What investments are needed in the global energy system in order
to satisfy the NDCs and 2 and 1.5 °C goals?
Introduction
The international policy community achieved a major milestone in 2015 with the passage of the Paris
Agreement. Since that time, nearly 200 countries have signed or ratified the treaty, which aims to
significantly reduce emissions of heat-trapping greenhouse gases over the next several decades. At
the heart of the Agreement is Article 2.1:
“This Agreement, in enhancing the implementation of the Convention, including its objective, aims to
strengthen the global response to the threat of climate change, in the context of sustainable
development and efforts to eradicate poverty, including by:
(a) Holding the increase in the global average temperature to well below 2°C above preindustrial levels and pursuing efforts to limit the temperature increase to 1.5°C above preindustrial levels, recognizing that this would significantly reduce the risks and impacts of
climate change;
(b) Increasing the ability to adapt to the adverse impacts of climate change and foster climate
resilience and low greenhouse gas emissions development, in a manner that does not
threaten food production; and
(c) Making finance flows consistent with a pathway towards low greenhouse gas emissions
and climate-resilient development.”

A number of model-based studies have been carried out in recent years to better understand the
pathways by which society could transform its energy systems in line with the aspirational targets
espoused by Article 2.1(a), namely 2 °C and 1.5 °C temperature rise over the course of the 21st
century. A dramatic upscaling of renewables and energy efficiency combined with a rapid phasingout of fossil fuels are common elements of these narratives. On the other hand, Article 2.1(c)-related
issues (finance flows consistent with low-temperature targets, i.e., the mechanism for driving the
energy system transformation forward) have received comparatively limited treatment by the global
scenarios community.
In this policy brief, we summarize key findings and insights from a recent paper by McCollum et al.
(2018)1, which utilized a multi-model approach for calculating energy investment needs across a
range of alternative climate policy futures worldwide. The analysis indicates that while a
transformation of the global energy system may not necessarily require a major increase in
investments in total, a reallocation of the investment portfolio is certainly inevitable. Charting a
course toward 2 °C and 1.5 °C would see annual investments in low-carbon energy (across the entire
supply side) overtaking fossil investments globally by around 2025. Achieving countries’ Nationally
Determined Contributions (NDCs) or the more stringent 2 °C or 1.5 °C targets globally would demand
filling a low-carbon energy and energy efficiency investment ‘gap’ of approximately 130, 300, or 460
billion US$/yr (model means), respectively, on average to 2030 representing upwards of one-quarter
of total energy investments otherwise foreseen in a baseline scenario; and for some major
economies (e.g., China and India) up to one-half. Beyond 2030 the investment gap would then
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continue to grow (230, 1050, or 1570 billion US$/yr, respectively, on average to 2050), unless global
climate mitigation efforts would be tightened considerably.

Methodology: models employed and scenarios depicted
Scenario modeling tools are widely used to evaluate the costs, potentials, and consequences of
different energy, climate, and human development futures over the medium- to-long term. Because
models have different structures and solution algorithms and since each has its own perspective on
how the future could unfold – in light of varying assumptions for socio-economic development and
technological change – model inter-comparison exercises are often conducted to tease out the most
robust insights inherent in forward-looking scenarios. In the current work, scenarios from six global
energy-economy modelling frameworks are comparatively analyzed. The six global energy-economy
models, or integrated assessment (IAM) frameworks, drawn upon include AIM/CGE, IMAGE,
MESSAGEix-GLOBIOM, POLES, REMIND-MAgPIE, and WITCH-GLOBIOM. These models span a range
from least- cost optimization to computable general equilibrium models and from game-theoretic to
recursive-dynamic simulation models. Importantly, the six models represent a variety of energy
technologies across the entirety of the global energy system, including resource extraction, power
generation, fuel conversion, pipelines/transmission, energy storage, and end-use/demand devices.
Four scenarios are depicted by each of the six global models. ‘Current Policies’ (‘CPol’) serves as each
model’s reference case (or baseline), taking into account those energy- and climate-related policies
that were already “on the books” of countries as of 2015. In addition to the reference case, the
modeling teams each ran three scenarios where policies for low- carbon energy, energy efficiency,
and climate change mitigation are tightened: ‘Nationally Determined Contributions’ (‘NDC’), ‘Well
Below 2 Degrees’ (‘2C’), and ‘Toward 1.5 Degrees’ (‘1.5C’). Population and socio-economic
development assumptions across all scenarios and models are harmonized; these are in line with the
‘middle-of-the-road’ storyline of the Shared Socioeconomic Pathways (SSP2)2.

