g’ UNIVERSITYOF
=y BIRMINGHAM

Energy resilience in developed and

developing countries

Dr Xinfang Wang, Research Fellow

Energy System and Policy Analysis Group, Birmingham
Centre for Energy Storage & Institute for Global Innovation,

University of Birmingham
Twitter: @XinfangWang ; e-mail: x.wang.10@bham.ac.uk

i @ pnnn
nat2ranans 8 Il




The concept of ‘resilience’

O First introduced as a descriptive ecological term (Holling
1973), has extended to a range of disciplines as an approach
to analyse socioecological systems

O Entalls the notion of coping with external stresses,
emphasising the interconnectedness of various human social
systems, physical systems and natural environmental systems

O Energy systems are highly complex systems, often under
external stresses in relation to supply, demand and efficiency —
Which factors affect energy resilience? How they influence
each other and energy resilience as a whole?
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Outline of the presentation

To further explore the concept of energy resilience at the local
level through three case studies:

O Nepal

energy resilience mapping, institutional framework and
decentralised governance

O UK
multi-level governance and technological innovation systems

O Mexico
- capabillities and wellbeing in relation to energy services
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Energy Resilience mapping — a case study of
Kathmandu

O Project: Long-term
Institutional change In the
wake of crisis - -
Understanding implications |
for energy-system
resilience in Nepal
(Xinfang Wang (P1), Louise
Reardon, Long Seng To)

theme, University of Birmingham

O Collaborators: various organisations in Nepal, covering
government authorities, local authorities, NGOS prlvate sector,
universities etc.

UNIVERSITYOF
BIRMINGHAM

THE INSTITUTE FOR
\ ’GLCIMLIHHD'JF.HGH




Data collection and methods

a Participatory approach -
workshop with stakeholders
on energy resilience and
decentralised governance,
for causal loop mapping of
energy resilience in Nepal

O >10 semi-structured interviews with key stakeholders —
academic, national government authorities, local authorities in
Kathmandu Valley, NGO, private sector etc. (separate from

workshop)
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Causal loop framework of key factors for energy
system resilience in Nepal
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Causal loop framework backed up by
stakeholders in interviews in Nepal

“If we actually followed the
technical parameter, the financial
parameter, institutional parameter,
soclal parameter, then, you know,
the project becomes in a way
sustainable.”
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Decentralisation of governance & energy
system (Nepal versus UK)
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Decentralisation of governance & energy system

(Nepal versus UK)
Nepal:

O Merge of ministers (reduced by half) - better coordination

O Municipalities could play a bigger role in rural areas - not
managed by National Electricity Authority

O Gaps of policy process across the national (e.g. NEA, AEPC),
provincial and local scales

O Local authorities of Kathmandu lack adequate skills, experience
& resources for local energy systems innovation & development

O Local authorities need to collaborate with national government
(e.g. Finance Ministry, Ministry of Local Affairs), private sector,
NGO & communities A EI .
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Decentralisation of governance & energy system

(Nepal versus UK)
UK:

0 Research on multi-level governance for deploying energy
storage in the energy system transition

a Explore existing policy and institutional framework for
deployment of distributed energy storage:

» Actors from different sectors involved at each scale & the
ways they interact

» \Why some local authorities (LAS) are energy leaders with
more projects and investment happening than others

» Gaps of policy process across the UK, devolved evels
and local scales _ll
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Data and methods

0 Updated dataset of ‘Local Engagement in UK Energy Systems’
by Hawkey et al., University of Edinburgh

a Explored the funding source for 471 energy-related projects
and investment across 333 Local Authorities (LAS) in the UK

a Case study of Birmingham as an Energy Leader, mapped its
projects, funding source & partners to understand the network
based on document analysis (& in progress of interviews for
gualitative data) — Social Network Analysis

O Mapped the UK Research and Innovation (UKRI) funding on
Energy Storage to different Local Enterprise Partnerships in
West Midlands

