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Abstract This study was conducted to determine the LCC of apartment complexes with district heating and a cogeneration
system. For the purpose of analyzing LCC according to the size of the apartment complex, 500, 1,500, and 4,000-unit model

apartments were selected. Analysis was performed on the design of the heating system and the life cycle cost including

total construction cost, maintenance and operation cost for the duration of the project period (15 years). According to the

calculated results,

1) The initial cost of the cogeneration system for 500, 1,500, and 4,000-unit apartments is higher than that of the district

heating system by 20%, 13%, and 12%, respectively.

2) In the case of the cogeneration system, the payback period by electric generation was found to be 5.21, 4.92 and 4.47
years, and saving cost was calculated to be 29 billion won, 94 billion won and 262 billion won after the payback period

for 500, 1,500, and 4,000-unit apartments, respectively.

3) The LCC values of the cogeneration system were 1.12, 1.07 and 1.06 times larger than those of the district system according

to the size of the apartment complex. In this study, the district heating system was found to be more efficient than the

cogeneration system in terms of LCC reduction.

4) District heating is affected by fuel bills, so energy efficiency should be improved through recovering waste heat (incineration

heat, etc.). Also, district cooling should be provided according to heat use to keep the temperature high in winter and

low in summer.

Key words District heating(%] & 7+, Unit heating(7] '8 W), Central heating(F %7}, Gas engine co-generation

System(423 & B F-4))
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Table 1 The existing state of buildings
The Exclusive The
. . Area number  Rate
Classification number Area

(pyong) of don () of houses (%)

J (houses)
30 1 88.9 170 34
APT-1 40 2~3 1145 270 54
(500 houses) 50 4 155.3 60 12
Total  4dongs 500 100
30 1~5 88.9 510 34
APT-2 40 6~14 114.5 810 54
(1,500 houses) 50 15~16 1553 180 12
Total  16dongs 1,500 100
30 1~10 88.9 1,360 34
APT-3 40 11~28 1145 2,160 54
(4,000 houses) 50 29~32 1553 480 12
Total  32dongs 4,000 100

Table 2 The existing state of gas use(heating

system, hot water supply system)

The amount used

Classification er year(m) Note
2.2 BRIOLGIE(EA X| T 470 7|E otmE)e| Py
Tka A, M7| AR TAL 24 APTL 795,500
(500 houses)
221 7t& ALE8E APT-2 2,386,500
o o o . (1,500 houses)
olmE] HFHE = 30, 40, 503 F 9] H]&o] H|x APT3
o 47 mel ofmtE o] sha ALEES ZALehe] welo} 4000 T 6,364,000
_ , ouses
SEo] AgaA BAR AR e Table 29 2.
Table 3 The existing state of electric use
The amount used per house The amount used per group house Total

Area The number

Classification ~ Dong (Pyong) of dong Average Subtotal Average Subtotal The amount used
(kW/house) (kW) (kW/house) (kW) per year(kW)
1 30 170 3,425 582,250
APT-1 2 40 270 4,062 1,096,740
(500 houses) 1 50 60 4915 294,900
Total 500 1,973,890 1,151 575,500 2,549,390
5 30 510 3,425 1,746,750
APT-2 9 40 810 4,062 3,290,220
(1,500 houses) 2 50 180 4915 884,700
Total 1,500 5,921,670 1,151 1,726,500 7,648,170
10 30 1,360 3,425 4,658,000
APT-3 18 40 2,160 4,062 3,773,200
(4,000 houses) 4 50 480 4,915 2,359,200
Total 4,000 15,791,120 1,151 4,604,000 20,395,120
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The amount of electric used in 2005 (Average)
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Fig. 1 The monthly amount of electricty used of the
existing apartment.
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Table 4 Design criteria of district heating of apartment

Area of Units heating load
Classification . X
heating(m’) A B C D
More than60 55 53 49 45
Less than
45-60 577 556 514 472
Apt L N
ess than
3345 588 56.7 524 48.1
Less than 33 60.5 583 539 495
Tenement  More than 60 60.5 583 539 495
house Less than 60 66.5 64.1 592 544

