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Abstract — This paper presents a new framework for design and economic evaluation of wind energy-based electricity
supply system. We propose a network optimization (mixed-integer linear programming) model to design the underlying
energy supply system. In this model we include practical constraints such as land limitations of onshore wind farms and
different costs of oftfshore wind farms to minimize the total annual cost. Based upon the model, we also analyze the sen-
sitivity of the total annual cost on the change of key parameters such as available land for offshore wind farms, required
area of a wind turbine and the unit price of wind turbines. We illustrate the applicability of the suggested model by
applying to the problem of design of a wind turbines-based electricity supply problem in Jeju. As a result of this study,
we identified the major cost-drivers and the regional cost distribution of the proposed system. We also comparatively
analyzed the economic performance of on/off shore wind farms in wind energy-based electricity supply system of Jeju.
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r STEP 1. Set-up of system and components
*Collecting data of technology and resources

- Extraction of information from literature
- Review of meteorological data

*Integration of energy supply network

v

- STEP 2. Parameter evaluation

* Technical parameters

- Efficiency and required area
* Economic parameters

- Capital and operating costs

* Energy demand and resource availability

|

_ STEP 3. Optimization model development

* Model definition
- Parameters and decision variables

* Model structure
- Objective function and constraints

- STEP 4. System identification and analysis
* Optimal configuration
- Location, technology type and number, amount
- Total cost and cost contribution
* Sensitivity analysis
- Different technology costs
- Different land usage regulations

Fig. 1. The main steps for design and analysis of energy supply sys-
tem from wind farm.
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Electricity demand  Grass landarea Wind speed

(MWh/y) (km?) (m/s)
R1 49,578 25.42 5.80
R2 52,968 53.90 4.75
R3 86,112 93.04 4.12
R4 175,398 99.63 3.75
RS 108,282 111.75 3.00
Offshore - - 7.50

Fig. 2. Location, geographical data, energy demand and wind speed of selected regions.

Table 1. Specification and cost data of selected wind turbines

Power [KW]  Diameter [m] Hub height [m] NIC?[1,000$/unit]  NOCP[1,000$/unit]  FIC®[1,000$/unit]  FOCT[1,000$/unit]

Tl 600 43 60 797 21 2,004 70
T2 1,300 60 80 1,633 43 4,208 145
T3 2,300 90 110 3,479 86 8,110 282
T4 2,500 100 120 4,186 98 9,273 295
“NIC: Initial capital cost of onshore wind turbine.
bNOC: Operating & maintenance cost of onshore wind turbine.
°FIC: Initial capital cost of offshore wind turbine.
9POC: Operating & maintenance cost of offshore wind turbine.
Table 2. Regional electricity generated by wind turbines; Unit: MWh/y
R1 R2 R3 R4 RS Offshore
Tl 1,614 898 612 463 222 2,173
T2 3,475 2,133 1,478 1,129 550 4,878
T3 8,327 5,831 4,302 3,407 1,771 10,694
T4 9,729 7,227 5,501 4,439 2,395 11,195
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Fig. 6. Optimistic scenario with combined parameter changes. Scl:
Available land (+14%) + Required area of a wind turbine
(4X4); Sc2: Available land (+14%) + Offshore wind turbine
cost (-25%); Sc3: Required area of a wind turbine (4X4) +
Offshore wind turbine cost (-25%) and; Sc4: Available land
(+14%) + Required area of a wind turbine (4X4) + Off-
shore wind turbine cost (-25%).
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Nomenclature
Sets
i : wind turbine
j : region
Parameters
NOC,; : operating cost of onshore wind turbine i ($/year-unit)
FOC; : operating cost of offshore wind turbine 7 ($/year-unit)
NIC; : capital cost of onshore wind turbine 7 ($/unit)

FIC; : capital cost of offshore wind turbine i ($/unit)

CCF,;

NE;  : electricity produced by onshore wind turbine i region j (MWH
year)

FE;  :electricity produced by offshore wind turbine i region j (MWh/
year)

WE,;"* : rate power of wind turbine i (MWh/year)

ED; :demand of region j (MWh/year)

. . . . 2
GA; :available land of region j (m®)

: capital charge factor
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DB : distance factor
LL : land limitation regulatory
r : interest rate

n : lifetime

Binary variables
Yy : 1, if onshore wind turbine 7 is installed in region j, otherwise 0
X : 1, if offshore wind turbine 7 is installed in region j, otherwise 0

i

Discrete and continuous (non-negative) variables

ICC :total investment cost ($)

TIC  :total annualized capital cost ($/year)

TOC : total operating cost ($/year)

TNE,; :total electricity produced by onshore wind turbine i region
7 (MWh/year)

TFE; : total electricity produced by offshore wind turbine 7 region
Jj (MWh/year)

OW,;  :required land of wind turbine i (m?)

TCC :total annual cost ($)

NW,; :number of onshore wind turbine i region j

FW,  :number of offshore wind turbine 7 region j
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