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Abstract

* Water = complex part of natural, social & built environment

* Water = 2/3" cover of our planet

* Affects & influences every aspect of our planet = anthropogenic
activities, climate, weather, geomorphology and flora &
fauna on land, in our seas, rivers and oceans and in the air

* Used annual = 4,600 cubic km of water

* 70% in agriculture, 20% in industry and 10% in households

* Water demand grows = typically at 1% per annum

* World’s population 10.2 billion by 2050

* up by about 8 billion from today,

°* 2/3in urban areas, which will put this already endangered

valuable natural resource under increased strain
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Abstract

* Water quality in water cycle continues to deteriorate in Africa, Asia, Europe, North
America and Latin America

* Due to runoff of fertilisers, hydrocarbons, discarded plastics and the discharge of
untreated or inadequately treated industrial & municipal wastewater....ALL RELATED
TO ANTHROPOGENIC ACTIVITIES

* Climate change models predict that wet regions will be wetter and dry regions drier

* Exacerbate existing pressures and create additional ones on the natural,
social and built environment in terms of water shortages, further health
issues and migration and economic and political strife

* Plenary talk = 1) aspects of these challenges, 2) examine sustainability of water systems
& 3) discusses the role we can play as researchers and academics in our various fields to
support and inform society to fight climate change and balance all our

natural resources including water considering the Food Energy Water nexus
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Background

Paris Agreement on Climate Change

o ey . Nations Unies
Prioritises flnance’ teChnOIOgy and Conférence sur les Changements Climatiques 2015

capacity-building to deploy ‘green’
technologies across all sectors and . [Paris;france
industries to reduce GHG & minimises . OK st aaheiis”
fossil fuel dependency

Some aspects of the sustainable energy
transition considering corporate social
responsibility, people, the planet and
profits in manufacturing
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"¢ Finally got my debit card! Love the Ver 1ncreasmg €man or
blue .* basic necessities of life

* Fresh air, food, sanitation,
energy and water

 Drive for ‘modern’ technology &
lifestyles

« Examples: Wi-Fi, fast cars,
beauty products, paper cups,
botox, fake tans etc.) by young
and old alike in developed and
developing countries............

« Leading to a fast spiral of
‘disposable’ living

 More and more emissions
and waste and effluent
entering our natural
systems



food production,
processing and
transport need \‘(,\\"
energy

139 fossil fuel extraction,
44’y0 energy crops and carbon
04, sequestration impact

4, on food supply
%,.

ENERGY

entry point: entry point:
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and assets

energy production
(including sequestration)
needs water, and impacts
on water quality and
availability

° :
food production
\\“h needs clean water, ‘“
and impacts on water
quality and availability

entry point:
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Global policy drivers

World energy consumption
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World energy consumption expected to rise 28%

between 2015 and 2040



World energy consumption by end-

QUEEN'S

UNIVERSITY
BELFAST

Global policy drivers
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Industrial sector accounts
for largest share energy consumption to 2040



Energy-Water-Food Nexus

.

Electricity generation consumes some 15% of global
freshwater water withdrawals

18% of global energy is consumed for water
extraction, treatment and distribution

Food production accounts for 70% of water
withdrawals and 30% of energy consumption globally
These interrelationships among the energy, food and
water (EFW) systems are known as the EFW nexus

International Energy Agency (2001). Water for Energy. www.worldenergyoutlook.org/resources/water-energynexus.

FAO (2011a) The state of the world’s land and water resources for food and agriculture — Managing systems at risk. Food
and Agriculture Organization of the United Nations, Rome and Earthscan, London.

FAO (2011b) Energy-smart for people and climate - Issue paper. Food and Agriculture Organization of the United

Nations, Rome.



Energy-Water-Food Nexus

The security of the Energy-Water-Food nexus is a central
challenge to the goal of sustainable development
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2018 GLOBAL TEMPS

Jan-Jun Land & Ocean Temperature

RECORD MUCH COOLER NEAR WARMER MUCH RECORD

COOLEST COOLER AVERAGE WARMER WARMEST
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What have done?

Internationally: | ,
o Created an international scientific assessment == === RECEIVFCERGIPAN =PIy
o Negotiated an international treaty = 7. e 8 Impacts, Adaptation, and Vulnerability

o Committed most of the industrialized world to |
mandatory reductions in GHG emissions

LIMATE CHANGE 2001

Mitigation
U A
S (] >

o Refused to submit international treaty for
ratification

o Proposed voluntary programs to reduce GHG
intensity, lowering rate of growth of emissions

Non-government:

o Corporate, regional, local, faith-based
initiatives

b‘(t “a

(2 Fan'y
¢33 (&)
“,;1'0 INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE l':?l’
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S THE GLOBAL GOALS

' W' For Sustainable Development
an P

LIFE BELOW LIFE PEACE AND JUSTICE
1 WATER 15 ON LAND 16 STRONG INSTITUTIONS

13 imon

2030 Agenda for Sustainable Development

- adopted by all 191 United Nations Member States in 2015

- provides a shared blueprint for peace and prosperity for people and the planet
- 17 Sustainable Development Goals (SDGs)
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Humour in Scepticism

There are three primary goals of

sustainable development:

1. minimize the depletion of natural resourc
es,

2. create development without causing furt
her harm to the environment,

3. provide methods for retrofitting existing
developments.

Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

 THEGLOBAL GRALS FIR SESTAMABLE CeVELDPMENT
Y1 4 i 37 MARSSEET 36 SR
: 2 -
a1l m PART BF THE COMICS UMTING NMAZIONS INTLATIYE
pU———_

Global warming solution #3,876 - utilisation of noxious
bovine inert gases for green transport purposes.




Global policy drivers

Energy-related carbon dioxide emissions

billion metric tons

[y
(9]
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(US Energy Information Administration 2017)

CO, emissions increasing globally as non-OECD
countries ‘develop’
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Policies....everyone has
one!

ne ST A A )
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« Development policy ‘
 Technology policy Qg 1\
 Information policy = ~
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Energy policy r
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A BIG HOAR AND
we (ReAle A BeTTer
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‘Peak oil’

Marion King Hubbert’s peak curve theory. It

illustrates that at some

point in time oil production will peak such that demand will exceed supply.

Olduvai Theory (per capita energy

to 100 years, between the years 19

production) = life

expectancy for the Industrial Civilization is less than or equal

30 to 2030 (Duncan, 2001).

y——o

" PEAK COAL:wa’ PEAK URANIUN: '
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Models & models

IGNdRANCE
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Energy technology
plan..ssssh...1001%RE?

o

We're placing far too
much hope in pulling
carbon dioxide out of the
air, scientists warn
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Balance v. instant gratification
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Transition phases

Stabilisation

Breakthrough

Take off

Predevelopment

Magnitude of societal change

v

Time

(Rotmans, Kemp & van Asselt 2001)
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Technology, markets & uptake

Cost Reductions Market Uptake - 100000

—
S—

Prices drop, markets soar

Batteries

Land-Based \

Wind

/

Utility-Scale

PV l’ - 10000

Distributed
PV
‘ - 1000

LEDs /

Indexed Cost Reduétions Sthce 2008

]
o

0 -/n/ 100

2008 2009 2010 2011 2012 2013 2014 2008 2009 2010 2011 2012 2013 2014

Source: Adapted from DOE, “Revolution...Now: The Future Armives for Five Clean Energy Technologies — 2015 Update,”
hitp:/iwww.energy.gov/eere/downloads/revolution-now-future-amives-five-clean-energy-technologies-2015-update
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Transition phases

Increasing structuration
of activities in local
practices

Socio-economical /
\ /

Landscape \
‘\ ] po=" —d
Pressure creates SN i W T——- iy The new Regime s o " :
Windows of > DGR O Sdsting rogime able to deal withthe _.* -
Ny *Aging Population . influences
opportunities’ -~ Landscape Pressure _*
, Lower budgets ’ landscape
Markets N P 4
2 S 4 =
s~~~- > I’
. Existing Socio. \SHENER " we— ~ P " > sclence
Socio- Industry CCONOMICAl TEGIME IS |wwede o o /1 p < Industry New s0cio economical
economical ‘dynamically stable’. —_— 4 ) f(‘Blﬂ'N:‘ is ‘dynamically ‘
- On different N o » stable’. On different
Regime Policy | dimensions there are //, ’ > vy Policy \dimcnsions there are |
ONGoINg processes =7 Y TN T cm—p \QOB0ING Processes Caltare

’

New configuration breaks through, taking advantage of ‘windows of
opportunity’. Adjustments occur in socio-economical regime

- | 5 ,l /
Elements become aligned and stabilize in 3 dominant design. Internal

momentum increases.

External influences on niches
(via expectations and networks)

Experiments: Learning processes take place on multiple dimensions {co-construction)

Niche-
Innovations 3 Small NETWORKS of actors support novelties on the basis of expectations and visions.

Time
{Based on: Geels & Schot, 2007)

http://www.aurecongroup.com/en/thinking/archive/the-transition-towards-a-sustainable-public-private-partnership-regime.aspX
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ldeas are of themselves
extraordinarily valuable, but an idea
is just an idea. Almost anyone can
think up an idea. The thing that

counts is developing it into a
practical product.

