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rekitN rEngineering Scheme to Expedite Effective Use of

Resources]

Ei-ichi TAZAWA'i

ABSTRAer:  Utilization of  wastes  and  recyclable  resources  shculd  be encouraged  in order  to prcvent the

ecological demolhion ofglobal erivironments and  also to ensiue  cornfortal)le regional  environments.  A  new

criteri(m  to choose most  appr(rpriate resources  is proposed in this paper to cope  with bottleneck posed                                                                         by
capitalistic cost  criterion and  to expedite  effbctive  use  of  those materials.  For that purpase application of
`X,alue

 enginoering" is investigated. ln our pr(rposal, a  ncrw  concept  of  
"eco-cost"

 is lrrtrodncod to evaluate
`ime

 value"  or  
"eco-value"

 in which  environmerrtal  costs  are also taken irrto account  in addition to the

traditioml cost.

KEywORDS:  cosc  eco-cost,  eco`value,  eco-value  erigineering,  functio4 global environment,  recycling,

regional  environment,  resoroe,  value,  value  erigineering

1.I)l'IrRODUCTION

1.1 EF[F[ECTIVE  USE  RESOURCES

    Recently ellbodve use  of resources  is merrtioned  as  one  of  the most  urgent  problems of  our  society,

Basically two  main  a$pects  are  involved with this subjects. Chie is erchaustion  of  resources  and  the other  is

preservadon of  environrrierits, VVbrldwide growth of  population is still lasting. Under the situation

udlization  of  naturai  Tesources  has to increase, While deposks of  natuial  resouroes  are limited. Se,
deliberate scherne  is required  to maintain  a  sustainable  hurnan society, Environmental aspect  is more  senous

to humari sooiety since there is no  substinrtian  for enviror)rnent,  ln this paper engineering  scheme  how  to

promcte the effbctive  use  of  unused  resouroes  is discussed based on  quarrtitative evaluation  of  environrnerrtal

load･

1.2 BACKGROmm  OF  RESOURCE  PROBLEM

    Needless to merrtion,  conservation  of  resources  and  saving of  energy  are  esseritial in order  to mitigate
environrnerrtal  load and  to realize sustainable  hurrtan society. This is a  basic stance  why eifective use of

resources  has to be encouraged. But there are  tm  dilferent stand  points to conffont  environmental problems
enher  of  which  canncrt  be ignored, Cine is global environment  and  the ofher is regional  environrnent.

Dqpendmg upon  these two  view points, the rnain  objects  ofcountermeasures  becomes quite differerrt. For the
former view poim accurm1adon  of  carbon  dioxide and  ozone  1ayer destructing gases in a  global scale  are  the

mairi  targets anq  for the Iatter sliortage of  dumping spaoe  of  wastes,  illegal dumping or outhow  of hazardcus
substances  are main  concerns in Japan, for example.  Of ocursc  regional  problems and  their courrtermeasures

are different depencling ulx)n  local condhions.  N  first thoughi, eiliective use  ofresources attained by recycling
or  by irrtentional use  of  unused  materials  are apt  to be assumed  useful  for beth global and  regional  envircmmerrt.

But sometimes  it cannet  be always usefu1 for global enyironment  if erccess energy  is reclLiired in amal  pragtioc
of  utilization of  these materials.  Beeanse in actual  prac tice of  recycling,  for example,  sometimes  more

energy  is spent for processing than that requirod  for manufacturing virgin  material.  N  present energy  and

discharge of  carbon  dioxide is synonymous, so  to speak,  since  about 90%  of  primaiy energy  is based on
combusdon  of  fossil fuel. (Fig-1)

"
 1 Departrnerrt ofCivil Engineering, University ofHiroshimeg  Ph. D., Memher ofJCI
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13 GLOBAL  ENVIRONMENI'
REGIONAL  ENVIRONMENT

AINI) ,,･r tt'

    Fmm  the fbregoing discussion, it maybe

understood  that there are  diiiferent aspects  berween
regional  erivironment  and  global environment  and

their ccnmtermeasures are not always same, So, it is
important for us  to be conscious  of  our  stand  poirrt
rqgarding  on  which  basis the problem should  be
treated, Feelings on  global environment  miglrt be
different from individual te individual, because it
1ooks that variation  of  environment  proceeds in a

showpace.

