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ABSTRACT 

Emerging economies face significant challenges in securing financial 
resources for green industrial transformation. This paper demonstrates that 
firm-level financial constraints systematically generate both emissions 
gaps and implementation gaps, constituting a first-order determinant of 
transition effectiveness that current policy frameworks overlook. Through 
comparative analysis of India, South Africa, Brazil, and Indonesia-major 
economies representing diverse financial architectures, industrial 
structures, and political economies-we document financing shortfalls of 
50-86% of stated climate targets. Applying the ‘pecking order of vintages’ 
framework, we show that constrained firms adopt incrementally cleaner 
but emission-intensive technologies, while only unconstrained firms 
access frontier low-emission vintages. This mechanism generates three 
policy challenges: green credit must target frontier technologies precisely, 
yet such targeting exceeds institutional capacity and creates politically 
challenging coverage gaps; blended finance exhibits fundamental tension 
between leverage maximisation and genuine additionality; and just 
transition programmes systematically underserve workers dependent on 
constrained firms unable to finance transitions. The findings are held 
across countries with markedly different financial system depth, state-
finance relations, and dominant emissions profiles. Financing effectiveness 
depends critically on institutional capacity to navigate fragmented financial 
architectures and to calibrate support to firm-level heterogeneity rather 
than aggregate capital availability alone. 

Keywords: green industrial policy, development finance, blended 
finance, financial constraints, just transitions, emerging economies. 

JEL Classification: O38, L52, O16 G28, Q58.  



 

[3] 
 

1. Introduction 

The mobilization of private finance for green development has evolved 
considerably, progressing from early export credit agencies through Cold 
War-era development finance institutions to today’s sophisticated blended 
finance mechanisms. A critical inflection point occurred during the 1990s 
Washington Consensus era, which fundamentally reshaped capital flows to 
emerging economies through financial liberalization and market-based 
reforms. The 2015 Sustainable Development Goals further accelerated this 
trajectory, catalysing explicit policies to mobilize private finance at 
unprecedented scale. However, despite this extensive infrastructure, 
private finance mobilization has been weakest precisely where it is most 
needed: in low-income countries facing the greatest development 
challenges. This historical pattern suggests that financing green industrial 
transitions depends less on creating novel financial mechanisms than on 
addressing fundamental implementation barriers, including local enabling 
environments, institutional capacity, and the persistent misalignment 
between development objectives and investor risk-return expectations 
(Preston, 2025). 

Emerging economies confront an unprecedented challenge: achieving 
rapid economic development while meeting ambitious climate 
commitments. UNCTAD (2023) estimates developing countries need USD 
3.9-4.4 trillion annually for sustainable development, yet Climate Policy 
Initiative (2023) reports that only USD 326 billion-25% of global climate 
finance-reaches emerging economies excluding China. Recent research 
highlights that financial constraints at the firm level represent a critical but 
underexplored dimension of this challenge. Capelle et al. (2025) 
demonstrate that financially constrained firms are systematically less 
productive, more emission-intensive, and less capable of responding to 
carbon pricing. De Haas et al. (2024) show that credit-constrained 
European emerging market firms reduce green machinery investment by 
30-36 percentage points, with effects concentrated among small, young 
firms lacking redeployable collateral. The cost of capital amplifies these 
constraints: while German solar PV projects face weighted average costs 
of capital around 2.7%, comparable projects in India confront financing 
costs of 10.6%, and Southeast Asian markets exceed 11%, rendering 
identical technologies economically unviable despite superior solar 
resources (Steffen, 2020). In developing countries, financing costs can 
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comprise 40-50% of levelized costs for renewable energy projects 
compared to 12-37% in advanced economies (Schmidt, 2014; Steffen, 
2020). These micro-level constraints aggregate into macro-level 
implementation barriers that standard policy frameworks often overlook. 

This paper addresses three research questions through systematic 
comparison of India, South Africa, Brazil, and Indonesia. First, what 
explains variation in implementation effectiveness across countries with 
different policy approaches and institutional contexts? Second, what 
common bottlenecks, including firm-level financial constraints, constrain 
green finance mobilization despite diverse national frameworks? Third, 
how effectively do blended finance mechanisms and green credit policies 
support transitions when firm heterogeneity in financial constraints shapes 
adoption of frontier technologies? 

This paper contributes uniquely by bringing firm-level financial constraint 
heterogeneity into comparative green industrial policy analysis. While 
existing scholarship has examined financing gaps at aggregate level and 
industrial policy design in isolation, we demonstrate that the interaction 
between firm financial position and technology choice-the ‘pecking order 
of vintages’ (Capelle et al., 2025)-constitutes a first-order determinant of 
transition effectiveness that current policy frameworks systematically 
overlook. By applying this lens across four major emerging economies 
with diverse institutional architectures, we show that common 
implementation failures-from blended finance’s leverage-additionality 
trade-off to just transition programmes’ low placement rates-are not 
idiosyncratic but reflect structural patterns rooted in firm-level financial 
heterogeneity. More specifically, our empirical contributions are threefold: 
we document that financing shortfalls of 50-86% persist across four 
countries with markedly different policy architectures; we show that the 
leverage-additionality trade-off predicted by theory manifests 
systematically in blended finance performance data; and we provide 
evidence that just transition placement rates are depressed by the 
concentration of transition-affected employment among financially 
constrained firms. Our conceptual contribution is to demonstrate that the 
pecking order of vintages framework (Capelle et al., 2025; Lanteri and 
Rampini, 2025) provides a unifying analytical lens for understanding these 
apparently disparate implementation failures as structurally rooted in firm-
level financial heterogeneity. 
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We contribute to two main scholarly debates. First, we extend green 
industrial policy literature (Mazzucato, 2015, 2021; Rodrik, 2014). The 
recent resurgence of industrial policy scholarship-catalysed by the US 
Inflation Reduction Act and the European Green Deal-has reinforced the 
centrality of state-directed investment in green transitions while 
highlighting the diversity of institutional mechanisms through which 
governments structure sectoral support (Cherif and Hasanov, 2019; Juhász, 
Lane, and Rodrik, 2024). We build on this literature by demonstrating that 
financing architecture-including how it addresses heterogeneous firm 
constraints-represents a critical enabling condition. The ‘pecking order of 
vintages’ mechanism (Capelle et al., 2025; Lanteri and Rampini, 2025), 
whereby only financially unconstrained firms adopt frontier low-emission 
technologies, has profound implications for aggregate transition 
effectiveness. Second, we engage development finance and just transition 
scholarship by documenting the systematic tension between blended 
finance leverage maximization and genuine additionality, and by showing 
how firm-level financial heterogeneity creates distributional biases that 
standard just transition frameworks overlook (McCauley and Heffron, 
2018; Gabor, 2021). 

A note on scope: our analysis focuses on mitigation-oriented green 
industrial transformation-renewable energy deployment, industrial 
decarbonization, and emissions-reducing agricultural technology-rather 
than climate adaptation. This focus reflects the pecking order framework’s 
direct applicability to mitigation investments, which involve discrete 
technology adoption decisions with varying capital vintages and 
intensities. Adaptation investments, while critically underfunded 
(representing only 16% of EMDE climate finance; World Bank, 2024), 
involve different financing logics-public goods characteristics, non-
excludability, shorter payback horizons for some categories-that warrant 
separate analytical treatment. We return to this as a limitation and research 
direction in the conclusion.3 

The four countries are selected to maximise variation on three analytically 
relevant dimensions while sharing common status as major emerging 
economies with ambitious climate commitments and participation in 
international climate finance mechanisms. First, financial architecture 

 
3 We return to this as a limitation and research direction in the conclusion. 
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varies markedly: India’s banking sector is 70% state-owned, enabling 
directive credit allocation; Brazil channels green finance primarily through 
BNDES, a sophisticated state development bank; South Africa has the 
deepest private financial sector among the four (pension fund assets 
exceeding 80% of GDP) but limited state control over credit allocation; 
and Indonesia’s fragmented institutional landscape combines state-owned 
banks, multilateral conditionality through the JETP, and heavy reliance on 
FDI. Second, dominant emissions profiles differ: India’s challenge centres 
on energy sector transformation, Brazil’s on agriculture and land use, South 
Africa’s on coal-dependent electricity and industrial decarbonisation, and 
Indonesia’s on resource extraction and processing alongside energy. Third, 
the political economy of state-business relations varies from India’s state-
conglomerate coordination to Brazil’s corporatist development bank 
model, South Africa’s post-apartheid redistributive imperatives, and 
Indonesia’s resource-nationalist industrial strategy. These differences 
allow us to test whether the pecking order mechanism operates across 
diverse institutional settings, strengthening claims about structural rather 
than context-specific causation. 

The paper proceeds as follows. Section 2 presents the analytical 
framework, situating green transition financing within broader scholarship 
on firms, finance, and investment in EMDEs before developing the firm-
level pecking order mechanism. Section 3 describes the research design. 
Section 4 presents the four country cases in integrated fashion-combining 
for each country the policy framework, financing architecture, analytical 
interpretation through the pecking order lens, and just transition dynamics-
followed by cross-cutting analysis addressing the three research questions 
directly. Section 5 discusses implications for policy design. Section 6 
concludes. 

 

2. Analytical Framework 

2.1 The Global Financing Gap and Cost-of-Capital Heterogeneity 

Climate finance flows reached USD 1.9 trillion in 2023, with early 
estimates indicating flows exceeded USD 2 trillion in 2024 (CPI, 2025). 
While this represents substantial growth, a further fivefold increase is 
required to reach the USD 7.4 trillion needed annually through 2030 for 
the 1.5°C scenario (CPI, 2024). Geographic concentration persists: 
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emerging markets excluding China need USD 2.4 trillion annually by 2030 
for climate-related investments but struggle to mobilize domestic climate 
finance. Private climate finance contributions exceeded USD 1 trillion for 
the first time in 2023, yet this expansion remains concentrated in high-
income countries, while low and lower-middle income countries rely 
heavily on public and concessional finance (IRENA and CPI, 2025). In 
almost 60% of banks in emerging markets, lending for climate investment 
accounts for less than 5% of overall portfolios (World Bank, 2024). 
Adaptation finance continues to lag mitigation, with only 16% of domestic 
and international climate finance in EMDEs channelled for adaptation and 
98% of this comprised of public resources (World Bank, 2024). 

