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Summary
E3G commissioned Redpoint Energy/Baringa Partners to carry out an analysis of
alternative policy approaches to delivering power sector decarbonisation in the UK.1 The
objective of the study was to understand the underlying risk landscape of different policy
approaches to incentivising investment in the UK power sector, in order to identify means
of effectively managing those risks to achieving key policy objectives.
The modelling established and compared two baseline policy scenarios that reflect
competing approaches to delivering power sector decarbonisation in line with the
50g/KWh intensity target proposed for 2030 by the Committee on Climate Change. The
Technology Support Scenario continued subsidies for renewables, while the Carbon Price
Scenario used a variable carbon price as the only driver for investment.
Drawing on this analysis, this study suggests that:

> There are potentially larger risks to industry and consumers under a gas-heavy
decarbonisation pathway. Under central assumptions, power sector costs in a gas-heavy
pathway are lower, but there are higher cost and policy delivery risks. The analysis
included scenarios where power sector costs increased by up to 98% by 2030 driven by
very high carbon prices. Similarly, costs to consumers also tend to be more subject to
asymmetric risks in a gas-heavy electricity system. The study modelled scenarios where
wholesale costs more than doubled in more extreme cases. In comparison, where
technology specific support to renewables continued, power sector costs were more
predictable with a maximum increase of 8%. The analysis also showed large uncertainties
as to the level of gas demand under a carbon price approach, raising questions of the
level of investment required in gas infrastructure. The UK power system seems to be
more vulnerable to overinvestment in gas than Germany and Poland.
> A combination of continued renewables deployment, a proactive strategy to secure
large scale CCS and the rapid expansion of electrical efficiency help reduce delivery and
cost risks. Delivering electrical efficiency is a key ‘risk reducer’ and can save consumers
between £57 and 166bn between now and 2030.

1

Similar analyses have also been completed for Germany and Poland and will be published shortly. Key baseline assumptions in
the modelling were therefore standardised to enable comparisons across these three different EU member states.
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> A policy approach that solely uses carbon prices to drive investment would tend to
underestimate cost and policy delivery risks to delivering low-carbon investment in the
UK power sector. Such an approach would lead to a gas-heavy decarbonisation pathway.
The carbon price on its own is not an attractive instrument to drive investment in the UK:
in some instances the carbon price would need to rise to very high levels of around €350
t/CO2 to attract the additional investment necessary to meet the decarbonisation
objective. Furthermore, the decarbonisation objective is missed in some gas-heavy
pathways, in particular when large scale deployment of carbon capture and storage
technology (CCS) in the early 2020s fails to materialise.
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Our findings reaffirm the need for a broad approach to risk-managing the UK’s power
sector decarbonisation. This approach needs to include the following elements:
> It is critical that policy is designed to deliver UK decarbonisation goals in an affordable
and secure manner under all plausible futures.
> New forms of analysis are needed to explore the cost and price risks inherent in building
large scale unabated gas capacity.
> Consistent and steady deployment of renewable technologies is a valuable asset to the
system in risk managing cost and price volatility.
Managing the risks of power sector decarbonisation in a cost-effective way would require
a balanced package of measures which should include:
> Delivering electrical efficiency is key for reducing costs and risks, and can generate
significant savings for consumers. The upcoming Demand Reduction consultation should
set out clear options, such as Energy Efficiency Feed in Tariff arrangements, which can be
integrated into the heart of the Electricity Market Reform legislation.
> Technology specific support will need to continue in order to maintain a steady
deployment of renewables. Setting a clear power sector decarbonisation target for 2030
of around 50 g/KWh in the upcoming Energy Bill would provide a strong signal.

