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Unlocking Clean Power for All: ('
How tipping points theory can guide effective use of public funds

Supportive government policies, including subsidies and other financial incentives, have
been instrumental in the development and deployment of renewable energy (RE). These
policies have been so successful that grid-scale solar photovoltaic (PV) and onshore wind
are now cheaper options for generating electricity in some countries than new coal and gas
plants, even when battery storage is included in project costs. Falling costs and rising levels
of installation have led some to conclude that the electricity sector has passed a tipping
point where the dominance of renewables is now inevitable.

This report uses tipping point theory to assess the role of public financial support in the
rise of solar PV and onshore wind technologies and their ongoing deployment in emerging
market and developing economies (EMDEs). We argue that, despite these technologies
achieving cost parity with fossil fuels at the global scale, enabling policies continue to be
needed because:

1. Tipping points have been reached only in some countries, with RE capacity heavily
concentrated in advanced economies and China, Brazil, and India.
2. RE still faces substantial barriers in most EMDEs.

3. Interventions are needed to achieve a tripling of RE capacity by 2030 as part of
efforts to keep average global temperature increases to less than 1.5°C above pre-
industrial levels.

Tipping points conceptual framework
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Source: Authors, based on Lenton et al., 2022.

The tipping points literature and experience in advanced economies and China indicate
that a suite of policies is likely to be needed. System-wide shifts may appear to occur due
to a single intervention, but change is usually the result of multiple interacting causes,
when positive feedbacks that work in favour of the new technology outweighs the negative
feedbacks that sustain the incumbent. A holistic strategy to “force” tipping requires
measures that strengthen positive feedback mechanisms (reinforce virtuous cycles of
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deployment, economies of scale, and cost reductions), remove negative feedback (those
that lock in fossil power) and create enabling conditions (such as infrastructure for RE

integration) (see Figure ES1). All three tipping aspects can be influenced by policy-makers.

National-level analysis is needed to determine where interventions are most needed to

create tipping effects. While each country’s pathway will be unique, tipping point theory and
experience successful deployment of RE can be used to determine where public funding can
be strategically directed to catalyze energy system change (Table 1). Public financial support

might be needed to both incentivize RE producers and consumers, and to the remove the

barriers to adoption.

A suite of policies is likely to be needed for system-wide change to

renewable power
Tipping point category

Amplify positive
feedbacks

Remove negative
feedback

Policy aim

Reduce cost of capital

Long-term policy and price
certainty

Measures that discover
market prices in local
contexts

Build up local supply chain

Trade policies that balance
access to low-cost imports
with domestic manufacturing
objectives

Ensure fossil fuel prices
reflect their negative impacts

Restructure state-owned
enterprises (SOEs) so they
are technologically neutral

Retire or retrofit fossil
capacity

Address vested interests and
political bias

Type of measure

Concessional financing, loan
guarantees, and other risk
mitigation instruments

Power purchase agreements

Auctions, feed-in-premiums,
contracts for difference

Skilling workforce and
business support

Custom duties, local content
requirements

Fossil fuel subsidy reform
and taxation (accompanied
by support for vulnerable
groups)

Transition plans, RE
mandates, regulations

Structural adjustment and
just transitions funding

Increase transparency,
implement regulations
to disentangle fossil and
political interests
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Tipping point category

Create an enabling
environment

Source: Authors.

Policy aim

Grid modernization

Financially viable utilities that
can invest in grids and RE

Ancillary services and storage

Type of measure

Budget transfers,
concessional financing, SOE
investments

Tariff reform, cash transfers,
or tax cuts for vulnerable
groups

Budget transfers,
concessional financing, SOE
investments

Given the unique challenges faced by EMDEs, our analysis suggests that public financial
support measures most likely to facilitate tipping in EMDE:s are

* international concessional finance, grants, and risk mitigation instruments to
compensate for high upfront investment needs and cost of capital in EMDEs;

* investments in grids to facilitate integration of variable RE;

+ fossil fuel subsidy reform to level the playing field and generate revenue to fund a just

energy transition.

The international donor and finance community can assist by increasing transfers to lower-
income countries, including by reallocating international finance from fossil to RE and by
committing to an ambitious new climate finance goal at the next United Nations Climate
Change Conference, COP 29.
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Climate change mitigation presents multiple challenges and requires concerted efforts from
policy-makers, investors, and other stakeholders. An emerging body of literature on “tipping
points” offers a useful perspective on how to plan mitigation efforts and drive sustainability
transitions. Drawing on systems thinking, some researchers have argued that it is possible to
accelerate the deployment of climate mitigation solutions—from clean energy to low-carbon
food systems—by intentionally forcing technology adoption toward so-called positive tipping
points (Meldrum et al., 2023).

Positive tipping points occur when a certain threshold is reached in the adoption of new
technology or practices beyond which their uptake increases exponentially, ousting the
incumbent from its dominant position (Lenton et al., 2022). For this to happen, enabling
conditions need to be put in place and reinforcing feedback loops that favour the newcomer
need to outweigh the balancing feedback loops that work for the incumbent. Consumers,
investors, and other market participants shift their preference to the new technology, raising
their stake in the new solution and further driving the growth in its adoption. Once the tipping
point is reached, progress is hard to reverse. However, barriers can still occur that can slow or
stall deployment. Public policy can have a role in pushing systems toward tipping points and
addressing impediments that threaten to halt desirable change (Lenton et al., 2022).

In the renewable energy (RE) sector, installations of grid-scale solar PV and onshore wind
have grown exponentially, with global capacity multiplying more than 10 times from 2010 to
2023 (International Renewable Energy Agency [IRENA], 2024). Recent auction results for
paired solar and battery storage suggest that these installations can now be cheaper than coal-
fired power plants and faster to build (Colthorpe, 2024). The International Energy Agency
(IEA) projects that renewable generation will pass coal for the first time in 2025 (IEA, 2024c).
This has led some to declare that the tipping point for RE in the electricity sector has already
been reached (Meldrum et al., 2023).