UNIVERSITYOF -
& BIRMINGHAM R RESTLESSC )



Funding sources for energy projects in LAs

Percentage is for the number of projects being funded, as
the amount of some projects/investment is unavailable

Global
0%

Local Global

‘Energy Leaders’: ‘Running Hard’: 89 ‘Starting Blocks’: 206
38 LAs, average 7-8  LAs, average 1-2 LAS, 1 project or an
projects/LA projects/LA & energy energy strategy

strategy
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Map funding source and project partners of energy-

related projects - Birmingham 2002-12
< European funded projects circled in blue; UK funded ones circled in ;
green dots are projects/investment, and purple dots are institutions

Strategic Plan City of Burges (Spain)
Lighting Urban Community International (LUCI)
Municipal Enterprise for Planning and Development of Patras 5. A. (Greece)
City of Lyon (France)
City of Leipzig Department for Urban Development and Reconstructlon City Planning Oﬂlce (Germany)

HI2 GmbHY{Germany)
- . . B Eindhoven lllllunuzzlp.:.allwr {Netherlands)
Lasi Municipality (Romania) ‘Municipality of Plovdiv (Bulgaria)

Nice Cote d"Azur Urban Communlty (France)
Maire Des Mureaux (France)

Municipality of Tallinn (Estonia) - 7 Birmingham City University
@ﬂlng Strategles for Sustainable U@
Adr I‘Iq""l_de TUW ] rarrd-egio oven (Neitherlands)
- : RITTMO Agroenvironment (France)
Microcab “.__ Cluster TWEED (Belgium)
H20 e-mobile ' e
Coventry University / Innavate UK Request2Action .
The University of Birmincham - EnergyHills (Germany)
Stakeho1der Intcrﬁctl\m City Encrgy Bemand Simulator (SiC EDS'I- Odenwald Regional Gesellschaft mbH (OREG) (Germany)

| ExXeter city c%m.ﬂl-,
4 Delivering Local BIDEHEFQ}' to N@
@Oﬂ of Small 4-Wheel fuel cell p'1-=;-=;t=-ng1=r vehicle Appllr‘]honq in Regional and Munlrlpw —

Clicks and Links Ltd I:UKI TimeormveT :n._\r oi-SaTrord 7 — ucL
Institutul E-Austria Timiscara (Romania) ~ +

Shetland Islands Harper Adams Umu'ersut-_-,r College (UK)

Eurap'ea.n' c?ommisr;ion . Fondation Europeanne pour das Territoires Durables - Fondaterra
Riversimple ! ‘ Aston Uhiversity
Europen Investment Bank (EIB) Concerted Action for the Energy Efficiency Directive (CAEED)
Universitatea Tehnica Cluj-Mapoca (Romania) Ener\gy Sﬂflng Trust

EDELMANMN Public Relatlons Worldwide SA (Belgium) Delfiuropaan_ Biomass industry Association (Belgium)
@f Energy for Eleclr@ . ] / Karisruhe Instiute of Technology (KIT) (Germany)

'"""""Q-I‘!a-@*" sy Birmingham Chitdren’s Hospital

University of Ruse AngeT Kanc Community E HBFL]Y Prog ramme -
irmingham Energy Savers Pathfinder Froqramme - iy A
Energy Agency of Plovdiv Association (Bulgaria} ~ NHE-EHIBErg}.I' Saving Capical Grant Scheme

UK Grean Bulldlng Counc:ll

Blrmmgham District Energy Comﬁahﬂ'—Birmingham District Energy Scheme
Manchester‘ﬂlty Coun:ll i

