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In June 2019, the United Kingdom became the world’s first major economy
to set in law a commitment to deliver a net-zero carbon emissions
framework by 2050. This means that the emission sources from human
activities contributing to the build-up of CO2 in the atmosphere must be
offset by sinks that absorb or capture the carbon. The net impact from
humans on atmospheric CO2 needs to be neutral, in other words, net zero.
This is a tough, but necessary challenge. The Committee on Climate Change
have already provided a response setting out core activities that can contribute
to the aim.1 These include: energy efficiency, the shift to low-carbon power,
roll-out of electric vehicles and more low-carbon heating, the use of carbon
capture usage and storage (CCUS) and electrification in industry, tree planting
and on-farm measures, diversion of waste from landfill and the phasing out of
fluorinated gases.
Clearly, all of these initiatives have a funding requirement, and this is not
insignificant. The UK Infrastructure and Projects Authority estimate an
investment requirement totalling £500 billion in low-carbon infrastructure to
2021, with a further £389 billion up to 2036 required within various sectors such
as energy and transport2. The immediate task for the finance sector therefore is
to mobilise the capital needed to fulfil these funding requirements.
One of the reasons that the private sector has not financed some emerging
technologies critical for enabling a low-carbon outcome in the past is that these
technologies have risk-reward profiles that do not match the needs of investors
or appetite of lenders. However, capturing environmental, social and governance
factors as well as financial ones during the risk assessment process provides a
more comprehensive way of identifying the true risk-reward trade off.
This report helps to capture a more accurate risk profile by combining
technology readiness levels with policy, operational, market, legal, ESG and
technical risk. It looks in detail at three technologies that are critical to facilitate
the decarbonisation of the economy in the UK, namely solar PV, heat pumps,
and carbon capture and storage. The aim is to build a strong knowledge
foundation for the financial sector and increase its agility to deploy capital at
scale for the transition.

1
2

Net Zero, The UK’s contribution to stopping global warming. May 2019
Accelerating Green Finance, March 2018
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Executive Summary
Responding to climate change is fundamentally an investment challenge.
While investors tend to be quite familiar with investment opportunities
in the fossil fuel value chain, low-carbon technologies are by comparison
a bit of a mystery. This report aims to demystify the sector by applying
standard tools of investment risk analysis to clean energy.
Part of the perceived complexity of a comprehensive energy transition is that
no single technology solves the puzzle. Instead, our future energy system will
be driven by a wide range of low-carbon technologies and network enablers.
An improved understanding of risks and rewards of these technologies and
associated value chains will be crucial to unlocking their investment potential.
This report seeks to help close the knowledge gap between the financial and
technical experts on these topics.
The two-stage methodology developed for this paper provides an investment
risk assessment specifically geared towards commercial banks. We apply
the methodology to three low carbon technologies: Solar PV, Heat Pumps,
and Carbon Capture and Storage. In the first stage of the assessment, the
technology readiness level (TRL) is used to determine the suitability of debt
financing. In the second stage, we consider six risk dimensions that shape
lending decisions. The assessment is summarized in the graphic illustration
shown below.
While not a substitute for the quantitative analysis that underpins loan pricing
and approval, the framework developed for this report allows for initial screening
on the lending potential of low carbon technologies – thereby helping to fill the
knowledge gaps that arise.

Policy risk

Technical risk

Operational risk

Solar PV
Heat Pump
CCS

ESG risk

Market risk

Legal/Regulatory risk

Figure 1: Risk Evaluation for 3 Carbon Reducing Technologies
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Introduction
The transition to a net zero-carbon economy will require an unprecedented increase in capital flows towards technologies
and projects that reduce greenhouse gas emissions. In the UK alone, as much as £70 billion3 will be required annually
to meet the country’s new target to emit net-zero greenhouse gases by 2050, presenting numerous investment
opportunities. Given the importance of commercial loans in underpinning economic growth, this transition cannot occur
without a deep level of engagement with the banking system.
The purpose of this report is to describe the risks and
opportunities of commercial lending to low carbon
technologies for a non-technical audience. We describe the
major risks associated with lending decisions and assess
“bankability” for a sample of key technologies. Through a set
of three case studies, we set out a replicable framework for
assessing project-specific investment risks. These case studies
focus on technologies that are either already deployed at scale
in the UK or are ready for full-scale commercial deployment,
but not yet widely deployed.
While greater awareness of climate change is driving an
increased interest in more sustainable financial products,
progress has been most pronounced in large, sophisticated
markets. For example, USD160 billion in new green bonds
were issued in 20184 and issuance is on track to grow by at
least 30% this year. Yet issuing bonds is just one way in which
large corporates raise debt capital. For small to mediumsized enterprises, bond financing is relatively meaningless; it
is access to commercial lending that drives the adoption of
innovative technologies and underpins new areas of expansion.
While green and sustainability-linked loans have also been
experiencing rapid growth (USD36 billion globally last year5),
total volume remains minuscule compared to the total size of
the commercial debt market.

