broad themes–investment costs, employment impacts, economic growth, and other macroeconomic impacts (such as consumption, debt level, net savings, income and welfare, and trade balance, among others). Overall, the review finds that energy system decarbonization requires substantial investment outlay. Also, it is linked with job displacement in fossil energy sectors and job creation in green sectors. However, there is no unanimous evidence on net job creation in developing countries. Additionally, the GDP impacts are ambiguous; some studies find future GDP growth impacts, while others find GDP decline impacts of decarbonization scenarios. This paper also provides directions for future research.
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1 INTRODUCTION
A thriving global economy requires energy (Bhuiyan et al., 2022; Xie et al., 2022). In other words, all sectors directly or indirectly linked to economic growth and development necessitate using some form of energy. Energy demand has increased in both developed and developing countries in recent decades. While developed countries’ living standards have broadly improved, developing countries have lagged in matching energy supply with energy demand due to increasing living standards, population, urbanization, and industrialization (Bhattarai et al., 2022; Bhuiyan et al., 2022). In 2020, the total global primary energy consumption (PEC) was 557 Exajoules (EJ) (BP, 2021). Renewable energy consumption in 2020 was 32 EJ (or 6% of PEC), while fossil fuel consumption was 463 EJ (or 83% of PEC). The remainder was accounted for by nuclear energy and hydroelectricity (BP, 2021).
Global North and South countries continue to have significant energy access and use disparities. North America and Europe collectively account for 33.3% of global energy consumption (BP, 2021). In contrast, the Middle East, South and Central America, and Africa represent, respectively, 6.5, 4.7, and 3.3% of the world’s population (BP, 2021). In addition, energy-related carbon dioxide (CO2) emissions have risen sharply in recent decades due to the increasing energy demand and consumption of OECD member nations and emerging economies such as China, India, Brazil, and South Africa (Bhattarai et al., 2022).1 In 2020, energy-related CO2 emissions accounted for approximately 31.5 GtCO2, or more than 75% of total global CO2 emissions (Friedlingstein et al., 2022; IEA, 2021b; IEA, 2021a). Anthropogenic activities such as energy exploitation and consumption emissions have been linked to climate change (IPCC, 2014; Islam et al., 2021; Rehman et al., 2021; Irfan et al., 2022). In its current state, the global energy sector has weaknesses that manifest through decreasing environmental quality, limited and uneven global endowments of fossil fuels, rising global energy demand, and volatile oil prices (Tang et al., 2022; Xie et al., 2022). To avert further economic and environmental damage, a global transition from the conventional generation and consumption of nonrenewable energy sources toward renewable energy sources is needed (Delgado et al., 2020; Lallana et al., 2021).
The Paris Agreement provided a platform for Parties to pledge to reduce global warming by 2°C and even well below that, to 1.5°C, by mid-century (that is, by 2050) compared to pre-industrial times. The Agreement requires Parties to submit their intentions and strategies through Nationally Determined Contributions (NDC) (Lallana et al., 2021; Le Treut et al., 2021). Furthermore, in its 1.5°C Special Report, the Intergovernmental Panel on Climate Change (IPCC, 2018) stressed the need to reduce global CO2 emissions to net-zero by 2050 to attain the 1.5C target for global temperature increase. Recent studies, such as the United Nations Framework Convention on Climate Change (UNFCCC) Synthesis Report (UNFCC, 2021) and Johnstone et al. (2020), have shown that commitments made by countries through their NDCs are inadequate to attain the 2°C or 1.5°C targets; suggesting an energy system deep decarbonization is needed. Consequently, governments have been urged to boost their ambitions through periodic revised NDCs with incremental ambitions toward climate change mitigation.
Some countries and regions have responded by formulating mid-term and long-term low-carbon and net-zero emissions goals within the constraints of existing resources, technology, and economy (Bhattarai et al., 2022; UNFCCC, 2022). A cornerstone of these goals is increasing the share of renewables in the energy mix. The United States, Canada and Mexico were the first to respond to this call in 2016 by producing the first reported official mid-century strategies (Delgado et al., 2020). These actions by these three countries have motivated other countries (more than 51 by March 2022) that have submitted official low-emission or net-zero emission strategies (UNFCCC, 2022). For example, Colombia announced its ambition for climate neutrality by mid-century during the 2019 United Nations (UN) Climate Change Summit.
Furthermore, during the 26th UN Conference of Parties (COP26), Nigeria’s President pledged that the country would reach net-zero emission by 2060.2 Through ambitious energy and climate policies, the energy sector is critical to successful pathways to net-zero emissions by mid-century. The IEA (2021b) reports that mid-century low-carbon or net-zero emission targets require substantial expansion in clean energy innovations. Le Treut et al. (2021) note that there are currently practical solutions for low-carbon or net-zero energy systems by mid-century. The solutions include rapid growth of low-carbon electricity generation, reduction of fossil fuel and rapid retirement of fossil fuel power plants, renewable energy revolution, technological progress, electrification of energy end uses, and energy demand management focusing on energy-efficient equipment and processes (Hasanov et al., 2021b; Le Treut et al., 2021). This paper uses “decarbonization” to collectively refer to clean or low carbon energy sources and technologies. It also refers to deep decarbonization and net-zero emissions strategies such as renewable energy deployment.
Decarbonization commitments are undoubtedly linked to the economic considerations in two crucial ways. Firstly, the need to reduce emissions while sustaining the economic growth necessary to achieve other sustainable development goals (SDGs) and, secondly, the complex problem of allocating the emission reduction costs and extant emissions budget (Wang et al., 2021). Empirical studies analyzing the CO2-income (GDP) nexus broadly estimate their elasticity. A recent survey shows that the estimated elasticities range from a 0.3% reduction to a 2.5% increase in CO2 emissions for each 1% GDP increase (see Wang et al., 2021). This ambiguity has hampered policymakers’ ability to depend on empirical evidence in weighing choices amongst likely opposing social objectives. Recent ex-ante and ex-post analyses show that some countries have simultaneously decreased CO2 emissions without hindering economic growth (see Wang et al., 2021). While ex-ante analyses predict CO2 emissions based on modeling hypothesized causal links between CO2 emissions and decarbonization strategies, ex-post analyses use historical data to conduct analyses of the same phenomena under discussion.
Furthermore, the Environmental Kuznets curve (EKC) hypothesis is widely used to analyze emissions reduction and income growth in several economies (York et al., 2003; López-Menéndez et al., 2014; Ben Jebli and Kahia, 2020; Emenekwe et al., 2021). The EKC hypothesis suggests that emissions increase with economic growth up to a point where it starts declining. Simply put, individuals are willing to pay for environmental quality at a higher level of affluence (York et al., 2003; López-Menéndez et al., 2014). Thus, obtaining accurate ex-post estimates of CO2-GDP elasticities is essential in economic research since they often inform parameter values for calibrating models in ex-ante assessments.
Recent research has challenged the EKC hypothesis’ ability to explain emission reductions during growth phases. Firstly, empirical research on the EKC draws misleading conclusions about validating the hypothesis without checking whether the estimated income turning point falls within the data sample (Hasanov et al., 2021a). Secondly, many studies misinterpret income and income squared as CO2 emission elasticities. Hasanov et al. (2021a) investigate how units of measurement for independent variables affect estimated non-leading coefficients. They conclude that using estimates of non-leading terms to select the preferred specification of an estimated EKC relationship is inaccurate and should not be used since it could lead to misleading inferences. Third, several studies analyze CO2 emissions ad-hoc without a theoretical basis. Hasanov et al. (2021b) develop a theoretical framework that links CO2 to total factor productivity, renewable energy consumption, exports, imports, and income. The paper’s theoretical framework is only valid when the explanatory variables are considered. Empirical studies should theoretically justify their preferred specifications; else, their analyses are theoretically unfounded.
Our desktop review shows that empirical studies support not all countries’ long-term decarbonization commitments. Some countries are developing quantitative analyses to aid policymaking toward a just decarbonization process. Besides, several studies have analyzed the feasibility of decarbonization strategies in different countries (Le Treut et al., 2021). Most of these studies are based on bottom-up energy accounting models focusing on either the techno-economic feasibility, energy supply, and emissions impacts of the energy supply and energy demand sectors (such as power, transport, building, industry, etc.) (Emodi et al., 2017; Grande-Acosta and Islas-Samperio, 2017; Dioha et al., 2019; Islas-Samperio et al., 2019).