Results and findings
Total investments in the global energy
Where are we?
system were approximately 1800 billion
• Clean-energy investments, particularly for solar
US$2015/ yr in 2015, according to the
and wind power and end-use energy efficiency,
3
International Energy Agency (IEA) . (By
have been growing rapidly in recent years. In
‘investments’, we mean excluding fuel and
2015, for example, renewable electricity
operations and maintenance costs.) This
investments amounted to more than 300 billion
amounted to over 2% of global gross
US$/yr.
• Such flows have exceeded fossil electricity
domestic product (GDP) and 10% of gross
investments for more than a decade. However,
capital formation in that year. The vast
when considering upstream coal, oil and gas
majority of these investments (~1600 billion
extraction, fossil energy investments still
US$/yr) were made to add or replace
dominate the energy industry (at more than half
equipment on the supply side of the energy
of total energy supply and demand investments).
system, while a further 220 billion US$/yr
• These trends are likely to continue unless there is
a strong policy push by all countries to transform
was invested in energy efficiency across the
the energy investment portfolio to be more in
end-use sectors (buildings, transport and
line with the Paris Agreement targets of 2 and
industry). Although investments into
1.5 °C.
renewable energy supplies, particularly solar
and wind power, have been growing rapidly in recent years, fossil energy investments still dominate.
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Where do we want to go?
• Article 2.1(a) of the Paris Agreement discusses
“Holding the increase in the global average
temperature to well below 2°C above preindustrial levels and pursuing efforts to limit the
temperature increase to 1.5°C above preindustrial levels.”
• To achieve these ambitious targets, a dramatic
upscaling of renewables and energy efficiency,
combined with a rapid phasing-out of fossil fuels,
will be necessary.
• Investments are often recognized as the
‘lifeblood’ of the global energy system. Lowcarbon investments can act as the vehicle for the
energy system transformation.
• Thus, Article 2.1(c) of the Paris Agreement
discusses “Making finance flows consistent with
a pathway towards low greenhouse gas
emissions and climate-resilient development.”

As global population and incomes rise, energy
investments are likely to increase as well, at
least to some extent. These future trends are
clearly exhibited by the six global models
(Figure 1). Notable model differences exist,
which can be explained by endogenously
determined technology choices and varying
representations for how unit-level capital
costs evolve over time. Note that given the
nature of the models employed, our analysis
expressly addresses the question of ‘where
are the investment needs’, not ‘who pays for
them’.

The impact of future energy and climate
policies on total energy investments depends
on the nature and extent of those policies
(Figure 1). Meeting the most recent suite of
countries’ climate pledges (‘NDC’ scenario)
would likely only necessitate a marginal
increase in total future investments globally, relative to a continuation of current trends (‘CPol’). In
contrast, more aggressive policies promoting deep decarbonization through a global energy system
transformation (‘2C’ and ‘1.5C’ pathways) would, according to most models, require a marked
increase. One of the principal reasons why supply-side investments do not increase more than one
might expect in these pathways, or why some
models project them to decline, is because of
How do we get there?
the rapid acceleration in demand-side energy
efficiency and conservation investments
• Transformational 2 and 1.5 °C consistent
foreseen, relative to the ‘CPol’ and ‘NDC’ cases.
pathways exhibit pronounced shifts in the energy
investment portfolio: from fossils (especially coal)
As a share of global GDP, the total energy
to low-carbon and energy efficiency.
investments projected by the models do not
• Renewable energy and energy efficiency
rise significantly from today in any of the
investments would each need to increase by up
scenarios, hovering just over 2% (model range:
to 550 billion $/yr on average to 2050 in order to
1.5–2.6%) in ‘CPol’ and ‘NDC’ and growing to
achieve the 1.5 °C target. Conversely, the scale of
2.5% (1.6–3.4%) and 2.8% (1.8–3.9%) in the ‘2C’
fossil energy disinvestment would need to be
even greater.
and ‘1.5C’ pathways, respectively. Regional
•
To reach the ambitious Paris Agreement targets,
results can diverge widely though, with
low-carbon investments would need to account
wealthier countries showing per-GDP costs
for more than 50% of all energy supply
lower than the global average and emerging
investments by around 2025 and then climb to
economies showing higher.
80% or greater by around 2035 in the 1.5 °C
Of perhaps greater significance to investors
than total capital flows is how the energy
investment portfolio might be expected to
evolve over time under varying assumptions for
future energy and climate policies. That
portfolio continues to look very similar to today
in the ‘CPol’ baseline, and to a large extent also
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• Keeping global temperature rise within these
strict limits implies filling low-carbon energy and
energy efficiency investment gap globally of
some 300 or 460 billion US$/yr every year
between now and 2030 (in 2 and 1.5 °C
pathways, respectively); 1050 or 1560 US$/yr out
to 2050.
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in the ‘NDC’ case. In contrast, the transformational ‘2C’ and ‘1.5C’ pathways exhibit a shift from fossil
(especially coal) to low-carbon and efficiency investments that is much more pronounced (Figure 1).
Declines in unabated coal, gas, and oil investments (i.e., fossils not equipped with carbon capture and
storage, CCS) imply increases in renewables, nuclear, and demand-side energy efficiency (and to a
lesser extent fossils equipped with CCS), especially in the more transformative ‘2C’ and ‘1.5C’
pathways. Additionally, several models provide evidence of significantly increased investment
requirements for electricity T&D and storage. This highlights the greater demands for delivering
electricity to the end-use sectors (buildings, industry, and transport) in a deeply decarbonized energy
system, as well as needs for large-scale electricity storage when the contribution from intermittent
sources of electricity (solar, wind) is substantially greater.

