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Summary

The large-scale deployment of renewable energy
assets can create system-wide costs due to the impact
on congestion management and reserve provision.
Moreover, the carbon emission abatement could be
limited if renewable energy assets are curtailed. We
show how the successful GB incentive scheme for
renewable energy, termed Contracts-for-Difference
(CfD), can be further enhanced by introducing cost
components to account for these system-wide effects.
The developed case studies show that one additional
MWh of renewable generation in the northern
regions of GB increases congestion management cost
by £5.61 / MWh (14% of the CfD 2019 price), and that
the potential carbon emission abatement is reduced
by 9% (23.52 kgCO, / MWh) due to grid re-dispatch.
By contrast, the deployment in the southern regions
can decrease congestion cost by £4.04/MWh, and

can increase potential carbon abatement by 17%
(44.33 kgCO, / MWHh). Finally, one additional MWh

of intermittent wind generation in GB can increase
reserve provision cost by £6.58 / MWh, while a
perfectly predictable technology would decrease
reserve cost by £2.44 / MWh.

1. Motivation

Since 2014, the Contracts for Difference (CfD)
scheme is the government’s main mechanism for
supporting low-carbon electricity generation in GB.
CfDs incentivise renewable energy by providing
investors with a fixed ‘strike price’that protects them
from uncertain and volatile wholesale prices. The
CfD programme has had considerable success, with
almost 6 GW of new renewable capacity allocated in
the AR3 auction. However, this scheme may increase
system-wide costs. These additional costs can be
divided into:

« costs for managing congestion due to the
deployment of renewable energy assets in
network-constrained regions

« costs for reserve provision caused by the presence
of intermittent generation.

The fundamental problem affecting the CfD scheme
is that these system-wide costs are not borne by
those who cause them, but are socialised through

a use of system charge and ultimately paid by
consumers.
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2. Proposal

Given the current CfD payoff ®= M; (s - p; ), where
M, is the generator metered output, s is the fixed
strike price, and p; is a reference price, to internalise
the system-wide costs we propose to extend the
current CfD payoff with two additional components,
as follows:

G)t: M (s —Pt —0z— Bm)

where the term o, represents the additional system-
wide cost for managing transmission network
congestions due to the deployment of a renewable
energy asset in the location z, and the term 3, is the
additional system-wide cost for reserve provision due
to the usage of the technology type m. The values

of these parameters are reported in the following
section.

Accounting for these system-wide costs will address
the issue of negative externalities due to congestion
and reserve costs that now are socialized, increasing
efficiency. It will signal where renewable assets would
be most beneficial from a whole system perspective,
while ascribing the additional system-wide costs to
those who cause them. It will also promote fairer
competition among renewable energy technologies
with different degrees of uncertainty, such as wind
power with or without energy storage, or tidal power.

3. Results

3.1 Additional Balancing Mechanism costs
caused by the deployment of renewable
technologies in different locations

The introduction of renewable energy assets with
near-to-zero marginal cost can put more expensive
marginal generators out of the market. As a
consequence, a different rebalancing in the Balancing
Mechanism (BM) may be required, leading to an
increase or decrease of the system costs. To highlight
this problem, we have first computed the BM costs by
simulating the rebalancing actions performed by the
Electricity System Operator (ESO) at gate closure. This
represents our reference case.
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Figure 1: We can observe an increase of BM costs as
a result of deploying renewable energy assets in the
northern regions, particularly North Scotland. The
opposite effect is obtained if these assets are built in
the southern regions.

Then, we have removed 1 MW from the marginal
units, and added a renewable energy asset providing
1 MW in a Distribution Network Operator (DNO) area
(e.g. North Scotland). We have repeated this for each
one of the 14 DNO areas that divide GB, obtaining

14 different test cases. The difference of the BM costs
between each test case and the reference case gives
an estimate of how the location where a renewable
energy asset is deployed can affect BM costs at the
system level. Figure 1 visually shows these values
through a heat map for each DNO area.
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These results show that the deployment of a
renewable energy asset in the northern regions of GB
leads to an increase in BM costs at the system level,
where the greatest increase is measured when the
renewable energy technology is deployed in North
Scotland (labelled as “P”in Figure 1), which increases
the overall costs in the BM by £5.61/MWh. In contrast,
BM costs decrease if renewable energy units are
deployed in the southern regions, particularly in the
London area (labelled as “C”"), where the decrease is
equal to £4.04/MWh.

3.2 Change in reserve requirements due to
the deployment of renewable energy
assets

This section reports the additional reserve
requirement due to the deployment of renewable
energy assets. We compare a base case (where no
power is added or subtracted), with different test
cases, obtained by removing 1 MW of power from the
marginal units and adding 1 MW of power provided
by renewable energy assets. We tested two types

of renewable energy technologies: (i) wind power,
and (i) a perfectly predictable renewable energy
technology, which can be regarded as a wind power
plant coupled with a sufficiently large energy storage
device used to offset forecast errors. Figure 2 reports
the results obtained, showing the change in the total
reserve requirements with respect to the base case.
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Figure 2: The figure shows the change in the total
reserve requirement with respect to the base case.
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The first column in the figure shows that adding 1
MW of wind power requires 0.105 MW of additional
power as reserve, on average, raising the costs for
reserve provision by £9.02/h. The second column
highlights that if the displacement of marginal units
is considered, then the net requirement reduces

to 0.089 MW, with a total cost increase for reserve
provision by £6.58/h. By contrast, the third column
shows that if wind power was perfectly predictable,
for example thanks to the usage of energy storage
devices to offset forecast errors, then the change in
reserve requirements would be negative instead,
decreasing the overall reserve requirements of
0.016MW, and the cost for reserve would decrease by
£2.44/h.

3.3 Carbon emission abatement due to the
deployment of renewable technologies
in different locations

In GB, a reduction of 1 MW of electrical power from
marginal units should lead to a decrease of carbon
emissions equal to 259 kgCO, per hour (see reference
1). However, this is true only if the BM activities do
not affect these carbon emissions. To assess this,

for each BM unit we computed the power output
difference between the test and the reference cases
defined in Section 3.1. Then, we determined how
these power output differences translate into greater
or smaller carbon emissions, as shown in Figure 3.
This map highlights that deploying renewable energy
technologies is beneficial in all regions. However,

the actual reduction can be significantly affected by
the grid re-dispatch. In particular, the map shows
that change in carbon emission in the BM has an
amplifying (beneficial) effect in carbon reduction

in the southern regions. The opposite effect is
obtained if assets are deployed in North Scotland.
The beneficial effect in East Midlands is due to the
presence of the last British coal-fired stations, where
changes in renewable generation have a relatively
large impact on their output and hence emissions.
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