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Presentation Outline
• Introduction
• Electric Transport, Electricity Supply and Renewable Energy:
Synergies and Opportunities
• Why V4ES?
• The Route to Sustainable Transport and Energy Systems
• Summary
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Recent Relevant Projects
• Development of a Smart Micro Grid with PV and EV, British Council
UKIERI, 2019-2021
• Smart, clean Energy and Electric Vehicles 4 the City (SEEV4-City);
EU; 2016-2019.
• An intelligent battery charger for electric vehicles applications; KTP;
Innovate UK, July 2014-2016.

EU projects

• E-mobility NSR; EU; 2011-2014.
• Modelling tool to evaluate impact of EVs and V2G on the electrical
supply infrastructure; CYC; UK; 2012 -2014.
• Stability and Performance of Photovoltaics (STAPP); EPSRC; UK;
2012-2015.
• Smart Grid Interface Controllers for Dynamic Energy
Management; NaREC; 2009-2013.

KTP projects

Smart, clean Energy and Electric Vehicles
For the City (SEEV4-City)
• SEEV4-City is an EU project funded by the Interreg North
Sea Region programme with main objective to demonstrate
smart energy and electric mobility solutions.
• 2016 to 2020 (total grant over Є5M)
• 10 partners working on 6 operational demonstration pilots.
• Focus on integration of electric transport, electricity grid and
renewable energy.
• KPIs: Reduction of CO2 emission; Increased energy
autonomy; Optimized grid performance.
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Electrical Energy and Transport Systems
• Over 30% of all primary energy resources world-wide are used to
generate electrical energy.
• Over 20% of global energy consumption is used for transport, mainly oil.
• First electric power systems were direct-current (d.c.)
• First cars were electric and used rechargeable batteries.
• At the start of the 20th century: mass production of cars (petrol/gasoline)
and rise of the alternating-current (a.c.) power transmission.
• These evolved throughout the 20th century to provide adequate
electricity supply and transport that civilization now rely on.
• The challenge is to maintain sustainable, secure and affordable
energy and transport systems.
• V4ES helps achieving the above by exploiting the synergies in order to
deliver technical, economical and environmental benefits.

EV Development and Stock Share

Passenger electric car stock in major regions and the
top-ten EV initiative countries
Source: global EV outlook 2018, IEA, 2018.

Are Electric Vehicles Really Green and Sustainable?
• EVs need to charge from renewable energy, otherwise they do not deliver a
green transport.

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

Life cycle GHG emission in g/km of a Diesel car ICE and EV

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.
Auke Hoekstra, Nov 3rd 2019, https://innovationorigins.com/tomorrow-is-why-german-automobile-club-study-is-the-anti-electric-lobby-at-its-finest/

Renewable Energy and Electric Transport
•
•
•
•
•

The energy mix to charge the EV, and hence CO2 emissions, changes during the day, week
and season.
UK renewable energy installed capacity at Q2 (the end of) 2018: Wind ~21 GW, Solar PV
~13 GW and others ~8 GW.
UK: ~35% is residential and commercial rooftop PV (installed capacity is expected to exceed
20 GW by 2020).
Germany: ~90% is residential and commercial rooftops (PV installed capacity ~42 GW).
Smart charging from local renewable generation and V4ES, increases energy autonomy and
reduces central generation capacity, network infrastructure, grid losses and CO2 emissions.

UK energy mix based CO2 emission, 09/11/2017

UK generation mix and demand, Summer day 2030

EV Total Cost of Ownership (TCO)
• EVs upfront cost and TCO remain high, as compared with ICE based vehicles, and
there is uncertainty about the residual value of EVs.
• EV production costs*:
•
•
•

Cost of 30 kWh EV battery pack

~50% battery;
~30% drive system;
~20% manufacturing of the body.

• To reduce the TCO of EVs:
•
•
•
•

Increase residual value of the EV by reducing battery degradation (extend battery life).
Find additional uses for the EV to support the grid via controlled charging and provide
energy services (e.g. V2G, V2H).
Smart charge from renewable energy sources and help deal with their intermittency
and also the environment.
Redeploy used EV batteries for stationary application (second life).

• The UK is investing over £250m (over 4 years) on battery development and V2G.
Sources: 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

Future Electricity Supply: Challenges and Opportunities
• Significant renewable energy generation,
which is abundant and produce no (minimum)
greenhouse emissions.
• Electrifying the transport system will increase
grid demand (during charging) and make
system control more difficult.
• EVs have high energy capacity, mass
deployment and as range increases, battery
size increases and charging becomes more
challenging.
• Need smart charging and V4ES in order to
exploit the synergies between renewable
generation, EV charging and grid demand
profiles.
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Wide-Scale Power Outages (Blackouts)
Not planned, causes at least 1,000,000 person-hours of disruption, affect at least 1,000 people and last
at least one hour.
August 4, Java, Indonesia. 100M affected
2019
8
August 9, England and Wales. 1M affected. Caused by by a lightning strike.
2018
12 November 15, Sulawesi, Indonesia. 9M affected.
2017

11

March 1, New York and 5 other states. 10M affected.