1.4 TRANSITION  OF  CO, CONCENIrRATION

    VUle11 known  data is shown  in Fig-2, average

concentiation  of  carbon  dioxide is apparerrtly

increasing. Cyclic fluctuation is caused  by seasonal
change  of climate and  can be regarcled  as rqgional

effect. Estimation of  concentration  is traced back to
the age  of  indnstrial Revolution suggesting  260ppm  of

C02 concentrution  at that age.  From  this observation

it is clear  that concentration  of  carbon  dioxide is

steadily increasing. While average  speed  of

attnospheric  temperature rise is observod  as O.O05
degree in centigrade  per year for these hnndred years.
It is generally agreed  that this rise can  be attributed  to

the effect of  increase in carbon  dioxide concentiation.

[[1,e rising speed is SO times greater than the speed
calc
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ulated tfom atmospheric  temperme  variation  estirnated  fibrn geological record  for 1OO,OOO year cycle.

1.5 SIGNINCANCE  OF  GLOBAL  ENVIRONMENT

    Umprejudiced and  cruantirative recognition  ofinfluence  ofglchal  environment  is indispensable. N  first,
global environmerrt  is a  matter  of  concern  for whole  hnman  being or  even  whole  creatures  living on  earth.

SecondlM counterrneasures  that are valid  in a  short terrn or  only  in a  local ngion are  ofno  use. And  thirdlM its
influence will last for a  long time even  to our  posterity and  wil1 grow more  and  more  serious  ifleft as it is.

1.6 AIiFORESTATION

     ft is believed that afibrestation  improves amendy  of living environrnent a  great deal and  it is tme that ks
･ effects on  regional  errvirenment  are distinct. Butl affbrestation has very  liule meaning  for irrtprovement of

 global environment.  As is shown  in Tal)1er1 and  2, barren area  15 times bigger than the area  ofJapan  islands

 has to be atlbrestod  every year in order  to cornpensate  the increase in carbon  dioxide by afforestation.

       Iltble-1 CalculationofClobalAccumulationefCarbonDiox;de
              Radius of Earth 6400km

              Surfaoe Area of  Earth 4 × z  × 
'(64

 × 10S)2cm2
              AssumedlncreaseinC02Coiicentrationperyear lppm
              incremeni of  Caibon Dioxide

                    =4 × n × 6.42× 10i6× 1of× 10`× 10Aon=51,4X10Ronlyear

              Since.the prosem increasing speed is higher than 1ppm/yeart

              if 1.2ppm/year is assurried, 5 1.4 × I08 × 1 ,2 =  6l .4 X  10gtonlyear
                                                    '

1.7 SIGME(CArYCE  OF  ZERO  EImsSION

    Zc:ro emission or perfec t recyclmg  
'seerns

 to be ideal from 
'regionai

 environinerrt'poirrt of  vie-;''becatise
disposal of  waste  is not  needed,  But, if a  g[eat deal' of energy  consumption  is recpiired fbr recycling  of
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materials, such  pra{xice of  recycling  is not  helpful for the glebal enviromnent.

of  used  rnaterials for recycling  should  be of low energy consumption. It isi
oould fumish a new  function to the relevant  mateial.