— He.n/z,L/ Ford —

AZ QUOTES
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ESTP1845

25%
20.5%
20%
15%

10%

5%

Percent as a Share of Sales

0%

Source: Bill Gates, “Energy Innovation: Why We Need It and How to . _ .
Get It,” https://www.gatesnotes.com/Enerqy/Energy-Innovation Source: American Energy Innovation Council
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- Innovation & abandonment '

CC Transitions

Catalysing and Characterising Transitions

Governance of the abandonment of
socio-technical systems: fading out,
termination, deconstruction

Governance of socio-technical
systems: a matter of progress &
Innovation




QUEEN'S

UNIVERSITY

Choices BELFAST




QUEEN’S

UNIVERSITY
BELFAST

Forecasting

ESTP1845

| =—8— RAMS-0.5km (Louka et al, 2008)
== RAMS-12km+Kalman (Louka et al, 2008)
1 —#— MS-EPS (mean) (Lang et al, 2009)
—d— MS-EPS (aggregated) (Lang et al, 2009)
| ——tp— Persistence (Ramirez-Rosado et al, 2009)
| =—t%— FORECAS (Ramirez-Rosado et al, 2009)
—lp— S (SP (Ramirez-Rosado et al, 2009)
| m—p— Pergistence (Kusiak et al, 2009)
—@— MMS5 (Kusiak et al, 2009)
| =+ Persistence (Fan et al, 2009)
5| | =P SVR/BCD (Fan et al, 2009)

’/d‘ g —d— NOGAPS (offshore) (McQueen and Watson, 2009)

0 1 L 1 1 1 1 1
0O 12 24 36 48 60 72 84
prediction interval [hours]
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Hybrid Gaussian Process (GP) combining both similar historical data patterns and recent wind generation
data to improve the accuracy of very short-term forecasting results, much faster than normal GP

GP and hybrid GP models applied to predict the wind power generation of a wind farm of Ireland on
November 8% 2006 when ramping event, spikes, and uncommon trend all occurred

Hybrid Gaussian approach

ESTP1845

Sirnilar data in history

Real 500 The nurmber of similar shages in history
eal powe autput E000
== (GALSEEN Process_

ard acol 4500-

300+
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ka2
8

100}

Traiming tala [ » - 1000 ]
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a5ing dala -
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Current state vector and its trend (red line) fit well with the mean value of similar vectors and their mean
trend (the green dashed line), showing that the similar data could reflect the current trend of wind power,
which is a proof of the rationality of the statistical similar pattern theory
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Hybrid Gaussian approach
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Fig. 2 Total curtailment by hour 2020



“Integrator technologies”
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CAES in Pumping Mode
Generation = 394.12 MWh Generation = 400 MW

[Storage J—P><Je—(0

Generation = 400 MWh

&
Generation = 0 MW
Fuel = 0kWh "N ,@
CAES in Generating Mode
Generation = 268 MWh Generation = 268 MW
Storage > 4 e
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—

Generation = 132 MW

Heat Rate = 4,325.67 ki/kWh

Fig. 2. CAES unit in SEM_2020 model.
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a 7000 b
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g = /\\/\1
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Fig. 6. Daily average profiles of (a) system demand and (b) wind generation from the study period in and 2010.

Electricity Consumed
9000, .

B Standard EWH Baseline Comparison
-~ System Demand Optimisation EWH
[IWind Generation Optimisation EWH
700C'—.Wlnd Penetration Optimisation EWH
Ex-Ante SMP Optimisation EWH

8000---

5S-1 5S-2 $S-3 5S-4
System Specification

Fig. 8. Electricity consumed over a 12 month period.



Unit Commitment Delta

“Integrator technologies”
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Fig. 7. Comparison of peak and off-peak EV charging scenarios.
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mSNSP 50% BSNSP 55% DOSNSP 60%

3,738
Installed Wind Capacity (MW)

ch-down of wind due to SNSP limit (Scenarios 1-9).
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Review of Non-intrusive Load Monitoring Methods in
Distribution Networks to optimise renewable energy
Integration

Mr Andres Felipe Moreno Jaramillo
EPIC Research Cluster

& amorenojaramillo01@qub.ac.uk m andres-moreno-0329
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A state of the art techno-economic
review of distributed and embedded
energy storage

* Researcher: Neil Mcllwaine, School of Electronics, Electrical Engineering and Computer Science

* Supervisors: Dr. A. Foley
Prof. D.J. Morrow

* Background: Power generation 35 years
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A review of the dynamic impacts of renewable
generation, distributed generation and emerging

smart loads on the power system

Dlzar Al kez, EEECS

Supervisors
Dr Aoife Foley
Prof John Morrow

15/10/2019 38
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ADVANCED MARINE AND BIO-ENERGY RESEARCH

Barry Johnston
Aoife Foley
Joanne Mitchell
John Doran
Timothy Littler
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ADVANCED MARINE AND BIO-ENERGY RESEARCH

Joanne Mitchell
Aoife Foley
Barry Johnston
John Doran
John Morrow

Current Diagnostic and Prognostic
Methods used in Offshore Wind
Operations and Maintenance
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BE Summary