While this might be true in select countries, the uptake of renewables at the global level is still
below that needed to achieve global temperature targets. To meet the Paris Agreement goal of
limiting global warming to 1.5 °C from pre-industrial levels by the end of the century, installed
RE capacity needs to triple to at least 11 terawatts (T'W) by 2030 (IRENA et al., 2023). In
response, at the 28th United Nations Climate Conference (COP 28) in 2023, 198 parties
committed to triple RE capacity and double energy efficiency improvements by 2030. Based
on current investment plans and targets, the world is projected to fall short of the target by
around 30% (IEA, 2024Db).

In addition, progress so far has been uneven across geographies. In 2023, China and advanced
economies accounted for 90% of solar PV and wind capacity installations (IRENA, 2024),
85% of investment in RE (IEA, 2024d), and 96% of public financial support for renewable
energy (Laan et al., 2024).To achieve the tripling target, the level of ambition needs to
increase from a growth factor of 1.9 to 2.5 for advanced economies and from 2.4 to 3.4 for
emerging market and developing economies (EMDEs) (IEA, 2024b).

IISD.org 1
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The public sector has a pivotal role to play in crowding in the private investment needed

to accelerate the deployment of RE. Public financial support—including subsidies and
concessional financing—has been instrumental in the rise of RE. In some countries and for
some technologies, such support is still needed to ensure that the rollout of RE is rapid and
universal. In addition, governments need to fund the associated grid infrastructure, implement
regulations, streamline permitting, and create favourable price signals (such as through fossil
fuel subsidy reform and taxation). A tipping points approach can identify intervention points
where public funds can be best utilized to promote system-wide change in favour of RE.

1.1 Objectives

In this report, we assess the role of public financial support in driving RE toward positive
tipping points in developing countries. We provide
* an overview of the main insights from the tipping points literature

+ analysis of how the tipping points framework can be harnessed by policy-makers in
EMDE:s to use public resources strategically to catalyze system-wide change

* an overview of global RE deployment and investment trends through the lens of
tipping points

+ identification of barriers that slow the uptake of RE and how these can be overcome

+ analysis of the role of public financial support, including international public finance,
in increasing RE deployment

* insights for solar and wind deployment in EMDEs.

IISD.org 2
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The tipping points concept and other terms describing fast and systemic transformations have
been used in different academic disciplines for over a century, but it is only recently that these
have been applied to favourable sustainability transitions. Milkoreit et al. (2018) highlighted
the main characteristics of systems where tipping points occur: multiple stable states,
abruptness and non-linearity of change, feedback mechanisms, and limited reversibility.

When a system is tipped, it shifts from one stable state to another, structurally different

state, with a limited possibility to reverse this shift. The change is usually abrupt, with a
seemingly small intervention causing a large exponential and non-linear impact. The change
happens because multiple feedback mechanisms accumulate and bring the system to a critical
threshold. But the transformation only becomes apparent when a small trigger sets off a chain
reaction to tip the system. Therefore, while the observer might only see a small intervention
producing a disproportionately large impact, the change is triggered by multiple interacting
causes (Winkelmann et al., 2022), rather than simple bivariate causality (one cause and

one effect).

Building on systems thinking and leverage points framework (Meadows, 2008), Lenton et

al. (2022) conceptualize these multiple interacting causes as positive feedback mechanisms
that together shift the balance of the socio-technical system toward the sustainable disruptor.
With an increasing uptake of a new technology, producers improve its performance, optimize
production processes to lower its costs, attracting more consumers and investors and further
increasing the technology’s market share in a reinforcing feedback loop. Triggering such
virtuous cycles of improvements and increased rollouts could lead the way for an exponential
growth in sustainable solutions.

Forcing tipping through policy interventions

Tipping point
I

Negative feedbacks

'y

Positive feedbacks ] )

Enabling
conditions

New state

Current state

Source: Authors, based on Lenton et al., 2022.
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The mechanism underlying such “reinforcing feedback loops” is often that of increasing
returns (Lenton et al., 2022), driven by

* learning by doing, i.e., the more one does/produces something, the better one can do/
produce it

* economies of scale, i.e., the higher the production levels, the more efficient and
cheaper the production per unit of product

» technological reinforcement, i.e., the higher the technology uptake, the more
technologies and practices emerge that rely on said technology.

Other reinforcing feedbacks are also highlighted in the literature; for instance, in the political
space, emerging industries are better able to advocate for improved policy support as their size
and political influence grow (Geels & Ayoub, 2023; Meckling, 2019).

Elements that create an environment conducive to amplifying positive feedback mechanisms—
the so-called “enabling conditions”—are important for change. Enabling conditions are
practices, institutions, and infrastructure that facilitate the desired policy change. In the case
of RE, any interventions that facilitate tipping are enabling conditions and their absence

can slow innovation and deployment (Lenton et al., 2023). Public support, both regulatory
and financial, is a key enabling condition for sustainable solutions, and it was crucial for the
creation of reinforcing feedback that propelled RE technology to achieve the economic success
evident in solar PV and onshore wind (see Box 1).

Box 1. The role of public financial support in achieving tipping points in
solar PV

Policy support was instrumental in encouraging innovation and technological
improvements that drove down the costs of solar PV (Nemet, 2019; Trancik et al.,, 2015).
The development of the industry has been punctuated by the trends in public financial
support, growing and adapting to government incentives. Even today, despite significant
cost reductions and its widespread adoption, solar energy remains dependent on price
certainty provided by government incentives, support for domestic manufacturing, or
auxiliary infrastructure.