Moreover, policymakers seek to understand the long-term impacts of the decarbonization strategies beyond their techno-economic feasibility, energy supply and emissions impacts within the energy sector (Le Treut et al., 2021). Given the vast importance of energy on several dimensions of human activities and the economy, it is expected that shocks in the energy sector would extend to other sectors and affect macroeconomic outcomes. The impacts could be measured in terms of gross domestic product impacts, welfare, employment, and investment costs, among others. Recent efforts to analyze decarbonization’s multi-sectoral and macroeconomic impacts have been primarily based on bottom-up models. Some studies have used top-down models, such as computable general equilibrium (CGE) models, to analyze the energy, emissions and macroeconomic impacts of mid-century decarbonization strategies with differing outcomes (Schers, 2018; Delgado et al., 2020; Gupta et al., 2020). Additionally, recent advances in computational and analytical methods have enabled hybrid analyses using both soft- and hard-linking to get the best of both bottom-up and top-down models for the study of the multi-level impacts of decarbonization strategies (Winkler et al., 2017; Soummane et al., 2019; Lallana et al., 2021; Le Treut et al., 2021).
The structural transformation that will emanate from deep decarbonization strategies is likely to affect net jobs, but how smooth will labor mobility across sectors be? Is structural shift expressly guaranteed? How will countries ensure that the net job impact of decarbonization strategies is not harmful? Since decarbonization entails investment into new energy sources, the retirement of existing energy sources, and potentially the risk of stranded assets, writing-off retired assets, sourcing and incentivizing green investments could have significant macroeconomic implications. There is also the concern of sustaining growth and keeping the macroeconomy stable. The associated cost of energy system transformation is a core concern for policymakers tasked with formulating emissions reduction targets in line with the Paris Agreement’s mid-century climate mitigation strategies (Su et al., 2021). Thus, the most critical policy considerations are how this decarbonization relates to economic development and, specifically, what macroeconomic impacts this transition has (IPCC, 2014). Furthermore, considerable investments in carbon abatement technologies and a shift away from fossil-based technologies are crucial to keeping the global temperature increase well below 2°C. Consequently, rapid changes in investment trends are expected to have wide-reaching macroeconomic implications (Le Treut et al., 2021; Su et al., 2021).
Despite the growing number of studies on the decarbonization of energy systems, a dearth of systematic reviews of these studies exists. This article aims to fill the knowledge gap on the decarbonization of energy systems in selected countries of the Global South. Our classification of countries into the Global South is based on Fuhr’s (Fuhr, 2021) analyses of Global South development and emissions nexus. The focus on the Global South countries is twofold: firstly, Global South countries have contributed fewer emissions and, consequently, less to global warming than the Global North. Secondly, the Paris Agreement calls for common but differentiated efforts to see countries boost their climate change mitigation ambitions (Delgado et al., 2020). However, many low-income developing countries with low adaptive capacity are likely to suffer most from the consequences of climate change. Consequently, pursuing decarbonization may pose a threat to their crucial development objectives. However, research on this topic is relatively recent and fewer in the Global South (Fuhr, 2021).
In addition, we provide a multi-level macroeconomic reference point for policymakers and other key stakeholders involved in discussions on NDCs, long-term climate action plans, and the Sustainable Development Goals (SDGs) concerning decarbonizing energy systems. This reference point is valuable for developing economies which face the challenge of providing their citizens with adequate access to energy and confront considerable transition difficulties. While China is considered a Global South country, our preliminary search showed several studies focused on the decarbonization of China’s economy and specific sectors in the economy. The noteworthy point is that China is the only seemingly Global Southern country among the three largest global economies.3 This situation makes China an outlier, in our opinion. Thus, including China would result in a China-centric analysis that is not the intention of this review, so we drop China.
Systematic literature review (SLR) is a standard research methodology for focused studies (Page et al., 2021). This review method has been applied in recent literature reviews focused on environmental studies and climate change in general (Shaffril et al., 2018; Emodi et al., 2019; Bhattarai et al., 2022). The SLR is particularly valuable in analyzing the current state-of-the-art knowledge in a subject matter, detecting similarities and divergence within a subject matter, and classifying information topically. The SLR is also highly valuable in distinguishing the less investigated areas and subsequently creating direction for future research.
Based on the preceding discussions, the main objective of this study is to review the evidence in the ex-ante modeling literature on the multi-level macroeconomic implications of energy system decarbonization for selected Global South countries. The review of ex-post evidence is beyond the scope of the current review. The specific research questions are:
(1) To examine how the research field on macroeconomic effects of energy system decarbonization has evolved in terms of geographical locus and methods
(2) To identify the economy-wide investment costs of energy system decarbonization in the Global South
(3) To identify how will the structural changes emanating from decarbonization affect employment
(4) To identify the major macroeconomic effects (besides investment cost and employment impact) of energy system decarbonization pathways in the Global South
(5) To discuss the critical research and policy implications for the Global South developing countries
The rest of the paper is structured as follows. The second section presents the methodology applied in this study. The third section assesses the characteristics of the selected studies while highlighting the impacts of decarbonization on employment, macroeconomic indicators, and investment cost implication of strategies. The fourth section discusses findings from the studies, limitations of the review and areas for future research (and lessons for Global South developing countries). The last section concludes the study policy recommendations.
2 METHODOLOGY
This section presents the methodology used in this study. The methodology used in this study is the systematic literature review (SLR) approach applied in other related literature reviews (see Shaffril et al., 2018; Emodi et al., 2019; Bhattarai et al., 2022). Therefore, this review summarizes the literature on the multi-economic implications of energy system decarbonization for selected Global South countries. Figure 1 shows the steps involved in the systematic review process: 1) defining the topic and identifying the research question(s); 2) using a keyword search string to identify relevant studies; 3) reading articles in detail to select studies for the review and structure a database; 4) extract data from the retrieved studies and place in the database; and 5) analyze, refine and summarize results for publication. A noteworthy point here is that the researchers used the PRISMA approach and the data sources, inclusion and exclusion criteria, review process, data extraction, and analysis.
[image: Figure 1]FIGURE 1 | The systematic review methodology used in this study. Source: Authors’ diagram.
2.1 PRISMA approach
This systematic review employed the PRISMA statement, which stands for Preferred Reporting Items for Systematic reviews and Meta-Analyses (Page et al., 2021). It is common practice to use PRISMA in environmental studies. In Shaffril et al. (Shaffril et al., 2018), the authors report two distinct advantages: first, it allows for systematic study by specifying specific research topics. Lastly, it attempts to filter through a large body of scientific material over an agreed-upon period to determine what should be included and what should be excluded. It also allows the researchers to conduct an exhaustive search of terms connected to the decarbonization of the energy system and its multi-level economic implications.
2.2 Data sources
The three standard journal databases used in this study were Web of Science (WoS), Scopus, and Google Scholar. WoS is a comprehensive database with over 21,000 peer-reviewed journal publications, books, and proceedings from 256 fields, including environmental studies, social issues, and multidisciplinary social sciences.4 This ranking includes citations, papers, and citations per paper, which has been in place for some years, thanks to Clarivate Analytics. We also use the Scopus database, which boasts over 25,000 peer-reviewed journals from over 5,000 publishers worldwide. It is a rich abstract and citation database for environmental, social, and biological science topics.5 We also include the Google Scholar database, a potential source for relevant scientific and gray literature that may not have been published in the two preceding journal databases.
2.3 Inclusion and exclusion criteria
Table 1 presents information on the criteria considered for selecting papers for review. Regarding the literature type, peer-reviewed journal articles and gray literature of modelling/scenario-based studies are included for review. Therefore, we excluded ex-post analyses and non-modelling/scenario-based studies of both article journal and gray literature and review studies. The search process included only English-language publications to ease translation and avoid confusion. Regarding the review timeline, the researchers selected a period of 12 years to reflect the most recent state-of-the-art in knowledge (between 2010 and 2021).
TABLE 1 | The search string used for the systematic review process.