The cost of capital for renewable energy projects exhibits substantial 
heterogeneity, fundamentally shaping the geography of green transitions. 
Steffen (2020) documents weighted average costs of capital (WACC) 
ranging from 2.5% for solar PV in advanced economies to over 12% in 
peripheral emerging markets-a spread large enough to reverse the 
economic viability of identical technologies across borders. This variance 
reflects not merely macroeconomic conditions but the accumulation of 
project-specific risk factors: policy uncertainty, grid integration challenges, 
currency exposure, and institutional capacity for contract enforcement 
(Egli et al., 2018). These cost patterns have proven remarkably persistent: 
while general interest rate declines following the 2008 financial crisis 
reduced absolute WACC levels, country-specific risk premiums remain 
elevated even as technologies mature (Steffen, 2020). The capital-intensive 
nature of green technologies magnifies these costs: financing represents 
25-50% of levelized costs for solar PV and up to 50% for wind power, 
compared to 15-25% for fossil alternatives. A shift from 5% to 9% WACC 
raises renewable energy costs 29-34%, versus 10-11% for fossil fuels 
(Montague et al., 2024). A troubling counter-trend threatens transition 
momentum: between 2020 and 2022, advanced economies increased fossil 
fuel investments by 28% and tripled consumer subsidies, while in EMDEs 
fossil fuel investments increased 9% and consumer subsidies increased 
fivefold to over USD 1.2 trillion (IRENA and CPI, 2025). Technology cost 
reductions alone therefore prove insufficient to equalize deployment 
opportunities without deliberate interventions addressing country-specific 
risk premia. 
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A critical distinction must be drawn between two levels of cost-of-capital 
heterogeneity that jointly shape green transition outcomes. Country-level 
WACC heterogeneity-the cross-border variation documented by Steffen 
(2020), ranging from 2.5% in Germany to over 12% in peripheral emerging 
markets-reflects macroeconomic conditions, sovereign risk premia, 
currency exposure, and policy and regulatory environments. This variation 
determines the baseline financing environment within which all firms in a 
given country operate. Firm-level cost-of-capital heterogeneity-the within-
country variation emphasised by Capelle et al. (2025) and De Haas et al. 
(2024)-reflects differences in collateral availability, creditworthiness, 
relationship banking access, and balance sheet strength. A large Indian 
conglomerate may face effective borrowing costs of 8-9%, while a mid-
cap manufacturer in the same economy faces 11-13%-a 300-500 basis point 
within-country spread that is analytically distinct from the cross-country 
spread. The two levels interact multiplicatively: a constrained firm in a 
high-WACC country faces the compound disadvantage of elevated country 
risk premia and elevated firm-specific risk premia. Our analysis shows that 
policy instruments operate differently at each level: international de-
risking mechanisms (guarantees, currency hedging, JETP commitments) 
primarily address country-level WACC, while domestic green credit 
policies and development bank instruments must address firm-level 
heterogeneity to achieve frontier technology targeting. 

 

2.2 Green Investment Empirical Patterns in EMDEs 

Before developing the pecking order framework, it is useful to situate our 
analysis within the broader empirical literature on the firms-finance-
investment nexus in emerging and developing economies. A substantial 
body of work documents that financial sector development shapes not only 
the volume but the composition of firm-level investment, with implications 
for technology adoption and structural transformation (Rajan and Zingales, 
1998; Beck, Demirgüç-Kunt, and Maksimovic, 2005). In EMDEs, firms 
face systematically tighter credit constraints than in advanced economies, 
and these constraints disproportionately affect smaller firms, younger 
firms, and firms in regions with less developed financial infrastructure 
(IFC, 2017). The result is persistent misallocation: capital flows to 
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established firms in familiar sectors rather than to the frontier investments 
required for structural change. 

The green transition intensifies these dynamics. Polzin et al. (2019) show 
that clean energy investment decisions depend critically on financial 
system structure-bank-based systems channel finance differently from 
capital-market-based systems, with implications for which firm types 
access green investment capital. Dechezleprêtre et al. (2022) demonstrate 
that innovation in low-carbon technologies is more sensitive to financial 
constraints than innovation generally, because green technologies involve 
longer payback periods, higher technological uncertainty, and less 
redeployable assets. The political economy of industrial policy 
implementation adds further complexity: Lake (2021) shows how 
distributional coalitions shape which firms benefit from state intervention, 
while Andreoni and Chang (2019) emphasise that industrial development 
constraints in EMDEs-including limited state capacity, weak institutional 
frameworks, and fragmented financial systems-create systematic biases in 
policy implementation that favour incumbents over entrants. These 
insights suggest that green industrial policy cannot be analysed 
independently of the financial constraints and political economy dynamics 
that shape firm-level investment decisions. 

Climate finance governance introduces additional institutional layers. The 
proliferation of Just Energy Transition Partnerships (JETPs) in South 
Africa, Indonesia, and Vietnam has created novel multilateral 
conditionality frameworks that interact with domestic financial 
architectures in ways not yet well understood (Savvidou and Nykvist, 
2023). Sovereign risk premia-amplified by geopolitical fragmentation and 
debt sustainability concerns-constrain the fiscal space available for green 
credit concessionality, creating a circular challenge: the countries most in 
need of concessional green finance face the highest sovereign borrowing 
costs, limiting their capacity to co-finance blended instruments (Volz, 
2022). The ‘Wall Street Consensus’ framework (Gabor, 2021) captures one 
dimension of this challenge-the subordination of development objectives 
to private investor risk-return requirements-though subsequent scholarship 
has nuanced this account. Mawdsley (2022) argues that the WSC 
underestimates heterogeneity among development finance actors and 
varying degrees of state agency, while Schindler, Alami, and Jepson (2023) 
demonstrate that some states retain considerable capacity to shape the 
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terms on which private capital is mobilised. Our comparative analysis 
engages directly with these debates by examining how four states with 
different degrees of financial sector control navigate the tension between 
private capital mobilisation and developmental objectives. 

 

2.3 The Pecking Order of Vintages: Firm-Level Financial 
Constraints4 

The aggregate financing gaps documented above interact critically with 
firm-level heterogeneity in financial constraints. Capelle et al. (2025) 
provide the theoretical foundation through a heterogeneous-firm general 
equilibrium model with endogenous adoption of cleaner capital vintages 
under financial constraints. In their framework, firms face a fundamental 
trade-off between investing in more efficient (greener and more 
productive) capital vintages and scaling up their capital stock. More 
efficient vintages are more expensive, forcing financially constrained firms 
to choose between quality and quantity. This generates a ‘pecking order of 
vintages’: constrained firms (typically young with low net worth) operate 
below optimal scale and choose less efficient, dirtier vintages to maintain 
larger capital stocks; growing firms progressively upgrade as they 
accumulate net worth; and unconstrained firms operate at optimal scale 
with frontier (greenest) vintages. 

 

 

 

 

 
4 The term ‘pecking order’ originates in Myers (1984) and Myers and Majluf (1984), who showed that 
information asymmetries generate a financing hierarchy: internal funds, then debt, then equity. The 
empirical validity of this hierarchy for small and constrained firms, the categories most relevant here, 
has been debated (Frank and Goyal, 2003; Lemmon and Zender, 2010). The extension to technology 
choice draws on Hoshi, Kashyap, and Scharfstein (1991) on underinvestment by constrained firms, Rajan 
and Zingales (1998) on financial dependence and growth, and Dechezleprêtre et al. (2022), who show 
that low-carbon patents are more sensitive to financial constraints than conventional patents owing to 
higher capital intensity and longer payback periods. Lanteri and Rampini (2025) formalised the link 
between borrowing constraints and emissions-intensive vintage adoption; De Haas et al. (2024) provide 
large-sample empirical validation across 10,776 firms in 22 emerging economies. We use ‘pecking order 
of vintages’ to denote this specific mechanism - the systematic relationship between firm financial 
position and the emissions intensity of adopted technology - rather than the original Myers–Majluf 
financing hierarchy, though the two are analytically linked. 
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Figure 1. The Pecking Order Mechanism: From Firm Net Worth to 
System-Wide Effects 

┌────────────────────┐    ┌────────────────────┐    
┌────────────────────┐    ┌────────────────────┐ 

│   FIRM NET WORTH    │──▶│ TECHNOLOGY CHOICE │──▶│ 
ADOPTION PATTERN   │──▶│ SYSTEM-WIDE EFFECTS│ 

└────────────────────┘    └────────────────────┘    
└────────────────────┘    └────────────────────┘ 

 Low  → Dirty vintage       Low  → Incremental only     Aggregate emissions           

 Mid  → Intermediate        Mid  → Gradual upgrading    persist despite policy         

 High → Frontier (green)    High → Full transition      + Just transition bias        

 

Three connections situate the pecking order mechanism within established 
analytical traditions. First, the mechanism provides a micro-foundation for 
the shape and position of marginal abatement cost curves (MACCs). 
Standard MACCs assume a representative agent ordering abatement 
options by cost; the pecking order shows that the effective MACC facing 
a constrained firm is truncated-frontier abatement options that appear cost-
effective in engineering estimates are financially inaccessible, shifting the 
firm’s effective curve rightward and steepening it. Aggregate MACCs are 
therefore weighted averages across firms with heterogeneous financial 
positions, implying that country-level abatement cost estimates 
systematically understate costs for economies with higher shares of 
constrained firms. Second, the mechanism generates endogenous 
investment lags. In standard models, adoption lags reflect information 
diffusion or learning costs; under the pecking order, lags are additionally 
financial; firms adopt frontier technologies only upon accumulating 
sufficient net worth, creating adoption delays that are systematically longer 
for firms with lower initial capitalisation or in environments with tighter 
credit conditions. The 300-500 basis point premium facing mid-cap firms 
in India (Section 4.1) illustrates how financial constraints translate directly 
into deployment delays. Third, the framework enriches technology 
diffusion models (Bass, 1969; Griliches, 1957). Standard S-curve models 
treat adoption propensity as a function of information exposure and 
network effects; the pecking order adds a financial stratification layer in 
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which cumulative adoption follows not a single S-curve but a family of 
curves stratified by firm net worth, with unconstrained firms forming the 
early-adopter segment and constrained firms constituting a structurally 
delayed cohort whose adoption depends on policy intervention or net worth 
accumulation rather than information spillovers alone. 

The policy implications are profound. First, untargeted credit policies 
expanding overall borrowing capacity may increase emissions by enabling 
capital-intensive expansion without upgrading technology. Capelle et al. 
(2025) show quantitatively that completely removing financial constraints 
increases aggregate emissions by 34% despite reducing emissions per unit 
of energy by 2.5%-because GDP expands by 32% and capital intensity 
increases, dominating the emissions-intensity improvement. Second, 
appropriately targeted green credit policies-relaxing constraints 
specifically for frontier vintage adoption-can reduce emissions by 2% 
while raising GDP by 4%. Critically, ‘appropriately targeted’ means 
coverage limited to the greenest vintage in use by unconstrained firms; 
extending coverage even one vintage below the frontier generates emission 
increases. Third, constrained firms respond significantly less to carbon 
pricing: firms with higher net worth cut emissions by an additional 1.5 
percentage points after a 13% carbon price increase (Känzig, 2023). This 
differential response reflects constrained firms’ inability to finance frontier 
technologies enabling deep emissions reductions. 

