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Miljøstyrelsen vil, når lejligheden gives, offentliggøre rapporter og indlæg

vedrørende forsknings- og udviklingsprojekter inden for miljøsektoren,
finansieret af Miljøstyrelsens undersøgelsesbevilling.

Det skal bemærkes, at en sådan offentliggørelse ikke nødvendigvis
betyder, at det pågældende indlæg giver udtryk for Miljøstyrelsens

synspunkter.

Offentliggørelsen betyder imidlertid, at Miljøstyrelsen finder, at indholdet

udgør et væsentligt indlæg i debatten omkring den danske miljøpolitik.
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fåÇÜçäÇ=
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cloloa= R=

obprj°= T=

prjj^ov= NN=

N= fkaibakfkd= NR=

NKN= _^ddorka= NR=
NKO= clojüi=ld=molgbhqpqorhqro= NS=

O= ^hqfsJhri= NV=

OKN= dbkbobiq=lj=^hqfsJhri= NV=
OKO= cfiqo^plo_

∆

=QMM= OM=

P= abi=fW=_^q`eclopÕd= OP=

PKN= qblof= OP=
PKNKN= pçêéíáçåëéêçÅÉëëÉå= OP=

PKNKO= pçêéíáçåëâ~é~ÅáíÉí= OQ=

PKNKP= pçêéíáçåëáëçíÉêãÉê= OQ=

PKNKQ= pçêéíáçå=~Ñ=jq_b= OS=

PKO= obpriq^qbo= OT=
PKOKN= oÉÑÉêÉåÅÉáëçíÉêã=EáåíÉêå=ã™äáåÖ=~Ñ=jq_bF= OT=

PKOKO= qÉãéÉê~íìê= PM=

PKOKP= dê~åìäÉêÉí=îëK=âåìëí=âìä= PO=

PKOKQ= aÉãáåÉê~äáëÉêÉí=î~åÇ= PS=

PKOKR= ée= PV=

PKOKS= aÉëçêéíáçå= QN=

PKOKT= oÉÑÉêÉåÅÉáëçíÉêã=EÉâëíÉêå=ã™äáåÖ=~Ñ=jq_bF= QP=

PKOKU= hçåâìêêÉêÉåÇÉ=ëçêéíáçå=ãÉÇ=_quÛÉê= QR=

PKP= p^jjbkc^qkfkd= QU=

Q= abi=ffW=hlilkkbclopÕd= RN=

QKN= qblof= RO=
QKNKN= j~ëëÉçîÉêÑ›êëÉäëòçåÉå= RO=

QKNKO= dÉååÉãÄêìÇëâìêîÉå= RQ=

QKNKP= aÉëáÖå=çÖ=~å~äóëÉ=~Ñ=~âíáîJâìä=ÑáäíêÉ= RS=

QKNKQ= hçåâìêêÉêÉåÇÉ=ëçêéíáçå=ãÉÇ=_quÛÉê= SN=

QKO= hlilkkblmpqfiifkd= SQ=
QKOKN= hê~î=íáä=âçäçååÉçéëíáääáåÖ= SQ=

QKOKO= _ÉåóííÉí=âçäçååÉçéëíáääáåÖ= SR=

QKP= obpriq^qbo= SU=
QKPKN= j™äíÉ=ÖÉååÉãÄêìÇëâìêîÉê= SU=

QKPKO= jçÇÉäÄÉêÉÖåáåÖÉê= TO=

QKQ= p^jjbkc^qkfkd= TR=

R= abi=fffW=Õhlkljf= TT=

RKN= clorapÃqkfkdbo= TT=
RKNKN= lîÉêçêÇåÉÇÉ=ÑçêìÇë‹íåáåÖÉê= TT=

RKNKO= pí~åÇ~êÇ=ÑáäíÉêä›ëåáåÖÉê= TU=
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RKNKP= ÕâçåçãáëâÉ=ÑçêìÇë‹íåáåÖÉê= TV=

RKNKQ= rÇî~äÖíÉ=ëÅÉå~êáÉê= TV=

RKNKR= _ÉêÉÖåáåÖëã‹ëëáÖÉ=ÑçêìÇë‹íåáåÖÉê= UM=

RKO= obpriq^qbo= UN=
RKOKN= oÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ= UN=

RKOKO= oÉåëåáåÖ=~Ñ=jq_bHÄÉåòÉå=îÉÇ=éçëáíáî=ÉÑÑÉâí=~Ñ=ÄÉåòÉå= UP=

RKOKP= oÉåëåáåÖ=~Ñ=jq_bHÄÉåòÉå=îÉÇ=åÉÖ~íáî=ÉÑÑÉâí=~Ñ=ÄÉåòÉå= UP=

RKOKQ= oÉåëåáåÖ=~Ñ=ÄÉåòÉåJÑçêìêÉåÉí=ÖêìåÇî~åÇ= UQ=

RKP= p^jjbkc^qkfkd= UR=

S= obcbobk`bo= UT=

=
_áä~Ö=^W=hÉãáëâ=~å~äóëÉ=~Ñ=Ü~åÉî~åÇ=
_áä~Ö=_W=i~Äçê~íçêáÉéêçÅÉÇìêÉê=Ó=_~íÅÜÑçêë›Ö=
=======_NW=dÉåÉêÉä=éêçÅÉÇìêÉ=
=======_OW=oÉÑÉêÉåÅÉáëçíÉêã=EáåíÉêå=ã™äáåÖ=~Ñ=jq_bF=
=======_PW=qÉãéÉê~íìê=
=======_QW=dê~åìäÉêÉë=îëK=âåìëí=âìä=
=======_RW=aÉëçêéíáçå=
=======_SW=oÉÑÉêÉåÅÉáëçíÉêã=EÉâëíÉêå=ã™äáåÖ=~Ñ=jq_bF=
_áä~Ö=`W=_ÉëíÉããÉäëÉ=~Ñ=äáÖÉî‹ÖíëíáÇ=
_áä~Ö=aW=_ÉêÉÖåáåÖ=~Ñ=ëçêéíáçåëâ~é~ÅáíÉí=
_áä~Ö=bW=aÉí~áäêÉëìäí~íÉê=Ñê~=âçäçååÉÑçêë›Ö=
========bNW=hçäçååÉé~âåáåÖ=
========bOW=hçäçååÉÑäçï=
========bPW=fåÇä›ÄëâçåÅÉåíê~íáçåÉê=
_áä~Ö=cW=bâëÉãéÉä=é™=ÄÉêÉÖåáåÖ=~Ñ=ÉåÜÉÇëéêáë=
=
=
=
=
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cçêçêÇ=

aÉååÉ=ê~ééçêí=ëâáíëÉêÉê=êÉëìäí~íÉêåÉ=Ñê~=Éí=ë~ã~êÄÉàÇëéêçàÉâí=ãÉääÉã=a~åëâ=
jáäà›ê™ÇÖáîåáåÖ=^Lp=çÖ=^ÑÇÉäáåÖ=Ñçê=jáäà›íÉâåáâI=^~äÄçêÖ=råáîÉêëáíÉíK=mêçàÉâJ
íÉí=Éê=ìÇÑ›êí=ìåÇÉê=çÖ=Ñáå~åëáÉêÉí=~Ñ=jáäà›ëíóêÉäëÉåë=
qÉâåçäçÖáìÇîáâäáåÖëéêçÖê~ã=Ñçê=àçêÇJ=çÖ=ÖêìåÇî~åÇëÑçêìêÉåáåÖK=
=
aÉ=~ââêÉÇáíÉêÉÇÉ=~å~äóëÉê=ìÇÑ›êí=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=éêçàÉâíÉí=Éê=ÇÉäîáëí=
ëéçåëçêÉêÉí=~Ñ=^Lp=^å~äó`Éå=çÖ=ÇÉå=ÄÉåóííÉÇÉ=âçäçååÉçéëíáääáåÖ=Éê=ÇÉäîáëí=
ëéçåëçêÉêÉí=~Ñ=oçíÉâ=^LpK=
=
o~ééçêíÉå=Éê=ìÇ~êÄÉàÇÉí=~Ñ=mÉê=içää=çÖ=`ä~ìë=i~êëÉåI=a~åëâ=jáäà›ê™ÇÖáîåáåÖ=
^LpI=ë~ãí=mÉê=j›äÇêìé=çÖ=h~à=eÉåêáâëÉåI=^ÑÇÉäáåÖ=Ñçê=jáäà›íÉâåáâI=^~äÄçêÖ=
råáîÉêëáíÉíK=
=
o~ééçêíÉå=Éê=ìÇ~êÄÉàÇÉí=é™=Ä~ÖÖêìåÇ=~Ñ=ä~Äçê~íçêáÉìåÇÉêë›ÖÉäëÉê=ìÇÑ›êí=~Ñ=
`ä~ìë=iΩÄÉÅâ=`ÜêáëíÉåëÉåI=iÉåÉ=jáäïÉêíò=çÖ=jçêíÉå=e~ìÖ~~êÇ=qÜçãëÉå=
ë~ãí=bêáâ=qáÉåÖçI=^ÑÇÉäáåÖ=Ñçê=jáäà›íÉâåáâ=é™=^~äÄçêÖ=råáîÉêëáíÉíK=
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oÉëìã¨=

cçêã™äÉí=ãÉÇ=ÇÉí=å‹êî‹êÉåÇÉ=éêçàÉâí=Éê=~í=ìÇÑ›êÉ=Éå=ê‹ââÉ=íÉâåáëâÉ=çÖ=
›âçåçãáëâÉ=ÇÉí~áäìåÇÉêë›ÖÉäëÉê=Ñçê=~âíáîJâìä=~Ñ=íóéÉå=cáäíê~ëçêÄ∆=QMMI=Ñçê=~í=
ìåÇÉêë›ÖÉ=éêçÇìâíÉíë=ÉÖåÉíÜÉÇ=á=ÑçêÜçäÇ=íáä=çåJëáíÉ=êÉåëåáåÖ=~Ñ=jq_bJ
ÑçêìêÉåÉí=ÖêìåÇî~åÇK=
=
aÉê=Éê=ìÇÑ›êí=Ä~íÅÜÑçêë›Ö=íáä=ÄÉëíÉããÉäëÉ=~Ñ=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=
cáäíê~ëçêÄ∆=QMM=ìåÇÉê=Éå=ê‹ââÉ=ÄÉíáåÖÉäëÉêI=ÇÉê=Ü~ê=ÄÉíóÇåáåÖ=Ñçê=
ëçêéíáçåëâ~é~ÅáíÉíÉå=çÖ=ÇÉêãÉÇ=éêáëÉå=Ñçê=çåJëáíÉ=êÉåëåáåÖ=~Ñ=jq_bJ
ÑçêìêÉåÉí=ÖêìåÇî~åÇK=aÉê=Éê=ìÇÑ›êí=Ñçêë›Ö=íáä=~Ñâä~êáåÖ=~Ñ=Ñ›äÖÉåÇÉ=Ñ~âíçêÉêë=
ÄÉíóÇåáåÖ=Ñçê=ëçêéíáçåëâ~é~ÅáíÉíÉåW=íÉãéÉê~íìêI=âåìëåáåÖ=~Ñ=âìäI=
ÇÉãáåÉê~äáëÉêÉí=î~åÇI=ée=çÖ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=_quÛÉê=á=áåÇä›Äëî~åÇÉíK=
=
oÉëìäí~íÉêåÉ=îáëÉêI=~í=ÇÉê=îÉÇ=NMø`=â~å=ÑçêîÉåíÉë=ãÉääÉã=Å~K=NMB=Ü›àÉêÉ=çÖ=
NRB=ä~îÉêÉ=jq_bJëçêéíáçåëâ~é~ÅáíÉí=Ñçê=cáäíê~ëçêÄ∆=QMM=ÉåÇ=ÄÉëíÉãí=îÉÇ=
ä~Äçê~íçêáÉíÉãéÉê~íìê=é™=Å~K=OMJOPø`I=~ÑÜ‹åÖáÖí=~Ñ=áåÇä›ÄëâçåÅÉåíê~íáçåÉå=
EÜÜîK=MIR=çÖ=NM=ãÖLiFK=
=
aÉê=Éê=á=ë~ããÉ=âçåÅÉåíê~íáçåëçãê™ÇÉ=çéå™Éí=Å~K=QRJRMB=ä~îÉêÉ=
ëçêéíáçåëâ~é~ÅáíÉí=îÉÇ=Éå=íÉãéÉê~íìê=é™=PMø`=ÉåÇ=îÉÇ=OMJOPø`K=
=
oÉëìäí~íÉêåÉ= áåÇáâÉêÉêI= ~í= ëçêéíáçåëâ~é~ÅáíÉíÉå= Éê= Å~K= NRB= ä~îÉêÉ= Ñçê= áåí~âíÉI=
Öê~åìäÉêÉÇÉ=âìä=ÉåÇ=Ñçê=âåìëíÉ=âìäK=
=
fÑ›äÖÉ=ÇÉ=çéå™ÉÇÉ=êÉëìäí~íÉê=Éê=ëçêéíáçåëâ~é~ÅáíÉíÉå=Å~K=NRJPMB=ä~îÉêÉ=å™ê=ÇÉå=
ÄÉëíÉããÉë=á=^~äÄçêÖ=Ü~åÉî~åÇ=ÉåÇ=å™ê=ÇÉå=ÄÉëíÉããÉë=á=ÇÉãáåÉê~äáëÉêÉí=
î~åÇK=
=
aÉê=Éê=çÄëÉêîÉêÉí=Éå=íÉåÇÉåë=íáäI=~í=ÇÉê=îÉÇ=ée=R=çÖ=áåÇä›ÄëâçåÅÉåíê~íáçåÉê=é™=
ÜÜîK=MIR=çÖ=NM=ãÖLi=Éê=Å~K=RB=Ü›àÉêÉ=çÖ=NMB=ä~îÉêÉ=ëçêéíáçåëâ~é~ÅáíÉí=ÉåÇ=
îÉÇ=ée=TK=qÉåÇÉåëÉêåÉ=Éê=áââÉ=ÑìåÇÉí=ëí~íáëíáëâ=ëáÖåáÑáâ~åíÉK=
=
pçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=ée=V=Éê=ÑìåÇÉí=Å~K=OMB=Ü›àÉêÉ=îÉÇ=MIR=ãÖLi=çÖ=ORB=
ä~îÉêÉ=îÉÇ=NM=ãÖLi=ÉåÇ=îÉÇ=ée=TK=
=
aÉê=Éê=çÄëÉêîÉêÉí=Éå=íÉåÇÉåë=íáäI=~í=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=ë~ãíáÇáÖ=
íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÄÉåòÉå=Éê=ì‹åÇêÉí=îÉÇ=MIR=ãÖLiI=ãÉåë=â~é~ÅáíÉíÉå=Éê=Å~K=
RRB=Ü›àÉêÉ=îÉÇ=NM=ãÖLiK=aÉ=çÄëÉêîÉêÉÇÉ=íÉåÇÉåëÉê=Éê=áââÉ=ÑìåÇÉí=ëí~íáëíáëâ=
ëáÖåáÑáâ~åíÉK=
=
oÉëìäí~íÉêåÉ=Ñçê=Ñçêë›ÖÉåÉ=ãÉÇ=âçåâìêêÉêÉåÇÉ=ëçêéíáçå=ãÉÇ=íçäìÉå=çÖ=ãJ
ñóäÉå=áåÇáâÉêÉêI=~í=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=MIR=ãÖLi=Éê=Å~K=NM=çÖ=
ORB=Ü›àÉêÉ=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÜÜîK=ãJñóäÉå=çÖ=íçäìÉåK=sÉÇ=NM=ãÖLi=Éê=
jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=Å~K=OM=çÖ=PRB=Ü›àÉêÉ=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÜÜîK=
ãJñóäÉå=çÖ=íçäìÉåK==
=
oÉëìäí~íÉêåÉ=Ñçê=Ñçêë›ÖÉåÉ=ãÉÇ=âçåâìêêÉêÉåÇÉ=ëçêéíáçå=ãÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=
Ä™ÇÉ=ÄÉåòÉåI=íçäìÉå=çÖ=ãJñóäÉå=áåÇáâÉêÉêI=~í=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=
MIR=ãÖLi=Éê=Å~K=OMB=Ü›àÉêÉI=ãÉåë=â~é~ÅáíÉíÉå=Éê=Å~K=RRB=Ü›àÉêÉ=îÉÇ=NM=ãÖLiK=
=

Formål 

Detailundersøgelse - 

batchforsøg 

Temperatur10°C 

Temperatur 30°C 

Granuleret kul 

Aalborg hanevand 

pH 5 

pH 9 

Benzen 

Toluen og m-xylen 

BTX 
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aÉê=Éê=ìÇÑ›êí=âçäçååÉÑçêë›Ö=íáä=ÄÉëíÉããÉäëÉ=~Ñ=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=
Ñçê=cáäíê~ëçêÄ∆=QMM=ìåÇÉê=Çóå~ãáëâÉ=ÑçêÜçäÇI=ÇÉê=ÄÉÇêÉ=ãçÇëî~êÉê=ÑçêÜçäÇÉåÉ=
îÉÇ=Ñ~âíáëâ=çåJëáíÉ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇK=aÉê=Éê=ìÇÑ›êí=íç=
é~ê~ääÉääÉ=âçäçååÉÑçêë›ÖI=¨í=Üîçê=âçäçååÉêåÉ=Éê=ÄÉä~ëíÉí=ãÉÇ=jq_b=á=
áåÇä›Äëî~åÇÉí=çÖ=¨íI=Üîçê=âçäçååÉêåÉ=Éê=ÄÉä~ëíÉí=ãÉÇ=jq_b=çÖ=ÄÉåòÉå=á=
áåÇä›Äëî~åÇÉíK==
=
hçäçååÉêåÉ=Éê=ìÇÑ›êí=ãÉÇ=Éí=îçäìãÉå=é™=Å~K=OIR=iI=Éí=Ü›àÇÉLÇá~ãÉíÉêJÑçêÜçäÇ=
é™=Å~K=TIR=Ó=U=çÖ=Éê=ÄÉä~ëíÉí=ãÉÇ=Éí=Ñäçï=é™=Å~K=R=iLíáãÉI=ëî~êÉåÇÉ=íáä=Éå=
ÜóÇê~ìäáëâ=çéÜçäÇëíáÇ=é™=Å~K=PM=ãáåìííÉêK=aÉê=Éê=íáäëíê‹Äí=Éå=
áåÇä›ÄëâçåÅÉåíê~íáçå=~Ñ=jq_b=é™=Å~K=NM=ãÖLi=çÖ=çéå™Éí=Éå=ÄÉåòÉåJ
âçåÅÉåíê~íáçå=á=áåÇä›ÄÉí=é™=Å~K=PIU=ãÖLiK=aÉê=Éê=ìÇÑ›êí=íç=êÉéäáâ~íÉê=~Ñ=ÜîÉêí=
Ñçêë›Ö=çÖ=ÑçêÉí~ÖÉí=ã™äáåÖÉê=ãÉÇ=íç=ÑçêëâÉääáÖÉ=ã™äÉãÉíçÇÉêK=
=
aÉê=Éê=âçåëí~íÉêÉí=ÖçÇ=çîÉêÉåëëíÉããÉäëÉ=ãÉääÉã=êÉëìäí~íÉêåÉ=çéå™Éí=ãÉÇ=ÇÉ=
íç=ÑçêëâÉääáÖÉ=~å~äóëÉãÉíçÇÉê=çÖ=ÇÉê=Éê=çéå™Éí=ÖçÇ=çîÉêÉåëëíÉããÉäëÉ=ãÉääÉã=
êÉëìäí~íÉêåÉ=Ñçê=ÇÉ=ìÇÑ›êíÉ=êÉéäáâ~íÑçêë›ÖK=
=
hçäçååÉÑçêë›ÖÉåÉ=áåÇáâÉêÉêI=~í=Éå=ÜóÇê~ìäáëâ=çéÜçäÇëíáÇ=é™=PM=ãáåìííÉê=Éê=é™=
ÇÉå=ëáâêÉ=ëáÇÉ=á=ÑçêÜçäÇ=íáä=ÑìäÇ=ìÇåóííÉäëÉ=~Ñ=ëçêéíáçåëâ~é~ÅáíÉíÉå=á=Éå=
ÑáäíÉêçéÄóÖåáåÖ=ãÉÇ=íç=âçäçååÉê=á=ëÉêáÉI=çÖë™=ëÉäîçã=ÇÉê=ã™ííÉ=î‹êÉ=
ÄÉíóÇÉäáÖÉ=î~êá~íáçåÉê=á=áåÇä›ÄëÄÉíáåÖÉäëÉêåÉK=
=
oÉëìäí~íÉêåÉ=Ñçê=âçäçååÉêåÉ=ãÉÇ=jq_b=á=áåÇä›Äëî~åÇÉí=áåÇáâÉêÉêI=~í=ÇÉå=
Ñ~âíáëâÉLÇóå~ãáëâÉ=ëçêéíáçåëâ~é~ÅáíÉíI=Éê=Å~K=NR=Ó=OMB=ä~îÉêÉ=ÉåÇ=ÉëíáãÉêÉí=
ìÇÑê~=ëçêéíáçåëáëçíÉêãÉåK==
=
oÉëìäí~íÉêåÉ=Ñçê=âçäçååÉêåÉ=ãÉÇ=jq_b=çÖ=ÄÉåòÉå=á=áåÇä›Äëî~åÇÉí=áåÇáâÉêÉêI=
~í=ÇÉå=Ñ~âíáëâÉ=â~é~ÅáíÉí=Éê=Å~K=OIN=J=OIQ=Ö~åÖÉ=Ü›àÉêÉ=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=
ÄÉåòÉå=ÉåÇ=å™ê=ÇÉê=ìÇÉäìââÉåÇÉ=Éê=jq_b=á=áåÇä›Äëî~åÇÉíK=aÉå=çÄëÉêîÉêÉÇÉ=
íÉåÇÉåë=Éê=á=ãçÇëíêáÇ=ãÉÇ=ÇÉí=ÑçêîÉåíÉÇÉI=ãÉå=á=çîÉêÉåëëíÉããÉäëÉ=ãÉÇ=
êÉëìäí~íÉêåÉ=Ñê~=Ä~íÅÜÑçêë›ÖÉåÉI=çÖ=ÇÉê=îìêÇÉêÉë=ìãáÇÇÉäÄ~êí=~í=î‹êÉ=íç=
ãìäáÖÉ=Ñçêâä~êáåÖÉê=é™=Ñ‹åçãÉåÉíW=NF=îÉÇ=ä~îÉ=ÄÉåòÉåLjq_bJÑçêÜçäÇ=çÖLÉääÉê=
Ü›àÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉê=Ñ™ê=jq_b=~ÇÖ~åÖ=íáä=åçÖäÉ=ëçêéíáçåëëáíÉëI=ëçã=
ÉääÉêë=Éê=ìíáäÖ‹åÖÉäáÖÉK=c‹åçãÉåÉí=~ÑÜ‹åÖÉê=ãìäáÖîáë=~Ñ=ÇÉå=ÄÉåóííÉÇÉ=
î~åÇíóéÉK=OF=aÉê=Éê=ëâÉê=ãìäáÖîáë=Éå=ëçêéíáçå=~Ñ=jq_b=íáä=ÄÉåòÉåJ
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 Summary

Purpose
The purpose of the present project is to perform a series of detailed technical
and economic evaluations for granular activated carbon of the type Filtrasorb®

400, in order to evaluate the suitability of the product in relationship to on-site
remediation of MTBE contaminated groundwater.

