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Reducing carbon footprint

Contribute to comatting climate change

A home charging facility

A mileage range greater than 300 miles

Tax rebate or government incentive
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Cost-Benefit Analysis for Net-Zero Energy in Heat, Power, and Transport

I T T

* Net-Zero must be achieved by 2050 [1] Explore Future Energy Scenarios [1,2] Scenarios Compared by Net Value [5,6,7]
* Decarbonisation of the energy system is key =

to meeting this challenge
* Rich renewable resources exist in Northern Ilm

Ireland, and the technology to harness them

is available bomass et fferims
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m— Annual nvestment costs
W Fixed operation costs
= Variable costs

ENERGY TRANSITION MODEL
Independent, Comprehensive and Fact-based
Quantify Scenario Impacts [3,4] I l

PL EXOS Energy [JWa\\ T mem e e

Policy-Making Metrics

Macro-
Economy

Efficiency

Which technological ensemble and Energy ,
o e . E emplar Environment _ -
vision of energy is best for people, , Equity [ [

society, and the environment?

Security I

References: [1] Northern Ireland Department for the Economy, ‘Energy Strategy - Path to Net Zero Energy’, Dec. 21, 2021; [2] Quintel Intelligence, Energy Transition Model, https://pro.energytransitionmodel.com; [3] Energy Exemplar, PLEXOS,
https://www.energyexemplar.com/plexos; [4] H. Lund, J. Z. Thellufsen, P. A. @stergaard, P. Sorknzes, |. R. Skov, and B. V. Mathiesen, ‘EnergyPLAN: Advanced analysis of smart energy systems’, Smart Energy, Feb. 2021
https://www.energyplan.eu/. [5] A. E. Boardman, D. H. Greenberg, A. R. Vining, and D. L. Weimer, Cost-Benefit Analysis: Concepts and Practice, 5th ed. Cambridge University Press, 2018; [6] HM Treasury, The Green Book: Appraisal and
Evaluation in Central Government. 2020; [7] European Commission, Guide to cost-benefit analysis of investment projects: economic appraisal tool for cohesion policy 2014-2020;




Landscape Review: Renewable Energy Generation and Application

Power / Energy Transport
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Five policy pillars [1]
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References: [1] Northern Ireland Department for the Economy, ‘Energy Strategy - Path to Net Zero Energy’, Dec. 21, 2021; [2] N. Mcllwaine et al., ‘A state-of-the-art techno-economic review of distributed and embedded
energy storage for energy systems’, Energy, vol. 229, p. 120461, Aug. 2021, doi: 10.1016/j.energy.2021.120461; [3] J. A. Annema, N. Mouter, and J. Razaei, ‘Cost-benefit Analysis (CBA), or Multi-criteria Decision-making
(MCDM) or Both: Politicians’ Perspective in Transport Policy Appraisal’, Transportation Research Procedia, vol. 10, pp. 788-797, 2015, doi: 10.1016/j.trpro.2015.09.032



Techno-Economic Study: NI Water and Hydrogen Production Co-Location

Hydrogen Production Synergistic Co-Location

Northern Ireland Water

northern ireland

—_—

* Largest electricity user in Northern
Ireland (2.76% of demand [1])

* Aeration uses most of the
electricity in water treatment [2]

* Concentrated O, increases
aeration efficiency [3]

* Electrolytic hydrogen production
creates by-product O,

* Recover up to 2.56% energy used
for H, production by using O,
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* Water treatment scales naturally
with population and industry [4]
 Potential hydrogen demand scales
in synergy with water treatment

[1] R. Kernan, Xueqin Liu, S. McLoone, and B. Fox, ‘Demand Side Management of public clean water supply’, in 2015 50th International Universities Power Engineering Conference (UPEC), Stoke On Trent, United Kingdom: IEEE, Sep.
2015, pp. 1-7. doi: 10.1109/UPEC.2015.7339923; [2] D. Rosso, L. E. Larson, and M. K. Stenstrom, ‘Aeration of large-scale municipal wastewater treatment plants: state of the art’, Water Science and Technology, vol. 57, no. 7, pp. 973-978, Apr.
2008, doi: 10.2166/wst.2008.218; [3] J. A. Mueller, W. C. Boyle, and H. J. Pépel, Aeration: principles and practice. in Water quality management library, no. v. 11. Boca Raton: CRC Press, 2002; [4] Jacobs, ‘How can the water sector engage with a
future hydrogen economy?’ http://www.jacobs.com/newsroom/news/how-can-water-sector-engage-future-hydrogen-economy




Stakeholder Engagement: DELPHI-Sandpit with Regional Experts

Expert survey [1] engaging
stakeholders across industry, policy,
academia, and charities
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The net zero transition is happening
too slowly, and actions producing
tangible impact must be prioritised

In-person round-table debate of
DELPHI results [2], to explore
consensus and contentious issues

“It is very important to
distribute costs fairly - but what
does fair mean? It is likely to be a
complicated answer, depending on
fluid circumstances and not just a
fixed split of costs.”