Empirical validation comes from De Haas et al. (2024), who analyse 
10,776 firms across 22 European emerging market countries. They 
demonstrate that credit constraints reduce investment in greener machinery 
and equipment by 30-36 percentage points-precisely the frontier vintage 
technologies predicted by theory. Importantly, they find no significant 
effect on site-specific pollution abatement measures, reflecting differences 
in asset redeployability as collateral. This asymmetry has implications for 
understanding which dimensions of green industrial policy are most 
sensitive to financial sector development. While the calibrated model 
draws on European data, the underlying mechanisms-the trade-off between 
scale and quality under financial constraints-are likely to operate with 
greater severity in EMDE contexts where capital markets are shallower and 
firm-level constraints more binding. 
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2.4 Implications for Blended Finance and Just Transitions 

The pecking order mechanism creates systematic tensions for blended 
finance-the ‘strategic use of development finance to mobilize additional 
finance toward sustainable development’ (OECD, 2018). High leverage 
ratios occur precisely where additionality is questionable: for mature 
technologies that moderately constrained firms would have adopted 
anyway. Low leverage characterizes genuinely additional frontier 
adoptions requiring substantial public capital. Convergence (2023) 
confirms this pattern: median leverage of 3.7:1 globally, with least 
developed countries achieving only 2.1:1 versus 4.8:1 in upper-middle 
income countries. Geographically, 58% of blended finance flows to upper-
middle income countries, 62% to energy and financial services where 
commercial capital deploys readily (Convergence, 2023). The climate 
blended finance market reached its highest ever annual total in 2023, 
growing 120% to USD 18.3 billion, yet climate adaptation remains 
severely underfunded with only 32 adaptation transactions totalling USD 
3.5 billion between 2021-2023 (Convergence, 2024). 

For just transitions, the pecking order implies that transition burdens fall 
disproportionately on workers and communities dependent on constrained 
firms. Larger, unconstrained firms can smooth transitions through gradual 
technology adoption. Smaller, constrained firms face starker choices: 
continue with dirty technologies until forced exit or undertake investments 
risking insolvency. De Haas et al. (2024) confirm that smaller and younger 
firms face systematically higher credit constraints-precisely those 
concentrated in transition-affected regions. Financial constraints for green 
transition are often geographically concentrated, coinciding with regions 
most affected by employment displacement. WACC for green projects can 
range from 3-5% in capital regions to 15-30% in peripheral regions of 
emerging markets (Montague et al., 2024). In India’s coal belt, South 
Africa’s Mpumalanga province, or Indonesia’s coal-dependent regions, 
this financing penalty renders green alternatives economically 
uncompetitive precisely where employment impacts are most severe. The 
multiplicative disadvantage-a small firm in a peripheral, coal-dependent 
region may face financing costs 20-30 percentage points above a large firm 
in a capital region-implies that just transition financing must provide 
differentiated support calibrated to firm financial capacity. 
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3. Research Design 

We employ structured comparative case analysis examining policy 
frameworks, financing architectures, sectoral dynamics, and 
implementation outcomes across four countries, with particular attention 
to how policies address (or fail to address) firm-level financial constraints 
(Ragin, 1987). Country selection provides variation in financial system 
depth, firm size distributions, and approaches to addressing firm-level 
constraints. India brings relatively developed capital markets but 
substantial presence of constrained small and medium enterprises. South 
Africa offers a deep financial sector relative to development level but 
concentrated among large firms. Brazil provides a sophisticated state 
development bank capable of differentiated interventions. Indonesia 
illustrates resource-based industrialization with heterogeneous firm 
participation. 

Analysis draws on policy documents, financing data (development bank 
reports, CPI, Climate Bonds Initiative), multilateral institution reports, and 
academic literature. We structure comparison across consistent 
dimensions: policy frameworks, financing architectures, the pecking order 
in practice, blended finance effectiveness, and just transition dynamics. We 
assess whether policies incorporate recognition of firm heterogeneity and 
whether green credit policies target frontier versus intermediate 
technologies. Our analysis at this stage relies primarily on aggregate data 
and policy documents. While Capelle et al. (2025) provide firm-level 
evidence for European manufacturing and Larsen (2025) offers detailed 
analysis of India’s solar sector, comparable granular data for all four 
countries would strengthen conclusions. Additionally, optimal policy 
design with firm heterogeneity requires cost-benefit analysis incorporating 
implementation costs that our analysis does not attempt. 

 

4. Country Cases and Cross-Cutting Analysis 

This section presents integrated analysis of each country case, combining 
policy framework, financing architecture, firm-level evidence of the 
pecking order mechanism, blended finance performance, and just transition 
dynamics in a single treatment per country. Section 4.5 synthesizes these 
findings through cross-cutting analysis directly addressing the three 
research questions. 
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4.1 India: State-Organized Financing and the Mid-Cap Missing 
Middle 

 

Policy Framework and Strategic Orientation 

India’s green industrial strategy is characterized by a mission-driven 
approach with sophisticated understanding of technology targeting. The 
National Green Hydrogen Mission targets 5 million tons of annual 
production and 125 GW of renewable capacity by 2030, allocating USD 
2.4 billion in incentives. Production-linked incentive (PLI) schemes for 
Advanced Chemistry Cell batteries (USD 2.2 billion for 50 GWh) and solar 
photovoltaics (USD 2.9 billion for 10 GW) explicitly aim to develop 
frontier manufacturing capacity rather than subsidize incremental 
improvements. This targeting precision reflects an implicit recognition of 
the pecking order problem: support is directed toward technologies that 
constrained firms would not adopt independently. 

India’s intentional domestic financing prioritization reflects strategic risk 
assessment. Government officials have expressed reluctance toward 
international capital inflows, citing debt distress observed in neighbouring 
countries (Larsen, 2025). Foreign direct investment in clean energy 
increased to USD 3.76 billion in 2023-24 but represents only 15% of total 
clean energy investment, with 85% domestically sourced. This preference 
for domestic financing-unusual among major developing economies-
insulates the transition from external volatility but constrains the scale of 
available capital. 

 

Financing Architecture: The State-Organized Model 

Recent research reveals a distinctive Indian approach that challenges 
conventional assumptions about financing prerequisites. Larsen (2025) 
characterizes India’s model as ‘state-organized financing with limited 
fiscal expenditure.’ Despite annual fiscal expenditure on renewable energy 
of only USD 1.8 billion from the central government budget-negligible by 
global standards-India became the world’s second-largest solar 
manufacturer and installer, with manufacturing capacity growing from 15 
GW in 2020 to 74 GW by March 2025. 
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This success reflects strategic deployment of non-fiscal financing 
mechanisms across three pillars. First, state-owned enterprises invest 
approximately USD 1.5 billion annually in solar generation, with 
cumulative commitments of 187.5 GW by 2030 providing stable demand 
signals for manufacturing expansion. Second, state-owned financial 
institutions-with India’s banking sector 70% state-owned-provided USD 
10.1-14.6 billion in 2023, increasing to USD 295 billion committed by 
2030. The Indian Renewable Energy Development Agency (IREDA) alone 
scaled lending from USD 3.6 billion (2021) to USD 6.1 billion (2023), with 
2030 targets recently increased from USD 16 billion to USD 59 billion. 
Power Finance Corporation (PFC) and Rural Electrification Corporation 
(REC) collectively hold loan books exceeding USD 57 billion as of March 
2024, with mandates to expand renewable energy portfolios from 9% to 
30% by 2030 (Deutsche Bank, 2024). Third, state-owned distribution 
companies provide financial de-risking through 25-year power purchase 
agreements, ‘must run’ status for renewables, and Renewable Purchase 
Obligations mandating gradual renewable procurement increases (Larsen, 
2025). Direct fiscal spending remains strategically narrow: the PLI scheme 
commits USD 2.5 billion for solar manufacturing, disbursed only when 
facilities achieve sales targets. 

IRENA and CPI (2025) document India as the third-largest clean energy 
investment recipient among developing countries, with USD 14-16 billion 
annually (1.0% of GDP)-double the developing country average. India’s 
Priority Sector Lending framework mandates commercial banks to allocate 
40% of net credit to designated priority sectors, including renewable 
energy, with differential treatment for solar (classified as priority) versus 
other renewables (Chakravarty et al., 2024). This creates a systematic, 
though imperfect, mechanism for directing credit toward green 
investments. 

 

The Pecking Order in Practice 

Despite this impressive aggregate mobilization, the pecking order 
mechanism manifests clearly across multiple dimensions. Approximately 
75% of clean energy investment targets utility-scale renewable electricity-
mature technologies-with only 8-10% supporting frontier technologies 
such as green hydrogen and advanced storage. Small and medium 
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enterprises account for 45% of manufacturing emissions but receive less 
than 10% of climate finance (IRENA and CPI, 2025), exemplifying the 
‘missing middle’ created by firm-level constraints. 

Financing cost differentials provide direct evidence of pecking order 
dynamics. Mid-cap projects (under USD 10 million)-typically undertaken 
by more constrained firms-face 11-13% interest rates versus 8-9% for 
larger projects, with 300-500 basis point premiums reflecting bank 
perceptions of higher risk (CEEW-CEF, 2022; Larsen, 2025). India’s USD 
200 billion in private sector pledges concentrates among large 
conglomerates (Reliance, Adani, Tata) capable of frontier technology 
adoption. The green bond market (USD 56 billion cumulative issuance) is 
similarly concentrated among large corporates. Larsen (2025) documents 
that these conglomerates dominate solar manufacturing precisely because 
they can navigate India’s political economy and access preferential 
financing, while mid-cap firms accounting for substantial emissions lack 
participation capacity. Green hydrogen investments-genuinely frontier 
technology-attracted only marginal deployment despite policy support, 
confirming that even India’s sophisticated architecture struggles to finance 
frontier adoptions beyond the largest firms. 

 

Blended Finance Performance 

Blended finance instruments in India reveal the leverage-additionality 
trade-off with particular clarity. IREDA refinancing achieves leverage 
ratios of 6.5-8:1, financing mature utility-scale solar that constrained firms 
increasingly access commercially. Additionality is questionable: these 
projects would likely proceed given improving commercial viability even 
without IREDA support. By contrast, the World Bank climate facility 
achieves only 2.8-3.2:1 leverage but includes genuinely frontier 
technology components (early-stage hydrogen, novel storage) where 
private capital requires substantial public risk absorption. India’s CPI 
(2024) data confirms that green finance flows reached record levels in FY 
2021/22, but 83% remained domestically sourced, reflecting persistent 
challenges in attracting international capital for technologies perceived as 
non-frontier. 
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Green Credit Targeting and Dynamic Adjustment 

India’s Priority Sector Lending mandates illustrate both the possibilities 
and limitations of green credit targeting. The framework creates a 
systematic channel for directing credit, but effectiveness depends on 
institutional capacity to differentiate frontier from incremental 
investments. The absence of an operational green finance taxonomy until 
2024 limited systematic differentiation, potentially subsidizing 
commercial investments that would have proceeded without support (CPI, 
2024). India’s regular competitive auctions for solar and wind capacity-
19.7 GW tendered in Q1 2024 versus 4.2 GW in Q3 2023-provide market-
based signals of commercial viability, and as solar tariffs declined from 
INR 4.63/kWh in 2015 to INR 2.36/kWh recently, policy support shifted 
toward enabling infrastructure (IEEFA, 2024). However, institutional 
inertia persists: concessional financing rates designed when solar PV was 
a frontier technology continue to apply even after commercial viability 
improves, potentially misallocating scarce concessional resources. 

