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• Climate Change Act 2021 commits IOM to achieving net-zero emissions by 2050…

– But there has been little tangible action to date

• IOM Government Conference 23-24 September 2025

– James Pomeroy: number 1 (of 3) greatest opportunities for IOM is clean energy

– Chris Brannigan: IOM’s future strengths are clean air, clean finance, clean energy

• IOM Chamber of Commerce: main call from the private sector is for a secure supply 
of green energy on the Isle of Man at an affordable price

• For the Island’s economy & international standing, it is becoming increasingly 
urgent to progress sustainable, affordable, secure, autonomous energy

• So what’s happening globally and what can we do here?
Climate Change → Other Islands → IOM Options → Energy Storage → Conclusions

Motivation?
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Historical change in global temperature + future projections

after www.realclimate.orgafter www.realclimate.org
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Vikings arrive 
in Greenland

Quirk, D.G., 2021 (www.energysustainabilitycentre.im/knowledge-hub)

end of the 
last Ice Age
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Historical change in global temperature + future projections
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short duration 
wobbles due 
to volcanoes

Quirk, D.G., 2021 (www.energysustainabilitycentre.im/knowledge-hub)

long duration 
oscillations due 
to solar effects 
(Milanković)

125,000 yrs ago

sea-level was

6-9 m higher

greenhouse warming 
due to carbon emissions

http://www.realclimate.org/
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http://www.energysustainabilitycentre.im/knowledge-hub
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Historical change in global temperature + future projections
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Quirk, D.G., 2021 (www.energysustainabilitycentre.im/knowledge-hub)

start of 
industrialization
coal → oil → gas 

568 ppm CO2

430 ppm CO2

284 ppm CO2

c.3.2oC rise

≥1.3oC rise 

495 ppm CO2 to 1.8oC with world’s O&G* 

*World’s oil & gas reserves 

(1734 billion bo, 7019 bcf) 

will produce 1130 Gt CO2

- an additional 0.5oC rise -

IPCC aim for ≤560 Gt CO2

*World’s oil & gas reserves 

(1734 billion bo, 7019 bcf) 

will produce 1130 Gt CO2

- an additional 0.5oC rise -

IPCC aim for ≤560 Gt CO2

greenhouse warming 
due to carbon emissions

http://www.realclimate.org/
http://www.realclimate.org/
http://www.energysustainabilitycentre.im/knowledge-hub
http://www.energysustainabilitycentre.im/knowledge-hub
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Human-related greenhouse gas emissions & their effects, 1850-2020

Data sources (Apr 2021): Our World in Data after Global Carbon Project; NASA Goddard Institute for Space Studies + www. sealevel.info; 
Hadley Centre & UEA Climate Research Unit; US Environmental Protection Agency

Avg N European emissions: 

17 t CO2/yr (direct + imports) 

largely related to oil & gas        

Avg Chinese 9 t CO2/yr 

1 t CO2 = 10,000 bin bags      

≡ burning 1.4 large trees

Each of us is responsible  

for putting the equivalent 

CO2 into the atmosphere as 

burning 24 trees each year 

to fuel our lifestyle…           

… ≥170,000 bin bags CO2/yr 

Carbon-free energy reduces 

this by 80% → 4 t CO2/yr left from Quirk et al. 2021
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Climate change on & around Isle of Man

www.energysustainabilitycentre.im/knowledge-hub 

http://www.energysustainabilitycentre.im/knowledge-hub
http://www.energysustainabilitycentre.im/knowledge-hub
http://www.energysustainabilitycentre.im/knowledge-hub
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80% of IoM emissions are from oil & gas
- 550,000 tonnes CO2e per year

360 GWh per year =

12 kWh/day per person (£3.50)

10 MWh/year per household

£105 million/yr at 29.1p/kWh

Consumption will double with 

heating & transport electrification 

227,000 tonnes CO2/year 

emitted from Pulrose

Import dependency = high & volatile costs
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Wind CF Solar CF Hydro R

