Available online wwv.jocpr.com

Jour nal of Chemical and Phar maceutical Research, 2015, 7(3):664-670

ISSN : 0975-7384

Resear ch on fuzzy comprehensive evaluation method of green building
Liu Chun-jiang

School of Civil Engineering, Chang’an Universityax, China

ABSTRACT

Currently, sustainability has become a global st of human society, in which the developmentezfrgbuilding
the one of the most significant aspects. However,etvaluation of green building is an obvious ofradje. This
paper proposed a green building evaluation indestesy of green building, with a fuzzy comprehensisduation
method being given. The research on fuzzy compselerevaluation method has important theoreticad an
practical meanings for enriching and developinghtéiques and methods of green building evaluatidnchvmay
facilitate healthy and rapid development of greeiiding.
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INTRODUCTION

Green building means the reform of traditional #imi¢) in design, construction and use, focusingféinient use of
resources and energy, harmless and economicalcappfis of construction materials and methods, -hjiggity
living environment, and respect of local architeatinistory. From the practical perspective, itiigent to establish
a scientific and reasonable evaluation system feetmg the design and construction goals of gregdibg, and
actively guiding the development of green buildiitpe evaluation of green buildings is multi-factonlti-level,
multi-objective and complex problems, so it is idifft to obtain a good evaluation results by simglaluation
method. Based on fuzzy mathematics theory, thisares established a fuzzy comprehensive model eérgr
building, with evaluation methods proposed, whicaiynprovide a more practical framework for the eatibn of
green building.

EVALUATION INDEX SYSTEM

1. Levelsof Evaluation Index System

According to the features and contents of greeidingj, the evaluation indexes system can be dividéal four
levels-goal, targets, criterion and indexes. Thedrchy of indexes system is shown in Fig. 1.

| | |
target ‘ target ‘ ‘ target ‘ ‘ target ‘

‘ criteria ‘ ‘criteria ‘ ‘criteria ‘ ‘ criteria ‘

‘ index ‘ ‘ index ‘ ‘ index ‘ ‘ index ‘

Fig.1 The hierarchy of indexes system.
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2. Establishment of Evaluation Indexes System

The goal of green building evaluation can be didid®o three targets-environmental target, econdaniget and
social target. The targets can be further subdividéo evaluation criterion and indexes. The s@&acof indexes
should be based on the goal of green building e, at the same time, meeting the constraindsrequirements
of the criterion. The established indexes shouldelpeesentative, accurate and effective.

The criterion and indexes of environmental targegnomic target and social target are as follows[1]

2.1. Criterion and indexes of environmental tar get

The criterion of environmental target can be defias “Surrounding Environmental Governance(SEGQ)id6éor
Environmental Quality(IEQ)” and “Regional Environmal Improvement(REI)". The three criterion canfheher
broken down into a number of indexes.

® The indexes of criterion “surrounding environmengalvernance”: Surrounding environmental governance
include air, water, solid waste and noise pollutomntrol, so the indexes can be set as “Atmospliarnidgronmental
Governance(AEG)”, “Water Environmental Governanc&@®@Y’, “Noise Pollution Control (NPC)” and “Abilityf
Solid Waste Disposal (ASWD)".

® The indexes of criterion “indoor environmental dwydl Indoor environmental quality include comfoble
building space, good indoor physical environmend @rdoor sanitary conditions, so the indexes carsdteas
“Indoor Space Environment (ISE)”, “Indoor Air Quali(IAQ)”, “Indoor Lighting and Ventilation (ILV)”and
“Indoor Sanitation (1S)”".

® The indexes of criterion “regional environmentapimvement”: Regional environmental improvement nefe
to the implementation of environmental protectiorasures for improving the quality of the regionablegical
environment. The indexes can be set as “AbilityMaintain Ecological Balance (AMEB)”, “Conservatiasf
Biological Diversity (CBD)” and “Proportion of Emonmental Protection Investment (PEPI)".

2.2. Criterion and Indexes of Economic Tar get

Economic target is mainly reflected in the econobenefits of land utilization and application ofgn building
materials, and reducing life-cycle cost of buildiftherefore, the criterion of economic target candefined as
“Benefits of Land Utilization (BLU)", “Applicationof Green Building Materials (AGBM)” and “Reductioof
Life-Cycle Cost (RLCC)". The indexes correspondiadlifferent criterion are as follows.