“Some [technologies] are ready,
but just too expensive.”

Panel discussions highlighted the
contentious and complex issues of
cost allocation and subsidy targets

Synthesis of results in the context of
state-of-the-art policy-making [3]
and technology frameworks [4]

Delphi Delta Delphi Delta

Generation

Wind Generation
Photovoltaics
Geothermal

Solar Thermal
Anaerobic Digestion
Marine Energy

CHP
Biofuels/Biomass
Electro-fuels
Energy Storage
Smart Grid

Ccus

Hydrogen
Applications

EV and H2
Micro-Mobility
Electric Heat Pumps
Hydrogen Boilers
District Heat Networks

A diverse range of technology is
welcomed, but Geothermal [5] and
District Heating [6] are neglected

[1] F. Hasson and S. Keeney, ‘Enhancing rigour in the Delphi technique research’, Technological Forecasting and Social Change, vol. 78, no. 9, pp. 1695-1704, Nov. 2011, doi: 10.1016/j.techfore.2011.04.005; [2] ‘Social Sciences and
Humanities for Advancing Policy in European Energy | SHAPE-ENERGY Project’, CORDIS, European Commission. https://cordis.europa.eu/project/id/731264; [3] T. Mai, J. Logan, N. Blair, P. Sullivan, and M. Bazilian, ‘RE-ASSUME: A Decision
Maker’s Guide to Evaluating Energy Scenarios, Modeling, and Assumptions’, NREL/TP-6A20-58493, 1090954, Jun. 2013. doi: 10.2172/1090954; [4] A. Foley, H. Hampton, A. Brown, N. Mcllwaine, D. Al Kez, and D. Furszyfer, ‘Support scheme
options to incentivise renewables investment in Northern Ireland: Report for the Department for the Economy as evidence for the Northern Ireland Energy Strategy 2021’, Northern Ireland Department for Economy, Queen’s University

Belfast, Dec. 2021
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Creating a Retail Business Model for District Heating
to aid the Decarbonisation of Domestic Heating

Market Model
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Routes and distances
calculated

TCO of eBike and ride
sharing scenarios
calculated

AN J

s ~

Reduction in the number

of accidents calculated

e N

Health benefits (change in
mortality) calculated

Emission reduction

Time spent travelling
calculated

benefits (CO,, NOx, PM2.5,
PM10) calculated

N J/

e N\
Travel time disbenefits,
reduced absenteeism, and

ambience benefits
calculated

Infrastructure costs
calculated

Benefits monetised where
needed and the net
present value of benefits
calculated
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Benefit to cost ratio
calculated

I

Net present value costs
calculated




State-of-the-Art

Aspects which need to be examined and standardized include

in Electric Vehicle Charging Infrastructure the following:
AM. Foley, Member [EEE e Signage,
EPA CCRP Fellow & Lecturer L. . .
University College Cork e Layouts, access and lighting in areas where public
School of Engingering, College Rd., .COI'k, Ireland 3 charging 18 proposcd,
e-mail: aoife.foley@ucc.ie B.P. O Gallachéir
Lecturer in Energy Engineering e Disabled persons requirements
1.J. Winning, Senior Engineer & Traffic Manager University College Cork, P 9 ’
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Abstract — The international introduction of electric vehicles  established EV targets, policies and plans in order to su d Tl'lp hazards, hablhty issues and pl.lbllC Insurance,
(EVs) will see a change in private passenger car usage, in deploying EVs. Table 1 lists some internal gover .
operation and management. There are many stakeholders, but policies and targets. L] Vent]lat]()n,
currently it appears that the automotive industry is focused on s =
EV manufacture, governments and policy makers have ountry argets 135 . : -
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public and private property is necessary. The focus of this Germany | 2020: 1,000,000 EVs deployed’ public an pnvate property,
paper is to establish the state-of-the-art in EV charging Treland | 2020: 10% EV market share® . . .
infrastructure, which includes a review of existing and Israel 2011: 306000 EVs, 2012: 40,000 to 100,000 EVs L] Charglng pOSt OWIleI‘Shlp, maintenance and
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Energy Conversion and Management

5 Volume 291, 1 September 2023, 117337
ELSEVIER

Towards more equitable energy transitions
in low-income households: An integrated
analysis of energy and transport poverty in
Northern Ireland
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Show more

+ Add to Mendeley <« Share 33 Cite

https://doi.org/10.1016/j.enconman.2023.117337 A Get rights and content 2

Under a Creative Commons license 2 ® open access

Highlights

« Explores equitable domestic and transport energy futures in
Northern Ireland.