Detailed studies - batch experiments
Batch experiments have been performed in order to determine the MTBE
sorption capacity for Filtrasorb® 400 under a series of conditions with relation
to price estimates for on-site remediation of MTBE contaminated
groundwater. Experiments have been carried out for the following variables:
Temperature, crushed carbon, demineralised water, pH, and presence of
BTX in the influent water.

Temperature 10°C
The results show that at 10°C, between 10% higher and 15% lower capacity
can be expected for Filtrasorb® 400 than predicted from batch experiments
performed at a temperature of 20-23°C, depending on the influent
concentration (0.5 and 10 mg/L, respectively).

Temperature 30°C
In the same concentration range, approximately 45-50% lower sorption
capacity was observed at 30°C than at 20-23°C.

Granulated carbon
The results indicate that the sorption capacity is approximately 15% lower for
granulated carbon than for crushed carbon.

Aalborg tap water
According to the results, the sorption capacity is approximately 15-30% lower
when determined in Aalborg tap water than in demineralised water.
pH5
At pH 5 and influent concentrations of 0.5 and 10 mg/l, a tendency towards
5% higher, and 10% lower sorption capacities has been observed than at pH 7.
The tendencies have not been found statistically significant.

pH9
The sorption capacity at pH 9 has been observed at approximately 20%
higher at 0.5 mg/l and 25% lower at 10 mg/l than at pH 7.

Benzene
A tendency towards unchanged MTBE sorption capacity at 0.5 mg/l and
approximately 55% higher capacity at 10 mg/l has been observed with the
presence of benzene and MTBE. This tendency has not been found
statistically significant.

Toluene and m-xylene
The results for the experiments with competitive sorption with the presence of
toluene and m-xylene indicate that the MTBE sorption capacity at 0.5 mg/l is
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approximately 10 and 25% higher with the presence of m-xylene and toluene,
respectively. At 10 mg/l the MTBE sorption capacity is approximately 20 and
35% higher with the presence of m-xylene and toluene, respectively.

BTX
The results for the experiments with competitive sorption with the presence of
both benzene, toluene and m-xylene indicate that the combined presence of
these three compounds at 0.5 mg/l increases MTBE sorption capacity by
approximately 20%, while increasing the capacity by approximately at 10
mg/l.

Detailed studies - column experiments
Column experiments have been carried out in order to determine MTBE
sorption capacity for Filtrasorb® 400 under dynamic conditions that
correspond more closely to the conditions during actual on-site remediation of
MTBE-contaminated groundwater. Two parallel column experiments have
been carried out; one with only MTBE present in the influent water, and one
with MTBE and benzene present in the influent.

Column design
The columns have been constructed with a volume of approximately 2.5
litres, a height/diameter-ratio of 7.5-8 and an inlet flow of approximately 5 l/h,
corresponding to an empty bed hydraulic contact time of approx. 30 min. An
inlet concentration of 10 mg/l was used as a target value and a benzene
concentration of approx. 3.8 mg/l was reached. Two replicates of each
experiment have been performed and measurements have been performed
using two different analytical procedures.

Reproducibility
Good agreement was observed between the results using the two different
analytical procedures and good agreement was observed between the replicate
experiments.

Hydraulic contact time
The column experiments indicate that a hydraulic contact time of 30 min is
on the safe side in relation to a full usage of the sorption capacity in a filter
construction with two columns in series, even though there might be
considerable variations in the influent conditions.

Dynamic capacity
The results for the column experiments with only MTBE in the influent water
indicate that the actual/dynamic sorption capacity is approximately 15-20%
lower than estimated from the sorption isotherm.

Benzene increases MTBE capacity
The results for the column experiments with MTBE and benzene in the
influent water indicate that the actual sorption capacity is approximately 2.1 –
2.4 times higher with the presence of benzene compared to only having
MTBE in the influent water. This tendency is in disagreement with the
expected results, although in agreement with the results from the batch
experiments, and two possible explanations are considered: 1) at a low
benzene/MTBE-ratio and/or high concentration levels, MTBE has access to
sorption sites that are otherwise inaccessible. The phenomenon possibly
depends on the water type in question. 2) MTBE might sorb onto benzene
degraders in the columns.
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Carbon usage rate at one vs. two columns in series
Assuming a regulatory limit on the effluent concentration of 5 µ g/l it is
estimated that carbon consumption is approximately 2 – 3.3 times higher with
one-filter operation than with two filters in series.

Detailed studies - economical calculations
Twelve scenarios for on-site remediation of MTBE-contaminated
groundwater have been suggested, and for each scenario unit treatment prices
have been calculated (DKK/m3). The scenarios span treatment times of 3
months to 10 yrs., flows between 2 and 20 m3/h, and inlet concentrations of
0.2 to 10 mg/l. It is assumed that the effluent concentration is below a
regulatory limit of 5µ g/l at all times, and that standard available adsorbers are
used in the filter construction.

Two columns in series
It has been observed that the operating expenses for activated carbon
comprise up to 60-85% of the combined unit treatment price. Since single
adsorbers have an estimated carbon usage rate that is approximately 2 – 3.3
times higher than using two or more filters in series, it is concluded that two
or more filters in series operation should be used in treating MTBE-
contaminated groundwater.

Prices: MTBE-contaminated groundwater
In remediation of MTBE-contaminated groundwater, unit prices ranging
between 4.3 and 32.6 DKK/m3 have been estimated. The lowest prices are
obtained at high flow rates, low concentrations, and long time periods.

Prices: MTBE and benzene-contaminated groundwater (part 1)
By assuming a positive effect of benzene presence on MTBE sorption
capacity, unit prices ranging between 2.3 and 19.5 DKK/m3 have been
estimated. The average price level is approximately 45% lower than the price
level for remediation of groundwater contaminated with MTBE only.

Prices: MTBE and benzene-contaminated groundwater (part 2)
By assuming a negative effect of benzene presence on MTBE sorption
capacity, unit prices ranging between 6.0 and 39.2 DKK/m3 have been
estimated. The average price level is approximately 35% higher than the price
level for remediation groundwater contaminated with MTBE only.

Prices: Benzene-contaminated groundwater
In remediation of benzene-contaminated groundwater (an inlet concentration
of 1 mg/L), unit prices ranging between 0.9 and 3.3 DKK/m3 have been
estimated. The average price level for treating MTBE contaminated
groundwater is approximately 7.3 times higher than for treating benzene
contaminated groundwater.
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NVVVFK=fåÇêÉÖåÉë=â~éáí~äçãâçëíåáåÖÉêåÉ=Ü~ê=hÉääÉê=Éí=~äK=EOMMM~F=ë™äÉÇÉë=
ÄÉêÉÖåÉíI=~í=ÇÉí=ë~ãäÉí=ëÉí=Éê=Å~K=O=J=Q=Ö~åÖÉ=ÇóêÉêÉ=~í=êÉåëÉ=Ñçê=jq_b=ÉåÇ=
Ñçê=ÄÉåòÉå=îÉÇ=Éå=áåÇä›ÄëâçåÅÉåíê~íáçå=é™=N=ãÖLi=çÖ=Éí=Ñäçï=é™=ãÉääÉã=O=Ó=
OM=ãPLíáãÉK=
=
hÉääÉê=Éí=~äK=EOMMMÄF=Ü~ê=ÉåÇîáÇÉêÉ=îáëíI=~í=ÇÉê=îÉÇ=~í=âçãÄáåÉêÉ=ÑçêëâÉääáÖÉ=
íÉâåáââÉêX=ÑKÉâëK=~áê=ëíêáéåáåÖI=ãÉãÄê~åÑáäíêÉêáåÖ=çÖ=~âíáîJâìäÑáäíêÉêáåÖI=â~å=
çéêÉåëÉë=ÅçëíJÉÑÑÉâíáîí=íáä=ãÉÖÉí=ä~îÉ=jq_bJâçåÅÉåíê~íáçåÉêK=
=
páÇÉä›ÄÉåÇÉ=ãÉÇ=ìÇîáâäáåÖÉå=~Ñ=ãÉíçÇÉêI=ÇÉê=â~å=Éêëí~ííÉ=ÉääÉê=ëìééäÉêÉ=~âíáîJ
âìä=ÑáäíêÉêáåÖ=Éê=ÇÉê=á=ÇÉ=ëÉåÉêÉ=™ê=ëâÉí=Éå=ìÇîáâäáåÖ=çÖ=~Ñéê›îåáåÖ=~Ñ=~äíÉêå~íáîÉ=
ÑáäíÉêã~íÉêá~äÉê=ãÉÇ=~åÇêÉ=ÑóëáëâJâÉãáëâÉ=ÉÖÉåëâ~ÄÉê=ÉåÇ=~âíáîJâìäX=
ÉÖÉåëâ~ÄÉê=ÇÉê=ãìäáÖîáë=Ö›ê=éêçÇìâíÉêåÉ=á=ëí~åÇ=íáä=~í=Éêëí~ííÉ=ÉääÉê=ëìééäÉêÉ=
~âíáîJâìä=ëçã=ÑáäíÉêã~íÉêá~äÉ=çîÉêÑçê=Éå=ê‹ââÉ=ÑçêëâÉääáÖÉ=ÑçêìêÉåáåÖëíóéÉêI=
ÜÉêìåÇÉê=jq_b=Ea~îáë=~åÇ=mçïÉêëI=OMMMX=ktofI=OMMMFK=^åîÉåÇÉäëÉå=~Ñ=
ë™Ç~ååÉ=ÑáäíÉêã~íÉêá~äÉê=ëóåÉë=ìãáÇÇÉäÄ~êí=~ííê~âíáî=Ç~=ÇÉå=á=ëí›êêÉ=ÉääÉê=
ãáåÇêÉ=Öê~Ç=ÄóÖÖÉê=é™=ÇÉ=ë~ããÉ=éêáåÅáééÉê=ëçã=ÑáäíêÉêáåÖ=ãÉÇ=~âíáîJâìäK=
=

NKO cçêã™ä=çÖ=éêçàÉâíëíêìâíìê=

aÉååÉ=ê~ééçêí=ÄÉëâêáîÉê=êÉëìäí~íÉêåÉ=Ñçê=~åÇÉå=Ñ~ëÉ=~Ñ=Éí=éêçàÉâíI=ÇÉê=Ü~ê=íáä=
Ñçêã™ä=ÇÉäëI=~í=~Ñâä~êÉ=ÇÉí=íÉâåáëâJ›âçåçãáëâÉ=éçíÉåíá~äÉ=á=~í=êÉåëÉ=jq_bJ
ÑçêìêÉåÉí=ÖêìåÇî~åÇ=çåJëáíÉ=îÜ~K=Éå=ê‹ââÉ=âçããÉêÅáÉäí=íáäÖ‹åÖÉäáÖÉ=
ëçêéíáçåëã~íÉêá~äÉê=çÖ=ÇÉäëI=~í=ìÇÑ›êÉ=Éå=ê‹ââÉ=ÇÉí~äàÉêÉÇÉ=ìåÇÉêë›ÖÉäëÉê=~Ñ=
ÇÉí=éêçÇìâíI=ÇÉê=ìãáÇÇÉäÄ~êí=Éê=îìêÇÉêÉí=ãÉëí=ÅçëíJÉÑÑÉâíáîíK=
=
f=éêçàÉâíÉíë=Ñ›êëíÉ=Ñ~ëÉ=Éê=ÇÉê=ÑçêÉí~ÖÉí=Éå=ë~ããÉåäáÖåáåÖ=~Ñ==jq_bJ
ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=NR=ëçêéíáçåëã~íÉêá~äÉêI=ÜÉêìåÇÉê=S=íóéÉê=~âíáîJâìäI=T=
ëóåíÉíáëâÉ=éêçÇìâíÉê=çÖ=O=å~íìêÑáÄÉêéêçÇìâíÉêK=aÉê=Éê=ÉåÇîáÇÉêÉ=ÑçêÉí~ÖÉí=Éå=
íÉâåáëâJ›âçåçãáëâ=ë~ããÉåäáÖåáåÖ=~Ñ=U=éêçÇìâíÉêI=ÇÉê=é™=Ä~ÖÖêìåÇ=~Ñ=
ë~ããÉåäáÖåáåÖÉå=îìêÇÉêÉÇÉë=íÉâåáëâ=ÉÖåÉÇÉ=íáä=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=
ÖêìåÇî~åÇK=m™=Ä~ÖÖêìåÇ=~Ñ=ÇÉ=ìÇÑ›êíÉ=~å~äóëÉê=Éê=ÇÉí=îìêÇÉêÉíI=~í=~âíáîJâìä=~Ñ=
íóéÉå=cáäíê~ëçêÄ∆=QMM=Éê=ÇÉí=ãÉëí=ÅçëíJÉÑÑÉâíáîÉ=~Ñ=ÇÉ=ìåÇÉêë›ÖíÉ=íÉâåáëâ=
ÉÖåÉÇÉ=éêçÇìâíÉêK=oÉëìäí~íÉêåÉ=Ñê~=éêçàÉâíÉíë=Ñ›êëíÉ=Ñ~ëÉ=Éê=~Ñê~ééçêíÉêÉí=á=
Ejáäà›ëíóêÉäëÉåI=OMMOFK=
=
k‹êî‹êÉåÇÉ=ê~ééçêí=ÄÉëâêáîÉê=êÉëìäí~íÉêåÉ=~Ñ=éêçàÉâíÉíë=~åÇÉå=Ñ~ëÉ=çÖ=
çãÑ~ííÉê=íÉâåáëâÉ=çÖ=›âçåçãáëâÉ=ÇÉí~áäìåÇÉêë›ÖÉäëÉê=~Ñ=Éå=ê‹ââÉ=ÑçêÜçäÇI=ÇÉê=
Ü~ê=ÄÉíóÇåáåÖ=Ñçê=Éå=ë~ãäÉí=îìêÇÉêáåÖ=~Ñ=cáäíê~ëçêÄ∆=QMMÛë=ÉÖåÉíÜÉÇ=îÉÇ=
éê~âíáëâ=~åîÉåÇÉäëÉ=íáä=çåJëáíÉ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=ìåÇÉê=
Ç~åëâÉ=ÑçêÜçäÇK=
=
a~=ÇÉí=Éê=íáäëíê‹ÄíI=~í=å‹êî‹êÉåÇÉ=ê~ééçêí=ëâ~ä=âìååÉ=ä‹ëÉë=ì~ÑÜ‹åÖáÖí=~Ñ=
Ejáäà›ëíóêÉäëÉåI=OMMOF=ÑçêÉâçããÉê=ÇÉê=á=åçÖÉå=Öê~Ç=Éå=áåÇÜçäÇëã‹ëëáÖ=
çîÉêä~éåáåÖ=ãÉääÉã=ÇÉååÉ=ê~ééçêí=çÖ=Ejáäà›ëíóêÉäëÉåI=OMMOFK=
=

Samlede omkostninger 

ved aktiv-kulfiltrering 

Kombination af on-site 

teknikker 

Alternative 

filtermaterialer 

Projektstruktur: 2 faser 

Resultater: Første fase 

Anden fase 



=

NT=

f=ÇÉí=Ñ›äÖÉåÇÉ=ÖáîÉë=ÇÉê=Ñ›êëí=Éå=âçêí=ÄÉëâêáîÉäëÉ=~Ñ=~âíáîJâìäI=ÜÉêìåÇÉê=ÇÉå=
ìÇî~äÖíÉ=çÖ=å‹êãÉêÉ=ìåÇÉêë›ÖíÉ=íóéÉ=~âíáîJâìäI=cáäíê~ëçêÄ∆=QMMI=ÜîçêÉÑíÉê=
ê~ééçêíÉå=ÑáåÇÉë=áåÇÇÉäí=á=íêÉ=ÜçîÉÇÇÉäÉW=
=

NK pìééäÉêÉåÇÉ=Ä~íÅÜÑçêë›Ö=íáä=~Ñâä~êáåÖ=~Ñ=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉåë=
~ÑÜ‹åÖáÖÜÉÇ=~Ñ=Éå=ê‹ââÉ=ÑóëáëâJâÉãáëâÉ=ÑçêÜçäÇK=

OK hçäçååÉÑçêë›Ö=íáä=ìåÇÉêë›ÖÉäëÉ=~Ñ=cáäíê~ëçêÄ∆=QMM=ìåÇÉê=Çóå~ãáëâÉ=
ÑçêÜçäÇK=

PK ÕâçåçãáëâÉ=çîÉêëä~ÖëÄÉêÉÖåáåÖÉê=ìåÇÉê=ÑçêëâÉääáÖÉ=ÇÉëáÖåã‹ëëáÖÉ=
ÑçêìÇë‹íåáåÖÉêK=

=
aÉê=ÖáîÉë=á=ÜîÉê=~Ñ=ê~ééçêíÉåë=ÇÉäÉ=Éå=âçêí=ÖÉååÉãÖ~åÖ=~Ñ=~ÑëåáííÉíë=íÉçêÉíáëâÉ=
ÖêìåÇä~ÖI=ÜîçêÉÑíÉê=ÇÉ=çéå™ÉÇÉ=êÉëìäí~íÉê=ÖÉååÉãÖ™ë=çÖ=ë~ããÉåÑ~ííÉëK=
=
=
=
=

Rapportopbygning 



=

NU=



=

NV=

O ^âíáîJâìä=

f=ÇÉí=Ñ›äÖÉåÇÉ=ÖáîÉë=Ñ›êëí=Éå=âçêí=ÖÉååÉãÖ~åÖ=~Ñ=Éå=ê‹ââÉ=ÖÉåÉêÉääÉ=ÑçêÜçäÇ=
çãâêáåÖ=~âíáîJâìäI=ÜîçêÉÑíÉê=ÇÉê=ÖáîÉë=Éå=ìÇÇóÄÉåÇÉ=ÖÉååÉãÖ~åÖ=~Ñ=ÇÉå=
å‹êãÉêÉ=ìåÇÉêë›ÖíÉ=íóéÉ=~âíáîJâìäI=cáäíê~ëçêÄ∆=QMMK=^ÑëåáííÉí=ÄóÖÖÉê=á=ëíçêÉ=
íê‹â=é™=ìÇÇê~Ö=~Ñ=Ejáäà›ëíóêÉäëÉåI=OMMOFK==
=
råÇÉê=ÖÉååÉãÖ~åÖÉå=~Ñ=cáäíê~ëçêÄ∆=QMM=ÑçâìëÉêÉë=ÇÉê=é™=ëéÉÅáÉääÉ=ÑçêÜçäÇ=
çãâêáåÖ=ÇÉååÉ=íóéÉ=~âíáîJâìä=çÖ=ÇÉê=ÖáîÉë=Éå=âçêí=çéëìããÉêáåÖ=~Ñ=ÇÉ=
çîÉêçêÇåÉÇÉ=êÉëìäí~íÉê=çéå™Éí=á=Ejáäà›ëíóêÉäëÉåI=OMMOF=ë~ãí=Éå=ë~ããÉåäáÖåáåÖ=
ãÉÇ=íáäëî~êÉåÇÉ=êÉëìäí~íÉê=Ñê~=äáííÉê~íìêÉåK=
=

