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Emergy evaluation of the optimum number of stories

of apartment buildings

Jung Hyuk Im

Department of Environmental Engineering, Graduate School,

Pukyong National University

Abstract

Housing construction has been used as a national policy to stimulate the
economy in Korea. Multi-family housings like apartments have been leading
housing constructions in recent years. The number of apartments has been steadily
increasing in urban areas as more people migrate to cities. Even though the
construction of apartments has played an important role in meeting the housing
need of Korca, it has also created serious urban problems such as environmental
degradation. The Korean government is now trying to formulate and implement
national policies to solve those urban problems by balancing housing supply and
housing density.

Until now, the cconomic cost-benefit analyses have been used to evaluate costs
and bencfits of the apartment construction in monetary terms. However, these
economic analyses have failed to adequately take into account the real contribution
of goods and services required for the construction as well as of the environment.
Those studies also did not include the management cost of apartments in their

cvaluation. In this study, the cost of the construction and management of an
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apartment building was evaluated using a monetary analysis and an emergy
concept to provide a new perspective regarding the housing policy of Korea.

The emergy concept is an effort to include both nature and economy in the
valuation of their real wealth contributions to an economy. Emergy is defined as
the total amount of one type of energy used to make a product or service directly
and indirectly. It tries to measure the real wealth contributions of both natural
environment and human labor on the same basis.

The systems of analyses of this study were average apartment buildings in
Korea built on the same area of land. Three apartment buildings with different
stories were evaluated and compared; 5-story, 15-story, and 20-story apartment
buildings. The durable years of those apartments werc assumed to be 40 years. A
reconstruction of existing apartments was also analyzed to compare with new
apartments. A durable year of 20 years was used for the reconstruction option.
The total cost of the construction and management of an apartment building was
divided into three categories of construction, land purchasing, and management.

A 5-story apartment showed the highest cost and a 15-story apartment the
lowest in the monetary cost analysis. However, the emergy analysis revealed a
differcnt pattern in the cost of construction and management, the cost increasing
from a b-story apartment to a 20-story one. This means that the higher the
apartment constructed, the greater the cost in terms of real wealth. This result

suggests that new evaluation methodologies like the emergy analysis should be

used together with the monetary analysis to provide better insights on the national
housing policy. When an existing apartment is reconstructed after 20 years which
is the minimum reconstruction standard for durable vears, the lotal emergy cost
was higher than that of a new construction, with the highest cost for a 20-story

apartment building.
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Fig. 2.1. Regional statistic data of housing, detached dwellings, and apartment.
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Table 2.1. A ratio of apartment buildings in total household and housing

A number of total household

A number of total housing

1995 year 2000 year 1995 year 2000 year
Apartment 268 % 36.6 % 375 % 477 %
Others 732 % 61.4 % 625 % 523 %
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Table 2.2. Condition of typical apartment buildings

Area
Total 60m’ 60~ 85m’ 85m’
Development 14,725 5,645 6,184 2.896
Apartment House 65,911 26,185 23,570 16.156
Household 4,813,903 1,716,455 1.851.607 1.245.841
' Story
\ Sstory 6 ~ n - 16 — | 2lstory
Total
below | 10story | 15story | 20story | over
Development 14,725 5,268 1,867 4,394 2,239 957
Apartment House 65,911 23,101 5,072 20,587 11,721 5433
Household |4,813,903] 891,583} 288,243(1,951,899| 1,096,307 583,871
Residing term

Syear 6 —~ 1 —~ 16 —~ 2lyear
Total

below | 10year | 15year j 20vear over
Development 14,725 3,627 4,823 3,238 2,024 1,001
Apartment House 65,911 17,982 19,511 12,729 9,595 5,996

Houschold |4,813,903|1,584,953| 1,670,689 828,963| 432,341| 293,077
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Fig. 23. A number of stories of apartment buildings in the National Capital
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3. Emergy %%

