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Decision Support Process Model for Energy Efficient Remodeling Projects focused
on Building Envelope and Renewable—energy Systems

Shin, Young-su', Cho, Kyuman®, Kim, Jae-youn'

"Department of Architectural Engineering, Chosun University

Abstract : An increase in energy such as natural gas, coal, oil, has occurred to a large amounts of environment impact
emissions, it is necessary to reduce in the construction industry for the energy consumption, To encourage remodeling
project in developed countries of the majority, on the basis of this, remodeling project in the construction industry
has grown to a large amount, Results of analysis of the research related to the advanced remodeling, analysis of the
economic validity in accordance with the production and process and building elapsed years of selection alternative
of remodeling there has been a problem that has not been properly reflected, In this study, a decision support model
that can simultaneously choose the most cost—effective and energy—efficiency alternative, Developed process model,
generates a 'Remodeling Solution" that combines the renewable energy equipment and envelope system, energy
performance evaluation of the application of international standards(ISO—13790, DIN V 18599), perform the economic
evaluation through LCCA(Life Cycle Cost Analysis) technique, circulated evaluation and configured to output the optimal
Remodeling Solution, The results of applying the model developed in the case, it was confirmed that it is possible to
select a choice of cost—effective energy—saving alternative, Then, developed model through this study, it is expected to
be able to help highly effective remodeling alternative to selecting by decision—makers,

Keywords : Remodeling Project, Decision Support Model, Energy Efficiency, Building Envelope Systems, Renewable

Energy Systems
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Table 1. Advanced research for energy efficient remodeling project
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Project or Researcher

(Year) Remodeling Scopes

Factors used to
Economic Analysis

Selection of available remodeling
alternatives

A" Customs Annex (2013) Renewable Energy(:BIPV)

Envelope(:Insulation, Shade, Window, -

)

Reference to similar case
(Veilige Veste L.)

Buchoen W Library (2014)

Envelope(:Insulation, Thermal break, Window ratio, Window,

Contractor’ s recommendation

)

Gwangju J Elementary
School (2013)

Envelope(:Window, Window ratio, Green roof, -
Renewable Energy(:Sunlight generation)

)

Contractor’ s recommendation

Jang. H. S. et al (2012)

Envelope(:Insulation, Window, Shade)

Reference to Regulations

Kim. K. S. (2014)

Equipment(:Lighting, Ventilation)
Envelope(:Window ratio, Insulation, Window, -
Renewable Energy(:Geothermal)

Reference to Regulations

) (Building Energy—Efficiency Rating)

Choi. B. H. (2009)

Envelope(:External insulation)

Reference to market products (9EA)

Song. S. B. (2009)

Envelope(:Window, Insulation)

Reference to market products (20EA) Installation Cost

Kim. J. A. (2013) Envelope(:Window ratio, Window, Shade, Insulation) Reference to Regulations -

Choi. J. H. (2013) Renewable Energy(:BIPV, Geothermal, BIPV, ---) Expert’ s recommendation -
Installation Cost

Kim. J. Y. (2008) Renewable Energy(:BIPV, Geothermal) Reference to Construction Cost nstafiation -,0s

Operation Cost

* BIPV: Building Integrated Photovoltaic System
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Fig. 2. Remodeling Solution decision process model
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Fig. 3. Circulation Algorithm for finding optimal solution

4. Al HE

4.1 A HE e
AR A V2 715 FAel SRR asA R A

T4 300 do] At 2 2@ AlRARIel A4

Pt HY oot MY Z2hA 2Y - SRS 2l /! MAHUX| AlA"SE SHez -

4 Z1EolchTable 2),

B A AES AU A At elrdsge] ash A&
7Pg3kaL, oflu 87k 25%(=Fig 22| “X)oW, AA1AY °1M
Z] AYAREIE 20%(=Fig 22] “Y)o Ak X & 2]rdle] A3
= THoIrE A A AAkRlE 20%= LEED 9152
7] 912k LEED Point &50] 7Fg 322 S=x]o]t},