+ Transport modal shift incurs economic benefits but also time
penalties.

= EVs cost competitive across all case study scenarios from 2025.
« Post retrofit assessment shows lingering nature of financial burden.

= Expansion of supports is a crucial component of the Just Transition.

Domestic energy modelling
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Sustainable Cities and Society

L _ Volume 94, July 2023, 104573
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Identifying optimal locations for community
electric vehicle charging

Anna Charly 9, Nikita Jayan Thomas 9, Aoife Foley  , Brian Caulfield ® 2, =

Show more v

+ Add to Mendeley <& Share 93 Cite

https://doi.org/10.1016/j.5¢5.2023.104573 7 Get rights and content 71
Under a Creative Commons license 7 ® open access
Highlights
» Optimal charging locations are identified using GIS-based multi-criteria
analysis.

» Novel transferable methodology utilising QGIS and open street maps.
» The study identified 770 ideal locations for 2025 and 3080 locations for 2030.

* Population served by a five-minute walk or five-minute cycling is estimated.

A 4

Extracting vector data corresponding to each site selection criteria
Lamp posts

Population density

Apartments and houses

Motorways, primary, secondary and tertiary roads

Trip attractors

Existing charging stations

.

Rasterizing vector data

v

Calculate proximity (raster distance) of the rasterized layers

v

Reclassify proximity layers based on priority ( high and
moderate)

.

Suitability analysis: Raster calculation to combine dataset

v

Extracting priority zones

.

Polygonizing (vectorizing) suitable sites

v

Selecting by location: Identifying the parking spaces that
fall within the suitable sites
I




il Volume 174, March 2023, 113160
ELSEVIER

Pathways to decarbonising the transport
sector: The impacts of electrifying taxi fleets
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Show more
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Scenario

Description

https://doi.org/10.1016/j.rser.2023.113160 A Get rights and content 2

Under a Creative Commons license A ® open access

Highlights

+ Fully electrifying taxi fleet leads to a 77% reduction in total CO7
emissions produced.

» Upgrade to all plug-in hybrid EVs in the fleet is the second lowest
emissions option.

» Rapid growth in the share of EVs in the fleet is required to reach a
net-zero target.

Business as
usual (BAU)

S-1 Removal
of all ICEVs
lower than
Euro 5

S-2 Removal
of all ICEVs
lower than
Euro 6

S-3 Complete
removal of all
ICEVs

S-4 Removal
of all non-
PHEVs

S-5 Full

The current composition of the fleet (see Table A-5).

In S-1 scenario any ICEV that falls under this category is
divided between the Euro 5 and Euro 6 vehicle types. The HEVs
and EVs remain the same as in the BAU scenario (see Table B-

1).

All Euro 5 ICEVs are removed from the fleet and replaced with
Euro 6 vehicles (see Table B-2).

All ICEVs are removed and replaced with a combination of the
different types of HEVs. Petrol ICEVs are upgraded to petrol
HEVs of Euro 4, 5 or 6 standard, and diesel ICEVs to petrol
PHEVs of Euro 6. COPERT does not provide an option for a light
commercial vehicle in the hybrid category. For this reason, the
Large-SUV-Executive option is selected for these vehicles (see
Table B-3).

The petrol HEVs are removed and replaced with PHEVs Euro
standard 6. The older PHEV vehicles are also removed and only
the Euro 6 remains (see Table B-4).

The entire fleet represented in the BAU scenario is converted to

electrification EVs. The original composition of each make and model in the
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Volume 248, 1 June 2022, 123588

Measuring the equity impacts of

government subsidies for electric vehicles
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Under a Creative Commons license A

Highlights

Demonstrates the correlations between equity and EV ownership.
Explores how regional income levels impact upon EV density.

Commuting characteristics are examined to ascertain their impacts
on EV ownership.

Get rights and content 7
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Fig. 6. a: Household EV charging locations - Dublin. b: Average Household
Income - Dublin.
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Fig. 7. Linear regression of average household income and domestic charging

Fig. 5. a: Household EV charging locations. b: Average Household Income.
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What causes energy and transport poverty

in Ireland? Analysing demographic,

economic, and social dynamics, and policy
implications
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Energy and transport poverty rates are similar across the island of

Ireland.

Survey respondent knowledge of causal factors and potential

solutions alike is low.

Self-reported energy and transport poverty do not correspond to

modelled data.

Ever refined targeting for support measures is not optimal.
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Table 11. Respondents’ perception of item which would make greatest
difference to meeting household energy needs.