It took the industry more than 50 years of government incentives to now outcompete
fossil generation sources. The United States paved the way for solar PV’s
commercialization with R&D funding in the 1970s (Nemet, 2019). Japan’s 1994 subsidy
program for rooftop solar expanded the consumer base for the technology, increasing its
commercial attractiveness and motivating other countries to invest. Solar’'s watershed
moment came in 2000 when the German Renewable Energy Law (EEG) introduced the
feed-in-tariff (FiT) for wind and solar PV. This innovative measure guaranteed a stable
purchase price for renewable electricity. The policy brought certainty to the nascent
manufacturing industry, incentivizing the development of automated manufacturing
equipment and creating a market for domestic firms with economies of scale and
subsequent cost reductions.
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The FiT program in Germany also created a market for the growth of solar PV start-ups
in China, which focused on scale-up and mass production of solar components (Nahm,
2021, 2023). Taking advantage of tax breaks, an FiT scheme, under-pricing of land, and
incentives for manufacturing and R&D, Chinese entrepreneurs developed innovative
mass production methods for components (Nahm, 2021).

China’s central government intervened during the global financial crisis in 2009-2010 to

prevent domestic solar manufacturers from going bankrupt (Nemet, 2019). The Golden
Roofs Initiative covered up to 50% of costs for domestic rooftop solar PV installations,
while the Golden Sun Program covered up to 70% of costs for utility-scale projects.
The government included solar PV in its list of strategic industries in the 2011-2015

Five-Year Plan, which incentivized local governments and state-owned banks to provide

state-backed loans to local solar PV firms at subsidized rates (Nahm, 2021). Such

measures led to virtuous cycles of increasing economies of scale and sharp drops in the

levelized cost of energy (LCOE).

Other policies that enabled the deployment of renewables have also been successful,
such as long-term uptake targets, standards, carbon pricing, and regulations. For
instance, the FiT scheme in Germany was accompanied by long-term targets for

the share of RE in the final electricity mix. In Ching, utilities have been mandated to

purchase a share of electricity from renewables (IRENA et al.,, 2023). Instruments ranging

from RE portfolio standards and grid priority access to emissions trading schemes
and carbon tax can be used to enable faster deployment. A comprehensive analysis
of 1,500 climate policies from 41 countries has shown that successful interventions
come in complementary policy mixes that combine tax and price incentives with

PFS and regulations (Stechemesser et al,, 2024). For instance, in the United Kingdom,

significant carbon emissions reductions and increased RE uptake were achieved through

a combination of a carbon price floor, renewable portfolio standards and stricter air
pollution standards, an FiT and auction scheme, and a planned phase-out of coal

power plants.

Reaching one tipping point can create conditions for triggering similar thresholds in a different

but related sector, with the potential to set off other tipping points in an “upward-scaling”
p ppmg p p g

tipping cascade (Sharpe & Lenton, 2021). Thus, public policy aimed at activating one tipping
point can increase the chances of producing larger-scale decarbonization across sectors. For

instance, policy support for electric vehicles (EVs) could drive further tipping points in the

uptake of renewables with battery storage (Meldrum et al., 2023). Incentives for EV adoption

would increase the production of batteries worldwide, driving economies of scale and reducing

the cost of battery solutions used in conjunction with renewables.

When reinforcing feedback loops are still nascent, system inertia and barriers to entry are

high. This is because strong feedback loops support established practices and technologies—

the so-called negative or dampening feedback, ensuring system “lock-in” (Lenton et al., 2022;

Meldrum et al., 2023). Investors and consumers have no incentives to buy-in on the new
technology because costs are high, the demand is low, and the policy architecture is geared
toward the incumbent (Klitkou et al., 2015) (see more in Section IV).

IISD.org

5


IISD.org

Unlocking Clean Power for All: ('
How tipping points theory can guide effective use of public funds

For a long time, energy analysts and fossil fuel incumbents did not see intermittent renewables
as a viable alternative to coal and natural gas generation partly because renewables were
expensive but also because electricity infrastructure was and continues to be geared toward
centralized baseload generation, and institutions are built around fossil fuels.

A system can be tipped only when reinforcing feedback loops outweigh the dampening
feedback supporting the incumbent. However, this is difficult to achieve in the absence

of policy support—because of dampening feedbacks, new technologies often emerge and
develop in small clusters in the presence of supportive public policies (Geels & Ayoub,

2023). A holistic strategy to “force” tipping, therefore, requires measures that create enabling
conditions, strengthen reinforcing feedback mechanisms, and remove negative feedback (see
Figure 1). Ultimately, all three tipping ingredients can be influenced by different stakeholders,
but the primary responsibility is with policy-makers, especially in the early stages.

The tipping points framework has clear implications for the planning and assessment of
decarbonization policies:

1. Strong dampening feedbacks favour environmentally harmful incumbents. Therefore,
it is essential to create and amplify positive feedbacks that work for sustainable
solutions and remove feedbacks that dampen the transition. In short, because of
system inertia, tipping requires intentional forcing from policy-makers and other
actors (Lenton et al., 2022, 2023).

2. Because change is triggered by multiple interacting causes, policies that aim to propel
the development of RE should not be judged based on their direct results but rather
on their potential to create enabling conditions for tipping and set off positive
amplifying feedbacks and tipping cascades (Sharpe & Lenton, 2021) as part of an
overall decarbonization strategy.

3. Policy-makers should not expect to be able to produce large-scale sustainability
transitions with one small intervention exploiting marginal efficiency. Instead, a
holistic policy framework is needed with measures targeted strategically at the overall
structure and purpose of the system (Fesenfeld et al., 2022).