Payment delays create additional incoherence. India’s renewable purchase 
obligations mandate procurement, but average payment delays of 5.3 
months disproportionately disadvantage smaller, more constrained 
developers who lack working capital to bridge delays, while larger 
developers manage through balance sheet strength (Larsen, 2025). This 
creates systematic disadvantage for constrained firms in what should be 
technology-neutral competitive procurement. 

 

Just Transition Dimensions 

India’s just transition challenges concentrate in coal-dependent states 
where constrained SMEs predominate. Social program resource allocation 
remains unquantified at the national level, with estimated spending of only 
USD 0.3-0.5 billion reaching coal sector workers-well below requirements. 
Coal sector SMEs in supply chains and dependent communities are 
systematically underserved. Retraining programs assume alternative 
employment with firms capable of absorbing displaced workers, but in 
coal-dependent regions, prospective employers are themselves often 
constrained firms unable to offer comparable wages or invest in the 
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productive capacity that would make retrained workers employable. The 
pecking order mechanism thus creates a double bind: constrained firms in 
transition regions cannot finance the technology upgrades that would 
generate new employment, while displaced workers from declining sectors 
find limited opportunities in a local economy dominated by similarly 
constrained firms. 

 

Assessment: Possibilities and Limitations of the Indian Model 

Larsen (2025) argues that India’s experience suggests green industrial 
policy may be feasible for more Global South countries than current 
literature anticipates, challenging assumptions that fiscal capacity or 
international capital inflows are prerequisites. However, several critical 
limitations constrain extrapolation. First, India benefits from a domestic 
market of 1.4 billion providing demand scale unavailable to smaller 
economies. Second, strategic focus on a single technology (solar) reflects 
resource constraints forcing selectivity. Third, the political economy of 
India’s state-conglomerate relationships raises questions about efficiency 
and equity: large conglomerates dominate precisely because they can 
navigate India’s institutional landscape and access preferential financing 
(Subramanian, 2018; Larsen, 2025). Fourth, whether India’s solar success 
extends to sectors where firm constraints bind more severely-industrial 
decarbonization, sustainable agriculture, green hydrogen-remains 
uncertain. 

 

Industrial Decarbonisation: The Missing Sector 

India’s industrial decarbonisation challenge exposes the limits of the state-
organised financing model that has proven effective for solar deployment. 
The steel sector-India is the world’s second-largest producer-illustrates the 
severity of the pecking order in heavy industry. The National Green Steel 
Mission, announced in 2025 with an estimated budget of INR 15,000 crore, 
targets emissions reductions through hydrogen-based direct reduced iron 
(DRI), renewable energy integration, and scrap recycling. In December 
2024, India became the first country to formally define green steel, and 
under the National Green Hydrogen Mission (NGHM), INR 4.55 billion 
has been allocated for pilot projects in the iron and steel sector through FY 
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2029-30. The frontier decarbonisation pathway-green hydrogen-DRI-is 
advancing but remains concentrated among the largest producers. JSW 
Steel commissioned India’s first commercial-scale green hydrogen plant in 
2025, supplying 3,800 tonnes per annum to its Vijayanagar DRI facility 
under a seven-year offtake agreement, while JSPL announced plans for a 
4,500 tpa facility at its Angul plant in Odisha. SAIL received approval for 
a 3,200 tpd pilot project under the NGHM. These projects involve only the 
largest integrated producers; India’s approximately 900 secondary steel 
producers-operating electric arc and induction furnaces, accounting for 
roughly 55% of crude steel output-face binding financial constraints that 
preclude frontier technology adoption (EY-Parthenon and WWF-India, 
2025). The hydrogen-based DRI-EAF route can reportedly reduce 
emissions by approximately 90%, but requires capital investments and 
access to green hydrogen supply chains that exceed secondary producers’ 
capacity. A similar pattern obtains in cement, where advanced clinker 
substitution and carbon capture technologies require capital investments 
exceeding the capacity of smaller producers. The PLI scheme does not 
currently cover heavy industrial decarbonisation, and IREDA’s mandate 
remains focused on renewable energy rather than industrial process 
transformation. This gap represents a significant limitation of India’s 
otherwise sophisticated green finance architecture. 

Despite strong aggregate flows, India faces a USD 34 billion annual gap 
between the USD 50-60 billion needed for 2030 targets and current USD 
16 billion deployment (CEEW, 2022). This gap reflects insufficient frontier 
technology investment and inadequate mid-cap firm support rather than 
solely aggregate capital scarcity-a finding consistent with the pecking 
order framework’s prediction that aggregate finance availability is a 
necessary but insufficient condition for green transition. 

The sustainability of India’s state-organised credit expansion warrants 
careful scrutiny. Three risks deserve attention. First, rising NPA risk: 
India’s banking sector underwent a painful NPA cycle during 2015-2020, 
with gross NPAs reaching 11.2% before declining to approximately 2.8% 
by March 2025 following aggressive resolution and recapitalisation. 
IREDA’s gross NPA ratio stood at 2.8% as of Q4 FY2024-25, but rose to 
3.75% by December 2025 as its loan book expanded rapidly to INR 87,975 
crore-indicating that asset quality pressures may emerge as lending scales. 
IREDA’s S&P credit rating was upgraded to BBB with stable outlook in 
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2025, but the NPA trajectory bears monitoring. Second, fiscal-financial 
interlinkages create contingent liability risk: state-owned banks expanding 
green lending on government direction implicitly carry sovereign credit 
risk. If a significant share of projected committed lending underperforms, 
recapitalisation needs would create fiscal pressures that could crowd out 
direct green expenditure. Third, balance sheet constraints may become 
binding: capital adequacy requirements under Basel III/IV limit the pace at 
which state-owned banks can expand balance sheets without fresh equity 
injection, and IREDA’s capital adequacy ratio was restated from 20.11% to 
15.51% in FY2024 after applying 100% risk weights to operational 
renewable energy assets. These risks do not invalidate the state-organised 
model but suggest that its scalability depends on maintaining credit quality 
discipline-precisely the dimension most at risk when political imperatives 
drive lending targets. 

 

4.2 South Africa: Systemic Fragility and the Two-Tiered Transition 

 

Policy Framework and the JETP 

South Africa’s Just Energy Transition Investment Plan (JET IP) identifies 
USD 98.7 billion in needs over 2023-2027, explicitly addressing 
distributional concerns associated with the country’s coal-dependent 
economy. The JETP’s USD 8.5 billion commitment from international 
partners represented a landmark in climate finance architecture, yet only 
7.6% had been disbursed by September 2023 (Presidential Climate 
Commission, 2023). The plan targets primarily large infrastructure-utility-
scale renewables, transmission, and green hydrogen-rather than 
differentiated firm-level support enabling technology adoption across 
heterogeneous capabilities. This design choice reflects the assumption that 
large infrastructure investments will generate downstream benefits for 
firms of all sizes, an assumption that the pecking order framework suggests 
may be overly optimistic. 

 

Financing Architecture: Depth Without Deployment 

IRENA and CPI (2025) document South Africa’s USD 4-6 billion annual 
clean energy investment falling dramatically short of the USD 19.7 billion 
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annual requirement-representing one of the largest relative financing gaps 
among upper-middle income countries at 65-70% shortfall. This 
underperformance reflects three reinforcing constraints. First, Eskom’s 
financial fragility (USD 23 billion debt) creates severe counterparty risk 
affecting all investment decisions in the power sector. Second, policy 
uncertainty following years of interruptions to the Renewable Energy 
Independent Power Producer Procurement Programme (REIPPPP) 
undermined investor confidence. Third, despite a nominally deep financial 
sector, limited institutional investor engagement constrains capital 
mobilization. 

The institutional paradox is striking. South Africa’s pension fund assets 
exceed 80% of GDP-among the highest ratios globally-yet less than 3% 
allocates to domestic infrastructure including clean energy (IRENA and 
CPI, 2025). This disconnect reflects risk perceptions, regulatory 
constraints on asset allocation, and the absence of investment vehicles 
tailored to green infrastructure that meet fiduciary requirements. The 
Development Bank of Southern Africa’s (DBSA) Climate Finance Facility 
achieved only USD 230 million in disbursements versus an USD 820 
million target, constrained by a limited pipeline of bankable projects-
reflecting that most firms in the economy lack the financial capacity to 
structure frontier technology projects meeting facility criteria (DBSA, 
2022). The disconnect reflects three reinforcing constraints. First, 
Regulation 28 of the Pension Funds Act historically limited infrastructure 
investment to 15% of fund assets, with amendments in 2022 introducing a 
dedicated 45% allocation to infrastructure but defining eligible instruments 
narrowly. Most pension fund trustees interpret fiduciary duty 
conservatively, and the amended regulation’s impact has been constrained 
by the absence of standardised infrastructure investment vehicles meeting 
pension fund governance requirements (National Treasury, 2022). Second, 
ESG risk perceptions create a paradox: while green investments align with 
ESG mandates, country-specific risks (Eskom counterparty exposure, 
policy uncertainty, currency volatility) are perceived as incompatible with 
the liability-matching and capital preservation objectives of defined-
benefit pension funds. Third, the absence of sufficiently scaled green 
infrastructure investment vehicles-pooled funds, project bond platforms, or 
securitisation structures-means that pension funds seeking green exposure 
must undertake direct project investment, which requires due diligence 
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capacity most funds lack. The result is that South Africa’s largest pool of 
long-term domestic capital remains effectively disconnected from the 
infrastructure investment pipeline that its own climate commitments 
require. 

 

The Pecking Order and the Two-Tiered System 

Eskom’s fragility creates extreme counterparty risk that affects all firm 
financial positions, but impact concentrates disproportionately on smaller, 
more constrained firms. CSIR (2023) documents 332 days of load-
shedding in 2023-creating economy-wide productivity losses. However, 
the response to this crisis has been sharply bifurcated along firm-size lines. 
Larger firms increasingly bypass Eskom through captive distributed 
generation (5.2 GW registered under construction by March 2024), 
financing expensive high-efficiency solar-battery systems through retained 
earnings and access to capital markets. Smaller firms and households 
remain Eskom-dependent and suffer disproportionate productivity losses 
precisely because they lack the financial capacity for distributed generation 
investments, despite these often having superior economics over project 
lifetimes. 