21 Dominica 30% 19% 95%

22 Martinique 28% 19% 90%

23 Guadeloupe (total) 30% 19% 86%

24 San Cristóbal, Gpg. 25% 18% 48%

25 Isabela, Galapagos 30% 19% 48%

26 Oahu, Maui + 3 40% 20% 90%

27 Kaua'i 35% 18% 95%

28 Tasmania 33% 16% 95%

29 La Réunion 30% 18% 95%

Wind CF Solar CF Hydro R

11 Corsica 23% 17% 95%

12 Azores (all) 40% 14% 86%

13 São Miguel 40% 14% 81%

14 Terceira 40% 14% 86%

15 Graciosa 40% 15% 57%

16 Flores 40% 13% 90%

17 Canaries (7 islands) 30% 18% 76%

18 El Hierro 33% 19% 95%

19 Madeira Island 33% 16% 95%

20 Maio, Cape Verde 30% 20% 10%

Wind CF Solar CF Hydro R

1 Faroes (main grid) 60% 8% 95%

2 Suðuroy 60% 8% 95%

3 Isle of Man 50% 12% 95%

4 Jersey 40% 14% 24%

5 Eigg 55% 10% 76%

6 Orkney 50% 10% 67%

7 Hitra 45% 10% 95%

8 Samsø 50% 12% 0%

9 Bornholm 45% 13% 24%

10 Åland 40% 13% 10%

10

Islands in energy transition league

www.globalwindatlas.info
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2 Suðuroy

3 Isle of Man

4 Jersey
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7 Hitra

8 Samsø

9 Bornholm

10 Åland

11 Corsica

12 Azores (all)

13 São Miguel

14 Terceira

15 Graciosa

16 Flores

17 Canaries (7 islands)

18 El Hierro

19 Madeira Island

20 Maio, Cape Verde

29 La Réunion

21 Dominica

22 Martinique

23 Guadeloupe (total)

24 San Cristóbal, Gpgs.

25 Isabela, Galapagos

26 Oahu, Maui, MLHi

27 Kaua'i

28 Tasmania

Quirk et al, 2025
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Islands’ energy mix, ranked for progress in transition to renewables

12.8p/kWh

20.5p/kWh

29.1p/kWh

18.8p/kWh

IoM has highest 

electricity price 

out of 29 islands

oil & gas is now too 
expensive for islands 

Quirk et al. 2025
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Potential for energy self sufficiency (Isle of Man ranks no. 1)Islands’ energy mix, ranked for progress in transition to renewables

12.8p/kWh

20.5p/kWh

29.1p/kWh

18.8p/kWh

IoM has highest 

electricity price 

out of 29 islands

oil & gas is now too 
expensive for islands 

Isle of Man has best 

renewable resources 

out of 29 islands

Quirk et al. 2025
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Fossil fuel prices are volatile, unpredictable & insecure

• Denmark started 
wind industry 
after 2nd oil crisis
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Manx electricity options – total investment, incl storage

minimum cost of new interconnector
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Geothermal energy needs high heat &/or warm water aquifers

District heating from 
hot water 
aquifer

Saves          
4 t/CO2/yr
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Biomass energy needs a huge source of recyclable vegetation 

To provide enough power from a 
wood-fired power plant requires 
a forest five times larger than 
the total area of the Isle of Man
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Manx electricity options – cost per kWh, incl energy storage

So how do we get most benefit from wind & solar?