> Electricity market reform arrangements and the Gas Generation Strategy must ensure
that market is investible for new gas generation for security of supply reasons
(particularly if new nuclear is not forthcoming). Currently discussed policy options (e.g.
capacity markets, 2045 grandfathering) would need to be compatible with proper
management of risks.
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> More aggressive strategies are needed to deliver reliable large-scale deployment of gas
CCS in the 2020s. The CCS Commercialisation Programme needs to bring forward CCS on
both coal and gas and proactively develop clustered infrastructures for the transport and
storage of CO2. The Energy Bill should also set out clearly how the proposed Emissions
Performance Standard will be reviewed in future under the five-yearly operational
planning process.
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1. Introduction
The future role of gas in the UK power sector has become a central object of controversy
in UK energy policy. This debate often polarises into irreconcilable opinions on future
trends, in particular gas prices, the potential impact of UK shale gas extraction, technology
costs and deployment rates, and levels of electricity and heat demand.
This is the wrong debate and will lead to the wrong outcome if it is resolved by
government picking a single view of the future and optimising policy around this. No one
knows what the future will hold. The right question is how different policy approaches to
incentivising investment in the UK power sector perform across a range of plausible
futures in respect to their costs, risk profile and ability to deliver on security of supply and
decarbonisation objectives. The objective of this modelling study was therefore to
understand the underlying risk landscape of different choices and identify means of
effectively managing risks to achieving key policy objectives.

2. Modelling approach
E3G commissioned Redpoint Energy/Baringa Partners to carry out an analysis of delivering
2030 power sector decarbonisation in the UK2. It aimed to meet the 50g/KWh
decarbonisation objective proposed for 2030 by the Committee on Climate Change.

The modelling established and compared two baseline policy scenarios that reflect
competing approaches to deliver the decarbonisation objective:

2
3
4



The Technology Support Scenario sees continued use of technology specific
support measures for renewables continued to 2030, alongside a low but slowly
increasing carbon price.3



The Carbon Price Scenario instead solely relies on the carbon price to drive
investment decisions from 2015 onwards. 4

The modelling was based on GB power market
In line with the carbon price projection by the European Commission Energy Roadmap 2050

A ‘shadow’ carbon price was generated by the model. It iterated on the carbon price to find the required level in order to achieve
the decarbonisation target of 50 g/KWh in 2030.
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The Investment Decision Model (IDM) developed by Redpoint Energy has underpinned
several key policy processes of the UK Government, including an analysis of Electricity
Market Reform policy options commissioned by DECC and HM Treasury. Unlike most
traditional models, IDM is an agent-based investor model and simulates real investor
behaviour, reflecting real world uncertainties. In particular, it recognises that investors do
not have perfect foresight, and assume investment decisions are made on the basis of a
rolling five-year foresight. The model also allowed the incorporation of interventions from
policy makers to respond to any deviations from the delivery of the policy objective.

6

These scenarios were then stress-tested against a range of sensitivities to simulate
unforeseen shocks and uncertainties as described below. These sensitivities were chosen
to reflect potential risks and costs of significant structural failures, such as under-delivery
of electrical efficiency, CCS deployment and new nuclear. In addition, some sensitivities
explored the impact of variation in fuel prices and technology costs.
Sensitivity

Description

Tested Baseline
Scenario

5

Electricity demand

High demand: Only half of electrical efficiency

Carbon Price Scenario

(High vs Low demand)

assumed under baseline delivered and higher

Technology Support

electrification of heat and transport (483TWh

Scenario

instead of 434TWh)
Low demand: Less electrification (395TWh
instead of 434TWh)
Low electrical efficiency

Only half of electrical efficiency assumed under

Carbon Price Scenario

(High Demand EFF)

baseline is delivered (468 TWh instead of

Technology Support

434TWh)

Scenario

No new capacity as opposed to 12.8GW new

Carbon Price Scenario

capacity fixed in both baselines

Technology Support

No new nuclear build

Scenario
High CCS: 21.6 GW deployed earlier

Carbon Price Scenario

(High vs Low)

Low CCS: only 1.2 GW

Offshore wind deployment

High offshore: 41GW deployed earlier

Technology Support

(High vs Low)

Low offshore: 35 GW deployed

Scenario

High/Low electricity

Combination of above

Carbon Price Scenario

Combination of above

Carbon Price Scenario

demand combined with
Low CCS
Low electrical efficiency
combined with no new

Technology Support

nuclear build

Scenario

Gas price
(High vs Low)

