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Context

This document summarises the activities of the Energy & Climate Change Division and
Sustainable Energy Research Group (SERG) and forms part of the Sustainable Energy Research
Series. SERG was established thirty years ago with the aim of promoting and undertaking
fundamental and applied research related to the efficient use of energy in the built environment.
The content of this book gives a snapshot of the collaborative work undertaken by academics,
researchers and PhD students at the University of Southampton, United Kingdom.
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Preface

The University of Southampton’s mission is ‘to change the world for the better by building on its
global reputation in delivering world-class education, research and innovation that makes a real
impact on society’s biggest challenges. The University is one of the founding members of the
prestigious and research-intensive UK Russell Group, an organisation that brings together the
knowledge and resources of the top 24 UK Universities to: protect and improve the quality of
University teaching, support and enable innovative research projects, and build stronger links
with business leaders and policy makers. The University is a member of the World Universities
Network (WUN), comprising 19 research-intensive institutions spanning six continents, a member
of the Association of Commonwealth Universities and attracts students from over 130 different
countries benefitting from a wide and varied culture.

The University’s income in in the 2018 financial year was £583million, with a research grants
income of £117million, from the UK Research Councils, UK based charities, the EU, UK Central
Government/local authorities/health authorities and hospitals, and from UK public corporations/
industry and commerce. The University has internationally leading experts in designing,
conducting and managing research programmes. The current value of managed research
contracts is over £150M spanning multidisciplinary including engineering, social science and
health. Such leadership is attained through first class researchers, developed knowhow,
management and processes to deliver projects to the highest standards and required deadlines.

According to the Times Higher Education (THE) World University Rankings by Subject 2020,
published 16 October 2019, the University of Southampton is ranked 6" in the UK, 18" in Europe
and 76™ in the world for Engineering & Technology.

Within the University of Southampton, energy research and development are conducted within
the Energy & Climate Change Division (ECCD) encompassing the Sustainable Energy Research
Group; (SERG, www.energy.soton.ac.uk), established and led by Prof AbuBakr Bahaj since
1990. ECCD/SERG research profiles addresses the University’s mission focusing on
fundamental understanding applicable to renewable energy studies, energy efficiency and energy
for development. At the centre of ECCD/SERG research are the UN Sustainable Development
Goals. This booklet in combination with the current information contained in the website
www.energy.soton.ac.uk provides information on the activities undertaken. This document
provides a snapshot and brief details of some of the current research and development areas
within ECCD/SERG. These encompass (i) Renewable Energy, (ii) Energy Access, (iii) Cities &
Infrastructure, (iv) Buildings & Communities, (v) Behaviour & Modelling, (vi) Climate & Emissions
and (vii) a sample of PhD fundamental research undertaken by the ECCD cohort and their
supervisors.

The document contains web links and details of our contact. If you need,
further information on the topics covered or in general, related to sustainable & &
energy and energy efficiency please get in touch. | hope you find the provided éd,
information useful and please check for further details on our website .
www.energy.soton.ac.uk as well as all the publications available there.

P

Prof AbuBakr S. Bahaj
Head of Energy & Climate Change Division | Professor of Sustainable Energy, University of Southampton
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Solar photovoltaics (PV)

Solar photovoltaics (PV) convert \ e “‘(‘"‘" ~ \ " '
sunlight to electricity and is now the oy @ /
most utilised renewable energy EEE Joey

technology globally. PV research >
focuses on buildings as power gen-
erators at city scale, the supply

of power to invigorate rural villages
in Africa (Fig.2), as well as unique
examples of building integrated PV
(BiPV) deployed at the University
of Southampton (Fig. 7), with link-
age between power generation
from PV and behaviour in hous-

ing.

PV for refrigeration is an important
application for PV not only in shav-
ing off peak power in supermarkets )
and stores but also for cool- ' i Wi N e
ing perishable foods during trans- - B : ‘*. ' ~o
portation. PV system was deployed I 4 N ’ :&\‘
on a Sainsbury’s working articulat-

ed trailer for the delivery of perisha- g

ble food, a world first (Fig.3).