11iercfore, piocessing methed
deal that the processirrg itself

Thble-2 RequiredAreaofForesttoSupressC02Discharge

      Absorptian ofCO,  per Acre : lOtonlha
      C02  Dischatge per year 5 × 109ton13tear
      Area : 5 ×  lOnon/1O =  5 × 108ha =5  ×  109krn2

      5 × 1 O  ̀==  2.24 × 1 O'km square  (2240km)
      Every year bmm  land area 1.5 times indian tenitory should be affrorcsted,

1.8 BOTTLENECK  IN  EFEECTIVE  USE  OF  RESOURCES

    There is another b(ntleneck in a rocrycling of  used  ma!erials  or utilizaSion ef  unused  wastes  or  industrial
byprodncts. in many  cases, attempts  to utiIize unused  resources  result in degradation of  perfbmiances or
cost-up  of  final products. These･products are not  aocepted  fiom the marlcet  even  if rt is arrticipated that the
udiizntian of tiie resources is quire effective fiom environrneirtal poim of view.  In order to oveTcome  this
commercial  princlple of  the mari[et, an  imoduetion ofa  new  criterion is inevitable to promete efft]ctive use  of

resources.  Fbr this purpose (Tuarrtitative  evaiuadon  environmental load is significant. For global
enviTonmerit, for ertample,,life  cycle  C02 discharge will serve  as  an  indicatlon, lf the quantitative valtte is
known, the value  can  be converted  to cost  since  costs  for coml)ensation  for each  environmental  laad are
chtainable. lt may  be possible to establish  a  new  crirerion  to evaluate  an  industrial material  if these
environmerital  costs  are  inooip[)rated with the conventional cest  concept.

2. coNCREIIE  AND  GI.OBAL  ENVIRONMENT

2.1 DIS(MIGE  OF  CQ, Mr  CEMENr  PRODUCTION

    Carbon dioxide diseharge fibm cement  industry is not  nQgligible, For example. in producing 1 ton of
Portland cemerrt, O.87 ton of  C02 gas is discharged. As  shown in fable-3 more  than 50%  of  the dischaxge is
derived frem decomposition of  raw  rnaterial wheri  lirnestone is changed  into calcia  (CaO>. Some additi(mal
ctischaige is (assumed pure CaC03 in the calculatioul  dne to thq energy  consumption  during burning process.
This mechanism  of  discharge is esserrtial for Portland cement  production. The total arnount  for ccmem
industry is catcu1ated about 500 miIlion ton a year which is equivalent  to 2%  of  gross discharge for al1
incivstries.

                    [[letble-3 RawMaterialofCement

                 CaC03  -  CaO+C02  (Stoichiometry)
                  110 56 44 (AtmicWeiglrt)
Lime stone requiremeni  to produce lkg of  ¢ ement  lime stone pure 640 × 1OO156= 1I43g
 (CaCOs is assumed  for chemical cornposnion  oflirpe, stone>

Caiibon Dioxide Discharge {forn 1143g oflime  stone  1143 × 44IIOO=503g
Dischaige ofCOi  for Iineigy R`xluired for Buming  367g
[Ibtal Dischaige : 503 +  367 =  870gtkg of  Ceinent

2.2 COUN[[ERMEASURES  FOR  CEMENT  INDUSTRY  TO  REDUCE  OF  CO,

    Several countermeasuies  to reduce the discharge are 1isted in Tahle-4. 0ne way  is to reduce  calcia

content  in chemical composnion  of  cement.  Oqe  example  is to increase belite content in Portland cement,
development of  this type of  cement  is broadly carriod  out  in japan at present. As shown  in 

rfable-S,

 by
inc reasing  belite conterrt calcia  content  and  energy  TequiTeci for buming can he decreased. One ofthe  cither
reasons  is that this type ofcemerrt  is also very  eifective to reduce  cracking  in concrete  structures, which is sti11

quire serious in large scale copmctions.  RgpiacemerTt ofpozzolanic  materiais  up  to their allowable limks is
the another  effective  way  in nmy  ¢ ases  industrial by-products haye beer! used  in large quaiuity until now,
invegtigation ofnevw  teqhnolegy to increase further the replacement  ratio Qn  each  by-pioducts are  encouraged,

Also applications  of  low-grade concrcte  is more  definirely prescribed in specdication  because excess

perlbrmances should be ayoided  as  possible. Use ofinnert  granular materials  other  than cements  such  as  rock

powdeg  burnt ashes of  municipal  wastes  ctc. is investigated at present.
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lhbNMineral  Compositien of  Nermal Port]and･ Cemmt
 C:CaO,  S:SiO,, A:Al,O,, F:Feq03
      C,S ---i>  3CaOSiO,  {Nhe}
      C2S -  2CaOSi02  (Blite)
      C,A -  3CaO  A1203