[image: Table 1]Most importantly, only publications focusing on the Global South territories, excluding China, were selected. The researchers purposely excluded China to avoid a skewed review process. Our preliminary search showed that several articles focused on decarbonization (including deep decarbonization) of China’s economy and specific sectors in the economy. Thus, including China would result in a China-centric analysis, which is not the intention of this review. This review proceeds with selected Global South studies.
2.4 Systematic review process
The review process was carried out in November 2021. Table 2 shows the applied keywords used during the search process.
TABLE 2 | The search strings used for database query.
[image: Table 2]The authors obtained 15,689 articles from the WoS database, 8,664 articles from the Scopus database and 7026 from the Google Scholar database. After careful exclusion of duplicates, 3,695 were identified. The next stage screened the articles based on titles and abstracts and excluded 3,471 articles out of the 3,695 articles from the previous stage. The articles were assessed for eligibility in the third stage. Here, the researchers excluded 192 articles because they were either literature review studies (91 items), missing documents (23 items), or out-of-scope for this review (79 articles, including non-scenario-based studies). This culminated in 31 studies selected for qualitative review (see Figure 2).
[image: Figure 2]FIGURE 2 | PRISM Flow Diagram of studies to be included in the systematic literature review. Source: Authors’ diagram based on PRISMA guideline (Page et al., 2021).
3 RESULTS
This section presents the findings from the assessed papers. Figure 3 shows an overview of the approach used to synthesize evidence from the literature review. First, the information is extracted about the study design. Secondly, the results include emissions and macroeconomic impacts. The latter is the focus of this study. Then the study proceeds with finding answers that address the stated objectives.
[image: Figure 3]FIGURE 3 | Pictorial depiction of the approach to literature review synthesis of evidence. Source: Authors’ diagram.
3.1 Characteristics of decarbonization research in the global south
This sub-section presents the findings related to emissions outcomes and multi-level economic impacts of energy system decarbonization scenarios from the reviewed studies. Thirty one papers are included for review covering 21 Global South countries (Table 3 and Figure 4). The list of studies included in the review is presented in Table 3. These studies were coded using the index number to differentiate the literature source when used in the review, and the numbers were placed in square brackets (e.g., [#“xy”], where “xy” represents the number allocated to an article in Table 3). The results provided a comprehensive analysis of the current research on the multi-level economic implications of energy system decarbonization in the Global South. A total of five studies focused on India [#2, #4, #9, #12, #17 ], four studies each focused on Malaysia [#6, #26, #30, #31] and South Africa [#3, #5, #11, #14], three focused on Brazil [#7, #8, #10], two studies each focused on Argentina [#21, #27], Colombia [#18, #24], Mexico [#20, #29], and Nigeria [#13, #19]. Furthermore, one study each focused on Algeria [#16], Egypt [#16], Libya [#16], Mauritania [#16], Morocco [#16], Sudan [#16], Tunisia [#16], Bolivia [#28], Ecuador [#22], Peru [#25], Qatar [#23], Thailand [#1], Saudi Arabia [#15].
TABLE 3 | Multi-level economic coverage of the reviewed studies.
[image: Table 3][image: Figure 4]FIGURE 4 | The geographical scope of the publications identified in the systematic review. Source: Authors’ diagram using Microsoft Excel map builder. Note: Some publications cover more than one country.
The reviewed studies applied three broad categories of modelling: 1) Bottom-up model (e.g., LEAP model [Low Emissions Analysis Platform], IEEEE model [Integrated energy-engineering-environmental-economic system model], TIMES model [The Integrated MARKAL-EFOM-System], etc.); 2) Top-down models (e.g., IMACLIM-BRA model, SAGEM model [South African Green Economy Model, TERM-SA CGE model, etc.], AIM/CGE India model); and Hybrid models (e.g., LEAP + IMACLIM-ARG, LEAP + KLEM-KSA, AIM/End-use model + IMACLIM-IND). In general bottom-up models accounted for about 52% of the models, while the top-down and hybrid models accounted for 26 and 22% of the models, respectively. Furthermore, the research papers commonly applied the LEAP, IMACLIM, and the AIM/End-use models. The reviewed studies used quantitative data for the modelling exercises. Specifically, the studies used publicly available data. Where data is not publicly available, data from third-party providers are used. Reliability of data is a major issue in developing countries. However, no reviewed study described detailed data access, quality issues, or approaches to resolve them.
3.1.1 Publication trend
The 31 selected papers included in our systematic review were published between 2010 and 2021. One article was published in 2010 [#1] and 2011 [#2], two in 2014 [#3, #4], three in 2016 [#5–#7], four in 2018 [#8–#11], four in 2019 [#12–#15], four in 2020 [#16–#19], and twelve in 2021 [#20–#31]. The highest number of research was published in 2021. These reviewed papers are also representative of the Global South regions such as Sub-Saharan Africa, Asia (excluding China), Middle East and North Africa (MENA), and South and Central America (Figure 5).
[image: Figure 5]FIGURE 5 | Trends in decarbonization research published on selected Global South countries. Source: Authors’ diagram.
3.1.2 Article publication by journals
The 31 papers included in our systematic review were sourced from scientific journals and gray literature. Of this number, thirty studies were sourced from journals, while only one was sourced from gray literature (Figure 6). The journals with the most publications for review here are Energy Strategy review (6), Climate Policy (5), Energy Policy (4), and Journal of Cleaner Production (2).
[image: Figure 6]FIGURE 6 | Source of reviewed articles classified by literature type. Source: Authors’ diagram. Note: The bar chart blue indicates journal publications, while the only chart colored gray means that the publication is sourced from gray literature (McKinsey & Co.).
3.2 Scenario characteristics in reviewed studies
These studies developed scenarios that align with the policy options available to each country reviewed. Table 4 shows the broad-level scenario characteristics of the reviewed studies. Generally, the reviewed studies model a reference or Business-as-Usual (BAU) scenario and additional decarbonization or low emissions scenario. Typically, the BAU scenarios across the studies represent a current policy environment in which there is no change in climate/mitigation policy going into the future. Besides, most reviewed studies use the respective country’s nationally determined contributions (NDC) policies as the BAU. On the other hand, the number of low carbon or decarbonization scenarios modelled varies across studies, ranging from one to four. The scenario pathways are broadly categorized into the demand-side and supply-side (Table 4).
TABLE 4 | Summary of the scenarios’ characteristics in the reviewed studies.
[image: Table 4]3.3 CO2 emissions outcomes
CO2 emissions tend to be strongly linked to economic growth (Fuhr, 2021; Islam et al., 2021; Rehman et al., 2021). While most Global South countries are low emitters, they are mainly developing countries targeting rapid economic growth. The concern of the deep decarbonization studies is finding economic pathways that synchronize the need for emission reduction with that of sustained economic growth. Thus, understanding how emissions can be reduced while achieving sustained economic growth through scenarios. Emission outcomes are categorized into the reference (business-as-usual) and alternate (decarbonization and/or deep decarbonization) scenarios. The business-as-usual (BAU) scenarios mirror the emission level that will follow counties’ current growth trajectory. There are often no deliberate efforts to reduce emissions in the BAU; thus, CO2 emissions grow for most countries. But, as Ouedraogo [#16] finds, BAU scenarios projections see Global South CO2 emissions increasing and not reaching the Paris Agreement’s net-zero target by 2050, growing between 5 and 12% annually. Thus, Dioha and Kumar [#19] find that in the BAU scenario for Nigeria, the total energy-related CO2 emissions rise from 76 MtCO2 in 2010 to 228 MtCO2 in 2030 and 572 MtCO2 in 2050.
The decarbonization scenarios show the emission reduction trajectory for countries given effort targets up to 2050. The surveyed studies all propose strategies for decarbonization, on the order of 10–70% below current levels or net-zero by 2050. The review revealed varying estimates toward the net-zero target from the analyses of low carbon scenarios. Dioha and Kumar [#19] find that total energy related GHG emissions in Nigeria relative to the BAU scenario will decrease by 27, 37, 46, and 77% for unconditional NDC (UCD), conditional NDC 1 (CD1), conditional NDC 2 (CD2), and emission tax (ETX) scenarios, respectively, by 2050. Similarly, total energy GHG emissions will reduce by 39% (from 398 MtCO2e in 2010 to 241 MtCO2e in 2050), and per capita emissions will decrease by 62% in South Africa [#5]. The model results indicate that the unemployment rate will decrease from 25 to 12%, just as the percentage of people living below the poverty line will decrease from 49 to 18% from 2010 to 2050. In North and Latin America, Martínez-Quintana [#29] finds a 211 MtCO2e reduction in 2030 from the baseline of 972 MtCO2e in Mexico. Idris et al. [#30] find that relative to the unconditional CO2 reduction commitment in the NDC in 2030 and 2050, the CO2 reduction was 79–82% of Malaysia’s total annual GHG emissions in the 2020 to 2030 period (equivalent to 325–450 GtCO2/year).
