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C O N T E N T S

My research very briefly

It's all about the carbon!

Discussion & Questions













Cost-Benefit Analysis for Net-Zero Energy in Heat, Power, and Transport

Context Methods Outputs

• Net-Zero must be achieved by 2050 [1]
• Decarbonisation of the energy system is key 

to meeting this challenge
• Rich renewable resources exist in Northern 

Ireland, and the technology to harness them
is available

Net-Zero
Energy

Equity

Macro-
Economy

Security

Efficiency

Environment

Explore Future Energy Scenarios [1,2]

Quantify Scenario Impacts [3,4]

Scenarios Compared by Net Value [5,6,7]

Social 
CBA

Impact Pathway Assessment

Which technological ensemble and 
vision of energy is best for people, 

society, and the environment?

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. Østergaard, P. Sorknæs, I. 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;

Policy-Making Metrics
Environment

Equity
Security



Landscape Review: Renewable Energy Generation and Application

Four energy sectors

• Power

• Heat

• Transport

• Enabling Technology

Five policy pillars [1]

• Decarbonisation

• Equity

• Security

• Macroeconomy

• Efficiency

Findings distilled to PUGH chart [2]

• Adjust per policy pillar and goal [3]

• Insulation has highest net benefit

• CCUS has worst net score

Ite
m

G
ro

up

20
18

W
in

So
la

r P
V

Ti
da

l W
av

e

An
ae

ro
bi

C

So
la

r H
ea

t

G
eo

th
er

m
al

He
at

 P
um

ps

Lo
w

-C
ar

bo
n

Di
st

ric
t

In
su

la
tio

n

El
ec

tr
ic

El
ec

tr
ic

Hy
dr

og
en

Al
t. 

Fu
el

s

De
m

an
d

Hy
dr

og
en

CC
U

S

CH
P

St
or

ag
e

 B
io

m
as

s

eF
ue

ls

Emissions 1 0 1 1 1 0 1 1 1 -1 0 0 1 1 1 0 1 1 0 0 1 0 0
Net-Zero 1 0 1 1 1 0 0 1 0 -1 0 0 -1 0 0 0 1 1 0 0 1 0 0

Sustainability 1 0 1 0 0 1 1 1 1 -1 1 1 0 -1 -1 -1 1 1 -1 1 0 1 1
Scalability 1 0 1 0 -1 1 -1 -1 0 0 1 1 0 0 0 -1 0 1 -1 1 -1 0 0
Pollution 1 0 1 1 0 0 1 1 1 -1 1 1 1 0 0 -1 1 1 1 0 1 -1 -1

Accessibility 1 0 -1 1 -1 1 1 -1 0 1 -1 1 -1 0 -1 0 0 -1 -1 0 0 0 -1
Affordability 1 0 0 -1 -1 0 -1 -1 -1 1 -1 1 -1 -1 -1 0 1 -1 -1 1 -1 0 0

Acceptability (SRL) 1 0 -1 1 0 0 1 0 0 1 -1 1 0 1 -1 1 0 0 1 0 1 1 1
Disruption 1 0 0 1 -1 0 1 -1 -1 1 -1 1 -1 0 -1 1 -1 -1 1 0 0 0 1

Value 1 0 1 0 -1 0 0 0 0 0 1 1 0 0 0 0 1 0 -1 0 0 0 0
Flexibility 1 0 -1 -1 0 0 -1 1 0 1 1 1 0 0 0 0 1 0 -1 1 1 0 0
Reliability 1 0 1 1 -1 0 1 1 1 1 1 1 0 1 0 0 0 0 -1 1 1 1 1

Availability 1 0 1 1 -1 1 1 -1 0 1 0 1 0 1 -1 -1 0 -1 -1 1 0 -1 -1
Exposure 1 0 1 1 1 1 1 1 0 -1 -1 1 0 -1 -1 0 1 1 -1 0 -1 1 0

Readiness (TRL) 1 0 1 1 -1 1 1 0 1 0 1 1 -1 1 -1 -1 0 -1 -1 1 0 -1 -1
Green Growth 1 0 1 1 1 1 1 0 1 -1 0 0 0 0 0 1 0 1 -1 0 1 1 1

Export Potential 1 0 0 -1 1 0 -1 -1 -1 -1 -1 -1 0 -1 -1 1 -1 1 -1 -1 0 1 1
Skills Ready 1 0 1 1 0 0 0 -1 0 0 -1 1 -1 0 -1 -1 0 -1 -1 0 0 -1 -1

Subsidy 1 0 1 -1 -1 0 -1 -1 -1 0 -1 1 0 0 -1 -1 -1 -1 -1 0 0 0 0
Long Term Value 1 0 0 0 1 0 0 1 0 -1 1 1 0 0 0 0 1 1 0 0 1 1 1