M Metrics Most cited publications
[ 1| N N
Current methods and advances in forecasting of wind power generation
Aoife Foley, Paul G Leahy, Antonino Marvuglia, Eamon J. McKeogh 480
Jan 2012 in RENEWABLE ENERGY
10.7016/J.RENENE.2011.05.033
A strategic review of electricity systems models
B Acife Foley; B.P. O Gallachdir, J. Hur. . E.J. McKeogh; see more 1 38
Dec 2010 i1 ENERGY
10.1016/J.ENERGY.2010.03.057
Impacts of Electric Vehicle charging under electricity market operations
Aoife Foley, Barry Tyther: Patrick Calnan; Brian O Gallachéir 1 31
Jan 2013 in APPLIED ENERGY
10.7016/J. APENERGY.2012.06.052
Climate change response in Europe: what's the reality? Analysis of adaptation and mitigation
plans from 200 urban areas in 11 countries
Reckien, D.; Flacke, J., Dawson, R. J.; ... Pietrapertosa, F., see more 1 1 4
201411 CLIMATIC CHANGE
10.1007/510584-013-0989-8
The evolution of offshore wind power in the United Kingdom
Paraic Higgins; Acife Foley 59

Sep 2014 i1 RENEWABLE AND SUSTAINABLE ENERGY REVIEWS
10.1016/J.RSER.2014.05.058
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What role do (renewable energy)
academic journals play?

* Renewable and sustainable energy is a growing area of research,
moving fast, and expanding.

* Renewable and sustainable energy is no longer a niche sector of
novel technologies.

* Itis now a major part of global research, as we seek to avert
damaging climate change by sharing problems, solutions, novel
ideas and technologies to support the transition to a low carbon
future, and achieve our global emissions targets as established by
the United Nations Framework Convention on Climate Change.

°* We are an interconnected world, and need interconnected

solutions.
E . J_‘.‘L Y DL i h
BIOMASS &
SOLAR Renewable Energy BIOENERGY

Spciol Wawn ot intwerational Conbeserct
o Bareumrre e gy W Bcontrry
Cropre ety & L~ 24l ar o %y
ot (i ATk Fandey. S Mg (69,
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 The mission of Renewable and Sustainable Energy Reviews is
to communicate the most interesting and relevant critical
thinking in renewable and sustainable energy in order to
bring together the research community, the private sector
and policy and decision makers.

 The aim of the journal is to share problems, solutions, novel
ideas and technologies to support the transition to a low
carbon future and achieve our global emissions targets as
established by the United Nations Framework Convention on
Climate Change.

25 October 2018 44
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Article types

* Reviews

e Original research

* Case studies

* Expert Insights (invitation only)
e Cutting Edge (Invitation only)

e Editorials

25 October 2018 45



QUEEN'S
UNIVERSITY
BELFAST

Themes

e Applications - buildings, industry & transport
* Energy resources

e Environment 4 provided the link to )

renewable and sustainable energy
is clear & thoroughly examined

e Education

e Systems

e Sustainability
* Techno-socio-economic aspects
e Utilization

25 October 2018

46



Who i1s the audience & audience?

Audience?

The core of the audience is:

» Academics and researchers

« Engineers

* Economists and the Finance
community

* Technology manufacturers and
companies developing renewable
energy solutions

Also, those with a keen interest in the
scale up of renewable energy:

« NGOs & Associations
 Governments

« Academic Societies

Even if you don’t stay in research, you
can still be a core part of the audience!
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Authors?

The majority of our authors are:

« Academics and researchers

« Engineers

« Economists and the Finance
community

* Technology manufacturers and
companies developing renewable
energy solutions

Some are those with a keen interest in
the scale up of renewable energy:
 NGOs & Associations
 Governments

« Academic Societies

Even if you don’t stay in academia, you
can still contribute to research!
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Visiting researcher’ opportunities!

*  Group : 6 PhD students (3 as 1%, 3 as Co, plus 2 positions to fill), 6 masters
& 1 Postdoctoral researcher (50%)

e  Alumni: 6 PhD, 30 masters & 3 Postdoctoral researchers

«  Visiting researcher: Strathclyde University, Tsinghua University, Energy
Systems Institute of Russian Academy of Sciences

Collaborators

«  Tsinghua University, Energy Systems Institute, MIT, UMass Amherst,
Strathclyde, Cardiff University, Warwick University, Harbin Institute of
Technology, Chongqging University, Oxford University, University College
Cork, University College Dublin & colleagues across EU via Smart cities
cost action e.g. Richard Dawson, Monica Salvia, Oliver Heinrich, Diana
Riecken etc.

Affiliations

« EPIC @ EECS, Bryden Centre, Marei @UCC and the Energy Institute @
UCD & National Centre for Energy Systems Integration @ Newcastle
University
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and the European Union
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