New technology is unproven (risky) & expensive

Low cost comes from production line efficiencies 

&/or use of local resources (e.g. hydro electricity)
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MIDDLE RIVER

PULROSE

LORD ST

UK

Lord Street
BEYOND DOUGLAS

Middle 
River

BEYOND DOUGLAS

DOUGLAS

(20-80 MW)

PEEL

Example of IoM electricity grid running on emissions-free power

With interconnection 

can come vulnerability

How to build a secure 

energy system? 
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Energy system model:  electricity demand, prices, wind & solar strengths, 
generator & infrastructure capacities & costs, CO2, storage strategies, etc.
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IoM electricity demand + NW England electricity price, 2019

3 weeks, January 2019
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Demand + price + 120 MW wind (50%) + 20 MW solar (12%)

3 weeks, January 2019
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3 weeks, January 2019

Demand + price + wind + solar + energy surplus (=> storage)
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Demand + price + wind + solar + surplus + deficit (discharge)

3 weeks, January 2019
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Supply/demand mismatch – 100 MW wind, 40 MW solar

Only 65% of renewable energy can be used when generated...

if 120 GWh surplus is exported, 120 GWh has to be imported…

high price

low price
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www.energysustainabilitycentre.im/ipa 

Start with Quick Start Guide

Goal: ≥100% self-sufficiency, <22p/kWh, <15,000 t CO2/year

http://www.energysustainabilitycentre.im/ipa
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Islands’ energy mix, ranked for renewable energy %

Very few islands have enough energy storage yet for self-sufficiency.   MWh/MW hourly avg electricity demand. 

24 hrs

90 hrs

Quirk et al. 2025

Storage capacity – hours demand covered
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Stabilised with batteries + electronics (+/- synchronous machine)
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Energy storage options – ranges in power vs CAPEX cost/kWh

Pumped Hydro Storage

Underground PHS ± SW

Compressed Air Storage

Lithium Ion Batteries

Lead Acid Batteries

Flow Batteries

Hydrogen

£100 million per 1000 MWh

(tunnels)
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Pumped hydro is the most sustainable energy storage solution

• Reduces price fluctuations, improves energy security, relieves grid congestion

• Revenue from arbitrage (buy low, sell high) & ancillary services (grid stabilisation) 

• Uses local resources, including construction companies

Turlough Hill – Ireland’s main 

energy storage since 1974

292 MW for 6 hrs (1700 MWh)                

286m head, 6 turbines                  

2.6 million m3 water                         

75% roundtrip efficiency            

£240 million motoday
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Turlough Hill – Ireland’s main energy storage facility since 1974

DTU Offshore is working on pumped hydro with turkey nest, underground, seawater & quarry reservoirs



DTU Offshore 31

Example layout for two hydro power units
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Francis turbine – inflow & power is adjusted with vanes
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spiral casing

Reversible motor

guide vane levers

Francis turbine – can be reversed, pumping water to the
upper reservoir to store energy
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Eldsfjellet-Husvatnet Storvatnet is good alternative

Elevation difference (head) 265 m

Headrace construction tunnel (drill & blast)

Horizontal distance 1.8 km 1 in 6.8

Upper reservoir volume 5,000,000 m3

Nominal storage capacity 2700 MWh 48 hrs max power

Nominal power generation 60 MW tbd (40-240 MW)

Indicative cost, NOK million 650 (2000) calculated (generic)

assuming 1 reversible Francis turbine, no hydraulic short-circuit

Conventional pumped hydro scheme, medium scale (2700 MWh)

Dispatchable power from combining 

wind & solar with grid-scale storage

How can local communities gain

most benefit from renewables?
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Underground pumped hydro – no surface footprint, scaleable