3.1 Emergy®] A9

- 7} ouA o] thabe] AR olUAzRH o] ngeluXz A
s AF 7EE AAL donw FosAo 2L A7) dqyAen dAHo

2 Qg 8 4 2l weels 2oly) 8l

ole|gt ZpolE AFAEF ] ATHA Bl A

i)

=
I
o

E 7Fod FHe HAwR

7hak7) skl 7H7] R duiel AFe £de] FAGAAA A - phHoR 2w
g% ol A= solar emergy 213 A 93 h(Fig. 2.4).
indirect sun
40,000 embodied in rain
light Plants wood | Geological | coal Power |electricity
2 action 1 plant 1/4

Fig. 24. Emergy quality chain used to calculate solar transformity(QOdum, 1988).
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3.2 Transformity

geAmel ozl s oA WE, Yeel, 454 & 12D Aeser 74
=

HoAdw £2E A dnk o3t 359 ddw 7xR= quA HEe] Fe)
Fr

=

= AIF T Z(hicrarchy) S &A%t oA 9
Eell, @7bAle] v A 2e o] WA v Waabds Fa dA4E7 Hs AL
48 4E dele v, 5 HAE slvA(embodied energy)® #4843
A ok \Ee 2-ste A H (potential) = AR oy 2ol o] FFhoh

Emergy= 2} ellvl= el Ul g el zel] didk Hwoju), o]& Ailalr] #3f
ATt Alze) el Bl A 2R EY HEd s s vERE solar transformity /b AHS-
HrhFig. 25). ol oA del Hxw oW dee] oA 1 jouled ¥HE7] HAsiA
A-ziEes AnE HdeuvA] dox Hosn), G solar emjoules per
joule(sej/j)= PP} Transformitys NUA AS2S wet JAPshds HJapez
<7k, oA AgzUe] oA Egolut Hirael tid 2o Ax ojdHr

Solar 10°
Energy

Joules per Time

Eenrgy Quantity

Solar Joules/Joules 10° 10° 10 10°
(o)
.I..'. * 1 ]
[}
iV e f e
*e* , [ ]
e, ?, [ Y .
{c}

Fig. 2.5. Hiecrarchical chain of energy transformations: (a) decrease of energy in
successive  transformations;  by-product  pathways are omitted; (b)
energy-transformation ratios in solar equivalents; {c) spatial hierarchy

characteristics(Odum, 1983).
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3.3 EmWon

AT ] RS 8FA4de] ZFRE e Apolo A wiREHG, UG Abdde] o)

el mey I ZhAE Eelshy] wEelnh v AlAE A g

g emergy EARY AAB A PR} AAA sPARE Y AHEE H e

2

FAfeIth AAgE #Fo| ol FoARNAA F - AHH R o] BH BE emergyE

2his

Hatol emergy® H7EE F 1 A AAH A4E st o] 8H RE emergy
oF 2 A9 Il FAAAGDP)2te] ¥R rd 28 FHA TSI EmWono] Al4HE
tHFig. 2.6). o} 7= @Ed AFAAA 77 obdel AdEEEE el veigk o

[LN

B iR A4AAH spAlolm A AAH shRelr),

Non-
Renewable

Sources
E-nvironmental
Production
Economic
Production
/

Macroeconomic Overview

X

Total emergy flow
Money flow, GDP

Emergy/Money ratio =

Fig. 2.6. Emergy inputs used to evaluate the emergy/money ratio of the national

economy(Odum, 1996).
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T g Aol HE solar emergyE 73 UTe RS Ho P} olygh

ol

m

solar emergyt: 2kglo] ¥WbEolz|=d o] &"H RE YAyt 7 Ade] A
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Table 3.1. Design standard of

A3t 59A-18 2] 5%
o}}e of o},

- 2|23 zx}E

Aol 213 A= 51§

e H FZAAE

[e]

