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Abstract — Various pros and cons are raised as to the nuclear and renewable power portions. In order to
generate scientific, objective, and comparative data, this study reviewed energy policies of some countries
and derived 34 possible energy mix scenarios depending on the nuclear portion, the renewable portion and
the make-up power sources. For each scenario, the unit electricity cost was calculated using the BLMP
(Base Load Marginal Price) and SMP (System Marginal Price) methodology, which is currently adopted in
Korean electricity market. The unit electricity cost for the current energy mix was 22.18 Won/kWh and those
for other scenarios spreaded from 19.74 to 164.07 Won/kWh excluding the transmission costs and profits of
the electric utility companies. Generally, the increased nuclear power portion leads reduction in the unit elec-
tricity cost while the trend is reversed in the renewable power portion. Notable observation is that when the
renewable power portion exceeds 20%, as the scenario cannot enjoy the benefit of cheap base load, the unit
electricity cost at low demand time zone is increased.

Key words : Cost based pool, Unit electricity cost, System Marginal Price, Nuclear & renewable energy
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Table 1. Korean governmental plan for electricity Demand & Supply". (Unit : TWh, (%))

Year  Nuclear Coal Dome. LNG Hea}vy nght Hydro Pumping etc. Total
coal oil oil energy
2005 140.5(39.1) 135.5(37.7) 5.84(1.6) 52.9(14.7) 12.1(3.4) 04(0.1) 4.2(12) 2.6(0.7) 5.8(1.6) 359.7
2006 143.3(38.4) 141.3(37.8) 5.8(1.6) 56.5(15.1) 12.2(3.3) 0.4(0.1) 4.3(1.1) 3.5(09) 6.2(1.2) 3733
2007 143.3(37.3) 147.4(383) 5.4(1.4) 59.7(15.5) 12.53.3) 0.4(0.1) 43(1.1) 42(1.1) 7.2(1.9) 384.4
2008 143.3(36.4) 165.9(42.1) 5.5(1.4) 51.4(13.0) 10.6(2.7) 0.4(0.1) 4.3(1.1) 42(1.1) 8.5(2.1) 394.1
2009 143.3(35.5) 183.6(45.5) 63(1.6) 41.1(10.2) 92(2.3) 0.4(0.1) 43(L.1) 43(1.1) 10.8(2.7) 403.4
2010 144.7(35.2) 184.8(44.9) 7.2(1.7) 45.3(11.0) 9.6(2.3) 0.4(0.1) 4.3(1.0) 4.5(1.1) 10.92.7) 411.8
2011 160.4(38.3) 179.4(42.8) 7.6(1.8) 41.9(10.0) 9.1(2.2) 0.4(0.1) 43(1.0) 5.0(1.2) 10.8(2.6) 419.0
2012 181.4(42.7) 175.8(41.3) 7.1(1.7) 33.2(7.8) 7.5(1.8) 04(0.1) 4.3(1.0) 5.0(12) 10.7Q2.5) 4254
2013 190.0(44.1) 175.4(40.7) 5.9(1.4) 33.6(7.8) 7.3(1.7) 0.4(0.1) 43(1.0) 5.0(1.2) 9.4(2.2) 4314
2014 198.9(45.5) 173.8(39.8) 4.5(1.0) 33.5(7.7) 7.2(1.6) 0.4(0.1) 43(1.0) 5.1(1.2) '9.3(2.1) 4369
2015 209.8(46.9) 168.3(37.6) 4.6(1.0) 37.5(84) 7.7(1.7) 0.4(0.1) 4.3(1.0) 5.1(1.1) 93(2.1) 447.0
2016 213.5(47.2) 167.7(37.1) 4.7(1.0) 37.7(83)  7.6(1.7) 0.4(0.1) 4.3(0.9) 5.1(1.1) 11.3(2.5) 452.4
2017 213.6(46.7) 168.9(37.0) 4.6(1.0) 392(8.6) 7.7(1.7) 0.4(0.1) 4.3(0.9) 52(1.1) 13.2(2.8) 456.9
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Table 2. 2nd Korean governmental plan for renewable energy development.

j_/\oLig .

AW X

Al

(Unit : GWh, %)

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Photovoltaic 8 16 39 87.6 158 262 410 767 1,365 1,793
Wind power 53 153 274 503.7 920 1,445 2,606 3,526 5246 6,639
Small hydro 202 224 248 444.6 681 918 1,194 1,470 1,786 2,140
IGCC - - - - 79 79 80 2,138 4,356 6,336
LFG 616 1,233 1,849 2,465 3,081 3,384 3,698 4,000 4314 4,616
Fuel cell - 0.8 0.6 4.6 13 42 175 894 1,711 2,622
Ocean energy - - - 3 3 573 573 843 1,726 1,726
Sum 879 1,626 2,410 3,509 4935 6,703 8,735 13,638 20,503 25,871
Total generating electricity 288,594 299,981 311,051 321,179 330,452 339,452 347,673 355,321 362,924 369,973
Fraction (%) 0.3 0.5 0.8 1.1 1.5 2 2.5 3.9 5.6 7
% 1. IGCC : Integrated Gasification Combined Cycle.