OKN dÉåÉêÉäí=çã=~âíáîJâìä=

aÉ=ãÉëí=~åîÉåÇíÉ=ê™ã~íÉêá~äÉê=íáä=ÇÉ=íóéÉê=~âíáîJâìäI=ÇÉê=~åîÉåÇÉë=á=
ÑçêÄáåÇÉäëÉ=ãÉÇ=ÖêìåÇî~åÇëêÉåëåáåÖ=Éê=íê‹I=ÄêìåâìäI=âçâçëå›ÇÇÉëâ~ääÉê=çÖ=
ÄáíìãÉåI=Üîçê~Ñ=áë‹ê=ÇÉ=íç=ëáÇëíÉ=Ü~ê=ÑìåÇÉí=îáÇ=ìÇÄêÉÇÉäëÉK=^Ñ=~åÇêÉ=~åJ
îÉåÇíÉ=ê™ã~íÉêá~äÉê=â~å=å‹îåÉë=ìäÇI=í›êîI=çäáÉ=çÖ=éçäó~Åêóäçåáíêáä=Ejáäà›J
ëíóêÉäëÉåI=NVVUFK=aÉí=éêáã‹êÉ=ÖêìåÇä~Ö=Ñçê=î~äÖÉí=~Ñ=ê™ã~íÉêá~äÉ=ÉêI=~í=ÇÉí=ëâ~ä=
Ü~îÉ=Éí=Ü›àí=áåÇÜçäÇ=~Ñ=âìäëíçÑK==
=
cêÉãëíáääáåÖëéêçÅÉëëÉå=Ñê~=ê™ã~íÉêá~äÉ=íáä=~âíáîJâìä=ëâÉê=çîÉê=Éå=
åÉÇÇÉäáåÖLâåìëåáåÖ=çÖ=é~êíáâÉäëí›êêÉäëÉëçéÇÉäáåÖ=~Ñ=ê™ã~íÉêá~äÉí=ë~ãí=Éå=
Ä~ÖåáåÖëJ=çÖ=~âíáîÉêáåÖëéêçÅÉëI=ÜîçêìåÇÉê=âìääÉåÉë=éçêÉëíêìâíìê=çÖ=Ü›àÉ=
çîÉêÑä~ÇÉ~êÉ~ä=Ç~ååÉë=E`ÜÉãîáêçåI=NVVOFK=_~ÖåáåÖ=çÖ=~âíáîÉêáåÖ=Ü~åÇäÉê=
ÉëëÉåíáÉäí=çã=~í=çñáÇÉêÉ=çÖ=ëíêáééÉ=ê™ã~íÉêá~äÉêåÉ=Ñçê=~ääÉ=ÒÑäóÖíáÖÉÒ=ëíçÑÑÉê=çÖ=
ÉÑíÉêä~ÇÉ=Éí=âìäëíçÑJëâÉäÉí=ãÉÇ=Éå=íáäé~ë=ã‹åÖÇÉ=çÖ=ë~ããÉåë‹íåáåÖ=~Ñ=ëíçêÉ=
çÖ=ãÉääÉãëíçêÉ=íê~åëéçêíéçêÉê=ë~ãí=ëã™=Ü›à~âíáîÉ=éçêÉê=E`ÜÉãîáêçåI=NVVOFK=
^âíáîÉêáåÖÉå=â~å=ëâÉ=ëçã=Éå=Ü›àíÉãéÉê~íìê=EUMM=J=NKMMMø`F=Ç~ãé~âíáîÉêáåÖ=
ÉääÉê=Éå=âÉãáëâ=~âíáîÉêáåÖK=
=
bÖÉåëâ~ÄÉêåÉ=Ñçê=ÇÉí=Ñ‹êÇáÖÉ=éêçÇìâí=~ÑÜ‹åÖÉê=ë™äÉÇÉë=ÇÉäë=~Ñ=ê™ã~íÉêá~äÉí=çÖ=
ÇÉäë=~Ñ=~âíáîÉêáåÖëéêçÅÉëëÉåI=áÇÉí=âçãÄáå~íáçåÉå=~Ñ=ÇáëëÉ=Ñ~âíçêÉê=Éê=~ÑÖ›êÉåÇÉ=
Ñçê=âìääÉåÉë=âÉãáëâÉ=çÖ=ÑóëáëâÉ=ëíêìâíìêK=
=
a~=~ÇëçêéíáçåÉå=íáä=~âíáîJâìä=Éê=êÉä~íÉêÉí=íáä=âìääÉåÉë=óÇêÉ=çÖ=áåÇêÉ=çîÉêÑä~ÇÉêI=
Éê=Éå=î‹ëÉåíäáÖ=é~ê~ãÉíÉê=âìääÉåÉë=ë~ãäÉÇÉ=çîÉêÑä~ÇÉ~êÉ~äI=ÇÉê=Éê=ãÉÖÉí=Ü›àíK=f=
äáííÉê~íìêÉå=~åÑ›êÉë=ÇÉíI=~í=çîÉêÑä~ÇÉ~êÉ~äÉêåÉ=Ñçê=~âíáîJâìä=äáÖÖÉê=é™=ãÉääÉã=
QMM=çÖ=NKUMM=ãOLÖI=~ÑÜ‹åÖáÖí=~Ñ=ê™ã~íÉêá~äÉ=çÖ=~âíáîÉêáåÖëãÉíçÇÉ=
Ejáäà›ëíóêÉäëÉåI=NVVUFK=qóéáëâÉ=î‹êÇáÉê=äáÖÖÉê=é™=çãâêáåÖ=NKMMM=ãOLÖK=
=
hìääÉåÉë=ÑçêÇÉäáåÖ=~Ñ=ÇÉí=íçí~äÉ=éçêÉÜìäêìã=é™=ÑçêëâÉääáÖÉ=éçêÉëí›êêÉäëÉê=ë~ãí=
ÇÉí=~ÄëçäìííÉ=~åí~ä=~Ñ=ãáâêçéçêÉê=Ü~ê=äáÖÉäÉÇÉë=ÄÉíóÇåáåÖ=Ñçê=
ëçêéíáçåëâ~é~ÅáíÉíÉåK=jáâêçéçêÉêåÉ=ëéáääÉê=Éå=ÅÉåíê~ä=êçääÉI=Ç~=ëí›êëíÉÇÉäÉå=~Ñ=
ÇÉí=íçí~äÉ=çîÉêÑä~ÇÉ~êÉ~ä=çÖ=ÇÉ=ëí›êëíÉ=~ÇëçêéíáçåëÉåÉêÖáÉê=âåóííÉê=ëáÖ=íáä=ÇáëëÉK=
c›äÖÉåÇÉ=ÇÉÑáåáíáçå=Ñ›äÖÉë=îÉÇ=çéÇÉäáåÖ=~Ñ=éçêÉÜìäêìããÉí=á=
ëí›êêÉäëÉëâ~íÉÖçêáÉêW==
=
• j~âêçéçêÉêI=‹âîáî~äÉåíÉ=éçêÉÇá~ãÉíêÉ=[=RM=åãK=
• jÉëçéçêÉêI=‹âîáî~äÉåíÉ=éçêÉÇá~ãÉíêÉ=ãÉääÉã=O=çÖ=RM=åãK=

Filtrasorb® 400 

Råmateriale 

Aktivering 

Egenskaber 

Overfladeareal 

Porestørrelser 



=

OM=

• jáâêçéçêÉêI=‹âîáî~äÉåíÉ=éçêÉÇá~ãÉíêÉ=Y=O=åãK=
=
^âíáîJâìä=ë‹äÖÉë=á=Éå=ê‹ââÉ=ÑçêëâÉääáÖÉ=ÑçêãÉêI=ÇÉê=ÉÖåÉê=ëáÖ=íáä=ÑçêëâÉääáÖÉ=
~åîÉåÇÉäëÉêW=éìäîÉêI=Öê~åìä~íI=éáääÉê=çÖ=ÑáÄêÉK=fåÇÉåÑçê=ÖêìåÇî~åÇëêÉåëåáåÖ=Éê=
ÇÉí=ëíçêí=ëÉí=ìÇÉäìââÉåÇÉ=ÇÉå=Öê~åìäÉêÉÇÉ=ÑçêãI=ÇÉê=~åîÉåÇÉëK=aÉå=íóéáëâ=
~åîÉåÇíÉ=ÑçêâçêíÉäëÉ=Ñçê=Öê~åìäÉêÉí=~âíáîJâìä=Éê=d^`=Edê~åìä~ê=^Åíáî~íÉÇ=
`~êÄçåFK=
=
k™ê=â~é~ÅáíÉíÉå=~Ñ=ÇÉ=~âíáîÉ=âìä=Éê=ÄäÉîÉí=çéÄêìÖí=Éê=ÇÉê=ãìäáÖÜÉÇ=Ñçê=~í=
êÉÖÉåÉêÉêÉ=ÇÉãI=ÇîëK=ÑàÉêåÉ=ÇÉ=~ÇëçêÄÉêÉÇÉ=ÑçêìêÉåáåÖëâçãéçåÉåíÉê=ÜîçêîÉÇ=
âìääÉåÉ=ÖÉåîáåÇÉê=ÇÉêÉë=ëçêéíáçåëâ~é~ÅáíÉíK=oÉÖÉåÉêÉêáåÖÉå=ëâÉê=íóéáëâ=á=Éå=
çîå=îÉÇ=ãÉêÉ=ÉåÇ=UMMø`=çÖ=â~å=á=éêáåÅáééÉí=ÑçêÉí~ÖÉë=çåJëáíÉK==
=
låJëáíÉ=êÉÖÉåÉêÉêáåÖ=Éê=áââÉ=~äãáåÇÉäáÖí=ÑçêÉâçããÉåÇÉI=Ç~=ÇÉ=Ü›àÉ=
íÉãéÉê~íìêÉê=ëíáääÉê=ëíçêÉ=âê~î=íáä=~åä‹ÖÖÉíë=âçåëíêìâíáçå=çÖ=Ç~=ÇÉê=ëíáääÉë=âê~î=
íáä=ÉÑÑÉâíáî=çÖ=ÇçâìãÉåíÉêÉí=ÇÉëíêìâíáçå=~Ñ=ÑçêìêÉåáåÖëâçãéçåÉåíÉêåÉK=f=
éê~âëáë=ëâÉê=êÉÖÉåÉêÉêáåÖÉå=ë™äÉÇÉë=çÑíÉ=á=ëíçêÉ=ÅÉåíê~äÉ=~åä‹ÖK=eîáë=
íê~åëéçêí~Ñëí~åÇÉåÉ=íáä=êÉÖÉåÉêÉêáåÖë~åä‹ÖÖÉí=Éê=Ñçê=ëíçêÉ=Äçêíëâ~ÑÑÉë=ÇÉ=
ìÇíàÉåíÉ=âìä=íóéáëâ=îÉÇ=ÑçêÄê‹åÇáåÖ=á=ÅÉåíê~äÉ=ÑçêÄê‹åÇáåÖë~åä‹Ö=ÉääÉê=îÉÇ=
ÇÉéçåÉêáåÖI=ÜîáäâÉí=íóéáëâ=Éê=íáäÑ‹äÇÉí=ìåÇÉê=Ç~åëâÉ=ÑçêÜçäÇK==
=
a~=~âíáîJâìä=íóéáëâ=í~ÄÉê=åçÖÉí=~Ñ=ÇÉêÉë=ëçêéíáçåëâ~é~ÅáíÉí=îÉÇ=êÉÖÉåÉêÉêáåÖI=
çÖ=Ç~=âê~îÉåÉ=íáä=ÑKÉâëK=ÇêáââÉî~åÇë=áåÇÜçäÇ=~Ñ=ÑçêìêÉåáåÖëâçãéçåÉåíÉê=íóéáëâ=
Éê=ãÉÖÉí=ëíêáåÖÉåíÉI=Éê=ÇÉí=íîáîäëçãí=çã=êÉÖÉåÉêÉêáåÖ=â~å=ÄÉåóííÉë=å™ê=ÇÉê=Éê=
í~äÉ=çã=ëî~Öí=~ÇëçêÄÉêÉåÇÉ=ëíçÑÑÉê=ëçã=jq_b=EktofI=OMMMFK=
=

OKO cáäíê~ëçêÄ∆=QMM=

cáäíê~ëçêÄ∆=QMM=éêçÇìÅÉêÉë=á=bìêçé~=~Ñ=`ÜÉãîáêçå=`~êÄçåI=Éí=Ç~ííÉêëÉäëâ~Ä=~Ñ=
`~äÖçå=`~êÄçåI=rp^=çÖ=ÑçêÜ~åÇäÉë=á=a~åã~êâ=~Ñ=cäÉããáåÖ=wïáÅâó=^éëKI=
h›ÄÉåÜ~îåK=cáäíê~ëçêÄ∆=QMM=â~å=á=a~åã~êâ=äÉîÉêÉë=íáä=Å~K=OO=âêKLâÖ=EÉâëâäìëáî=
ãçãë=çÖ=Ñê~ÖíFK=
=
aÉê=~åîÉåÇÉë=ÄáíìãÉå=ëçã=ê™ã~íÉêá~äÉ=îÉÇ=éêçÇìâíáçåÉå=~Ñ=cáäíê~ëçêÄ∆=QMMK=f=
ÑçêÜçäÇ=íáä=ÇÉå=ÖÉåÉêÉääÉ=ÄÉëâêáîÉäëÉ=~Ñ=ÑêÉãëíáääáåÖëãÉíçÇÉå=Ñçê=~âíáîJâìä=â~å=
ÇÉí=ÄÉã‹êâÉëI=~í=cáäíê~ëçêÄ∆=QMM=áââÉ=ÇáêÉâíÉ=åÉÇâåìëÉë=Ñê~=ê™ã~íÉêá~äÉí=íáä=ÇÉå=
›åëâÉÇÉ=Öê~åìä~íëí›êêÉäëÉI=ãÉå=~í=ê™ã~íÉêá~äÉí=Ñ›êëí=éìäîÉêáëÉêÉë=çÖ=
~ÖÖäçãÉêÉêÉëI=ÜîçêÉÑíÉê=ÇÉí=ÄÉÜ~åÇäÉë=ëçã=~åÖáîÉí=á=ÇÉå=ÖÉåÉêÉääÉ=ÄÉëâêáîÉäëÉ=
EïïïKÅÜÉãîáêçåÅ~êÄçåKÅçãFK=cçêÇÉäÉå=îÉÇ=áåÇÑ›àÉäëÉ=~Ñ=éìäîÉêáëÉêáåÖ=çÖ=
~ÖÖäçãÉêÉêáåÖ=á=éêçÇìâíáçåëéêçÅÉëëÉå=Éê=ÇÉäëI=~í=ÇÉê=çéå™ë=ëí›êêÉ=
éêçÇìâíÜçãçÖÉåáíÉí=çÖ=ÇÉäëI=~í=ÇÉê=ÑçêãÉåíäáÖ=Ääçíä‹ÖÖÉë=åçÖäÉ=ëçêéíáçåëëáíÉë=
ëçã=ÉääÉêë=îáääÉ=î‹êÉ=ìíáäÖ‹åÖÉäáÖÉ=EwïáÅâóI=OMMNFK=
=
cçê=cáäíê~ëçêÄ∆=QMMI=ÇÉê=Ü~ê=Éí=íçí~äí=áåíê~é~êíáâìä‹êí=éçêÉÜìäêìã=é™=Å~K=MIS=
ÅãPLÖI=Éê=ÑçêÇÉäáåÖÉå=~Ñ=éçêÉëí›êêÉäëÉêåÉ=Eã~âêçJI=ãÉëçJ=çÖ=ãáâêçéçêÉêF=é™=
ÜÜîK=TI=NR=çÖ=TUB=~Ñ=ÇÉí=íçí~äÉ=éçêÉÜìäêìã=Em~êâÉêI=NVVRFK=
=
cáäíê~ëçêÄ∆=QMM=Éê=åçâ=Éå=~Ñ=ÇÉ=ãÉëí=~åîÉåÇíÉ=íóéÉê=~âíáîJâìä=íáä=êÉåëåáåÖ=~Ñ=
ÖêìåÇî~åÇI=ÜîçêÑçê=éêçÇìâíÉí=çÑíÉ=áåÇÖ™ê=ëçã=êÉÑÉêÉåÅÉéêçÇìâí=á=
ë~ããÉåäáÖåÉåÇÉ=ëíìÇáÉê=~Ñ=ëçêéíáçåëéêçÇìâíÉêX=ëÉäî=ëíìÇáÉê=ÑçêÉí~ÖÉí=~Ñ=
éêçÇìÅÉåíÉê=~Ñ=~äíÉêå~íáîÉ=ëçêéíáçåëã~íÉêá~äÉêK=
=
aÉê=Éê=á=Ejáäà›ëíóêÉäëÉåI=OMMOF=ÑçêÉí~ÖÉí=Éå=íÉâåáëâ=çÖ=›âçåçãáëâ=
ë~ããÉåäáÖåáåÖ=ãÉääÉã=cáäíê~ëçêÄ∆=QMM=çÖ=NR=~äíÉêå~íáîÉ=ëçêéíáçåëã~íÉêá~äÉêX=
S=âìäíóéÉêI=T=ëóåíÉíáëâÉ=éêçÇìâíÉê=çÖ=O=å~íìêÑáÄÉêéêçÇìâíÉêK=^ääÉ=ÇÉ=íÉëíÉÇÉ=

Form 

Regenerering 

On-site regenerering 

Regenerering og 

MTBE 

Producent, forhandler 

og pris 

Produktion 

Porestørrelsesfordeling 

Referenceprodukt 

Resultater: Første fase 

(Miljøstyrelsen, 2002) 



=

ON=

âìäíóéÉê=çÖ=O=~Ñ=ÇÉ=íÉëíÉÇÉ=ëóåíÉíáëâÉ=éêçÇìâíÉêI=ÇîëK=á=~äí=U=éêçÇìâíÉêI=
îìêÇÉêÉÇÉë=~í=î‹êÉ=íÉâåáëâ=ÉÖåÉÇÉ=íáä=çåJëáíÉ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=
ÖêìåÇî~åÇK=pÉäîçã=íç=~Ñ=ÇÉ=ëóåíÉíáëâÉ=éêçÇìâíÉê=E^ãÄÉêëçêÄ∆=RSP=çÖ=RTOF=
ìÇîáëíÉ=ëí›êêÉ=jq_bJëçêéíáçåëâ~é~ÅáíÉí=ÉåÇ=cáäíê~ëçêÄ∆=QMM=ÄäÉî=ÇÉí=é™=
Ä~ÖÖêìåÇ=~Ñ=ÇÉ=ë~ãäÉÇÉ=íÉâåáëâJ›âçåçãáëâÉ=~å~äóëÉê=âçåâäìÇÉêÉíI=~í=
cáäíê~ëçêÄ∆=QMM=Éê=ÇÉí=ãÉëí=ÅçëíJÉÑÑÉâíáîÉ=éêçÇìâí=íáä=êÉåëåáåÖ=~Ñ=ÖêìåÇî~åÇ=
ÑçêìêÉåÉí=ãÉÇ=jq_b=á=âçåÅÉåíê~íáçåëçãê™ÇÉí=N=Ó=NM=ãÖ=jq_bLi=
Ejáäà›ëíóêÉäëÉåI=OMMOFK=
=
båÜÉÇëéêáëÉå=é™=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=îÜ~K=cáäíê~ëçêÄ∆=
QMM=Éê=á=Ejáäà›ëíóêÉäëÉåI=OMMOF=~åÖáîÉí=íáä=ÜÜîK=Å~K=QIR=çÖ=VIS=âêKLãP=îÉÇ=
áåÇä›ÄëâçåÅÉåíê~íáçåÉê=é™=ÜÜîK=N=çÖ=NM=ãÖ=jq_bLiK=aáëëÉ=éêáëÉê=Éê=
ìÇÉäìââÉåÇÉ=Ä~ëÉêÉí=é™=çãâçëíåáåÖÉêåÉ=ÑçêÄìåÇÉí=ãÉÇ=âìäÑçêÄêìÖ=çÖ=îÉÇ=Éå=
ÑìäÇëí‹åÇáÖ=ìÇåóííÉäëÉ=~Ñ=ëçêéíáçåëâ~é~ÅáíÉíÉå=çéå™Éí=á=Ä~íÅÜÑçêë›ÖK=
=
a~îáë=çÖ=mçïÉêë=EOMMMF=Ü~ê=ÑçêÉí~ÖÉí=Éå=íáäëî~êÉåÇÉ=ë~ããÉåäáÖåáåÖ=ãÉääÉã=
cáäíê~ëçêÄ∆=QMM=çÖ=R=~äíÉêå~íáîÉ=ëçêéíáçåëã~íÉêá~äÉê=çîÉêÑçê=jq_bI=ÜÉêìåÇÉê=
^ãÄÉêëçêÄ∆=RSP=çÖ=RTOK=lÖë™=Ea~îáë=çÖ=mçïÉêëI=OMMMF=âçåâäìÇÉêÉÇÉI=~í=
^ãÄÉêëçêÄ∆JéêçÇìâíÉêåÉ=Ü~ê=ëí›êêÉ=jq_bJëçêéíáçåëâ~é~ÅáíÉí=ÉåÇ=cáäíê~ëçêÄ∆=
QMMI=ãÉå=~í=cáäíê~ëçêÄ∆=QMM=ìãáÇÇÉäÄ~êí=Éê=ãÉëí=ÅçëíJÉÑÑÉâíáîí=íáä=êÉåëåáåÖ=~Ñ=
jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=éÖ~K=Éå=î‹ëÉåíäáÖí=ä~îÉêÉ=âáäçéêáëK=
=
=

Enhedspriser baseret på 

kulforbrug 

Resultater  

(Davis og Powers, 2000) 



=

OO=



=

OP=

P aÉä=fW=_~íÅÜÑçêë›Ö=

PKN qÉçêá=

PKNKN pçêéíáçåëéêçÅÉëëÉå=

=
^Çëçêéíáçå=Éê=ÇÉå=éêçÅÉë=ÜîçêîÉÇ=çêÖ~åáëâÉ=ÑçêìêÉåáåÖëëíçÑÑÉê=ÄáåÇÉë=íáä=
çîÉêÑä~ÇÉå=~Ñ=Éí=ÖáîÉåí=ëçêéíáçåëéêçÇìâíI=ÉâëÉãéÉäîáë=~âíáîJâìäK=aÉê=â~å=î‹êÉ=
í~äÉ=çã=Éå=ÄáåÇáåÖ=íáä=ÉâëíÉêåÉ=ÉääÉê=áåíÉêåÉ=çîÉêÑä~ÇÉê=~Ñ=ÇÉ=~âíáîÉ=âìäK=
_áåÇáåÖÉå=íáä=ÇÉ=áåÇêÉ=çîÉêÑä~ÇÉê=ÑçêÉâçããÉê=çÑíÉ=~í=î‹êÉ==ëí‹êâÉêÉ=ÉåÇ=íáä=ÇÉ=
óÇêÉ=çîÉêÑä~ÇÉê=Ejáäà›ëíóêÉäëÉåI=NVVUFI=ÜîáäâÉí=ÇçÖ=íáä=ÇÉäë=â~å=ëâóäÇÉë=
ÇáÑÑìëáçåëÄÉÖê‹åëÉí=ÇÉëçêéíáçåK=^Çëçêéíáçå=ëâÉê=çÑíÉëí=îá~=ÑóëáëâÉ=
ÄáåÇáåÖëâê‹ÑíÉê=ãÉÇ=êÉä~íáîí=ä~îÉ=ÄáåÇáåÖëÉåÉêÖáÉê=é™=çãâêáåÖ=OM=hgLãçä=Eî~å=
ÇÉê=t~~ä=âê‹ÑíÉê=çÖ=ÜóÇêçÑçÄáëâ=áåíÉê~âíáçåF=EpÜ~ïI=NVVTFK=
=
_ÉÖêÉÄÉí=ëçêéíáçå=ÄÉåóííÉë=çÑíÉ=íáä=ë~ãäÉí=~í=Ç‹ââÉ=çîÉê=ÄÉÖêÉÄÉêåÉ=~Çëçêéíáçå=
çÖ=~Äëçêéíáçå=EâÉãáëâ=ÄáåÇáåÖ=áåíÉêåí=á=éêçÇìâíÉíë=ãçäÉâóäÉëíêìâíìêFK=f=ÇÉååÉ=
ê~ééçêí=îáä=Ä™ÇÉ=ÒëçêéíáçåÒ=çÖ=Ò~ÇëçêéíáçåÒ=ÄäáîÉ=ÄÉåóííÉí=íáä=~í=ÄÉëâêáîÉ=
ÄáåÇáåÖÉå=~Ñ=ÑçêìêÉåáåÖëãçäÉâóäÉê=íáä=~âíáîJâìäI=ëÉäîçã=ÄáåÇáåÖëéêçÅÉëëÉå=Ñçê=
~âíáîJâìä=ìÇÉäìââÉåÇÉ=ÑçêÉÖ™ê=îÉÇ=~ÇëçêéíáçåK=
=
_ÉÖêÉÄÉí=êÉîÉêëáÄáäáíÉí=Ç‹ââÉê=çîÉê=ÜîçêîáÇí=ëçêéíáçåëéêçÅÉëëÉå=â~å=ÄêáåÖÉë=íáä=
~í=Ñçêä›ÄÉ=á=ãçÇë~í=êÉíåáåÖI=ë™äÉÇÉë=~í=~ÇëçêÄÉêÉÇÉ=ÑçêìêÉåáåÖëãçäÉâóäÉê=â~å=
ÑêáÖáîÉë=íáä=î~åÇëíê›ããÉåK=cêáÖáîÉäëÉå=~Ñ=~ÇëçêÄÉêÉÇÉ=ÑçêìêÉåáåÖëãçäÉâóäÉê=
ÄÉå‹îåÉë=ÇÉëçêéíáçåK=aÉí=~åÑ›êÉë=íóéáëâ=á=äáííÉê~íìêÉåI=~í=~Çëçêéíáçå=Éê=
êÉîÉêëáÄÉä=Ejáäà›ëíóêÉäëÉåI=NVVUFI=ÜîáäâÉí=â~å=ÜÉåÑ›êÉë=íáä=ÇÉí=êÉä~íáîí=ä~îÉ=
ÉåÉêÖáåáîÉ~ì=Ñçê=ÇÉ=ÑóëáëâÉ=ÄáåÇáåÖëíóéÉêK=f=ÑçêÄáåÇÉäëÉ=ãÉÇ=ÑáäíÉêä›ëåáåÖÉê=â~å=
ÇÉê=çéëí™=ãìäáÖÜÉÇ=Ñçê=ÇÉëçêéíáçåI=Üîáë=ÇÉê=ÉÑíÉê=ä‹åÖÉêÉ=íáÇë=ÄÉä~ëíåáåÖ=~Ñ=
ÑáäíÉêÉí=ãÉÇ=ÑçêÜçäÇëîáë=Ü›àÉ=áåÇä›ÄëâçåÅÉåíê~íáçåÉê=ëâÉê=Éí=Ñ~äÇ=á=
áåÇä›ÄëâçåÅÉåíê~íáçåÉåK=
=
^ÇëçêéíáçåëéêçÅÉëëÉå=â~å=çéÇÉäÉë=á=ÑáêÉ=íêáå=Erp^`bI=OMMNFW=
=