2016

4

June 7, Kenya blackout (4 hrs), caused by a rogue monkey. 20M affected

2015

7

January 26, Pakistan blackout due to technical fault. 140M affected

2014

7

November 1, Bangladesh power outage for ~10 hours. 150M affected

2013

9

March 22, Belfast power outage caused by a technical fault during a storm.

2012

6

July 31, India blackout, is the biggest ever in the world, 620M affected

2011

14

Sept 24, north and central Chile. 9M affected.

2010

9

March 14, Chile blackout left 15M people (90% population) without power.

2000s

49

2 Major (2001 India 230M & 2005 Indonesia 100M). 1 EU (2006 15M) & 3 UK

1990s

13

Dec 26 1999, France 3.4M affected. One of greatest by a developed country.

1980s

7

Oct 16 1987 a storm interrupted UK-France d.c. link, causing outages.

1970s
1960s

6
2

July 13 1977, New York 9M and Sept 20, Quebec, Canada 6M affected.
Aug 5 1969, Florida, 2M affected.

Source:
https://en.wikipedia.org/wiki
/List_of_major_power_outa
ges

Grid Needs to be Dynamic and Active (Smart Grid)
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Modelling Tool to Evaluate Impact of EVs on the Electrical Supply
Infrastructure and EV Battery Degradation
A computer model was developed to analyse performance of existing and
future distribution networks (smart grids) with and without EVs, renewable
energy and low carbon technologies.
The model allows evaluation of the impacts of EV charging and analysis of
smart grids solutions, G2V, V2G, smart charging and the impact of battery
cycling on the battery state of health.
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Results Page

The Data Input Page
The modelling tool was developed as part of a project funded by Charge Your Car North
(Electric Vehicle Infrastructure).
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EV Battery Degrades with Time and Use
• Battery is the most expensive part in the EV, so it is important to
reduce degradation and extend battery life, especially if the
battery is to be used to provide ancillary services.
• Currently cost of degradation varies between €0.03-0.3 per kWh.
• Battery performance and lifetime are sensitive to internal
factors (e.g. chemistry, structure) and operating conditions,
(e.g. cells balancing, temperature, charging/discharging profiles).
• Need to clearly understand battery aging mechanism and factors
that affect this in order to define favourable charging and
discharging profiles, which may be achieved by using smart
charge controllers and smart BMS.
• Minimizing degradation extends EV life, provides economical grid
support and reduces the total cost of ownership of EVs.
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Smart Charging and V4ES can Extend Battery Life

capacity loss (% / Cycle)

• Lab tests on cells cycled over 15 months show the effect of cycling
schedules on battery degradation.
• Assuming constant temperature, battery degradation is determined by the
battery average SOC and charge transfer during cycling.
• Smart (late) charging and V2G result in lower average SOC and this reduces
capacity loss.
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Early: EV is charged immediately after driving.
Late: EV is charged immediately before driving
V2G: after driving, EV is used to support the grid and then charged.

early

Standard and Modified Charging Profiles

Standard Constant Current Constant Voltage (CC-CV) profile
Currently considered to be fast and
better way of charging Lithium ion
batteries.

Modified charging profiles
By introducing rest and/or
negative pulse periods throughout
the charging period.

Energy Capacity Loss for Different Charging Profiles
• Results obtained show a
reduction in battery
degradation of about 2.5%.
• Considering that EV
manufacturers recommend
that EV battery is replaced
when the capacity drops to
80%, this represent around
12.5% of the useful
capacity of the battery.
Normalized Battery capacity for different charging profiles
measured at the start of the discharge period.

Smart Charging and V4ES
• Existing smart EV chargers are used with limited controllability, e.g.
time-of-use tariff.
• Smart EV charge controllers should:
•
•
•
•
•

Meet EV user requirements in terms of next journey length and wait time for
charging.
Charge only the necessary amount of energy required for the next journey
(allowing for user behaviour & driving conditions) and grid support, if any.
Charge from available renewable energy sources, whenever possible.
Have bi-directional capability to support V4ES.
Do all the above with minimum degradation to the battery.

• Smart charging and V4ES involves multiple stakeholders with
inherent conflicting interests, so multi-objective-techno-economicenvironmental optimisation (MOTEEO) of EV charging/discharging is
required.

Multi-Objective-Techno-Economic-Environmental Optimisation for V4ES
(MOTEEO)
MOTEEO

• The results from three case studies show that the
proposed technique reduces energy cost, battery
degradation, peak demand and CO2 emissions
by 89%, 91%, 62% and 59%, respectively, when
compared to uncontrolled EV charging.
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Summary
• EVs have high energy capacity and their mass deployment can have
negative impacts on the grid and the environment or can provide
valuable support if smart charging and V4ES are used.
• Smart charging and V4ES may be designed to meet driver
requirements (allowing for driving behaviour, traffic and weather
conditions), charge from green energy, provide grid support and do
all these with minimum battery degradation.
• A sustainable electric transport relies on developing successful
business models for ‘vehicle for energy services’.
Electric vehicle + Electricity grid + Renewable energy + New technologies
+ Smart ‘pro-sumer’ + Appropriate policy (Business models)
= Sustainable electricity + transport
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