® The indexes of criterion “benefits of land utilimat”. This criterion includes two meanings, firstlgreen
building can enhance the value of the construd@am; secondly, land conservation measures musaken for
intensive use of land resources. The indexes caetas “Effectiveness of Land Use (ELU)” and “Emtiag Value
of Construction Land (EVCL)".

® The indexes of criterion “application of green bing materials”: The related indexes of green bugd
materials can be divided into “Transport DistandeBailding Materials (TDBM)”, “Proportion of Recyed
Materials (PRM)” and “Durability of Building Mateals (DBM)".

® The indexes of criterion “reduction of life-cyclest™: Life-cycle cost refers to the constructiorstand the cost
of operation and maintenance. The related indekéifeecycle cost can be divided into “ConstructiQost (CC)”
and “Operation and Maintenance Cost (OMC)".

2.3. Criterion and Indexes of Social Tar get

The criterion of social target can be divided itittaintenance of Regional Features (MRF)” and “Immment of
Living Situation (ILS)". The related indexes arefakows.

® The indexes of criterion “maintenance of regioredtéires”: The corresponding indexes can be defased
“Organic Combination with Regional Features (OCRFMistorical Landscape Preservation (HLP)", “Hammyoof
Architectural Pattern (HAP)” and “Creation of Reg@ New Landscape (CRNL)".

® The indexes of criterion “improvement of the livisguation™: The corresponding index can be ex@eésss
“Per Capita Living Space (PCLS)".

Evaluation index system of green building is shawiTable 1, and all the indexes are expressedesttbrtened
form.
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Table 1. Evaluation Index System of Green Building

Targets Criterion Indexes

AEG

WEG

NPG
ASWD

ISE

EQ v

IS

AMEB
REI CBD
PEPI

ELU
EVCL

TDBM
Economic Target AGBM PRM
DBM

CC
omMC

OCRF
HLP
HAP

CRNL

ILS PCLS

SEG

Environmental Target

BLU

RLCC

MRF
Social Target

DEVELOPMENT OF FUZZY COMPREHENSIVE EVALUATION M ODEL
General steps of establishing fuzzy comprehensigtiation model of green building are as follows.

1. Deter mining the Set of Evaluation Factors
According to the factors that affect the level oéen building, the set of evaluation factors cardegermined by

principal component analysis or cluster analysis.
U={u,u,,-,u,} @)

If evaluation factors are composed of targetseddh and indexes, the set of factors can be dividéo several
subsets, and the subsets meet the following conditi

3U,=U,U,NU, =0( # ) @

i=1

2. Determining Evaluation Scale Set
Evaluation scale set is composed of a variety afuation results.

V={y vy} @

3. Establishing the weight set

M=

W=(W, W, -, W),0s w1y w=1 (4)

{0l
-

In order to reflect the importance of various fasfahe weight set of evaluation factors can bermi@hed by use of
expert scoring method or AHP.

4. Establishing decision matrix

According to the determined evaluation scale, eatédn factors can be evaluated, which is actualljuzzy
mapping, and the decision matrix can be established
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R
R= Rz — Gy Ty v Ty )
R,

d.
R is a set of fuzzy relations from s&f to set V . In the matrix R, T; =F", among which d; is the number

of experts making evaluatiof\llj of the factor U, , and d is the number of experts participating in the eatitin.

5. Calculating evaluation vector set of single evaluation factor s subset
For the multi-evaluation, the evaluation process ba divided into several steps. For each evalnati@tors

subsel, , if it's weight set is W, and decision matrix isR , then the evaluation result is showed in forméla (

B =wR =[b.b,h] ©

Then, evaluation factors subselti;i (i =12, ,m) can be comprehensive evaluated, getting the ei@ua

matrix R of the evaluation factors sdt .

Bl b11 b12 bh
e

bml bmz bm

6. Calculating fuzzy comprehensive evaluation vector set of green building

bll b12 bn
b21 bzz bZh _

B=WR=(w, W, -, W) =R D@

bml bm2 bmn
7. Calculating the level of green building
Vl
V2
L=BV=(h, b, ) . ©)
\Y/

THE EVALUATION PROCESS
Based on the establishment of evaluation indexstesyand evaluation model, the fuzzy compreheresraduation
process of green building is as follows.

1. Parameterization of evaluation indexes

According to previously established evaluation k& system of green building and fuzzy comprehensiv
evaluation model, parameterized evaluation indeystem of green building is shown in Table 2.
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Table 2. Parametrization of evaluation index system.

