Interactions and I mplications of Renewable and Climate Change Policy on UK
Energy Scenarios

Gabrial Anandarajah, Neil Strachan
School of Social Science and Public Policy
King’'s College London, Strand, London, WC2R 2LS
United Kingdom
gabrial.anandarajah@kcl.ac, uteil.strachan@kcl.ac.uk

Abstract

The government has set the ambitious target ofcieduhe UK's carbon emissions by
80% of the 1990 level by 2050. The UK also agreé&t ®U partners to a binding target
that 20% of the EU’s energy consumption must coramfrenewable sources by 2020.
UK'’s contribution to this should be to increase siiare of renewables to 15% by 2020.
Renewable Obligation and Renewable Transport Fb&y&tion are the two of the UK’s
energy policies that positively contribute to climachange mitigation as well as to
improve the energy security. This paper investgdtee interacting and potentially
conflicting roles of renewable and @Qeduction policies in long-run UK energy
scenarios. In combining these two policy initiaivato an energy-economic model, this
paper adds to the literature on long-term energyesys modelling as well as providing
insights for evolving and iterative policy makingnalyses show that GOreduction
policies can increase the share of renewable @t &nergy but not enough to meet the
EU renewable directive. The RO only policy neithezets the climate change targets nor
EU Renewable directive. Increasing RTFO and RO ttage(without CQ constraint)
reduce CQemissions by 30% in 2020 and meet EU renewabéetilve (at 35% RO and
20% RTFO or at 40% RO and 15% RTFO) but will noebtbe long term climate target
of 80% CQ reduction in 2050. Both climate change target Boddirective can be met
by combining renewable and long-term climate pe8ci

1. Introduction

Addressing climate change and ensuring UK’s enengpply security are the two key
goals of UK energy policy. The UK strongly suppoitsernational action to address
climate change at EU, G8 and UN level and hasheeainbitious target of reducing the
UK'’s carbon emissions by up to 34% of the 1990 llav€020 and by 80% by 2050, and
these targets have been incorporated in the Clidasnge Act (CCC, 2008). The UK
government has also a challenging target of 15%wable in final energy by 2020, in
order to contribute to meet the EU’s binding targjedt 20% of the EU’s energy
consumption must come from renewable sources b§ QOEC 2008).

There are two renewable fuel obligations curreimtlgffect in UK: one is the Renewable
Obligations (RO) for electricity generation and tither is the Renewable Transport Fuel
Obligations (RTFO) for road transport fuel salehieTUK’s Renewable Obligation,



which in effect requires certain percentage ofttital electricity sold in UK should be
generated from renewable resources, is to incréeseroportion of renewable in the
electricity generation. The RO order came intoaffe April 2002, essentially requiring
10% of all electricity generation should be fronmewable resources by 2010. Since
then, the RO has increased the level of RO-eligitewable generation in the UK from
less than 2% in 2001 to around 4.4% in 2006 (BER®&)8). Figure 1 shows the
renewable energy (RO basis) by wind, bio-fuels atiters as well as the share of
renewable on total electricity generation. In 20@8)d turbine generated 4225 GWh of
electricity of which 15% is from offshore wind withe installed capacity of 304MW
(DUKES 2007). In June-September 2008, the UK gawemt also conducted a
consultation (BERR 2008) in which raising the dletty RO was one of the measures to
meet the 15% renewable share in final energy byY)208e current level of RO is 9.1%
for 2008/09 and it is raised to 15.4% in 2015/1ERR 2006}
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Figure 1: Renewable energy generation in UK (Relvabligation basis)
Source: DUKES 2007

The Renewable Transport Fuel Obligation (RTFO) poygis one of the Government’s
main policies for reducing greenhouse gas emisgions road transport, is in place from
April 2008. It places an obligation on fuel supmdi¢o ensure that a certain percentage of
their aggregate sales are made up of bio-fuels.€efleet of this is to require 5% of all
UK fuel sold on UK forecourts to come from a renbleasource by 2010 (DFT 2006). It
is intended to deliver reductions in carbon diox&issions from the road transport
sector of 2.6 - 3.0 million tonnes per annum (DED8).

Bio-fuels play key role in decarburization of trpngt sector to meet the 80% reduction
target in 2050. As transport sector needs to shifftio-fuels to certain extent to meet the

! Renewable energy (RO basis) does not includeledtricity generated from renewable, it include the
only the electricity generated on the Renewablagabibn basis set out in BERR 2006. For exampl8624
GWhr of electricity generation from large hydroeiscluded in the electricity generated in the RGshas
2006.



long term carbon target, it would be relatively ye&s increase the penetration of bio-
fuels in transport by 2020 through increased lev&TFO to meet 15% renewable target
in 2020.