IISD.org 6
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3.1 Utility-Scale Solar PV and Onshore Wind Have
Reached Tipping Points in Some Geographies

Over the past decade, solar and wind capacity additions have consistently surpassed expert
predictions including by the IEA (2024e). Globally, solar installed capacity grew from a total
of around 41 GW in 2010 to over 1,400 GW in 2023, with capacity additions rising 28%

per year on average during this period (IRENA, 2024). In 2023 alone, newly added capacity
from solar increased 74% compared to 2022 levels, adding over 346 GW to the power systems
worldwide (IRENA, 2024).

Wind capacity grew from 181 GW in 2010 to around 1,017 GW in 2023. The uptick in wind
capacity additions has been less pronounced, with a noticeable dip in 2022 mainly attributed
to rising inflation, an increase in interest rates, and post-pandemic supply bottlenecks that
drove up the costs of key equipment and critical minerals. Before these challenges appeared,
wind was growing exponentially, with new additions rising 21% in 2019 and 88% in 2020
(IRENA, 2024). In 2023, wind installations saw a noticeable recovery, with new additions
47% higher compared to 2022 levels (Wiatros-Motyka et al., 2024), suggesting the industry is
bouncing back.

A record 30% of electricity was generated from renewables in 2023, with a large part of this
increase coming from solar and wind generation (Wiatros-Motyka et al., 2024). This positive
trend is already putting a downward pressure on power sector emissions and is expected to
slow down the growth in fossil electricity in 2024, potentially marking the beginning of the
end of fossil fuels for electricity generation (Wiatros-Motyka et al.). Net additions in solar and
wind capacity have generally moved in step with their falling costs per unit of electricity.

Meldrum et al. (2023) argued that tipping points in the power system will be mainly driven by
dips in the LCOE! produced from solar and wind, with the biggest contribution coming from
falling costs for building new capacity. They suggested that reaching the following thresholds
would trigger distinct tipping points, leading to an exponential increase in solar and wind
penetration:

* LCOE of new wind and solar becomes lower than the LCOE of new coal/gas

* LCOE of new wind and solar with new storage becomes lower than the LCOE of new
coal/gas

* LCOE of new wind and solar becomes lower than the LCOE of existing coal/gas

* LCOE of new wind and solar with new storage becomes lower than the LCOE of
existing coal/gas.

There are indications that most of the world already passed the first of these thresholds in
2018 (Meldrum et al., 2023). Analysis from Lazard (Bilicic & Scroggins, 2023) indicates that

1 LCOE refers to an average cost of a unit of energy generated by a power plant over the course of its lifetime.
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the LCOE for utility-scale solar PV and onshore wind has been declining since 2009, reaching
cost parity with new coal and natural gas sometime around 2018. As of 2023, generation

costs for most newly added utility-scale solar PV and onshore wind (96%) were lower than
generation costs for new coal and natural gas plants (IEA, 2024e).

The second threshold proposed by Meldrum et al. (2023) was reached in India in July 2024,
when an auction for solar with battery storage resulted in winning bids of around USD 0.041
per kWh: cheaper than new coal plants and faster to build (Colthorpe, 2024). This value of
USD 41 per MWh is close to parity with the LCOE of new gas (combined cycle, USD 33—
108/MWh) and much lower than the LCOE of newly built coal (USD 64-171/MWh) (Bilicic
& Scroggins, 2023). The cost of batteries has plunged 99% over the past 30 years, while the
energy density of best-performing cells increased five times (Walter et al., 2023).

The third and fourth thresholds might also be in view soon: IEA’s analysis shows that in 2023,
electricity produced by 75% of new wind and utility-scale solar PV units was cheaper than
electricity from existing fossil fuel plants (IEA, 2024e). This year is expected to see further
declines in the cost of combined renewables and storage solutions. For instance, as mentioned
above, recent auctions for solar PV paired with battery storage in India resulted in winning
bids as low as INR 3.41-3.42 (USD 0.04) per kWh (Colthorpe, 2024), potentially dropping
below the costs for existing coal generation reported at INR 4.26 (USD 0.05) per kWh
(Rodrigues & Lolla, 2023).

3.2 RE Capacity and Investment Are Heavily Concentrated
in Advanced Economies and China

Despite falling LCOE of new RE capacity compared to fossil generation, most countries have
not passed tipping points in RE uptake. Since LCOE is a range, there is high variability in
actual installation costs across geographies. While it is a useful indicator that can reveal future
tipping trends, LCOE can hide significant disparities between countries and the barriers they
face in RE deployment.

Many advanced and large emerging economies have been embracing RE and storage. Solar
and wind generation could cover up to three-quarters of electricity demand growth in 2024,
and renewable power generation is projected to pass coal generation for the first time in 2025
(IEA, 2024c). As a result, the eventual phase-out of fossil fuels from the power sector seems
inevitable. However, not all countries are experiencing the rapid uptake, and most electricity
systems are far from reaching RE tipping.

At present, the bulk of new solar PV and wind capacity is being built in China, the European
Union (EU), the United States, and, to a lesser extent, Brazil and India. Close to 90% of
the total solar and wind stock is concentrated in these countries (IRENA, 2024) (Figure

2). At present, China accounts for over 80% of solar manufacturing capacity globally,

with dominance all along the supply chain (IEA, 2022) and a growing influence in wind
manufacturing. Chinese RE producers have been instrumental in bringing down the costs
of RE equipment and making these technologies accessible to EMDEs, but such market
concentration could also pose risks for the availability of supplies in the long term if trade
barriers or supply chain disruptions were to restrict exports. This risk will decline with
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increasing market diversification arising from domestic manufacturing policies in economies
including Australia, the EU, Indonesia, India, and the United States (Laan et al., 2024). In the
meantime, China remains the main source of cheap components that the rest of the world is
using to accelerate deployment.