Respondents’ perception of item which would make greatest difference to
meeting household energy needs

Island Northern Republic of
wide Ireland Ireland
More income 26% 25% 27%
A more efficient home and 25% 23% 26%
appliances
Lower heating and electricity =~ 46% 48% 45%
costs
Other 3% 4% 3%

Fig. 1. Respondent's energy bills in each jurisdiction, prior to and during the
Covid-19 pandemic. Panel A) Northern Ireland, Panel B) Republic of Ireland.

Table 2. Median energy expenditures in each jurisdiction.

Jurisdiction Median Median Mean Mean monthly
Monthly monthly Monthly energy bill
energy Bill energy bill energy Bill  during the
before during the before pandemic
pandemic pandemic pandemic

Northern 150 171 181 212

Ireland

[GBP]

Republic of 138 151 177 206

Ireland
[EUR]
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Emissions Scenarios to Stay below 1.5°C:
Net Zero Emissions by 2050 — Four Ways

Four futures: the sooner and deeper you cut, the less CO, removal you need

Emissions scenarios to stay below 1.5°C warming
Gigatonnes of CO,

Steep emission cuts to almost zero

leave little need for CO, removal 0

Less steep cuts require more CO, removal

\ 20
0

Net carbon
emissions
20
0
——“_—

-20
2020 60 2100

Higher residual emissions
require yet more CO; removal 5
4

\‘ :

-20
2020 60 2100

——————

2020 60 2100

Delayed cuts require the most CO, removal

2020 60 2100

* 60 countries and 100 cities have
promised to get to net zero
emissions by 2050

* This means that they will take
as much carbon out of the
atmosphere as they put in

* At the moment the carbon
going into the atmosphere (in
blue) is mostly coming from
fossil fuels and industry

* The chart shows 4 possible
pathways to net zero emissions



Global policy drivers L,

World energy consumption

quadrillion Btu

800

600

400

200

0

1990 2000 2010 2015 2020 2030 2040

US Energy Information Administration

World energy consumption expected to rise 28% between 2015 and 2040

CO, emissions increasing globally as non-OECD countries ‘develop’



What is ‘Lock-in’

“The difficulty lies, not with the new ideas, but in escaping the old ones”

John Maynard Keynes

« High Up-Front Costs
/| +Inadequate Technical
J Validation
[| +Unfavorable Regulations
\ *Monopoly Power
\
A

/\

7

Incumbent Unfavorable
Technology Support / Policy
Systems Ji S Environment
‘\7‘\ — ‘;\\-\
NN

«Misinformation & Myths \

* Uncertain Fiscal Policy

* Uncertain Regulations

* Inadequate Supply &
Purchasing Channels

Carbon
Lock-In

/" Business Risks :
of Innovation .

High
Infrastructure Limitations Transaction
Inadequate Workforce Costs

\ DON'T CARE
EVEN IF IT'S
OVERCOOKED!

€ MIND THE GAP

the $1.6 trillion energy transition risk

Fossil fuel copital expenditure
of risk by 2025

$228 billion
ol hture pendag of rak

$1.3 trillion
of havre wpend ag or 1k




Carbon Capture and

Storage in Norway

— The moon landing that failed
2nd Edition










Total Private Sector R&D Spending %
as a Share of Sales

25%

20.5%

20%

15%

10%

Percent as a Share of Sales

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




Sectoral energy system transition
- Innovation & abandonment

Governance of the
abandonment of socio-
technical systems:

fading out, Emissions

termination,
deconstruction

Tax take

Governance of socio-

technical systems: a

matter of progress &
innovation



Role of the Finance Industry, Activist Investors,
Decarbonisation & Investor Returns

Larry Fink urged to make BlackRock tougher
on climate change

Principles for
Responsible
Investment

=PRI

Apple now globally
powered by 100 percent
renewable energy

nwas A

Mine More Apple suppliers commit to 100 percent clean
enargy production



Low carbon technologies, TRL & resilience

- Industry - Advanced industry energy use technologies
- Transport — Hybrid, electric & hydrogen, light weighting, ICE efficiency
- Buildings — HVAC, materials, solar water heating, heat pumps

- Smart appliances
- Solar PV

. CCS and CCUS a IT's wﬁ

« Onshore & offshore wind

- Advanced CHP etc Awr ‘Hﬂb /
. 4th Generation nuclear L CARW -
i

- Solar thermal

- Wave energy & TEC

- Storage.......

- Hydrogen, ammonia, methanol.......




THE GLOBAL
COMPACT

Vho Cares Wins

Connecting Financial Markets
to a Changing World

Recommendations by the financial industry to better integrate environmental,
social and governance issues in analysis, asset management and securities brokerage
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