      C,AF -  4CaO  AI,O, FeqO,

 Present Cornposnion Caleium Oxide (CaO)
         CaO  63-65%
         Nhe  abont  60%
         Blite about  20%

Tiible5Countermeasures  for Cement  Industry
1.Tb reduce  CaO  conterrt in Cement

Alite(400/o Bhre200/o
MolecularWeit

3cao･sio 228(AtomicWeitofSi:28)
CaOratieofAlite1681228=O,74
2cao･sio 172
CaOratioofBlite112!172=O.65

                  fo) Tb increase Replacenierrt ratio ofPozzolanic  Material

                    for exarnple  : upper  limit ofsng  replacemerrt  i 60%  (Japan)
                2. Development ofNew  

'Il:Chnology
 Use of  lnvert Powder Material

2.3 ENERGY  ooNSUMPTION

    Aoeording to the national  statisics, incltistrial breakdown of  energy  consumption  in Japan has boen
analyzed  as  follows. These figures are 8.7%  for production ofconstruction materials,  3.6%  for transportation
concerning  with construction woTlc, 1.3% for ccmstniodon  wotk,  11.4% for utilization of  errterprise facilhies
and  11.8% for utilization of private house facilities, which  are  summed  up  36.8% in total,                                                         Energy
consumption  for utilization of  enterprise  and  house facilities are  almost  allctted to operation  af  machinery'
 eclulpmerrts, so  they are er(cluded.  Then energy  consumed  by productiog transportation ahd engineering  wotk
, ofconstruedon  materials  is 13.6% ofthe tutal energy consumption.  N  imeniational conference COP3  held in
Kycrto. in 1997 for prevemion of glchal warrninB  cutdown  target of  carbon  dioxide discharge for each
couirtnes  is agroed,

3. EVALUATION  OF  ENVIROmaNTAL  LOAD  FOR  EFIFECTIVE USE  OF  RESOURCES

3.1 LIEE CYcrE  ASSasSMENT  aCA)

   Vhricrus methods  haVe been investigated and  published with regard  to the evaluation  mediods  of
environmental        lqads. Since almost  all civi1 engineering  structures  are  inftastructures for which very  long
service  life is rpquired,  it is inevitable to evaluate  ds envirmmierrtal  laad througliout all bs life cycle, that is,･ffom

 cotmcttan,  rnairrbenance  in service  period, dismatrelement an(1 urrtil' waste  disposal. ., [Ihc foIlowing
steps  are recommerided  in ISO 14040 for life cycle assessment･ofenviroiments.

3.2 GOAL  DEE[NITION

   At this step  target to carTy  out  life cycle  assessmerrt is clarified. For etlectiVe  use  of'Tesources  the
confiTmation ofenvironmerital  load and  invesdgation of  mitigation method  corresponds  to this step.

3.3 INVENTORY

'
 Da a on  energy balanoes in every  stages  such'  as picking`up of  resmms  prooessing of' materiaJs,
constructioq service, disrnantlemer,t, ahandbnmetrt,' coims  treatment'tlSr"ieuse atid tratisportaio4 are
aDcurnulated.  Based oh  these data, each  iterns'eni.eqviibrimenta1 leads' such'as'Cq  er {xher  air pelluding
inaterials,waterpolludmgmpterials,energy,quairtitY'ofascnueesatKl'(itianthy'pfvvastesare'atialysed. fhis
dspegt is pres(mTbed in rsO 140411' -{  ･' - ' '''

                                 tt /
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3.4 IMPACT AblALYSIS

    Based on  the total amount  ofenvifonmental  loads, their influence on  human body or ecological  systeiyt is
analyzea  and their environmental  impact is evaluated,  This aspect  is･prescribed in ISO 14042, ,,' ･

35  Ibll E RPRETATION.

    Base[l on  the analysis  on  anviiK)nmentai  loads, coupteimeasms  to reduce  envbonmental  loads are
irrvesdgated (ISO 14043), in the opqration  ofthese  steps, consumption  of  energy  or resouroes  1ined up  in the

eyatuation irems can  be cotrverted  to carb(m  diaxide discharge at burning process or  at power generation.
Therefbre for evaluation  ef  environmental  laad originated  from civil engineering  structures,  the items may  be

concemiated  to three main  factors, natnely  carbon  dioxide discharge, quantity of  wastes  and  hazadous wastes.