This paper analyses the influence of renewablecigsli(renewable fuel obligations) and
climate change policies (mitigation target) to méet UK challenges (climate change,
energy security and EU directive) using the UK MARK elastic demand model

(MED). This paper is divided into six sections:léa¥ing the introduction, Section 2

provides briefly discussion on the UK MARKAL modeBection 3 describes the
scenarios, section 4 discusses results; and Sdst@ooncludes the findings.

2. UK MARKAL (MED) Mode

The UK MARKAL model is a technology-rich energy syms model which has been
substantially enhanced through a multi-year projeithin the UK Energy Research
Centre (UKERC) (as discussed in Strachan et a0 20d Anandarajah et al., 2009), and
has provided a major analytical underpinning to lélergy policy developments
(including the Energy White Paper (DTI, 2007) ahd Climate Change Bill (DEFRA,
2007). A range of modelling variants to addressciigeissues has been developed
including MARKAL elastic demand (MED) which incluslghe response of consumers’
demands for energy services to changes in eneiggspitUK MARKAL is calibrated in
its base year (2000) to data within 1% of actuaboece supplies, energy consumption,
electricity output, installed technology capacitydaCQ emissions (all from DUKES,
2006). A comprehensive description of the UK model given in the model
documentation (Kannan et al., 2007), with peerewed publications including Strachan
et al. (2008), Strachan and Kannan (2008) and l&raet al. (2009); Anandarajah et al.
(2009).

3. Scenario Description

This paper undertakes exploratory analysis of iheractions of intermediate renewables
policy on long-term carbon reduction targets; sjpeadly the four different scenarios are
discussed:
1. Reference Scenario (RS): No €nstraint and RO and RTFO are kept at level
of 15% and 5% respectively from 2015
2. Low Carbon Scenario (LCS): G@mission is constrained to 26% in 2020 and
80% in 2050
3. Renewable Policy Scenario (RPS), in which the ROWeen increased by 5% in
each successive runs to 50% starting from the Bef¢erCase values of 15% from
2020. The RTFO has been increased from 5% to 2Qfosteps of 5% in each
successive run. All other conditions are same &Sn
a. RO only cases are included
b. RO and RTFO cases are included
4. Low Carbon Renewable Scenario (LCRS): combinatanisCS and RPS



4. Results and Discussion

CO, emissions

The MED model shows that, if no new policies/measiare enacted, energy related,CO
emissions in the Reference Scenario (RS) in 20584sMtCQ, which is only 1% lower
than the 1990 emission level. Existing policies &échnologies would bring down the
emissions in 2020 to about 500 Mtg@chieving over 15% reductions, which falls well
short of the minimum target of a 26% reduction. Plogver sector has a relatively high
share of total C@emissions in the RS followed by transport, redidémnd industrial
sectors (Figure 2). The contribution of the powextter to total C@emissions increases
from 35% in 2020 to 45% in 2050 while the transg@ortl residential sectors show slight
reductions. From 2020-2050, economic and energyiceedemand growth overwhelms
near term efficiency and fuel switching measuresi¢iv are partially driven by the
effects of the EU-ETS price, and the electricitg aransport renewable obligations), and
CO, emissions rise.

Under the LCS, decarbonisation is foremost in theegy sector till the middle or end of
the projection period (Figure 2). Then major eoswitch to the residential/transport
sector/service sectors. Coal-CCS, Nuclear and vdrel the major decarbonisation
technology in the power sector replacing convemti@oal power plants.
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Figure 2: Sectoral C£emissions in the Reference Case

Figure 3 presents sectoral €@missions in the RPS (no @@mission constraint) in

2020 and 2050 at different levels of RO at a fbRTOFO of 5%. Increasing RO will

reduce power sector G@missions and consequently total &gnissions throughout the
planning period. The renewable obligation is meintyaby offshore wind. It is possible

to reduce the COemissions by 26% in 2020 by forcing the powereitt generate 35%

of its generation from renewable resources. B080, only 20% C®reduction can be

achieved at the RO level of 50%. Further xC@mission reduction is possible by
increasing RTFO along with the RO (Figure 4). Batill the reduction in 2050 is far

below the government target of 80%. The analysearigl show that renewable policies
(RO and RTFO only) can meet the short term carboget of 26% (will not meet 34%)

but not the long-term target.
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Figure 3: Sectoral C£emissions under different ROs in RPS at 5% RTFO
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Figure 4: Sectoral C£emissions under different ROs in RPS at 20% RTFO