This report aims to demystify the practice of green and
sustainable lending by applying the basic principles of credit
risk assessment to low carbon technologies. Our focus is
placed on three technologies (solar PV, heat pumps, and
carbon capture and storage), as deployed in the UK. The
technologies selected for this study have a vital role to play in
reducing greenhouse gas emissions from the power sector,
household energy consumption, and industrial activities. They
are a small sample of a much wider portfolio of technologies
that will need to gain a bigger market share over the
coming years for the UK to meet its legally-defined limits on
greenhouse gas emissions.
The Intergovernmental Panel on Climate Change (IPCC)
has estimated that the global investment into the energy
system6 required to meet the Paris Agreement from now until
2050 is between USD1.6 and USD3.8 trillion annually7. This
unprecedented scale of new investment presents opportunities
for both debt and equity investors. However, as with any
other investment opportunity, these do not come without risk.
The appetite of lenders to fund an energy system transition
is highly conditional upon their understanding and pricing of
these risks. While the approach outlined in this report is most
representative of a bank’s perspective, it could equally be
applied to all debt capital investors interested in the sector.
Ultimately, it will be risk perceptions that drive the actual rate
of capital deployment towards climate-friendly technologies.
For this reason, we see a shared framework for risk assessment
playing a key role in facilitating the transition to a low-carbon
economy.

https://www.ft.com/content/036a5596-87a7-11e9-a028-86cea8523dc2
https://www.climatebonds.net/resources/reports/green-bonds-state-market-2018
5
https://about.bnef.com/blog/sustainable-debt-market-sees-record-activity-2018/
6
Energy system includes resource extraction, power generation, fuel conversion, pipelines/transmission, and energy storage
7
IPCC, Mitigation pathways compatible with 1.5°C in the context of sustainable development
https://www.ipcc.ch/report/sr15/mitigation-pathways-compatible-with-1-5c-in-the-context-of-sustainable-4-development/
3
4
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Overview of the
Analytical Framework
The framework described below is a qualitative tool for assessing project specific risks, adopting the perspective of a
hypothetical UK lender. We do not seek to answer the question of whether financial returns are sufficient for the observed
level of risk. In general, the adequacy of the risk-return proposition to investors can be inferred from the market by the
volume of total capital deployed to these sectors.

Technology Readiness Level (TRL)
as a First Step
Lenders are inherently risk averse. Given that the rate of return
on a loan is typically fixed, lenders receive no financial benefit
when the investment performs well. Their primary concern is to
ensure repayment in full and on time. The statistical likelihood
of being repaid clearly depends on the reliability of the
underlying technology. Therefore, the first factor underpinning
an appetite to lend is the Technology Readiness Level (TRL).

The concept of TRL was first employed by NASA in the 1980s
and has become a common tool for assessing the maturity
of a technology. It is used in the UK by agencies such as the
Ministry of Defence to rate the applicability of new technologies
to live field operations.8 The assessment works on a readiness
scale of 1 to 9. TRL level 1 represents basic utilization of an
observed scientific phenomenon – the stuff of pure invention.
By TRL level 9, a technology has been tested robustly, reliability
results are evidenced with field data, and real world operations
have demonstrated suitability for commercial deployment9.
Figure 2 represents the type of funding that would generally be
feasible for technologies at different TRL levels10.
From a lender’s perspective, TRL provides a useful starting
point akin to a traffic light system. Green is GO, red is STOP and
amber means proceed with caution.

Technology Readiness Level (TRL)

Debt
Equity
Government grants
Corporate R&D
University research
1

2

3

4

5

6

Technology Readiness Level (TRL)

Figure 2: Funding Typically Available at Different TRL Levels

https://www.gov.uk/guidance/defence-and-security-accelerator-terms-and-conditions-and-contract-guidance
https://www.nasa.gov/topics/aeronautics/features/trl_demystified.html
10
The Power of Change: Innovation for Development and Deployment of Increasingly Clean Electric Power Technologies (2016)
8
9

7

8

9
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Technology Readiness Levels
TRL

Description

9

Wide-scale commercial deployment

8

Early commercial deployment

7

Complete system demonstration in an operational environment

6

Early field demonstration and system refinements completed

5

Early system validation demonstrated in laboratory or limited field application

4

Subsystem or component validation in a laboratory environment to simulate service conditions

3

Proof-of-concept validation

2

Technology concepts and/or application formulated

1

Exploratory research transitioning basic science into laboratory applications

Figure 3: Technology Readiness Levels. Source: The Power of Change: Innovation for Development and Deployment of
Increasingly Clean Electric Power Technologies (2016) based on Mankins, 1995, NASA white paper

For the purposes of a lender, the Technology Readiness Level
(TRL) feeds into a binary assessment. TRL 8 or higher becomes
a pre-condition for commercial lending.11 TRL 7 and below
carries too much uncertainty about the reliability of underlying
technology to be considered appropriate for debt financing.
While in theory it’s simple, it is far more complex in practice.
Technological “readiness levels” are not always easy to identify.
For any technology that has reached commercial maturity,
there is ongoing research and development (R&D) that strives
to improve it, make it cheaper, or both. An example of this
is the development of the mobile phone. The first models
launched in the 1980s would be described as TRL 9 at the time,
although bare minimal similarities to the TRL 9 smartphones
available today.

11

Solar PV is another example. While crystalline silicon is
widespread and solar PV power projects often attract highlevels of debt capital (i.e. debt-to-equity ratios in excess of 3:1),
new designs and materials are still working their way from
laboratories into the field. When pursued too aggressively,
those variations could be viewed negatively by lenders if they
are perceived to re-introduce technological risk, even when
improving efficiency and/or profitability.

The Power of Change: Innovation for Development and Deployment of Increasingly Clean Electric Power Technologies (2016)
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For those activities sufficiently mature to pass the technology
risk threshold, the next set of tests can be applied. In the next
phase of the analysis, there are no generic answers. Everything
depends upon context. The perceived “appetite to lend” will
be highly dependent upon localised factors, such as market
structure, governmental policies, and community acceptance.