NK qê~åëéçêí=~Ñ=çéä›ëíÉ=ÑçêìêÉåáåÖëãçäÉâóäÉê=Ñê~=î~åÇÑ~ëÉå=íáä=Éí=
Öê‹åëÉä~Ö=~Ñ=çîÉêÑä~ÇÉÄìåÇÉí=î~åÇ=é™=ëçêéíáçåëé~êíáâäÉêåÉK=

OK aáÑÑìëáçå=~Ñ=ÑçêìêÉåáåÖëãçäÉâóäÉê=ÖÉååÉã=Öê‹åëÉä~ÖÉí=~Ñ=
çîÉêÑä~ÇÉÄìåÇÉí=î~åÇ=íáä=é~êíáâÉäçîÉêÑä~ÇÉåK=

PK aáÑÑìëáçå=~Ñ=ÑçêìêÉåáåÖëãçäÉâóäÉê=á=éçêÉêåÉ=Ñê~=óÇêÉ=íáä=áåÇêÉ=
çîÉêÑä~ÇÉê=~Ñ=é~êíáâäÉêåÉK=

QK cóëáëâÉ=çÖ=âÉãáëâÉ=áåíÉê~âíáçåÉê=ãÉääÉã=ÑçêìêÉåáåÖëãçäÉâóäÉê=çÖ=
áåÇêÉ=é~êíáâÉäçîÉêÑä~ÇÉêK=

=
sÉÇ=ÄÉÜ~åÇäáåÖ=~Ñ=ÑçêìêÉåÉí=ÖêìåÇî~åÇ=á=~âíáîJâìä=ÑáäíêÉ=Éê=ÇÉå=çîÉêçêÇåÉÇÉ=
~Çëçêéíáçåëê~íÉ=Éê=ëíóêÉí=~Ñ=ÑáäãJ=çÖ=éçêÉÇáÑÑìëáçåÉåX=íêáå=O=çÖ=P=EktofI=
OMMMFK=
=

Adsorption 

Sorption 

Reversibilitet og 

desorption 

Adsorptionsprocessen 



=

OQ=

PKNKO pçêéíáçåëâ~é~ÅáíÉí=

=
lÑíÉ=â~ê~âíÉêáëÉêÉë=Éí=ëçêéíáçåëã~íÉêá~äÉë=ÉÑÑÉâíáîáíÉí=çîÉêÑçê=Éå=
ÑçêìêÉåáåÖëâçãéçåÉåí=îÉÇ=ëçêéíáçåëâ~é~ÅáíÉíÉåI=ÇÉê=ìÇíêóââÉêI=Üîçê=ëíçê=Éå=
ã‹åÖÇÉ=ÑçêìêÉåáåÖI=ÇÉê=ìåÇÉê=ÖáîåÉ=ÄÉíáåÖÉäëÉê=â~å=~ÇëçêÄÉêÉë=éêK=
î‹ÖíÉåÜÉÇ=~Ñ=ëçêéíáçåëã~íÉêá~äÉíK=pçêéíáçåëâ~é~ÅáíÉíÉå=~åÖáîÉë=íóéáëâ=á=ãÖ=
ÑçêìêÉåáåÖLÖ=âìä=ÉääÉê=á=BK=
=
pçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=äáÖÉî‹Öí=~ÑÜ‹åÖÉê=~Ñ=Éå=ê‹ââÉ=ÑçêëâÉääáÖÉ=ÑçêÜçäÇ=
îÉÇêK=ëçêéíáçåëã~íÉêá~äÉíI=ÑçêìêÉåáåÖëâçãéçåÉåíÉå=çÖ=ÇÉ=ÑóëáëâÉ=ÄÉíáåÖÉäëÉê=
ÜîçêìåÇÉê=ëçêéíáçåÉå=ÑçêÉÖ™êK=bå=ê‹ââÉ=~Ñ=ÇáëëÉ=ÄÉíáåÖÉäëÉê=Éê=çéëíáääÉí=í~ÄÉä=
PKN=çÖ=Éê=Ñçê=ë™=îáÇí=ÇÉ=~åÖ™ê=~âíáîJâìä=ÇáëâìíÉêÉí=å‹êãÉêÉ=á=ÄäK~K=
Ejáäà›ëíóêÉäëÉåI=NVVUFK=
=
q~ÄÉä=PKNW=_ÉíáåÖÉäëÉêI=ÇÉê=Ü~ê=ÄÉíóÇåáåÖ=Ñçê=ëçêéíáçåëâ~é~ÅáíÉíÉåK=

= m~ê~ãÉíÉê=

Råmateriale 

Evt. aktivering 

Overfladeareal 

Porestørrelsesfordeling 

pçêéíáçåëã~íÉêá~äÉ=

Mikroporevolumen 

Koncentration 

Adsorberbarhed 

léä›ëÉäáÖÜÉÇ 
Forureningskomponent 

Tilstedeværelse af andre stoffer 

Temperatur 

Indhold af organisk stof i vandet 

pH 
Fysiske betingelser 

Indhold af jern, mangan og kalk 

=
pçã=~åÑ›êí=á=í~ÄÉä=PKN=Ü~ê=éçêÉëí›êêÉäëÉëÑçêÇÉäáåÖ=ë~ãí=~åí~ääÉí=~Ñ=ãáâêçéçêÉê=
ÄÉíóÇåáåÖ=Ñçê=ëçêéíáçåëâ~é~ÅáíÉíÉåK=jáâêçéçêÉêåÉ=ëéáääÉê=Éå=ÅÉåíê~ä=êçääÉI=Ç~=
ÜçîÉÇÇÉäÉå=~Ñ=ÇÉí=íçí~äÉ=çîÉêÑä~ÇÉ~êÉ~ä=çÖ=ÇÉ=ëí›êëíÉ=~ÇëçêéíáçåëÉåÉêÖáÉê=
âåóííÉê=ëáÖ=íáä=ÇáëëÉK=
=
pçã=~åÑ›êí=á=í~ÄÉä=PKN=Éê=íÉãéÉê~íìêÉå=Éå=~Ñ=ÇÉ=é~ê~ãÉíêÉI=ÇÉê=Ü~ê=ÄÉíóÇåáåÖ=
Ñçê=ëçêéíáçåëâ~é~ÅáíÉíÉåK=qÉãéÉê~íìêÉåë=ÄÉíóÇåáåÖ=Ñçê=ëçêéíáçåëâ~é~ÅáíÉíÉå=
ëâ~ä=ÄäK~K=ëÉë=é™=Ä~ÖÖêìåÇ=~Ñ=ÇÉåë=ÄÉíóÇåáåÖ=Ñçê=ÑçêìêÉåáåÖëëíçÑÑÉíë=
çéä›ëÉäáÖÜÉÇ=çÖ=î‹ëâÉåë=îáëâçëáíÉíI=ëçã=ÄÉÖÖÉ=Éê=é~ê~ãÉíêÉI=ÇÉê=Ü~ê=ÇáêÉâíÉ=
áåÇÑäóÇÉäëÉ=é™=ëçêéíáçåëéêçÅÉëëÉåë=Ñçêä›ÄK=a~=çéä›ëÉäáÖÜÉÇÉåë=~ÑÜ‹åÖáÖÜÉÇ=~Ñ=
íÉãéÉê~íìêÉå=Éê=ëíçÑJ=çÖ=íáä=ÇÉäë=î‹ëâÉëéÉÅáÑáâ=çÖ=Ç~=îáëâçëáíÉíÉåë=
íÉãéÉê~íìê~ÑÜ‹åÖáÖÜÉÇ=äáÖÉäÉÇÉë=ÄÉêçê=é™=î‹ëâÉåë=ë~ããÉåë‹íåáåÖ=ÑáåÇÉë=ÇÉê=
á=äáííÉê~íìêÉå=ãÉÖÉí=Ñ™=ëíìÇáÉêI=Üîçê=íÉãéÉê~íìêÉåë=áåÇÑäóÇÉäëÉ=é™=
ëçêéíáçåëâ~é~ÅáíÉíÉå=Éê=ìåÇÉêë›ÖíK=
=
cçê=Éí=ÖáîÉåí=ÑçêìêÉåáåÖëëíçÑ=çÖ=Éí=ÖáîÉåí=ëçêéíáçåëã~íÉêá~äÉ=ìåÇÉê=ÖáîåÉ=
ÄÉíáåÖÉäëÉê=ãÜíK=íÉãéÉê~íìêI=î~åÇíóéÉ=çÖ=ée=îáä=ëçêéíáçåëâ~é~ÅáíÉíÉå=éêáã‹êí=
~ÑÜ‹åÖÉ=~Ñ=ÑçêìêÉåáåÖëâçãéçåÉåíÉåë=âçåÅÉåíê~íáçåÉå=á=î‹ëâÉÑ~ëÉåI=ë™äÉÇÉë=~í=
Éå=Ü›àÉêÉ=âçåÅÉåíê~íáçå=ãÉÇÑ›êÉê=Éå=Ü›àÉêÉ=â~é~ÅáíÉíK=pçêéíáçåëâ~é~ÅáíÉíÉåë=
âçåÅÉåíê~íáçåë~ÑÜ‹åÖáÖÜÉÇ=ÖÉååÉãÖ™ë=âçêí=á=ÇÉí=Ñ›äÖÉåÇÉ=~ÑëåáíK=
=
PKNKP pçêéíáçåëáëçíÉêãÉê=

pçêéíáçåëâ~é~ÅáíÉíÉåë=~ÑÜ‹åÖáÖÜÉÇ=~Ñ=ÑçêìêÉåáåÖëâçãéçåÉåíÉåë=
âçåÅÉåíê~íáçå=ÄÉëâêáîÉë=îÉÇ=ÇÉå=ë™â~äÇíÉ=ëçêéíáçåëáëçíÉêãK=
pçêéíáçåëáëçíÉêãÉå=Éê=ë™äÉÇÉë=Éå=âìêîÉI=ÇÉê=îáëÉê=ëçêéíáçåëâ~é~ÅáíÉíÉå=ëçã=

Kapacitet 

Betydende faktorer 

Porestørrelser 

Temperatur 

Kapacitet afhænger af 

koncentration 

Sorptionsisoterm 



=

OR=

Ñìåâíáçå=~Ñ=âçåÅÉåíê~íáçåÉå=~Ñ=ÑçêìêÉåáåÖëâçãéçåÉåíÉå=á=î‹ëâÉÑ~ëÉå=Ñçê=Éå=
ÖáîÉå=î~åÇíóéÉ=çÖ=îÉÇ=äáÖÉî‹Öí=ãÉääÉã=Ñ~ëÉêåÉK=
=
aÉê=ÑáåÇÉë=Éå=ê‹ââÉ=ÑçêëâÉääáÖÉ=ãçÇÉääÉê=íáä=ÄÉëâêáîÉäëÉ=~Ñ=ëçêéíáçåëáëçíÉêãÉêI=
Üîçê~Ñ=ÇÉå=ãÉëí=~åîÉåÇíÉ=áåÇÉåÑçê=ÖêìåÇî~åÇëJ=çÖ=~âíáîJâìä=~ééäáâ~íáçåÉê=Éê=
ÇÉå=ÉãéáêáëâÉ=cêÉìåÇäáÅÜJáëçíÉêãI=ÇÉê=Éê=ÄÉëâêÉîÉí=îÉÇ=äáÖåáåÖ=PKNW=
=

n

F
CKS

1
⋅= = EPKNF=

=
Üîçê=p=Éê=ëçêéíáçåëâ~é~ÅáíÉíÉå=xãÖ=ÑçêìêÉåáåÖëëíçÑLÖ=ëçêéíáçåëã~íÉêá~äÉzI=h

c
=

Éê=cêÉìåÇäáÅÜâçåëí~åíÉå=xEãÖLÖFEiLãÖFNLåzI=`=Éê=äáÖÉî‹ÖíëâçåÅÉåíê~íáçåÉå=~Ñ=
ÑçêìêÉåáåÖëëíçÑÑÉí=xãÖLiz=çÖ=NLå=xJz=Éê=Éå=Éãéáêáëâ=ÑáíåáåÖëâçåëí~åíI=ÇÉê=
ìÇíêóââÉê=âêìãåáåÖÉåLáââÉJäáåÉ~êáíÉíÉå=~Ñ=áëçíÉêãJâìêîÉåK=
=
eîáë=Ç~í~=Ñ›äÖÉê=cêÉìåÇäáÅÜJáëçíÉêãÉå=çéå™ë=Éå=êÉí=äáåàÉ=îÉÇ=~ÑÄáäÇåáåÖ=á=Éí=
ÇçÄÄÉåíäçÖ~êáíãáëâ=éäçíK=eîáë=Ç~í~=içÖJiçÖ=íê~åëÑçêãÉêÉë=~åÖáîÉê=
Ü‹äÇåáåÖÉå=é™=âìêîÉå=NLåI=çÖ=ëâ‹êáåÖÉå=Éê=äáÖ=ãÉÇ=içÖEh

c
FK=

=
aÉí=Ä›ê=ÄÉã‹êâÉëI=~í=ÇÉê=áÑ›äÖÉ=cêÉìåÇäáÅÜJáëçíÉêãÉå=á=éêáåÅáééÉí=â~å=çéå™ë=
ìÉåÇÉäáÖí=ëíçêÉ=ëçêéíáçåëâ~é~ÅáíÉíÉêI=ÜîáäâÉí=Éê=á=ãçÇëíêáÇ=ãÉÇ=ÇÉ=ÑäÉëíÉ=
âçåÅÉéíìÉääÉ=Ñçêëí™ÉäëÉê=~Ñ=~ÇëçêéíáçåëéêçÅÉëëÉåX=åÉãäáÖ=~í=~ÇëçêéíáçåÉå=ëâÉê=
íáä=Éí=ÉåÇÉäáÖí=~åí~ä=ëçêéíáçåëëáíÉë=á=Éí=ÉåÇÉäáÖí=îçäìãÉå=éçêÉÜìäêìãK=aÉííÉ=
Ñ~âíìã=ÑçêÜáåÇêÉê=ÇçÖ=áââÉ=áëçíÉêãÉå=á=~í=ÖáîÉ=Éå=ÖçÇ=çÖ=êÉä~íáîí=ëáãéÉä=
ÄÉëâêáîÉäëÉ=~Ñ=î‹ëâÉÑ~ëÉ~Çëçêéíáçå=íáä=ÑKÉâëK=~âíáîJâìä=á=ÇÉ=
âçåÅÉåíê~íáçåëçãê™ÇÉêI=ÇÉê=íóéáëâ=ÑçêÉâçããÉê=á=ÖêìåÇî~åÇëë~ããÉåÜ‹åÖÉK=
jÉÖÉå=íáäÖ‹åÖÉäáÖ=áåÑçêã~íáçå=çã=~Çëçêéíáçå=~Ñ=ÑçêëâÉääáÖÉ=
ÑçêìêÉåáåÖëëíçÑÑÉêI=ÉâëÉãéÉäîáë=çéÖáîÉí=~Ñ=éêçÇìÅÉåíÉêåÉI=Éê=ë™äÉÇÉë=çÑíÉ=âìå=
~Ñê~ééçêíÉêÉí=á=Ñçêã=~Ñ=cêÉìåÇäáÅÜJé~ê~ãÉíêÉ=Eh

c
=çÖ=NLåFK=

=
bå=~åÇÉå=áëçíÉêãJãçÇÉä=ÇÉê=éêáã‹êí=ÄÉåóííÉë=íáä=Ö~ëÑ~ëÉJáëçíÉêãÉê=çÖ=íáä=
áëçíÉêãÉê=Ñçê=ëóåíÉíáëâÉ=ëçêéíáçåëéêçÇìâíÉê=á=î~åÇ=Éê=ÇÉå=ë™â~äÇíÉ=aìÄáåáåJ
^ëí~âçî=ãçÇÉäK=sÉÇ=çéíÉÖåáåÖ=~Ñ=Ç~í~I=ÇÉê=Ñ›äÖÉê=aìÄáåáåJ^ëí~âçî=ãçÇÉääÉå=á=
Éí=ÇçÄÄÉäíäçÖ~êáíãáëâ=Çá~Öê~ã=îáä=âìêîÉå=ìÇîáëÉ=Éå=âêìãåáåÖI=Üîçê=
cêÉìåÇäáÅÜJãçÇÉääÉå=ÖáîÉê=Éå=êÉí=äáåàÉK=
=
aìÄáåáåJ^ëí~âçî=ãçÇÉääÉå=~ÇëâáääÉê=ëáÖ=éêáã‹êí=Ñê~=cêÉìåÇäáÅÜJãçÇÉääÉå=îÉÇI=
~í=ÇÉê=~åí~ÖÉë=Éå=ã~âëáã~ä=ëçêéíáçåëâ~é~ÅáíÉí=Ñçê=éêçÇìâíÉíX=Éå=â~é~ÅáíÉíI=ÇÉê=
âåóííÉê=ëáÖ=íáä=éêçÇìâíÉíë=îçäìãÉå=~Ñ=ãáâêçéçêÉêK=jçÇÉääÉå=~ÇëâáääÉê=ëáÖ=
äáÖÉäÉÇÉë=Ñê~=cêÉìåÇäáÅÜJáëçíÉêãÉå=îÉÇI=~í=ÇÉê=Éê=í~äÉ=çã=Éå=íÉêãçÇóå~ãáëâ=
Ä~ëÉêÉí=âçåÅÉéíìÉä=ãçÇÉäX=ãçÇÉääÉå=Éê=~äíë™=ìÇîáâäÉí=é™=Éí=íÉçêÉíáëâ=ÖêìåÇä~ÖI=
Üîçê=cêÉìåÇäáÅÜJãçÇÉääÉå=Éê=Éãéáêáëâ=Em~êâÉêI=NVVRFK=aìÄáåáåJ^ëí~âçî=
áëçíÉêãÉå=ÄÉëâêáîÉë=îÉÇ=äáÖåáåÖ=PKO=çÖ=PKPW==
=






















−⋅=

η

E

A
SS exp
max

= EPKOF=

=







⋅⋅=

C

C
LnTRA s = EPKPF=

=
Üîçê=p=Éê=ëçêéíáçåëâ~é~ÅáíÉíÉå=xãÖLÖzI=p

ã~ñ
=Éê=ÇÉå=ã~âëáã~äÉ=ëçêéíáçåëJ

â~é~ÅáíÉí=Ñçê=éêçÇìâíÉí=EîÉÇ=î‹ëâÉÑ~ëÉâçåÅÉåíê~íáçå=J[=∞F=xãÖLÖzI=^=Éê=
~ÇëçêéíáçåëéçíÉåíá~äÉí=xhgLãçäzI=b=Éê=ÇÉí=ëçêéíáçåëéçíÉåíá~äÉ=xhgLãçäz=ÇÉê=Éê=
îÉÇ==p=Z=PSIUB=~Ñ=p

ã~ñ
I=η=ÄÉåóííÉë=ëçã=Éå=ÑáíåáåÖëé~ê~ãÉíÉêI=o=Éê=

Freundlich-isotermen 

Ligning 3.1 

Diskussion 

Dubinin-Astakov  

isotermen 

Ligning 3.2 

Ligning 3.3 



=

OS=

áÇÉ~äÖ~ëâçåëí~åíÉå=EUIPNQˇNMJP=hgLãçäLhFI=q=Éê=ÇÉå=~ÄëçäìííÉ=íÉãéÉê~íìê=xhzI=
`

ë
=Éê=ÇÉå=î~åÇáÖÉ=çéä›ëÉäáÖÜÉÇ=~Ñ=ÑçêìêÉåáåÖëëíçÑÑÉí=Eá=ÇÉííÉ=ëíìÇáÉ=êÉÖåÉí=

âçåëí~åí=äáÖ=RMKMMM=ãÖLiI=ëî~êÉåÇÉ=Å~K=íáä=î‹êÇáÉå=Ñçê=jq_b=îÉÇ=ORø`F=
xãÖLiz=çÖ=`=Éê=äáÖÉî‹ÖíëâçåÅÉåíê~íáçåÉå=~Ñ=ÑçêìêÉåáåÖëëíçÑÑÉí=á=î‹ëâÉÑ~ëÉå=
xãÖLizK=
=
k™ê=η=ÑáííÉë=íáä=Éå=î‹êÇá=é™=N=êÉÇìÅÉêÉë=aìÄáåáåJ^ëí~âçî=áëçíÉêãÉå=íáä=
cêÉìåÇäáÅÜJáëçíÉêãÉåK==
=
_™ÇÉ=ηI=p

ã~ñ
=çÖ=b=ÄÉåóííÉë=çÑíÉëí=ëçã=ÑáíåáåÖëé~ê~ãÉíêÉI=ëÉäîçã=η=

êÉéê‹ëÉåíÉêÉê=ÑóëáëâÉ=â~ê~âíÉêáëíáâ~=îÉÇ=ëçêéíáçåëã~íÉêá~äÉí=çÖ=
ÑçêìêÉåáåÖëëíçÑÑÉíI=çÖ=ëÉäîçã=ÇÉê=â~å=çéå™ë=Éí=ì~ÑÜ‹åÖáÖí=Éëíáã~í=é™=p