This creates what the Presidential Climate Commission (2023) warns is a 
‘two-tiered system’ in which firm-level financial constraints determine 
access to reliable energy infrastructure. The dynamic is self-reinforcing: as 
large firms exit the grid, Eskom’s revenue base shrinks, financial fragility 
deepens, and service to remaining (predominantly smaller, constrained) 
customers deteriorates further. According to IRENA and CPI (2025), this 
instability imposed financial constraints across the entire economy, leading 
to capital outflows rather than reallocation: clean energy investment 
decreased by 15% in 2023 despite increases in global investment levels. 
South Africa’s REIPPPP attracted adequate capital for utility-scale 
renewable generation-relatively mature technology-but industrial 
decarbonization requiring frontier process technology adoption remains 
severely underfunded because constrained firms cannot participate and 
unconstrained firms are few. 
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Blended Finance and Green Credit Challenges 

South Africa’s blended finance performance reflects the difficulty of 
catalysing private capital in contexts of systemic institutional fragility. The 
Renewable Energy Performance Platform (REPP) achieved leverage of 
only 2.4:1 against a 5:1 target-among the lowest ratios across the four 
country cases. This reflects not poor instrument design but the genuinely 
frontier context: utility counterparty risk and regulatory uncertainty create 
fundamental barriers that constrained firms cannot navigate without 
substantial public support. The low leverage ratio is consistent with the 
theoretical prediction that genuinely additional interventions in high-
constraint environments require large public capital shares. 

South Africa lacks dedicated green credit lines comparable to India’s 
Priority Sector Lending or Brazil’s RenovAgro. Technology targeting 
occurs primarily through project-specific negotiations with development 
finance institutions rather than systematic policy frameworks. The 
country’s carbon tax, introduced in 2019, applies relatively modest rates 
(ZAR 159 per ton CO₂e, approximately USD 9) with extensive exemptions 
effectively reducing actual rates to ZAR 6-12 per ton for most emitters 
(Burton and Winkler, 2023)-too low to generate meaningful incentives for 
frontier technology adoption but creating precedent for future increases 
that may bind. The absence of systematic green credit policy means that 
South Africa’s approach relies heavily on international concessional 
finance channelled through the JETP framework-a dependence that the 
slow disbursement record calls into question. 

Just Transition: The Komati Test Case 

Firm heterogeneity fundamentally shapes South Africa’s just transition 
challenges. The Komati power station closure illustrates these dynamics 
with particular clarity. The facility itself-Eskom-owned-received 
structured international support for repurposing, including plans for solar 
generation and battery storage at the former coal plant site. However, the 
430 direct workers and thousands in ancillary employment at small local 
firms faced starkest impacts. Retraining achieved only 31% employment 
placement within 12 months, reflecting that alternative employment in the 
Mpumalanga province is predominantly with constrained firms unable to 
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offer comparable wages or invest in the productive capacity that would 
create stable replacement jobs. 

South Africa’s just transition resource allocation is among the lowest 
relative to need across the four cases: an estimated USD 0.08 billion 
allocated against USD 1.6 billion in annual social program needs-a 5.3% 
coverage rate. The concentration of employment vulnerability among 
smaller firms in coal value chains, rather than in the large mining and utility 
enterprises that dominate policy attention, means that the bulk of 
transition-affected workers fall outside the scope of enterprise-level 
transition programs. Eskom’s fragility creates extreme policy incoherence: 
carbon pricing signals transition, but utility counterparty risk elevates 
financing costs precisely for constrained firms most needing support. 
Policy coherence requires either Eskom stabilization enabling all firm 
categories to access alternative supplies on reasonable terms, or 
differentiated support compensating constrained firms for elevated risks 
they cannot diversify. 

 

4.3 Brazil: Development Bank Sophistication and the Agricultural 
Challenge 

 

Policy Framework and BNDES’s Catalytic Role 

Brazil’s green industrial strategy centres on the most sophisticated state 
development bank architecture among the four cases. BNDES’s evolution 
toward catalytic blended finance reflects explicit recognition of firm 
heterogeneity challenges. The Chamada de Clima (USD 1 billion in public 
capital targeting 5:1 leverage) structures first-loss tranches specifically to 
enable frontier technology adoption by firms that would otherwise face 
prohibitive financing costs. This approach directly addresses the pecking 
order mechanism by subsidizing the price premium of frontier vintages 
rather than reducing overall capital costs. IRENA and CPI (2025) classify 
this structure as among the most sophisticated blended finance approaches 
globally, noting that its design appropriately recognizes the trade-off 
between leverage and additionality. 

Brazil’s broader Ecological Transformation Plan (Plano de Transformação 
Ecológica) provides the strategic framework, but implementation relies 
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heavily on BNDES financing mechanisms. Annual clean energy 
investment of USD 10-12 billion reflects the bank’s central role, with 
approximately 55% targeting renewable electricity (particularly hydro, 
wind, and bioenergy), 25% sustainable transport, 12% energy efficiency, 
and only 8% agriculture and nature-based solutions (IRENA and CPI, 
2025). This sectoral distribution creates a striking misalignment: the 
sectors causing the majority of Brazil’s emissions receive the smallest 
share of climate finance. 

 

Financing Architecture: From PROINFA to the Chamada 

Brazil’s financing architecture has evolved through distinct phases offering 
important lessons in dynamic policy adjustment. The PROINFA program 
combined feed-in tariffs with mandatory local content requirements, 
successfully catalysing domestic wind turbine manufacturing-notably by 
companies like WEG-without direct budget transfers. Critically, Brazil 
demonstrated transition from state-led to market-led mechanisms: as wind 
energy achieved cost competitiveness by 2011, the program shifted from 
fixed feed-in tariffs to competitive reverse auctions, reducing subsidy 
dependency while maintaining growth momentum (Bayer, 2018). This 
transition pathway-initial state support creating economies of scale, 
followed by market-based mechanisms-offers a template for middle-
income countries designing green credit policies with eventual subsidy 
phase-out. 

However, Brazil’s bioethanol experience underscores the risks of abrupt 
policy discontinuity. The successful ProÁlcool program provided clear, 
predictable subsidy schedules enabling long-term investment decisions. 
When subsidies ended abruptly in the 1980s without market-based 
alternatives, the E100 vehicle market collapsed, requiring costly recovery 
through flex-fuel technology introduction in 2003. This historical lesson 
emphasizes that green credit policies require not just initial support but pre-
announced, credible transition mechanisms-a dimension absent in many 
current emerging economy programs. 

The Chamada de Clima represents BNDES’s most recent and most 
sophisticated response to the pecking order challenge. Its first-loss 
structure explicitly absorbs the risk premium that prevents constrained 
firms from accessing frontier technologies. However, ultimate 
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effectiveness depends critically on whether coverage remains restricted to 
genuinely frontier technologies. If extended to intermediate technologies 
where constrained firms would progress incrementally anyway, leverage 
would increase but additionality would decrease-precisely the tension 
Capelle et al. (2025) identify theoretically. 

 

The Agricultural Pecking Order 

Agriculture represents Brazil’s most acute manifestation of the pecking 
order mechanism. The sector generates the majority of national greenhouse 
gas emissions but receives only approximately 11% of climate finance, 
creating a 75-80% sectoral shortfall (IRENA and CPI, 2025). This reflects 
not merely sector neglect but the structural challenge that agricultural 
emissions reductions often require frontier technology adoption-precision 
agriculture systems, emissions monitoring, biological inputs, integrated 
crop-livestock-forestry systems-by highly constrained smallholder firms 
lacking balance sheet capacity for expensive upgrades. 

BNDES data shows that the average ABC+ (Low-Carbon Agriculture) loan 
amounts to approximately USD 160,000-sufficient for incremental 
efficiency improvements but insufficient for frontier technology adoption 
requiring USD 500,000-1,000,000 or more in investment. The program 
channelled an average of USD 539 million annually between 2015-2020, 
representing only 1.7% of total rural credit despite its strategic importance 
(CPI, 2023). The 2024/25 RenovAgro rebranding increased the budget to 
BRL 7.7 billion (USD 1.4 billion), representing 1.9% of the BRL 400 
billion Plano Safra rural credit allocation, but maintained tight eligibility 
criteria requiring adoption of specific low-carbon technologies (USDA, 
2024). Monitoring and verification remain weak: despite requirements for 
banks to track financed activities, actual implementation is not 
systematically verified, raising questions about whether financing reaches 
genuinely frontier adoptions or subsidizes incremental improvements 
labelled as sustainable (IISD, 2024). 

The pecking order dynamics are stark. Large agribusiness enterprises can 
finance frontier sustainable agriculture technology, accessing premium 
export markets that reward sustainability certification. Constrained 
smallholders face a different calculus: incremental improvements are 
affordable but insufficient to access premium markets, while frontier 
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adoption is financially impossible without grant-equivalent support. The 
result is continued deforestation pressure as financially constrained 
smallholders pursue agricultural expansion-the cheapest available 
‘technology’-rather than the sustainable intensification that requires capital 
they cannot access. IRENA and CPI (2025) document that Brazilian 
agriculture and forestry receive approximately USD 1.5-2 billion in annual 
climate finance versus an estimated USD 15-18 billion needed for ABC+ 
Plan implementation and zero deforestation by 2030-an 85-90% gap that 
constitutes the most severe sectoral finance mismatch among major 
emerging economies. 

 

Coverage Gaps and Political Economy 

Brazil’s experience illustrates the political economy tensions inherent in 
frontier targeting. Restricting support to genuinely frontier agricultural 
technologies effectively excludes most smallholders in the Pronaf 
(National Program for Strengthening Family Farming) segment, who 
account for 70% of domestic food production but often lack capacity to 
adopt capital-intensive integrated systems (CPI, 2025). The government’s 
response-creating Pronaf ABC+ as a dedicated subprogram with lower 
technical requirements-dilutes frontier targeting to address equity concerns 
but risks subsidizing incremental improvements while genuine frontier 
adoptions remain underfinanced. The 2024 initiative integrating ABC+ 
more tightly with the broader Plano Safra, including one percentage point 
interest rate reductions for producers maintaining Rural Environmental 
Registry compliance, attempts to broaden sustainable practice adoption 
while maintaining some targeting discipline (USDA, 2024). The broader 
political economy of Brazil’s agricultural financing operates through a 
constitutionally embedded dual structure. The Plano Safra-totalling BRL 
400 billion in 2024/25-primarily serves commercial agriculture, while 
Pronaf channels approximately BRL 76 billion to family farmers. This 
duality creates a structural tension for green technology targeting: 
RenovAgro’s frontier technologies require capital investments of USD 
500,000-1,000,000 accessible to large agribusiness but far exceeding 
Pronaf borrowers’ capacity. The powerful bancada ruralista resists policies 
narrowly favouring large producers, while agribusiness lobbies resist 
sustainability conditionality. The result is policy oscillation: each Plano 
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Safra cycle renegotiates the boundary between environmental ambition and 
distributional coverage, with incremental adoption receiving political 
support because it serves both constituencies, even though the pecking 
order framework predicts it generates limited emissions reductions. 

 

Blended Finance and Just Transition 

The Chamada de Clima’s blended finance performance remains to be 
determined (leverage TBD), but its structural design-explicitly recognizing 
the leverage-additionality trade-off through first-loss tranches-represents 
the most analytically informed approach among the four cases. Just 
transition challenges in Brazil concentrate among smallholders operating 
at subsistence scale. Unlike South Africa’s discrete coal plant closures or 
India’s coal belt regions, Brazil’s transition challenge is diffuse: millions 
of smallholder farmers across vast territories face the need for agricultural 
transformation. The embedded nature of transition costs within agricultural 
policy makes dedicated resource tracking difficult, and social program 
allocation remains largely unquantified in climate-specific terms. 