Energy Usage 1 0 0 0 1 1 0 1 1 0 1 1 1 -1 0 0 1 1 -1 1 1 0 0
Application Eff. 1 0 0 0 0 0 0 1 1 -1 1 1 0 0 0 0 1 1 -1 1 1 0 0

Curtailment / Waste 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0 1 1 1 0 1 1 1 1
Time and Effort 1 0 0 1 -1 0 1 -1 1 1 -1 1 -1 0 -1 -1 0 -1 0 0 1 1 1

Implementation 1 0 0 1 -1 0 1 -1 0 1 -1 1 -1 0 -1 -1 -1 -1 -1 -1 0 -1 -1
TOTAL - 0 10 10 -4 9 8 1 5 0 1 19 -5 0 -12 -4 8 3 -14 8 9 4 3

10 10 -4 9 8 1 5 0 1 19 -5 0 -12 -4 8 3 -14 8 9 4 3
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References: [1] Northern Ireland Department for the Economy, ‘Energy Strategy - Path to Net Zero Energy’, Dec. 21, 2021; [2] N. McIlwaine 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
Northern Ireland Water Hydrogen Production Synergistic Co-Location

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

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

• Concentrated O2 increases 
aeration efficiency [3]

• Electrolytic hydrogen production
creates by-product O2

• Recover up to 2.56% energy used 
for H2 production by using O2

• Water treatment scales naturally 
with population and industry [4]

• Potential hydrogen demand scales 
in synergy with water treatment

References: [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. Pöpel, 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

kWh Energy Savings per kg of O2



Stakeholder Engagement: DELPHI-Sandpit with Regional Experts
DELPHI Sandpit Findings

Expert survey [1] engaging 
stakeholders across industry, policy, 
academia, and charities

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

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

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

A diverse range of technology is 
welcomed, but Geothermal [5] and 
District Heating [6] are neglected
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The net zero transition is happening 
too slowly, and actions producing 
tangible impact must be prioritised

TRL Delphi Delta SRL Delphi Delta 
Generation   

Wind Generation 9 8.3 -0.7 9 8.9 -0.1 
Photovoltaics 9 8.1 -0.9 9 8.7 -0.3 

Geothermal 6 (9) 6.0 0.0 4 (9) 8.2 4.2 
Solar Thermal 9 8.1 -0.9 8 8.4 0.4 

Anaerobic Digestion 9 7.7 -1.3 9 7.8 -1.2 
Marine Energy 7 6.3 -0.7 6 7.8 1.8 

CHP 9 7.4 -1.6 9 8.2 -0.8 
Carriers     

Biofuels/Biomass 9 7.2 -1.8 9 7.9 -1.1 
Electro-fuels 6 5.6 -0.4 4 8.3 4.3 

Energy Storage 8 6.5 -1.5 9 9.0 0.0 
Smart Grid 7 6.6 -0.4 6 9.0 3.0 

CCUS 7 5.7 -1.3 7 8.3 1.3 
Hydrogen 7 6.2 -0.8 7 8.8 1.8 

Applications    
EV and H2 9 6.6 -2.4 9 8.8 -0.2 

Micro-Mobility 9 7.4 -1.6 6 (9) 7.5 1.5 
Electric Heat Pumps 9 7.1 -1.9 9 8.8 -0.2 

Hydrogen Boilers 6.5 (9) 5.7 -0.8 4 (9) 8.5 4.5 
District Heat Networks 6.5 (9) 6.1 -0.4 3 (9) 8.4 5.4 

 

“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.”

References: [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. McIlwaine, 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





Creating a Retail Business Model for District Heating 
to aid the Decarbonisation of Domestic Heating

Generators

Thermal Load Profiling

Bottom up Top down

Aggregated Thermal Demand

Distribution 

 Thermal losses

 Transients

 Time delays

 Pipe design

 Network topology

Market Model

Fuels

£/kWh Optimal planning 
schedule

POWER

GAS

HEAT





















Where next??



Emissions Scenarios to Stay below 1.5oC: 
Net Zero Emissions by 2050 – Four Ways

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

Global policy drivers

CO2 emissions increasing globally as non-OECD countries ‘develop’

US Energy Information Administration











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



Sectoral energy system transition
- Innovation & abandonment 

Governance of the 
abandonment of socio-

technical systems: 
fading out, 

termination, 
deconstruction

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

innovation 

Tax take 

Emissions



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



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
• Onshore & offshore wind
• Advanced CHP etc
• 4th Generation nuclear
• Solar thermal
• Wave energy & TEC
• Storage…….
• Hydrogen, ammonia, methanol…….
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Discussion & Questions…?


