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Background
Ø Active development of renewable energy sources have emerged as key 

methods to support sustainable social development

Ø Islands have greater renewable energy resources in their adjacent and coastal 
seas, and emphasis is growing on their use.

Ø Islands’ excess renewable energy output is then transferred between regions 
to increase the effectiveness of using renewable energy. 

Global Renewable Generation Continues its Strong Growth, New IRENA Capacity Data Shows, 05 April 
2018
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Background
Ø The use of hydrogen as an energy carrier can help to address the 

environmental problems and fossil fuel crises and also can contribute to 
building a more sustainable energy system

Ø The possibility of transporting energy through hydrogen as an energy carrier is 
enabled

Ø Although hydrogen can be a viable energy carrier, its economic impact needs 
to be investigated

Hydrogen: The Energy Carrier of the Future, Energy Technologies Area, October 3, 2018.
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Ø Island Integrated Energy System that incorporates wind, 
solar, wave, bioenergy

Ø Export Energy Strategy Options
• Electricity transport 
• Hydrogen pipeline transport or hydrogen ship transport
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Aim and Contribution

Contributions: 
lInvestigate the viability and economics of an island energy 

system for the export of energy.

lAssess which is the economical way to transport excess 
energy from islands to the mainland, hydrogen or power 
transmission line?

Aim:
Ø Creating an integrated island energy system that can 

determine the island's policy of exporting electricity or 
hydrogen.
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Methodology

The P-Graph Studio program can calculate the operating
path with the lowest operating cost and whether it is more
cost-effective to produce electricity or hydrogen from the
island's excess renewable energy.
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P-graph model diagram and optimal structure of hydrogen 
export by pipeline transport
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P-graph model diagram and optimal structure of hydrogen 
export by ship transport



lWe use environmental pricing to translate the emission levels 
into costs to quantify the GHG footprint

lThe GHG footprint emission price is calculated by multiplying 
the emission factors and the environmental price based on the 
carbon footprint emission factor of each module

Island export strategies with environmental 
considerations:
Ø The actual usage of hydrogen and renewable energy 

produces greenhouse gas emissions, and the GHG 
footprint (Measured in CO2eq) is an effective approach 
to measuring greenhouse gas emissions
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The optimal structures for two hydrogen export transport

The influence of environmental factors on the optimal structure

Structure 
architect

ure
Wind 

(GWh/y)
Bioenerg
y (GWh/y)

Wave 
(GWh/y)

Electricity 
export 

(GWh/y)

Hydrogen 
export 

(GWh/y)
Cost(M 
CNY/y)

Wind/Wa
ve/Bioen

ergy 500 40 160 51 0 285

Consideration 
of 

environmental 
factors

Electricity 
export (GWh/y)

Hydrogen 
export (GWh/y) Cost(M CNY/y)

Yes 51 0 292
No 51 0 295
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Sensitivity analysis of the price of electricity exported 
from the island

Comparison of optimal structures after changing 
electricity prices for export

Percenta
ge 

change 
of   

electricit
y prices 

(%)

Electricity 
export 

(GWh/y)

Hydroge
n export  
(GWh/y)

Cost 
(M 

CNY/y)

-20 0 0 379
-10 30.8 0 375
0 15.6 0 344
10 53.6 0 343
20 91.6 0 342
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Sensitivity analysis of renewable energy volatility using 
wind energy as a sensitivity factor

Comparison of optimal structures after changing wind 
power

Percenta
ge 

change 
of   

electricit
y prices 

(%)

Electricity 
export 

(GWh/y)

Hydrogen 
export  

(GWh/y)

Cost 
(M 

CNY/y)

-10 0 0 277
-5 0 0 285
0 51 0 292
5 69 0 297
10 87 0 302



Conclusions
• The energy system, in this case, caters for the local supply of 

400 GWh of electricity and 18 GWh of heat/y to the island. On 
this basis, the island exports 51 GWh of electricity at the cost of 
292 M CNY/y

• The analysis of this case shows that about 7 M CNY (~1 M EUR) 
is spent on the project every year when the GHG footprint is 
taken into account

• The island's ability to dynamically optimise the external energy 
delivery method is a real possibility, and it is more suitable than 
hydrogen for producing electrical energy at a cheaper cost

• Creating a demonstration project of renewable energy multi-
energy complementary to the island and the mainland

Ø Prospect of future research
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Thank you for your attention