Table 5 Heating and hot water supply system load of
model apartments

The  Heating Heating Hot

Classification (p?:)iz;) number areza load water
of houses (m’) (kW) load(kW)
30 170 15,113 967 264
APT-1 40 270 30914 1,977 539
(500 houses) 50 60 9318 596 163

Total 500 55345 3,540 965

30 510 45,339 2,900 791

APT-2 40 810 92,745 5,931 1,618
(1,500 houses) 50 180 27,954 1,788 488
Total 1,500 166,038 10,619 2,896

30 1,360 120,900 7,732 2,109

APT-3 40 2,160 247,320 15817 4314
(4,000 houses) 50 480 74,544 4,767 1,300
Total 4,000 442,764 28316 7,723
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Table 6 Estimated expenses of district heating construction of model apartments.

The number of

The name Houses 500 1,500 4,000 Note

. houses houses houses
of Construction
Equipments Installation 70,000,000 255,000,000 550,000,000 ° Prime cost calculation tariff
Pipes for mechanical apparatus room 105,000,000 390,000,000 850,000,000 - Non application
Pipes for electric work 7,000,000 20,000,000 50,000,000 .

o Materials cost

Automatic control 81,000,000 150,000,000 270,000,000 : Data of commodities pices and
Exhaust duct Installation information of commodities

Smoke duct Installation pices application

Gas pipes o Labor costs : Government
fiigg}ef;h:: i(;?;ﬁazzi (eMPEratire 140,000,000 420,000,000  1,120,000,000 :;;I;izrt‘?ofuamiﬁ“ per Unit
Sub total 403,000,000 1,235,000,000 2,840,000,000
Equipment allotment cost 440,000,000 1,318,000,000 3,514,000,000 Additional tax separate payment
Gas equipment allotment cost -
Sub total 440,000,000 1,318,000,000 3,514,000,000
Total 843,000,000 2,553,000,000 6,354,000,000

Table 7 Selection of generators and boilers

Total Calorific . Medium-temperature water .
Generator Boiler . . Cooling tower
of load value circulation pump
The number — Cooll Cooll - "
of houses (Heating Flow Lift Motor 00 1pg ooling nlet-outlet
+hot water) KW KW Gcal/h w/h m W capacity water  temperature
kW (kW) (LPM) ()
500 5181 182 310 4.0 100 28 15 455 335 90-70
310x% 5x1d] 125 34 22
1,500 15,542 182x3 ] 30 811} 200 34 37 455x30]  335x31] 90-70
603x  10x2dj 250 34 45
4,000 41,445 404x40) At gx2 1] 200 34 37 667x4T]  491x41)] 90-70
4. BY ompES| AYFWE WM M 5. 2% ofmfEe| xjeLhy W YA
wH™o| & FAMH| H|w
wel ohshe] AgAw W AAAe] A7,
il 9 FERE Aare dyila B, g7_4] v olulE S xdutdl U A duhade] = =
of oJgt A7 X g T2 HdYe &%, F ] B3 50041, 1,500, 4,00041TH¢] 79 zkzh
A FAMH] 82 Table 7, Table 83} T} ok 20%, 13%, 12% A% =] Subibel] nja) 423 Ao

FA G0l Bol i Ao UERIt(Table 9 %),
4.1 Y@ & Helg] M3
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Table 7 =,
6.1 =7| FAH|
4.2 FHIAHIZ
Z7)FEAp] 0] AE e BN oA o] dArtA o
Table 8 %, o] Fo A w uitel utet @AM A
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Table 8 Estimated expenses of cogeneration system construction of model apartments(unit : 1,000 won)