In summary, some studies find that the implementation will result in achieving the net-zero target before or by 2050 [#5, #8, #9, #12, #21, #22, #23, #28] or net-zero by 2060–2070 [#27]. On the other hand, other studies show that decarbonization scenarios achieve significant emissions reduction relative to the BAU scenario despite not reaching net zero by 2050 [#7, #8, #11, #13, #14, #16, #17, #24, #25, #26, #29, #30, #31]. On the other hand, La Rovere et al. [#10] find that GHG per capita emissions in 2030 will be less than half of those in 2005, and Brazilian NDC targets will be met up to 2030. However, if no additional mitigation strategies are implemented beginning in 2030, total GHG emissions will resume their upward trend, reaching 1,484 Mt CO2e in 2050. Additional mitigation helps reduce Brazilian GHG emissions in the New Brazil 1.5°C scenario, reaching 185 Mt CO2e by 2050, 87% lower than in the GPS scenario.
3.4 Multi-level economic impacts of energy system decarbonization scenarios
This sub-section concentrates on the critical multi-level economic implications of energy system decarbonization under review. These include the investment requirements/costs, employment potential and other macroeconomic implications.
3.4.1 Investment costs
16 out of 31 studies (or 52%) of studies under review considered the investment cost of the various decarbonization scenarios (Figure 7). The most common report measure of the costs in the reviewed studies is the US Dollar amount–nine studies [#6, #17, #16, #19, #20, #25, #21, #24, #28]. Others include the decarbonization investment as a share of total investment in the economy–one study, as a share of GDP–three studies [#4, #10, #27], profitability of investment–one study [#23], investment cost by technology, dispatch and operations and maintenance–three studies [#29, #30, #31]. Five of the studies provided more details of the investment requirement and implication as discussed in the preceding part.
[image: Figure 7]FIGURE 7 | Share of studies analyzing investment costs. Source: Authors’ diagram.
Transitioning to a decarbonized energy system necessitates substantial changes in manufacturing methods and consumer preferences. Due to the capital-intensive nature of this change, all economic agents may incur a cost. Adopting innovative technology and resource-intensive methods increases carbon and energy efficiency, but may be more expensive than conventional practices in the short to medium term. Le Treut et al. [#21] find that the required investment to achieve deep decarbonization varies according to country-specific needs and the nature of transition needed. They find that the mean annual additional investment in power generation for Argentina from 2015 to 2050 amounts to between $6–$7 billion (Le Treut et al. [#21]). The study uses two decarbonization scenarios that differ based on technology strategy. Therefore, the investment includes $3.5 billion annually for wind power and solar PV in both deep decarbonization scenarios, $2.4 billion annually for gas-fired power in the deep decarbonization 1 (DD1) scenario and $ 3.7 billion per annum for nuclear plus hydropower in the deep decarbonization 1 (DD2) scenario.
La Rovere et al.‘s [#10] study on Brazil finds that the government plan scenario will require a total investment of $0.42 trillion in 2030 and $0.75 trillion in 2050, equivalent to 15.2% of GDP in 2030 and 15.8% by 2050. The study considered a government plan scenario that assumes the achievement of NDC targets up to 2030, the extension up to 2050, and a deep decarbonization scenario compatible with the global temperature target of 1.5°C. In La Rovere et al. [#7], the projected total investment spending on decarbonization measures would amount to some 1% of Brazil’s GDP by 2030. Mexico’s deep decarbonization scenario will require an additional capital investment of around $200 billion from 2020 to 2050 (almost a quarter of Brazil’s requirement) in generation capacity Buira et al. [#20]. This amounts to about $6.6 billion per annum, like the range for Argentina.
For Nigeria, Dioha and Kumar [#19] find that investments in the BAU are expected to rise at a cumulative average growth rate of 5.3% from $28 billion in 2010 to around $88 billion and $224 billion in 2030 and 2050, respectively. The study has four decarbonization scenarios, namely unconditional NDC (UCD), conditional NDC 1 (CD1), conditional NDC 2 (CD2), and Emission tax (ETX). Compared to BAU, the required investment for the scenarios UCD, CD1, CD2, and ETX grow by around 0, 2, 3, and 17%, respectively. However, by 2050, the investment in the mitigation scenarios will grow slightly slower than the BAU scenarios. This is because the mitigation scenarios reduce the cost of fuel, in the long run, thereby reducing the overall investment requirements. Conversely, Ouedraogo [#16] finds that the transformation costs of the NDC scenario will reach US$ 8 billion in 2030 for Egypt and $ 5 billion for Algeria.
The investment outlay required to achieve decarbonization is enormous, although varying across countries. However, some of such investments are found to pay back themselves. Applying net present value, Kazi et al. [#23] find that the green hydrogen economy will be a profitable option for industrial decarbonization in Qatar. The study also found other investment returns in general revenue by-product of the green hydrogen production (i.e., oxygen from electrolysis). Thus, direct profitability or return on investment is not the only value of decarbonization investment. The environmental impact could improve health; the investment can also have positive implications like new jobs and economic growth.
In Saudi Arabia, Soummane et al.’s [#15] projections show that real investments will grow from 801 billion in 2013 SAR (Saudi Arabia Riyal) to 1,394 billion in 2013 SAR in the BAU scenario between 2013 and 2030. This will result in real investments being approximately 74% higher in 2030 than in 2013. In the first decarbonization scenario, the low oil price scenario, real investment is projected to decline by 12.2% (to 725 billion in 2013 SAR) relative to the baseline scenario. The low oil price is characterized by a depressed global oil market that increases climate action. The second decarbonization scenario analyzed is the reformed scenario in which domestic energy tariffs are increased to match international levels and introduce energy efficiency initiatives. This scenario is projected to decrease real investment by 2.1% (to 808 billion in 2013 SAR) relative to the BAU scenario and 11.6% relative to the low oil price scenario.
3.4.2 Employment impacts
A total of 8 out of 31 studies (or 26%) under review considered employment impacts of the various decarbonization scenarios (Figure 8). These articles indicated considerable employment benefits if any economy in the Global South attempts to decarbonize its economy.
[image: Figure 8]FIGURE 8 | Share of studies analyzing employment implication. Source: Authors’ diagram.
The decarbonization strategy has substantial implications for the employment market. The influence is seen in the availability of new jobs in the energy sector. Reddy et al. [#4] find that the renewable energy sector accounted for 8% of India’s total employment in 2010. However, it is found that this will reach 87.82% by 2030 under the business as usual (BAU) scenario and 97% under the green economy (GE) scenario. Thus, the decarbonization strategy will add 10.5% of new jobs to the renewable energy sector in 2030. Solar thermal and solar water heating systems employ 0.76 million people, making them the most important renewable energy technology for employment. Hydroelectric power employs 0.275 million people followed by wind power with 0.243 million. Low-wage workers benefit from the green economy by having more employment opportunities and improving their standard of living over time.
According to Reddy et al. [#4], the renewable energy sector provides more construction, manufacturing, and installation employment per million Rupee investment and megawatt of power than conventional power sources such as coal and natural gas due to the labor-intensive nature of green energy investment. This is because green energy investment has labor-intensive characteristics. Le Treut et al. [#21] also estimate that job creation will increase in the deep decarbonization scenario; between 100,000 and 130,000 jobs will be created by 2050. The construction scenario will concentrate most of the net job creation in the deep decarbonization scenario with an average additional 90,000 to 144,000 FTE of non-relocatable jobs. Expansion of the low carbon capacities will create 4,000 to 5,000 new direct jobs. Also, Musango et al. [#3] find that the GE scenarios for South Africa will generate more jobs than the BAU scenario, which in 2030 will reach 28.347 million people, while the BAU2 generates jobs for 27.853 million people in the same year. In addition to the increase in employment volume. Altieri et al. [#5] find that, from 2010 to 2050, the wages for unskilled and low-skilled workers will rise by 45 and 160%, respectively, and the share of the population living below the poverty line will decrease from 49 to 18%. Total GHG emissions would decline by 39%, while per capita emissions would decrease by 62%. The model relies primarily on agriculture absorbing unskilled workers to reduce unemployment.
According to La Rovere et al. [#10], carbon tax revenue will decrease labor charges, increase job creation, and help keep employment by decarbonizing the economy. Besides, according to Gupta et al. [#12], there will be many financial and strategic losses. However, retraining and job creation for people in carbon-intensive industries could be one of the steps that facilitate a transition to a decarbonized economy. According to Bohlmann et al. [#14], the transition to low carbon energy will reduce employment in coal-producing areas while increasing employment in areas where non-coal electricity generation is expected to flourish. Thus, there is a rise in semi-skilled employment in all areas, except for coal-producing regions. In Saudi Arabia, Soummane et al.‘s [#15] projections show that the unemployment rate will increase to 5.6% in the BAU scenario between 2013 and 2030. The rate increases to 6.2 and 7.0% in the low oil price and reformed scenarios, respectively.