1

SHE Esdt 21 FolA o
AA N2E B Table 313 2ok
,15%, 2032 o}HES faoz §
ETLs "o ofutEZ]
FAE] Apgola] AH FAW U Z=Q8 A A
ojm, o E AAF = Fuviebe) digzcl

THEz B ATAME obRE dBg AsY WAL

Iz

Al 7HA

el digh Bl A 25t

181% = &bil Slth(Table. 3.1).
TEARE ofutE ] 2| ibspA g st

e shsih

f u

e

the apartment building

Design standard

Contents

Structure form(Apartment)
Closing standard
Plan form
Roof form
Heating system

Capacity ratio

Reinforced concrete wall form
Closing material application standard in 2002
Staircase
Slop roof
Individual heating system

181%(Average resulis in 2002)
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Table 3.2. Analysis standard for management cost of the apartment buildings

Analysis standard Contents
The number of standard pyung 25 pyung
Selection arca The whole country
Standard year 1999 (12 month)
Heating system Individual heating system
The time of completion The whole time

Low-rise story{—>5-story),
Story section High-rise story{6—15-story),
Superhigh-rise story (16-story ~)
The number of households,
supply method, No section

management type

Special mending appropriation .
) ) Inclusion
expense inclusion

ofEe] ofe) Fio) uhg weule] Mart Y& F AOTE, M E A,
FFUH, BelRd, T R4 Qa Aok aet w5 7 W@ B
7l el Amel Riel RA Qold WFAL 5F ojwER, nFYL 15F olHE,
25U S 0% oFHER ERot] £k

obitE B vle| Het ARE @

HEe] WEA L shAA stEor, wejue] FRE Avkdul, Hiu, 85
W, A5, S3716AN, £A40, AR, A28, TV 448, F5E, 34
48, 5¥ededs, 858 AMEE, AR #5385 Aok 2 dFoME

emergy 444l &% d7lget €% FEEE ALNE volA dnlg

(o
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e
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3. 3 3AH vl& 4

ol
Vo
o, dejuls e obufE ] 7)Ee) gz ey
= ARteted 12709 Fete] AAl AeiwlE Hatslel A GG wbog ALl

apdth.

FAFAANE o) Fahel Al

Construction cost

Land purchased Economic cost

cost analysis

Managemnet cost

Fig. 3.1. Economic cost analysis for the construction and management of apartment

buildings.
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4. Emergy &4

41 o J A A2 the]lo) 23y A

Odum(1996)0] A5Hh oAl Alze o} olfetel, AzHe] AanRd B4
gEo] AN, A, A Fo Wis dAA AR ol Top-down)st?] $is} oA
Al 28l ool -& A4 g} (Fig. 3.2).

golojago] 24 Axpe A, FAUAE A2l AAS 2 A" B4
SAE ofuE 7] Fo WAS FIHERl BARE ddech

=4, AER ool fFdHe AABAFAD e, A" W] A
A oawl, A S sfetgioh

A, 25 A LS transformity 2.8 HAWoA] 22Ho g A®le] HA 9
ol atdl = wideta, A A vhe] o s o R e AlAste] el A
2hal, ZElApatelo] A FAE YA, BR awja stde] gl w143k
tholeo]1sh S 2hAd i),

System

Land
Uplift

b\\e ported

xporte
Used Energy Potential

= Energy

Fig. 3.2. Typical energy sources driving an environmental system arranged in

order from low quality on left to high quality on right{Odum, 1983).
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Table 3.3. Tabular format for emergy evaluation

Data Units Solar transformity Solar emergy Em*

Item 9 . . L2 2
(I, g or ¥/m’) (sej/unit) (sej/ m°/yr) (EmWon/m"/yr)

(one line here for cach process, or storage of interest)

F WA dole Fo oluAde) A oux, B4 w59 9ol e 710
o ATeAE AARg FAES AR, A4 WY AR, Bl AR 24