Figure 1. Projected global average annual investments in the different climate policy scenarios (left panel);
incremental investments and disinvestments by category relative to the baseline (right panel).

Full implementation of the NDCs by countries throughout the world would require that low-carbon
supply-side investment shares grow over the next decades to levels somewhat higher than today, yet
remaining below 50% up to mid-century (Figure 2); multi-model means shown; individual model
results vary). In other words, total low-carbon investments would continue to remain smaller than
fossil investments for the foreseeable future. The ‘2C’ and ‘1.5C’ pathways offer a marked departure
from these trends, with low-carbon supply-side investments overtaking fossil investments already by
around 2025 or before. Then, some years later low-carbon supply- side investments would need to
reach and/or surpass the 80% threshold, a mark that is projected to occur close to mid-century in the
‘2C’ pathway and much sooner (~2035) in the ‘1.5C’ case.
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Figure 2. Projected global average annual low-carbon energy supply-side investments as a share of total
supply-side investments. Solid lines represent multi-model means; floating bars give the min-max ranges
across the models. Estimates shown here include supply-side investments in renewable electricity and
hydrogen production, bioenergy extraction and conversion, uranium mining and nuclear power, fossil energy
equipped with CCS, and the portion of electricity T&D and storage investments that can be attributed to lowcarbon electricity generation. Dashed lines denote important thresholds for low-carbon energy investment.

Compared to where countries are heading at the moment, there clearly exist substantial low-carbon
energy and energy efficiency investment gaps (‘LCEI-Gap’) on the path toward 2 °C and 1.5 °C (i.e.,
the total incremental investment needs for these cleaner options beyond those likely to happen
anyway based on a continuation of today’s trends, assuming no future tightening of energy and
climate policies worldwide, as is envisioned in the ‘CPol’ reference case). According to our
calculations, achieving the current NDC pledges of countries implies that a global near-term (to 2030)
LCEI-Gap of approximately 130 billion US$/yr (model mean), accounting for around 7% of all energy
investments worldwide in 2015, needs to be filled over the next several years. If the aim is instead to
keep global temperatures below 2 °C or 1.5 °C in the long term, then this near-term LCEI-Gap quickly
escalates to 300 or 460 billion US$/yr, respectively (or 17-26% of 2015 investments). Looking toward
mid-century, the global LCEI-Gap reaches far higher levels in each scenario, with the relative upscaling of investment effort being particularly strong in the 2 °C and 1.5 °C futures (1050 and 1560
billion US$/yr, respectively). Drilling down to the regional and national levels, we find that the largest
LCEI-Gaps exist for the countries of Asia and those comprising the OECD (Organisation for Economic
Co-operation and Development), above all China, India, Europe, and USA. We note, however, that
while the LCEI-Gap for some regions and countries may appear to be rather low in absolute dollar
terms, the gap could actually be fairly large in relative terms, i.e., as a share of a particular economy’s
future investment needs in the ‘CPol’ baseline. India is a prime example.
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Conclusions
Professionals engaged in the business of ‘green financing’ (i.e., those responsible for mobilizing
capital to launch low-carbon energy and efficiency projects) should be aware of the stepped-up
investment effort required to lay the groundwork for a future consistent with 2 °C, and even more so
1.5 °C. The NDC pledges made by countries over the past two years are certainly a move in the right
direction, but as we show here, they are wholly insufficient for incentivizing the kind of deeper,
structural changes in the energy investment portfolio required for reaching the low-temperature
targets of the Paris Agreement.
While our study does not comment on the exact sources of the investment requirements quantified
here, we note that funding for individual projects could come from all manner of sources: businesses,
governments, households, banks (private, state-owned, development), multi- lateral climate finance
institutions, or via other means. And this funding could be sourced do- mestically or be provided by
foreign entities. The ultimate funding portfolio, from the macro- to micro-scale, will be determined
by some mixture of the world’s financial system, countries’ fiscal and monetary policies, and foreign
development aid institutions, among others.
The good news, for backers of sustainable energy at least, is that the world’s largest economies have
already agreed that spurring low-carbon energy investments should be placed high on their collective
priority list. For example, one of the stated action items from the recent G20 Hamburg Climate and
Energy Action Plan for Growth is “to create an enabling environment that is conducive to making
public and private investments consistent with the goals of the Paris Agreement as well as with the
national sustainable development priorities and economic growth” (in other words consistent with
Article 2.1(c) of the Paris Agreement). In support of this effort, G20 countries have ‘reemphasized’
the previously agreed commitment of wealthy countries to jointly mobilize 100 billion $/yr (during
the period 2020-2025) for mitigation actions in developing countries. According to our analysis, this
level of support would go a long way toward closing – if not fully covering – the low-carbon energy
and energy efficiency investment gap faced by developing countries as they work to fulfill their NDC
commitments. Considerably more capital would have to be mobilized, however, in order to fully
close the investment gap for a 2 °C- or 1.5 °C-consistent future.
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