Overall objective Sub-objectives Wi Ciiteria Wi ndexes W
o O G S soUl, W eVl
(L) uh weeU},) W,
NPG(Ulls) W113

Aswp(U,) W,

IEQ(U2) W iseUl) W,

AU ;) W,

iv(Us,) W,

'S(U;4) V\é4

rReiU3) W awesUj) W,

CBD(Uslz) Wéz

PerIUL,) W,

Objecives woeulU) W EuUy W,

U?) evel(U2) W,

acemM(UZ) W, Toem(U2) W,

PrRM(U 2) We,

pem(UZ) W,

riccUZ) W ccU2) W,

omc(U2) W2,

Objecives w'owrrUY) W ocrrUy) W,

U3 HLP(U ) W,

HaP(U ) W,

crRNL(US)) W,

Is(U?) W, pcsUs) W,

The meaning of each parameter is described asvllo
U' - Sub-objectives

W - Weight for the i-th factor

Uit - Criteria corresponding with t-th sub objective

. . . . t
Wit - Weight corresponding with the evaluation factdds
Uijt -Indexes for the i-th index corresponding with tstib objective

V\lltj - Weight corresponding with the evaluation inde)lé%t
The weight of evaluation indexes system must nfeefdllowing conditions.

Swel Yw=l Yl Y sl Y w1 3w 213w =13 =1
t=1 i=1 i=1 i=1 =1 j=1 i

=1 j=1
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2. Deter mining the evaluation factors set:
U=@U'U%U% . U'=U U0y o Ui=UnULU UL o Uy =(UgUsUssUs)
Ul (U31:U32!U 33) u®= (U11U2'U 7). U2 (U11’U12) UZ_(U21:U221U 23) UZ_(Ugl’U32)1
=(UU5), Ul =(UAULULUL), U7 =(U3)
3. Determining the weight set of evaluation factors by use of expert scoring method or AHP:
W = (W, W, W)
\Nl (\Nll \N} \N;) (\Nlll’ 121 13' \NIA) \N121’ \N122’ V\é3’ V\}A) 31’ 32’ V\}S)
W= (W, W, W), Wf—(Wfl,\Nfz), Wo = (Wop, Wop, W), W = (WG, 32)
W= (W W), W= (W, W, oy W), WS—(W;)
4. Determining the evaluation scale set:
V={v, vy

The value of evaluation scale can be define@@0d, medium poaQ! , corresponding scores as (0.9, 0.5, 0.3).
According to the scores of the evaluation factthrs,decision matrixes of evaluation factors arobsws.

Rllz(ﬁj'lj)4x3’ R;Z(rzlij)asi R31=(r31ij)3<3
R12:( ?)2<3 Rzzz(rz?j)&s Rszz(rsizj)2<3
R_ ( )4><3 R2 (2|])1X3

5. Obtaining the evaluation resultsof U;",U?  andU®:

=WR., (=1,2,3)
=WR, (1=123)
B’ =WR, (i=12)

6. Obtaining the decision matrixesof U',U? andU?3:

B B ;
R = le . R?= %2 ’ Rsz(Blj

7. Obtainingtheevaluation resultsofU*,U? andU3:

=wWR, B?=wWR, B=w'R

8. Obtaining the decision matrixesof U :

R RERERIeN

Py

I
o, R &
b
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9.Calculating the overall evaluation results of green building:
e

B=WR= (v, v, W Bi= (h b B

3x

10. Calculating the level of green building based on the evaluation scale set:

<

L=BV=(h, b, hEE
N
According to the evaluation results, the levegifen building can be defined as good, medium or.po

SUMMARY
The evaluation of green building is a multi-factowlti-level, multi-objective and complex problesg it is hard to
obtain effective evaluation results by use of senplaluation methods or model. Based on fuzzy madlieal
theory, this paper established a fuzzy comprehensialuation model of green building and provideel detailed
evaluation method. The results of research canigeoa workable solution to the evaluation problefrgeen
building.

REFERENCES

[1]Liu C J.“research on the evaluation techniques ar@hods of green building”.Diss. Xi'an University o
Architecture and Technolog2005.

[2] Liu L,Cao Y P,Wang T. Applied fuzzy mathematics@®en 2). Xi'an: Shaanxi Science and Technology $res
2008.

[3] Ge X C.Journal of zhejiang universitp001, 27(3): 345-348.

670