When RO is increased in the LCRS, despite the sateof large amounts of wind at the
higher RO levels (Figure 11), the g@missions from the power sector did not change
much in 2020 (Figure 5). This is because of thdagment of coal-CCS by wind and
conventional coal plants. Coal-CCS has 10% resi@@l emissions as its GQapture
efficiency is limited to 90%. When the coal-CCSeaplaced by zero carbon wind, a small
amount of conventional coal plants are selectedfteet the avoided COemissions
(10% from coal-CCS). When the RO level is increatieel power sector is further
decarbonised in 2050 while G@missions from services and residential sectone we
increased (Figure 4).

When both RO and RTFO are increased in the LCR®resented in Figure 6, further
CO, emission reduction is achieved in 2020 at the ¢8giRO and RTFO levels. Over
30% CQ emission reduction is achieved at the RO and R¥v@Is of 35% and 20%
respectively. Transport sector emission did nohgeaalong with RO (Figure 6) but did
change along with RTFO. Transport sector emitted MBCO, at 5% RTFO and 112
MtCO, at 20% RTFO in 2020. Overall, RTFO reduce moréaarfrom transport as
compared to the LCS and allow the power sectomid more CQ emissions in 2020
(Figure 5 and Figure 6). In 2050, change in trartspector emissions at different RTFO



level is marginal in LCRS as the transport sectsds more than 20% of its total energy
demand from bio-energy to meet the 80%,@&luction target in the LCS.
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Figure 5: Sectoral C£emissions under different ROs in LCS at 5% RTFO
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Figure 6: Sectoral C£emissions under different ROs in LCRS at 20% RTFO

Generation Mix

In the RS, total install capacity in UK is 89 GWda®8GW in 2020 and 2050
respectively. Over two thirds of total electricgneration is from fossil fuels (coal and
gas) in 2020 (Figure 7). In the absence of sigaficCQ pricing, high carbon content
coal becomes the dominant fuel for electricity gatien gradually replacing gas and
nuclear over the years, generating more than 808tedtotal electricity supplied in 2050.
Contribution of wind to electricity generation seeto be decreased from 11% in 2020 to
7% in 2050. In the model, onshore wind resources lanited to 8.36 GW (annual
average wind speed of > 6.0 m/s), which is fullleseed in the reference scenario in
2050. Model also invests 3GW of offshore and 5GWhafine (tidal) in 2050. Selection
of offshore wind and marine is not due to costafieness of the technologies, but it is
just to meet the RO requirement. A small amounbiofmass and waste is also selected
for electricity generation. As peak load contribatiof wind is limited the electricity
system requires considerable amount of open cyak tgrbine plants (as reserved
capacity) when large amount of wind generatiorelected.
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Figure 7: Electricity generation mix in RS in 20&6d 2050

When the RO is increased from RO-15 to RO-75 inRR&S at 5% RTFO, the renewable
obligation is met through the penetration of lasgaount of wind especially offshore
and replacmg plants in 2050 (Figure 8).
Selection of expensive wind plants to meet RO reduslectricity demand by end-use

replacing gas and coal plants in 2020

sectors (especially transport) leading a reductibri0% in total electricity generation

between RO of 15% and RO of 50% scenarios in 208@en the RO is increased from

15% to 50%, the transport sector electricity demdedreased from 120 PJ to 31 PJ in
2050. When the RTFO level is increased, electrigigyeration increases (Figure 8 and
Figure 9) as the transport sector prefers to coersless fossil fuel (and demand more
electricity) in order to reduce the consumptiongxpensive bio-energy. For example, at

20% RTFO, transport sector should consume 0.2 afniiio-energy for every unit of
fossil fuel it consumed in order to fulfil the RTR@quirement.
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Figure 8: Generation mix under different Renew&digations in RPS at 5% RTFO
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Figure 9: Generation mix under different Renewd&bldigations in RPS at 20% RTFO

Since coal is responsible for almost all £&nissions from the power sector in 2050,
decarbonisation of the power sector in the longitenvolves decarbonising coal
generation by coal-CCS and/or replacing coal getoeravith nuclear and renewable
generation such as wind, biomass, marine and sdatarthe In 2020, the early
decarbonisation requirements of the electricitytaeare achieved by replacing coal
plants with coal-CCS plants in the LCS (Figure I0)e coal plants are replaced by coal-
CCS and nuclear in 2050. As the end-use sectorlo@aaation is achieved by shifting
to electricity, demand for electricity is highertime LCS (2071 PJ) than that in the RS
(1583 PJ).
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Figure 10: Electricity generation mix in LCS in ZD2nd 2050