Sustainable, grid-scale energy storage 

– tunnelled upper reservoir

– 25%-60% cost of Li-ion batteries,    
3->8x lifespan, no imports
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Norwegian tunnelling factory for roads & (now) hydro power
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power 
room 

cavern

37

Schematic section through quarry pumped hydro scheme – 149 MWh 

60

50

40

30

20

10

0

-10

-20

-30

-40

-50

0 100 200 300 400 500 600 700

m
in

 h
e
a
d
 5

5
m

m
a
x
 h

e
a
d
 8

7
m

c.930,000m3

52m

40m

-15m

-35m

m
e
tr

e
s
 a

b
o
v
e

 m
e
a
n

 s
e
a

-l
e
v
e
l 
(c

.4
x
 v

e
rt

ic
a
l 
e
x
a
g
g
e

ra
ti
o
n

)

metres

920,000m3 
excavated 

volume

dam 
wall 

(solid 
rock) 

inlet with 
trash rack

concr- 
ete top



DTU Offshore

Small-scale pumped hydro scheme – 29 MWh

Elevation difference (head) 108 m 103-113 m

Headrace construction surface pipe (or inclined bore)

Horizontal distance 450 m 1 in 4.5

Upper reservoir volume 117,000 m3 5x 19,500 tanks

Nominal storage capacity 29 MWh tbd

Nominal power generation 5 MW tbd

Indicative cost NOK c.130 mill (early estimate)

Recommended next steps: continue discussions with potential 
partners, especially SEV, & stakeholders, including politicians; 
prepare NORA application for March 2026 &/or funding applica- 
tion for demo project e.g. Norges Forskningsråd, Nordic Energy, 
Nordic Innovation, EU Interreg Northern Periphery & Arctic

Hjertåsen near Sandstad & Jøsnøya Industripark

assuming 1 reversible Francis turbine, no hydraulic short-circuit

Advantages: innovative project applicable to many islands & 
coastal communities, uses only local resources, entirely green, 
quick to build, predictable costs, no geological uncertainties, 
minimal risk of seawater leakage, possible c.50% funding from 
innovation funding & international partners, political interest

Disadvantages: demo project will be no cheaper than batteries & 
cables are required to Industripark, larger & higher pumped hydro 
projects will always be more economically attractive, public 
acceptance with residents around Hjertåsen is uncertain, 
particularly on visual appearance of tanks

  excl roofs & cables to Industripark
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• We can not only pay for the transition but it will earn us money

• 80% of Manx emissions are related to oil & gas and this is solveable

• Electricity is relatively easy, transport & heating need more thought

Conclusions
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• We can not only pay for the transition but it will earn us money

• 80% of Manx emissions are related to oil & gas and this is solveable

• Electricity is relatively easy, transport & heating need more thought

• Wind pays for itself on islands – energy companies will invest (e.g. Middle East)  …

… But wind does not make sense without grid-scale storage

… Then wind (+ solar) can replace Pulrose Power Station

… And we can trade on the UK & Irish markets 

Conclusions
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Conclusions

• We can not only pay for the transition but it will earn us money

• 80% of Manx emissions are related to oil & gas and this is solveable

• Electricity is relatively easy, transport & heating need more thought

• Wind pays for itself on islands – energy companies will invest (e.g. Middle East)  …

… But wind does not make sense without grid-scale storage

… Thereafter, wind (+ solar) can replace Pulrose

… And we can trade on the UK & Irish markets 

• Clean energy will attract new industry & skills and will make us proud

• Pumped hydro storage offers local construction jobs

• We can learn from & collaborate with other islands

• Isle of Man can innovate again, assuming public support

• Lots of info & videos at www.energysustainabilitycentre.im

Gura mie ayd

http://www.energysustainabilitycentre.im/
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Reserve slides
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Too little storage to balance Europe's wind & solar generation
regional supply-demand mismatch: high & unpredictable prices
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Can we convert wind energy to a dispatchable form of power?
Cost of solar + storage is <50% of electricity from gas power plants



DTU Offshore 45

Balancing reserves markets in DK-NO-SE-FI to regulate frequency 
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Energinet DK2 ancillary service activation times
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Who is the Energy & Sustainability Centre Isle of Man?