Particulariy for glchal warrning  problem, carbon  dioxide discharge is most  important.

3.6LCC02  Thbte6 MeritsandDemeritsofCalculationmethodsofLCCO,

    As one  of  the fiictors
evalua!ing environmerrtal  laad,
LCC02  is neminated  in the
irrventory of ISO, At Kycto
conference  COP3  crLrt-down

ta[get for aarbon-dioxide

dischaige was  fixed as  binding
rcgulation for adyanced

countrios, TThis regu1ation is
based on  an  assumptien  that

glebal warrning  is or)e of  the
mast  irnpertarrt pheriomena for
whieh  international co-

qperation is invitable,
    LCC02 vvas  calculated

by JSCE committee  using  two

Method

thtline

Merits

Dernerits

mReoord ra

Natio industrirsarec
              yearlyimo abcmt  400 grvuos,
mmr  beanyeen the in[lustries
is afialyzed maimcally  te
estimate  enFrgy           consulmption
and  caTbon  diormde discharge for
each  irrdiyiciuai industry,

E  ects of al1 natiQ es
,are coveTed,  and  slde eilrects.to
the cfther industries aie  included.
Se integrated
 ssible.

evaluation  is

Si/;d. Re,,da,nttato,.rlatipilwh/,.beer
ffvaluated  Classificatian . of
industries is sti11 too rough  and
detailed     disulssion on               srnall
scale' isngt 

'ble

SummingupMediod

  caseo  a

    , epgrgy re[luiFed forprodnctraw
 rmate;ials prooessuig and

tpasp(xtation silmmed ,mp !o
abl:ltagen,7Fgy6ERioii:inego,n.,m,
diseharge for a unit quarktity of
roducrts.

Deand
 the la

be
est

 wsTilht tiowwzz
  rei1ectecl
evalwatien.easily

 in the

  ewint･ data on'  energy
iequired  for mateials

&9o?;,l.l%.and,Fa?g,pcl{las'oe
meGfoi]l} tlt2 Ml ifg}. ly reliabie･

different methacls  cornpared  in [fiible-6, Glrtained im are shown  in lfhble-7. Using thase figuras, LCC02
aan  be deterrnined for each  project or  for each  type of  structuie. Quantitatiyc evaluation  of  diffbrcnt
countermeasures  includng utilization of umised  rnaterials or recyclod  rnaterials is possible in terms of  carbon

dioxide dischatge.

4. APPLICMION  OF  VALUE  ENGINEERING  TO  RESOVRCE  PROBLEM

4.1 HISTORY  OF  VALUE  ENGI)IEERING

    The basic concept  of"value  engineering"  (VE) has been founded in United Statos in 1947, N  that ime
al! kinds ef  rescurces  were  insuffTrcierrt after the war,  in m{wt  engineering  processes convemior!ai  or  prescribed
materials oculd  net be obtained, [[herofere subsdtuted materials  had to be used.  But in rnany  eases  berter
hnal pioducts were  bom  ･at cheaper costs  than evet  From  these a?rperiences,  it is broadly recoghzed  that
subsdtutien is very  etlective  way  of  irrrproving plan or  desigm. 1his originated  the basic idea of  

`ivalue

engineering"i).  There aie, howeveg diversified definnions of VE  at present. For example,  in a  certain

dafinirian the purpose of  VE  is defined as  
"systematic

 research for fimctien ofproducts  or services  in order  to

secure  the recluired function at the minimum  tcital cost"2), or in the edier case,  the description such  that 
･Xhe

lower Nelue can  be adopted and  the best choice  is not  necessanly  the. highest Xlalue when the efiixts of

envirormient  are  taken info aec(Nint"3), is found in the definitiQn. All these definitioms are  raher  conceptual

and  no  unified monism  has been attainscl yet using  well-defined  evaluadon  equadans  ete, for exampie.