When only RO is increased in the LCRS, at higher IB@Is as expected the wind
generation increased replacing coal-CCS in 2020 @al-CCS and nuclear in 2050
(Figure 11). Electricity generation from coal pkrdlso increases when the RO is
increased in 2020 as the low carbon coal-CCS planteplaced by zero carbon wind
plants. Due to the high cost of electricity as ¢ipensive wind is selected at higher ROs
end use sectors demand less electricity especisiglential, hydrogen production and
upstream especially at high RO levels. Since thvegpsector is completely decarbonised



at higher ROs in 2050, the end-use sectors areatiowed to emit more COemissions
by shifting to fossil fuels from electricity, hydgen and/or biomass.
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Figure 11: Generation mix under different Renewa&idigations in LCRS at 5% RTFO

When the RTFO is increased along with the RO in BGRere is a gradual shift from
coal-CCS to coal in 2020. At higher RTFO, transpattor emission is reduced in two
ways: one is by consuming more bio-energy and theras due to the increased demand
for electricity (fossil fuel consumption is minineid in order to limit the consumption of
expensive bio-energy in order to meet the RTFO ireqents). Reduction in transport
sector emissions leads to increased level of eomssirom the power sector (Figure 5

and Figure 6) by shifting to coal from coal-CCSgie 11 and Figure 12) in 2020
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Figure 12: Generation mix under different Renewahdigations in LCRS at 20%

RTFO

End Use Technology Trade Off

Among the end-use sectors, decarbonisation occaislynin the transport, residential

and services sectors. Major decarbonisation teolgres in residential sector are electric
boilers and heat pumps replacing gas boilers facs@nd water heating and in services
sector are biomass and electric boilers replaces lgpilers in the LCS. The transport
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sector is decarbonised by shifting to car plug{etiol), car ethanol (E85), HGV-
hydrogen, and LGV plug-in (diesel/biodiesel) fromaditional gasoline and diesel
vehicles in the LCS.

In the LCRS, heat pumps are replaced by electrieisofor heating in the residential
sector and at high RO electric boilers are repldmyedas boiler leading to increased level
of CO, emission from it. Biomass is replaced by gas @vs)l for space heating and hot
water in the services sector leading to high lefeCO, emissions. The major end-use
sector carbonisation technology at high RO and RTeéwls is the gas boilers in
residential and services sectors. In the LCRS, nethnology trade off is shift from
petrol car to ethanol car (E-85) in 2020. The RTiE@nainly met by shifting to ethanol
car (E-85) from petrol IC engines in 2020. WhenR1&-0 is increased to 10%, 15% and
20%, the share of ethanol car (E-85) in total cangport increases to 3% to 12% and
19% respectively in 2020. Even more interestingliien the RO levels are increased in
conjunction with CQ constraints (the LCRS scenario), use of low carblectricity is
further complicated by the competition for limitedstainable biomass resources and the
reduction in use of hydrogen for transport modes. €&xample in the transport sector,
hydrogen HGV is replaced by hybrid diesel/biodidseded HGV, LGV diesel plug-in is
replaced by diesel/biodiesel hybrid leading to kigtlemand for diesel and biodiesel and
lower demand for electricity and hydrogen.

When the RO levels are increased under the RPS&usoenthere is a major trade-off in
the use of more expensive electricity (for examiplethe replacement of residential
electric boilers for natural gas heating). This itfmany CQ emission reduction
advantages of the RPS.

Biomass demand for end-use sectors

In the Reference Scenario, 11 PJ and 14 PJ of B®nsaselected for residential and
services sector heating while transport sectoruwmes 70 PJ of biomass in 2020 to meet
the RTFO of 5%. It is not cost effective for resital heating in 2050. When the O
emission is constrained in LCRS, there is no sigaift contribution of biomass in
residential and services sector heating in 2028n3port sector biomass consumption is
to meet the RTFO levels in 2020. But in 2050, hiekfis critical in transport sector
contributions to meet the climate change targawasthird of the road transport fuel is
bio-fuel at all RO levels. A small amount of bioreas also consumed by services sector
for heating in the LCRS but its contribution is regnificant at high RO and RTFO
levels while biomass is not cost effective at atlfiesidential heating.