A W Fole 9 oA de] g solar transformity, A3 B Ede] g
emergy/money ratiog WE$TE 2 A7l A emergy E4AE 8] AMRSE solar
transformity = -2 7]&9 -+ A P (Odum, 1996)5 °] &), oyt Fa2E9}
#Ze] 4% Brown and Ulgiati(2002)2] A 5.&, emergy/money ratiow (2004)2)
AR E o] &3 ¥ tHAppendix. 3.1).

dl WA delle 5 WA do Fa oduAdo] iAls dA gel M WA Fo
solar transformity & emergy/money ratio® F3ate] Z oly=jfle] stAn Qe
emergy #kS Alabsioh

O WA dele 78 Ay AYUe] emergy S emergy money ratio® Uro]

AHAl AAA 7HE] (macroeconomic value)E g}
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43 A AE A

Emergy 45 col8dte], Aln®le] @FFFatd @alel ozt v

(Environmental cost)?} H9l(Environmental benefit)S Table 359} 2 4oz

L)

@ B Qe B AU olsEe FA4d sk ¢9WAF emergy F UL

Brhsted AAAQ Aol w8 MY 5 b BANALE A ATy

Table 3.4. Tabular format for emergy environmental accounting

Environmental Cost Environmental Benefit

(EmWon/m’/ yr) (EmWon/m’/yr)

Ttem

Renewable Sources

Purchased Input

Total (EmWon/m’/yr)

Environmental Accounting
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HzZ BA fate] ofuz] AlAY tholo]lau S Flg 410 el Q. A)~® A7)
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ghob o olulxl §9 Bool e FAbe] #F fe FAL A FolAd b vl
Zol o1 A2, #aelee oF solar emergyS BEZ AMERR, UrAE Good
& Service® BEE L 18] EA Mi9H£L Good & Serviceo]| stk 3
ol W# A4E BAe swE Azmel tlsle] solar emergyE AAFae] 3459

o YA+ Good & Service® ¥F8FATH(Fig. 4.1).

- 30 -



Construction
materials

BN
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Service

Fig. 4.1. Energy system diagram for the construction and management of

an apartment building.
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680.000
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S-story 15-story 20-story

Fig. 4.2. Construction cost of apartment buildings.
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AAZIE 55853 Ao sk

olstre] FAllq EAES ugdiy St wEe HAAAE 2He s A
TR FAFAACY] FAGE olEetd HrhdiA olFESY =z by HE&
186,835¢)/m’ 2 B EA o]¢) v]&-& AMeE Fig 433 2l @R AEY 32
g MR 5%0] 373679 /m”, 155 124569 /m°, 20% 9342¢d/m’e 2 uJerdo}
(Fig 4.3).

40,000

30,000

W/im™2

20,000

10,000

5-story 15-story 20-story

Fig. 4.3. Land purchasing cost for the construction of apartment buildings.
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Fig. 4.4. Management cost of apartment buildings.
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T4, EA eiglu], AesE BERste] ds
ekl e nz FAMZE v 22 5Fo] WAl vl &oA] =4 JEhe RS ¢ 4

A EHTable 4.1).

800,000

760,000

720,000

Wim 2/ r

680,000

640,000

600,000 ;
5-story 15-story 20-story

Fig. 45. Total economic cost of apartment building.

Table. 4.1. The classification of total economic cost of apartment building.

(#%/m’/yr)
- Construction cost Land purchasing cost Management cost
. 5-story 746,126 37,367 9131
15-story 666,945 12,456 11,200
20-story 681,020 9,342 11,176
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Table 4.2. Emergy analysis of the construction and management of apartment