4.2 PRESENT  SI:ATUS OF  SitNLUE ENGINEERING  IN JAPAN

    in Japanese conmction  indiisu}u Milue Enginoering concqpt  is prevai1ing in connegtion  with  .contract

system  ofpublic  woiks  where  Ntdue Engineering is referTed  at design stage, contract  stage  and  post-eontragt
stage, Bat in these cases main  piupose$ oflveriue Engineering are concentrated te reduction  Qfconstruction
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cost  or  curtailmerrt  ofconstruedon  period, Owing to the introduction ofValue  Eqgineeiing, various  prcrposais
extendod  by the owners  or  the contractDrs  are  reflected  more  easily and  more  frecruernly to the actual  cost  or

period ofthe  prctjects. Ttaditional tender systam  and  corrtract systern, howeveq rernain  sti11 unchanged,  since

basic evaluadon  c rtterion being the cost  as  ever  in Japanese contract system,

Table-7LCCO '

ClasshicationItem LCCO,Unit
Disce

ClassificationIterns UnitDisce

(1)AggregateHckedRock O.oo154(IO)Asphalt

(2)CrasihedRock o.oelsg (10,1)AsPhalt O.028
(3)Timber (10.2)AsphaltMixtureforPavementO.Ol13
(3.1)Product O.0297(11)Rnbber(Tlre) 1.20
(3,2)Xleneer O.0519(12)Paint O.452
(4)Cemenl
(4.1)PortlarMICernent O,228(21)Constn)ctionEquipments 1,52
(4.2)BlastFurnaceSlagCerrient(4SO/oO.135(22)GerieralEquipmmts 1.21
mplaced)(4,3FreshCorierete'6

O,0369(23)MaterialsforTemporarylnstallation n---

(5)Steel (31)Gasoline O,779'3
(S.1)BlastFumaoemadeHotRolledSreelO.411
(5.2)ElectricFurnacernadeBarStoelorDieO.128(32)LNG O.669'i
Stee1(6)Alurninum(Sacheetc.}

2,03(33)LPG O.g68'1
(7)Ceramics(forBuildnguse) O.188(34)Mectricity O.129'4
(g)Glass(eq.SheetGlass) O.486
9Plastios O.49241Trtation O.93ots

ng.[;'i&llgeleSSgO
g
therwis.b,{k:,g{ic,Scr`o,.Aww,.th,e,,un,ieehrS,olllgliil"rt.,gitf05o:esaf16einX.(}t3;fkC)g'xkwmts,tgcyt･km

fineaggregate849kgXm3,

4.3 ECaVALva  ENGINEERING

    in this article a new  concept of  Vilue Engheering, that is. "eco-value

 enginoering"  so  to speak  is groped
in order  to introduce environmental  

'factors
 irrto the conventional  lthlue Engineering in a quantitative rnanneE

ln the cemerit  and  concrrete indnstry ntilization of  industrial wastes  such  as  blast furnace slag, fly ash  etc. or

exploitation  of  municipal  waste  to cemerrt  manufacturing  has been promoted urrtil now.  Btit no  quamhative
crvaluation of  ecological  merits  obtained  by these materials  that are so  fuendly to environments,  or  demerits
caused  by use  of  converrtional  materials  has been done in plaming or designing stage.                                                    Since ecological  impact
afconc[ete  inclustry cannct  be over1ooked,  in selecting every  life cycle  processes of concrete utilization such  as
marrufacture,  service, abolition  or  rense,  envirenmental  load should  have reasonable  priordy.                                                         For this purpose
a  socul  evaluation  system  under  which  environmentally  thendly precessos can  have advarrtage over the present
processes on  cost  basis has to be founded. in this paper a new  evaluadon  equation,  in which  eco£ ost derived
fiom environrnerrtal  1oad is added  to the cost  in the currerit VE  concept  is ptoposed. -