In addition, we work on the utilisa-
tion of PV on carports shading

in the Kingdom of Saudi Arabia
(KSA), in collaboration with the
King Abdulaziz University. Car
parking footprints in many institu-
tions in KSA represent more than
50% of their area, creating possibil-
ities for large power production at
point of use. One of the research
foci is understanding appropriate
combination of cleaning options to
mitigate dust accumulation which
reduces energy yield of such PV
arrays (Fig.4).
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Marine energy (wave and tidal)

Our research focusses on wave and tidal energy, encompassing resource characterisation, device
fundamentals & array planning. It also addresses device interactions & array siting for optimised
energy yields. The conversion of marine currents (tidal) is a relatively new area of engineering &
our work is providing pioneering fundamental understanding of the hydrodynamics applicable to
the converters (turbines) & arrays.

Experimental approaches investi-
gate the fundamentals of scaled
tidal turbines for a range of condi-
tions (tip speed ratios, pitch and
yaw angles). Results provide in-
sights into operation of: (a) single
turbines in straight/yawed flows,
(b) performance changes due to
rotor tip immersion (bathymetry),
(c) cavitation inception and (d) in-
terference between multiple ro-
tors. Experimental results validate
and complement numerical mod-
els including the wake effects &
impacts of turbulence using
RANS and LES approaches in
addition to more basic but tried
and tested BEM and actuator disk
models.

Resource assessment analysis,
array effects & energy yields were
obtained for the Channel Islands,
Portland Bill & the Isle of

Wight. Sediment transport studies
were carried out for hypothetical
large tidal turbine arrays close

to the Channel Island

of Alderney. In wave energy, re-
source assessment through satel-
lite altimetry were conducted, as
were the hydrodynamic perfor-
mance of the Owel & Anaconda
devices.
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Wind energy

Research in wind energy is undertaken at various scales — urban, onshore and offshore. The first
addressed UK field trails with small scale turbine of capacities >5kW (micro wind turbines), the
2nd was geared to identify factors that may influence the planning acceptance of onshore wind,
whilst the latter mapped offshore wind energy resources and energy yields in the Middle East
providing a blue print for sites development in the region.

In the UK national trial on micro Midlands region

wind turbines, the Energy and Cli- 5 e "’;Z" ;

mate Change Division team i ’N;

played a pivotal role in the moni- 3 _ b ¢ _

toring and analysis of the results - - s |28

IrhomUT(S 'trehs't S}-I]tes (Flgit1ocj) _across L e - Likeness of wind energy projects receiving
e . IS has resulted In planning permission

guidelines for such turbine utilisa- ~5 Y e &

tions.

In onshore wind, research under-
taken aims at identifying factors
that may influence planning ac-
ceptance, integrating the results ——
into a spatial model of onshore 7 4 74 74
wind energy providing the most % ‘ “k.
likely suitable locations for “least - 1 » '
resistance” development (Fig.9). 'iiii

ol
¥
, Ju—

In offshore wind, research ad- i

dresses wind energy potential p ‘f P o Solsntrealon
with a particular focus in the Mid- = / ‘%

dle East, where there is a paucity i , r}‘ = ol

of information around the re- o B M
source, its locations and infra-
structure needs. This seminal re-
search is based on the develop-
ment of new, more accurate esti-
mates of available resources and
predicted energy vyields, taking
into account appropriate con-
straints such as shipping lanes,
nature reserves, electrical grid
etc, presenting the first mapping
of the potential for offshore wind
energy in the region (Fig. 11-12).

ulf of [ o0
den

Final Score © 10.00-0.10 ®%0.10-0.39 039 -0.48 (10.48-0.51
2 £10.61-0.57 (10.57-0.60 [10.60-0.65 — Eloctricity Grid 0 100 200
WN0.65-071 WWO0.71-0.77 WWO0.77-1.00 Lines
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Mini grids, operations and networks

To date six community managed
solar photovoltaic (PV) mini grid
systems in Kenya, Uganda and
Cameroon have been installed
with more in the planning. The
e4D research and development
programme has been extended to
study and explore the operation
and resilience of local mini grid
networks, including their appropri-
ate transition to the national grid
connectivity. The modular solar
PV driven mini grids are used to
supply power to village centres
where connected consumers also
act as conduits to provide ser-
vices including electrical charging
facilities for non-connected con-
sumers. Our studies include con-
sumption profiles, optimisations
and cost of energy at different
community applied tariffs.