Figure 4 provides examples of technologies related to solar
power, heat pumps, carbon capture and storage (CCS) that are
at various stages of development.

Carbon-Neutral Technologies by TRL
TRL1

TRL2

TRL3

TRL4

TRL5

TRL6

TRL7

TRL8

TRL9

Solar thermal
Amorphous
silicon thin film
Mono/Polycrystalline
silicon

4th generation
(low temperature)
district heating

Direct Air Capture
(DAC)

Post-combustion
solvent-based CCS

Parabolic dish

CO2 ocean storage

Solar-assisted
heat pump

Hydrogen fuel cells
(cogeneration)

Oxy-combustion gas
turbine (water cycle)

Saline formation
carbon storgare

Oxy-combustion coal
power plant

Air source heat pumps
Hydrogen boilers
Solar trough

High concentration multijunction solar cells

CO2-EOR

CO2 utilisation
(non-EOR)

Solar tower

BECCS power

CdTe thin film

Transport on-shore & offshore pipelines
Deep
geothermal
Ground source
heat pumps

Figure 4: Clean Technologies by Technological “Readiness Levels”12

Solar PV
Heat Pump
CCS

12

 ources include: Bui et al, “Carbon capture and storage (CCS): the way forward”, Energy Environ. Sci., 2018; ClimateXChange, “Heat Generation Technology
S
Landscaping Study, Scotland’s Energy Efficiency Programme (SEEP)”, 2017; and expert judgements
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A Risk Framework for Commercial Lending
While no two lenders will analyse investments in the
exact same way, most will be looking at the same
underlying indicators. Our framework incorporates the
following project-specific elements of risk, aggregated into
the acronym “POMLET”:

P

Policy risk

O

Operational risk

M

Market risk

L

Legal and regulatory risk

E

Environment social and governance risk

T

Technical risk

Policy risk reflects the full range of incentives or disincentives
that are within the control of the government. Policy risk plays
a crucial role in investment decision making, particularly in
situations where subsidies or guarantees are required to raise
the rate of financial return in order to attract private sector
investors.
Operational risk arises from unexpected outcomes in the dayto-day running of the asset.
Market risk is typically associated with the volatility of
expected revenues and expenses, and whether that volatility
can be hedged.
Legal and Regulatory risk includes the cost of compliance
with rules and regulations, the risk of litigation, associated
costs and robustness of the law. This includes obtaining
necessary permits, licenses and managing of regulatory
changes.
Environmental, Social and Governance (ESG) risk includes
impact on the environment, health and local communities,
incorporating the moral and ethical duties of social
stewardship.
Technical risks are inherent to most projects and commonly
related to construction cost-overruns, engineering failures, and
poor integration with associated infrastructure.
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In the POMLET framework, each risk factor is scored on the
scale from 0 (no risk) to 5 (high risk). For the purposes of this
report, scoring has been based on expert opinion but does not
constitute a definitive view on the investment potential of these
technologies. Visually, the results are presented as a spider
diagram where the bigger the ‘web’, the higher the overall

risk. However, these scores are not static, as they change with
market and political developments. When used for investment
decision-making, they should therefore be updated regularly to
ensure accuracy. The full risk taxonomy for the POMLET credit
risk framework is provided in Figure 5.

Risk of loss from…

Policy risk

Operational risk

Market risk

Sovereign default

Force majeure events

Output price

Change in government
policies (fiscal,
monetary, trade…)

Loss from inadequate
Internal processes

Corruption

Legal &
Regulatory risk

ESG risk

Technical risk

Regulatory
requirements

Community impact

Construction risk

Output volume

Obtaining permits
and licenses

Environmental
damage/costruction

Project complexity

Internal fraud

Business model risk

Compliance with
new laws

Environmental
damage/operation

Stability of
technology

War declarations

External fraud

Lack of Predictability
of cashflows

Legal/Litigation
costs

After-life
environmetal risk

Efficiency of
technology

Change in Price
support/stabilization

Employment
practices, workplace
safety

Input price (e.g. fuel)

Reputational risk

Air/water/land
pollution

Supporting
infrastructure
requirements

Lack of Regulation
track record

Market manipulation,
antitrust,

Currency risk

Litigation risk

Greenhouse gas
emissions

Lack of Contractors
track record

Lack of Policy
transparency

Damage to assets
due to nat disasters,
terrorism, vandalism

Counterparty credit
quality/construction

Change in law

(Project level) Lack of
management track
record

Lack of Technology
track record

Lack of Policy stability

Software failures

Counterparty credit
quality/offtake

Land/property rights

Technology supply
chain

Lack of Supporting
Infrastructure support

Counterparty credit
quality/O&M

Inadequate
management of noncontractual rights

Technology guarantee
availability

Change in
Supranational support

Change in Revenue
stacking options

Failure to meet
non-contractual
obligations

Correlation to
other assets

Patents

Shocks to
Expected Life

Contract
unenforceability

Figure 5: Risk taxonomy
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Introduction to
Technologies Considered
Three technologies have been selected for detailed analysis in this report: Solar PV, Heat Pumps and Carbon Capture and
Storage. All are at TRL level 9, meaning that the technology has been proven, and if the economics and wider factors are
right, they can be all be deployed at scale. While they are not representative of the whole low-carbon technology family,
they provide a good illustration of the risk and opportunities commonly encountered by different low carbon technologies.
This risk framework is intended to anticipate the overall level of attractiveness to a lender, which in turn influences their
deployment potential in the UK.