3.4.3 Economic growth and other macroeconomic impacts
As earlier stated, the transformation and investment cost required to achieve a decarbonized economy could be enormous. Due to global climate mitigation policies, economic activities could suffer significant setbacks (IPCC, 2014). However, changes in major macroeconomic indicators at the national or regional level can be favorable or unfavorable, depending on possible productivity gains, implications on interregional trade, and new investment dynamics (Vrontisi et al., 2020). Our review identified critical macroeconomic indicators (besides investment cost and employment) common among the reviewed studies for brevity. These indicators include GDP growth rate, consumption, debt level, net savings and costs, income and welfare, security (of energy and food), trade balance, imports, and exports. A total of 17 studies (or 55%) under review considered the impacts of the various decarbonization scenarios on major macroeconomic indicators besides investment cost and employment (Table 5).
TABLE 5 | Share of studies analyzed selected major macroeconomic indicators (besides investment cost and employment.
[image: Table 5]3.5 Gross domestic product implication [n = 12 articles]
In South Africa, Musango et al.’s [#3] findings suggest that positive GDP impacts are expected by 2030. Specifically, real GDP in the green economy scenarios is projected to reach ZAR 2.867 billion in GE2% and ZAR 2.907 billion in GETS scenarios. These exceed the projections in the BAU scenarios, which were projected to be ZAR 2.850 billion in BAU and ZAR 2.879 billion in BAU2%. Furthermore, the study estimates that the projected per capita income ranges between ZAR 46,714 and ZAR 47,352 per person for the Green Economy scenarios. On the other hand, the BAU scenario per capita income projections in 2030 range from ZAR 46,432 to ZAR 46,895 per person. Also, in South Africa, Altieri et al. [#5] estimate that from 2010 to 2050, GDP will increase by more than 200%, averaging a 2.8% annual GDP growth during the period. Industry value added to GDP grows at an average annual rate of 2.7%. Agriculture grows at an average annual rate of 4.9%. Additionally, Bohlmann et al. [#14] project that GDP would be marginally lower, ranging from –0.014 and –0.031 for all scenarios) relative to the BAU scenario. They explain that the marginal decline in GDP stems from the coal exports cap for all scenarios.
In India, Mittal et al.’s [#9] economic modelling results show a 3.2% GDP loss in the 2°C scenario compared to the NDC scenario. In the NDC emission pathway, the mitigation cost in terms of GDP loss rises to 5.3% in 2050. The economic losses increase to 6% of GDP in the year 2050 in the 1.5°C scenario. The authors conclude that targeting the stringent 1.5°C goal would jeopardize India’s economic development. Furthermore, in India, Gupta et al.’s [#12] study suggests that, despite high resource requirements, the low-carbon scenarios can accommodate yearly economic growth of 5.8% from 2013 to 2050, which is on par or marginally higher than the BAU scenario.
Furthermore, they decompose sectoral economic activities and found that by 2030, the GDP shares of industries, agriculture and services decrease in the 2DegMG scenario compared to BAU due to the share of value-added mobilized by energy sectors being higher in the 2DegMG scenario because of the higher capital costs of the technologies required to achieve advanced mitigation targets. By 2050, however, the GDP share of industries also increases under the combined pressure of the increased capital intensity induced by the penetration of energy-efficient techniques. They also find marginal variability in real GDP and substantial changes in the share of trade balance in GDP.
In Gupta et al. [#17], the four scenarios analyzed for India show minor GDP variations, around 0.7% in 2050. Despite significant investment costs, they also find that the low-carbon pathways are compatible with Indian growth. In Malaysia, Colenbrander et al.’s [#6] and Idris et al.’s [#30] results suggest that early mitigation investment in climate change results in an increased economic growth rate. The economic growth rate is also estimated to outpace increases in emissions. In Brazil, Lefèvre et al. [#8] find small, aggregated GDP implications for decarbonization for the 2015–2030 period. The DD strategy induces additional emissions cuts with a minimal GDP loss (−0.14% compared to the GOV scenario) due to an extra carbon tax on the economy. On the other hand, La Rovere et al.’s [#10] results show that by 2030 and 2050, GDP will grow significantly in both GPS (2.75 trillion and 4.72 trillion in 2030 and 2050, respectively) and NB 1.5°C (2.69 trillion and 4.54 trillion in 2030 and 2050, respectively) scenarios. Besides, per capita GDP grows significantly from 7.75 thousand USD in 2005 to 12.06 in 2030 and 20.10 in 2050, respectively. For Argentina, Le Treut et al. [#21] find relatively small GDP implications of DDP scenarios relative to the BAU scenario. The net present value (NPV) of cumulated GDP is between 0.1 and 0.8% lower in the DD1 and DD2 scenarios than in the NDC (BAU) scenario.
In Saudi Arabia, Soummane et al.’s [#15] projections show that in the BAU scenario, the country’s real GDP will increase at an annual average growth rate of 2% between 2013 and 2030. This will result in real GDP being 42% higher in 2030 than in 2013. Real GDP is projected to decline by 1.4% relative to the baseline scenario in the first decarbonization scenario, the low oil price scenario. The second decarbonization scenario analyzed is the reformed scenario in which domestic energy tariffs are increased to match global levels and the introduction of energy efficiency initiatives. This scenario is projected to increase real GDP by 0.6% above the BAU scenario and 2% higher than the low oil scenario.
3.6 Debt (including foreign and national) [n = 2 articles]
Gupta et al. [#12] compared the BAU and 2DegMG scenarios by 2050 in India while assuming favorable investment and exchange rate policies. The results show that the low emission pathway offers a 35-GDP point significant reduction in foreign debt by increasing the trade balance at the consumption cost of 1% of GDP while slightly improving activity. In the event of high growth, the low-carbon option achieves close to maintaining foreign debt at its base-year level (+4 GDP points only by 2050). Conversely, the BAU and low-growth low-carbon trajectories lead to dramatic increases in foreign debt (by +90 and +158 GDP points by 2050, respectively) via increased trade deficits. In Argentina, Le Treut et al. [#21] found that national debt increases marginally to 0.6 and 1.6% of GDP due to the DDP scenarios relative to the BAU scenario.
3.7 Welfare (income, poverty, inflation, public/private consumption) [n = 7 articles]
Also, in South Africa, Altieri et al. [#5] project that people living below the poverty line will decrease from 49 to 18% in 2050. Gupta et al. [#12] compare the BAU and 2DegMG scenarios by 2050 while assuming favorable investment and exchange rate policies. The result shows that transitioning from fossil fuel-based energy systems would result in a consumption cost equivalent to 1% of GDP. In Gupta et al. [#17], transitioning from fossil fuel-based energy systems would cause the share of household consumption to decrease by 4.4–5.0 percentage points in 2030 and by 1.6–1.9 percentage points in 2050 in the scenarios. In Brazil, Lefèvre et al. [#8] find small, aggregated GDP implications for decarbonization for the 2015–2030 period. The decarbonization scenario induces significant increases in general price levels due to additional carbon tax on the economy.
In Argentina, Le Treut et al. [#21] find minimal consumption impact due to decreased residential energy consumption and slightly weaker purchasing power in DD scenarios because of increased consumer prices. Additionally, Babatunde et al. [#26] note that by 2050, energy decarbonization would result in a 15% increase in welfare. In Saudi Arabia, Soummane [#15] projects that real private (public) consumption will grow by approximately 74% (38%) between 2013 and 2030 in the BAU scenario. In the low oil price scenario, private consumption increases by 7% (equal to 1,491 billion in 2013 SAR) relative to the BAU scenario, while public consumption declines by 12.2% (equal to 762 billion in 2013 SAR) between 2013 and 2030. Furthermore, in the reformed scenario, private consumption grows by 8% (equal to 1,505 billion in 2013 SAR) relative to the BAU scenario, while public consumption declines by 10.1% (equal to 780 billion in 2013 SAR) between 2013 and 2030. However, private and public consumption will increase by 0.9 and 2.4%, respectively, relative to the low oil price scenario.
3.8 Net national savings [n = 3 articles]
In South Africa, Van Zyl et al. [#11] project that the cumulative net savings associated with achieving the CERC “fair share” emissions pathway, assuming the moderate use of low carbon power generation measures, would reach $5.3 billion by 2030. They also state that net savings could reach $46.8 billion by 2030 if power generation moves towards full decarbonization. In Gupta et al. [#17], the four scenarios for India indicate that transitioning from fossil fuel-based energy systems would result in foreign exchange savings to the tune of $1 trillion from 2012 to 2050 for oil imports. Ouedraogo [#16] analyzes the energy and economic impacts of transition pathways for seven North African countries to meet its (intended) nationally determined contributions ((I)NDCs) under the Paris Agreement. Their modeling results reveal negative costs of reduced GHG emissions, suggesting that the overall direct benefits of implementing the (I)NDCs exceed the costs. Thus, applying the (I)NDC scenario supports GHG savings of 1960 MtCO2e at a negative cost of US$ −199 tCO2e in 2030.
3.9 Exports [n = 3 articles]
