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7HAT฀KIND฀OF฀LOW฀CARBON฀FUTURE฀DO฀WE฀WANT�

&EATURE฀!RTICLES

4IM &OXON฀ SUMMARISES฀ NEW฀ ACADEMIC
RESEARCH฀EXAMINING฀ THE฀MAJOR฀CHOICES฀ FOR฀ THE
5+฀ AS฀ THE฀ NATION฀ TRIES฀ TO฀ DE
CARBONISE฀ ITS
ELECTRICITY฀SYSTEM�

4HE฀ ����฀ #LIMATE฀ #HANGE฀ !CT฀ SET฀ A฀ GOAL฀ OF
REDUCING฀ THE฀ 5+�S฀ CARBON฀ EMISSIONS฀ BY฀ ���฀ BY
����฀ �FROM฀ ����฀ LEVELS	�฀ BASED฀ ON
RECOMMENDATIONS฀FROM฀AN฀ INDEPENDENT฀#OMMITTEE
ON฀ #LIMATE฀ #HANGE�฀ 4HE฀ #OMMITTEE�S฀ INITIAL
RECOMMENDATIONS�฀ CORRESPONDING฀ TO฀ A฀ ���
REDUCTION฀BY฀����฀AND฀A฀���฀REDUCTION฀BY฀�����
HAVE฀ BEEN฀ ACCEPTED฀ BY฀ THE฀ 5+฀ GOVERNMENT฀ AS
LEGALLY
BINDING฀TARGETS�฀4HE฀ LATEST฀#ARBON฀0LAN� FOR
REACHING฀THESE฀TARGETS฀WAS฀PUBLISHED฀IN฀$ECEMBER
�����฀ 4HIS฀ SEES฀ THE฀ GOVERNMENT฀ SETTING฀ THE
FRAMEWORK฀ FOR฀ACHIEVING฀AN฀AFFORDABLE�฀ LOW฀CARBON
AND฀ SECURE฀ ENERGY฀ SUPPLY�฀ WITH฀ BUSINESSES�
PARTICULARLY฀LARGE฀ENERGY฀FIRMS�฀HAVING฀A฀KEY฀ROLE฀IN
PROVIDING฀ INNOVATION฀AND฀ INVESTMENT฀TO฀DELIVER฀@LOW
CARBON฀ SOLUTIONS��฀ 4HE฀ 0LAN฀ FOCUSES฀ ON
TECHNOLOGICAL฀ SOLUTIONS�฀ PRINCIPALLY฀ @FRONT
OF
PIPE�
SOLUTIONS�฀SUCH฀AS฀LOW฀CARBON฀ELECTRICITY฀GENERATION
MAINLY฀ THROUGH฀ OFFSHORE฀ WIND฀ TURBINES฀ AND฀ NEW
NUCLEAR฀POWER฀STATIONS�฀AND฀@END
OF
PIPE�฀SOLUTIONS�
SUCH฀AS฀CAPTURING฀AND฀STORING฀EMISSIONS฀FROM฀COAL
AND฀ GAS
FIRED฀ POWER฀ STATIONS�฀-EASURES฀ TO฀ REDUCE
ENERGY฀ DEMAND�฀ SUCH฀ AS฀ THE฀ GOVERNMENTgS฀ 'REEN
$EAL�฀ FINANCIAL฀ MECHANISM�฀ WHICH฀ IS฀ DUE฀ TO฀ COME
INTO฀OPERATION฀IN฀AUTUMN฀�����฀RELY฀ON฀HOUSEHOLDS
VOLUNTARILY฀ INSTALLING฀ MEASURES฀ TO฀ IMPROVE฀ THEIR
ENERGY฀ EFFICIENCY฀ TO฀ REDUCE฀ THEIR฀ ENERGY฀ BILLS฀ OVER
THE฀LIFETIME฀OF฀THE฀MEASURES�฀(OWEVER�฀THERE฀IS฀LITTLE
DISCUSSION฀ IN฀ THE฀ 0LAN฀ OF฀ THE฀ ROLE฀ OF฀ WIDER฀ CIVIL
SOCIETY฀IN฀BRINGING฀ABOUT฀A฀LOW฀CARBON฀TRANSITION�฀OR
OF฀ALTERNATIVE฀VISIONS฀OF฀A฀LOW฀CARBON฀FUTURE�฀