The number of

500

1,500

4,000

The name Houses Note
of Construction houses houses houses
Equipments Installation 466,000 1,408,000 3,707,000 o Prime cost calculation
Pipes for mechanical apparatus room 147,000 465,000 1,199,000 tariff - Non application
Pipes for electric work 94,000 250,000 440,000 Materials cost : Data of
Automatic control 100,000 220,000 360,000 commodities pices and
Exhaust duct Installation 18,000 40,000 70,000 information of commodities
Ssmoke duct Installation 15,000 25,000 40,000  Pices application
Gas pipes 25,000 40,000 80,000 Labor costs © Government
Flowmeter in house apd temperature 140,000 420,000 1,120,000 Stan.dar(.i Quantities per Unit
control valve Installation application
Sub total 1,005,000 2,868,000 7,016,000
Equipment allotment cost
Gas equipment allotment cost 9,000 27,000 76,000  Additional tax separate payment

Sub total 9,000 27,000 76,000

Total 1,014,000 2,895,000 7,092,000

Table 9 A comparison of total investment between district heating(D) and cogeneration

(unit : 10,000 won)

system(C)

The number 500 houses 1,500 houses 4,000 houses
The name of houses Note
. C D C D C
of construction
Equipments Installation 7,000 46,600 25,500 140,800 55,000 370,700 ° Prime cost calculation
; tariff : Non application
:‘;: for mechancal apparatus 1 500 14700 39,000 46,500 85000 119,900
. ; o Materials cost : Data
Pipes for electric work 700 9,400 2,000 25,000 5,000 44,000 .. .
of commodities pices
Automatic control 8,100 10,000 15,000 22,000 27,000 36,000 and information of
Exhaust duct Installation 1,800 4,000 7,000  commodities pices
Smoke duct installation 1,500 2,500 4,000  2pplication
Gas pipes 2,500 4,000 8,000 Labor costs
Flowmeter in house and Government Standard
temperature control valve 14,000 14,000 42,000 42,000 112,000 112,000 Quantities per Unit
installation application
Sub total 40,300 1,005,000 123,500 286,800 284,000 701,600
Additi I t:
Equipment allotment cost 44,000 131,800 351,400 dditional tax
separate payment
. Additi I t:
Gas equipment allotment cost 900 2,700 7,600 dditional tax
separate payment
Sub total 44,000 900 131,800 2,700 351,400 7,600
Total 84,300 101,400 255,300 289,500 635,400 709,200
Comparison of cogenerations 10 120 10 113 10 112

ystem/district heating

(© SAREK
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Table 10 Initial investment
Classification 500 houses 1,500houses 4,000 houses
District heating 843,000,000 2,553,000,000 6,354,000,000

Cogeneration
system

1,014,000,000 2,895,000,000 7,092,000,000

Table 11 Maintenance and management expenses by
systems(unit : 1,000 won)

. Heat . -
Classification Machinery exchanger B01l§r Rerlodlc Total
nager .~ Cleaning maintenance
Cleaning
500 62,000 3,000 - - 65,000
District ©ysh0 94000 10000 - - 104,000
-heating
4,000 174,000 24,000 - - 198,000

Gas 500 94,000 2,000 5,000 15,000 116,000

Engine 1,500 174,000 8,000 10,000 45,000 237,000
Co-gene-
ration 4,000 306,000 16,000 22,000 120,000 464,000

Table 12 Replacement costs by endurance life of

equipments
. . Heat
Claassification Pump exchanger Renovation
- after 15 yrs
Alternation cycle 10 yrs 5 yrs
o 500 26,408,000 13,000,000
District 500 92,964,000 47,600,000
heating
4,000 199,428,000 107,900,000
500 49,050,000 11,650,000 602,000,000
Cogeneration™ o ™ 25 416.000 42,700,000 1,633.000,000
system

4,000 304,304,000 96,750,000 4,176,000,000

* The cost of renovation after 15yrs was considered from
the difference between District heating and Cogeneration
system among the initial amount invested.
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Table 13 The amount of energy used

The amount electric used(kWh)  The

District

) heating fee
Equipment  and Subtotal &3S L;sed (Won)

Common )