Blrmlngharn City Council's Urban De:ygn Dspartmant

Corinex communications (Slo ak a !
nex u ! Thg;: CE:'EraI SEA (Belgium) ., | Sustainable Energy Action PlanBlnﬂlngham Broad Straﬂ' District Energy Scheme
/ Green Deal dahi Lawis store at Birmingham
Bristol City Council ‘.amhrldge and Crescent Towers, DH @onnection to existing CHP DH system
) / Hildebrand Technology Limited /. Birmingham City Council's Housing Dapartn-'lent
Obshtina lvamovo (Bulgaria) @E =~ Cities exchangirig on local energ@ Wates ]
Core Cities PToject - Birmingham MNew Street station
Cardiff Manton and Reynolds Towers, biomass energy centre
Nottingham , ‘Low Carbon Infrastfucture Fund (LCIF)
i Intelligent Energy Europe Prograrnme
Leeds Edinburgh
Liverpool /
po Homes am:l Communities Agency (HCA)
Newcastle Constructing West Midlands {GWM)

Glasgow Sheffield



Map relevant institutions across scales -

Birmingham
Midlands Engin®Investment Hub
Ministrial Champion f8r the Midlands Engine Local
Midlands Midland®Connect / Enterprise
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Map UKRI funding to West Midlands

on Energy Storage 2005-19

Zero Emission Yehicle Battery Remanufacturing for Energy Storage Applications {Project ZEERA)

UK Energy Storage
Street2Grid - An Electricity Blackchgin Platform for P2P Energy Trading

Tapeclegy Optimization for Additive manufacturing of thermal storage heat exchangers with PCMs (TopAddPCM)
A low cost, high capacify, smart residential distribution network enabled by 5iC power electronics . '
Electricity Satnav - Electricty smart 'wallﬂblll'ry Tn;nr.daqy of network for abundant electric vehicles

H Plug-and-play Low Valtage DC-Microgrid'for Cheap and Clean Energy
Cryogenic lcmpcr*lluuc Cald $1or"|gc uslng Mucrq sencapsulated Phase Changc Mater|afs m Slurries

Next Generation Grid Scale Thermql Eneggy "-;mrqqrt Technologies anx{"eln-'TE‘;Tj

Nawton Fund [Invitation Only) - Deakman Ilquu:i gir TRE systams lur.culd chain in India

Chemistry at Birmingham: a Response to the EP%RF Call L‘.nm Cq rﬂhlllTy tﬂr Chemistry Ror.Ml ch

Functional materials derived from t'he s:hafarmklte mlneral frz.m'ewnrk

IC5F Wd\ra 1: GENESIS Gdrnat Elﬂc.lmlytaa for Maw Energy Storage Integratad SUI;
Development of a Novel Energy Bfficiont Magncli ExcrollAur I'n'lmor ’

Multi-scale ANalysis tor Facilitigs for" Elwrgy E'.-Tuhxga [Mdnl'ru::lj-
The University of Birmingham-Equipieht ¥ Accnunt.-

Besearch andDevelopment Centre

Generation/ntegrated éqe_rg’:,.l Storage - A Paradigm Shift

MOF B#SED ADSORPTION SYSTEMFOR INTEGRATED ENERGY STbR'AGE AND POWER GEMERATION
INTER.\!\ETLONS AND LIMB MECHANICS DURING ARECOREAE LOCOMOTION IN TRDF‘IE.&L FOREST ENVIRONMEI .

Greater
Birmingham
& Solihull LEP

Phase One

A Mew Generation of Modular Multilevel memcrs Inlcg’mtmg En:&s{w Slomgc Dcvrccs fcu Duala\folnuc lewm.-s
A

BBERC

Low cost starage df renewable e'l:i'é-r.g:.-
Development of a Novel Energy Efficient M aqnotlc

30 Pnn‘hug for Eﬁ'cemt Fabrlcafmrr af Fuel Cells for Pewer G-eneratlon
VA MRIor o imised Elécttic System Architecture
Establishing links between process paramcters a{nd gduct performance [h the manufacture of baltery. clcclmdc malcrhls lorau'mmot
Graphene Electrodes for Automotive Superc{macutdj Eﬁnrgy Storagt. (GRAPHELEC) e .