5. ECO-VALUE  ENGINEERING
                  '

5.1 DEF[[NITION  OF  VALUE  IN VALUE  ENGINEERING

    in value  er!ginoering,  Xeilue referTed  as  V here afier is defined by the equation  (1) quarrtitativelM

                               V=F/C  (1)

    ln this oquation  F and  C dencte fimedon and  cost  respectively.  rTlierefbre the value  is increased with
increasing funedon and  with docreasing cost for a  given ccmdnion.  Generaky funodon expressed in terrns of
numerical  value･ has posnive/ correlaticm  with  cc}st･ altbough the proponionality is nct always 1inear and

Fomerimes the value  mightjump up  discominuously over  a  certain threshold value. But the concept  of  value

ts valid  and  usefu1  for comparing  applications  that are similar  in a  qualitative sense, in these situation. the
vahie is nct necessarily variable.  For exarrrplq  ifwe aS;sume  three ttypes ofconcrete  as  slictwn in lhblc"8, the
value  for conerete  @  is the highest and  cost  pq4brmanod for conerete @  is considered  to be superior  to the
ether types of conerete.  

'
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Thble-8 Exampleofvaluecalculationforconcpetes
havindiffetientfunctionandcost

TeofConcrete FunctionF) CostC ValueV)
1 l 1 1
2 2 2 l
3 2 1,5 l,33

5.2 EVALUATION  OF  EXCESS  PERFORMtV,ICE

    Fbra the particular applicatioza  ifthe requhed  function is 1, con ¢ retes @  and  G) are rnarked  to have
excess  performance respecnively  as sihowrr 

'in
 [Ihble-9. After al, concrete  (D is regarded  as superior  to the

odiers because it has suifieient function for the requirernent  at the lowest cast. it is tmderstood  thas function in
the value  engineering  ooncept  does not  correspond  to the actual  function but to the minimum  funodon to satisfy
given recruirements  (Fe), Therefore, the equation (1) is rewritten  as

V  e=  FotC (2)

Accordng to this equation the vaaue  (Vb) fer three types ofconcrete are  caEculated  as shovvn  in [Ibble-9. From
this evaluatiog  concrete  (D is nominated  to have the most  appropriate value, Clearly ir is irrrportant to cut
down excess  performance for conscrvadon  ofresources,

               libte-9 Exampleofvaluecalculationforconcretes
havindifferentminimumreuirementoffunetionandeost

T}peefConcreteFunction.Minimurnrequirementof
function cost(c)Value(V)

I l l 1 l
2 2 1 2 O.5
3 2 1 1.S O.67

5.3 ITSITRODUenON  OF  ENVIROmeNTAL  COST

    in equation  a), expenses  to procure raw  materials  or to construct  stn1ctures  are counted  as a  part ofcost.
Btrt the following errpenses  to eliminate  environrrtental load are ngt  counbed  for constTuction of  concrete
stnlctures.

(a> expenses  to elirriinate environmerrtal  load deriving ffom pTocurement of  retw materials  or

    construodon  of  struc tLlres

fo) expenses  for environmental  lc}ad originated  ffom repairing  or strengthening  of  structure  to rnairrtain

    function during is service  life
(c) expenses for envirorimerma1 laad dmvipg from disrnantling qperation ofstructures
(d) expenses for erivironmerrtal  load deriving ftom abandonment  ofdismairtIo[i  structures

    Frcm  eco-value engineeimg  point of view  these axpenses  to suppress  enyironmental  load should  be
added  to the corrverrtionai cost. Frorn this consideration these additianai expemses  for environmental

coutrterTneasure  is deflned as  eco £ ost GC), and  also the tme value,  in which  envirofimerrtai  load is taken irrto
acoount,  is defined as  eoo-value  (EV). [Ihen, the fbllowing equation  is obtained