buildings
No. Item Data Units e e o (s Eloe
RENEWABLE SOURCE
1 Sunlight
5-story  635E+08 ]/mZ/ yr 1 6.35E+08 4.05E-D1
15-story  2.12E+08 j/mz/_yr 1 2.65FE+08 1.69E-01
20-story  1.59E+08 I/m’/ yE 1 1.59E+08 1.01E-01
2 Wind, kinetic energy
Sstory 3.92E+06  J/m’/yr 1496 5.87E+09 3.74E+00
15-story  131E+06  J/m/yr 1496 2 45E+09 1.56E+00
20-story  9.81E+05 ]/mz/ yr 1496 1.47E+09 9.35E-01
3 Rain, chemical
S-story 1.76E+06  J/m’/yr 18199 3.20E+10 2.04E+01
15-story  5.86E+05 J/m’fyr 18199 1.07E+10 6.80E+00
20-story 240E+05  J/m’/yr 18199 8.00E+09 5.10E+00
PURCHASED INPUT
4 Water
Sstory  200E+07  J/mi/yr 4.85E+04 9.68E+11 6.16E+02
15-story  1.54E+07 ]/mz/yr 4 85E+04 746E+11 4.75E+02
20-story  1.63E+07 J/mz/yr 4.85E+04 7.91E+11 5.04E+02
5 Electricity
Sstory 433E+07  J/mi/vr 2.00E+05 8.67E+12 5.52E403
15-story 1.07E+08  J/m’/yr 2.00E+05 215E+13 1.37E+04
20-story  1.27E+08  J/m'/yr 2.60E+05 253E+13 1.61E+04
6 Concrete
S-story  442E+04  g/m/yr 5.08E+03 2.24E+13 TA3E+0O4
15-story 386E+04  g/m/yr 5.68E+08 1.96E+13 1.25E+04
20-story  3.92E+04 g/ fyr 208E+08 1.99E+13 127E+4
7 Steel
S-story 194E+03  gfm’/yr 2.77E+09 539E+12 343E+03
15-story 1. 70E+03  g/m’/yr 2.77E+09 4.71E+12 3.00E+03
20-story L73E+03  g/m/yr  277E+09 4.78E+12 305E+03
lad Land
S-story  971E+02 W /m’/yr 1.57E+09 1.52E+12 9.71E+02
15-story  3.24E+02 W/mz/yr 1.57E+09 5.08E+11 3.24E+(02
20-story  243E+02 W’/mz/y‘r 1.57E+09 3.81E+11 2.43E+02
9 G & S for Construction
Sstory 1.72E404  W/m’/yr 1.57E+09 270E+13 1.72E+04
15-story  1.O4E+(4 W/mz/yr 1.57E+09 242E+13 T.XE+04
20-story 1.57E+04 W/]112/)’r 1.57E+09 247E+13 1.57E+04
t0 G & S for Management
5-story 6.12E+03 ’o“r’/m?/ vr 1.57E+09 9.61E+12 6.12E+03
15-story  6.59E+03 W/mz/ vr 1.57E+09 1.03E+13 6.59E+03
20-story  6.53E+03 W/mz/yr 1.57E+09 1.03E+13 6.53E+03
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Fig. 4.6. Emergy cost of concrete used for the construction of apartment buildings.
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Fig. 4.7. Emergy cost of steel used for the construction of apartment buildings.
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48).
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Fig. 48. Land cost of apartment building.
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Fig. 49. Emergy cost of goods & service for the construction of apartment

buildings.
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Fig. 410. Emergy cost of water supply for apartment buildings.
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Fig. 411. Emergy cost of electricity for apartment buildings.

_41_



7 20E+03

700E+03

6 80E+03

EmW/m™2/yr

6.60E+03

6 40E+03
5-story 15-story 20-stary

Fig. 4.12. Emergy cost of goods and services for management of apartment

buildings.
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Fig. 4.13. Total emergy cost required for the construction and management of

apartment buildings.
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Table 4.3. Environmental accounting for energy flows required for the construction
and management of apartment buildings