 

Industrial Decarbonisation: A Data Gap 

Brazil’s industrial decarbonisation represents a significant analytical gap 
in this study. The steel sector merits particular attention: Brazil is 
distinctive in its reliance on charcoal-based pig iron production, which 
offers lower lifecycle emissions than coal-based blast furnace routes but 
faces sustainability challenges related to deforestation for charcoal 
feedstock and the small-scale, financially constrained nature of 
independent pig iron producers (guseiros) concentrated in Minas Gerais 
and Maranhão. Cement production, dominated by large multinationals 
(Votorantim, InterCement), faces frontier technology requirements 
comparable to other countries. BNDES has historically financed industrial 
investment but lacks dedicated green industrial credit lines comparable to 
RenovAgro for agriculture; sector-disaggregated data on green lending to 
heavy industry are unavailable. We flag this as a priority data gap for future 
research. 
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4.4 Indonesia: Resource Downstreaming and the Pipeline Deficit 

 

Policy Framework: Downstreaming Without Differentiation 

Indonesia’s green industrial strategy is distinctive in its reliance on 
resource downstreaming-export restrictions forcing domestic processing of 
raw materials-as the primary mechanism for industrial development. 
Nickel export restrictions attracted approximately USD 30 billion in FDI 
over 2014-2023, creating battery supply chain foundations including 
smelting, refining, and precursor chemical production. However, this 
approach bypasses firm-level financial constraint issues through large-
scale foreign direct investment rather than enabling domestic firm 
capability building across heterogeneous financial positions. The resulting 
industrial structure is dominated by large, predominantly Chinese-financed 
facilities with limited technology transfer to or participation by domestic 
Indonesian firms (Indonesian Ombudsman, 2023). 

Indonesia’s JETP-the USD 20 billion commitment announced in 
November 2021, representing the largest climate finance commitment to 
any developing country except China-was designed to catalyse a broader 
transition beyond resource downstreaming. The JETP’s Comprehensive 
Investment and Policy Plan (CIPP) targets early retirement of coal-fired 
power plants, renewable energy deployment, and grid modernization. 
However, the plan’s disbursement record reveals severe implementation 
constraints: only USD 320 million (1.6%) had been disbursed by 
December 2023 (IRENA and CPI, 2025). 

 

Financing Architecture and Pipeline Deficits 

IRENA and CPI (2025) document Indonesia’s USD 5-7 billion annual 
clean energy investment, concentrated in geothermal and increasingly 
solar. Implementation challenges are reflected in low disbursement rates 
across virtually all international finance commitments. The JETP 
implementation gap reflects not primarily capital scarcity but severe 
project pipeline deficits: IIF (2023) assessment found only 35% of 
proposed renewable projects exceeding 10 MW met minimum bankability 
standards-lacking feasibility studies, credible sponsors, or financial 
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structures aligned with revenue profiles. This bankability deficit indicates 
that most Indonesian firms-and many would-be project developers-lack the 
net worth, technical capacity, and financial sophistication to structure 
complex infrastructure projects meeting international lender requirements. 
The Indonesia Infrastructure Finance (IIF) facility intended to bridge this 
gap remains undercapitalized relative to needs. 

Indonesia’s geothermal sector illustrates technology-specific barriers with 
particular clarity. The country possesses the world’s largest geothermal 
resources (24 GW potential) but has developed only 2.4 GW (10% 
utilization) by 2024. Despite excellent geothermal conditions and policy 
frameworks, deployment lags due to high upfront exploration costs (USD 
20-40 million per field), long development timelines (5-7 years from 
exploration to generation), and geological risks that constrained firms-and 
even many large developers-cannot absorb without substantial public risk-
sharing mechanisms currently unavailable at scale (IRENA and CPI, 
2025). The gap between resource potential and deployment capacity is a 
direct manifestation of the pecking order: only the most well-capitalized 
developers can bear the upfront costs and risk profile of geothermal 
exploration. 

Updated deployment data underscore the scale of Indonesia’s 
implementation challenge. Solar capacity reached 1.49 GW by end-2025-
surpassing the 1 GW threshold for the first time-with 546 MW added in 
2025 alone, led by rooftop commercial and industrial installations 
(MEMR, 2026). However, this remains far below the 77 GW by 2030 that 
IESR estimates is needed for Paris alignment, and the renewable energy 
share in the national energy mix reached only 15.75% in 2025, below even 
the revised government target of 17-19%. The government announced an 
ambitious 100 GW solar programme, including 80 GW of village-level 
solar minigrids with storage, though execution faces the same pipeline and 
financing constraints documented throughout this section. Geothermal 
capacity grew modestly from 2.64 GW at end-2024 to 2.74 GW by 
September 2025, with additions from the Ijen (34 MW) and Salak Binary 
(16 MW) plants. The government targets an additional 5.2 GW of 
geothermal capacity through 2034, but annual additions averaging 50-100 
MW fall far short of the 500-600 MW per year required. Indonesia remains 
the world’s second-largest geothermal producer behind the United States 
but has developed only approximately 11% of its 23.7 GW estimated 
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potential-a gap driven by the high upfront exploration costs and long 
development timelines that constrained developers cannot absorb. 

Indonesia’s domestic banking sector has begun engaging with green 
finance, though from a low base and without the directive mechanisms that 
characterise India’s model. Bank lending under the environmentally 
friendly business activity category increased from IDR 705 trillion in 2019 
to IDR 2,047 trillion in 2024 (OJK Sustainable Finance Statistics, 2025). 
The sovereign green sukuk programme generated approximately USD 6.3 
billion in cumulative issuance by 2024, but corporate green issuance 
remains limited. OJK’s Sustainable Finance Regulation (POJK No. 
51/2017) requires financial institutions to develop sustainability action 
plans, and the Indonesia Taxonomy for Sustainable Finance (TKBI) 
Version 2, launched in February 2025, expanded coverage beyond energy 
to agriculture and forestry. Bank Indonesia’s macroprudential incentives 
for green lending-including reserve requirement reductions for green 
mortgages and EV loans-have not yet been assessed as ‘high-impact’ by 
independent evaluations (Positive Money, 2024), primarily because they 
lack mechanisms to actively divert finance away from high-emission 
sectors. A critical constraint is the absence of mandatory green credit 
allocation: unlike India’s Priority Sector Lending, Indonesia relies on 
voluntary engagement by large banks motivated primarily by reputational 
considerations rather than regulatory mandate, producing an architecture 
that predominantly serves large corporate borrowers and bypasses the 
constrained firms where the pecking order mechanism is most binding. 

 

The Pecking Order in the Nickel Sector 

Indonesia’s nickel processing sector provides perhaps the starkest 
illustration of how firm-level financial constraints shape technology 
adoption patterns in the absence of targeted policy intervention. Processing 
concentration among large, predominantly Chinese-financed facilities 
reflects that Indonesian firms lack the financial capacity for capital-
intensive metallurgical technology. Environmental and social trade-offs 
from rapid processing expansion-estimated at 60-80 kg CO₂ per kg of 
nickel processed, generating 90-120 million tons CO₂ annually-partly 
reflect inadequate technology targeting. Firms adopted whatever 
processing technologies they could finance rather than frontier low-
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emission approaches such as hydrometallurgy or renewable-powered 
smelting. Worker safety violations at a high proportion of inspected 
facilities (Indonesian Ombudsman, 2023) similarly reflect cost-cutting by 
constrained firms or cost-minimizing strategies by larger firms operating 
without sufficient regulatory enforcement. 

Attempts to broaden domestic firm participation through IIF’s Green 
Finance Facility achieved only a 35% bankable project rate, confirming 
that most Indonesian firms cannot structure frontier technology 
investments meeting lender requirements. The pecking order mechanism 
operates with particular severity here: absent targeted support for domestic 
firms to develop frontier processing capabilities, the industrial structure 
locks in foreign-dominated production using imported technologies with 
limited knowledge transfer to the domestic economy. 

 

Blended Finance, Just Transition, and Policy Fragmentation 

Indonesia’s blended finance performance is middling: the World Bank 
facility achieved its 4.3:1 leverage target but primarily through guarantee 
instruments supporting mature technologies. The JETP framework relies 
heavily on international public finance to catalyse private investment but 
lacks the domestic financial sector infrastructure to systematically 
differentiate frontier from incremental technologies-a contrast with 
Brazil’s BNDES-centred approach. 

Just transition challenges concentrate in coal mining regions, with an 
estimated USD 1.7 billion in annual social program needs but only USD 
0.03 billion allocated-a 1.5% coverage rate, the lowest among the four 
cases. Coal mining employment is concentrated in specific regions 
(primarily South and East Kalimantan, South Sumatra) where supplier 
networks and ancillary employment create diffuse dependence on 
constrained firms. Policy fragmentation compounds these challenges: 
responsibilities are split across multiple ministries with weak coordination. 
A critical success factor identified across all four cases-alignment between 
demand creation, supply-side capital, and industrial development-is 
conspicuously absent in Indonesia’s approach. While India achieved such 
alignment through state-owned enterprise coordination and Brazil through 
BNDES-centred integration, Indonesia’s fragmented institutional structure 
has hindered coherent implementation. 
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4.5 Cross-Cutting Analysis: Addressing the Research Questions 

Before addressing each research question in turn, Tables 1-3 synthesise the 
quantitative evidence from the four country cases across three dimensions: 
financing gaps (Table 1), blended finance performance (Table 2), and just 
transition resource allocation (Table 3). Read together, they reveal a 
consistent pattern: aggregate capital shortfalls coexist with leverage-
additionality trade-offs in blended finance and near-total neglect of 
transition support for workers in constrained firms. The commentary 
following each table draws out the key patterns before the structured 
analysis of each research question. 
 

Table 1. Annual Green Investment Requirements and Mobilized Finance 

Country Annual Need 
(USD bn) 

Current 
Mobilization 
(USD bn) 

Gap (USD 
bn) 

Gap (%) 

India 60-70 16 44-54 63-77% 
South Africa 19.7 5 14.7 75% 
Brazil 80 11 69 86% 
Indonesia 12-14 6 6-8 50-57% 

Sources: India-CEEW (2022), IRENA & CPI (2025); South Africa-PCC 
(2022), IRENA & CPI (2025); Brazil-MDIC (2023), IRENA & CPI 
(2025); Indonesia-GoI (2022), IRENA & CPI (2025). 

 

Table 1 reveals that financing gaps are not simply proportional to ambition 
levels or economic size. Brazil exhibits the largest absolute and relative 
gap (86%), despite possessing the most sophisticated development bank 
architecture among the four cases. This reflects the scale of the agricultural 
transformation challenge and the political economy constraints 
documented in Section 4.3: BNDES’s institutional capacity is concentrated 
in large corporate lending, leaving family agriculture’s transition 
requirements largely unfinanced. India’s gap (63-77%), while substantial 
in absolute terms, is the narrowest in relative terms-consistent with the 
state-organised financing model’s capacity to direct credit through public 
banks and IREDA. Indonesia’s comparatively modest gap (50-57%) is 
partly an artefact of lower stated ambition: the denominator reflects 
conservative government targets that independent assessments consider 
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insufficient for Paris alignment. South Africa’s 75% gap is striking given 
its deep financial sector (pension fund assets exceeding 80% of GDP), 
confirming that aggregate capital availability and deployment capacity are 
analytically distinct. The pecking order framework helps explain this 
pattern: gaps persist not because capital is unavailable in aggregate, but 
because existing financial architectures cannot channel it to the firms and 
technologies where shortfalls are most acute. 
 