)N฀ WORK฀ UNDERTAKEN฀ BY฀ THE฀ AUTHOR฀ IN฀ COLLABORATION
WITH฀ ENGINEERING฀ AND฀ SOCIAL฀ SCIENCE฀ COLLEAGUES฀ AT
NINE฀ 5+฀ UNIVERSITIES�฀ WE฀ HAVE฀ BEEN฀ EXPLORING
ALTERNATIVE฀PATHWAYS฀TO฀A฀LOW฀CARBON฀ELECTRICITY฀FUTURE
FOR฀ THE฀ 5+������฀ 4HIS฀ WORK฀ AIMS฀ TO฀ INVESTIGATE฀ HOW

ADOPTING฀ ALTERNATIVE฀ IDEAS฀ AND฀ FRAMEWORKS
GOVERNING฀ENERGY฀SYSTEMS฀COULD฀LEAD฀TO฀QUITE

DIFFERENT฀OUTCOMES฀IN฀TERMS฀OF฀ELECTRICITY
DEMAND฀AND฀THE฀MIX฀OF฀TECHNOLOGY฀USED฀TO

GENERATE฀ IT฀ BY฀ �����฀ $RAWING฀ ON฀ INTERACTIONS
WITH฀STAKEHOLDERS฀FROM฀THE฀5+฀GOVERNMENT�฀ADVISORY
BODIES฀ SUCH฀AS฀ THE฀#OMMITTEE฀ON฀#LIMATE฀#HANGE�
ENERGY฀COMPANIES฀SUCH฀AS฀%�/N฀AND฀.ATIONAL฀'RID�
AND฀ .'/S฀ SUCH฀ AS฀ 77&฀ AND฀ THE฀ #ENTRE฀ FOR
!LTERNATIVE฀ 4ECHNOLOGY�฀ AND฀ MODELLING฀ OF฀ ELECTRICITY
NETWORKS�฀ WE฀ DEVELOPED฀ THREE฀ @TRANSITION฀ PATHWAYS�
FOR฀THE฀5+฀ELECTRICITY฀SYSTEM฀FROM฀NOW฀TO฀�����

)N฀OUR฀INDUSTRY
LED฀AND฀STATE
LED฀PATHWAYS�฀ELECTRICITY
DEMAND฀ CONTINUES฀ TO฀ INCREASE�฀ AS฀ THE฀ IMPACT฀ OF
VOLUNTARY฀OR฀STATE
LED฀ENERGY฀EFFICIENCY฀MEASURES฀ IS
BALANCED฀BY฀INCREASED฀DEMAND฀FOR฀ELECTRIC฀HOUSEHOLD
HEATING�฀ SUCH฀ AS฀ AIR
SOURCED฀ HEAT฀ PUMPS�฀ AND
ELECTRIC฀VEHICLES�฀INCLUDING฀PLUG
IN฀HYBRID฀AND฀BATTERY
ELECTRIC฀ CARS�฀4HIS฀ DEMAND฀ IS฀MET฀ BY฀ HIGH฀ LEVELS฀ OF
NEW฀LARGE
SCALE฀CENTRALISED฀LOW฀CARBON฀GENERATION�฀IN
THE฀FORM฀OF฀ONSHORE฀AND฀OFFSHORE฀WIND�฀NEW฀NUCLEAR
POWER฀ STATIONS฀ AND฀ COAL฀ AND฀ GAS฀ GENERATION฀ WITH
CARBON฀ CAPTURE฀ AND฀ STORAGE�฀ WITH฀ UNABATED฀ GAS
POWER฀ STATIONS฀ ACTING฀ AS฀ BACKUP�฀ 4HE฀ MIX฀ OF
GENERATION฀ TO฀ ����฀ IN฀ THE฀ INDUSTRY
LED฀ PATHWAY฀ IS
SHOWN฀IN฀&IGURE฀��

#LEARLY�฀THERE฀ARE฀SIGNIFICANT฀RISKS฀ASSOCIATED฀WITH฀THIS
PATHWAY�฀ )N฀ THE฀ COMING฀ YEARS�฀ BOTH฀ NUCLEAR฀ POWER
AND฀CARBON฀CAPTURE฀AND฀STORAGE฀ TECHNOLOGIES฀COULD
BE฀ RULED฀ TECHNOLOGICALLY฀ UNFEASIBLE฀ OR฀ PROHIBITIVELY
EXPENSIVE�฀AND฀SOCIETY฀COULD฀DECIDE฀THAT฀NEW฀NUCLEAR
POWER฀ STATIONS฀ ARE฀ UNACCEPTABLE฀ FOR฀ PROLIFERATION�
SAFETY฀ AND฀WASTE฀ REASONS�฀ ,ARGE
SCALE฀ RENEWABLES�
SUCH฀AS฀OFFSHORE฀WIND�฀ARE฀ALSO฀LIKELY฀TO฀BE฀EXPENSIVE�
AND฀ THE฀ COSTS฀ OF฀ INVESTING฀ IN฀ THEM฀ WOULD฀ LEAD฀ TO
HIGHER฀ HOUSEHOLD฀ ENERGY฀ BILLS�฀ PUTTING฀ PRESSURE฀ ON
LOW
INCOME฀ HOUSEHOLDS฀ LIVING฀ IN฀ POORLY฀ INSULATED
HOMES�

)N฀ OUR฀ COMMUNITY
LED฀ PATHWAY�฀ WIDER฀ CIVIL฀ SOCIETY
PLAYS฀ A฀ LEADING฀ ROLE฀ IN฀ A฀ LOW฀ CARBON฀ TRANSITION�฀ AS
MORE฀ PEOPLE฀ BECOME฀ INVOLVED฀ IN฀ GROUPS฀ SUCH฀ AS
4RANSITION฀ 4OWNS฀ AND฀ TAKE฀ A฀ MORE฀ ACTIVE฀ ROLE฀ IN
MANAGING฀ THEIR฀ ENERGY฀ DEMAND฀ AND฀ PROVIDING฀ LOCAL
ENERGY฀ SOLUTIONS�฀ #OMMUNITY
LED฀ ENERGY฀ SERVICE
COMPANIES฀ �%3#OS	฀ INCREASINGLY฀ TAKE฀ OVER฀ ENERGY
PROVISION฀ FROM฀ LARGE฀ ENERGY฀ COMPANIES฀ THAT฀ FAIL฀ TO
ADAPT�฀ )N฀ THIS฀PATHWAY�฀ OVERALL฀ ELECTRICITY฀DEMAND฀ IS
REDUCED฀AND฀THERE฀IS฀MUCH฀MORE฀LOCAL฀GENERATION�฀IN
THE฀ FORM฀OF฀ONSHORE฀WIND�฀SOLAR฀PHOTOVOLTAICS�฀SOLAR

WATER฀ HEATING฀ AND฀ BIOMASS
FUELLED฀ COMBINED฀ HEAT
AND฀ POWER฀ �#(0	฀ SYSTEMS�฀ !S฀ THESE฀ TECHNOLOGIES
BECOME฀ MORE฀ WIDELY฀ ADOPTED฀ AND฀ ACCEPTED�฀ THEIR
COSTS฀ COME฀ DOWN�฀ AND฀ THE฀ LARGE
SCALE�฀ CAPITAL

INTENSIVE฀ NUCLEAR฀ POWER฀ AND฀ CARBON฀ CAPTURE฀ AND
STORAGE฀ TECHNOLOGIES฀ ARE฀ GRADUALLY฀ SEEN฀ AS฀ MORE
EXPENSIVE฀AND฀LESS฀DESIRABLE�฀4HE฀MIX฀OF฀GENERATION
TO฀����฀ IN฀ THE฀COMMUNITY
LED฀PATHWAY฀ IS฀SHOWN฀ IN
&IGURE฀��

/F฀COURSE�฀THERE฀ARE฀ALSO฀SIGNIFICANT฀RISKS฀ASSOCIATED
WITH฀ THIS฀ PATHWAY�฀ ,OCAL฀ GENERATION฀ TECHNOLOGIES
COULD฀TURN฀OUT฀ TO฀BE฀MORE฀EXPENSIVE฀AND฀DIFFICULT฀ TO
INSTALL�฀ PARTICULARLY฀ IN฀ THE฀ RETROFITTING฀ OF฀ EXISTING
HOUSES฀AND฀THE฀BUILDING฀OF฀DISTRICT฀HEATING฀SCHEMES�
4HE฀EMPHASIS฀ON฀BIOMASS
FUELLED฀#(0฀WOULD฀RESULT
IN฀A฀HUGE฀DEMAND฀ FOR฀ LOCALLY฀ SOURCED฀ENERGY฀CROPS
AND฀THE฀INFRASTRUCTURE฀FOR฀DISTRIBUTING฀THEM�฀TO฀AVOID
RELIANCE฀ ON฀ IMPORTS฀ OF฀ UNSUSTAINABLY฀ SOURCED
BIOFUELS�฀%FFORTS฀TO฀REDUCE฀FINAL฀ENERGY฀DEMAND฀COULD
BE฀ PARTIALLY฀ OFFSET฀ BY฀ @REBOUND฀ EFFECTS��฀ IN฀ WHICH
HOUSEHOLDS฀CHOOSE฀TO฀USE฀SOME฀OF฀THEIR฀COST฀SAVINGS
TO฀ INCREASE฀ OTHER฀ ENERGY
INTENSIVE฀ ACTIVITIES�
-OREOVER�฀THIS฀PATHWAY฀RELIES฀ON฀SIGNIFICANT฀NUMBERS
OF฀PEOPLE฀BEING฀WILLING฀AND฀ABLE฀TO฀TAKE฀AN฀ACTIVE฀ROLE
IN฀ MANAGING฀ THEIR฀ ENERGY฀ CONSUMPTION฀ AND฀ WHERE
THEIR฀ENERGY฀SUPPLY฀COMES฀FROM�

4HIS฀ WORK฀ HIGHLIGHTS฀ THE฀ CHALLENGES฀ INVOLVED฀ IN
REALISING฀ANY฀PATHWAY฀TO฀A฀LOW฀CARBON฀ENERGY฀SYSTEM
IN฀ THE฀5+�฀BUT฀ THEY฀ARE฀NOT฀ INSURMOUNTABLE�฀#URRENT
5+฀ GOVERNMENT฀ CARBON฀ PLANS฀ MAY฀ BE฀ RELYING฀ TOO
MUCH฀ ON฀ MARKET฀ SOLUTIONS�฀ LARGE฀ ENERGY฀ FIRMS฀ AND
VOLUNTARY฀ INCENTIVES฀ TO฀ DELIVER฀ THE฀ WHOLESALE
TRANSFORMATION฀ OF฀ OUR฀ ENERGY฀ SYSTEMS฀ NEEDED฀ TO
MEET฀ OUR฀ CARBON฀ TARGETS�฀ !T฀ THE฀ VERY฀ LEAST�฀ THESE
CHANGES฀ REQUIRE฀WIDER฀PUBLIC฀ CONSENT฀AND฀PROBABLY
MUCH฀ HIGHER฀ LEVELS฀ OF฀ PUBLIC฀ INVOLVEMENT฀ IN฀ ENERGY
DEMAND฀ AND฀ SUPPLY฀ ISSUES�฀7E฀ HOPE฀ THAT฀ THIS฀ AND
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&IGURE฀��฀%LECTRICITY฀GENERATION฀�47H�Y	฀IN฀THE฀INDUSTRY
LED฀PATHWAY฀����
�����
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%NERGY฀FROM฀THE฀OCEAN�฀THE฀5+฀DIMENSION