ã~ñ
=

ìÇÑê~=âÉåÇëâ~ÄÉí=íáä=ÇÉí=ëéÉÅáÑáââÉ=ãáâêçéçêÉîçäìãÉå=Ñçê=ëçêéíáçåëã~íÉêá~äÉí=
çÖ=ã~ëëÉÑóäÇÉå=~Ñ=ÑçêìêÉåáåÖëëíçÑÑÉí=Ea~îáë=çÖ=mçïÉêëI=OMMMFW==
=

ρ⋅=
m

VS
max

= EPKQF=

=
Üîçê=s

ã
=Éê=ÇÉí=ëéÉÅáÑáââÉ=ãáâêçéçêÉîçäìãÉå=Ñçê=ëçêéíáçåëã~íÉêá~äÉí=xÅãPLÖz=çÖ=

ρ=Éê=ÑçêìêÉåáåÖëëíçÑÑÉíë=ã~ëëÉÑóäÇÉ=xãÖLÅãPzK=
=
p~ããÉåäáÖåÉåÇÉ=ÄÉëâêáîÉäëÉê=~Ñ=Éå=ê‹ââÉ=ÑçêëâÉääáÖÉ=áëçíÉêãJãçÇÉääÉê=â~å=
ÉâëÉãéÉäîáë=ÑáåÇÉë=á=Em~êâÉêI=NVVRFK=
=
PKNKQ pçêéíáçå=~Ñ=jq_b=

cçê=~Çëçêéíáçå=íáä=~âíáîJâìä=îáä=Éå=Ü›à=ëçêéíáçåëâ~é~ÅáíÉíI=Ñçê=ÑçêìêÉåáåÖëëíçÑÑÉê=
çéä›ëí=á=î~åÇI=íóéáëâ=Ü‹åÖÉ=ë~ããÉå=ãÉÇ=Ñ›äÖÉåÇÉ=ëíçÑëéÉÅáÑáââÉ=é~ê~ãÉíêÉ=
Ejáäà›ëíóêÉäëÉåI=NVVUX=ïïïKÅÜÉãîáêçåÅ~êÄçåKÅçãFW=
=
• i~î=î~åÇçéä›ëÉäáÖÜÉÇK=
• e›à=ãçäÉâóäÉî‹ÖíK=
• e›à=ã~ëëÉÑóäÇÉK=
• jçäÉâóäÉëíêìâíìêK=
=
f=ÑçêÜçäÇ=íáä=ãçäÉâóäÉëíêìâíìê=îáä=ã~åÖÉ=ÑìåâíáçåÉääÉ=ÖêìééÉêI=ÉâëK=
ÇçÄÄÉäíÄáåÇáåÖÉê=çÖ=Ü~äçÖÉåÉê=~äí=~åÇÉí=äáÖÉ=ãÉÇÑ›êÉ=Éå=Ü›àÉêÉ=
~Çëçêéíáçåëâ~é~ÅáíÉí=Ñçê=ëíçÑÑÉí=EïïïKÅÜÉãîáêçåÅ~êÄçåKÅçãFK=
=
aÉ=ÑóëáëâJâÉãáëâÉ=ÉÖÉåëâ~ÄÉê=Ñçê=jq_b=ÄäáîÉê=ÖÉåÉêÉäí=çéÑ~ííÉí=ëçã=î‹êÉåÇÉ=
Ç™êäáÖÉ=á=ÑçêÜçäÇ=íáä=ÖêìåÇî~åÇëêÉåëåáåÖ=îÜ~K=~Çëçêéíáçå=Eíáä=~âíáîJâìäFK=f=
ÑçêÜçäÇ=íáä=jq_bÛë=ÉÖÉåëâ~ÄÉê=ëâ~ä=ÇÉííÉ=ìÇë~Öå=áë‹ê=ëÉë=é™=Ä~ÖÖêìåÇ=~Ñ=
jq_bÛë=Ü›àÉ=çéä›ëÉäáÖÜÉÇX=çé=ãçÇ=RMKMMM=ãÖLi=îÉÇ=ORø`I=ÇÉê=Ö›êI=~í=
jq_b=ÑçêÉíê‹ââÉê=~í=ÄÉÑáåÇÉ=ëáÖ=á=çéä›ëåáåÖI=ÑêÉã=Ñçê=~ÇëçêÄÉêÉí=íáä=
ÑáäíÉêã~íÉêá~äÉí=EktofI=OMMMFK=
=
léä›ëÉäáÖÜÉÇÉå=Ñçê=jq_b=ëâ~ä=ëÉë=á=ë~ããÉåäáÖåáåÖ=ãÉÇ=çéä›ëÉäáÖÜÉÇÉå=Ñçê=
›îêáÖÉ=ÑçêìêÉåáåÖëëíçÑÑÉêI=ÇÉê=íóéáëâ=ÄÉÑáåÇÉê=ëáÖ=ë~ããÉå=ãÉÇ=jq_b=á=
ÖêìåÇî~åÇëÑçêìêÉåáåÖÉêX=ÑKÉâëK=Ü~ê=_qbuÛÉêåÉ=çéä›ëÉäáÖÜÉÇÉêI=ÇÉê=Éê=ãÉääÉã=
Å~K=PM=çÖ=PMM=Ö~åÖÉ=ãáåÇêÉ=ÉåÇ=jq_bÛë=ENSM=Ó=NKTSM=ãÖLiFK=
=
j~å=â~å=Ñ™=Éå=âî~åíáí~íáî=ÑçêåÉããÉäëÉ=Ñçê=jq_bÛë=êáåÖÉêÉ=~ÇëçêéíáçåëÉîåÉ=á=
ÑçêÜçäÇ=íáä=_qbuÛÉêåÉ=îÉÇ=~í=ÄÉíê~ÖíÉ=ÑçêÜçäÇÉí=ãÉääÉã=ëíçÑÑÉêåÉë=
ÉåâÉäíâçãéçåÉåíJëçêéíáçåëáëçíÉêãÉê=~åÖáîÉí=á=äáííÉê~íìêÉå=EktofI=OMMMFK=m™=
ÇÉååÉ=Ä~ÖÖêìåÇ=ëâ›ååÉë=jq_b=ë™äÉÇÉë=~í=~ÇëçêÄÉêÉ=ãÉääÉã=Å~K=U=çÖ=QM=
Ö~åÖÉ=ãáåÇêÉ=ÉåÇ=_qbuÛÉêåÉI=~ÑÜ‹åÖáÖí=~Ñ=âçåÅÉåíê~íáçåëåáîÉ~ìÉíK=

Fitning til data 

Ligning 3.4 

Andre modeller 

Stoffets betydning for 

sorptionskapaciteten 

MTBE opløselighed 

BTEX opløselighed 

Sorptionsvillighed 



=

OT=

=

PKO oÉëìäí~íÉê=

f=ÇÉí=Ñ›äÖÉåÇÉ=ÖÉååÉãÖ™ë=êÉëìäí~íÉêåÉ=~Ñ=Éå=ê‹ââÉ=ÇÉí~äàÉêÉÇÉ=
ä~Äçê~íçêáÉÑçêë›Ö=îÉÇêK=ÑçêëâÉääáÖÉ=ÑçêÜçäÇë=áåÇÑäóÇÉäëÉ=é™=jq_bJëçêéíáçåëJ
â~é~ÅáíÉíÉå=Ñçê=cáäíê~ëçêÄ∆=QMMK=cçêë›ÖÉåÉ=Éê=ìÇÑ›êí=Ñçê=~í=âìååÉ=îìêÇÉêÉ=ÇÉå=
íÉâåáëâÉ=çÖ=›âçåçãáëâÉ=ÄÉíóÇåáåÖ=~Ñ=ÇÉ=ÑçêëâÉääáÖÉ=ÑçêÜçäÇ=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=
éê~âíáëâ=~åîÉåÇÉäëÉ=~Ñ=cáäíê~ëçêÄ∆=QMM=íáä=çåJëáíÉ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=
ÖêìåÇî~åÇK=c›äÖÉåÇÉ=Éê=ìåÇÉêë›ÖíW=
=
• qÉãéÉê~íìêK=
• dê~åìäÉêÉí=îëK=âåìëí=âìäK=
• aÉãáåÉê~äáëÉêÉí=î~åÇK=
• éeK=
• aÉëçêéíáçåK=
• hçåâìêêÉêÉåÇÉ=ëçêéíáçå=ãÉÇ=_quÛÉêK=
=
oÉëìäí~íÉêåÉ=Ñê~=ÇÉ=ÉåâÉäíÉ=Ñçêë›Ö=Éê=~Ñê~ééçêíÉêÉí=á=Ñçêã=~Ñ=ëçêéíáçåëáëçíÉêãÉê=
çÖ=Éê=á=ÜîÉêí=~Ñëåáí=âçããÉåíÉêÉí=çÖ=ë~ããÉåäáÖåÉí=ãÉÇ=êÉëìäí~íÉêåÉ=Ñê~=Éí=
áëçíÉêãÑçêë›Ö=ìÇÑ›êí=ìåÇÉê=êÉÑÉêÉåÅÉÄÉíáåÖÉäëÉêI=ëî~êÉåÇÉ=íáä=êÉëìäí~íÉêåÉ=
ÖÉåÖáîÉí=á=Ejáäà›ëíóêÉäëÉåI=OMMOFK=aÉ=çéå™ÉÇÉ=êÉëìäí~íÉê=ÉêI=çã=ãìäáÖíI=
ë~ããÉåäáÖåÉí=ãÉÇ=íáäëî~êÉåÇÉ=êÉëìäí~íÉê=Ñê~=äáííÉê~íìêÉåK=
=
_ÉíáåÖÉäëÉê=çÖ=êÉëìäí~íÉê=Ñçê=êÉÑÉêÉåÅÉÑçêë›ÖÉí=êáÇëÉë=çé=á=ÇÉí=Ñ›äÖÉåÇÉ=~ÑëåáíI=
çÖ=Üîçê=Ñçêë›ÖëÄÉíáåÖÉäëÉêåÉ=Ñçê=ÇÉ=ÉåâÉäíÉ=Ñçêë›Ö=~ÇëâáääÉê=ëáÖ=Ñê~=
êÉÑÉêÉåÅÉÄÉíáåÖÉäëÉêåÉ=Éê=ÇÉí=~åÑ›êíK=aÉ=å‹êãÉêÉ=ÑçêÜçäÇ=çãâêáåÖ=
ÑêÉãÖ~åÖëã™ÇÉå=îÉÇ=Ñçêë›ÖÉåÉë=ìÇÑ›êÉäëÉ=çÖ=Ç~í~ÄÉÜ~åÇäáåÖÉå=ÑêÉãÖ™ê=~Ñ=
ÜÜîK=Äáä~Ö=_=çÖ=aK=
=
PKOKN oÉÑÉêÉåÅÉáëçíÉêã=EáåíÉêå=ã™äáåÖ=~Ñ=jq_bF=

=
oÉÑÉêÉåÅÉÑçêë›ÖÉí=Éê=ìÇÑ›êí=îÉÇ=OMJOPø`=Eä~Äçê~íçêáÉíÉãéÉê~íìêF=é™=áåí~âíÉ=
âìä=á=^~äÄçêÖ=Ü~åÉî~åÇK=aÉå=~åîÉåÇíÉ=î~åÇíóéÉ=â~å=ÉÑíÉê=Ç~åëâÉ=ÑçêÜçäÇ=
â~ê~âíÉêáëÉêÉë=ëçã=ìåÖí=çñáÇÉêÉíI=åáíê~íé™îáêâÉí=ÖêìåÇî~åÇ=çÖ=â~å=ÄÉíê~ÖíÉë=
ëçã=êÉéê‹ëÉåí~íáî=Ñçê=î~åÇíóéÉå=á=áââÉJÑçêìêÉåáåÖëé™îáêâÉÇÉ=â~äâã~Ö~ëáåÉêI=
àÑK=~å~äóëÉê~ééçêíÉå=îÉÇä~Öí=á=Äáä~Ö=^K=aÉ=å‹êãÉêÉ=ÑçêÜçäÇ=çãâêáåÖ=
ÑêÉãÖ~åÖëã™ÇÉå=îÉÇ=Ñçêë›ÖÉíë=ìÇÑ›êÉäëÉ=ÑêÉãÖ™ê=~Ñ=Äáä~Ö=_KOK=
=

Undersøgte forhold 

Resultatsammenligning 

Forsøgsbetingelser 

Forsøgsbetingelser 



=

OU=

a~í~=Ñçê=jq_bJëçêéíáçåëáëçíÉêãÉå=Ñçê=cáäíê~ëçêÄ∆=QMM=Éê=ÄÉäáÖÖÉåÇÉ=á=
âçåÅÉåíê~íáçåëáåíÉêî~ääÉí=Å~K=MIQÓNUM=ãÖ=jq_bLiK=aÉ=ã™äíÉ=áëçíÉêãÇ~í~=
ÑáííÉë=á=ÜÉäÉ=ÇÉí=~åÖáîåÉ=âçåÅÉåíê~íáçåëáåíÉêî~ä=ÄÉÇëí=~Ñ=aìÄáåáåJ^ëí~âçî=
áëçíÉêãÉåI=ãÉåë=Ç~í~=á=áåíÉêî~ääÉí=Å~K=MIQÓNR=ãÖ=jq_bLi=ÑáííÉë=ÄÉÇëí=~Ñ=
cêÉìåÇäáÅÜJáëçíÉêãÉå=Ejáäà›ëíóêÉäëÉåI=OMMOFK=cáÖìê=PKN=îáëÉê=ÇÉ=íç=áëçíÉêãÉê=
ÑáííÉí=íáä=ã™äÉÇ~í~K=

=
cáÖìê=PKNW=cáíåáåÖ=~Ñ=E~F=aìÄáåáåJ^ëí~âçî=áëçíÉêãÉå=çÖ=EÄF=cêÉìåÇäáÅÜJ
áëçíÉêãÉå=íáä=ÇÉ=ã™äíÉ=áëçíÉêãÇ~í~=Ñçê=cáäíê~ëçêÄ∆=QMMK=

=
iáÖåáåÖ=PKR=ÄÉëâêáîÉê=ÇÉå=ÑáííÉÇÉ=aìÄáåáåJ^ëí~âçî=áëçíÉêãK=fëçíÉêãÉå=Éê=
Ö‹äÇÉåÇÉ=á=âçåÅÉåíê~íáçåëáåíÉêî~ääÉí=EÅ~K=MIQ=Ó=NUM=ãÖ=jq_bLiFK=
=

( )




















 ⋅⋅
−⋅=

00,2

4,13
exp261

CCLnTR
S

s = EPKRF=

=
Üîçê=p=Éê=ëçêéíáçåëâ~é~ÅáíÉíÉå=xãÖLÖzI=o=Éê=áÇÉ~äÖ~ëâçåëí~åíÉå=EUIPNˇNMJP=
hgLãçäLhFI=q=Éê=ÇÉå=~ÄëçäìííÉ=íÉãéÉê~íìê=EOVSINR=hFI=`

ë
=Éê=ÇÉå=î~åÇáÖÉ=

çéä›ëÉäáÖÜÉÇ=~Ñ=ÑçêìêÉåáåÖëëíçÑÑÉí=ERMKMMM=ãÖLiF=çÖ=`=Éê=äáÖÉî‹ÖíëâçåÅÉåíê~J
íáçåÉå=~Ñ=jq_b=á=î‹ëâÉÑ~ëÉå=xãÖLizK=
=
aÉê=çéå™ë=Ñ›äÖÉåÇÉ=cêÉìåÇäáÅÜJÑáí=íáä=ÇÉ=ã™äíÉ=áëçíÉêãÇ~í~=á=âçåÅÉåJ
íê~íáçåëáåíÉêî~ääÉí=Å~K=MIQ=Ó=NR=ãÖLiI=àÑK=ÑáÖìê=PKNEÄFW=h

c
=Z=QIU=EãÖLÖFˇ=

EiLãÖFNLå=çÖ=NLå=Z=MISUK=
=
a~=íóéáëâÉ=âçåÅÉåíê~íáçåÉê=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=çåJëáíÉ=êÉåëåáåÖ=~Ñ=ÑçêìêÉåÉí=
ÖêìåÇî~åÇ=á=a~åã~êâ=îìêÇÉêÉë=~í=äáÖÖÉ=ìåÇÉê=NM=ãÖ=jq_bLi=îìêÇÉêÉë=ÇÉí=
ìãáÇÇÉäÄ~êíI=~í=cêÉìåÇäáÅÜJáëçíÉêãÉå=ÑáííÉí=íáä=Ç~í~=á=âçåÅÉåíê~íáçåëçãê™ÇÉí=
Å~K=MIQ=Ó=NR=ãÖ=jq_bLi=Éê=ãÉëí=êÉäÉî~åí=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=çåJëáíÉ=êÉåëåáåÖ=
ÜÉêÜàÉããÉK=f=ÇÉ=Ñ›äÖÉåÇÉ=~å~äóëÉê=Éê=ÇÉê=ë™äÉÇÉë=í~ÖÉí=ìÇÖ~åÖëéìåâí=á=
êÉëìäí~íÉêåÉ=êÉä~íÉêÉí=íáä=cêÉìåÇäáÅÜJáëçíÉêãÉåK==
=
sÉÇ=ÉîÉåíìÉääÉ=~ééäáâ~íáçåÉê=ãÉÇ=âçåÅÉåíê~íáçåëåáîÉ~ìÉê=çîÉê=Å~K=NR=ãÖ=
jq_bLi=â~å=ÇÉê=~äíÉêå~íáîí=í~ÖÉë=ìÇÖ~åÖëéìåâí=á=ÇÉå=çîÉåëí™ÉåÇÉ=aìÄáåáåJ
^ëí~âçî=áëçíÉêãK=
=

Resultater 
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benyttes ved typiske on-
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=

OV=

cçê=~í=îìêÇÉêÉ=ìëáââÉêÜÉÇÉêåÉ=é™=ÇÉ=ÑáííÉÇÉ=cêÉìåÇäáÅÜJâçåëí~åíÉê=Eh
c
=çÖ=NLåF=

Éê=ÇÉê=ÉëíáãÉêÉí=VRB=âçåÑáÇÉåëáåíÉêî~ääÉí=é™=é~ê~ãÉíêÉåÉ=îÜ~K=éÉêÅÉåíáäÉ=
Äççíëíê~ééáåÖK=aáëëÉ=âçåÑáÇÉåëáåíÉêî~ääÉê=îáä=âìååÉ=ë~ããÉåäáÖåÉë=ãÉÇ=
íáäëî~êÉåÇÉ=êÉëìäí~íÉê=ê~ééçêíÉêÉí=á=äáííÉê~íìêÉåK==
=
mÉêÅÉåíáäÉ=Äççíëíê~ééáåÖ=Éê=Éå=áââÉJé~ê~ãÉíêáëâ=ëí~íáëíáëâ=ãÉíçÇÉ=EtáäÅçñI=
NVVTX=içääI=OMMNFI=ÇÉê=â~å=ÄÉåóííÉë=å™ê=Ç~í~=áââÉ=çéÑóäÇÉê=ÑçêìÇë‹íåáåÖÉê=çã=
åçêã~äÑçêÇÉäíÉ=çÖ=ÜçãçëâÉÇ~ëíáëâÉ=êÉëáÇì~äÉê=Ñçê=êÉÖêÉëëáçåë~å~äóëÉåI=ÜîáäâÉí=
Éê=íáäÑ‹äÇÉí=Ñçê=ÇÉ=~âíìÉääÉ=Ç~í~K=oÉëìäí~íÉêåÉ=~Ñ=~å~äóëÉåI=ÇÉê=Éê=ìÇÑ›êí=á=bñÅÉä=
EiçääI=OMMNFI=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=PKOK=
=
q~ÄÉä=PKOW= cáííÉÇÉ=cêÉìåÇäáÅÜJâçåëí~åíÉê=Ñçê=cáäíê~ëçêÄ∆=QMM=ë~ãí=VRB=
âçåÑáÇÉåëáåíÉêî~ääÉê=Ñçê=ÇáëëÉK==

cêÉìåÇäáÅÜJáëçíÉêã= jáÇÇÉä= VRB=åÉÇêÉ= VRB=›îêÉ=

hçåÅÉåíê~íáçå= xãÖLiz= MIQ=J=NR=

h
c=

xEãÖLÖFEiLãÖFNLåz= QIUO= QISQ= RIMO=

NLå= xJz= MISUN= MISSQ= MITMQ=

=
aÉå=ìÇÑ›êíÉ=Äççíëíê~ééáåÖJ~å~äóëÉ=ÖáîÉê=ãìäáÖÜÉÇ=ÑçêI=~í=ìåÇÉêë›ÖÉ=çã=ÇÉê=
îÉÇ=ÑáíåáåÖ=~Ñ=cêÉìåÇäáÅÜJáëçíÉêãÉå=íáä=ã™äÉÇ~í~=ëÉê=ìÇ=íáä=~í=î‹êÉ=Éå=
áåÇÄóêÇÉë=âçêêÉä~íáçå=áãÉääÉã=cêÉìåÇäáÅÜJé~ê~ãÉíêÉåÉX=ÇîëK=~í=NLå=Ü~ê=
íÉåÇÉåë=íáä=~åí~ÖÉ=ä~îÉ=î‹êÇáÉê=îÉÇ=Ü›àÉ=h

c
Jî‹êÇáÉêI=ÉääÉê=çãîÉåÇíK==

=
^å~äóëÉå=Ñçê=ÇÉ=~âíìÉääÉ=Ç~í~=~Ñëä›êÉêI=~í=cêÉìåÇäáÅÜJé~ê~ãÉíêÉåÉ=Éê=áåÇÄóêÇÉë=
âçêêÉäÉêÉÇÉI=ë™äÉÇÉë=~í=ÇÉê=îÉÇ=ëí›êêÉ=h

c
Jî‹êÇáÉê=Éê=íÉåÇÉåë=íáä=ãáåÇêÉ=î‹êÇáÉê=

Ñçê=NLåK=qÉåÇÉåëÉå=Éê=ëí~íáëíáëâ=ëáÖåáÑáâ~åíK=
=
cê~=Éå=éê~âíáëâ=ëóåëîáåâÉä=Éê=ÇÉí=ìëáââÉêÜÉÇÉå=é™=ëçêéíáçåëâ~é~ÅáíÉíÉå=ÇÉê=Éê=
áåíÉêÉëë~åíX=áââÉ=ìëáââÉêÜÉÇÉå=é™=cêÉìåÇäáÅÜJé~ê~ãÉíêÉåÉK=hçêêÉä~íáçåÉå=
áãÉääÉã=cêÉìåÇäáÅÜJé~ê~ãÉíêÉåÉ=ÄÉíóÇÉêI=~í=âçåÑáÇÉåëáåíÉêî~ääÉêåÉ=é™=h

c
=çÖ=

NLå=á=í~ÄÉä=PKO=áââÉ=â~å=ÄÉåóííÉë=íáä=~í=ÉëíáãÉêÉ=âçåÑáÇÉåëáåíÉêî~ääÉê=é™=
ëçêéíáçåëâ~é~ÅáíÉíÉåK==
=
m™=Ä~ÖÖêìåÇ=~Ñ=Äççíëíê~ééáåÖJ~å~äóëÉå=â~å=ÇÉê=ÇçÖ=ÉëíáãÉêÉë=
âçåÑáÇÉåëáåíÉêî~ääÉê=Ñçê=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=ÖáîåÉ=
âçåÅÉåíê~íáçåëåáîÉ~ìÉêK=VRB=âçåÑáÇÉåëáåíÉêî~ääÉêåÉ=Ñçê=ëçêéíáçåëâ~é~ÅáíÉíÉå=
íáäÜ›êÉåÇÉ=êÉÑÉêÉåÅÉáëçíÉêãÉå=Éê=ë™äÉÇÉë=ÖÉåÖáîÉí=á=í~ÄÉä=PKPK=
=
q~ÄÉä=PKPW= VRB=âçåÑáÇÉåëáåíÉêî~ääÉê=Ñçê=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=
cáäíê~ëçêÄ∆=QMM=îÉÇ=ÑáêÉ=ÑçêëâÉääáÖÉ=âçåÅÉåíê~íáçåÉêK=

pçêéíáçåëâ~é~ÅáíÉí=xãÖLÖz=hçåÅÉåíê~íáçå=
xãÖ=jq_bLiz= jáÇÇÉä= VRB=âçåÑáÇÉåëáåíÉêî~ä=