500 202,212 2,549,390 2,751,602 -

1500 750,672 7,648,170 8,398,842 - 876,680,640

4000 1,539,146 20,395,120 21,934,266 - 2,337,815,040
Cogene- 500 422448 2.549.390 2.971.838 882,176 -
ration 1500 1,465,512 7,648,170 9,113,682 2,646,534 -
SYSteM 4000 3,720,552 20,395,120 24,115,672 7,208,096 -

. . amount
Classification Houses

292,226,880

District
heating

549



Table 14 The rate system

Classification

Calculation

Table 15 The annual interest rate and the costumer
price raising rate during recent ten years

Electric(Residential high-tension) 162.54(won/kWh) Domestic commercial .
Gas(Cogeneration) Year bank Time deposits Consumer price
as| , . .
2007. 1. 1. Standard 519.33(won/Nur') rate(%) increasing rate(%)

The Unit price from Hanjeon 1995 10.0 4.5

amount . ] ] Fee Unit price - g
used per Basic price Price for electric (won) (won/kWh) 1996 9.0 4.9

er house er kWh)
month ) ® 1997 10.59 45
100 ~100 ~50 kWh  33.0
370 5925  59.25 1998 13.39 7.5
kWh kWh 50 kWh~  78.1
200 Next 1999 7.05 0.8
X

cwh 101~200 810 T 1136 17725 88.63 2000 708 23

300 Next 2001 5.46 4.1

cwh  201-300 1390 T 1642 34725 11575

200 . 2002 4.7 2.6

ext
cwh  301~400 3330 Tl 2370 53705 13426 2003 45 35
1?\?\/511 162.54 2004 3.75 3.6
2005 3.47 2.7

500 Next

own 401-500 6240 | elfWh 3485 91465 18293 Average 718 37

1(6\(,)\]% 500~ 11,440 50 kWh~ 611.4 157,805 263.01 ~ ~ _
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Table 16 The result of LCC analysis by district heating and cogeneration system
. . District heating Cogeneration system
Classification
500 houses 1,500 houses 4,000 houses 500 houses 1,500 houses 4,000 houses
Im“:lngl‘;et“ed 843,000,000  2,553,000,000  6,354,000,000  1,014,000,000 2,895,000,000 7,092,000,000
Maintenance cost 997,932,485 1,596,691,976 3,039,855,877 1,780,925,665 3,147,325,529 5,649,833,144

Energy cost

9,963,645,743

30,206,385,168

79,537,136,484

12,681,495,289

38,478,528,291

103,253,135,502

Equipment

replacement cost

40,374,038

143,991,528

314,744,642

690,896,735

1,887,834,500

4,771,826,865

LCC 11,844,952,266 34,500,068,672  89,245,737,003 16,167,317,689 46,408,688,320 120,766,795,511
-2,898,983,899 -9,420,681,277 -26,246,786,348
(o e Pl gl (Pt
Final LCC 11,844,952,266 34,500,068,672  89,245,737,003 13,268,333,790 36,988,007,043 94,520,009,163
Comparison 10 10 10 1.12 1.07 1.06
(Difference) (1,423,381,524) (2,487,938,371) (5,274,272,160)

550
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Table 17 The difference in relative importance and expense by items

District heating

Cogeneration system

Cogeneration-District system

Classification

500 1,500 4,000 500 1,500 4,000 500 1,500 4,000
Initial invested amount 1 1 1 1.20 1.13 1.12 171,000,000 342,000,000 738,000,000
Maintenance cost 1 1 1 1.78 1.97 1.86 782,993,180 1,550,633,553 2,609,977,267
Energy cost 1 1 1 1.27 1.27 1.30 2,717,849,546 8,272,143,123 23,715,999,018
Equipment replacement cost 1 1 1 17.11 13.11 15.16 650,522,697 1,743,842,972 4,457,082,223
LCC 1 1 1 1.36 1.35 1.35 4,322,365,423 11,908,619,648 31,521,058,508
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