OTHER฀ WORK฀ CAN฀ CONTRIBUTE฀ TO฀ A฀ MORE฀ INFORMED฀ AND
ENGAGED฀PUBLIC฀DEBATE฀ABOUT฀WHAT฀KIND฀OF฀LOW฀CARBON
FUTURE฀WE฀WANT�฀WHICH฀IS฀SURELY฀NEEDED�
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!BU"AKR฀ "AHAJ฀ OUTLINES฀ THE฀ RECENT฀ POSITIVE
PROGRESS฀IN฀GENERATING฀ELECTRICITY฀FROM฀OFFSHORE
WIND�฀WAVE฀AND฀ TIDAL฀CURRENT฀ RESOURCES฀ IN฀ THE
5+�฀(E฀ALSO฀ASSESSES฀THE฀FUTURE฀CHALLENGES฀IN฀A
SECTOR฀IN฀WHICH฀THE฀5+฀IS฀A฀GLOBAL฀LEADER�A

/VER฀THE฀LAST฀��฀YEARS�฀RENEWABLE฀ENERGY฀HAS฀BECOME
A฀CRITICAL฀PART฀OF฀THE฀SUPPLY฀MIX�฀DRIVEN฀BY฀OUR฀DESIRE฀TO
USE฀SUSTAINABLE฀RESOURCES�฀REDUCE฀POLLUTION฀EMANATING
FROM฀FOSSIL฀FUELS�฀AND฀CREATE฀NEW฀INDUSTRIES฀AND฀JOBS�
!LTHOUGH฀STILL฀DRIVEN฀BY฀WHAT฀ARE฀TERMED฀AS฀SUBSIDIES�
THE฀RENEWABLE฀ENERGY฀INDUSTRY฀IS฀MATURING�฀WITH฀HUGE
INVESTMENTS฀BEING฀PLOUGHED฀INTO฀IT�฀'LOBAL฀INVESTMENT
IN฀THE฀SECTOR฀IN฀����฀WAS฀ESTIMATED฀AT฀����฀BILLION�฀A
���฀INCREASE฀ON฀�����฀!฀LARGE฀PROPORTION฀OF฀THE฀FUNDS
HAVE฀ TARGETED฀ SOLAR฀ AND฀ WIND฀ POWER�฀ AND฀ OVERALL
INVESTMENT฀ IN฀ THESE฀ TWO฀ SECTORS฀ EXCEEDED฀ THAT฀ FOR
TRADITIONAL฀FOSSIL฀FUELS�฀4HIS฀IS฀NOW฀A฀MAJOR฀INDUSTRY฀THAT
IS฀ LIKELY฀ TO฀ GROW฀ FURTHER�฀ DISPLACING฀ AND฀ AUGMENTING
TRADITIONAL฀ELECTRICITY฀GENERATION฀FACILITIES�

/FFSHORE฀WIND฀POWER
)N฀THE฀LAST฀FIVE฀YEARS�฀THE฀DEPLOYMENT฀OF฀OFFSHORE฀WIND
POWER฀HAS฀RAPIDLY฀INCREASED฀n฀PARTICULARLY฀IN฀THE฀5+

WHERE฀���฀GIGAWATTS฀ �'7	฀OF฀ INSTALLED฀CAPACITY฀WAS
ACHIEVED฀ IN฀ EARLY฀ �����฀ 'OING฀ OFFSHORE�฀ THE฀ WIND
RESOURCE฀IS฀MUCH฀LARGER฀THAN฀ONSHORE฀n฀WITH฀HIGHER
WIND฀SPEEDS฀BEING฀PRESENT฀FOR฀LONGER฀PERIODS�฀)T฀ALSO
AVOIDS฀ THE฀ AESTHETIC฀ OBJECTIONS฀ THAT฀ SOME฀ HAVE฀ TO
ONSHORE฀TURBINES�฀#URRENTLY฀THE฀5+฀IS฀LEADING฀THE฀WAY
WITH฀A฀POTENTIAL฀OF฀��฀'7฀OF฀CAPACITY฀TO฀BE฀REALISED
BY฀ �����฀ 4HESE฀ ACHIEVEMENTS฀ ARE฀ EXTREMELY
IMPORTANT�฀ ESPECIALLY฀ IN฀ RESPONDING฀ TO฀ GOVERNMENT
TARGETS฀ FOR฀ REDUCING฀ CARBON฀ EMISSIONS฀ FROM฀ ENERGY
GENERATION�฀ WHILE฀ DIVERSIFYING฀ THE฀ ENERGY฀ MIX฀ AND
CREATING฀NEW฀INDUSTRIES�฀4HE฀5+�S฀TARGETS฀AND฀SUPPORT
POLICIES฀HAVE฀RESULTED฀IN฀MAJOR฀INVESTMENTS฀BY฀LARGE
COMPANIES�฀ SUCH฀ AS฀ 3IEMENS฀ AND฀ 3AMSUNG�฀ IN
MANUFACTURING�฀ INSTALLATION�฀ INFRASTRUCTURE�฀ AND฀ JOB
CREATION฀ n฀ ESPECIALLY฀ IN฀ @2OUND฀ ��฀ WIND฀ FARM
DEVELOPMENT�฀WHICH฀IS฀PLANNED฀TO฀TAKE฀PLACE฀UP฀UNTIL
������

4HE฀ CHALLENGES฀ OF฀ AN฀ EXPANSION฀ IN฀ OFFSHORE฀ WIND
GENERATION฀ ARE฀ MULTIFACETED�฀ ENCOMPASSING฀ THE
TECHNICAL�฀ ECONOMIC฀ AND฀ HUMAN฀ RESOURCES฀ NEEDED
TO฀SUPPORT฀THE฀DEPLOYMENT฀AND฀MAINTENANCE฀REGIMES
FOR฀ THESE฀WIND฀ FARMS�฀ )NITIALLY�฀WIND฀ TURBINES฀WITH฀A

POWER฀ RATING฀ OF฀ �฀ -7฀ WERE฀ INSTALLED฀ IN฀ THE฀ EARLY
����S�฀BUT฀NOW฀�฀-7฀IS฀THE฀NORM฀WITH฀��฀AND฀��
-7฀ MACHINES฀ UNDER฀ SERIOUS฀ DESIGN฀ CONSIDERATION�
0ROTOTYPES฀ OF฀ THESE฀ LATTER฀ TURBINES฀ ARE฀ EXPECTED฀ TO
COME฀ON฀STREAM฀WITHIN฀THE฀NEXT฀THREE฀YEARS�฀&ROM฀A
TECHNICAL฀VIEWPOINT�฀OPERATING฀IN฀THE฀SEA฀CLEARLY฀HAS
ITS฀ OWN฀ CHALLENGES�฀ INCLUDING฀ THE฀ DESIGN฀ OF฀ THE
FOUNDATIONS�฀ELECTRICAL฀CABLING฀AND฀OPERATION฀WITHIN฀A
CONSTRAINED฀ WEATHER฀ WINDOW�฀ 'OING฀ FAR฀ FROM฀ THE
SHORE฀AND฀USING฀LARGER฀MACHINES฀WILL฀NEED฀NEW฀AND
INNOVATIVE฀ THINKING฀ IN฀ TERMS฀ OF฀ MATERIALS�
COMPONENTS฀ AND฀ OTHER฀ MEASURES฀ TO฀ ENHANCE
RELIABILITY฀ AND฀ EASE฀ OF฀ MAINTENANCE�฀ "RINGING
POWER฀ TO฀ THE฀ SHORE฀ WILL฀ REQUIRE฀ NEW
INFRASTRUCTURE฀ AT฀ PORTS฀ TO฀ SUPPORT
MANUFACTURING�฀ DEPLOYMENT฀ AND
MAINTENANCE�฀ AS฀WELL฀ AS฀ NEW฀CABLE฀ TOPOGRAPHIES
BASED฀ON฀HIGH฀VOLTAGE฀$#฀AND฀n฀MORE฀IMPORTANTLY฀n
GRID฀OUTLETS฀GEARED฀TO฀COPE฀WITH฀THE฀INTERMITTENCE฀OF
POWER฀GENERATION฀SOURCES�฀฀฀

0OWER฀FROM฀WAVES฀AND฀TIDAL฀CURRENTS
/THER฀ OCEAN
BASED฀ ENERGY฀ RESOURCES฀ ARE฀ TIDAL
CURRENTS฀AND฀WAVES�฀4HE฀5+฀IS฀AT฀PRESENT฀THE฀WORLD
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