Table 2. Blended Finance Performance and Technology Targeting 

Country Facility Target Achieved Tech 
Coverage 

Additionality 

India IREDA 
refinancing 

6-8:1 6.5-8:1 Mature 
renewables 

Low 
(incremental) 

India WB climate 
facility 

4:1 2.8-3.2:1 Mixed Medium 

S. Africa REPP 5:1 2.4:1 Frontier + 
mature 

Medium-High 

Brazil BNDES 
Chamada 

5:1 TBD Frontier 
targeted 

Medium 

Indonesia WB facility 4.3:1 4.3:1 Mature 
(guar.) 

Medium 

Sources: IREDA (2023), World Bank (2023a), REPP (2023), BNDES 
(2023), World Bank (2023d). 

 

Table 2 documents the inverse relationship between leverage and 
additionality that the pecking order framework predicts. India’s IREDA 
refinancing achieves the highest leverage ratios (6.5-8:1) but finances 
predominantly mature renewable energy technologies-solar and wind 
installations that, given India’s policy environment and falling costs, would 
likely attract commercial finance without concessional support. South 
Africa’s REPP, by contrast, achieves only 2.4:1 leverage but operates in a 
genuinely frontier context where Eskom counterparty risk and regulatory 
uncertainty deter private capital. The pattern is consistent across cases: 
facilities targeting bankable, mature technologies in relatively stable 
environments achieve high leverage with low additionality, while those 
operating in genuinely constrained contexts-where the pecking order 
mechanism is most binding-achieve lower leverage but potentially higher 
developmental impact. Brazil’s Chamada de Clima, still in early 
implementation, represents an explicit attempt to design for additionality 
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through first-loss structures and frontier technology targeting, though its 
achieved leverage remains to be seen. These patterns suggest that aggregate 
leverage ratios, the dominant metric in blended finance reporting, may 
systematically misrepresent developmental effectiveness. 
 

Table 3. Just Transition Resource Allocation and Firm Concentration 

Country Social Needs 
(ann., USD 
bn) 

Allocated 
(USD bn) 

Coverage Constrained 
Firm 
Concentration 

India Not quantified 0.3-0.5 - Coal sector 
SMEs 
underserved 

South Africa 1.6 0.08 5.3% Smaller firms in 
coal value chain 

Indonesia 1.7 0.03 1.5% Coal mining 
concentrated; 
suppliers diffuse 

Brazil Embedded Not tracked - Smallholders 
severely 
constrained 

Sources: Compiled from country case analysis. See individual country 
sections for detailed sourcing. 

 

Table 3 exposes the most consequential gap: just transition resource 
allocation is negligible relative to identified social needs across all four 
cases. South Africa and Indonesia, the only countries with quantified 
annual social needs estimates, show coverage rates of 5.3% and 1.5% 
respectively-indicating that transition-affected workers and communities 
receive a small fraction of the support that official plans envisage. The 
constrained firm concentration column reveals why: in all four countries, 
the workers most affected by the transition are disproportionately 
employed by financially constrained firms-coal sector SMEs in India, 
smaller firms in South Africa’s coal value chain, diffuse supplier networks 
in Indonesia, and smallholders in Brazil. These are precisely the firms least 
able to finance their own transitions, creating a double burden: workers 
face employment displacement while their employers lack the resources to 
invest in alternative livelihoods or retooling. The pecking order mechanism 
thus operates not only as an emissions constraint but as a distributional 
one-transition costs fall most heavily on those least equipped to absorb 
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them, undermining the political sustainability of ambitious climate 
commitments. 

 

Research Question 1: What Explains Variation in Implementation 
Effectiveness? 

Implementation effectiveness varies substantially across the four cases, 
with financing gaps ranging from 50-57% (Indonesia) to 86% (Brazil). 
Three factors emerge as primary determinants of variation. First, the degree 
to which the state controls or coordinates the domestic financial system 
shapes the capacity to direct credit toward green investments at scale. 
India’s 70% state ownership of the banking sector enables systematic credit 
direction through mandates and state-owned lending institutions; Brazil’s 
BNDES provides a sophisticated intermediary capable of structuring 
complex blended instruments; South Africa’s market-oriented financial 
sector, despite its depth, lacks comparable mechanisms for systematic 
green credit allocation; and Indonesia’s fragmented institutional landscape 
inhibits coordinated deployment. 

Second, the alignment between policy instruments across demand creation, 
supply-side capital, and industrial development differentiates more from 
less effective approaches. India’s alignment of renewable purchase 
obligations, state-owned enterprise investment, and state-owned financial 
institution lending created a coherent ecosystem, albeit one concentrated 
among large firms. Brazil’s wind energy success similarly required 
alignment between energy auctions, BNDES financing, and local content 
requirements. Where such alignment is absent-as in Indonesia’s 
fragmented ministry responsibilities or South Africa’s Eskom-induced 
policy incoherence-implementation gaps widen regardless of capital 
availability. 

Third, the nature of the dominant emissions-producing sector shapes the 
difficulty of the transition challenge. India’s focus on renewable electricity 
deployment-a sector with increasingly mature technologies and established 
financing models-enabled greater implementation success than sectors 
requiring frontier technology adoption by diverse, constrained firms. 
Brazil’s agricultural emissions challenge and South Africa’s industrial 
decarbonization needs involve precisely those sectors where firm 
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heterogeneity in financial constraints creates the most severe 
implementation barriers. 

 

Financial Sector Depth and Comparative Structure 

Financial sector depth varies markedly across the four cases, conditioning 
the mechanisms through which green credit can be channelled. India’s 
domestic credit to private sector stands at approximately 55% of GDP, with 
banking state ownership of approximately 70%, bond market depth of 
approximately 18% of GDP, and pension fund assets of approximately 15% 
of GDP. South Africa has domestic credit of approximately 60% of GDP, 
bond market depth of approximately 35% of GDP, and pension fund assets 
exceeding 80% of GDP-but an entirely private banking sector with limited 
state direction over credit allocation. Brazil’s domestic credit reaches 
approximately 70% of GDP, with state ownership concentrated in Banco 
do Brasil and Caixa (approximately 35% of system assets), a relatively 
deep bond market (approximately 45% of GDP), and pension fund assets 
of approximately 25% of GDP. Indonesia has the shallowest financial 
sector: domestic credit at approximately 35% of GDP, bond market at 
approximately 15% of GDP, pension fund assets at only approximately 5% 
of GDP, and state-owned bank share of approximately 40%. These 
structural differences condition deployment capacity and explain why 
identical policy instruments-green bonds, blended finance, credit 
mandates-perform differently across cases. India’s and Indonesia’s high 
state-owned banking shares enable directive credit allocation but create 
contingent fiscal liabilities; South Africa’s deep private financial sector and 
pension fund base offers mobilisation potential that regulatory and 
structural barriers currently prevent from being realised; Brazil’s BNDES-
centred model operates alongside a private bond market that could absorb 
more green issuance with improved taxonomic clarity. 

 

Research Question 2: What Common Bottlenecks Constrain Green 
Finance Mobilization? 

Despite diverse national frameworks, four common bottlenecks emerge 
across all four cases, each interpretable through the pecking order 
framework. 
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The bankability deficit. Across all four countries, the pipeline of projects 
meeting minimum bankability standards-feasibility studies, credible 
sponsors, financial structures aligned with revenue profiles-falls far short 
of available capital. Indonesia’s 35% bankability rate for large renewable 
projects is the most extreme, but comparable deficits exist in India (for 
mid-cap projects), South Africa (for non-REIPPPP investments), and 
Brazil (for agricultural frontier technologies). This deficit reflects the 
pecking order at the project level: only well-capitalized firms can bear the 
upfront costs of project preparation that render investments bankable. 

Institutional capacity for frontier identification. None of the four countries 
has demonstrated systematic institutional capacity to identify and 
dynamically adjust frontier technology classifications. India lacked an 
operational green finance taxonomy until 2024. Brazil’s ABC/RenovAgro 
program maintains eligibility criteria that have not kept pace with 
technology maturation. South Africa and Indonesia lack comparable 
frameworks entirely. This capacity deficit means that green credit policies 
as implemented frequently deviate from optimal design-either subsidizing 
investments that would proceed commercially or failing to reach genuinely 
frontier adoptions. 

Monitoring and verification weaknesses. Effective frontier targeting 
requires not only identification of eligible technologies but verification that 
financed activities actually implement them. Brazil’s monitoring deficits, 
where financed activities are reported but not systematically verified, 
illustrate the gap between policy intent and implementation reality. Similar 
weaknesses characterize India’s Priority Sector Lending compliance and 
Indonesia’s JETP disbursement tracking. 

The missing middle across firm sizes. In all four countries, climate finance 
concentrates among the largest firms-India’s conglomerates, South Africa’s 
mining majors, Brazil’s large agribusiness, Indonesia’s foreign-financed 
nickel processors-while mid-cap firms and SMEs that collectively account 
for substantial emissions remain systematically underserved. This pattern 
is the direct macro-level manifestation of the pecking order: financial 
intermediaries rationally prefer lending to unconstrained firms with 
established collateral and credit histories, while constrained firms face 
prohibitive costs or outright exclusion from green finance. 



 

[40] 
 

 

Research Question 3: How Effectively Do Blended Finance and 
Green Credit Support Transitions Under Firm Heterogeneity? 

The evidence across all four cases confirms the fundamental tension 
predicted by the pecking order framework: blended finance instruments 
that achieve high leverage ratios tend to finance incremental technology 
improvements with questionable additionality, while genuinely catalytic 
interventions supporting frontier adoptions by constrained firms achieve 
low leverage but generate greater environmental impact per unit of public 
capital. 

Table 2 documents this pattern systematically. India’s IREDA refinancing 
achieves the highest leverage (6.5-8:1) by financing mature utility-scale 
solar-technology that constrained firms increasingly access commercially. 
South Africa’s REPP achieves the lowest leverage (2.4:1) in a genuinely 
frontier context where fundamental barriers constrain all but the most well-
capitalised firms. Brazil’s BNDES Chamada represents the most 
analytically informed design, explicitly structuring first-loss tranches to 
address the frontier-incremental distinction. Indonesia’s World Bank 
facility achieves its leverage target but through guarantee instruments that 
primarily enable mature technology deployment rather than frontier 
adoption. 