These mini grids act as learning
vehicles to explore their resilience
in lone operation and how to opti-
mise them. The work also ad-
dresses strengthening mini grids’
capacity by studying two mini
grids connected together as a net-
work to form localised grids, sup-
porting top tiers of electricity ac-
cess. In addition, work also ad-
dresses connecting mini grids to
the national grid studying their in-
situ operation. This work is con-
ducted under the ‘'FORTIS UN-
UM (Stronger As One): Innovation
in Mini Grids and their Networks’
project.
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Solar home systems (SHS)

Solar Home Systems (SHSs) have been proven widely as a solution for off-grid electrification at
the household or single consumer level. To date, about 180 million standalone solar products
have been sold in this market. SHSs range from few watts (pico-solar) to hundreds of watts (W)
systems. However, smaller systems in the range of 10-30W dominate the market. Larger systems,
however, now go to 200W providing flexibility to some level of productive use. The 4D research
studies on the SHS sector focus on ‘how these can be optimised with efficient appliances’ to
benefit the end user. Resi i = o ins s o MRt R

The e4D studies include quality e
aspects of PV modules, compo-
nents (power electronics, charge
regulators, batteries) and appli-
ances (LED bulbs, refrigerators,
TVs, cooling fans). Furthermore,
we have developed our laboratory
capacity to test small modules
and components by mimicking the
real environment of the products
to be marketed and used.

The above research is augmented
by studying water pumping for irri-
gation, ICT uses and small-scale
refrigeration. Recent projects in-
clude the ‘Low cost, graduated
PAYG solar home systems for
Africa’ with the objectives of de-
sighing and developing an afford-
able, upgradeable pay-as-you-go
(PAYG) solar home system (SHS)
product line for off-grid house-
holds in Africa.
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Productive use of electricity and efficient

appliances

Benefits of electricity access cannot be attained without coupling it to productive use underpinned
by efficient appliances and other socio-economic requirements. Research continues with a focus
on inclusive growth in villages societies ranging from an individual entrepreneur in a small scale

trade/business (e.g., phone
charging) to bigger productive use
(e.g., refrigeration), while empha-
sising energy efficiency.

Understanding gained through
efficiency in generation, distribu-
tion and consumption are very im-
portant for both on-grid and off-
grid electrification and their roll
out.

In the case of the latter where ca-
pacity is constrained, efficiency
measures can deliver extended
benefits for the users of SHSs
and mini grids as well as the other
actors in the electricity access
supply chain. Hence, e4D re-
search encompasses both areas
of DC mini-grids, DC appliances
and efficiency in conventional re-
mit of AC mini grids.

Recent projects include ‘Efficient
VERsatile Energy Services Solu-
tion Through DC’ studying poten-
tial of DC PV mini grids for rural
electrification. Also, ‘Demand Side

Renewables for Agricultural Base
Load Energy (DeSiRABLE)‘, an
ongoing project to explore the
potential of PV powered cold
chain in dairy processing in Africa

\ 7
-@-
7\

i
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Capacity building

Developing capacity in electricity access is crucial in providing energy to rural communities and
enhancing their development. The e4D programme and the ECCD team have provided such ca-
pacity building in Africa, Asia and the Middle East covering the above research areas as well as
energy efficiency in buildings. The thrust of such capacity building is geared to transition energy
use to low carbon. In-county capacity of researchers, engineers and professionals in energy
access and energy efficiency will
fast track the Sustainable Devel-
opment Goals.

The ECCD team provided support
to partners in Africa, Asia and the
Middle East to address capacity
gaps in delivering their national
targets in rural electrification as
well as being on track with the
Nationally Determined Contribu-
tions (NDC) to reduce GHG emis-
sions. The team developed
course materials related encom-
passing the above research are-
as, enhanced through different
analytical tools designh methodolo-
gies, practical examples and site
visits.

Examples include capacity build-
ing programmes in the areas of
renewable resource mapping, en-
ergy efficiency, PV power genera-
tion from buildings and PV/ PV-
hybrid power system modelling in
the Philippines (Newton Fund Ca-
pacity Building Project) and in
Saudi Arabia (Solar Shaded Car
Park Project) and the Solar Hous-
ing Project. Also we are continual-
ly helping capacity building of
partners in Kenya and Uganda
within the areas of mini grid de-
sign, operation and maintenance
through our flagship Energy for
Development Programme.

11
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Energy studies in cities

Research encompasses engineer-
ing analysis, developing evidence
and providing advice to a number
of city and district councils. The
work includes citywide analysis of
building stock performance, provid-
ing evidence on required invest-
ment for building refurbishment as
well as potential solar PV power
production from all buildings. The
work resulted in new tools to assist
UK’s local authorities for future in-
vestment planning and carbon tar-
get setting.