Figure 2. Highest solar PV and onshore wind net capacity additions in 2023 (excluding
Ching, the EU, and the United States), MW
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Source: Authors, based on data from IRENA, 2024.

The geographic concentration of new solar PV and wind installations is closely mirrored in
investment flows. Spurred by the ongoing public financial support for renewables, most clean
energy investment (around 85%) is directed toward China and advanced economies (REN21,
2024). According to BloombergNEF (BNEF) data, in 2023, the world invested USD 623
billion in renewable energy and fuels (BNEF, 2024, as cited in REN21, 2024a). A large share
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of this investment—USD 609 billion—went to solar PV (USD 393 billion) and wind energy
projects (USD 217 billion), including USD 140 billion for onshore wind (REN21, 2024).

In contrast, EMDESs outside of China accounted for less than 15% of the total clean energy
investment globally (IEA, 2024d) and an even lower share of solar PV and wind investments
in 2023 (BNEF, 2024). Notable exceptions are large EMDEs, such as India and Brazil,
although investments have tapered off in some EMDESs. If the current trends continue, there is
a risk that EMDEs will miss out on the multiple benefits of the RE revolution that is underway
in wealthier countries.

The geographic concentration of new solar PV and wind installations is closely mirrored in
investment flows. Spurred by the ongoing public financial support for renewables, most clean
energy investment (around 85%) is directed toward China and advanced economies (REN21,
2024). According to BloombergNEF (BNEF) data, in 2023, the world invested USD 623
billion in renewable energy and fuels (BNEF, 2024, as cited in REN21, 2024a). A large share
of this investment—USD 609 billion—went to solar PV (USD 393 billion) and wind energy
projects (USD 217 billion), including USD 140 billion for onshore wind (REN21, 2024).

In contrast, EMDEsSs outside of China accounted for less than 15% of the total clean energy
investment globally (IEA, 2024d) and an even lower share of solar PV and wind investments
in 2023 (BNEF, 2024). Notable exceptions are large EMDEs, such as India and Brazil,
although investments have tapered off in some EMDE:s. If the current trends continue, there is
a risk that EMDEs will miss out on the multiple benefits of the RE revolution that is underway
in wealthier countries.
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The lack of deployment of solar PV and onshore wind in lower-income countries indicates
that impediments remain. Multiple regulatory, socio-economic, infrastructural, and political
challenges can delay the achievement of RE tipping points in EMDEs. Barriers can be caused
by system inertia due to long-standing dependence on fossil fuels, the inherent differences
between fossil and renewable installations, or the financial, fiscal, or regulatory challenges
faced by individual EMDEs. Some barriers, such as long regulatory and permitting times, are
common to both advanced economies and EMDEs (IEA, 2024b).

4.1 Dampening Feedbacks 1: Barriers related to fossil fuel
incumbency

System inertia is often overlooked in discussions on the pathways for RE acceleration, but the
tipping points approach helps bring it to light. Electricity systems and socio-political structures
are built around coal and gas as the incumbents. Multiple “dampening feedbacks” hold back
the build-out of RE, including

* electricity infrastructure built around a centralized baseload supply of energy and
the perception of incompatibility of variable renewable energy (VRE) sources with
such a system

» financing architecture and markets geared toward fossil fuels (Oil Change
International, 2023; Polzin et al., 2017)

» public financial support for fossil fuels, including subsidies but also through SOEs
(Laan et al., 2023)

* existing and sometimes young coal or gas power generation infrastructure (i.e., sunk
costs stifling a switch to RE sources)

* long-term fossil fuel contracts in some EMDE that make the switch to renewables
costly (IEA, 2024b)

* the potential cost of just transitions

» influence of vested interests and other elements of a carbon lock-in (Erickson et al.,
2015; Sovacool, 2017; Unruh, 2000).

Public support for fossil fuels creates multiple feedbacks that solidify their incumbent status.
Some have argued that removing fossil fuel subsidies would only marginally reduce GHG
emissions (Jewell et al., 2018). However, such assessments do not take into account the
reform’s ability to change the overall “purpose” of the energy system and the potential to break
down economic and political feedback loops reinforcing fossil fuel incumbency (Erickson et
al., 2020). Subsidy beneficiaries defend continued fossil fuel subsidization, creating political
barriers to subsidy reform and broader decarbonization efforts (Geels, 2014; Koplow,

2014). Producer subsidies incentivize spending on new fossil fuel infrastructure, leading to a
carbon lock-in and requiring further subsidization down the line (Newell & Johnstone, 2018;
Sovacool, 2017).
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4.2 Dampening Feedbacks 2: Barriers related to the
mismatch between variable RE and existing institutions
and infrastructure

Barriers also arise from the mismatch between the existing energy infrastructure, institutions,
and policy architecture and the intermittent nature of solar and wind energy. In most systems,
transmission and distribution infrastructure is built for centralized baseload generation,
financial institutions are geared toward investing in energy sources with costs distributed over
the plant’s lifetime, and policy frameworks and grid codes are meant to regulate dispatchable
power sources. Some of the roadblocks faced by VRE stem from the perceived risks of
integrating them into power systems. In systems with increasing shares of wind and solar
capacity, VRE has been much less disruptive for the power system flexibility than predicted by
some RE pessimists. However, some challenges exist, and it is necessary to adapt components
of the power system to better accommodate VRE. The types of barriers faced by countries
often depend on the stage of VRE penetration, along with their economic profile (see Box 2).2

Box 2. IEA’s system integration of renewables framework

The IEA groups countries into six different integration “phases” based on the level

of VRE penetration in the system and the country’s economic characteristics that
affect power system flexibility. This is done primarily to highlight the different
challenges faced by countries as the share of VRE increases in the power system and
to offer differentiated responses to such challenges in the interest of maintaining
system flexibility. Power system flexibility is the ability of a power network to sustain
uninterrupted service despite sudden and significant fluctuations in supply or demand,
regardless of the cause.