Table 2. Case introduction

Project Name Bucheon W Library

456, Sosa—ro, Wonmi—gu, Bucheon—si,
Gyeonggi—do, Korea

Building Category Educational Facilities

Structure System Reinforced Concrete

Total Floor 3F

Address

Total Floor Area 4,396.75m*
S East West South North
248.4m 248.4m 579.6m 579.6m'
_ East, West, North: Cementblock+Concrete+Stone
B“"‘:{Tf’v'i’l’l]’sope Finished(0.38)
South: Thermopane(3.37)
Available Rooftop 790.36m

Area

42 2|2EE EF4 4d

glmdley 24 S S8l ASlA 2 AlEE 9
TAj2E] 9l AR AP R] A ARRS ZARSISILE, o] g
o= 9ul= ouR|ATt 7540l 7 2 EE ld(a=)
£ goz o, dig 2ol = %7l~ -4 6714
(b=1~6)5 =33t Hlo[g] 5 Uo]& FZE3ct FE3t 9
u]o] AR FA 1.298[W/mKIE 2,61 [W/mK]7HA]
TAElo] Qi AlAoEA] Al gl WAL E S
AR 4= s A VA (=)E EOR o, gl AlA
go] 54 27FA)(d=1~2)& 7Pgsteict, 71gst AlAaEl 54
2 7R WA F 30%2) 50%FE A= 2714] gto g
=]t Table 3).

Table 3. Remodeling Solution systems

SE e R U-Value | Unit Cost
W/mKI | [#W/m]
Original 0 0 3.37 -
120mm Curtain Wall(D Co.) 1 1 2.611 112,500
120mm Curtain Wall(K Co.) 1 2 2.255 140,200
ES PJF 60PD—-C 1 3 2.119 199,400
H APS Sliding 130mm 1 4 1.77 230,200
BF-Y250 1 5 1.579 265,200
VBF271-C 1 6 1.298 291,260
« o | «g» | Capacity | Unit Cost
Systems L /el | ]
Original 0 0 - -
RES SCM190W(30%) 1 1 0.166 128,150
SCM190W(50%) 1 2 0.277 213,583

% “a” Work Scope, “b”: Work Method, “c”: Installable Place,
“d”: System Option, ES: Envelope System, RES: Renewable Energy System
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ZRA|AE ARFste] 2% erdy] H AQHEE mpx|at
g dle] EA71X] EAo] =] QtH(Table 4).

A Yte] Azt ol 2|4 ZHTECori)} 209,507[kWh),
A7k -2-H]8(OCori)}S 22,417, 314[H] o= A=t ot
Low grdy £24 RS Y(a=1, b=1; 120mm Curtain
Wall(D Co.))< A-&3t A3t A7 AL FHTEC)
194,003[kWh], ¢17F &-9H]8(OC)} 20,758,335[¢ 02 At
AElom, @ EHE(CS) 1,658,979[H] & 4PFE]
A}, 1y sl tiok YA EZIRHEPR)O] 7.40[%]%

H3 YR E7EF 5% KT Zrom g s 2w
£ o ol BASHA| ¢l ohy nds &£74
2 IS Sl A 8709 lmds
AR L 25%)0 =EEHA] gt theke
2 UEPITHRS, =7.40%, RS/’,'=10.87%, RS;,'=12.20%,
RS,*,’=15.60%, RS,’,’=17.46%, RS,°,’=20.20%,

o1 =16.10%, RS|'=23.50%). tFao2 2mdy &34
RS (a=1, b=2; 120mm Curtain Wall(K Co,), c=1, d=1;
SCM-190W(30%))2 N EZ=HEPR) 26.97(%1€ 24
SO Aol U 2] A 4AHE(RER)©] 18,06(%) =41 53
AR R] AR 20% K Zho B2 et elmdle &
FAL H o BASHA| AL thy Bl &34 A
Stk e wRAlo R 47)9] gludle] £ 4L niE b

el Za

d

Fl
=2

Table 4. Result of decision support process model in case study

U183 35319 O UHRS '=26.97%, RS)’\'=28.29%,
RS/'/=31.70%, RS//'=33.56%), AlAAeIUA] At &S
ZZ351%] 3HRS'=18.06%, RS,”'=18.33%, RS,"|'=19.07%,
RS/'=19.50%) theto & vhepsitt,