Engineered on geographic infor-
mation systems (GIS), a building
physics model was developed to
allow refurbishment options to be
applied and modelled, providing es- S
timates of energy savings as a re-
sult of specific interventions. Fur-
thermore, the model automatically
identifies suitable roof areas for de-
ploying solar systems — photovolta- '-
ics, or thermal, using high-
resolution raster data collected by
remote sensing. The result is a
highly detailed 3D model of the en-
tire city (Fig.24), rebuilding con-
structions and trees on a virtual en-
vironment. The modelis able

to accurately simulate solar radia-
tion of building surfaces, taking into
account factors such as shadows

on roof surfaces at different times of ]
the year to combine multi-layer & et g
analysis and then identify suitable 25, Lat [ |
buildings that are feasible for in- —— "
stalling solar systems (Fig.25).
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Demand modelling and infrastructure resilience

Demand for networked services such as energy and water vary with changes in household and
dwelling characteristics and can be inferred using spatial data. ECCD has developed tools for esti-
mating aggregate demand for services across heterogenous geographical areas or populations
providing enhanced planning capabilities for resilient future infrastructure.

By combining household (micro) data from both small sample experimental studies and large

sample randomised control trials
with spatially disaggregated house-
hold and dwelling characteristics,
this modelling technique can be
used to estimate ‘baseline’ con-
sumption and consumption under a
range of intervention scenarios.

An example of this work is the
£10.3M Ofgem Low Carbon Net-
work Fund (LCNF) project — Solent
Achieving Value from Efficien-

cy’ (SAVE) primarily focused on the
Solent region and the key output
from the project was the Network
Investment Tool: a suite of models
to improve the simulation of low-
voltage distribution networks, in-
forming future investment strategies
of operators across the UK.

The SAVE project created a large-
scale, representative sample of
households and their electricity
consumption (Fig.25-29). The
industry leading sample under-
pins spatial microsimulation mod-
elling, used to predict residential
demand profiles for small geo-
graphical areas. Another example is
the modelling of residential water
demand conducted

forthe IMPETUS project. This
work provided estimates of

UK residential water demand un-
der a ‘baseline’ scenar-

io and a range of water efficien-

cy interventions, to model demand
response to drought conditions
and inform response measures.

26
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Master planning and environmental impact

This research considers the opportunities for change that exist within urban, city-scale infrastruc-
ture. It is concerned with future pathways to address negative conditions such as sound and air
pollution, fragmentation, ghettoization and impoverished areas.

ECCD utilises both active and virtual monitoring of cities along with modelling of factors such as
noise, land surface temperature (LST), accessublllty and denS|ty (Fig.30&33). Rezoning offers
an opportunity to regenerate and o sand

revitalise an area of a city, where '
ECCD established 12 priority fu-
ture city principles for Southamp-
ton City to provide a metric for city
policy makers to evaluate areas.

Once key research areas have
been identified, solutions are for-
mulated and presented to local
authorities with real world inter-
ventions being deployed and test-
ed (Fig.31-33). Researchis able
to map city weaknesses and visu-
alise city challenges in a manner
which leverages investment. This
assists local government in formu-
lating sustainable future city

plans to deliver city wide bene- et

Top 10% values of dBA

fits I Where energy efficiency, heat & noise collide

OAs dominated by EPC *6 dwellings

N Built-Up Density (Buildings/m?)  Access to Commercial Facilities (m) Access to Key Facilities (m) Sustainable Travel Methods (%)

Distance Travelled to Work (m) Access to Leisure Facilities (m) Road Network Density (length/0A)

Standardised Scores:
Very Low | vow || vedum [ vizs [ very wigh

33
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Energy studies in buildings

Urban power generation technolo-
gies such as PV, micro wind tur-
bines, micro combined heat and
power (WCHP) and ground source
heat pumps are termed “micro-
generation systems” which are
likely to contribute the UK’s emis-
sion reduction targets in cities at
scale. The concept of implement-
ing microgeneration technologies
in the built environment is only
worthwhile provided that (i) the
resource availability is considera-
ble to warrant investment; (ii) the
generator to be used can provide
sufficient output to significantly
impact upon the energy load of a
building/household and (iii) the
investment can be justified within
the scope of a reasonable pay-
back period. Microgeneration re-
search encompasses solar PV
and microwind turbines installed
on buildings.