Expensive CCS

5

75% higher or lower than baseline gas price
6

Carbon Price Scenario

assumption (60p/therm) – introduced with no

Technology Support

foresight and lasted for five years

Scenario

CCS costs double

Carbon Price Scenario

CCS and offshore wind deployment related sensitivities were tested only for one of the baseline scenarios. This was due to the
fact that sensitivity runs were decided on the basis of baseline results and different baselines had different technology mixes.
6
In line with IEA World Energy Outlook 2011 projections
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CCS deployment
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3. Key results
A carbon price approach leads to a gas-heavy pathway
Under the Carbon Price Scenario, a carbon price reaching €130 t/CO2 by 2030 drives
investment in unabated gas and CCS gas.7 On the other hand, the Technology Support
Scenario results in a significant amount of renewables, in particular offshore and onshore
wind, alongside some unabated gas capacity.
Even though both baseline scenarios have similar levels of installed unabated gas
capacities in 2030, they have very different generation profiles over time as they adjust to
meet the decarbonisation policy objective.8 In the gas-heavy Carbon Price Scenario,
unabated gas accounts for 65% of overall generation in the early 2020s. This is reduced
sharply to 14% in 2030 as large scale CCS becomes commercially deployed in mid-2020s. In
comparison, in the Technology Price Scenario where renewables have been continuously
supported, unabated gas accounts for 18% of overall generation in 2030. Its contribution is
reduced less sharply from 38% in the early 2020s. The baseline results were then tested
against a set of sensitivities as described in Section 2 above.

Decarbonisation objective is missed in some gas-heavy pathways

In these instances, the carbon price would need to rise to implausible levels of around
€350 t/CO2 to attract additional investment. Figure 1 (below) shows the range of carbon
prices resulting under the different Carbon Price Scenario sensitivities.
Similarly, when the Carbon Price Scenario is stress-tested with the sensitivities of no new
nuclear build and a failure to deliver electrical efficiency savings, the decarbonisation
target could be met through a mix of renewables, CCS and unabated gas, but only as a
result of politically inconceivable carbon prices above €700 t/CO2.
This suggests that relying solely on a carbon price looks like an unattractive instrument to
achieve the ongoing decarbonisation of the power sector in the UK.

7

The modelling predicts that CCS deployment would principally take place on gas plants, with coal CCS playing a more significant
role in the case of high gas prices.
8
Both baseline scenarios had a fixed 12.8GW of new nuclear built by 2030.
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Unlike many other energy models where investment decisions are optimised to deliver the
key objective, in this analysis instances of policy failure are taken into account. When the
Carbon Price Scenario is stress-tested for the lack of large scale CCS deployment by the
early 2020s (due to possible policy or technology failure), there was no time to meet the
decarbonisation objective in 2030 by rapidly scaling up offshore wind capacity.

8

Figure 1: Required carbon prices in the Carbon Price Scenario

Source: Based on E3G/Redpoint analysis

Under a central gas price assumption, the total power sector cost of reaching the 2030
decarbonisation goal is 14% lower under the ‘gas-heavy’ Carbon Price Scenario baseline
compared to the Technology Support Scenario baseline.
However, the gas-heavy Carbon Price Scenario approach is far more sensitive to future
uncertainties. Risks are also asymmetric within this scenario, with the impact of structural
failures and other sensitivities tested far more likely to raise costs than lower them. For
instance, a significant high gas price shock could erode half of the baseline cost saving
mentioned above. Figure 2 shows that the modelling included sensitivity analyses where,
as a result, power sector costs could increase by up to 98% by 2030 9 in the Carbon Price
Support scenario, but they could be only marginally lower (around 8%). Under a range of
sensitivities, costs showed an upward tendency in the gas-heavy pathway (see Annex 1). In
comparison, under the Technology Support Scenario, total costs do not increase by more
than 8% under the same sensitivities. This suggests that where technology support for
renewables is continued, the electricity costs are more resilient to future shocks and
uncertainties.
9

This is the case where there is no new nuclear build and low levels of electrical efficiency (i.e. higher electricity demand)
achieved. In order to meet the decarbonisation and security of supply objectives, additional investment in CCS and offshore wind
is required at a late stage at significant additional cost.
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Under central assumptions, power sector costs in a gas-heavy
pathway are lower, but there are higher cost and policy delivery risks

9

Figure 2: Total power sector costs
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Source: Based on E3G/Redpoint analysis
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Costs to consumers are subject to higher risks in a gas-heavy system
Similar to power sector costs, under central assumptions wholesale costs in a ‘gas-heavy’
Carbon Price Scenario are marginally lower (four percent) but far more volatile and
potentially higher when tested against a range of uncertainties than in the Technology
Support Scenario.