Trafflcking, storage and timely release ::f J||}rda. uUFoImng {hé fundameéntal Tnechanisms under| Iylngﬂuxtabolm TEpr ogmmmmg-m plunpo

Flash Sintering of Composite Cbmrrll.i: M_a',fur I$ arld Structures
Integration of Wind:Powsr Genaratmn with Comprassed Air Enlar\g:.I Shraga 1—EnarmI 2"'-5{4|‘H:I F'uwsr

Integrated, Market-fit and Aﬂordablu‘Gnd—écarc Ermrgy 5tomgc. iIMAEEb]
Investigation of ripple curr\enteffar.ts in hatla-r B

Thermal Conductivity Enlnncibmcnl of ngh fcmpcmiurc Thcnml Erlt‘.‘fgy Siorcs For Usc mlh Suhr Pawu Plants

Energy Storage Electrode Manufac.lurlrrg;[ELEMENTJ Aethve Capacity f'l AximiseT rm lithlurm lon batteres

.| Research {45.59%)
. Biosynthesis of pnl’yketlde antibiotic plupirocin by Pseudomonas fluon . FEESlblht‘ﬁr Etl..IdiEE {1‘4. ?1%}
Extending battery storage by fual cell in solar home . d tsh { }
Stugentship 13.29%
Collaborative R&D (8.82%)
- \ U Mot relevant {5.88%)
Development of new energ}.r COny, 5|on ands‘mrage maten&ls containing oxyanion mo
| B Fellowship (4.41%)
MOF BASED ADSORETION SYSTEM FOR INTEGRATED ENERGY STORAGE AND POWER GEN . Vouchers (2.94%)
Fad54b11lly &-tudy Ui D’I.rtlmla.-:ﬂ?or-l ut Sc.rull Air Motors and. Energy Recovery from Exhaus . PTDIDF UF n'lar‘kEt {1. 4?%}
. Proof of concept  (1.47%)
NERC gl UK Centres (1.47%)
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~ High piswer, dsnsrly damunslrdter for G és‘narluslru:iurad multllayar HTS technalagy|
d McCamiBy VAWT

High tamparatura PCM!Brayton cycle

Mt Gcncrallon Munu\‘aclurmg of 3D Active Surface Coatings

Ntwgl Illhlum battery managurnﬂnl ahd monltunng systa{n for automotiva

Sustainable lightweight low nnst,l:athery Eystems for Exl:ended Ilfe Gj’l]lE'E {EV-Lite)

Integrated electronics and ss_frl;:.nrs |n fithilim ion batterles

Cove n-t'fry"&
Wa .rvvlcksh ire

PowerEBlade - Blade Gumpms;nr Guncept Expr‘matlurl f{:r Powear Genaeration Feasibility Etudy

High Power Energy Storage: Néw Matehals for Large Format Supercanaclwrs

CORSICA: Mavigating at will tﬁe |C0r| caﬂbnn pT'laSe d[!grarn via maChine leArning

A Community Energy Investmem Model {CEIM) for post-war houslng

2nd hEVen

ystem to process and store i\'r‘astq'-heat.'il'i'-WWTPs-and supply to heating networks

FARMERS-Farm an-'d Rural-‘EP\‘crgy from Renewable Sources

% Ultra Low Temperature Battery (ULTE)

Investigation of Nowel H}alena.lﬁ fpr Hyhrld lon Batteries

Data-driven Intelligent E,i'lergy Mal‘lag"ement System for a Micro|Grid supcma:,;ad‘or

Ebbs and Flows of Er1ergy Systema [EFES) r
Functmnal materials derived from the schafarzikite rhineral framework
PALIS - Protected Anades for Lithium Sulphur Batteries 4

Interconnection of residential buildings u‘s’ling solid-state power electric converters

IEV CaB FAB = Integrated EV Chargei* ane BMS._WI!h Fully Active Balancing

Future Transport Systems - Site Integrated Energy Storage




Key points from the regional case study in the

UK (governance aspect)
O Energy storage research projects are dispersed across actors