/
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ECCD research has shown that
occupants’ thermal preferences
can adapt to prolonged high in-
door air temperatures, raising
their expectations. It also has
identified that in the absence of
communal heating charg-

es, proportion of UK households
are unlikely to be able to afford to
heat their homes to the recom-
mended healthy standards.
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Liveable spaces and communities

Research encompasses engineering, urban design and behavioural studies to develop evidence
and provide advice through engagement with local authorities and communities to create liveable
spaces for cities ensuring areas meet the needs of inhabitants on a micro and macro scale.

The work includes modelling of factors such as air quality, noise, accessibility, density and depri-
vation in order to inform regeneration strategies. Engagement events are held in person and
virtually to further understand the .

needs and requirements of com- 5 ;
munities including surveys, inter-
views, focus groups and work- ; ;
shops covering issues ranging . G N - S -y
from energy services, electric ve- ' ;
hicle charging and retail.

Communities can play a central
role in enabling (or disabling) low-
carbon interventions. ECCD un-
dertake research that aims to un-
derstand the interaction between
households, communities and de-
velopments or local initiatives. The
work has included research into
the impact of community-based
energy saving initiatives, evaluat-
ing ‘bottom-up’ community ap-
proaches to mitigating daily peak
demand on the electricity network,
and others in order to better un-
derstand the opportunities and
barriers presented by communi-
ties to the transition to zero-
carbon.




University of Southampton | UK | www.energy.soton.ac.uk

Thermal comfort and indoor environments

Heating, is the main component of energy demand in dwellings in the UK and is often associated
with thermal comfort. In order to achieve thermal satisfaction, occupants may interact with the
building systems and controls to adjust their living environment.

Post occupancy evaluation (POE) and continuous feedback can provide some of the tools re-
quired to design and manage low-energy buildings with controls and occupants as direct actuators
of adaptation. The interpretation of )
data within the context of specific
building properties and occupancy
can inform design and policy re-
garding domestic building retro-
fits.

Smart buildings are seen askey in
reducing energy consumption and
emissions due to their improved
operational efficiencies. The prev-
alence of the Internet of Things
and reduced costs of modern
sensing technologies heralds the
application of such systems to
provide real-time, dynamic control
and automation in buildings.
Clearly, such transformative ap-
proaches will also need to be aug-
mented with building occupants’
perception of comfort and space
functionality to succeed.

Part of our thermal comfort stud-
ies are contributing to the activi-
ties of the International Energy
Agency’s Energy in Buildings and
Communities Programme.

Carbon dioxide concentration profile.
1920s semi-detached house - living room.

ngh( ngh( (0,54) 1 (54,68) (68,91) 68,91)
g 00 ’ ;'% €PC
i \ ﬁl h 3
S wl | K /W} N
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- W“‘ ’ Mv
47 =0 48 ~finsanaNuu.

1200 1800 00:00 06.00 1200 18:00 0000 08.00 12:00

2 days in February 2017 (12pm to 12pm midweek)
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Energy demand and behavioural change

We conduct monitoring and analy-
sis of users’ energy related be-
haviour to establish patterns, mo-
tivations and constraints to inform
energy efficiency strategies in all
forms of housing and commer-
cial buildings. This is a pathway to
securing their thermal comfort
needs, reduce consumption as
well as tackling with fuel pov-
erty.

As an example, through the EU
€5.5M (THERMOSS) project
(Fig.17) we are monitoring social
housing residents, particularly
their heating usage and the rea-
sons behind it.

With a combination of monitoring
sensors (Fig.49) and social sur-
veys, we can infer energy usage
patterns and their determinants,
as well as understand user’s moti- e RS

VatlonS and Constralnts (F/g 50) . INDOOR CONDITIONS OBSERV  BEHAVIOUR USER CHARACTERISTICS

§99 .
In the Ofgem-funded £8.3m SAVE ﬁE -
project we have used similar

methods to analyse residential /A\

N\
e

o EF

electricity consumption in 4,000+ iy
households in the Solent region
DOMESTICOC PANCY PATTERNS
and tested a range of demand re- o Statsi ftbome end e sieppl
duction interventions. 0751

0.504

U3-uoy

One person, over 60
| ——  Notworking full time
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3 One person, under 60
0.00 = Working full time
1.009

In addition ECCD are researching

Couple, under 60,

E’

the role of solar energy systems 3 071 2 A oo ume

. . . . . § 05041 é Couple with dependent
in reducing demand in residential g 021 1 2 ot une
buildings, contributing to Saudi [ pres SR

. . 0.75- wor g full time
Arabian low carbon pathway aspi- oso] H R
rations. o E—— [
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Future provision of energy services

ECCD research aims to develop and enhance approaches to providing energy products
and services to residential customers, further understanding how to increase uptake.