2. LFG : Land Fill Gas.
3. Large hydro power excluded.
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Fig. 1. Electric power trading order in cost based
pool.
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Table 3. Nomenclature.
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Symbol (unit)  Technical term

Symbol (unit)

Technical term

BLP (kW) Base Load Electric Power NPSI;, Generating unit Non Price Setting Indicator
CC, (W/kWh)  Construction Cost PSE; . (kWh) Price Setting Scheduled Energy

CRF, Capital Recovery Factor QPC; (¥/kW?h) Quadratic Price Coefficient

EUC (¥/kWh) Electricity Unit Cost SCC; (%) Standard Construction Cost

GP,, (#/kWh) Generating unit Price SP, . (#W/kWh) Stack Price

LPC; (#/kWh) Linear Price Coefficient SUP;, (%) Start Up Price

NBLP (kW) Non-Base Load Electric Power TGE (kW) Total Generated Electric Power

NLPC, (%#/hr) No Load Price Coefficient ~TPD (hr) Trading Period Duration
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Table 4. Possible energy mix scenarios.

Scenario Nuclear Renewables Counterbalance
1-1 Present (0%) -

1-2-1, 2, 3 Present (40%) 5% Coal, Oil, LNG (5% reduction)
1-3-1, 2,3 20% Coal, Oil, LNG (20% reduction)
2-1-1,2,3 Present (0%) Coal, Oil, LNG (7% reduction)
2-2-1,2,3 Increase (47%) 5% Coal, Oil, LNG (12% reduction)
2-3-1, 2, 3 20% Coal, Oil, LNG (27% reduction)
3-1-1, 2,3 Present (0%) Coal, Oil, LNG (40% increase)
3-2-12,3 ) 5% Coal, Oil, LNG (35% increase)
3-3-12,3 Closure (0%) 20% Coal, Oil, LNG (20% increase)
3-4-12,3 50% Coal, Oil, LNG (10% reduction)

4-1-1, 2 Present (0%) Coal, Oil + LNG (35% reduction)

4-2-1, 2 Ihcrease (75%) 5% Coal, Oil - LNG (40% reduction)

4-3-1, 2 20% Codl, Oil - LNG (55% reduction)
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A g AR e gl whE AdYdrle] W3 19

Table 5. Generation & construction unit cost for standard power units.

Nuclear

Soft coal Anthracite
(1000 MW) (500 MW) (200 MW) (450 MW) (500 MW) G

Pumping  Wind
energy Power
00 MW) (99 MW)

LNG Qil Photovoltaic

(54 kW)

Electricity unit cost

(Won/kWh) 39.34 33.30 86.63 93.54 67.44 64.63 107.66 716.4
Fixed cost
(Won/kWh) 33.76 19.24 49.69 39.84 21.36 46.85 100.16 712.7
Variable cost
(Won/kWh) 5.58 14.06 36.94 53.70 46.08 17.78 - -
Construction unit cost
(1,000 Won/kW) 1,797 1,183 1,775 580 893 764 1,353 948
Total construction cost /o, 591.5 355 261 446.5 2292 1339 0.05
(billion Won)
Building period
(Months) 64 44 40 30 42 65 20 6
Needed area
(x1000 ) 403 144 43 72 144 504 144 0.22
¥ MOCIE 2003.
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Fig. 3. Calculated average electricity demand day.
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Fig. 4. Flowchart for the electricity unit cost.
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Fig. 5. 40% nuclear and 5% renewables scenarios.
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Table 6. Calculated electricity unit costs for the scenarios.

Scenario Nuclear

Renewables

Average unit electricity cost (won/kWh)

Coal Oil LNG
1-1 Present (0%) 22.18

1-2-1, 2, 3 Present (40%) 5% 36.77 34.67 33.46
1-3-1, 2, 3 20% 78.99 71.40 71.40
2-1-1, 2,3 Present (0%) 24.00 21.17 20.31
2-2-1,2,3 Increase (47%) 5% 38.26 33.88 33.15
2-3-1,2,3 20% 80.56 72.17 72.17
3-1-1,2, 3 Present (0%) 28.65 42.01 42.31
3-2-12,3 5% 42.16 53.87 54.16
3-3-12,3 Closure (0%) 20% 82.20 89.00 89.39
3-4-12,3 50% 164.07 160.18 159.37

4-1-1, 2 Present (0%) 28.16 19.74

4-2-1, 2 Increase (75%) 5% 40.74 33.99

4-3-1, 2 20% 75.47 74.95
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