No ltem Environmenlazi Cost EnvironmcntaizBeneﬁt
(EmWon/m"/yr) {(EmWon/m"/yr)
RENEWABLE SOURCES
1 Rain, chemical
5-story 2.04E+01
15-story 6.80E+00
20-story 510E+00
PURCHASED INPUT
2 Water
S-story 6.16E+02
15-story 4.75E+02
20-story 5.04E+02
3 Electricity
5-story 5.52E+03
15-story 1.37E+04
20-story 1.61E+04
4 Concrete
5-story 1.43E+04
15-story 1.25E+04
20-story 1.27E+04
a Steel
3-story 3.43E+03
15-story 3.00E+03
20-story 3.05E+03
6 Land
5-story 9. 71E+02
15-stery 3.24E+02
20-story 243E+02
7 G & S for Construction
5-story 1.72E+04
15-story 1.54E+04
20-story 1.57E+04
8 G & S for Management
S-story 6.12E+03
15-story 6.59E+03
20-story 6.53E+03
Total (EmWon/mz/yr)
5-story 4 81E+04 2.04E+01
15-story 5.19E+04 6.80E+Q0
20-story 549E+04 5.10E+030
Environmental Accounting
S-story 4.81E+04
15-story 5.19E+04
20-story 549E+04
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Table 4.4. Emergy analysis of the reconstruction and management of existing
apartment buildings following the minimum reconstruction standard for
durable years(20 years)

Transformity Solar EMERGY  Economic value

No. Item Data Units {sei/ yr) (sej/mz/yr) (EmW/mz/yr)
RENEWABLE SOURCE
1 Sunlight
5-story  6.35E+08 J/mz/ yr 1 6.35E+08 4.05E-01
15-story  2.12E+08  J/m’/yr 1 2.63E+08 1.69E-01
20-story  1.59E+08 I/my yr 1 1.59E+08 1.01E-01
2 Wind, kinetic energy
Sstory  3.92B+06  |/m’/yr 1496 5.87E+09 3.74E+00
15-story  1.31E+06 ]/mz/ yr 1496 2.45E+09 1.56E+00
210-story  9.81E+05 J/m’fyr 1496 1.47E+09 9.35E-01
3 Rain, chemical
5-story  1.76E+06 1/ mz/yr 18199 3.20E+10 2.04E+01
15.story  5.86E+05  J/mifyr 18199 1.07E+10 6.80E+00
20-story  4.40E+05 17 mz/yr 18199 8.00E+09 5.10E+00
PURCHASED INPUT
4 Water
5-story  2.00E+07 1/m’fyr 4.85E+04 9.68E+11 616E+02
I5-story  1.54E+07 I/ n12/yr 4 85E+04 746E+11 4.75E+02
20-story  L63E+07  J/mi/yr 4.85E+04 7.91E+11 5.04E+02
5 Electricity
5-story  4.33E+07 1/ m/ yr 2.00E+05 8.67E+12 5.52E+03
15-story  1.07E+08 i/ mz/yr 2 00E+05 215E+13 1.37E+04
20-story  1.27E+08  J/mifyr 2.00E+05 2.53E+13 1.61E+04
6 Concrete
5-story  8.83E+04 g/m’/yr 5.08E+08 4.49E+13 2.86E+04
15-story 7.72E+04  g/m’fyr  5.08E+08 3.92E+13 2.50E+04
20-story 7.84E+04  g/m’/yr  3.08E+08 3.98E+13 2.54E+04
7 Steel
5-story  3.89E+03 g/ mz/yr 2.77E+09 1.08E+13 6.86E+03
15-story 340E+03  g/m’/yr 2.77E+09 942E+12 6.00E+03
20-story 345E+03 g/ m’/ yr 2.77E+09 9.57E+12 6.09E+03
8 Land
S-story  9.71E+02 w/m'/ yr 1.537E+09 1.52E+12 9.71E+02
15-story 3.24E+H02 W /m’/yr 1.57E+09 5.08E+12 3.24E+02
20-story  243E+02  W/m’/yr 1.57E+09 381E+1] 2.43E+02
9 G & 5 for Construction
S-story 3.ME+04 W/mifyr 157E+09 5.4DE+13 3 44F+04
15-story 3.08E+(4 W/ m'/ yr 1.57E+09 4.83E+13 3.08E+04
20-story  315E+04  W/m’/yr 1.57E+09 4 94E+13 3.15E+04
10 G & S for Management
S-story  6.12E+03 W /m'/yr 1.57E+09 9.61E+12 6.12E+03
15-story 6.59E+03 W/ m'/ yr 1.57E+09 1.03E+13 6.59E+03
20-story  6.53E+03 W /m'/yr 1.57E+09 1.03E+13 6.53E+03