Working in partnership with Igloo Energy, research is undertaken to establish the influencing fac-
tors affecting the uptake of energy-efficient household upgrades (including smart thermostats and
hybrid heat pumps) economic market failures, psychological factors are also a key influencing

factor in particular energy literacy
and personality traits (Openness,
Conscientiousness, Extraversion,
Agreeableness, Neuroticism).

Research with online focus
groups are being undertaken in
order to determine whether per-
sonalised messaging based on an
individual’s traits will en-

hance understanding and uptake
of energy saving propositions
(Fig.51-54).

In addition ECCD are working on
the LATENT project, continuing
the partnership with Igloo Energy
ti understand household thermal
preference and acceptance of au-
tomated 3rd party control of resi-
dential heating systems for grid
support.
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ENERGY SAVING UPGRADES

f.‘ ' ’ ."‘
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Sensing to support independent living

Research incorporating background environmental sensing has been conducted to help detect
changes in health conditions. Findings have shown that continuous evaluation of the occupancy
behaviour, or thermal conditions can provide insight to informal care networks and provide evi-

dence for additional support.

The CareTeam project in partnership with industrial partners Nquiringminds, Southampton and

and Portsmouth city councils in-
corporates background environ-
mental sensing to unobtrusively
monitor and predict behaviour of
those receiving care to help pro-
vide reassurance and detect
changes in condition. Aiming to
help adults who currently receive
care to remain independent, com-
fortable and active in their own
homes for longer.

As part of the adult digital health
support platform developed un-
der CareTeam, the research pro-
poses the introduction of soft
warnings, based on the continu-
ous evaluation of the occupancy
behaviour, care conditions and
the home environment.

Results have shown that the care
needs of a person are key deter-
minants of occupancy behaviour.
The work is also integrating a
probabilistic approach to the oc-
cupancy profiles and evaluating
the merits of different machine
learning approaches.

Probability

(A) Cumulative distribution of hourly activity [0700-2200)
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Climate and Emissions

Supporting cities to achieve net zero.

Research into coastal engineering and management

Regional and city emission studies

In 2008 the UK was the first major
economy to pass a Climate
Change Act committing the Gov-

ernment to 80% reduction in emis- Sl

sions from 1990 levels by 2050,

which was augmented in 2019 to SUSTAINABLE
net zero emissions by the same S e

date. ECCD research looks to de- 6\ @ il
velop engineering solutions to re- N i AT =

gional and city-level emissions B rowc] MANAGE SUSTAINABLE

considering the practicality and o, ‘
costs of various methods and ap- %

Sustainable Fossil fuel

proaches. consumption

Research encompasses analysis 7 DELIVERING CLEAN *d‘ﬁ
of a number of city and district it Qf,’é”" o
councils and organisations, includ-
ing businesses and schools, devel- e

oping evidence and providing ad- e

Electrical
charge points,

Encourage low
emission

vice on sustainable future path- vehicles

ways. The work includes the devel-
opment of a robust sustainability
performance toolto help assist cit-
ies measure their progress in
achieving sustainability targets
while educating organisations in
identifying and targeting sustaina-
ble strategies (Fig.65-66). ECCD
has developed a number of tools
and observatories including climate
change world weather file genera-
tor allowing one to generate cli-
mate change weather files for use
in building performance simulation
programs and the energy con-
sumption and carbon dioxide emis-
sions observatory for the Solent
region.