> With multiple levels of governance/institutions

> Lack of intermediaries/boundary organisations that can
translate knowledge between research and policy

a There are signs that this has been addressed with e.qg.
Birmingham City Council Green Commission, Energy Capital
etc.; but has been inconsistent

a ‘Local’ decision-makers are constrained in their ability to deploy
energy storage; could have impact on development of smart
local energy systems
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Technology and innovation barriers for energy
resilience

O Research project on Energy Storage Innovation with a case
study on lithium-ion batteries (LIB)

O The interdependent nature of energy storage may make its
Innovation challenging

O Technological Innovation Systems

O Indicators framework (input, output and outcome indicators
throughout innovation stages); compare UK with other countries

O Analyses innovation performance at different stages with
Indicators & historical analysis of the LIB innovation journey
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#*%J BIRMINGHAM -4\




Lithium-ion battery development

O Piloneering work on implementing lithium as a potential
cathode material for batteries was carried out by Prof John
Goodenough in Oxford in 1970s

O Birth of the modern LIB: 1983-1987, Asahi Kasei corporation
In Japan developed and patented a LIB using low-temperature
carbon materials

O Driven by the demand of portable electronic devices (e.g. cell
phones), Sony released the first commercial LIB with a soft-
carbon anode in 1991

O Continued improvement of energy density and cost reduction

O Driven by later applications, e.g. EV's and statlonary energy
storage

THE UK'S ENERGY STORAGE RESEARCH HUB



An indicator framework to measure energy innovation

process (Hu et al., 2018)

Energy technology innovation chain
Input

R&D expenditure (%)
Demonstration expenditure ($)
Asset finance (s)

Subsidies (s)

R&D personnel (counts)

State labs ($)

Research

Development

Output
Scientific publications (counts)
Patent applications (counts)
Unit capacity (MW)

Unit cost ($/MW)

LCOE (s/MWh)
Manufacturing capacity (GW)
Installed capacity (GW)

Outcome

Royalty and license fees ($)

Industrial added value ()

Technology diffusion via trade (GW, $)
Job creations (counts)

Power generation (TWh)

CO, emissions reduction (tonnes)

Demonstration Market formation Diffusion
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N.B. The double ended arrows map out the timeframes of indicators across the energy technology innovation chain.




Cost ($/kWh) versus Installed Capacity (GWh) (Schmidt et
al., 2017)
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UK lithium-ion battery journal articles versus total
energy funding 2000-2017
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Patents filed on lithium-ion batteries in the UK
versus total energy funding
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Key points (technology and innovation aspect)

O Full value of LIB was not clear at the early stage of R&D

O Cost reduction of LIB is due to a variety of factors, e.g. the
Increases of installed capacity and R&D investments,
economies of scale including supply chain improvements, and
spill-over effects

O As an enabler to the low carbon transition, energy storage has
positive externalities or spill-overs that the market will not value
sufficiently to deploy at an efficient scale on the necessary
timescale

O Economic jurisdictional arbitrage will transfer Intellectual
Property and value across markets
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Social aspects of energy resilience

O Research project on ‘Energy Storage Prioritisation in Mexico —
case study of Tlamacazapa’ (with Jonathan Radcliffe-Pl, Rosie
Day and Dan Murrant)

O Collaborate with INEEL (Mexican National Institute of Electricity
and Clean Energy)

O Aim: identify a list of project options with renewable and energy
storage technologies that provide the greatest benefits in an
area of study case in Mexico

O Understanding the relationships between energy use and
wellbeing/capabilities, in terms of current use and how an
Improved energy situation could improve their wellbeing

O 4 focus groups were carried out in November 2018 arranged
by gender and age

Engineering and Physical Sciences
Research Council



Multi-dimensional wellbeing
O Based on Nussbaum’s Central Capabilities

O A multi-dimensional way to understand wellbeing and
development (current situation and aspirations)

O The dimensions we discussed included
— Health
— Security / safety
— Earning a living
— Education / culture / religion
— Dignity and social respect
— Relationships with others

— Environment / other species

— Recreation
K UNIVERSITYOF Ep Newton
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Health and energy — current situation

O Cooking with firewood creates smoke, causes respiratory
and eye problems, especially for women and children

O There is a lack of clean pumped water. Water from wells is
dirty. Drinking and cooking water has to be bought

O Refrigeration is important for medicines, including diabetes
medicine (commonly needed). Most households use ice
flasks for personal medicines.