In Phase 1, the impact of VRE on power systems is negligible. In Phase 2, the share of
VRE increases and starts affecting system operations, but the impact is manageable
with minor adjustments and operational procedures. In Phases 3 and 4, integration of
VRE requires more sophisticated demand response measures, as well as investments
in grids and storage solutions. Finally, in Phases 5 and 6, VRE become the main source
of electricity, necessitating a redesign of existing infrastructure, market structures,
and regulatory frameworks, along with extensive storage capacity, expanded grids, and
cross-sectoral integration (IEA, 2019).

Most EMDEs are in Phases 1-3 of IEA’s classification (IEA, 2024a). Most advanced
economies, China, and a few large EMDE have moved to Phases 2-4. For now, only a
handful of countries have reached Phase 4 of VRE integration: Germany, Ireland, Spain,
and the United Kingdom. Denmark is the only country in Phase 5, with over 60% of
electricity generation coming from VRE.

Source: IEA, 2020.

2 Tt is important to distinguish between VRE and other forms of RE like hydroelectric power, which can provide
non-variable base load and therefore can be the primary source of electricity in a system without impacts on the
power system (assuming no droughts).
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The barriers faced by countries with a high penetration of VRE could be a good indicator

of the issues that other EMDESs would need to address when they reach substantial levels of
solar and wind capacity. As the capacity of VRE grows, they are increasingly confronted with
the need to manage intermittency, as well as permitting delays due to grid capacity concerns.
According to the IEA, the installation of some 1,500 GW of RE capacity is being delayed as it
awaits transmission connection worldwide (IEA, 2024f). In the United States alone, new solar
and wind capacity in the “interconnection queues”3 ballooned to 1,480 GW by the end of
2023, with the average time between the interconnection request and commercial operations
growing from 3 to 5 years during the 2015-2023 period (Rand et al., 2024).

Many advanced economies—especially those with merit-based order dispatch in wholesale
electricity markets—may be facing another dilemma. As the share of VRE increases in the
grid, the “bankability” of RE projects is under question because of increasing volatility and
the influx of generating capacity with almost zero operating costs, true for all VRE sources
(Christophers, 2024; Halttunen et al., 2020; Heptonstall & Gross, 2020). As competition
among VRE generators during peak output times drives down spot prices, their profit margins
are getting thinner. This may discourage private investment in new solar PV and wind
projects in the absence of guaranteed profits. A string of announcements from European
energy producers planning to slow down RE capacity additions highlights this trend (Novik
& Millard, 2024). Until a solution is found (such as the manufacture of green hydrogen to
absorb excess capacity at peak times), countries might need to continue providing support to
RE generators to ensure that flawed market design does not prevent ongoing deployment.

4.3 Barriers Related to EMDEs

The high cost of capital is one of the most significant barriers to energy transition in EMDEs
(IEA, 2024d). High upfront capital investment needs mean that RE deployment depends

on the availability of capital. Country-specific and sector-related risks, whether perceived or
real, hinder investment flows and add a risk premium. These include policy and regulatory
uncertainty, currency risks that necessitate additional hedging costs, and financial viability

of state-owned off-takers. In the current high-interest environment, the issue is ever more
pressing. Capital for utility-scale solar PV projects is more than twice as expensive in EMDEs
as in advanced economies (IEA, 2024d).

In addition to limited capital availability, efforts to tip power systems in EMDEs are facing
many of the dampening feedbacks mentioned above—those related to fossil fuel incumbency
and VRE intermittency. These include additional firming costs for ensuring flexibility, limited
grid capacity, supply chain disruptions, social resistance, public financial support for fossil
fuels, and vested interests. In addition, electricity utilities in EMDESs are often highly indebted
as a result of decades of providing electricity at below-cost tariffs. As such, they are unable

to invest in grids and RE infrastructure. Fossil and RE are also highly politicized in many
countries, leading to decisions based on ideology rather than economics.

3 In the United States, large-scale capacity development does not start before the authorization to connect to the
grid is granted, and a large share of capacity in the interconnection queues is never built.
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Some interventions to address barriers may have limited budgetary impacts, such as
streamlining permitting and approval processes. However, increased government spending is
likely to be required for three main reasons.

1. Paris-aligned pathways require a rapid energy transition that would surpass the typical
rate of capital stock turnover: RE needs to be more cost-effective than both new and
existing fossil fuel capacity.

2. Investment in grids will be crucial to accommodate the growing share of distributed
and variable energy sources. Grid modernization and expansion is not a subsidy
directly for the RE industry but requires major public investment.

3. Fossil fuel prices do not reflect their externalities, including climate and health
impacts; therefore, government intervention is essential to reallocate capital toward
cleaner technologies.

Public financial support can play a role in addressing most, if not all, of the barriers faced

by EMDE:s in reaching RE tipping, either through the direct allocation of funds through
subsidies and other incentives or through reforms that would require an indirect increase in
resource allocation, for instance, by reforming the regulatory framework for electricity systems
or streamlining the processes for processing installation permits or supporting new storage
infrastructure that would reduce the need for curtailment.

According to IISD’s analysis, in the period from 2020 to 2022, G20 members spent an
average of USD 168 billion a year on public financial support for RE (Laan et al., 2024). This
included direct budgetary transfers, tax concessions, FiT, feed-in premiums, and renewable
auction schemes. This is likely to be an underestimate, given many support measures could
not be quantified due to a lack of data; plus, it does not include other major forms of public
spending on energy such as public finance or capital investments by SOEs. Solar PV and wind
energy were the largest recipients of support (Laan et al., 2024).