60

1. CMP 2. Delivery team 3. Publishing strategy
4. Low carbon heating 5. LED lighting 6. Heat
& ventilation 7. Building fabric 8. Insulation of
building portfolio 9. Natural lighting 10. Energy
provision from renewables 11. PV 12. Carbon
eemissions from energy consumption

13. Ratio of electrical vehicles(EV) charge
points 14, Incentivised EV charging and
parking 15. Disincentivizing schemes 16. Eco-
safe driver training 17. Ultra-low emission
cconcentration (commuting fleet) 18. Ultra-low
‘emission concentration (commuting fleet)

SUSTAINABLE
TRAVEL

DELIVERING

CLEAN AR

19. Tree planting policy 20. Green wall/roof
projects 21. Connectivity with green comridor
22. Creation of biodiverse extemal
environments 23. Green infrastructure
management

24, Waste segregation 25. Waste stream
auditing 26. Waste management fraining 27.
Bimination of single-use plastic 28. Plastic
alternative procurement strategy 29.
Deployment of water-saving devices 30.
Water consumption and leakage monitoring
31. Water efficiency training

NATURAL
ENVIRONMENT

IFlE IFEE N A EO

WASTE
MANAGEMENT

32. Ratio of employees walking & cycling 33.
Ratio of employees using public fransport 34.
Low emission transport infrastructure 35. Lift
sharing scheme 36. Travel plan 37. Method of
transportation for business trips 38. Flight
avoidance sirategy 39. Joumney optimisation

SUSTAINABLE
TRAVEL
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Coasts and climate change studies

Research in coast and climate change studies is undertaken across four key areas; climate
change impact, coastal engineering, coastal management and coastal vulnerability.

Climate change impact work studies impacts at global and continental scales, undertaking risk
and impact assessments. Our research encompasses a diverse whole system approach to under-
stand the societal challenges in instigating change with outcomes supporting plans to reduce the

R
L7 ‘\;
~

number of people exposed
to coastal flooding.

Work in coastal engineering esti-
mates flood risk and standards of
protection at global and local
scales. Undertaking analysis to
predict the consequences of
flooding and identifying regions
likely to be impacted by extreme
water levels as a result of sea-
level rise.

Coastal management research
provides analysis on how coasts
are managed today, and the impli-
cations of the competing interests
that may exert, today and in the
future. Identifying the need for a
more collective approach in
coastal management involving
stakeholders at different levels of
government, and the community
in decision making.

Coastal vulnerability is assessed
through analysis of coastal ones
that are vunerable to change such
as through rising sea-levels or
wider coastal change. The re-
search includes analysis of natu-
ral heritage sites to determine how
and why they are vulnerable and
how vulnerability manifests itself,
providing evidence on how reduce
vulnerability.
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Artificial intelligence in renewable energy systems

Photovoltaic (PV) solar energy production is the fastest growing form
of renewable energy, with forecasts of generation doubling by 2024.
This growth is led by a decrease in capital cost, causing the relative
cost of PV maintenance to increase, from ~50% of the total cost of
UK’s large-scale PV farms in 2019, to ~67.5% in 2030. Because of
this, research is being undertaken into optimising solar PV
maintenance using automated fault detection using Al. In this work,
infrared thermography (Fig.76) is used to capture an image of the
temperature of a solar PV module. State-of-the-art deep-learning-
based image-classification algorithms are then used to detect if there
is a fault and the type of the fault providing warning to farm operator.

Impact of solar PV penetration on city grids in the
Kingdom of Saudi Arabia

Saudi Arabia has announced plans to build 20GW of photovoltaic
(PV) electricity generating capacity by 2024 and 40GW by 2030.

Solar PV total installations by 2020 will reach 2.5 GW. KSA 300 MW o o
PV project expected to operate by November 2019, holds one of the 1,000,000 000 ,
records for low tariff for PV of US Cents 2.3417/kWh. This research £ oo 60000 ;
studies the impact of PV penetration on the grid of the University of - o
Jeddah Campus (Fig.77), knowledge generated will support analysis 200000 o
on a medium size city in KSA to displace fossil fuel power supply °§§§3 FHLESE S S 0
currently been used. The relationship between the consumption, :(-uf:$;:la§:(k\Vh) :(-o;?§?° ¢
economics, social and environmental aspects as well as grid impact e

will be assessed through different scenarios in both cases. 65

Transitioning Bangladesh to renewable power

This research addresses what are the policies required to guide

Bangladesh through its sustainable energy infrastructure

transformation to support its aspiration of becoming a developed A .
country by 2041. A regression-based simulation model will be Areas wih high densiy
developed to exhibit the effects of influencing factors on the transition ' =
pathways. Based on the model outcomes, the research will suggest
what renewable share in the energy mix should be progressively
elevated in accordance with the future escalation in financial
affordability and technical advancement of the overall efficiency of 4
suitable renewable systems for the country. This work also aims to y f}g "
help policymakers and energy managers to understand better the ' '
dynamic interrelationships between different transition factors and 66

plan the wide-scale implementation of renewable energy systems

according to the available resource and fiscal potential of the region.
23
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Realising the Isle of Wight’s aspiration for
renewable energy power generation and local
consumption

