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Abstrack: Currently, the dominant energy source for electricity generation in the Arctic is diesel,
wihich i3 well proven for Arche condifions. However, diesel is expefsive i the Archic, often dise bo
long and complicated fuel transpartation routes, and so inhabitants of Arctic communities can face

high electricity costs. This paper investigates whether renewable energy resources can be harvested
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Current Electricity
Supply

El. Supply by Communities

Remote Arctic communities

80% of the Arctic communities are
reliant on diesel

The diesel fuel is imported

Diesel
80%

Diesel has proven suitable for Arctic
conditions

Very suitable for emergency engines
because of the quick black start
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Current electricity
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Electricity Supply

* Fuel Import
* Risk of fuel spills | SovmsauE
* High expenses e ar Maote
* Risky transportation

Table 4
Summary of the main properties of energy generation technologies and energy sources in the Arctic. * The high spread in cost per kW is the result of the vast range of engine
sizes.

Diesel Hydro- PV Wind
Lifetime (Years) 10-20 50—-100 25 20
Cost per KW (USD) 1800—10,000 USD* 2000—6500 USD 5500—7500 USD [39] 2500—-7000 USD
Payback time [years] 3 20 20 [13] 10
~5[70]
2-7[26]
Environmental impact Land use Land use Land use Land use
C02 Fish migration Birdlife
PM Visual effect
NOX Noise
Noise
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Electricity Supply - Hydro

e Large installation
e Supply can follow demand
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Electricity Supply -
Wind

Significant wind potential in
coastal areas, where the majority
of the communities is located

* Higher performance under cold
conditions

* Material properties
* Ice formation at the blades
* Impact on wildlife
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Electricity Supply - PV

* Installed Capacity of 1.6MW

* 30% under 10kWp

* 70% above 10kWp

e Cold temperatures increases the efficiency

up to 20%

» Reflection of snow increases the yield
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Fig. 11. The figures show examples of the use of solar power based on monthly averages in selected
locations in the Arctic. Solar power for electricity generation in Nuuk (64110 01”N, 51430 0900W)
(Data provided by Nukissiorfiit the national electricity company of Greenland) and Longyearbyen
(78140 5100N, 15290 4900E) (Data provided by Avinor the national own airport operator in Norway).



Energy Security

* Responsiveness of the Grid

* Hybrid Systems
* The Diesel generator can handle up to

the non-dispatchable energy

* Diesel Generators can provide a constant
voltage and frequency

* Diversification of energy sources
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Energy Affordability

Electricity Price Arctic areas
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Fig. 13. Electricity price in Arctic areas, which can range from 8 to 181 USD ¢/kWh (both prices are found in Alaska).



Energy Affordability

Maniitsoq
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Figure 4. Scenario analysis of possible power generation for Maniitsoq shows the accumulated net present value of cost
for power generation with a diesel price of 0.85 $/1; capacity factor of 28%; and fuel consumption of 0.25 I/kWh. The other
input data are explained in Table 1, and the scenarios are presented in Table 2. The current setup is close to the base case;
Maniitsoq has 0.1% renewables in the mix.




Energy Affordability

Kotzebue
120.00
W
c
K=
2 100.00
80.00
Q
w
o
£ 60.00
0
[s]
]
40.00
20.00
] " T ] ] O 2" o U's] el o ) I o el Ls]
L LV £ > ' ) ] ol ) > e ]
AP IP VIR LIPS SRS A A~ A A A A
Years
= Scenario | low PV = Scenario Il mid PV = Base Case
----- Scenario IV low Wind = ====5cenario V mid Wind (currrent) ====«Scenario VI high Wind

Figure 5. Scenario analysis of possible power generation for Kotzebue shows the accumulated net present value of the cost
for power generation with a diesel price of 0.91 $/1; capacity factor of 17%; and fuel consumption of 0.28 I/kWh. The other
input data are explained in Table 1, and the scenarios are presented in Table 2. The current setup is close to scenario V;
Kotzebue has 18% renewables in the mix.



Conclusion

* Energy source diversification

* Renewables make the electricity price
more robust

* Renewables can help to reduce the cost
burden

* There is no one fits all solution
* The integration process has to be
studied further
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