Analysis of public money allocations shows that 96% of support was concentrated in advanced
economies and China. This is not surprising given resource constraints in many EMDE:s, but
it is a worrying trend that underscores the risk of a stalled energy transition in many countries,
especially in the Global South. Finance and technology transfers from developed economies
would be necessary to ensure that developing countries can reap the full benefits of the clean
energy transition and that the world manages to triple RE capacity by 2030.

There are indications that public support for new installations is changing in response to
falling LCOEsSs of renewables. In mature markets, there has been a shift from generation-based
incentives to support for grids, integration, local manufacturing, and storage (Laan et al.,
2024). For instance, China’s central government has aimed to reduce the industry’s reliance
on consumer subsidies since 2018. Instead, the government has emphasized public support
for innovation and improved efficiencies (Zhang et al., 2021). 2021 marked the end of sizable
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subsidy programs (mostly FiTs) for newly built solar PV and wind plants and record capacity
additions continue (although funding continues for earlier projects built under different
cost conditions).

In European countries, too, there is a notable shift to instruments with competitive elements,
such as renewable auctions or tender schemes instead of FiTs (Council of European

Energy Regulators, 2023), with mixed results. In recent years, policy-makers have faced
undersubscribed RE auctions after placing auction price caps, forcing them to raise or remove
price caps to attract bidders (REN21, 2024; van Renssen, 2023). Some auction design
challenges have since been resolved, with the introduction of the EU’s “Fit-for-55” package
and adjustments in the auctions and permitting rules, leading to a 50% increase in the
approval rate for new utility-scale RES projects (IEA, 2024g).

These observations indicate that enabling conditions continue to be helpful for RE
deployment, even in countries where tipping points have been achieved for onshore wind
and solar. Withdrawing policy support too early could jeopardize the speed of RE uptake and
broader decarbonization goals.
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Both domestic and international public finance will be crucial to bridge the gap in RE
investment in developing countries due to its ability to de-risk funding opportunities and
crowd in much larger flows of private investment. Developed countries would need to
deliver an estimated USD 100 billion in concessional finance to leverage USD 1 trillion of
private investment in clean energy in EMDEs every year (BlackRock Investment Institute,
2021). Similarly, to reach climate and energy goals in the IEA’s Net Zero Emissions
Scenario, EMDESs outside China would need to mobilize USD 0.9 trillion—1.1 trillion

in private finance annually by 2030, with around a third of this amount going toward
renewables and a third toward grid upgrades and other RE integration measures. For this
to happen, annual concessional funding for RE in EMDEs from developed economies and
development finance institutions (DFIs) would need to reach USD 80 billion—100 billion
(IEA & International Finance Corporation [IFC], 2023).

Experience shows that debt instruments are more prevalent in financing mature, cost-
competitive and less risky technologies, such as solar PV and onshore wind (IEA, 2024g).
However, emerging economies with strained budgets would require effective funding
mechanisms that do not increase their reliance on debt financing. DFIs would need to

play a proactive role in increasing the amount of funding allocated to RE, especially of a
concessional nature. DFI financing accounts for only 1% of all energy investments but has a
significant potential to leverage private investment (IEA & IFC, 2023). In recent years, DFI
financing for fossil fuels has notably declined (REN21, 2024), mainly due to a decrease in
such financing from China (IEA, 2024g). At the same time, there was no increase in clean
energy financing from DFIs, despite its tremendous potential to catalyze private investment
(IEA & IFC, 2023). Additionally, most DFI financing for energy is provided as debt, with
only a portion being concessional, and only 6% of total financing is provided as grants.
More needs to be done to target DFI investments in clean energy, especially mature solar
PV and wind technologies.

In 2021, 34 countries and five public finance institutions formed the Clean Energy
Transition Partnership (CETP) with the goal of ending international public finance for
fossil fuels and prioritizing financing of clean energy. Most members have significantly
decreased financing for fossil fuels, with a CETP total of USD 5.2 billion in 2023 (Jones et
al., 2024; Jones & Mun, 2023). At the same time, there was only a slight increase in clean
energy financing from the average of USD 18.4 billion annually in 2019-2021 to USD 26
billion in 2022 and USD 21.3 billion in 2023. Moreover, most recipients of clean energy
finance from CETP signatories are upper and upper-middle income countries, with Spain,
Poland, and the United States receiving most clean energy financing in 2023 (Jones et al.,
2024). CETP members need to do more to ensure their clean energy financing is scaled
up and directed to a fair and transformative clean energy transition in the countries that
need it most. Meanwhile, the CETP does not include some large fossil fuel financiers, such
as China, Japan, and South Korea. Countries that are not members of the CETP should
consider how they can join and end their international public finance for fossil fuels.
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A new climate finance goal (the “New Collective Quantified Goal”) is being considered

for agreement at COP 29. This will likely include a core public finance element. A transfer
of at least USD 1 trillion per year in grants and grant-equivalent terms is being called for
from developed to developing countries to address mitigation, adaptation, and loss and
damage as part of inclusive just transition pathway (Climate Action Network, 2024). If

a fair and ambitious climate finance goal is agreed upon in Baku, this could significantly
boost public finance provision toward reaching RE tipping points. In addition, financing is
being provided through Just Energy Transition Partnerships to help coal-dependent EMDEs
transition away from fossil energy and toward clean energy in a way that also addresses
social issues associated with the transition (Kramer, 2022).
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The achievement of socio-technical tipping points for solar and onshore wind at the global
level is a hugely positive development for decarbonization of the energy sector, lower-cost
energy, pollution reduction, and establishment of clean energy industries. However, lower-
income countries are being left behind in the clean energy transition. For these countries,
policy-makers at the international, national, and subnational levels need to put in place the
policies that can allow low-cost solar PV and wind to enter the market.