In the UK, the Isle of Wight (IloW) wish to become self-sufficient in electricity from renewable sources,
which is likely to be achieved through the deployment of utility-scale solar PV farms augmented with roof-
top solar PV systems. However, the required expansion is X y
constrained due to an insufficient network capacity, which has \ :
resulted in the curtailment of current generators during times of peak c«?\g{;_
generation. The research undertaken explores the potential options to y f.~f~‘:‘-‘- 4
develop the loW's renewable power generation by looking at ‘ % P o %’
opportunities for local consumption demands, energy storage e ¢ PR s ’
systems, demand response strategies and smart grid solutions LA e g*’;;f
(Fig.79). The resulting methods and concepts will be tested on real- s R
world conditions and will not only support the loW Council's 2o - 33 kV
aspirations, but also have national and global applications as we 67 0.4 kv
make the transition to a low-carbon future.

WA
>
N

Supply chain readiness for renewable energy
expansion in the Kingdom of Saudi Arabia

Saudi Arabia is aiming to intensify the adoption and the advocacy of
their renewable energy sector, to localise 30% in the short term and
60% in the long term of its value chain. To achieve this, a local
content market should be large enough to supply the planned 27GW
capacity contained with 35+ renewable energy farms by 2024 with
additional capacity of 59GW by 2030. Although Saudi Arabia has
excellent natural wind and solar resources (Fig.80), the current skills
are not adequate for planned future expansion in renewable energy.
The research aims to identify means to reduce this skills shortage and
proposes practical recommendations as to how to achieve this 68 /[hiks Y
through robust research on KSA'’s supply chains and how this can be T
adapted and augmented to support the above targets.

Site suitability analysis for renewable off-grid systems
using GIS-MADM in Sudan

This research aims to investigate the potential for implementing clean
off-grid energy systems for rural electrification in Sudan. Analysis
using the GIS (Geographic Information System) -MADM (Multiple
Attribute Decision Making) method will identify sites suitability for
renewable off-grid electricity systems. The methodology includes four
main strands of work: (a) assessment of renewable energy availability
in Sudan, (b) identifying suitable weighting criteria for site selection,
(c) location of appropriate sites that fulfil the criteria via MADM-GIS,
and (d) performing experts’ NGT (Nominal Group Technique) via AHP
(analytic hierarchy process) - SAW (simple additive weighting) to
select the most suitable sites in rural Sudan (Fig.81).
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5th International Symposium on

Occupant Behaviour

ipants, from 25 countries and 82

April 2020

In light of the COVID-19 pandemic, the 4-day International
Energy Agency’s (IEA) Energy in Buildings and Communities
(EBC) Programme Symposium and Task Group meetings
addressing Occupant-Centric Building Design and Operation
(Annex 79) was organised and held virtually by ECCD. This
was the first time the event was held online resulting in a
record attendance of over 230 delegates from 25 countries
and 82 institutions

International Conference on Energy

and Cities (ICEC) o .
July 2019 9 § sg g’; %

More than 90 delegates from 21 countries and 40

organisations attended the International Conference on e
Energy and Cities 2019 (ICEC2019) from 10 to 12 July 2019 { ¥ .
in Southampton, UK. Hosted by the Energy and Climate J ] ; "&—’
Change Division the occasion was the second in the series of v/ '\ 4

academic fora promoted by the International Academic
Alliance for Low Carbon Cities, Neighbourhoods and
Buildings (IAA-LCCNB).

Keynote speakers

5th African Mini-Grid Summit

June 2019

Prof AbuBakar Bahaj, head of the Energy and Climate
Change Division at the university of Southampton, chaired
the 5th African Mini-grid summit held in Nairobi, Kenya . The
Summit was part of the World Bank engagement on energy
access, bringing together academic, government and
stakeholders.

Key Cities Meeting - City and the

Environment

Feb 2019

The Southampton City Council joined forces with the
University of Southampton and hosted a Key Cities Meeting
addressing challenges on air quality, energy efficiency,
transport, and infrastructure development. In a united effort to
highlight the green agenda the meeting urged local authorities
to adopt a “healthy and prosperous” vision towards air quality
and energy efficiency in towns and cities across the UK.
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