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A Study of renewable energy optimal design using the LCC analysis
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Abstract - In Korea ranking sixth out of The world's greenhouse gas emissions, all Korean public buildings
have to implement obligatorily renewable energy systems for energy production to reduce the greenhouse
gas emissions from the energy consumed in operation, maintenance and management of buildings. The
optimum combination and application rates for each energy source emerge from analyzing the trend of
previous studies and the energy consumption is simulated by using a dynamic energy simulation program
and the initial investment costs, the energy costs, the maintenance costs , the replacement costs emerge
based on the calculated result. The result show that the total life cycle cost of 100% gerthermal is the
lowest with ¥ 2,105,974,344 on the analysis results.
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Table 1. Renewable energy supply obligations ratio (Related to Article 15 Paragraph 1 No. 1)

A= 2011 ~ 2012 2013 2014 2015 2016 2017 2018 2019 2020 °]%-
el 10 11 12 15 18 21 24 27 30
13(%)
Table 2. Overview of Subject Buildings
Land area 5,120,00
Area(n?) Building area 2,063.79
Total floor area 12,800.91
Location Seoul, Korea (N37.5, E127)
Structure Reinforced concrete
Floor height 3,240
(mm)
Ceiling height 2700
(mm)
Total floor 7F
Base floor area
Office
(m2)
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(b) 3D modeling

Fig. 1. Subject Buildings for Simulation.
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Table 3. Wall Composition of Subject Building

Thickness U
Wal [ (Wit C]
Roof 420 0.202
Outside Wall 75 0.436
Floor 270 0.188
Window 24 1.800

Table 4. Air Conditioning Conditions for Subject Building

Indoor Heating : 18 C(RH : 50%)
design conditions Cooling : 26 C(RH : 50%)
People(sensible) : 65(W/P)
Internal People(latent) : S5(W/P)
load Lighting : 10(W/m)
Equipment : 5(W/nr)
Office 0.2 P/nr’
Person Meeting room 0.1 P/nr’
Auditorium 0.1 P/nr’
Ventilation 0.5 Volume/h
Infiltration 0.3 Volume/h
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Table 5. Renewable energy requirement (Unit : KRW)
Renewable energy Casel Cased Case3 Cased Case5
Demand . (Geothermal 50% + | (Geothermal 80% + | (Photovoltaic 80% +
(KWhiyr) (Geothermal 100%) | (Photovoltaic 100%) | “py  Colisic 50%) | Solar heat 20%) Solar heat 20%)
Photovoltaic
- 1,170,370 585,185 - 936,296
(kW)
Solar heat - - ; 234,074 234,074
()
Geothermal
1,170,370 - 585,185 936,296 -
(kW)
Table 6. Renewable energy capacity (Unit : KRW)
Case3 Cased Case5
Re“e?:blei cnerey (oo ﬂleCI‘IaSI]ZII 0% (Photovgf;i ooy | (Geothenl 50% + | Geothermal 80% + | (Photovolaic 80% +
pacity > o Photovoltaic 50%) Solar heat 20%) Solar heat 20%)
Photovoltaic
- 208 104 - 167
(kW)
Solar ‘heat i i i 201 201
()
Geothermal
818 - 409 654 -
(kW)
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Table 7. LCC Details

T

Equipment expense & installation expense
estimation criteria

Details

Renewable energy sources by standard unit price

Basic charge 6,160 KRW/KW)
Winter season(11-2) 92.3(KRW/kKW)
Energy expense estimation criteria
Sunmer season(8-8) 105.7(KRW/KW)
others(3-5, 9-10) 65.2(KRW/KW)

Interest rates

3.73%(2006~2014 ave.)

Inflation rates

2.37%(2006~2014 ave.)

Discount rates

1.35%(2006~2014 ave.)

Subvention

Unsupported

Maintenance expense estimation criteria

3% of initial investment cost

Photovoltaic 20 years
Repair & replacement cycle Solar heat 2 years
Geothermal 40 years
Analysis period 40 decades
Table 8. Initial investment cost (Unit : KRW) Table 10. Replacement cost (Unit : KRW)
Division Initial investment cost Division Replacement cost
Casel 1,030,680,000 Casel 607,578,144
Case2 1,034,176,000 Case2 1,403,662,960
Case3 1,032,428,000 Case3 1,004,278,465
Case4 1,027,454,000 Cased 761,854,488
Case5 1,033,738,000 Case5 1,403,068,472
Table 9. Energy cost (Unit : KRW) Table 11. Maintenance cost (Unit : KRW)
Division Energy cost Division Maintenance cost
Casel 14,151,719 Casel 30,920,400
Case2 - Case2 31,025,280
Case3 7,034,368 Case3 30,972,840
Cased 11,292,444 Case4 30,823,620
Case5 - Case5 31,012,140
ATl AHlEstEE & Farste] 271% 4-2-4, & MolF7| HIE
2H818] 3%E Agsto] AEsiglon, 4hEE A= ol EAIRE Casel ~ Case59| 27]FAH|, oH
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Table 12. Life cycle cost. (Unit : KRW)
Division Casel Case2 Case3 Case4 Case5
Initial investment cost 1,030,680,000 1,034,176,000 1,032,428,000 1,027,454,000 1,033,738,000

Energy cost 436,795,800 0 217,117,348 348,543,820 0
Replacement cost 30,920,400 31,025,280 30,972,840 30,823,620 31,012,140
Maintenance cost 607,578,144 1,403,662,960 1,004,278,465 761,854,488 1,403,068,472

Life cycle cost 2,105,974,344 2,468,864,240 2,284,795,553 2,168,675,928 2,467,818,612
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