Solar PV
The first photovoltaic module was built
by Bell Laboratories in 1954. Crystalline
Silicon Solar Photovoltaic is the most
widely used PV technology. In the
1960s the technology was advanced
by the space exploration program,
deployed to provide power onboard
spacecraft. During the 1970s energy crisis, PV technology
also attracted attention as an alternative source of
power for civil purposes and further benefited from the
development of microelectronics (the material which
converts light into electricity in a solar panel is the same
material as the microprocessor in your smartphone).
Notably, the average price of a solar panel has fallen by
over 80% and efficiency has increased by approximately
25% in the last decade. This is a valuable example of a
technology learning curve, as costs fall about 20% every
time the capacity doubles

Solar PV has moved from a niche technology to widely
understood and globally utilised mainstream technology. At
a global level, solar power is expanding rapidly (see Figure 6,
p12), this is perhaps best demonstrated by statistics indicating
more Solar PV generation capacity (98GW) was installed
worldwide in 2017 than the capacity added by new coal, gas or
nuclear power plants combined13. However, despite this rapid
growth it remains a small part of the overall system, supplying
around 2% total energy demand. Utility-scale crystalline silicon
solar photovoltaics (c-Si Solar PV) is the most widespread solar
power technology.
Tried and tested, it dominates the global market with more
than 90% of all solar capacity installations being of c-Si
type. Monocrystalline silicon solar PV is the oldest and most
developed solar technology, delivering the highest efficiency,
13

http://www.iberglobal.com/files/2018/renewable_trends.pdf

while polycrystalline is less effective at converting sunlight to
power, but cheaper to produce. Power generation from solar
PV is estimated to have increased by more than 30% in 2018,
to over 570 TWh. With this increase, solar PV share in global
electricity generation exceeded 2% for the first time. However,
the rate of deployment of solar PV must increase significantly
over the next decade to meet the Paris Climate Agreement’s
goal of keeping the increase in global temperatures to “well
below” 2°C.
The UK has enjoyed an increase in the solar PV capacity almost
every year from practically zero in the early 2000s, driven by
various subsidy mechanisms, but deployment has slowed
recently, as subsidies have been removed. Currently Solar PV
generates 3.7% of the total annual electricity generation in the
UK, although it should be stated that the amount of electricity
generated in any one moment can vary quite dramatically, with
solar supplying a large proportion of the electricity in the peak
of summer, and a much smaller share in the middle of winter.
Over the course of a year the electricity supplied does still not
make a significant dent (see Figure 7, p12) in total demand. That
is expected to change dramatically as the average cost of solar
power drops below wholesale power prices, even in relatively
cloudy Britain.

12
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Global new and cumulative installed solar PV capacity 2000 - 2018 (GW)
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Figure 6 Source: SolarPower Europe

Renewable electricity generation by fuel – United Kingdom 2000-2017 (GWh)
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Solar photovoltaics

Figure 7 Source: UK Department for Business, Energy and Industrial Strategy

National Grid modelled scenarios suggest that for the UK to meet its 2050 climate targets, Solar PV installed capacity will need
to more than triple by 205014. Solar PV will therefore require significant investment to enable the UK to meet its climate targets.

14

Future Energy Scenarios 2019, Figure 5.1 http://fes.nationalgrid.com/fes-document/
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Heat Pumps
A heat pump operates like a
refrigerator in reverse. In heating
mode, the pump extracts energy
from a low temperature heat
source (air, water, or ground) and
transforms it to the desired level of temperature by using
a compressor. Like a fridge, this uses external electrical
power to accomplish the work of transferring energy
and altering the temperature. This technology goes back
to the invention of refrigeration in the 1800s. The first
large-scale installation dates to 1951, when The Royal
Festival Hall in London opened with a reversible gas-fired
water-sourced heat pump that was fed by the Thames,
providing both heating in winter and cooling in summer15.

Global investment in heat pumps for
space heating (USD bn)
14
12
10
8
6
4
2
0
2010

2011

2012

2013

Equipment

Air source heat pumps are a well-established technology,
although many investors are unfamiliar with them. Heat
pumps have been in widespread use in many countries in
Europe North America and Asia since the 1980s. An air source
heat pump is globally the most common form of heat pump,
providing heat output via either air or water (radiators). Air-to-

2014

2015

2016

2017

Installation

Figure 8: Heat pump sales.
Notes: Does not include reversible air conditioners
and air-to-air heat pumps14
Turnover from sales in selected countries
(EUR m) (2018)
FR
DE
IT
FI
ES
UK
PT
EU other
0

air heating systems can also be used in reverse to provide air
conditioning (cooling). Sales of this technology are growing
strongly, with the annual electrical load growth (associated
with pumps installed) exceeding that of all electric cars sold in
2017. Of this growth, 90% comes from China, while the rest is
from Europe and Japan.
According to the International Energy Agency (IEA), households
and businesses spent almost USD12 billion on heat pumps in
2017, with global sales continuing to grow at roughly 30% per
year. In addition, there is a growing market for reversible airto-air heat pumps that provide air conditioning, sales of which
reached approximately USD34 billion for 42 million units in cold
and temperate climate countries in 201716.

500

16

1500

2000

2500

Figure 9: By combining data on average costs (including
installation & taxes) per unit with the number of heat pumps
sold, we can estimate the resulting turnover17
In 2016, the production of heat was the single biggest source
of UK emissions. Heat represented 37% of total emissions,
with space heating alone generating 17% of emissions.
Lowering emissions in the UK will require an alternative to
natural gas, which is commonly used to heat homes and
workplaces. Heat pumps are one of the technologies that
offer a pathway to decarbonise this sector and significantly
reduce emissions. Under the right conditions, this also
presents a substantial investment opportunity.