MIR= PIM= OIV=Ó=PIO==

N= QIU= QIS=Ó=RIM=

R= NQIQ= NQIM=Ó=NRIM=

NM= OPIN= OOIQ=Ó=OQIR=

=
m™=Ä~ÖÖêìåÇ=~Ñ=ÇÉ=ÉëíáãÉêÉÇÉ=VRB=âçåÑáÇÉåëáåíÉêî~ääÉê=á=í~ÄÉä=PKP=âçåâäìÇÉêÉë=
ÇÉíI=~í=ÇÉ=êÉä~íáîÉ=ìëáââÉêÜÉÇÉê=é™=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=ÄÉëíÉãí=ìÇÑê~=
êÉÑÉêÉåÅÉáëçíÉêãÉå=äáÖÖÉê=é™=çé=íáä=±=RJSB=á=âçåÅÉåíê~íáçåëçãê™ÇÉí=MIR=Ó=NM=
ãÖ=jq_bLiK=
=

Konfidensinterval på 

KF og 1/n 

Percentile 

bootstrapping 

Korrelation mellem KF 

og 1/n 

Usikkerhed på 

sorptionskapacitet 

Konfidensinterval på 

sorptionskapacitet 

Relativ usikkerhed på 

beregnede kapaciteter 



=

PM=

cçê=ÜîÉêí=~Ñ=ÇÉ=Ñ›äÖÉåÇÉ=Ñçêë›Ö=ÑçêÉí~ÖÉë=Éå=ÑáíåáåÖ=~Ñ=cêÉìåÇäáÅÜJáëçíÉêãÉå=íáä=
ã™äÉÇ~í~=çÖ=ÇÉê=ÄÉêÉÖåÉë=ëçêéíáçåëâ~é~ÅáíÉíÉê=îÉÇ=ë~ããÉ=
âçåÅÉåíê~íáçåëåáîÉ~ìÉê=ëçã=~åÑ›êí=á=í~ÄÉä=PKPK=aÉê=ÑçêÉí~ÖÉë=ÜÉêÉÑíÉê=Éå=ë~ãJ
ãÉåäáÖåáåÖ=ãÉääÉã=ÇÉ=ÄÉêÉÖåÉÇÉ=â~é~ÅáíÉíÉê=ìåÇÉê=ÇÉ=ÖáîåÉ=
Ñçêë›ÖëÄÉíáåÖÉäëÉê=çÖ=ëçêéíáçåëâ~é~ÅáíÉíÉêåÉ=ÄÉêÉÖåÉí=Ñçê=êÉÑÉêÉåÅÉÑçêë›ÖÉí=
Eëî~êÉåÇÉ=íáä=Éå=ë~ããÉåäáÖåáåÖ=ãÉÇ=ÒãáÇÇÉäÒJâçäçååÉå=á=í~ÄÉä=PKPFK=aÉååÉ=
ë~ããÉåäáÖåáåÖ=ÄêìÖÉë=íáä=~í=îìêÇÉêÉI=Üîçê=ëíçêÉ=éêçÅÉåíìÉääÉ=~ÑîáÖÉäëÉê=ÇÉêI=
ëçã=ãáÇÇÉäÄÉíê~ÖíåáåÖI=Éê=ãÉääÉã=â~é~ÅáíÉíÉêåÉ=ÄÉëíÉãí=îÉÇ=
êÉÑÉêÉåÅÉÑçêë›ÖÉí=çÖ=îÉÇ=ÇÉ=ë~ããÉåäáÖåÉåÇÉ=Ñçêë›ÖK=
=
PKOKO qÉãéÉê~íìê=

pçã=íáÇäáÖÉêÉ=å‹îåí=Éê=íÉãéÉê~íìêÉå=Éå=~Ñ=ÇÉ=é~ê~ãÉíêÉI=ÇÉê=Ü~ê=ÄÉíóÇåáåÖ=
Ñçê=ëçêéíáçåëâ~é~ÅáíÉíÉåX=ÜîáäâÉí=çÖë™=äáÖÖÉê=á=å~îåÉí=áëçíÉêãI=ÇÉê=~åÖáîÉê=~í=
ëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=ÑçêëâÉääáÖÉ=äáÖÉî‹ÖíëâçåÅÉåíê~íáçåÉê=Éê=ÄÉëíÉãí=îÉÇ=
¨å=çÖ=ë~ããÉ=íÉãéÉê~íìêK==
=
aÉ=ÑäÉëíÉ=íáäÖ‹åÖÉäáÖÉ=ëçêéíáçåëáëçíÉêãÉêI=ÉâëÉãéÉäîáë=ëçã=~åÑ›êí=~Ñ=~âíáîJâìä=
éêçÇìÅÉåíÉêåÉ=ë~ãí=á=ÇÉííÉ=çÖ=~åÇêÉ=ë~ããÉåäáÖåÉäáÖÉ=ëíìÇáÉêI=Éê=ÑêÉãëíáääÉíI=
îÉÇ=OMÓOPø`=Eä~Äçê~íçêáÉíÉãéÉê~íìêFI=ÜîáäâÉí=ìãáÇÇÉäÄ~êí=Éê=ÇÉå=äÉííÉëíÉ=
íÉãéÉê~íìê=~í=ìÇÑ›êÉ=Ñçêë›ÖÉåÉ=îÉÇK=dêìåÇî~åÇëíÉãéÉê~íìêÉå=ìåÇÉê=Ç~åëâÉ=
ÑçêÜçäÇ=äáÖÖÉê=áãáÇäÉêíáÇ=íóéáëâ=é™=Å~K=NMø`I=ÜîçêÑçê=ÇÉí=Éê=îìêÇÉêÉí=êÉäÉî~åíI=
~í=ìåÇÉêë›ÖÉ=ëçêéíáçåëâ~é~ÅáíÉíÉåë=íÉãéÉê~íìê~ÑÜ‹åÖáÖÜÉÇ=Ñçê=cáäíê~ëçêÄ∆=
QMMK=k‹êî‹êÉåÇÉ=Ñçêë›Ö=Éê=ë™äÉÇÉë=ìÇÑ›êí=Ñçê=~í=âìååÉ=îìêÇÉêÉ=çã=
ëçêéíáçåëâ~é~ÅáíÉíÉå=ìÇÑ›êí=îÉÇ=ä~Äçê~íçêáÉíÉãéÉê~íìê=Ñ›êÉê=íáä=Éå=çîÉêJ=ÉääÉê=
ìåÇÉêÉëíáãÉêáåÖ=~Ñ=â~é~ÅáíÉíÉå=ÑKÉâëK=îÉÇ=Éå=ÖêìåÇî~åÇëíÉãéÉê~íìê=é™=NMø`K=
=
cçê=~í=Ñ™=Éå=áÇ¨=çã=íÉãéÉê~íìêÉåë=áåÇÑäóÇÉäëÉ=é™=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=
Éê=ÇÉê=á=íáää‹Ö=íáä=êÉÑÉêÉåÅÉáëçíÉêãÉå=EÇÉê=Éê=ÄÉëíÉãí=îÉÇ=OMÓOPø`F=ÖÉååÉãÑ›êí=
áëçíÉêãÑçêë›Ö=îÉÇ=NM=çÖ=PMø`K=cçêë›ÖÉåÉ=Éê=ìÇÑ›êí=á=âäáã~ëâ~Ä=îÉÇ=âçåëí~åí=
íÉãéÉê~íìê=çÖ=Éê=ìÇÑ›êí=ëçã=ÄÉëâêÉîÉí=á=Äáä~Ö=_KPK==
=
oÉëìäí~íÉêåÉ=Ñê~=íÉãéÉê~íìêÑçêë›ÖÉåÉ=Éê=ÖÉåÖáîÉí=á=ÑáÖìê=PKOK=

cáÖìê=PKOW=cêÉìåÇäáÅÜJáëçíÉêãÉê=ÑáííÉí=íáä=ã™äíÉ=áëçíÉêãÇ~í~=Ñçê=cáäíê~ëçêÄ∆=
QMM=îÉÇ=ÜÜîK=NMI=OMJOP=çÖ=PMø`K=

=

Basis for vurdering af 
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=

PN=

cêÉìåÇäáÅÜJâçåëí~åíÉê=Ñçê=áëçíÉêãÑáííÉåÉ=á=ÑáÖìê=PKO=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=PKQI=
ë~ããÉå=ãÉÇ=ÄÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=îÉÇ=ÑáêÉ=ÑçêëâÉääáÖÉ=
âçåÅÉåíê~íáçåÉêK=
=
q~ÄÉä=PKQW=cêÉìåÇäáÅÜJâçåëí~åíÉê=ÑáííÉí=íáä=áëçíÉêãÇ~í~=Ñçê=cáäíê~ëçêÄ∆=QMM=
îÉÇ=ÜÜîK=NMI=OMÓOP=çÖ=PMø`I=ë~ãí=ÄÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=îÉÇ=ÑáêÉ=
ÑçêëâÉääáÖÉ=jq_bJâçåÅÉåíê~íáçåÉêK=

cêÉìåÇäáÅÜJáëçíÉêã= NMø`= OMÓOPø`= PMø`=

hçåÅÉåíê~íáçå= xãÖLiz= MIS=Ó=NO= MIQ=J=NR= NIU=J=NV=

h
c=

xEãÖLÖFEiLãÖFNLåz= RIM= QIU= OIR=

NLå= xJz= MIRV= MISU= MITN=

hçåÅÉåíê~íáçå=xãÖLiz= _ÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=xãÖLÖz=

MIR= PIQG= PIM= NIRG=

N= RIM= QIU= OIRG=

R= NPIM= NQIQ= TIT=

NM= NVIQ= OPIN= NOIS=

G=Z=ÄÉëíÉãí=îÉÇ=Éâëíê~éçä~íáçå=ìÇÉåÑçê=ã™äÉçãê™ÇÉí=Ñçê=áëçíÉêãÉåK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKO=ëâ‹êÉê=áëçíÉêãÉêåÉ=Ñçê=NM=çÖ=OMÓOPø`=Üáå~åÇÉå=
á=âçåÅÉåíê~íáçåëçãê™ÇÉí=ãÉääÉã=N=çÖ=O=ãÖ=jq_bLi=EÄÉêÉÖåÉí=íáä=NIS=ãÖLiFK=
sÉÇ=ä~îÉêÉ=âçåÅÉåíê~íáçåÉê=ÉåÇ=NIS=ãÖLi=Éê=ÇÉê=Éê=íÉåÇÉåë=íáäI=~í=
ëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=NMø`=Éê=Ü›àÉêÉ=ÉåÇ=îÉÇ=OMJOPø`I=ãÉåë=ÇÉí=
çãîÉåÇíÉ=Ö›ê=ëáÖ=Ö‹äÇÉåÇÉ=îÉÇ=Ü›àÉêÉ=âçåÅÉåíê~íáçåÉê=ÉåÇ=NIS=ãÖLiK=
=
eîáë=ÇÉê=í~ÖÉë=ÜÉåëóå=íáä=ÇÉ=ÉâëéÉêáãÉåíÉääÉ=ìëáââÉêÜÉÇÉê=é™=ÄÉëíÉããÉäëÉå=~Ñ=
áëçíÉêãÉå=îÉÇ=Ä™ÇÉ=NM=çÖ=OMJOPø`=áåÇáâÉêÉê=ëí~íáëíáëâÉ=~å~äóëÉêI=îÜ~K=
éÉêÅÉåíáäÉ=íJÄççíëíê~ééáåÖ=EbÑêçå=çÖ=qáÄëÜáê~ãáI=NVVPX=içääI=OMMNFI=~í=ÇÉê=
áââÉ=Éê=ëáÖåáÑáâ~åí=ÑçêëâÉä=é™=ëçêéíáçåëâ~é~ÅáíÉíÉêåÉ=îÉÇ=ÜÜîK=NM=çÖ=OMJOPø`=á=
âçåÅÉåíê~íáçåëçãê™ÇÉí=Å~K=MISRJOIQR=ãÖ=jq_bLiK=aÉ=çéå™ÉÇÉ=êÉëìäí~íÉê=
áåÇáâÉêÉê=ë™äÉÇÉëI=~í=ëçêéíáçåëáëçíÉêãÉê=ÄÉëíÉãí=îÉÇ=OMJOPø`=ãÉÇ=êáãÉäáÖ=
å›à~ÖíáÖÜÉÇ=â~å=ÄÉåóííÉë=íáä=ÑçêìÇëáÖÉäëÉ=~Ñ=ëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=NMø`=
áåÇÉåÑçê=ÇÉííÉ=âçåÅÉåíê~íáçåëçãê™ÇÉK=
=
aÉ=ëí~íáëíáëâÉ=~å~äóëÉê=éÉÖÉê=ë~ãíáÇáÖ=é™I=~í=ÇÉ=çÄëÉêîÉêÉÇÉ=ÑçêëâÉääÉ=áãÉääÉã=
áëçíÉêãÉêåÉ=ÄÉëíÉãí=îÉÇ=ÜÜîK=NM=çÖ=OMJOPø`=Éê=ëáÖåáÑáâ~åíÉ=îÉÇ=
âçåÅÉåíê~íáçåÉêI=ÇÉê=Éê=ãáåÇêÉ=ÉåÇ=Å~K=MISR=ãÖ=jq_bLi=çÖ=ëí›êêÉ=ÉåÇ=Å~K=
OIQR=ãÖ=jq_bLiK=pçã=ãáÇÇÉäÄÉíê~ÖíåáåÖ=â~å=ÇÉí=ìÇÑê~=êÉëìäí~íÉêåÉ=á=í~ÄÉä=
PKQ=ÄÉêÉÖåÉëI=~í=ã~å=îÉÇ=~í=ÄÉåóííÉ=áëçíÉêãÇ~í~=ÑêÉãëíáääÉí=îÉÇ=OMÓOPø`=â~å=
êáëáâÉêÉ=~í=ìåÇÉêÉëíáãÉêÉ=ëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=NMø`=ãÉÇ=Å~K=NMB=îÉÇ=MIR=
ãÖ=jq_bLiI=ãÉåë=ã~å=â~å=êáëáâÉêÉ=~í=çîÉêîìêÇÉêÉ=â~é~ÅáíÉíÉå=ãÉÇ=Å~K=OMB=
îÉÇ=NM=ãÖ=jq_bLiK==
=
oÉëìäí~íÉêåÉ=áåÇáâÉêÉê=ë™äÉÇÉëI=~í=ã~åI=îÉÇ=~í=ÄÉåóííÉ=ëçêéíáçåëáëçíÉêãÉê=
ÄÉëíÉãí=îÉÇ=ä~Äçê~íçêáÉíÉãéÉê~íìêÉêI=êáëáâÉêÉê=~í=çîÉêÉëíáãÉêÉ=
ÇêáÑíëçãâçëíåáåÖÉêåÉ=íáä=~âíáîJâìä=îÉÇ=ÖêìåÇî~åÇëíÉãéÉê~íìêÉê=ENMø`F=á=
âçåÅÉåíê~íáçåëçãê™ÇÉí=ìåÇÉê=Å~K=MISR=ãÖLiI=ãÉåë=ã~å=êáëáâÉêÉê=~í=
ìåÇÉêÉëíáãÉêÉ=~âíáîJâìä=çãâçëíåáåÖÉêåÉ=á=âçåÅÉåíê~íáçåëçãê™ÇÉí=çîÉê=Å~K=
OIQR=ãÖLiK=
=
^Ñ=ÑáÖìê=PKO=ÑêÉãÖ™ê=ÇÉí=ÉåÇîáÇÉêÉI=~í=ÇÉê=á=ÇÉí=ìåÇÉêë›ÖíÉ=
âçåÅÉåíê~íáçåëçãê™ÇÉ=EÅ~K=NIUJNV=ãÖLiF=Éê=Éå=âä~ê=íÉåÇÉåë=íáäI=~í=
ëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=PMø`=Éê=ä~îÉêÉ=ÉåÇ=îÉÇ=OMJOPø`K=oÉëìäí~íÉêåÉ=á=í~ÄÉä=
PKQ=áåÇáâÉêÉêI=~í=ëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=PMø`I=á=âçåÅÉåíê~íáçåëáåíÉêî~ääÉí=
MIRÓNM=ãÖ=jq_bLiI=çîÉêÉëíáãÉêÉë=ãÉÇ=Å~K=URJNMMB=îÉÇ=~í=ÄÉåóííÉ=

Freundlich-isotermer 

10°C vs. 20-23°C 

10°C og 20-23°C:  

Ikke forskel på 

kapacitet ved 0,65-2,45 

mg/L 

Signifikant forskel i 

kapacitet ved lave og 

høje koncentrationer 

Fejlestimering af 

driftsomkostninger 

20-23°C vs. 30°C 



=

PO=

áëçíÉêãêÉëìäí~íÉê=ÑêÉãëíáääÉí=îÉÇ=OMJOPø`K=sÉÇ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=
î~åÇI=ÇÉê=Ü~ê=Éå=íÉãéÉê~íìê=é™=Å~K=PMø`=êáëáâÉêÉê=ã~å=ë™äÉÇÉëI=~í=
ìåÇÉêÉëíáãÉêÉ=~âíáîJâìä=çãâçëíåáåÖÉêåÉ=ÄÉíóÇÉäáÖí=îÉÇ=~í=ÄÉåóííÉ=
áëçíÉêãêÉëìäí~íÉê=ÄÉëíÉãí=îÉÇ=ä~Äçê~íçêáÉíÉãéÉê~íìêÉêK=
=
f=EktofI=OMMMF=êÉÑÉêÉêÉë=Éí=ëíìÇáÉ=ÑçêÉí~ÖÉí=~Ñ=Ej~ääÉó=Éí=~äKI=NVVPFI=Üîçêá=ÇÉê=
Éê=ìÇÑ›êí=ë~ããÉåäáÖåÉåÇÉ=jq_bJáëçíÉêãÑçêë›Ö=Ñçê=cáäíê~ëçêÄ∆=QMM=îÉÇ=NM=
çÖ=ORø`K=pçêéíáçåëáëçíÉêãÉêåÉ=Éê=á=ëíìÇáÉí=~Ñ=Ej~ääÉó=Éí=~äKI=NVVPF=ÄÉëíÉãí=á=Éí=
âçåÅÉåíê~íáçåëçãê™ÇÉ=é™=Å~K=MIMSÓNIR=ãÖ=jq_bLi=çÖ=ÇÉí=Éê=ÑìåÇÉíI=~í=
jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=Éê=Ñ~äÇÉåÇÉ=ãÉÇ=ëíáÖÉåÇÉ=íÉãéÉê~íìê=EktofI=
OMMMFK=
=
oÉëìäí~íÉêåÉ=çéå™Éí=á=ÇÉííÉ=ëíìÇáÉ=ÄÉâê‹ÑíÉê=ë™äÉÇÉë=êÉëìäí~íÉêåÉ=çéå™Éí=~Ñ=
Ej~ääÉó=Éí=~äKI=NVVPFI=Ç~=ÇÉê=äáÖÉäÉÇÉë=Éê=çÄëÉêîÉêÉí=Éå=Ñ~äÇÉåÇÉ=
ëçêéíáçåëâ~é~ÅáíÉí=îÉÇ=Ü›àÉêÉ=íÉãéÉê~íìêÉê=Ñçê=âçåÅÉåíê~íáçåÉê=ãáåÇêÉ=ÉåÇ=Å~K=
NIR=ãÖ=jq_bLiK=oÉëìäí~íÉêåÉ=áåÇáâÉêÉê=ë™äÉÇÉëI=~í=ÇÉê=á=
âçåÅÉåíê~íáçåëçãê™ÇÉí=ìåÇÉê=Å~K=NIR=ãÖ=jq_bLi=çéå™ë=âçåëÉêî~íáîÉ=ÄìÇ=é™=
ÇêáÑíëçãâçëíåáåÖÉêåÉ=íáä=~âíáîJâìäI=å™ê=ÇÉê=í~ÖÉë=ìÇÖ~åÖëéìåâí=á=áëçíÉêãÇ~í~=
ÄÉëíÉãí=îÉÇ=ä~Äçê~íçêáÉíÉãéÉê~íìêK=
=
PKOKP dê~åìäÉêÉí=îëK=âåìëí=âìä=