_46_



A 7 st 33 ARS A4 A

o} wlwatel 2ApElgo] ol A

vl o] 81l

ok
=

1% 7159 2008 ofse

a

IFoE gt emergy A4S AS

=
o
L
-
i
B

Al emergy W&ol 5% olMEL: 831E+04 EmWon/m’/yr, 15%& 8.28F+04
EmWon/m’/yr, 2032 8.63E+04 EmWon/m’/yr= EFSCHTable 4.4).

WA 7o s F4% A 5% olHE] AxFd H2F emergy HIEO] 155
ofifEef s Folom, 2052 WEWUSE 40deE 3 M AyEd npAsA

emergy Vo] 7h8 =A WERSTH

880E+04

860E104

840E+04

EmW /m™2/yr

§20E+04 +

8 00E+04
5-story 15-story 20-story
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Table 4.5. Environmental accounting for energy flows required for the
reconstruction and management of existing apartment buildings following
the minimum reconstruction standard for durable years(20 years)

No Item Environmenta] Cost Environmental_Benefit
(EmWon/m™/vyr) (EmWen/m’/yr)
RENEWABLE SOURCES
1 Rain, chemical
5-story 2.04E+01
15-story 6.80E+00
20-story 5.10E+00
PURCHASED INPUT
2 Water
5-story 6.16E+02
15-story 4 75E+02
20-story 5.04E+02
3 Electricity
3-story 5.52E+03
15-story 1.37E+04
20-story T.61E+04
4 Concrete
S-story 2.86E+04
15-story 2.50E+04
20-story 2.54E+04
2 Steel
S-story 6.86E+03
15-story 6.00E+03
20-story 6.09E+03
6 Land
5-story 9.71E+02
15-story 3.24E+02
20-story 2.43E+02
7 G & S for Construction
S-story 3.44E+04
15-story 3.08E+04
20-story 3.15E+04
8 G & 5 for Management
5-story 6.12E+03
15-story 0.59E+03
20-story 6.53E+03
Total (EmWon/ mQ/ yT)
5-story 8.31E+04 2.04E+01
15-story 8.28E+04 6.80E+00
20-story 8.63E+04 5.10E+00
Environmental Accounting
S-story 8.31E+04
15-story 8.28E+04
20-story 8.63E+04
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Appendix

Appendix 31, Solar trapsformity used in Emergy analysis of Apartment

construction and management cost

Energy Sources Solar Transformity(sej/])
Sunlight 1
Wind, kinetic energy 1,496
Rain, chemical 18,199
Water 48459
Electricity 2.00E+05
Concrete* 5.08E+08
Steel* 2.77E+09
Emergy /%** 1.57E+09

*Concrete and Steel (M T, Brown, 5. Ulgiati, 2002)
**Emergy /W (3, 2004)
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Appendix. 4.1. Footnotes and Data used in Emergy analysis

1. Footnotes

ENVIRONMENTAL INPUTS

1 SOLAR ENERGY:
2

System Area = m
Insolation = J/mz/yr
Albedo = (% given as decimal)

Energy(J]) = (area incl shelf)(avg. insolation)(1-albedo)
= (__m)(__J/m*/yr)(1- albedo)