It was subsequently removed due to it overheating the building, but its model remains in the London Science museum
World Energy Investment 2018, IEA
17
http://stats.ehpa.org/hp_sales/story_sales/
15

1000
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Carbon Capture and Storage
An average USC coal18 power plant
(800MW) provides energy to 266,000
average homes and also produces 1 tonne
per second of exhaust gases (150kg per
second is CO2). This equates to 4.7 million
tonnes of CO2 released into the atmosphere
per year. Carbon Capture technologies are designed to
remove this CO2 by separating it from the other gases,
known as ‘scrubbing’, and either re-using or storing it.
Captured CO2 can be permanently stored in
decommissioned oil or gas fields19 or natural saline
aquifers. It has also been used for commercial purposes,
such as Enhanced Oil Recovery (EOR), for over 50
years. EOR injects CO2 into oil reservoirs, increasing the
pressure and forcing the oil out. Increases in oil prices
during the 1970s supported the development of this
infrastructure. Although not all of the CO2 used in this
process currently comes from carbon capture, 20% of
global oil production uses EOR20. For every tonne of CO2
injected, between 1 to 3 barrels of oil can be recovered
on average, this oil will then, in turn, produce between 0.5
and 1.5 tonnes of CO2.

This report reviews Post-Combustion technology, which
can capture the CO2 released by burning fossil fuels during
electricity generation and other industrial processes, such as
cement production. Solvent-based Post-Combustion carbon
capture and storage (CCS) is a readily deployable technology
solution, relying on well-understood components. Some of this
technology was developed as early as the 1930s.
As of 2018, there are 23 large-scale CCS facilities in operation
or under construction worldwide. These capture almost 40
million tonnes per annum (Mtpa) of CO2, which is equivalent
to Ecuador’s CO2 emissions in 201721. A further 28 pilot and
demonstration-scale facilities are also in operation or under
construction. Collectively, these capture more than 3 million
tonnes per annum of CO2. The transport and injection of CO2
has been practised at scale for enhanced oil recovery (EOR)
since the 1950s.

There are three basic types of technology that capture CO2
from power plants:
Pre-Combustion recovers the hydrogen from the fossil fuel
prior to combustion, allowing the carbon-containing gases
to be separated, and the hydrogen to be burned without
producing any CO2.
Post-Combustion separates CO2 from combustion exhaust
gases in the air, capturing it using a solid or liquid sorbent
The Oxyfuel technique uses oxygen rather than air to
fuel combustion, producing mainly water vapor and CO2 and
reducing the quantity of exhaust gases, which
facilitates capture.

As of 2014, there are over 3,000 miles of high-pressure
pipeline, transporting over 60 million tonnes of CO2 per year,
for 113 Enhanced Oil Recovery (EOR) projects in the United
States alone, with approximately 120 projects worldwide22,23.
The geological storage of CO2 is considered the safest and
most permanent solution. Natural CO2 fields are abundant
in nature, with CO2 being stored in these formations for
millennia. This provides insight into the type of reservoir and
sealing rocks required to constitute secure storage and recent
research has shown that 98%, or more, of injected CO2 will
be permanently stored24. As illustrated by Figure 10 p15, CCS
technology has been deployed by several power and industrial
initiatives around the world, with a number of future projects in
formation.

An ultra-super critical (USC) coal power plant is the latest and most efficient technology used in new build coal power plants
The Guardian, Empty North Sea gas fields to be used to bury 10m tonnes of C02, 9 May 2019
20
https://energypost.eu/carbon-capture-can-co2-eor-really-provide-carbon-negative-oil/
21
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/fossil-co2-emissions-all-world-countries-2018-report
22
Wallace, M. and V. Kuuskraa, Near-Term Projections of CO2 Utilization for Enhanced Oil Recovery. 2014, NETL
23
Godec, M.L., Global Technolgogy Roadmap for CCS in Industry: Sectoral Assessment CO2 Enhanced Oil Recovery. 2011,
United Nations Industrial Development Organisation
24
Alcalde, J. et al, 2018. Estimating geological CO2 storage security to deliver on climate mitigation. Nature Communications, 9, 2201
18
19
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Status of Global CCS Projects
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Advanced Development
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Capacity (Mt/yr)
7
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Figure 10: Authors own work, utilising
NETL, MIT , IEA & GCCSI databases

1

Operating

Although the number of active CCS plants are limited, most energy scenarios that meet the Paris Agreement targets predict
a significant number of CCS plant developments, with Shell estimating in their Sky Scenario that over 10,000 CCS plants
will be required by 2070, storing 6,100 million tonnes per annum of CO225. Furthermore, the IPCC has shown that CCS is an
important technology to meet the 2°C target. The IPCC Fifth Assessment Synthesis Report (2014) estimated that without CCS
the cost of climate mitigation by 2100 would increase by 138%26. The 2015 Paris Agreement significantly increases the value
of CO2 sequestration, as all of the scenarios consistent with the 1.5°C target require the large-scale removal of CO2 from the
atmosphere and its geological sequestration .