pçêéíáçåëáëçíÉêãÉê=ìÇÑ›êí=~Ñ=~âíáîJâìä=éêçÇìÅÉåíÉêåÉI=ÜÉêáÄä~åÇí=çÖë™=
`~äÖçåL`ÜÉãîáêçå=`~êÄçåI=Éê=çÑíÉëí=ÑêÉãëíáääÉí=ãÉÇ=âåìëíÉ=âìäI=çÖ=ÇÉí=
~åÑ›êÉë=çÑíÉ=á=~âíáîJâìä=äáííÉê~íìêÉåI=~í=ëçêéíáçåëáëçíÉêãÉê=Ä›ê=ìÇÑ›êÉë=ãÉÇ=
âåìëíÉ=âìäI=àÑK=Äáä~Ö=_KNK=håìëåáåÖÉå=~Ñ=ÇÉ=~âíáîÉ=âìä=ÑçêÉí~ÖÉë=~åÖáîÉäáÖí=Ñçê=~í=
Ääçíä‹ÖÖÉ=ë™=ã~åÖÉ=ëçêéíáçåëëáíÉë=ëçã=ãìäáÖíI=ÜîçêîÉÇ=ÇÉå=å›ÇîÉåÇáÖÉ=
âçåí~âííáÇ=íáä=çéå™ÉäëÉ=~Ñ=ÇÉå=ã~âëáã~äÉ=â~é~ÅáíÉí=Ñçê=éêçÇìâíÉêåÉ=ãáåÇëâÉë=
EéÖ~K=Éå=âçêíÉêÉ=áåíê~é~êíáâìä‹ê=ÇáÑÑìëáçåëîÉàFK=qóéáëâ=ÑçêÉíê‹ââÉë=
Öê~åìäÉêÉÇÉ=âìä=íáä=çåJëáíÉ=ÑáäíêÉ=Ç~=íêóâí~ÄÉí=çîÉê=âçäçååÉê=ãÉÇ=âåìëíÉ=âìä=Éê=
ÄÉíóÇÉäáÖí=ëí›êêÉK=
=
sÉÇ=âåìëåáåÖÉå=Éê=ÇÉê=ÇçÖ=êáëáâç=Ñçê=Ääçíä‹ÖÖÉäëÉ=~Ñ=åçÖäÉ=ëçêéíáçåëëáíÉë=ëçã=
îÉÇ=ÄÉåóííÉäëÉ=~Ñ=ÇÉ=áåí~âíÉ=âìä=îáä=î‹êÉ=ìíáäÖ‹åÖÉäáÖÉ=Ñçê=ëçêéíáçåK=aÉê=Éê=
ë™äÉÇÉë=êáëáâç=Ñçê=~í=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=çéå™Éí=Ñçê=éìäîÉêáëÉêÉÇÉ=âìä=
â~å=î‹êÉ=ÑçêÜ›àÉí=á=ÑçêÜçäÇ=íáä=â~é~ÅáíÉíÉå=ÄÉëíÉãí=Ñçê=áåí~âíÉI=Öê~åìäÉêÉÇÉ=âìäI=
ÇÉê=ÄÉåóííÉë=á=çåJëáíÉ=ÑáäíêÉK=^åîÉåÇÉäëÉ=~Ñ=ë™Ç~ååÉ=áëçíÉêãêÉëìäí~íÉê=â~å=á=
ÖáîÉí=Ñ~äÇ=Ñ›êÉ=íáä=Éå=ìåÇÉêÉëíáãÉêáåÖ=~Ñ=ÇêáÑíëçãâçëíåáåÖÉêåÉ=ÑçêÄìåÇÉí=ãÉÇ=
Éå=ÖáîÉå=êÉåëåáåÖëä›ëåáåÖK==
=
k‹êî‹êÉåÇÉ=Ñçêë›Ö=Éê=ë™äÉÇÉë=ìÇÑ›êí=Ñçê=~í=âìååÉ=îìêÇÉêÉ=çã=áëçíÉêãÉê=
ÄÉëíÉãí=Ñçê=âåìëí=cáäíê~ëçêÄ∆=QMM=ÖáîÉê=Ü›àÉêÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=ÉåÇ=
áëçíÉêãÉê=ÄÉëíÉãí=Ñçê=áåí~âíÉI=Öê~åìäÉêÉÇÉ=âìäK=
=
cêÉãÖ~åÖëã™ÇÉå=Ñçê=Ñçêë›ÖÉåÉë=ìÇÑ›êÉäëÉ=Éê=ÄÉëâêÉîÉí=á=Äáä~Ö=_KQK==
=

(Malley et al., 1993) 

Overensstemmelse 

mellem dette studie og 

(Malley et al., 1993) 

Knust kul 

Muligvis forhøjede 

kapaciteter 

Fremgangsmåde 



=

PP=

a~í~=Ñçê=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=âåìëí=cáäíê~ëçêÄ∆=QMM=Éê=ÄÉäáÖÖÉåÇÉ=á=
âçåÅÉåíê~íáçåëáåíÉêî~ääÉí=Å~K=MIPÓOOM=ãÖ=jq_bLiK=aÉ=ã™äíÉ=áëçíÉêãÇ~í~=á=
ÜÉäÉ=ÇÉí=~åÖáîåÉ=âçåÅÉåíê~íáçåëáåíÉêî~ä=ÑáííÉë=ÄÉÇëí=~Ñ=aìÄáåáåJ^ëí~âçî=
áëçíÉêãÉåI=ãÉåë=Ç~í~=á=áåíÉêî~ääÉí=Å~K=MIP=Ó=NO=ãÖ=jq_bLi=ÑáííÉë=ÄÉÇëí=~Ñ=
cêÉìåÇäáÅÜJáëçíÉêãÉåK=oÉëìäí~íÉêåÉ=~Ñ=áëçíÉêãÑáííÉåÉ=Ñçê=âåìëí=âìä=ÑêÉãÖ™ê=~Ñ=
ÑáÖìê=PKP=ë~ããÉå=ãÉÇ=êÉëìäí~íÉêåÉ=Ñçê=êÉÑÉêÉåÅÉÑçêë›ÖÉíK=

cáÖìê=PKPW=cáíåáåÖ=~Ñ=E~F=aìÄáåáåJ^ëí~âçî=áëçíÉêãÉå=çÖ=EÄF=cêÉìåÇäáÅÜJ
áëçíÉêãÉå=íáä=ÇÉ=ã™äíÉ=áëçíÉêãÇ~í~=Ñçê=âåìëí=çÖ=Öê~åìäÉêÉí=cáäíê~ëçêÄ∆=QMMK=

=
=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKP=Éê=ÇÉê=Éå=íÉåÇÉåë=íáä=~í=ëçêéíáçåëâ~é~ÅáíÉíÉå=Éê=
Ü›àÉêÉ=Ñçê=ÇÉ=âåìëíÉ=âìä=ÉåÇ=Ñçê=ÇÉ=áåí~âíÉI=Öê~åìäÉêÉÇÉ=âìäK=
=
iáÖåáåÖ=PKS=ÄÉëâêáîÉê=ÇÉå=ÑáííÉÇÉ=aìÄáåáåJ^ëí~âçî=áëçíÉêã=íáä=ÇÉ=ã™äíÉ=Ç~í~=
Ñçê=âåìëí=cáäíê~ëçêÄ∆=QMMK=fëçíÉêãÉå=Éê=Ö‹äÇÉåÇÉ=Ñçê=âåìëíÉ=âìä=á=
âçåÅÉåíê~íáçåëáåíÉêî~ääÉí=EÅ~K=MIP=Ó=OOM=ãÖ=jq_bLiFK=
=

( )
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−⋅=

09,2

6,14
exp208

CCLnTR
S

s = EPKSF=

=
Üîçê=p=Éê=ëçêéíáçåëâ~é~ÅáíÉíÉå=xãÖLÖzI=o=Éê=áÇÉ~äÖ~ëâçåëí~åíÉå=EUIPNQˇNMJP=
hgLãçäLhFI=q=Éê=ÇÉå=~ÄëçäìííÉ=íÉãéÉê~íìê=EOVSINR=hFI=`

ë
=Éê=ÇÉå=î~åÇáÖÉ=

çéä›ëÉäáÖÜÉÇ=~Ñ=ÑçêìêÉåáåÖëëíçÑÑÉí=ERMKMMM=ãÖLiF=çÖ=`=Éê=äáÖÉî‹ÖíëâçåÅÉåíê~J
íáçåÉå=~Ñ=jq_b=á=î‹ëâÉÑ~ëÉå=xãÖLizK=
=
cêÉìåÇäáÅÜJâçåëí~åíÉê=âåìëí=cáäíê~ëçêÄ∆=QMM=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=PKRI=ë~ããÉå=
ãÉÇ=ÄÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=îÉÇ=ÑçêëâÉääáÖÉ=jq_bJâçåÅÉåíê~íáçåÉêK=
oÉëìäí~íÉêåÉ=Ñçê=êÉÑÉêÉåÅÉáëçíÉêãÉå=Éê=ÖÉåÖáîÉí=íáä=ë~ããÉåäáÖåáåÖK=
=
=
=
=
=
=
=
=
=
=

Resultater 

Knust kul har højere 

sorptionskapacitet 

Dubinin-Astakov 

isoterm for knust kul 

Ligning 3.6 

Freundlich-isoterm 

(a) Dubinin-Astakov

1

10

100

0,1 1 10 100 1000

C [mg/L]

S
 [

m
g

 M
T

B
E

/g
]

Granuleret

Knust

(b) Freundlich

1

10

100

0,1 1 10 100 1000

C [mg/L]

S
 [

m
g

 M
T

B
E

/g
]

Granuleret

Knust



=

PQ=

q~ÄÉä=PKRW= cêÉìåÇäáÅÜJâçåëí~åíÉê=ÑáííÉí=íáä=áëçíÉêãÇ~í~=Ñçê=âåìëí=çÖ=
Öê~åìäÉêÉí=cáäíê~ëçêÄ∆=QMMI=ë~ãí=ÄÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=îÉÇ=ÑáêÉ=
ÑçêëâÉääáÖÉ=âçåÅÉåíê~íáçåÉêK==

cêÉìåÇäáÅÜJáëçíÉêã= håìëí= dê~åìäÉêÉí=

hçåÅÉåíê~íáçå= xãÖLiz= MIPJNO= MIQJNR=

h
c=

xEãÖLÖFEiLãÖFNLåz= RIU= QIU=

NLå= xJz= MIST= MISU=

hçåÅÉåíê~íáçå=xãÖLiz= _ÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=xãÖLÖz=

MIR= PIS= PIM=

N= RIU= QIU=

R= NSIV= NQIQ=

NM= OSIU= OPIN=

=
pçã=~åÑ›êí=çîÉåÑçê=Éê=ÇÉê=íÉåÇÉåë=íáä=~í=ëçêéíáçåëâ~é~ÅáíÉíÉêåÉ=Ñçê=âåìëí=âìä=
äáÖÖÉê=Ü›àÉêÉ=ÉåÇ=â~é~ÅáíÉíÉêåÉ=Ñçê=Öê~åìäÉêÉí=âìäK=pÉäîçã=ÇÉê=í~ÖÉë=ÜÉåëóå=íáä=
ÇÉ=ÉâëéÉêáãÉåíÉääÉ=ìëáââÉêÜÉÇÉê=é™=ÄÉëíÉããÉäëÉå=~Ñ=áëçíÉêãÉêåÉ=áåÇáâÉêÉê=
ëí~íáëíáëâÉ=~å~äóëÉêI=~í=ÇÉå=çÄëÉêîÉêÉÇÉ=ÑçêëâÉä=Éê=ëáÖåáÑáâ~åí=á=
âçåÅÉåíê~íáçåëçãê™ÇÉí=Å~K=MIQJNO=ãÖ=jq_bLiK=
=
pçã=ãáÇÇÉäÄÉíê~ÖíåáåÖ=îìêÇÉêÉë=ÇÉí=ìÇÑê~=ëçêéíáçåëâ~é~ÅáíÉíÉêåÉ=á=í~ÄÉä=PKRI=
~í=ã~å=îÉÇ=~í=ÄÉåóííÉ=áëçíÉêãÇ~í~=ÑêÉãëíáääÉí=Ñçê=âåìëíÉ=âìä=ìåÇÉê=ÇÉ=ÖáîåÉ=
ÄÉíáåÖÉäëÉê=çîÉêÉëíáãÉêÉê=ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=Öê~åìäÉêÉÇÉ=âìä=ãÉÇ=
ãÉääÉã=NR=çÖ=OMB=îÉÇ=âçåÅÉåíê~íáçåÉê=é™=ÜÜîK=NM=çÖ=MIR=ãÖ=jq_bLiK=aÉ=
çéå™ÉÇÉ=êÉëìäí~íÉê=áåÇáâÉêÉê=ë™äÉÇÉëI=~í=~åîÉåÇÉäëÉ=~Ñ=áëçíÉêãÉê=ÑêÉãëíáääÉí=
ìÇÑê~=âåìëíÉ=âìä=â~å=Ñ›êÉ=íáä=Éå=ìåÇÉêÉëíáãÉêáåÖ=~Ñ=ÇêáÑíëçãâçëíåáåÖÉêåÉ=
ÑçêÄìåÇÉí=ãÉÇ=~âíáîJâìä=Ñçê=Éå=êÉåëåáåÖëä›ëåáåÖI=Üîçê=ÇÉê=~åîÉåÇÉë=áåí~âíÉI=
Öê~åìäÉêÉÇÉ=âìä=á=ÑáäíÉêÉíK=
=
a~îáë=çÖ=mçïÉêë=EOMMMF=Ü~ê=ìÇÑ›êí=jq_bJáëçíÉêãÑçêë›Ö=Ñçê=cáäíê~ëçêÄ∆=QMM=
ìåÇÉê=ÑçêÜçäÇI=ÇÉê=Éê=ë~ããÉåäáÖåÉäáÖÉ=ãÉÇ=ÄÉíáåÖÉäëÉêåÉ=Ñçê=ÇÉí=å‹êî‹êÉåÇÉ=
Ñçêë›ÖW=håìëí=âìäI=OMø`I=ée=TIOI=Éå=äáÖÉî‹ÖíëíáÇ=é™=OQ=íáãÉê=çÖ=ë~ããÉ=
~å~äóëÉãÉíçÇÉK=aÉê=Éê=ÑçêÉí~ÖÉí=Éå=ÇáÖáí~äáëÉêáåÖ=~Ñ=áëçíÉêãÇ~í~=Ñê~=Ea~îáë=çÖ=
mçïÉêëI=OMMMFI=ëçã=á=ÑáÖìê=PKQ=Éê=ÖÉåÖáîÉí=ë~ããÉå=ãÉÇ=êÉëìäí~íÉêåÉ=Ñê~=
å‹êî‹êÉåÇÉ=ëíìÇáÉI=Ñçê=ÜÜîK=Öê~åìäÉêÉí=çÖ=âåìëí=âìäK=
=

Knust kul har 

signifikant højere 

kapaciteter 

Underestimering af 

aktiv-kul omkostninger 

(Davis og Powers, 2000) 



=

PR=

cáÖìê=PKQW=cêÉìåÇäáÅÜJáëçíÉêãÉê=ÑáííÉí=íáä=ã™äíÉ=áëçíÉêãÇ~í~=Ñçê=Öê~åìäÉêÉí=
çÖ=âåìëí=cáäíê~ëçêÄ∆=QMM=ë~ãí=êÉëìäí~íÉêåÉ=Ñê~=Ea~îáë=çÖ=mçïÉêëI=OMMMFK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKQ=Éê=ÇÉê=á=ëíìÇáÉí=~Ñ=Ea~îáë=çÖ=mçïÉêëI=OMMMF=
çÄëÉêîÉêÉí=ëáÖåáÑáâ~åí=ä~îÉêÉ=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉê=Ñçê=cáäíê~ëçêÄ∆=QMM=
ÉåÇ=Ñçê=Ä™ÇÉ=Öê~åìäÉêÉí=çÖ=âåìëí=âìä=á=ÇÉííÉ=ëíìÇáÉK=f=âçåÅÉåíê~íáçåëçãê™ÇÉí=
MIRJNM=ãÖ=jq_bLi=äáÖÖÉê=â~é~ÅáíÉíÉêåÉ=ÄÉëíÉãí=~Ñ=Ea~îáë=çÖ=mçïÉêëI=OMMMF=
ë™äÉÇÉë=Å~K=QRJRRB=ä~îÉêÉ=ÉåÇ=â~é~ÅáíÉíÉêåÉ=Ñçê=âåìëí=âìäI=ÄÉëíÉãí=á=ÇÉííÉ=
ëíìÇáÉK=
=
a~îáë=çÖ=mçïÉêë=EOMMMF=Ü~ê=áââÉ=ìÇÑ›êí=áëçíÉêãÑçêë›Ö=Ñçê=Öê~åìäÉêÉí=âìä=çÖ=
ÇÉí=â~å=é™=ÇÉí=ÑçêÉäáÖÖÉåÇÉ=ÖêìåÇä~Ö=áââÉ=~ÑÖ›êÉë=çã=ÇÉ=çÄëÉêîÉêÉÇÉ=ÑçêëâÉääÉ=
áãÉääÉã=ÇÉ=íç=ë‹í=Ñçêë›ÖëêÉëìäí~íÉê=ëâóäÇÉë=ÑçêëâÉääÉ=á=ÇÉå=ÄÉåóííÉÇÉ=î~åÇíóéÉ=
ÉääÉê=ÜîáäâÉ=ÉîÉåíìÉääÉ=~åÇêÉ=ÑçêÜçäÇ=ÇÉê=Ü~ê=Öàçêí=ëáÖ=Ö‹äÇÉåÇÉK=rãáÇÇÉäÄ~êí=
~ÇëâáääÉê=Ñçêë›ÖëÄÉíáåÖÉäëÉêåÉ=Ñçê=ÇÉ=íç=Ñçêë›Ö=ëáÖ=éêáã‹êí=îÉÇI=~í=Ea~îáë=çÖ=
mçïÉêëI=OMMMF=Ü~ê=ÄÉåóííÉí=ëóåíÉíáëâ=ÖêìåÇî~åÇ=ìÇÉå=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=
çêÖ~åáëâ=âìäëíçÑI=Üîçê=ÇÉê=á=ÇÉí=~âíìÉääÉ=Ñçêë›Ö=Éê=ÄÉåóííÉí=^~äÄçêÖ=Ü~åÉî~åÇ=
ãÉÇ=Éí=áåÇÜçäÇ=~Ñ=áââÉJÑäóÖíáÖí=çêÖ~åáëâ=âìäëíçÑ=Eksl`F=é™=NIQ=ãÖLiK=a~=
å~íìêäáÖí=çêÖ~åáëâ=ëíçÑ=Ü~ê=Éå=íÉåÇÉåë=íáä=~í=âçåâìêêÉêÉ=çã=ëçêéíáçåëéä~ÇëÉêåÉ=
ãÉÇ=ÑçêìêÉåáåÖëãçäÉâóäÉêåÉI=àÑK=~Ñëåáí=PKNKOI=ëâìääÉ=ÇÉååÉ=ÑçêëâÉä=ÇçÖ=ÄÉíóÇÉ=
~í=â~é~ÅáíÉíÉêåÉ=çéå™Éí=á=ÇÉííÉ=ëíìÇáÉI=~äí=~åÇÉí=äáÖÉI=îáääÉ=î‹êÉ=ä~îÉêÉ=ÉåÇ=ÇÉã=
çéå™Éí=~Ñ=Ea~îáë=çÖ=mçïÉêëI=OMMMFI=ãÉåë=ÇÉí=ãçÇë~ííÉ=ëÉë=~í=î‹êÉ=íáäÑ‹äÇÉíK==
=
qáä=ÑáÖìê=PKQ=â~å=ÇÉí=ÉåÇîáÇÉêÉ=ÄÉã‹êâÉëI=~í=Ea~îáë=çÖ=mçïÉêëI=OMMMF=
çéå™ÉÇÉ=Éí=íáäÑêÉÇëëíáääÉåÇÉ=Ñáí=ãÉÇ=cêÉìåÇäáÅÜJáëçíÉêãÉå=íáä=ÇÉêÉë=ã™äÉÇ~í~=á=
ÜÉäÉ=ÇÉí=ìåÇÉêë›ÖíÉ=âçåÅÉåíê~íáçåëçãê™ÇÉ=EÅ~K=MIQÓPKMMM=ãÖLiFI=ãÉåë=ÇÉê=á=
ÑçêÄáåÇÉäëÉ=ãÉÇ=ÇÉííÉ=ëíìÇáÉ=Éê=çÄëÉêîÉêÉí=Éå=íÉåÇÉåë=íáä=Éå=âêìã=âìêîÉÑçêã=
Ñçê=Ç~í~=éäçííÉí=á=Éí=äçÖJäçÖ=Çá~Öê~ãK=aÉííÉ=íóÇÉê=ìãáÇÇÉäÄ~êí=é™I=~í=ÇÉê=á=
ÑçêÄáåÇÉäëÉ=ãÉÇ=î~åÇíóéÉå=ÄÉåóííÉí=îÉÇ=ÇÉ=å‹êî‹êÉåÇÉ=Ñçêë›ÖI=Éê=åçÖÉí=ÇÉê=
êÉÇìÅÉêÉê=jq_bJâ~é~ÅáíÉíÉå=îÉÇ=Ü›àÉêÉ=âçåÅÉåíê~íáçåÉêX=ÑçêÜçäÇ=ëçã=áââÉ=Éê=
íáä=ëíÉÇÉ=Ñçê=ÇÉí=ëóåíÉíáëâÉ=ÖêìåÇî~åÇ=ÄÉåóííÉí=íáä=Ñçêë›ÖÉåÉ=~Ñ=Ea~îáë=çÖ=
mçïÉêëI=OMMMFK=c‹åçãÉåÉí=ëâóäÇÉë=ãìäáÖîáëI=~í=ÇÉê=ìåÇÉê=ÇÉ=~âíìÉääÉ=ÑçêÜçäÇ=
ëÉë=Éå=ã~âëáã~ä=ëçêéíáçåëâ~é~ÅáíÉíI=ëçã=áëçíÉêãÉå=îáä=å‹êãÉ=ëáÖ=îÉÇ=ãÉÖÉí=
Ü›àÉ=jq_bJâçåÅÉåíê~íáçåÉêK=aÉí=Éê=ãìäáÖíI=~í=ÇÉííÉ=ëâóäÇÉë=íáäëíÉÇÉî‹êÉäëÉå=
~Ñ=ksl`=á=^~äÄçêÖ=Ü~åÉî~åÇK==
=

Højere kapaciteter 

opnået i dette studie 

Forskelle i 

forsøgsbetingelser 

Log-log lineær vs. 
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(Davis og Powers, 2000)