In South Africa, Bohlmann et al. [#14] project a decline in coal exports in all scenarios relative to the BAU, further resulting in marginal GDP declines, as pointed out previously. In Brazil, Lefèvre et al.’s [#8] results show that aggregated industry exports and outputs are 1.8 and 1.5% lower, respectively, in the DD than in the GOV scenario, owing to the negative impact of oil revenues on oil revenues and the exchange rate in the long run. They conclude that DD is not a winning scenario for all. Soummane [#15] projects exports to increase by 38.3% in the BAU scenario. Real exports will grow by 0.8% (equal to 2,059 billion in 2013 SAR) relative to the BAU scenario in the low oil price scenario. Furthermore, in the reformed scenario, real exports grow by 0.3% (equal to 2,049 billion in 2013 SAR) relative to the BAU scenario and decline by 0.5% relative to the low oil price scenario between 2013 and 2030.
3.10 Security: Food, energy, forest land [n = 4 articles]
In South Africa, Altieri et al. [#5] account for energy security; the study finds that demand-side energy poverty decreases as households move into the middle-income category. On the supply side, 99% of households will have electricity connections in 2050. On the other hand, La Rovere et al.’s [#10] results show that by 2030 and 2050, per capita GDP will grow significantly, evolving from 7.75 thousand USD in 2005 to 12.06 in 2030 and 20.10 in 2050, respectively, allowing for both energy and food security. In Argentina, Le Treut et al. [#21] found projects that decreased residential energy consumption linked to increased consumer prices in the DDP scenarios relative to the BAU scenario. In Peru, Ugarte et al. [#25] show that Between 2020 and 2050, the DDP initiatives have the possibility of averting the destruction of 4 million hectares of primary forests.
In contrast, the stock of secondary forests will be reduced by 1.4 million hectares by 2050. The DDP initiatives focus their effects on agriculture and grassland. Due to the measures, the potential deforestation by farmland is decreased by 61%, on average (3.8 million hectares preserved), between 2018 and 2050. In the case of livestock, the influence of the forestry revenues took all incentives to convert forestland into grassland, preventing the conversion of 322 thousand hectares. Furthermore, the reduction in the transformation of primary forests to agriculture suggests a decline in the area harvested for crops; this will result in a significant fall in rice production and consequently an increase in the volume of imports; the latter could be related to a loss of food security.
3.11 Trade balance [n = 3 articles]
In India, Gupta et al.’s [#12] study find that there will be substantial changes in the share of trade balance in GDP, by 2050, in the 2DegMG scenario, compared to the BAU scenario. However, the study did not concretely indicate the significant changes. Additionally, the study suggests that there will be an increase in the trade balance, which will help to reduce foreign debt significantly. On the other hand, Gupta et al. [#17] find that low carbon pathways will decrease the deficit in the trade balance by up to 5 percentage points in 2030 and 1.8 percentage points in 2050, compared to BAU. Soummane [#15] projects that trade balance contribution to GDP will decrease from 24.6% in 2013 to 18.1% in 2030 in the BAU scenario. The trade balance in the low oil price scenario will decline by 8.1 percentage points (equal to 10%) relative to the BAU scenario. Furthermore, in the reformed scenario, the trade balance share of GDP decreases by 9.5 percentage points (equal to 8.7%) relative to the BAU scenario and declines by 1.3 percentage points relative to the low oil price scenario between 2013 and 2030.
Finally, Villamor et al. [#22] find that DDP scenarios are challenging but do not compromise socio-economic development in Ecuador.
4 DISCUSSION
The discussion of results is separated into three parts. Section 4.1 discusses the major findings, while Section 4.2 Section 4.3 Sections 4.4 outline the lessons learned, the limitations of this review, and the recommendations for further research in the Global South and macroeconomics of energy system decarbonization, respectively.
4.1 Major findings
The study’s main findings are in four-folds, covering emissions reduction targets, investment cost, employment, and other macroeconomic implications. GHG emissions are often linked with economic growth as more advanced economies emit more GHG. However, it was found from the reviewed studies that while retaining economic growth targets, developing countries of the Global South can achieve emission reduction goals but at different periods. It is found that for some counties, a net-zero target can be achieved by 2050 or earlier [#5, #8–#9, #12, #21–#23, #28], for others, it can be achieved by 2060–2070 [#27].
The investment cost required to achieve a decarbonized economy could be enormous. They vary according to country-specific needs and the nature of the transition needed. Argentina will require between $6–$7 billion per annum from 2015 to 2050; Brazil requires $200 billion, Mexico needs up to $750 billion, while Nigeria requires $ 288 billion over 40 years [#10, #19, #20, #21]. However, Kazi et al. [#23] find strong potential for such investment to pay back themselves. In addition to having a positive return, the investment guarantees jobs and strengthens economic growth potential. Also, direct profitability or return on investment is not the only value of decarbonization investment. The environmental impact could improve health; the investment can also have positive implications like new jobs and economic growth.
The emission reduction strategies seem to be compatible with economic growth. Investment in renewable energy positively influences the volume of jobs (inverse effect on unemployment) and the wage structure. Reddy et al. [#4] find an additional 10.5% of new jobs will be added to the renewable energy sector in 2030 due to the decarbonization strategy in India. Altieri et al. [#5] also find that wages for unskilled labor will increase by 45% from 2010 to 2050. Low-skilled labor wages will increase by 160% as the unemployment rate decreases from 25 to 12%.
Economic growth could be positive, as in the case of South Africa, or negative for some scenarios like in India, or negative for all scenarios relative to BAU [#5, #9, #14]. Altieri et al. [#5] found that from 2010 to 2050, GDP will increase by more than 200%, averaging 2.8% annual GDP growth from the period in South Africa, while Mittal et al.’s [#9] economic modeling results show that 3.2% GDP loss occurs in the 2°C scenario compared to the NDC scenario. However, Bohlmann et al. [#14] project that GDP would be marginally lower, ranging from −0.014 and −0.031 for all scenarios relative to the BAU scenario. They explain that the marginal decline in GDP stems from the coal exports cap for all scenarios. The implication is that decarbonization strategies must be carefully formulated according to the economic context and the growth and sustainable development target.
4.2 Lessons learned: Elements of energy system decarbonization for developing countries of the global south (and fossil fuel-dependent countries)
Developing countries in the global south face considerable challenges in setting up energy systems for deep decarbonization. The first set of issues concerns the cost implication of setting up energy system decarbonization. The challenge is even more so given that oil accounts for 60% of total export for at least 20 Global South countries. Most of these countries have a sizable undeveloped but aspirational population, emphasizing the country’s development needs. Thus, energy consumption will undoubtedly increase because of population growth and a desire for socio-economic development (Dioha et al., 2019). Making choices regarding addressing unmet energy requirements while preserving the environment is undoubtedly complex.
To reduce GHG emissions, developing countries must make decisions that would have a long-term impact, such as new technologies with significant socio-economic implications. Thus, decisions must be made with a firm grasp of future energy demand, supply, GHG emissions, and socio-economic implications. This review draws lessons from the reviewed Global South countries’ decarbonization research. While the implications of energy system decarbonization in the reviewed studies vary from one to another, there are common aspects of decarbonization that can be extracted and used as insights to ensure a just energy system decarbonization for developing countries (including fossil fuel-dependent countries).
4.2.1 Research for understanding wide-ranging implications of energy system decarbonization on the overall economy and oil industry
Decarbonizing the energy system is a lengthy, diverse, and complex process. It poses a risk to the economy for net oil exporters because of its trade balance implication. A net oil importer could also have the challenge of stranded assets to consider. As a result, successful decarbonization entails researching to ascertain the effects on the oil sector and the economy. This review examines the ex-ante evidence of the impacts of decarbonization on GDP, welfare, trade, and employment in a sample of Global South nations. However, it should be regarded as a preliminary study that only addresses the issue’s surface. Additional extensive and in-depth studies on this subject should be conducted to provide country-specific context for what might be faced during decarbonization.
4.2.2 Approaches to deep decarbonization research
The three main approaches were adopted by studies reviewed, each having a unique value in understanding pathways to deep decarbonization. However, Winkler et al. (2017) assert that models combining bottom-up and top-down models can better address frame technological change, economy-wide interactions, costs, emission reductions, and broader socio-economic implications of mitigation. Deep decarbonization will require technical modifications. These changes have broader socio-economic implications for various economic agents. A granular understanding of the interactions between economic agents is essential. Therefore, a bottom model linked with a top-down model might hold the most promise for the Global South developing countries.
4.2.3 Investment-friendly climate for renewable energy technologies