25
26

https://www.shell.com/energy-and-innovation/the-energy-future/scenarios/shell-scenario-sky.html
https://www.unece.org/unece-and-the-sdgs/climate-change/sustainable-developmentclimate-changeunece-and-climate-change/carbon-capture-and-storage-atechnological-challenge-already-solved.html
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POMLET
Risk Assessment
Solar PV
The installed capacity of Solar PV in the UK has increased
rapidly from 0.027 GW in 2009 to 13 GW in 201827. This
capacity is expected to grow as solar becomes an increasingly
important part of the UK energy system, with National Grid
Future Energy Scenarios estimating between 16GW and 33GW
of installed capacity in the UK by 203028 and the Committee on
Climate Change Net Zero report indicating up to 54GW of Solar
PV could be installed by 203529.
To date, the rapid uptake of solar plants in the UK has been
driven in part by technological development and rapid
reduction in costs, but most prominently by governmental
support. This initially came in the form of renewable obligations
placed on electricity suppliers and later via feed-in-tariffs and

Solar PV Risk Spider
Figure 11

the contract for difference (CfD) mechanism30. This scheme
provided a guaranteed and subsidised price for 15 years, but as
the cost of Solar PV declined this subsidy was removed from
new build Solar PV. Currently, industrial scale onshore Solar PV
no longer qualifies for UK government subsidies. The removal
of subsidies has reduced the rate of deployment of Solar PV
farms, primarily because developers are now subjected to
electricity price volatility. In an effort to mitigate this price
volatility, developers often negotiate power purchasing
agreements (PPAs) with third parties. The POMLET analysis
indicates that to maintain and increase the rates of solar
deployment in the UK, overcoming the market risk is crucial.

SOLAR PV Risk Spider
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 EIS, Energy Trends: UK renewables, tables ET6.1, annual capacity https://www.gov.uk/government/statistics/energy-trends-section-6-renewables
B
National Grid Future Energy Scenarios 2018 data workbook (sheet 5.1) - http://fes.nationalgrid.com/media/1366/2018-fes-charts-v2_as-published.xlsx
29
Committee on Climate Change net zero supporting report: Accelerated electrification and the GB electricity system (Vivid Economics and Imperial College London) https://www.theccc.org.uk/publication/accelerated-electrification-and-the-gb-electricity-system/
30
The UK government contract for difference (CfD) scheme was originally open for onshore solar plants but in 2017 these plants no longer qualified for the scheme. The
CfD scheme guarantees the price of each unit of electricity can be sold at for 15years.
27

28
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POMLET Category

Risk Assessment

Policy

®® As the cost of the Solar equipment fell dramatically and it became cost-competitive with the fossil
fuel power generation, the government subsidies were removed. With subsidies removed the
deployment rates have significantly dropped, suggesting business models need more time to adjust.

Operational

®® Operational risk is minimal with a long track record of installation across the UK.
®® The weather conditions could alter the quantity of electricity produced.
®® Grid constraints could lead to problems distributing power. This might be alleviated by co-location
with storage.
®® Solar PV produces power intermittently, presenting risks to grid stability which can result in power
export being curtailed, especially as the percentage of intermittent generation increases.
®® Most Solar PV panels are manufactured by a small number of specialised companies outside the UK,
introducing supply chain risks.

Market

®® Solar no longer qualifies for government CfD auction31 to guarantee the price of electricity offtake.
This exposes new projects to full wholesale price risk unless a power purchase agreement (PPA) can
be secured.
®® Wholesale power prices are difficult to predict, especially for the 25-year lifetime of Solar PV farms.
®® There are counterparty credit risk concerns for any PPA contracts with private corporations.
®® Increase of Solar PV share in total energy mix can drive down the wholesale electricity prices and in
extreme cases can cause negative prices (price cannibalisation).
®® Excess supply could cause curtailment, limiting electricity production.

Legal and Regulatory

®® Grid connection and its terms and regulations must be agreed, connections could be compromised
particularly where the grid has capacity constraints

ESG

®® New Solar PV farms may have a significant land footprint, creating land trade-offs and potentially
limiting land use for other purposes such as farming

Technical

®® The cost of equipment has come down significantly over the last 10 years and is expected
to continue this trend, but at a slower pace.
®® The degradation of PV panels and other components such as inverters can occur quicker
than expected.
®® Solar technology is developing at a rapid pace, this could cause obsolescence of existing
Solar PV farms.
®® The co-location of solar PV with storage offers synergies that can help to overcome the
intermittency issues related to solar PV.

Solar PV’s revenue stability over its lifetime is critical to the
success of the investment. The volatility of the wholesale
electricity price and the uncertainty of the long-term price
projections are major risks that developers face when the
government subsidies are removed. The falling price of

31

the technology, instruments to hedge the market exposure
(corporate PPA, market-based price auctions) and ancillary
services (co-location with storage) are important drivers of
profitability and lay the groundwork to unlocking the
investment potential.

 Contract for Difference (CfD) in this context is a contract for the wholesale price of electricity, swapping volatile prices for fixed prices. The government allocates
A
them via a reverse auction mechanism, and through this subsidisesless mature low carbon technologies. https://www.gov.uk/government/publications/contractsfor-difference/contract-for-difference

18

Lending to Low Carbon Technologies

Heat Pump Assessment
There are around 200,000 heat pumps installed in the UK.
More than 80% of these are air source heat pumps32, a ratio
that mirrors the global market. In context, there are more
than 27 million heating installations in the UK, the majority of
which (22 million) are gas boilers. Thus, the heat pump market
remains a niche market33. Future scenarios by the Committee
on Climate Change34 and National Grid31 indicate that heat
pumps are a critical technology to decarbonise heat.