O The health centre has refrigeration but lacks medical
appliances that need power

UNIVERSITYOF
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Security and energy — current situation

O No street lighting: individual households are meant to
keep a light on to light the way but many do not (due
to cost)

O People are afraid of animals in the dark: snakes,
scorpions, dogs, also of falling

O Mostly younger women are afraid of being molested
by other people in the dark

O People mostly do not go out after dark

O Collecting wood is difficult when it rains — danger of

falling
B9 UNIVERSITYOF
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Earning a living — current situation

O Most people make handicrafts by hand, needing hot
water, using wood for heating up. Low incomes.

O Lack of machines which could produce more guantity and
more consistent quality

O Lack of lighting at home restricts working hours

O Lack of training and employment opportunities for young
people

O Do not grow produce due to lack of water for irrigation

0 Some would like to start a small food business but need
power for appliances

R
BB
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Education / culture / religion — current situation

O School currently has no electricity connection: no lighting
or computer use

O Young people use mobile phones for reading eBooks
and for research, but signal is poor

O Restricted lighting at home affects ability to do homework

O Some children work collecting firewood to sell instead of
attending school

O Churches have restricted lighting due to the cost

O Festivals need electricity for light, music, cooking

UNIVERSITYOF
BIRMINGHAM EPSRC <3 Newton
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People’s aspirations of how energy would
enable their wellbeing improvement

O Discussions from the focus groups mostly highlighted
their needs for lighting, use of appliances, clean
cooking and clean water

O Diagrams are drawn Iin the next few slides to show
now these needs link to their wellbeing, which could
ne enabled by providing more energy at a lower cost

O Their wellbeing/capabillities are coloured in green in
the diagrams

R UNIVERSITYOF
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Aspirations for lighting service linking to
wellbeing outcomes

Children playing

Research Council

outside
Street " Sports
lichtin - Safety Health
8 € - - Going to
doctor
Recreation
Visiting ‘
friends/
relatives/ work
partner Education
Hand craft
Lighting at
home Homework
™ Cooking " Rel_ationships |
- with others
Lighting in ,| Religious
churches | practice
Lighting in ) Making a
market . living
R UNIVERSITYOF Ne
4 wton
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O

O

Street lighting would
improve people’s health,
relationships, recreation
and income, as they would
be able to do activities
outside in the evening and
spend more time with
friends and family

More affordable lighting at
home would help with
homework, craft
productivity, domestic work

Cheaper and more lighting
would play a significant role
In advancing most of the
development needs of the
village



Aspirations for appliances linking to wellbeing

| Health

|. Making

Medical
appliances
in health
centre4 Food
Fridge Medicine
Productivity
Machine < New
business
Blender
Cooking {
Electric

stove

Comput

er

Space cooling

TV / radi

[ron

a living

» Education

" Relationship |
~ with others

/ Recreation
O F

Dignity /

UNIVERSITYOF
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Engineering and Physical Sciences
Research Council

~social respect

P=s Newton
&1 Fund

A The appliances people

have/use at home are
limited, due to costs and
also outages

Electric machines are
highlighted as important for
Improving their productivity
and ensuring the products
are of the same size

For education, electricity is
needed for schools for the
use of computers and
Internet