EU renewable directive

The Renewable Obligation increases the share efwable in power sector and reduces
the use of biomass in the end-use sector when R@risased in all respective scenarios.
For example, when the RO is increased from 15%58%,3services sector demand for
biomass is reduced respectively from 168 PJ toBh PRCRS at 5% RTFO. Calculations
show that none of the RO levels (Ro-15 — RO-4008Q in the LCS meet the EU’s
renewable directive of at least 15% of UK final yyefrom renewable by 2020 if the
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RTFO level is kept at the current requirement of. Bleare of renewable in the final

energy demand would go to 10% at the RO-30 and &P%e RO-40 in 2020 in the

LCRS. In 2050, the share of renewable in the fare@rgy consumption is in the range of
28%-47% in the LCS.

Analyses at increased RTFO levels in the LCRS stiawv RO and RTFO together will
increase the share of the renewable on final endrigy EU directive can be met at the
RO level of 40% if the RTFO is increased to 20%bthe RO level of 35% if the RTFO
is increased to 15% in 2020 (Table 1). As a bodespite the model is constrained to
meet 26% target in 2020, in addition to meeting Bk renewable directive at the said
RO and RTFO levels, it will also reduce the Lgnissions in 2020 by over 30%. Since
the share of bio-fuels in transport energy demaas two third in 2050 the LCS, though
the RTFO is applied till 2050, the impact of higiReFFO level in 2050 is minimal.

Table 1: Share of renewable in final energy InLERS in 2020

RO-15| RO-20 RO-25| RO-30| RO-35| RO-40
RTFO -5 7% 8% 9% 9% | 10%| 11%
RTFO -10 8% 9% | 10%| 11%| 12%| 13%
RTFO -15] 10%| 11%| 12%| 13%| 14%| 15%
RTFO -20| 11%| 12%| 13%| 14%| 15%| 16%

Economic | mplications

Marginal carbon price varies from £165/t-€@ £183/t-CQ across the scenarios in
2050. Demand reduction levels are in the range-$%0in 2020 and 5%-30% in 2050
across the scenarios. Societal welfare losses gehanconsumer + producer surplus) are
up to £7 billion in 2020 and £40 billion in 20502000 prices to meet the climate change
targets.

In 2020, the UK MARKAL MED model shows zero/verywamarginal carbon price at
higher RO and RTFO levels. It means that the tramspnd electricity renewable
obligations will alone enough to bring down the £&gMissions below the 2020 target of
26%, at which the economy can emit 432 Mt-CQotal CQ emissions in 2020 in the
LCRS when the EU renewable directive is met arewel27 Mt-CQ. Incremental cost
that is the change in total discounted system whsn the RTFO of 15% and 20% is
implemented in order to meet the EU renewable thire@s compared to the LCS is not
significant, about a couple of billion pounds iMDRQrices. But cost of implementing the
RTFO policy will relatively be high and challenginghe transport sector demands 175
PJ, 262 PJ and 349 PJ of bio-fuels at the RTFOIdew€ 10%, 15% and 20%,
respectively. Great challenge in implementing RTiE@nsuring production of bio-fuel in
a sustainable way with minimum environmental impadEngineering challenge is
electricity grid with increased share of intermittsources at high RO.

5. Conclusion

This paper investigated the interacting roles okemable and C@reduction policies in
long-run UK energy scenarios. The analysis shows iticreasing RO will increase the
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total system cost and electricity prices leadingslelectricity demand from end-use
sectors. In LCS, complete decarbonisation of poseetor at higher RO will allow the
end-use sectors such as residential and commesz#drs to emit significant amount of
CO, emissions at a higher RO levels. It will not besgible to meet the EU directive on
final energy if only electricity RO is implementddcreasing RTFO is crucial in order to
meet the EU renewable energy directive. There todfien sectoral emissions between
power and transport when the RTFO is included eénW MARKAL model. Research
find out that increasing the electricity RO togetidth RTFO not only meet the RU
directive of 15% renewable in UK final energy comgions but also reduce the total
CO, emissions at least 30% of the 1990 level in 202@resting trade off is observed in
the between transport and power sector at High RIEv@Is where the transport sector
demand more electricity as it tries to minimise ¢basumption petrol and diesel in order
to avoid the consumption of expensive bio-fuelssTgaper acknowledges that there are
great challenges in implementing the higher RTR@Ikand in ensuring sustainable bio-
fuels production.
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