These scenarios show a potential market for air source heat
pumps of 2-3 million by 2030 and up to 17 million by 205035.
The POMLET evaluation indicates that to achieve such a rapid
increase in heat deployment in the UK, overcoming policy and
market risks are key.

Heat Pump Risk Spider
Figure 12
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 ir source heat pumps can be air-to-air (e.g. blowing warm air into house) or air-to-water (e.g. transferring heat to a water-based heating system such as underfloor
A
heating and/or a hot water tank).
33
Data from National Grid Future Energy Scenarios 2018, data workbook, sheet 4.14 - http://fes.nationalgrid.com/media/1366/2018-fes-charts-v2_as-published.xlsx
34
Committee on Climate Change Net Zero – Technical Report - https://www.theccc.org.uk/publication/net-zero-technical-report/
35
Including hybrid heat pumps, where a heat pump and a gas boiler work together.
32
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POMLET Category

Risk Assessment

Policy

®® There is no certainty for government subsidy mechanisms beyond 2021 when the current
Renewable Heat Incentive (RHI) ends36.
®® Past decisions on changing the RHI, including the level of subsidy, have created market uncertainty.
®® There is no long-term strategy for heat decarbonisation.
®® The current heat pump installation accreditation scheme (the Microgeneration Certification
Scheme37) is considered expensive and arduous compared to other heating accreditation schemes,
such as the Gas Safe38 scheme for boilers.

Operational

®® Operational risk is with the owner.
®® Poor installation can lead to reduced performance of heat pumps (e.g. more electricity required for
same heat output).
®® Installation quality is linked with accreditation, training of heat pump installers and monitoring of
installation quality.

Market

®® Economics of heat pumps (with or in absence of subsidy) currently only make sense when replacing
direct electric, oil or liquified natural gas heating systems (market size of 15% of UK households).
®® Currently, there is no economic case for the 85% of homes connected to the national gas grid and
on gas boilers.
®® Heat pumps have a high upfront cost, which is a market barrier. The current RHI subsidy pays on
heat units generated, not upfront costs, thus the business model for mass rollout is unclear. Thirdparty ownership of RHI (which is allowed under certain conditions) may encourage investors, but not
quick profit organisations39.
®® There is an excellent global supply chain for heat pumps, but the UK installation and operation and
maintenance supply chain are limited.
®® The price of heat is sensitive to the price of electricity and there are limited specific heat pump tariffs
available in the UK.
®® Heat pumps are considered as novel technologies by consumers

Legal and Regulatory

®® Currently, only particular technologies can qualify for the RHI subsidy, so innovative technologies
may be excluded.
®® Poor installation and performance of heat pumps can create a reputational risk for businesses.

ESG

®® Carbon savings linked to carbon intensity of grid electricity.
®® Many UK homes are poorly suited to heat pumps (e.g. poorly insulated and would need major
modifications to their heating systems) which could mean poor performance of heat pumps (e.g.
reduced comfort).

Technical

®® Technology well established in other countries.
®® Installation and building energy efficiency critical to achieving high performance (e.g. it is not just an
issue of the technology itself, it is the system it is connected into).
®® Limited supply chain and qualified contractors in the UK.
®® Large deployments of heat pumps have infrastructure implications (e.g. electrification of heat could
require grid reinforcement, leading to higher bills).

There are lessons from other markets that are applicable to
the UK, which could increase confidence in the UK heat pump
market40, which are summarised as:
®® A stable long-term policy environment and clear strategy on
decarbonisation of heat41

®® Clear incentives with an emphasis on helping with upfront
capital costs
®® A regime of appropriate technical standards, test facilities,
trade associations and building regulations corresponding
with high quality heat pump installations

Ofgem website: https://www.ofgem.gov.uk/environmental-programmes/domestic-rhi/about-domestic-rhi
 SC website: https://www.microgenerationcertification.org/
M
38
Gas Safe Register website: https://www.gassaferegister.co.uk/who-we-are/
39
https://www.openaccessgovernment.org/uk-heat-pump-market-is-growing-again/44301/
40
R. Hanna, B. Parrish, and R. Gross, “UKERC Technology and Policy Assessment Best practice in heat decarbonisation policy : A review of the international uptake of
low-carbon heat supply,” 2016 - http://www.ukerc.ac.uk/programmes/technology-and-policy-assessment/best-practice-in-heat-decarbonisation-policy.html
41
There is a UK government white paper on energy policy due in summer 2019
36
37
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Carbon Capture and Storage (CCS) Assessment
While global investment in energy was around USD1.8 trillion in
201842, there was no significant investment into a commercial
scale CCS project. A core reason for this lack of investment
is the absence of a viable business model to remunerate the
capture, transport and storage of CO2. However, CCS is still
expected to be an important part of the energy transition, with
the IEA’s Sustainable Development Scenario requiring CCS
from power generation and industrial facilities to grow 80-fold
by 2040. This is for both the mitigation of fossil fuel emissions
and the removal of CO2 from the atmosphere.

high price on CO2 (either market or government mandated),
making all stages of the capture, transport and storage
process economically viable. This still leaves several hurdles
to overcome, including the complex supply chains and
long-duration storage requirements. With the importance of
CCS to help reach Paris Agreement targets, steps are being
taken to meet these challenges. In a UK specific context, the
government is working with the private sector to develop
business and investment models to provide economically viable
CCS projects43. The POMLET analysis indicates that mitigations
to the current policy and market risk will be key to enabling the
commercial deployment of CCS.