EV  =FcY(C+EC) {3)

5.4 POSITIVE  ANI)  NEGATIVE  ECO-COST

    On calculating  eco-cast  (EC), posjtive cast that is equivalent  to the cost  to eliminate  the environmental
road should be adopted  if the envircmmerital  toad is increased, While, when  waste  rnaterials or  recycled

matefiats afe used  in a  project, expenses  to eliminate  enviionrnenlai loacl ifthese materials  are net  utilized  are

net  needed. ln this case  these axpenses  are counted  as nQgative  eco-cost since these costs  are  eliminatod  by
the eifeodve use of  resources,

5.5 EVALUATION  ITEM  OF  ECO-COST
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    Wnh  regard  to the environmerrtai  loads <af to (d) encrwh ab' b' "e,'how to evhluate  them as  rnimerical  costs

is investigated.
    For those imrs  which  exert  posnive environmerrtal loaa the eco-cost  is basically equal  to the cost
required  to repress  the laad. For example,  when  carbon  di-oxide is considered  as the environmerrtal load
factog the eco £ ost corresponds  to the expenses  to fixate the discharged amcunt  or to utilize in a proeess.
With rogard  to the item (b), the service  life of  the structure  becomes important, The eco-cost  on  this item is
dependent upon  qycling period of  repairing  or  strerigthening duhng its service  life. ln another  words,  highly
durable concrete  suugtures that are  maintenance-free  can  re[hice the eco-cost  to a  large extent. lfthe structure
can  be reused  as  it is as  possible in dismantlement operatioza  the eco-cost  on  (c) item can  be reduced,  Furtheq
if ab the waste  materials  dismarrtled after service  life can  be reeycled  or reused,  erivironmerital  1oad on  item (d)
can  be rednced  very  much.  Therefore, life cycle  plarming of  structures  at design stage  becornes･very
importarrt, respensibility  ofa  party who  is in charge  ofthis  stage  wi11 be deemed more  and  more  grave in firture,

5.6 EVALUMION  OF  MI  GM'IVE  ECO-COST

    As meritioned  beforc, ncgntive  eco £ ost can  be used  when  wastes  or unused  resources  are utilized. ln
this case,  the ahsolnte value  of  the eco-cost  is equal to sum  of  expenses  re(pted  for their abandonment  and

suppression of the envirenmeiital  loads caused  by ahandorrment, For example.  when  utilizarion of  flyash is
considered, the experises correspond to the expense  to secure temporary dumping apaDe within a  territory of

power plarrt, the expense  needed  for processing such  as melting

beilore disposal, and  the expense  to prevent soil corrtamination  etc.

    in the estirnation of the eco £ ost, the problem is what  kind of  fdetors should  be listed up  as the
environmerrtal  loads. lf only  some  of  the fac tors are picked up,  the system  could  nct  be fhir to all the
industry. Carbon dioxide discharge could  be selected  as a  most  general factorofthe environrrierital loaa but
evaluatian  by cther factors such  as air pollution, (SO. or  NO.  etc.) or  water  corrtarnination  are  more  important

particularly for some  industries related to resources.  At present it is didicult to estabksh  a  perfect system

inclading all ofthe  environmerrtal  loads, so  the practical way  is probably to pick up  some  of  the main  factors
from these environmerrtal  laads.

6. CONCLUDING  REMARKS

    ln this paper possibility of  eco-value  engineering  is investigated. Environmental fiutors ate  taken
irrto the current  concept  of`ivalue  engineering" in order  to evaluate  various  ideas to mitigate environrnerrtal

loads. Concept of  oco-eost  in connection  wfth  environmental  load is added  to the current  cost  concept.

Through this precedure, ir is shown  posinye elrorts for environmental  load can  be poshively evaluated.
    At present quarrtitative inforrp, atiQns  regarding  eco-eosts  are nct  sufficierrt enough  to substantiate  the
engineering  concqpt.  Further endeavor  is required  to collect much  more  ilrforrpations gn eco £ osts in detail.
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