Green credit policies face three compounding challenges in addressing 
firm heterogeneity. First, precise frontier targeting is essential but exceeds 
institutional capacity: extending coverage to intermediate technologies 
generates emission increases (Capelle et al., 2025), yet identifying frontiers 
dynamically requires technical sophistication that most EMDE financial 
sectors lack. Second, frontier targeting creates coverage gaps that generate 
political pressure to broaden eligibility-diluting targeting precision in the 
process, as Brazil’s Pronaf ABC+ illustrates. Third, even well-designed 
green credit policies can be subverted by implementation dynamics: India’s 
Priority Sector Lending mandates create incentives for banks to fulfil 
quotas by lending to large, creditworthy developers rather than the 
constrained firms that the pecking order framework identifies as most in 
need of targeted support (Chakravarty et al., 2024). 

A comparative assessment of non-fiscal financing models offers additional 
insights. India leverages state ownership to direct lending through 
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mandates; Brazil utilizes development bank financing with planned 
transitions to market mechanisms; Indonesia attempts blended finance 
through state-owned enterprises but faces execution gaps. A critical 
differentiating factor is policy coherence across the financing architecture: 
India’s and Brazil’s relative success reflects alignment of demand creation, 
supply-side capital, and industrial policy. Indonesia’s underperformance 
reflects precisely the fragmentation that undermines such coherence. 

 

Political Economy of Frontier-Targeting Failure 

Three political economy mechanisms help explain the systematic deviation 
of observed green credit policies from optimal frontier targeting across all 
four cases. First, political capture by large conglomerates: in all four 
countries, the largest firms-India’s Reliance, Adani, and Tata groups, South 
Africa’s mining majors, Brazil’s agribusiness conglomerates, Indonesia’s 
resource groups-possess disproportionate influence over policy design. 
These firms benefit from broad-based green credit but have limited 
incentive to support frontier-targeted instruments that would primarily 
benefit smaller competitors. Second, risk aversion of public banks creates 
institutional preference for familiar, lower-risk lending: IREDA’s 
concentration on utility-scale solar, BNDES’s preference for large 
corporate borrowers, and DBSA’s inability to build a bankable pipeline all 
reflect organisational incentives favouring credit quality metrics over 
developmental additionality. Internal risk frameworks do not reward 
officers for financing frontier technologies carrying higher default 
probability even when developmental returns justify the risk. Third, 
bureaucratic incentives for disbursement over additionality: development 
bank officers are evaluated on disbursement rates, leverage ratios, and 
portfolio growth-metrics maximised by lending to creditworthy firms for 
mature technologies. Additionality assessment requires counterfactual 
reasoning that is methodologically demanding and institutionally 
unrewarded. Indonesia’s JETP’s 1.6% disbursement rate reflects not only 
pipeline deficits but the difficulty of identifying genuinely additional 
investments when institutional incentives reward volume over impact. 
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State Capacity: Analytical and Administrative Dimensions 

State capacity constitutes a binding constraint operating at two levels. 
Analytical capacity-the ability to classify technologies along the frontier-
incremental spectrum and to adjust classifications dynamically-is a 
prerequisite for effective green credit targeting. None of the four countries 
has demonstrated robust analytical capacity: India lacked an operational 
green finance taxonomy until 2024; Brazil’s RenovAgro eligibility criteria 
have evolved only slowly since the original ABC programme launched in 
2010; Indonesia launched TKBI Version 2 in February 2025, expanding 
beyond energy to agriculture and forestry but still in early implementation; 
South Africa lacks a comprehensive taxonomy altogether. The EU 
Taxonomy experience, where classification required multi-year expert 
consultation, illustrates the scale of the capacity challenge for EMDEs with 
significantly fewer technical resources. Administrative capacity-the ability 
to monitor and verify that financed activities actually implement 
committed technologies-represents a second constraint. Brazil’s 
experience with RenovAgro, where bank reporting is required but field 
verification is not systematically conducted, illustrates how monitoring 
gaps undermine targeting effectiveness. India’s PSL relies on self-reporting 
by banks without independent verification of technology adoption. 
Building these capacities requires sustained investment in technical 
expertise within financial regulatory agencies-a form of institutional 
development receiving insufficient attention in climate finance discussions 
focused on capital mobilisation volumes. 

 

5. Discussion of Findings 

5.1 Theoretical Implications 

The comparative analysis contributes to three theoretical debates by 
incorporating firm-level financial constraint heterogeneity. For green 
industrial policy literature (Mazzucato, 2015, 2021; Rodrik, 2014; Juhász, 
Lane, and Rodrik, 2024), we demonstrate that financial architecture 
represents a critical enabling condition not just through aggregate capital 
availability but through differential impact on frontier versus incremental 
technology adoption across heterogeneous firms. The pecking order 
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mechanism (Capelle et al., 2025; Lanteri and Rampini, 2025) implies that 
policies must explicitly address firm financial position to achieve desired 
technology targeting-a dimension largely absent from existing literature. 
India’s experience shows that non-fiscal state financing tools can substitute 
for fiscal capacity to some degree, but firm heterogeneity effects persist 
even in relatively successful cases. 

For development finance scholarship, the comparative evidence sharpens 
the critique of leverage-centric approaches discussed in Section 2.2. 
Private capital systematically gravitates toward incremental technology 
improvements by moderately constrained firms, producing high leverage 
but questionable additionality, while genuinely frontier adoptions by 
severely constrained firms require public capital shares that resist leverage 
maximisation. India’s state-organised model and South Africa’s pension-
asset mobilisation represent distinct modes of engaging private capital that 
confirm the heterogeneity in state-finance relations emphasised by 
Mawdsley (2022) and Schindler, Alami, and Jepson (2023). 

For just transition literature (McCauley and Heffron, 2018; Newell and 
Mulvaney, 2013), we document how firm heterogeneity creates systematic 
bias against supporting workers and communities dependent on 
constrained firms. Larger, unconstrained firms smooth transitions while 
smaller, constrained firms face stark choices driving worker displacement. 
This dimension extends just transition analysis beyond worker and 
community focus to recognize firm-level heterogeneity as a distributional 
determinant. The evidence from South Africa’s Komati closure and 
Brazil’s agricultural smallholders illustrates this mechanism across very 
different sectoral and institutional contexts. 

 

5.2 Policy Design Implications 

The findings generate several specific implications for policy design. First, 
green credit instruments should be designed with explicit firm-size 
differentiation, providing deeper concessionality for smaller, more 
constrained firms pursuing frontier technologies while maintaining 
commercial or near-commercial terms for larger firms capable of 
independent adoption. This reverses the current pattern, documented across 
all four cases, in which larger firms receive disproportionate support 
because they present lower risk to financial intermediaries. 
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Second, blended finance performance metrics should incorporate 
additionality assessment alongside leverage ratios. Current reporting 
norms incentivize high-leverage arrangements that may generate limited 
additional environmental impact. A reformed metric framework could 
weight leverage by technology classification, rewarding lower leverage in 
frontier contexts over higher leverage for incremental improvements. The 
BNDES Chamada’s explicit recognition of this trade-off in instrument 
design offers a model. 

Third, just transition programs must integrate firm-level financial support 
alongside worker retraining. The evidence across all four cases indicates 
that employment outcomes depend fundamentally on the financial capacity 
of firms in transition-affected regions to invest in alternative technologies. 
Retraining programs that assume the existence of firms capable of 
absorbing displaced workers-when those firms are financially constrained-
will produce the low placement rates observed in South Africa’s Komati 
experience. 

Fourth, dynamic adjustment mechanisms for green credit policy are 
essential but largely absent in current practice. Technologies classified as 
frontier eventually mature and move down the pecking order; eligibility 
criteria and subsidy levels must adjust accordingly. Brazil’s ABC program, 
with largely unchanged criteria since 2011, and India’s persistent 
concessional financing for commercially viable solar, both illustrate the 
costs of static policy design. Pre-announced adjustment schedules-linking 
eligibility criteria to observable indicators of technology maturation such 
as market penetration rates or cost benchmarks-could address this 
challenge while maintaining policy predictability. 

 

6. Conclusions 

This comparative analysis of India, South Africa, Brazil, and Indonesia 
demonstrates that the pecking order of vintages mechanism-whereby 
constrained firms adopt incrementally cleaner but still emission-intensive 
technologies while only unconstrained firms access frontier vintages-
constitutes a binding constraint on transition effectiveness across diverse 
institutional settings. Financing shortfalls of 50-86% persist despite varied 
policy architectures, and the leverage-additionality trade-off manifests 
systematically: high leverage (6.5-8:1 for India’s IREDA) finances mature 



 

[45] 
 

technology with questionable additionality, while genuinely frontier 
contexts produce low leverage (2.4:1 for South Africa’s REPP). 
Implementation effectiveness correlates with the degree of state 
coordination over financial intermediaries and the alignment between 
dominant emission sources and available financing instruments, rather than 
with aggregate capital availability. 

The findings carry implications for other EMDEs navigating green 
transitions. First, the Indian experience suggests that green industrial 
policy may be feasible with limited fiscal expenditure where state-
organised financing mechanisms substitute, but this model requires 
substantial state ownership of financial intermediaries that not all countries 
possess. Second, the Brazilian experience demonstrates that sophisticated 
blended finance design can address the leverage-additionality trade-off 
through explicit first-loss structures, but political economy pressures 
systematically push coverage beyond the frontier. Third, all four cases 
confirm that the ‘missing middle’ of mid-cap firms constitutes the binding 
constraint-larger than microfinance can serve, smaller than project finance 
accommodates-and that addressing this gap requires institutional 
innovation rather than additional capital alone. 

The findings also carry direct implications for multilateral development 
banks and international climate finance institutions. MDBs should redesign 
blended finance metrics to weight leverage ratios by technology 
classification, recognising that a dollar of public capital achieving 2:1 
leverage for genuinely frontier technology generates greater 
developmental impact than a dollar achieving 8:1 leverage for mature 
technology that would likely have been financed commercially. The World 
Bank’s evolving investment criteria and the GCF’s allocation framework 
should incorporate firm-level additionality assessment alongside aggregate 
leverage reporting. MDBs should invest in building domestic institutional 
capacity for technology classification and monitoring-the analytical and 
administrative state capacity this analysis identifies as binding.5 MDB-
supported facilities should include dedicated windows for mid-cap green 

 
5 Montague et al. (2024) estimate that reducing WACC by 200 basis points across developing economies 
would lower cumulative clean energy financing costs by USD 15 trillion through 2050, indicating 
substantial returns to the institutional development agenda this paper highlights. The interaction between 
mitigation-focused firm-level constraints analysed here and the distinct financing logics of climate 
adaptation-including public goods characteristics, non-excludability, and the role of sovereign versus 
sub-sovereign actors-represents a further priority for comparative research. 
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technology adoption with risk-sharing calibrated to the pecking order: 
deeper concessionality for constrained firms pursuing frontier 
technologies, graduated toward commercial terms as firms progress up the 
technology ladder. Finally, MDBs should support the development of green 
infrastructure investment vehicles intermediating between institutional 
investors and project-level investments-directly addressing the disconnect 
between large asset bases like South Africa’s pension funds and 
infrastructure deployment gaps. 
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