Widespread deployment of CCS will require a sufficiently

CCS Risk Spider
Figure 13
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42
43

https://webstore.iea.org/download/direct/2738?fileName=WEI2019.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/700496/clean-growth-strategy-correction-april-2018.pdf
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POMLET Category

Risk Assessment

Policy

®® Owing to a current absence of enabling infrastructure, CCS deployment requires targeted policy
support.
®® The economics of CCS largely depends on governmental support either via a cost of carbon or
emissions performance standard to make projects economically viable.

Operational

®® Complex supply chains will be required, with companies required to capture, transport and store the
CO2. This creates interdependence on all parts of the value chain at early stages of deployment. If
any part of the supply chain breaks, there will be a failure of the entire system.
®® There are a limited number of large-scale CCS plants, therefore there is still potential for optimisation.
®® Fossil fuel power plants are normally located close to water, therefore CCS plants co-located with
power plants are likely to be susceptible to extreme weather events caused by climate change.

Market

®® The CAPEX of commercial scale CCS projects will be measured in billions, and will therefore require
significant investment.
®® If efficient carbon policies are in place and the carbon market is functioning, the exposure to the
volatility in carbon price could present a significant risk.
®® Locating CCS plants close to sources of oil and gas presents opportunities for EOR.

Legal and Regulatory

®® CCS requires the storage of CO2 indefinitely (1000 years as per IEA44); creating the potential liability
in the case of future leakage. In the UK, similar risks are handled under the auspices of the 1998
Petroleum Act.
®® Currently uncertain whether government or private companies will bear the storage risk. There may
well be a variation between initial and enduring policies in this space.

ESG

®® Capture sites will need to be co-located with existing industrial facilities, making permitting
challenging.
®® Chemical solvents are used to process and separate CO2 from other exhaust gases, but it should be
noted these solvents are commonly used throughout industry.

Technical

®® Primarily relies on well-established industrial technologies so has minimal technical risks.

A stable long-term policy and clear long-term strategy on
decarbonisation are necessary to incentivise the investment in
CCS facilities. Without a carbon price or a large scale alternative
use for captured CO2, it is unlikely there will be large scale
deployment of CCS. However, for the UK to meet its goal to
decarbonise the economy by 2050 CCS will be required.

44

https://www.iea.org/topics/carbon-capture-and-storage/storage/

CCS plants currently in operation have been built with
government support but the learning curve and an effective
regulatory environment could make CCS an attractive
proposition in the near future.
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Conclusions
The political and societal pressures to reduce carbon
emissions are increasing. Shareholder activism, new
regulations, and public protests are all part of an
accelerating, interconnected trend. The aim of this report
has been to generate insights about how commercial
lenders view the climate investment challenge. The
examples examined in this report are just three of many
technologies that will need to be deployed at scale to
meet the UK’s decarbonisation targets45. All will require
substantial investment that inevitably draws upon the
financial capacity of the UK banking system.
Accelerating the learning process about emerging clean
technologies is an important part of bringing the financial
community fully on board in the fight against disruptive climate
change. This task is inherently difficult due to the limited track
record of clean technology systems relative to our existing
fossil fuel infrastructure.
This study has proposed that a first step in understanding the
risks of low carbon technologies is the technology readiness
level (TRL). Once a technology reaches TRL 8 or higher it is
generally suitable for commercial lending. The POMLET risk
framework elaborated in this report organizes the potential
pitfalls: Policy, Operational, Market, Legal, ESG and Technical.
These are the major sources of performance shortfalls that
could put a loan into payment delay or default. The POMLET
spider diagram provides a quick visual representation of overall
risk levels and can be used to compare different technologies.
It is not intended to be a substitute for a rigorous credit
assessment process, but rather help steer attention towards
what constitutes a viable lending opportunity.

45

A full assessment of the wider opportunity set for low carbon
technologies in the UK could help direct strategic areas of focus
for a bank or alternative lender and open further opportunities
in green loans. In this report, the POMLET risk methodology
has been applied to solar PV, heat pumps and carbon capture
and storage in the UK. However, the framework could be
replicated for other technologies within the wider market for
green and sustainable lending.
In summary:
®® Debt capital plays an essential role in a transition to a low
carbon economy. However, not all low carbon TRL 8 or 9
technologies are suitable for commercial lending yet, due to
risks in the policy and market environment.
®® To lenders, technology is a binary risk. A technology is
either ready for commercial deployment, or not. Beyond
technology risk, there is a set of complex contextual factors
that shape the investment decision.
®® While not all technologies needed for complete
decarbonisation are ready to be deployed today, they
represent a vast investment opportunity that will re-shape
economic activity over the coming decades.
The volume of capital required for decarbonisation is
enormous. While the flow of funding towards new low-carbon
technologies is increasing, it is not happening at the pace that
is needed. Matching the right sources of capital to the right
uses cannot happen without a better shared understanding
of the risks and rewards associated with low carbon clean
technologies. Given the UK government’s ambitions for a
net zero-carbon economy by 2050, there really is no time to
lose. Getting mainstream investors engaged in the process
of discovery and learning about the investment opportunities
associated with a low-carbon economy will be a crucial enabler
for rational, long-term decision making.

 or more see IEA’s “Tracking Clean Energy Progress”, https://www.iea.org/tcep/ and Grantham Institute’s “18 priority next-generation climate mitigation
F
technologies”, https://www.imperial.ac.uk/media/imperial-college/grantham-institute/public/website/18-priority-next-generation-climate-mitigation-technologies.pdf
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