Our mission is to advance the green transition by providing knowledge   
to communities, businesses and the public sector through independent 
research, verifiable data, practical training and strategic advice.  On the 
Isle of Man, we champion local renewable energy, affordable heating 
solutions and a low-carbon economy for a secure, sustainable future.

https://www.energysustainabilitycentre.im/knowledge-hub       /news

https://www.energysustainabilitycentre.im/knowledge-hub
https://www.energysustainabilitycentre.im/knowledge-hub
https://www.energysustainabilitycentre.im/knowledge-hub
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DENMARK’S NATIONAL R&D CENTRE FOR OFFSHORE TECHNOLOGIES

48

Since the Centre opened in 2014, we have delivered more than 100 solutions for companies worth DKK 2.3 billion 

& involving around 700 researchers, incl. 200 PhD students.  We are currently working on 90 industrial projects.

DTU Offshore – Danish Offshore Technology Centre – Denmark’s national R&D centre for 

offshore technologies with a central position in the energy transition, developing commercial, 

research-based energy & sub-surface solutions for marine & coastal environments.

• Offshore CO2 storage

• Energy transition solutions for islands

• Sub-surface energy storage, including H2

• Wastewater management & green chemicals

• Environmental impact of offshore energy operations

• Responsible abandonment of wells & depleted oil & gas fields

• Maintenance of offshore structures, incl. corrosion management
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• DTU Offshore (Danish Offshore Technology Centre)
– expertise in island energy systems, energy storage, green hydrogen, CO2 storage, offshore licencing, 

economics, risk & uncertainty, district heating, geothermal energy, waste water, public engagement

• DTU Wind – including the Global Wind Atlas and Centre for Clean Energy

• DTU Elektro – including Solar PV Systems and Solar DTU

• DTU Energy (Department of Energy Conversion and Storage) 

• DTU Sustain – including Centre for Absolute Sustainability

• DTU Aqua - National Institute of Aquatic Resources

• VILLUM Center for Sustainable Fuels and Chemicals

• Climate Challenge Laboratory

• https://issuu.com/dtudk/docs/dtu_facts_and_figures_2025

Technical University of Denmark* - global expertise in the green transition

*www.dtu.dk/english/news/all-news/dtu-named-the-best-technical-university-in-the-eu

https://offshore.dtu.dk/
https://offshore.dtu.dk/
https://wind.dtu.dk/
https://wind.dtu.dk/
https://globalwindatlas.info/en/
https://dtec.dtu.dk/
https://electro.dtu.dk/research/research-areas
https://electro.dtu.dk/research/research-areas
https://electro.dtu.dk/research/research-areas/advanced-optoelectronics-og-sensing/solar-photovoltaic-systems
https://solar.dtu.dk/
https://www.energy.dtu.dk/research-areas
https://www.energy.dtu.dk/research-areas
https://sustain.dtu.dk/en/
https://sustain.dtu.dk/en/
https://sustainability.dtu.dk/
https://www.aqua.dtu.dk/english/
https://www.aqua.dtu.dk/english/
https://v-sustain.dtu.dk/
https://v-sustain.dtu.dk/
https://www.dtu.dk/english/news/all-news/inventing-energy-technology-for-a-sustainable-future?id=f1d601c1-30e2-4827-a6e7-715032c04258&dm_i=7HJE,81O6,1LKCXL,ZJ8R,1
https://www.dtu.dk/english/news/all-news/inventing-energy-technology-for-a-sustainable-future?id=f1d601c1-30e2-4827-a6e7-715032c04258&dm_i=7HJE,81O6,1LKCXL,ZJ8R,1
https://issuu.com/dtudk/docs/dtu_facts_and_figures_2025?fr=sZWNkZjg0MTg1MTU&dm_i=7HJE,9G3J,1LKCXL,1784J,1
https://issuu.com/dtudk/docs/dtu_facts_and_figures_2025?fr=sZWNkZjg0MTg1MTU&dm_i=7HJE,9G3J,1LKCXL,1784J,1
https://issuu.com/dtudk/docs/dtu_facts_and_figures_2023
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