Figure 3: Wholesale costs
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Source: Based on E3G/Redpoint analysis
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Figure 3 above shows that, under the Carbon Price Scenario, the modelling included
sensitivity analyses where the wholesale costs more than doubled in the more extreme
cases. This is because carbon prices rise considerably to drive additional investment in the
absence of technology-support mechanisms. This pushes up the cost of gas generation and
the overall costs. Since gas generation sets the wholesale prices on the marginal plants,
this would result in higher rents to existing low carbon generators and higher government
revenues from the carbon floor price mechanisms. In comparison, in the Technology
Support scenario, wholesale costs do not increase by more than 14%.

Managing likely risks to policy delivery require electrical efficiency,
large scale CCS, and continued renewable deployment
The analysis suggests that large scale CCS deployment (or failure of deployment) and levels
of electricity demand have the biggest impact on costs and risks of delivering the 2030
decarbonisation objective.
Failing to deliver electrical efficiency between 2012-2030 would cost £57bn more in the
Technology Support Scenario and £166bn more in the gas-heavy Carbon Price Scenario,
compared with baseline costs.10. In other words, delivering electrical efficiency is a key ‘risk
reducer’ in both scenarios and can save consumers between £57 and £166bn between
now and 2030.

Across both scenarios the deployment of CCS emerges as a critical technology alongside
renewables to meet the decarbonisation objective when tested against a range of
uncertainties. For example, in the case that there is no new nuclear built, both pathways
would need to deploy large-scale offshore wind and CCS. However, the costs of meeting
the 2030 decarbonisation target would be £35bn more under the gas-heavy Carbon Price
Scenario compared with where support for renewables continued.

Large gas demand uncertainties raise questions over infrastructure
The analysis showed greater gas demand uncertainty under a gas-heavy pathway. Demand
for gas could range from 20 to 50 bcm in 2030 under different sensitivities. For instance,
under a high gas price shock (where gas prices are higher relative to coal), a high level of
demand for gas in the early 2020s could be followed by a collapse in demand. Figure 4
below shows that, in this case, gas consumption can be 62% lower in 2030 than the
baseline scenario expectation. Furthermore, as mentioned above, if there is a failure to
proactively deploy CCS then there would be no time to meet the decarbonisation objective
by rapidly scaling up offshore wind capacity. In such situations a large number of unabated

10

See Annex I for more detailed additional cost breakdown under different sensitivity analyses
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Furthermore, wholesale costs could be 24% higher in the gas-heavy Carbon Price Scenario
than the Technology Support Scenario if electricity demand is higher than expected (due to
failures in expected electrical efficiency policy delivery and higher demand from other
sectors such as transport and heat).
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gas power plants would need to switch to very low load factors or would face early
retirement.
Although not explicitly modelled in this analysis, the broad range of possible future gas
demand raises challenging questions over how to incentivise investment in gas import and
storage infrastructure. Given these risks, private investors in gas infrastructure may
require the government to de-risk their investment through guarantees or long term
exemptions to carbon limits. This will limit the flexibility of the gas-heavy system to
respond to future scenarios without breaching the decarbonisation target.

Figure 4: Power sector gas consumption
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Source: Based on E3G/Redpoint analysis

The modelling methodology used for the UK was also applied to Germany and Poland. The cost
risks around a gas-heavy Carbon Price Scenario were much lower in both countries due to their
weaker emphasis on power sector decarbonisation, different capital stock and retirement
plans, and larger potential opportunities to substitute gas for coal and lignite plants. These
risks may be slightly understated: the Polish decarbonisation target is not necessarily
compatible with the higher range of EU level targets, while the future trajectory for German
power sector decarbonisation may depend on the effectiveness and delivery of the ambitious
policy of retrofitting energy efficiency in buildings.
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The UK power system is more vulnerable to overinvestment in gas
than Germany and Poland
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4. Conclusions
Overall, our findings suggest that a policy approach that solely uses carbon prices to drive
investment would tend to underestimate cost and policy delivery risks in the
decarbonisation of the UK power sector. Furthermore, there are potentially larger risks to
industry and consumers under a gas-heavy decarbonisation pathway. A combination of
continued renewable deployment, a proactive strategy to secure large scale CCS and the
rapid expansion of electrical efficiency help reduce delivery and cost risks.
In order to manage these risks, it is not enough to consider expected energy system costs
alone, even under a range of prices. Instead, policy makers must decide on the range of
acceptable risks and the values they ascribe to delivering different po licy goals. In the
absence of an explicit discussion of trade-offs between different energy system goals and
constraints on delivery, policy development risks being driven by special-interest lobbies,
which put forward partial cases, rather than the broader public and national interest.
Though no modelling exercise is ever definitive, our findings reaffirm the need for a broad
approach to risk-managing the UK’s power sector decarbonisation. This risk management
approach would need to include the following core elements:

> New forms of analysis are needed to explore the cost and price risks inherent in building
large amounts of unabated gas capacity as opposed to most traditional analysis where
these risks are underestimated. In most current models, the flexibility of this capacity is
also exaggerated as they do not include the costs of providing a large amount of
potentially redundant gas infrastructure or anticipate that gas power sector investors will
demand more certainty in order to invest.
> The value of consistent and steady deployment of renewable technologies into the
power system needs to be better understood and appreciated. The cost resilience of a
renewables heavy system is a valuable asset in risk managing cost and price volatility.
Impending decisions on Electricity Market Reform, Gas Generation Strategy, Levy Control
Framework and CCS Commercialisation Programme will all have significant impact on
investment strategies. It is essential that these decisions are aligned to create a coherent
policy framework to risk-manage cost-effective decarbonisation of the UK power sector.
A balanced package of measures is needed to manage the risks of policy delivery and
maintain costs at acceptable level:
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> It is critical that policy is designed to deliver UK decarbonisation goals in an affordable
and secure manner under all plausible futures. The future cannot be known, but risks can
be actively managed. Good risk management is based on a blend of objective analysis
and clear judgements. It avoids picking futures which seem convenient or politically
popular. This will require judgments over the balance of different power technologies
and explicit investment in risk management strategies.
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> Delivering electrical efficiency: The government will shortly launch a consultation on
options to incentivise Demand Reduction. This must set out clear options, such as Energy
Efficiency Feed in Tariff arrangements, which can be integrated into the heart of the
Electricity Market Reform legislation.
> Maintaining ambitious and steady deployment rates for renewables: Continued
technology-specific support will be required to drive low-carbon investment at the scale
and speed needed under Electricity Market Reform. The Levy Control Framework must
provide sufficient resources for investment. Setting a clear power sector decarbonisation
target for 2030 around 50 g/KWh in the upcoming Energy Bill would provide a strong
signal to channel the necessary support and investment.

> Delivery of new gas investment in the short term through market reform: New gas
capacity has an important role to play mainly for security of supply reasons (particularly
if new nuclear is not forthcoming). Electricity market reform arrangements and the Gas
Generation Strategy must ensure that the market is investible for new gas generation.
Forsaking continued support for renewables because gas can provide short term benefits
would be a very high risk strategy as shown above. Reserving a significant long term
market share for unabated gas generation would increase system costs and imperil
decarbonisation objectives. Currently discussed policy options (e.g. capacity markets,
2045 grandfathering) need to be compatible with proper management of risks. Finally,
given high uncertainty over future gas demand, it is essential that the gas infrastructure
is capable of supporting a range of future gas generation volumes and operating regimes.
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> More aggressive strategies to deliver large-scale deployment of CCS in the 2020s: CCS
is a critical technology alongside renewables to meet the decarbonisation objective,
particularly if there is no (or limited) new nuclear. The CCS Commercialisation
Programme needs to bring forward CCS on both coal and gas and proactively develop
clustered infrastructures for the transport and storage of CO 2. The Energy Bill should also
set out clearly how the proposed Emissions Performance Standard (EPS) will be reviewed
in future under the five-yearly operational planning process. Once initial CCS projects are
in operation and infrastructure has been developed, a combination of support for CCS via
Contracts for Difference and a tighter EPS level would help bring forward investment in
CCS at scale. Gas plant developers are already required to undertake capture readiness
assessments. This should be further strengthened to ensure plants are well-located for
future CO2 infrastructure rollout.
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ANNEX
Figure A1: Cost Impact of Sensitivities
Technology Support Scenario
Power sector costs (£ bn, 2012-30)
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Power sector costs, £ bn 2012-30 (3.5%)
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Carbon Price Scenario
Power sector costs (£ bn, 2012-30)
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