- )/ yr
5 story = ]/mz/yr
15 story = /mz/yr
20 story = /mz/yr
2 WIND ENERGY:
System Arca = m’
Density of Air = kg/mj
Avg. annual wind
] mps
velocity =
Geostrophic wind = mps
Drag Coeft. =

Energy (J)= (arca)(air density)(drag coefficient)(velocity’)
= ( m)(1.3 kg/m”)(1.00E-3)( mps)(3.14 E7 s/yr)

1/yr
5 story = J/m’fyr
15 story = j/mz/yr
20 story = j/mz/yr
3 RAIN, CHEMICAL POTENTIAL ENERGY:
System Area = m’
Rain = m/yr
Gkibbs free cnergy = I/e
Energy (J) = (arca)(Evapotrans)(rainfall)(Gibbs no.)
= (___m)(___m)(1000kg,/ m"){4.94E+03] / kg)
= Hyr
5 story = o }/mz/yr
15 story = J/mz/yr
20 story = ]/mz/yr
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PURCHASED INPUT
4 ELECTRICITY :

5 story = Gwh/m”yr
energy = {_Gwh)*(3.6E12]/Gwh)
= J/m¥yr
15 story = Gwh/mzfyr
energy = {_Gwh)*(3.6E12]/Gwh)
= )/ m*yr
20 story = Gwh/m" yr
energy = (_Gwh)*(3.6E12}/Gwh)
- )/ myr
5 CONCRETE :
= g/yr
5 story = g/m’/yr
15 story = g/m’/yr
20 story = g/m’/yr
6 STEEL :
= g/yr
5 story = g/m’/yr
15 story = g/m’/yr
20 story = g/mz/yr
7 WATER :
5 story = g/m”yr
energy = (_g)*(4.93E+00]/g)
= J/m”yr
15 story = g/m”yr
energy = ( g)*(4.931+00]/g)
= J/m?/yr
20 story = g/mzfyr
energy = {_g)*(4.93E+00]/g)
= J/m’fyr
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PURCHASED INPUT

8 GROUND AREA COST :

5 story =
15 story =
20 story =

9 Good & Service

for construction :

5 story =
15 story =
20 story =

10 Good & Service

for management :

5 story =
15 story =
20 story =

EMERGY /Money ratio =

W/yr

W/mg/yr
W/m’/yr
w/m’/yr

W/myyr
W/mz/yr
‘v‘v‘/mz/yr

w#/m” yr
w/m” yr
W/ m” yr

sej/ ¥

(1999)
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2. Data

No. Item Data Units
ENVIRONMENTAL INPUT
1 Area of the system 3.04E+02 m’
2 Average of insolation 4.54E+09 I/m?/ fyr
3 Avg. annual wind velocity 4.70E+00 m/s
4 Rainfall 1.78E+00 m/yr
PURCHASED INPUT
5 Electricity
5-story = 1.31E-05 Gwh/m’/ yr
15-story = 3.24E-05 Gwh/m’/yr
20-story 3.82E-05 Gwh/m’/yr
6 Concrete
5-story 1.77E+06 g/m’
15-story 1.54E+06 g/m’
20-story 1.57E+06 g/m’
7 Steel
5-story 7. 78E+04 g/ m’
15-story 6.80E+04 g/m’
20-story 6.91E+04 g/m’
8 Water
5-story 4.40E+Q6 g/ma/yr
15-story 3.39E+06 g/m’/yr
20-story 3.60E+06 g/m’fyr
9 Land cost
5-story = 9 71E+02 W/m'
15-story = 3.24E+02 W/ me
20-story = 2.43E+02 W/m’
10 Construction cost
5-story 6.88E+05 w/m’
15-story 6.16E+05 W/ m’
20-story 6.29E+05 W/m'
11 Management cost
5-story 6.65E+03 W/m'/yr
15-story 7.16E+03 W/m'/yr
20-story 7.10E+03 W/m’/yr
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