Addressing the rising energy demand requires large-scale renewable energy and energy storage deployment. These will require significant investment, particularly early in the decarbonization agenda. The potential of a country to attract renewable energy investment is a crucial measure of its decarbonization readiness. For most countries, increasing the amount of renewable energy in the energy mix would fulfill both energy security and climate goals. Renewable energy sources attract investment and demonstrate a country’s preparation for the energy revolution. Due to the enormous investments required to create renewable energy, the government cannot simply support them from its budget. Complementary sources of investment, such as private sector investment, are needed.
4.2.4 Labor market, skills development, and social protection policies
The labor market will be significantly impacted by decarbonization. As a result, labor market policy should take proactive measures to assist those affected by changes in labor market demand due to energy system decarbonization. Policies should prioritize growing employment opportunities and improving employability and training (International Labour Organization, 2017). Employment services should be established to give displaced workers information about available options, job matching services, and training.
4.2.5 Energy transition fund establishment
For several Global South countries, oil is an important export commodity and energy source. Thus, the oil phase-out will significantly impact the economy. Development at the national level and in oil-dependent regions depends on oil income, accounting for around 80% of the federal government (including foreign exchange) revenues (CBN, 2019). Due to the oil phase-out associated with the decarbonization goal, the country and its oil-producing regions will confront a liquidity shortage. Simultaneously, the country’s government’s unwillingness to embrace the energy transition will undoubtedly result in future economic troubles as oil’s market value as a commodity and source of energy declines. The transition from oil to renewable energy sources will also require significant finance. The federal and regional governments may establish a specific fund to assist oil-dependent regions in transition as a precautionary measure.
4.3 Limitations of the review
This review study represents one of the first attempts at synthesizing the literature on multi-level economic implications of energy system decarbonization. The first limitation is that this review focused only on ex-post modelling-/scenario-based studies. While this is important for evidence-based climate policymaking, it may leave substantial evidence base on non-modelling-/scenario-based studies. On the one hand, the focus on the Global Southern countries presents high-level evidence that may mask country-specific evidence. On the other hand, it does not provide a global evidence base. However, the focus on the Global South is an initial attempt to synthesize the existing evidence given the dearth of country-based studies focused on the multi-level economic implications of deep decarbonization in developing regions, especially Sub-Saharan Africa.
4.4 Future research
Much is unknown about how energy system deep decarbonization affects different economic indicators. Consequently, several areas of research need to be given attention. The suggestion for future research is threefold. First, this review focused only on modelling-/scenario-based studies. We believe this decision is vital for evidence-based climate policymaking. However, there is room for future review studies to account for both ex-post analyses and non-modelling-/scenario-based studies and consider reviewing other systematic review studies to synthesize the state-of-the-art knowledge.
Secondly, the current review focused on countries in the Global South, given the dearth of modelling-/scenario-based studies focused on individual countries. Future studies can extend the literature with country-based systematic reviews, given the small but growing body of country-based studies.
Thirdly, from a methodology perspective, modeling studies, we find that the current assessment of macroeconomic impacts in our review exhibits critical gaps because they do not account for the costs of associate climate damages and the substantial co-benefits emanating from reduced negative externalities such as air and noise pollution, among others, which could offset the small economic costs. Thus, future modeling studies should attempt to estimate such net benefits. Also, future modeling studies should decompose investments into those that tend to provide more employment and those that care to reduce emissions and how the two investments can combine to bring the optimum result of emission reduction and job creation. Also, future studies should consider the potential sources of the investment and fiscal space to accommodate the required investments. Additionally, future modeling studies should capture the real-world transition costs in labor and capital markets.
Finally, researchers should focus on developing countries developing long-term low emission development strategies but lack the existing modeling studies for sound policymaking. We believe that any modeling study based on the multi-level economic implications of decarbonization pathways should consider the results of this review as a basis for expanding future quantitative and qualitative studies of the socio-economic implications of energy system decarbonization.
5 CONCLUDING REMARKS
The challenges of achieving ambitious climate targets and sustainable development cannot be solved without the significant efforts of the Global South. Regarding net-zero, the main issue for developing countries is avoiding future emissions from industrialization and lock-in into fossil fuel-intensive technologies. However, strategies toward ambitious climate targets in the Global South depend on the decarbonization of economic sectors and their macroeconomic impacts. A small but growing number of scenario-based studies focused on the macroeconomic impacts of several decarbonization scenarios in the Global South. However, to the best of our knowledge, no study has attempted to synthesize the evidence base of these studies through a focused literature review. To fill this gap, this study examined multi-level macroeconomic implications of decarbonization in selected Global South countries through a systematic literature review of journal publications and gray literature drawn from three databases, specifically, Web of Science, Scopus, and Google Scholar. This study’s inclusion and exclusion criteria produced 31 papers for final review.
The results identified three main themes–investment costs, employment impacts, and other macroeconomic impacts (besides the previous two), including GDP levels, GDP growth rate, consumption rate, debt level, net savings, income and welfare, and trade balance, among others. Overall, the review finds that energy system decarbonization requires substantial investment outlay. Deep decarbonization will require strategic investment in the energy transition. Most countries will require an investment of up to $174 billion over 30 years. For some, the needed investment could go as high as US$450 billion. Apart from the fact that these investments will lead to economic gains beyond climate mitigation, the opportunity cost of allowing the climate to continue deteriorating, if estimated, is likely to be a far higher financial cost of mitigation.
Also, it is linked with job displacement in fossil energy sectors and job creation in green sectors. However, there is no unanimous evidence on net job creation. Additionally, the GDP impacts are ambiguous; some studies find future GDP growth impacts, while others find GDP decline impacts of decarbonization scenarios. The studies reviewed show that decarbonization can be compatible with the economic growth objectives of the Global South developing countries. The strategies to achieve emission reduction while growing the economy will require investment but so will economic growth plans without deep decarbonization pathways. Moreover, the additional jobs, economic growth potential, and environmental benefits that can come from such investment are all incentives for countries of the Global South to prioritize. However, in doing this, careful formulation of the deep decarbonization strategies is essential to optimize net gains while eliminating (or limiting) potential economic losses.
The key contribution of this study is that it is, to the best of our knowledge, the first to review the state-of-the-art in the literature on the multi-level macroeconomic implications of decarbonization strategies in the Global South countries, with a focus on the investment costs, employment impacts, economic growth, among other macroeconomic implications. This study is necessary to provide a broader perspective on the macroeconomic implications of decarbonization planning and policy aspects in developing countries. Recommendations are provided for future studies, particularly from a modeling perspective. A bottom-up model coupled with a hybrid top-down model holds more promise to answer the economic interaction questions of most global south countries. The key lessons from this review that will inform deep decarbonization (DD) modeling analysis for fossil fuel-based economies are fivefold. Firstly, a DD analysis for developing countries must cover wide-ranging implications of energy system decarbonization on the overall economy and oil industry while building on the results of this review. Secondly, a DD analysis must consider the implication for net green jobs and economic diversification. Third, a DD analysis must consider sources of finance for investment in decarbonization strategies such as renewable energy technologies and energy efficiency. Fourthly, the active labor market, skill development, and social protection policies that create just transition are key considerations. Lastly, the potential for national and regional energy transition funds should be accounted for.
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Bottom-up model