Lessons from the tipping points literature and experience in advanced economies and China
indicate that system-wide shifts may appear to occur due to a single intervention that causes

tipping, but a suite of policies is needed to create the conditions for change. National-level

analysis is needed to determine where interventions are most needed to create tipping

effects. While each country’s pathway will be unique, experience from previous successful

support to RE and current trends suggest that measures are likely to be needed that reduce

risks or increase the returns for investors, address key barriers to integration, and create an

enabling environment for RE production and consumption (Table 1).

Types of policy aims and measures to reach them

Tipping point and
policy category

Create positive
feedbacks by encourage
a virtuous cycle of
deployment, economies
of scale, and cost
reductions

Remove negative
feedbacks

Policy aim

Reduce cost of capital

Long-term policy and price
certainty

Measures that discover
market prices in local
contexts, thereby reducing
public costs

Build up local supply chain

Trade policies that balance
access to low-cost imports
with domestic manufacturing
objectives

Ensure fossil fuel prices
reflect their negative impacts

Restructure SOEs so they are
technologically neutral

Type of measure

Concessional financing or
loan guarantees

Power purchase agreements

Auctions, feed-in premiums
(FiPs), contracts for
difference (CfDs)

Skilling workforce and new
business support

Custom duties, local content
requirements

Fossil fuel subsidy reform and
taxation, carbon taxation,
(accompanied by cash
transfers or tax cuts for
vulnerable group)

Transition plans, RE
mandates, regulations
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Tipping point and
policy category

Create an enabling
environment

Source: Authors.

Policy aim

Retiring or retrofitting fossil
capacity

Address vested interests and
political bias

Grid modernization

Electricity sector reform to
ensure utilities are financially
viable and can invest in RE
and grids

Ancillary services and storage

Type of measure

Structural adjustment and
just transitions funding

Increase transparency,
regulations to disentangle
fossil and political interests

Budget transfers,
concessional financing, SOE
investments

Tariff reform, cash transfers,
or tax cuts for vulnerable
groups

Budget transfers,
concessional financing, SOE
investments

The IEA (2024b) provides an extensive list of recommendations for addressing challenges

to RE uptake in developing countries. Policy-makers could consider a range of measures to

reduce risks and increase the bankability of RE projects, from providing clear visibility for

projects through power purchase agreements and regulations to guarantee RE projects are

executed on schedule to improving off-taker cost recovery and facilitating pre-development

permitting of projects. To improve uptake in areas with weak grids, countries could

incentivize off-grid and mini-grid RE solutions and harness unused hydropower resources,

where possible.

In low-income countries, funding for these reforms will need to be provided by international

and domestic sources. Public finance for RE will need to be scaled up and directed to low-

income countries, with an increased share of concessional and grant financing (see earlier

section). Countries can also mobilize domestic revenues through fossil fuel subsidy reform. In
2023, public financial support for fossil fuels reached USD 780 billion (Black et al., 2023).

Repurposing public money from fossil fuels to RE has the double benefit of de-risking and

crowding in private investment for RE deployment on the one hand and removing the support

from incumbent fossil fuels, on the other. Shifting capital investments by SOEs from fossil
fuels to renewables can also accelerate the energy transition. IEA estimates that governments
and state-owned utilities are responsible for nearly half of all energy investments made in
EMDEs, with a high share of government money in some economies going toward financing
fossil fuels (IEA, 2024g). Reforming such spending could free up the much-needed resources
to fund solar PV and wind deployment.
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The rapid cost reductions and deployment of solar PV and wind energy suggest that electricity
generation has tipped irreversibly toward RE at the global level. But the pace of change is not
sufficient to achieve 2030 targets for the climate or to ensure access to affordable, reliable,
sustainable, and modern energy for all (Sustainable Development Goal 7). Concerted efforts
from policy-makers, including public financial support, are required to align the uptake of RE
with these goals.

The tipping point literature suggests that there is unlikely to be a single policy that can tip
a system in favour of a new technology over an established incumbent: a combination of
policies—both financial and non-financial—is needed to create the conditions for systems
to tip and to remove barriers. The whole-systems approach indicates that decarbonization
policies are most effective when introduced in concert with other instruments in a coherent
and consistent manner. The tipping points framework can help policy-makers identify
where interventions are most needed to “force” system tipping in favour of renewables

in lagging countries or to accelerate deployment in mature markets based on individual
country circumstances.

Policy support and public investment are also needed to balance the conditions that favour
the incumbent, fossil fuels. Most energy systems have been constructed around fossil fuels,
creating significant inertia that must be overcome to allow change. The mismatch between
fossil-based electricity systems and the intermittency of renewables is not as noticeable at the
initial stages of VRE adoption. As the share of VRE in the system increases, this discrepancy
needs to be addressed to avoid the stalling of the transition.

Policy-makers should strive to prepare the ground early and implement the changes to

the existing infrastructure and institutions, such as grid modernization and demand-side
management for grid flexibility and energy mix diversification to include non-variable RE
sources, such as hydro and geothermal power. Interventions are also needed to overcome the
social and political barriers to change.

In countries with strained public budgets and indebted utilities, allocating budgetary resources
for RE subsidies and supporting infrastructure will be challenging. Fossil fuel subsidy reform
may be a viable policy option for governments to mobilize domestic revenue while noting that
any reforms need to be undertaken in a socially responsible manner (see Beaton et al., 2013).
At the same time, finance and technology transfers from developed economies, including
through support from DFIs, will be crucial to support the transition in EMDEs.
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