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The Energy Trilemma
Electricity and transport evolved throughout the 20th century to
provide adequate services that our civilization now rely on.
Affordability requires low-cost energy generation
and supply that is
accessible to the whole
population and
has potential for growth

Affordability
Sustainability requires energy
supply from low carbon &
renewable sources and
energy efficiencies
in supply & use

Conflicting Objectives
that have to be
considered
together

Sustainability

Security of supply requires
reliable infrastructure,
sufficient capacity and
adequate management
of variety of sources

Security
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Greenhouse Gas Emissions
Due to energy
consumption

• The Kyoto Protocol
• The 20/20/20 energy targets for
European countries
• 80% reduction of greenhouse gas
emissions below 1990 levels by 2050
Global energy-related CO2 emissions

Due to
transportation

UK Greenhouse gas emissions by sector (1990-2050)
UK Greenhouse gas emissions

Sources: NAEI (2014) final Emissions estimates; CCC analysis
Low Carbon Transport: A Greener Future A Carbon Reduction Strategy for Transport, Department for Transport, July 2009
IEA, Renewables 2018; Analysis and Forecasts to 2023
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e-Mobility and Renewable Energy
• Electric Vehicles need to charge from renewable energy,
otherwise they are not green transport.
• Need to exploit the synergies between renewable energy
generation and charging profiles.
• Charge from local generation, so increase energy
autonomy and reduce grid losses.

• Renewable energy installed capacity in the UK at Q2 (the end
of) 2018: Wind (~13 GW onshore & ~8 GW offshore), ~13 GW
Solar PV and ~8 GW others.
• ~35% is residential and commercial rooftop (PV installed
capacity in UK is expected to exceed 20 GW by 2020).
• In Germany: ~90% is residential and commercial rooftops (PV
installed capacity ~42 GW).

Friday 9/11/2018

CO2 emission due to the operation of ICE and EV in Europe

Summer day 2030

Generation mix and total demand

D. Hall and N. Lutsey, ‘Effects of battery manufacturing on electric vehicle life-cycle greenhouse gas emissions’, The International Council on Clean
Transportation, February 2018.
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Energy Security
• According to UK National Grid: “The risk of blackouts this winter (2015)
has increased compared with a year ago”. “The spare capacity on the
system is just 1.2% - the worst for a decade”.
• According to one of Ofgem’s senior executives: “The future UK
electricity system may be one where we cannot access the power we
want, when we want it”.
• In Dec 2015, Storm Desmond brought unprecedented flooding to North
Lancashire and Cumbria resulting in more than 100,000 people to be
without electricity.
• Electric cars ‘will never’ be as cheap as petrol or suitable for our longdistances. The biggest issue is the cost of lithium-ion batteries.

BBC News
15 July 2015

The Journal
5 OCT 2016

Royal Academy
of Engineering,
May 2016

Klaus Frohlich,
Head of R&D
BMW
NEWDAILY, 11 Oct
2018
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Energy Affordability
• Renewable energy: ongoing cost reductions continue.
• EV production costs: ~50% battery; ~30% drive
system; ~20% manufacturing of the body
• Potential means to reduce the cost of EVs:
-

Reducing manufacturing costs, e.g. economies of scale.
New battery technologies.
Smart control to reduce degradation and extend battery life.
Find additional uses for the EV by providing energy storage
as part of a smart energy system or by providing ancillary
services to the grid, e.g. supply-demand matching, voltage
& frequency control.
- Charge from available renewable energy sources and help
to deal with their intermittency and also the environment.
- Redeploy used EV batteries for stationary application
(second life).

• The UK is investing £246m (over 4 years) on battery
development, including over £20m in V2G.

PV market deployment and competitiveness levels
Reduction of degradation by 12.5%
of the useful life of EV battery

Cost of 30 kWh EV battery pack
Normalized Battery capacity with
modified charging profiles

Sources: IEA Publications: Technology Roadmap, Solar photovoltaic energy
elementenergy: Cost and performance of EV batteries, Axeon, Final report for The Committee on Climate Change, 21/03/2012
How to reduce EV production costs? EV Battery Tech USA, cars 21, 7th October 2011 http://www.cars21.com/news/view/670
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Sustainable Energy and Transport
• SEEV4-City is supporting and evaluating six operational pilots
to demonstrate smart energy and electric mobility solutions.
• Main objectives: Reduce of CO2 emission; Increase energy
autonomy; Optimize grid performance

Electricity grid + Renewable energy + Electric vehicle + New
technologies + Smart ‘pro-sumer’ + Appropriate policy
= Sustainable transport + electricity
= Healthy environment at an affordable cost

Flexpower7 Amsterdam
NL

The Amsterdam ArenA
NL

The city depot of Kortrijk
BE

Vulkan Real Estate Building
Oslo, Norway

Key messages from evaluation
of Loughborough operational
pilot (2017)
• Smart charging of EVs improves
energy autonomy by 5.4%,
reduces CO2 emission by 8.8%
(34% with EV replacement) and
saves grid investment by 45%.
• Smart charging increases NPV
by ~£2k (over 10 years)
compared with baseline and
FFR brings an extra ~£1k (even
when considering battery
degradation).
• Dynamic pricing adds more
value.

Leicester City Hall
UK

Loughborough ‘Living Lab’
UK

PRO-SUMER is at the Centre of
the Smart Grid
European Technology Platform for the Electricity Networks of the
Future – SmartGrids
A SmartGrid is an electricity network that can intelligently integrate the
actions of all users connected to it - generators, consumers and those
that do both - in order to efficiently deliver sustainable, economic and
secure electricity supplies.
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Source: “Vision and Strategy for Europe’s Electricity Networks of the Future”, European Smart Grids Technology Platform, 2006