Greater use of cooking
appliances could support
small food enterprises



Aspirations for cleaner cooking fuel linking to
wellbeing outcomes

O Health would be

Less time | Education | improved by cooking

needek_d for with cleaner fuel
cooking Health
. - O Women would have
No time needed Safety | more time for doing
for collecting ialisi
Clean . | Making a other work, socialising
COOklng Irewoo i . .
ving and visiting relatives
Less indoor air ~ Relationship

. O Children would also
pollution ~ with others -
: g have improved health
No cutting of and for some,

trees possibly better school
attendance

O Safety risks of

collecting firewood
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Providing energy and water for wellbeing

We can improve their wellbeing by for example:

O Providing electricity in the home: for lighting, cooking,
appliances and machines etc., which would improve health,
safety, education, relationships, dignity and recreation,
help people make a living, and reduce environmental impact

O Providing electricity in the community: for street lighting, lighting
In churches and market, appliances in health centre and
schools, and creating a workshop/cyber/other local business,
which would improve safety, health, education, recreation,
relationships, religious practice, and help people make a
living
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Key constraints on energy and water

O Cost

O

Electricity is a relatively large expense for low income households

Disconnections are common and a penalty has to be paid before
reconnection is possible

Firewood is used rather than gas for cooking due to cost, although gas is
preferred

Lighting is restricted due to cost

Appliances are expensive to buy and to run

Water bills are often not paid leading to water cutoffs for all
Reliability and limited supplies
—Power outages are quite regular and can last up to 24 hours

—There is limited water supply in both dry and wet seasons
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Revisit Tlamacazapa and reconfirm the
community’s priorities G




Discussion at Tlamacazapa (revisit)

How would the community feel about the projects below being
piloted, if there was an opportunity for the project to continue?

O Provide street lighting
O Assess how to improve water quality

O Install PV + storage in community buildings: churches,
schools, health centres

O ‘Clean’ cooking, with electricity

-Consider integrated solutions of cooking, lighting, refrigeration,
water and other needs of local community

-Replicate the case in other regions and countries, emphasizing

energy for capabilities and wellbeing
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Conclusions from the 3 case studies

O The three case studies in Nepal, UK and Mexico show how
the different aspects (e.g. governance, social and
technological innovation) influence energy resilience in the
different context, which are all important

O Multi-level governance has particular influence on energy
resilience in the UK and Nepal

O How energy resilience could improve capabilities and
wellbeing is particularly shown in the Mexico case study

O How technological innovation systems affect the research,
development, demonstration and deployment of energy
technologies, and therefore energy resmence IS shown In the

UK Energy Storage/LIB case study |




Other on-going projects related to energy resilience

2 Improving resilience and reducing emissions from diesel
generation in India (social and technology aspects) [Joint UK-
India Clean Energy Centre; Newton Fund]

a Investigating the transformative adaptation of Kenya
Infrastructure: An assessment of urban and rural connectivity
(social and economic aspects) [Institute for Global Innovation]

a Developing Cryogenic Energy Storage at Refrigerated
Warehouses as an Interactive Hub to Integrate Renewable
Energy in Industrial Food Refrigeration and to Enhance
PowerGrid Sustainability (technology aspect) [EU Horizon2020]

a Predicting the uptake of air conditioning in UK households to
2050 (social, technology and governance aspects) [UK Energy
Research Centre funded]




Next steps

a Develop the energy resilience framework, compare it
across developing and developed countries through case

studies

a Further explore how energy resilience link to various
capabilities and wellbeings in these countries

Discussion questions

a How the energy resilience picture differs in Australia
considering the governance, society, technological
Innovation and economic aspects?
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Thank you!

Dr Xinfang Wang

O X.wang.l0@bham.ac.uk

O Twitter: @XinfangWang

O Energy Policy Research Fellow

O Energy Systems and Policy Analysis Group & Institute for
Global Innovation

https:.//www.birmingham.ac.uk/research/activity/energy/research/c
entre-energy-storage/energy-systems-policy-analysis/index.aspx

https://www.birmingham.ac.uk/research/global-goals/igi/resilient-
cities.aspx
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