Model — Marco and Cecilia (MC) power system
optimization tool implemented in MATLAB
R2014a programming language

Bottom-up model

Model — Dynamic BeWhere model (a mixed-
integer linear programming approach)

Platform — GAMS (using CPLEX as a solver)
Bottom-up model

Model — Dynamic BeWhere model (a mixed-
integer linear programming approach)

Platform — GAMS (using CPLEX as a solver)

Data

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Furthermore, These models can be classified into: 1) Simulation models (e.g. LEAP, VIBAT, [EEEE etc.); 2) scenarios (e.g, TIMES/MARKAL, MESSAGE, LEAP, etc.); 3) equilibrium (e,
IMACLIM, SAGEM, e-SAGE, etc), 4) operation/investment optimization (MESSAGE, BeWhere, MC power system optimization tool, etc.) (Ouedraogo, 2017; Simsek et al, 2020).

Moreover, research on deep decarbonization economics is data-intensive, and the reviewed studies typify this. All reviewed literature applied various forms of simulation to estimate
expected economic and dlimate outcomes given policy choices.
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Musango et al. (2014) South Africa v

Altieri et al. (2016) South Africa v v v
Colenbrander et al. (2016) Malaysia v

Lefevre et al. (2018) Brazil v v v

Mittal et al. (2018) India v

La Rovere et al. (2018) Brazil v v

Van Zyl et al. (2018) South Africa v

Gupta et al. (2019) India v v v

Gupta et al. (2020) India v v v v
Bohlmann et al. (2019) South Africa v v

Soummane et al. (2019) Saudi Arabia v v v v
Ouedraogo (2020) North Africa* v

Le Treut et al. (2021) Argentina v v v v

Villamar et al. (2021) Ecuador v
Ugarte et al. (2021) Peru v

Babatunde et al. (2021) Malaysia v

Idris et al. (2021) Malaysia v

Note: * The North African countries analyzed include Algeria, Egypt, Libya, Mauritania, Morocco, Sudan, and Tunisia.
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Scopus TITLE-ABS-KEY ((“sectoral” OR “econom*” OR “countr*” OR “low-income” OR “low income” OR “Africa” OR “Nigeria”) AND
(“decarbonization "OR “decarbonization” OR “low carbon” OR “low emission” OR “zero emission” OR “transition”) AND
(“pathways” OR “scenarios” OR “polic*”))

Web of Science (WoS) TS = (“sectoral” OR “econom*” OR “countr*” OR “low-income” OR “low income” OR “Africa” OR “Nigeria”) AND TS =
(“decarbonization “OR “decarbonization” OR “low carbon” OR “low emission” OR “zero emission” OR “transition”) AND TS =
(“pathways” OR “scenarios” OR “polic*”))

Google Scholar*

Note: * The authors searched the Google Scholar database, both structured and unstructured. We decided to leave the corresponding “Keywords Used/Search String” column empty for
v
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Article findings
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2010-2021

Modelling/scenario-based journal (research articles), book (including
chapter), conference proceeding

English
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Ex-ante analyses; Quantitative

Multi-sector (economic sectors), a single sector with specified sub-sector
Low-carbon technologies; Net-zero policies

Scenario analysis; Decarbonization policy; Knowledge gaps

Exclusion

Before 2010

Non-modelling/scenario-based journal (research articles), book (including
chapter), conference procecding
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Ex-post analyses; Qualitative

Strictly single sector
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