3HA, gy &34 RS (a=1, b=6; VBF271-C, c=1,
d=1; SCM—190W(30%))-2 @ oA A7=HEPR) 36.30(%],
@ Al A AA]S-(RER)?] 20,17[%] 24 2E &
WS F5319, © FAY W7 AR F4z 21d, @
2718287} 261,128,430[ Y02 AFYE L), o2} A
oz 2F o] Bludy &2 B e F
=3t gijre & YeRgon, o] F 7Hg sl4r)7te] Wk of
2 RS, 2 UERGTHE717E 204). 2lmds £374
RS, (a=0, b=0, c=1, d=2; SCM—190W(50%))2 @ || A]
A7EHEPR) 26.86[%], @ A1A1A8oU 2] AYAHIE(RER)®]
26.86(%| 24 BE B3 ZFe 55319, O FAA B7HE
3} 3)5717F 206, @) 27)1EA10]7} 153,856,650[ L] 0= A
=2t

=S|

N

2

5. 4=

Remodeling ES RES TEC oC cS EPR RER N IC Optimal
Solutions (RS.>") | K © [kwh/year] | [W/year] | [W/year] [%] [%] [years] (W] Alternative

o 3.37 0 209,507 22,417,314 - 0 0 0 0

. 2.611 0 194,003 20,758,335 | 1,658,979 7.40 0 24 65,205,000

20 2.255 0 186,730 19,980,210 | 2,437,104 10.87 0 22 81,259,920

2 2.119 0 183,952 19,682,949 | 2,734,365 12.20 0 25 115,572,240

. 1.77 0 176,823 18,920,125 | 3,497,189 15.60 0 24 133,423,920

2 1.579 0 172,921 18,502,648 | 3,914,666 17.46 0 24 153,709,920

50 1.298 0 167,181 17,888,454 | 4,528,860 20.20 0 23 168,814,296

o 3.37 0.166 | 175,786 18,809,114 | 3,608,200 16.10 16.10 18 92,314,134

AR 2.611 | 0.166 El;_j 160,281 17,150,135 | 5,267,179 23.50 17.38 20 157,519,134

2 2.255 | 0.166 % 153,009 16,372,010 | 6,045,303 26.97 18.06 19 173,574,054

2 2.119 | 0.166 g 150,231 16,074,749 | 6,342,564 28.29 18.33 21 207,886,374

AR 1.77 0.166 | — 143,102 15,311,925 | 7,105,389 31.70 19.07 21 225,738,054

A 1.579 | 0.166 139,200 14,894,448 | 7,522,866 33.56 19.50 21 246,024,054

R 1.298 | 0.166 133,460 14,280,254 | 8,137,060 36.30 20.17 21 261,128,430

o2 3.37 0.277 153,237 16,396,402 | 6,020,912 26.86 26.86 20 153,856,650 O
P 2.611 0.277 137,732 14,737,423 | 7,679,891 34.26 29.00 25 219,061,650

22 2.255 | 0.277 130,460 13,959,299 | 8,458,015 37.73 30.13 24 235,116,570

22 2.119 | 0.277 127,682 13,662,037 | 8,755,276 39.06 30.59 25 269,428,890

S 1.77 0.277 120,553 12,899,213 | 9,518,101 42.46 31.82 25 287,280,570

S 1.5679 | 0.277 116,651 12,481,736 | 9,935,578 44.32 32.54 25 307,566,570

52 1.298 | 0.277 110,911 11,867,542 | 10,549,771 47.06 33.66 24 322,670,946

% ES: Envelope System, RES: Renewable Energy System, K: U—value, C: RES capacity, TEC: Total Energy Consumption, OC: Operating Cost,
CS: Cost Saving, EPR: Energy Performance Rate, RER: Renewable Energy source Rate, N: Payback period, IC: Initial Cost

: Values do not satisfy the target rates of EPR and RER
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