=

PS=

PKOKQ aÉãáåÉê~äáëÉêÉí=î~åÇ=

pçêéíáçåëáëçíÉêãÉê=ìÇÑ›êí=~Ñ=~âíáîJâìä=éêçÇìÅÉåíÉêåÉI=ÜÉêáÄä~åÇí=çÖë™=
`~äÖçåL`ÜÉãîáêçå=`~êÄçåI=Éê=çÑíÉëí=ÑêÉãëíáääÉí=ãÉÇ=ÇÉãáåÉê~äáëÉêÉí=î~åÇK=
aÉí=Éê=ÇçÖ=ÖáîÉíI=~í=î~åÇíóéÉå=çÖ=ÜÉêìåÇÉê=áçåëíóêâÉå=çÖ=áåÇÜçäÇÉí=~Ñ=ë~äíÉI=
ãáåÉê~äÉê=çÖ=å~íìêäáÖí=çêÖ~åáëâ=ëíçÑ=Ü~ê=ÄÉíóÇåáåÖ=Ñçê=ëçêéíáçåëâ~é~ÅáíÉíÉåI=çÖ=
~í=áåÇÜçäÇ=~Ñ=ÇáëëÉ=ÉäÉãÉåíÉê=á=å~íìêäáÖí=î~åÇ=îáä=î‹êÉ=ãÉÇ=íáä=~í=åÉÇë‹ííÉ=
ëçêéíáçåëâ~é~ÅáíÉíÉå=á=ÑçêÜçäÇ=íáä=ÇÉå=ÇÉê=Ñ™ë=îÉÇ=ìÇÑ›êÉäëÉ=~Ñ=áëçíÉêãÑçêë›Ö=á=
ÇÉãáåÉê~äáëÉêÉí=î~åÇK==
=
aÉê=Éê=ë™äÉÇÉë=êáëáâç=ÑçêI=~í=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉê=çéå™Éí=îÉÇ=
áëçíÉêãÑçêë›Ö=á=ÇÉãáåÉê~äáëÉêÉí=î~åÇ=Éê=ÑçêÜ›àÉÇÉ=á=ÑçêÜçäÇ=íáä=éê~âíáëâ=
~åîÉåÇÉäëÉ=cáäíê~ëçêÄ∆=QMM=á=çåJëáíÉ=ÑáäíêÉ=íáä=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=
ÖêìåÇî~åÇK=^åîÉåÇÉäëÉ=~Ñ=ë™Ç~ååÉ=áëçíÉêãêÉëìäí~íÉê=â~å=ë™äÉÇÉë=ÉîÉåíìÉäí=
Ñ›êÉ=íáä=Éå=ìåÇÉêÉëíáãÉêáåÖ=~Ñ=ÇêáÑíëçãâçëíåáåÖÉêåÉ=ÑçêÄìåÇÉí=ãÉÇ=Éå=ÖáîÉå=
êÉåëåáåÖëä›ëåáåÖK=aÉííÉ=Ñçêë›Ö=Éê=ÇÉêÑçê=ìÇÑ›êí=Ñçê=~í=âìååÉ=îìêÇÉêÉ=çã=
ëçêéíáçåëáëçíÉêãÉê=ìÇÑ›êí=é™=cáäíê~ëçêÄ∆=QMM=á=ÇÉãáåÉê~äáëÉêÉí=î~åÇ=ÖáîÉê=
Ü›àÉêÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=ÉåÇ=ÇÉí=ÇÉê=â~å=ÑçêîÉåíÉë=Ñçê=Éå=ÖáîÉå=Ç~åëâ=
î~åÇíóéÉI=êÉéê‹ëÉåíÉêÉí=îÉÇ=^~äÄçêÖ=Ü~åÉî~åÇK=
=
cçêë›ÖÉåÉ=Éê=ìÇÑ›êí=ëçã=ÄÉëâêÉîÉí=Ñçê=êÉÑÉêÉåÅÉáëçíÉêãÉå=á=Äáä~Ö=_KOI=ãÉå=Éê=
ìÇÑ›êí=á=ÇÉãáåÉê~äáëÉêÉí=î~åÇ=îÉÇ=ée=Z=T=ÑêÉã=Ñçê=^~äÄçêÖ=Ü~åÉî~åÇK=
=
fëçíÉêãÇ~í~=Ñçê=cáäíê~ëçêÄ∆=QMM=á=ÇÉãáåÉê~äáëÉêÉí=î~åÇ=Éê=ÄÉäáÖÖÉåÇÉ=á=
âçåÅÉåíê~íáçåëáåíÉêî~ääÉí=Å~K=MISJS=ãÖ=jq_bLiK=aÉê=Éê=ÑáííÉí=Éå=cêÉìåÇäáÅÜJ
áëçíÉêã=íáä=Ç~í~=çÖ=êÉëìäí~íÉêåÉ=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKR=ë~ããÉå=ãÉÇ=êÉëìäí~íÉêåÉ=
Ñçê=êÉÑÉêÉåÅÉÑçêë›ÖÉíK=

Producentisotermer 

ofte for demin. vand 

Muligvis 

underestimering af 

driftsomkostninger 

Fremgangsmåde 

Resultater 



=

PT=

cáÖìê=PKRW=cêÉìåÇäáÅÜJáëçíÉêã=ÑáííÉí=íáä=ã™äíÉ=áëçíÉêãÇ~í~=Ñçê=cáäíê~ëçêÄ∆=QMM=
á=ÇÉãáåÉê~äáëÉêÉí=î~åÇK=

=
cêÉìåÇäáÅÜJâçåëí~åíÉê=Ñçê=áëçíÉêãÑáííÉí=Ñçê=cáäíê~ëçêÄ∆=QMM=á=ÇÉãáåÉê~äáëÉêÉí=
î~åÇ=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=PKSI=ë~ããÉå=ãÉÇ=ÄÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=îÉÇ=
ÑçêëâÉääáÖÉ=jq_bJâçåÅÉåíê~íáçåÉêK=oÉëìäí~íÉêåÉ=Ñçê=êÉÑÉêÉåÅÉáëçíÉêãÉå=
E^~äÄçêÖ=Ü~åÉî~åÇF=Éê=ÖÉåÖáîÉí=íáä=ë~ããÉåäáÖåáåÖK=
=
q~ÄÉä=PKSW=cêÉìåÇäáÅÜJâçåëí~åíÉê=ÑáííÉí=íáä=áëçíÉêãÇ~í~=Ñçê=cáäíê~ëçêÄ∆=QMM=á=
ÇÉãáåÉê~äáëÉêÉí=î~åÇI=ë~ãí=ÄÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=îÉÇ=ÑáêÉ=
ÑçêëâÉääáÖÉ=âçåÅÉåíê~íáçåÉêK=

cêÉìåÇäáÅÜJáëçíÉêã= aÉãáåÉê~äáëÉêÉí=î~åÇ= ^~äÄçêÖ=Ü~åÉî~åÇ=

hçåÅÉåíê~íáçå= xãÖLiz= MIS=Ó=S= MIQ=Ó=NR=

h
c=

xEãÖLÖFEiLãÖFNLåz= RIV= QIU=

NLå= xJz= MITS= MISU=

hçåÅÉåíê~íáçå=xãÖLiz= _ÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=xãÖLÖz=

MIR= PIRG= PIM=

N= RIV= QIU=

R= OMIN= NQIQ=

NM= PQIMG= OPIN=

G=Z=ÄÉëíÉãí=îÉÇ=Éâëíê~éçä~íáçå=ìÇÉåÑçê=ã™äÉçãê™ÇÉí=Ñçê=áëçíÉêãÉåK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKR=çÖ=í~ÄÉä=PKS=Éê=ÇÉê=Éå=âä~ê=íÉåÇÉåë=íáä=~í=
ëçêéíáçåëâ~é~ÅáíÉíÉêåÉ=Ñçê=ÇÉãáåÉê~äáëÉêÉí=î~åÇ=äáÖÖÉê=Ü›àÉêÉ=ÉåÇ=
â~é~ÅáíÉíÉêåÉ=Ñçê=^~äÄçêÖ=Ü~åÉî~åÇK=pÉäî=Üîáë=ÇÉê=í~ÖÉë=ÜÉåëóå=íáä=ÇÉ=
ÉâëéÉêáãÉåíÉääÉ=ìëáââÉêÜÉÇÉê=áåÇáâÉêÉê=ëí~íáëíáëâÉ=~å~äóëÉêI=~í=ÇÉå=çÄëÉêîÉêÉÇÉ=
ÑçêëâÉä=Éê=ëáÖåáÑáâ~åí=á=âçåÅÉåíê~íáçåëçãê™ÇÉí=Å~K=MIRJNM=ãÖ=jq_bLiK=
=
pçã=ãáÇÇÉäÄÉíê~ÖíåáåÖ=îìêÇÉêÉë=ÇÉí=ìÇÑê~=ëçêéíáçåëâ~é~ÅáíÉíÉêåÉ=á=í~ÄÉä=PKSI=
~í=ã~å=îÉÇ=~í=ÄÉåóííÉ=áëçíÉêãÇ~í~=ÑêÉãëíáääÉí=Ñçê=cáäíê~ëçêÄ∆=QMM=á=
ÇÉãáåÉê~äáëÉêÉí=î~åÇI=á=ÑçêÜçäÇ=íáä=^~äÄçêÖ=Ü~åÉî~åÇI=çîÉêÉëíáãÉêÉê=
ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=âìääÉåÉ=ãÉÇ=Å~K=NRJQRB=îÉÇ=âçåÅÉåíê~íáçåÉê=é™=ÜÜîK=
MIR=çÖ=NM=ãÖ=jq_bLiK=aÉ=çéå™ÉÇÉ=êÉëìäí~íÉê=áåÇáâÉêÉê=ë™äÉÇÉëI=~í=
~åîÉåÇÉäëÉ=~Ñ=áëçíÉêãÉê=ÑêÉãëíáääÉí=á=ÇÉãáåÉê~äáëÉêÉí=î~åÇ=â~å=Ñ›êÉ=íáä=Éå=

Freundlich-isoterm 

Demineraliseret vand 

giver signifikant højere 

kapaciteter 

Underestimering af 

driftsomkostninger 
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=

PU=

ìåÇÉêÉëíáãÉêáåÖ=~Ñ=ÇêáÑíëçãâçëíåáåÖÉêåÉ=ÑçêÄìåÇÉí=ãÉÇ=~âíáîJâìäI=å™ê=ÇÉê=Éê=
í~äÉ=çã=êÉåëåáåÖ=~Ñ=Éå=î~åÇíóéÉ=ëî~êÉåÇÉ=íáä=^~äÄçêÖ=Ü~åÉî~åÇK=
=
f=ÑçêÜçäÇ=íáä=çîÉåëí™ÉåÇÉ=êÉëìäí~íÉê=ëâ~ä=ÇÉí=ÄÉã‹êâÉëI=~í=ÇÉê=ìÇçîÉê=ÑçêëâÉääÉå=
á=î~åÇíóéÉåI=äáÖÉäÉÇÉë=Éê=Éå=ÑçêëâÉä=á=éeJî‹êÇáÉå=Ñçê=ÇÉ=íç=î~åÇíóéÉêK=eîçê=
ée=á=ÇÉí=ÄÉåóííÉÇÉ=^~äÄçêÖ=Ü~åÉî~åÇ=íóéáëâ=äáÖÖÉê=á=çãê™ÇÉí=TIMJTIO=çÖ=á=
ÑçêÄáåÇÉäëÉ=ãÉÇ=éêçàÉâíÉí=Éê=ã™äí=íáä=TIQI=àÑK=~å~äóëÉê~ééçêíÉå=á=Äáä~Ö=^I=Éê=ée=
T=á=Ñçêë›ÖÉí=ãÉÇ=ÇÉãáåÉê~äáëÉêÉí=î~åÇK=pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=êÉëìäí~íÉêåÉ=á=~Ñëåáí=
PKOKTI=îìêÇÉêÉë=ée=ÇçÖ=âìå=~í=Ü~îÉ=ãáåáã~ä=ÄÉíóÇåáåÖ=Ñçê=jq_bJ
ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=cáäíê~ëçêÄ∆=QMM=á=ÇÉí=ã™äíÉ=âçåÅÉåíê~íáçåëçãê™ÇÉI=
ÜîçêÑçê=ÇÉ=çÄëÉêîÉêÉÇÉ=ÑçêëâÉääÉ=îìêÇÉêÉë=ìÇÉäìââÉåÇÉ=~í=ëâóäÇÉë=ÑçêëâÉääÉå=á=
î~åÇíóéÉåK=
=
`~äÖçå=`~êÄçå=Ü~ê=ÑçêÉí~ÖÉí=Éí=ÇÉí~äàÉêÉí=jq_bJáëçíÉêãëíìÇáÉ=Ñçê=cáäíê~ëçêÄ∆=
QMM=E`~äÖçåI=OMMNF=ãÉÇ=âåìëí=âìäI=îÉÇ=ORø`=çÖ=á=ÇÉãáåÉê~äáëÉêÉí=î~åÇK=aÉê=
Éê=ÑçêÉí~ÖÉí=Éå=ÇáÖáí~äáëÉêáåÖ=~Ñ=áëçíÉêãÇ~í~=Ñê~=E`~äÖçåI=OMMNF=çÖ=ÇáëëÉ=Éê=á=
ÑáÖìê=PKS=ÖÉåÖáîÉí=ë~ããÉå=ãÉÇ=êÉëìäí~íÉêåÉ=Ñê~=å‹êî‹êÉåÇÉ=Ñçêë›ÖI=á=ÇÉí=
êÉäÉî~åíÉ=âçåÅÉåíê~íáçåëçãê™ÇÉK=

=
cáÖìê=PKSW=cêÉìåÇäáÅÜJáëçíÉêã=ÑáííÉí=íáä=ã™äíÉ=áëçíÉêãÇ~í~=Ñçê=cáäíê~ëçêÄ∆=QMM=
á=ÇÉãáåÉê~äáëÉêÉí=î~åÇI=Ñçê=êÉÑÉêÉåÅÉÑçêë›ÖÉí=ë~ãí=êÉëìäí~íÉêåÉ=Ñê~=E`~äÖçåI=
OMMNFK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKS=Éê=ÇÉê=îÉÇ=âçåÅÉåíê~íáçåÉê=é™=ãÉääÉã=Å~K=P=çÖ=S=
ãÖ=jq_bLi=ÑìåÇÉí=ÖçÇ=çîÉêÉåëëíÉããÉäëÉ=ãÉääÉã=ÇÉ=å‹êî‹êÉåÇÉ=êÉëìäí~íÉê=
Ñçê=ÇÉãáåÉê~äáëÉêÉí=î~åÇ=çÖ=êÉëìäí~íÉêåÉ=Ñê~=E`~äÖçåI=OMMNFI=ãÉåë=
ëçêéíáçåëâ~é~ÅáíÉíÉå=á=ÇÉííÉ=ëíìÇáÉ=Ü~ê=íÉåÇÉåë=íáä=~í=äáÖÖÉ=ä~îÉêÉ=îÉÇ==jq_bJ
âçåÅÉåíê~íáçåÉê=ãáåÇêÉ=ÉåÇ=Å~K=P=ãÖ=jq_bLiK=aÉí=îìêÇÉêÉëI=~í=ÇÉííÉ=ÑçêÜçäÇ=
ãìäáÖîáë=ëâóäÇÉë=Éå=âçãÄáåÉêÉí=ÉÑÑÉâí=~ÑI=~í=ÇÉê=á=E`~äÖçåI=OMMNF=Éê=ÄÉåóííÉí=
âåìëíÉ=âìä=ë™îÉä=ëçã=ÇÉãáåÉê~äáëÉêÉí=î~åÇK=a~=ÇÉê=á=ÇÉííÉ=ëíìÇáÉ=áââÉ=Éê=ìÇÑ›êí=
Ñçêë›Ö=ãÉÇ=âåìëíÉ=âìä=á=ÇÉãáåÉê~äáëÉêÉí=î~åÇ=â~å=ÇÉê=ÇçÖ=áââÉ=ëáÖÉë=åçÖÉí=
ÉåÇÉÖóäÇáÖí=ãÜíK=ÇÉå=ë~ãäÉÇÉ=ÉÑÑÉâí=~Ñ=ÇáëëÉ=íç=Ñ~âíçêÉêK=
=
=
=
=

Forskel i pH 

(Calgon, 2001) 
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(Calgon, 2001)



=

PV=

PKOKR ée=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=~Ñëåáí=PKNKO=Éê=ée=Éå=~Ñ=ÇÉ=Ñ~âíçêÉêI=ÇÉê=â~å=Ü~îÉ=
ÄÉíóÇåáåÖ=Ñçê=ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=~âíáîJâìäK=fÑ›äÖÉ=Ejáäà›ëíóêÉäëÉåI=NVVUF=
~ÑÜ‹åÖÉê=ÉÑÑÉâíÉå=~Ñ=ée=éêáã‹êí=~Ñ=ÑçêìêÉåáåÖëëíçÑÑÉíë=ëóêÉJÄ~ëÉ=ÉÖÉåëâ~ÄÉêK=
cçê=ëíçÑÑÉê=ãÉÇ=ëóêÉÉÖÉåëâ~ÄÉê=çÖ=éh~Jî‹êÇáÉê=ëî~êÉåÇÉ=íáä=ÖêìåÇî~åÇëJée=
â~å=ã~å=ÑçêîÉåíÉ=Éå=ä~îÉêÉ=ëçêéíáçåëâ~é~ÅáíÉí=ãÉÇ=ëíáÖÉåÇÉ=éeI=ãÉåë=ÇÉí=
çãîÉåÇíÉ=Ö›ê=ëáÖ=Ö‹äÇÉåÇÉ=Ñçê=ëíçÑÑÉê=ãÉÇ=Ä~ëÉÉÖÉåëâ~ÄÉê=Ejáäà›ëíóêÉäëÉåI=
NVVUFK=f=EktofI=OMMMF=êÉÑÉêÉêÉë=áââÉJéìÄäáÅÉêÉÇÉ=êÉëìäí~íÉê=Ñê~=`~äÖçå=
`~êÄçåI=Üîçê=ÇÉí=ÖÉååÉã=ä~Äçê~íçêáÉÑçêë›Ö=Éê=âçåëí~íÉêÉíI=~í=ée=áââÉ=Ü~ê=
åçÖÉå=áåÇÑäóÇÉäëÉ=é™=~ÇëçêéíáçåÉå=~Ñ=ÑçêìêÉåáåÖëëíçÑÑÉê=ëçã=ÉâëÉãéÉäîáë=
jq_b=çÖ=_qbuÛÉêK=ktof=EOMMMF=~åÑ›êÉê=áââÉ=åçÖÉí=éeJáåíÉêî~ä=Ñçê=
ìåÇÉêë›ÖÉäëÉåK=
=
cçê=~í=ÉÑíÉêîáëÉ=ÇÉ=áââÉJéìÄäáÅÉêÉÇÉ=êÉëìäí~íÉê=Ñê~=`~äÖçå=`~êÄçå=á=Éí=å‹êãÉêÉ=
ëéÉÅáÑáÅÉêÉí=éeJáåíÉêî~ä=Éê=ÇÉê=ë™äÉÇÉë=ìÇÑ›êí=Ñçêë›Ö=íáä=~í=~Ñâä~êÉ=çã=jq_bJ
ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=cáäíê~ëçêÄ∆=QMM=é™îáêâÉë=á=ÄÉíóÇÉäáÖ=Öê~Ç=~Ñ=ée=çÖ=
ÇÉêãÉÇ=çã=Éëíáã~íÉê=~Ñ=ÇêáÑíëçãâçëíåáåÖÉêåÉ=Ä›ê=áåÇÇê~ÖÉ=îáÇÉå=çã=ée=á=
ÖêìåÇî~åÇÉí=ÉääÉê=çã=Éå=ÉîÉåíìÉä=éeJàìëíÉêáåÖ=â~åLÄ›ê=í~ÖÉë=á=ÄÉíê~ÖíåáåÖ=îÉÇ=
ÇÉëáÖå=~Ñ=çåJëáíÉ=~åä‹Ö=íáä=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇK=
=
cçêë›ÖÉåÉ=Éê=ìÇÑ›êí=ëçã=ÄÉëâêÉîÉí=Ñçê=êÉÑÉêÉåÅÉáëçíÉêãÉå=á=Äáä~Ö=_KOI=çÖ=ÇÉê=
Éê=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=î™ÇíåáåÖÉå=~Ñ=âìääÉåÉ=ÑçêÉí~ÖÉí=Éå=ë~ãíáÇáÖ=éeJàìëíÉêáåÖ=
îÉÇ=íáíêÉêáåÖ=ãÉÇ=ÜÜîK=e`ä=çÖ=k~le=íáä=î‹êÇáÉê=é™=ÜÜîK=R=çÖ=VK=aÉê=Éê=
ÄÉåóííÉí=ÇÉãáåÉê~äáëÉêÉí=î~åÇ=íáä=Ñçêë›ÖÉåÉI=ÜîçêÑçê=êÉëìäí~íÉêåÉ=ë~ããÉåäáÖåÉë=
ãÉÇ=êÉëìäí~íÉêåÉ=ìÇÑ›êí=á=ÇÉãáåÉê~äáëÉêÉí=î~åÇ=îÉÇ=ée=TK=
=
fëçíÉêãÇ~í~=Ñçê=éeJÑçêë›ÖÉåÉ=Éê=ÄÉäáÖÖÉåÇÉ=á=âçåÅÉåíê~íáçåëáåíÉêî~ääÉí=Å~K=MIR=
Ó=U=ãÖ=jq_bLiK=aÉê=Éê=ÑáííÉí=cêÉìåÇäáÅÜJáëçíÉêãÉê=íáä=Ç~í~=çÖ=êÉëìäí~íÉêåÉ=Ñçê=
ée=Z=R=çÖ=V=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKT=ë~ããÉå=ãÉÇ=êÉëìäí~íÉêåÉ=Ñçê=Ñçêë›ÖÉí=ãÉÇ=
ÇÉãáåÉê~äáëÉêÉí=î~åÇ=îÉÇ=ée=Z=TK=

=
cáÖìê=PKTW=cêÉìåÇäáÅÜJáëçíÉêãÉê=ÑáííÉí=íáä=ã™äíÉ=áëçíÉêãÇ~í~=Ñçê=cáäíê~ëçêÄ∆=
QMM=á=ÇÉãáåÉê~äáëÉêÉí=îÉÇ=ée=Z=RI=T=çÖ=VK=

=

pH mulig betydning for 
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=

QM=

cêÉìåÇäáÅÜJâçåëí~åíÉê=Ñçê=áëçíÉêãÑáííÉåÉ=Ñçê=cáäíê~ëçêÄ∆=QMM=á=ÇÉãáåÉê~äáëÉêÉí=
î~åÇ=îÉÇ=ée=Z=RI=T=çÖ=V=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=PKTI=ë~ããÉå=ãÉÇ=ÄÉêÉÖåÉÇÉ=
ëçêéíáçåëâ~é~ÅáíÉíÉê=îÉÇ=ÑáêÉ=ÑçêëâÉääáÖÉ=jq_bJâçåÅÉåíê~íáçåÉêK==
=
q~ÄÉä=PKTW= cêÉìåÇäáÅÜJâçåëí~åíÉê=ÑáííÉí=íáä=áëçíÉêãÇ~í~=Ñçê=cáäíê~ëçêÄ∆=QMM=á=
ÇÉãáåÉê~äáëÉêÉí=î~åÇ=îÉÇ=ée=Z=RI=T=çÖ=VI=ë~ãí=ÄÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=
îÉÇ=ÑçêëâÉääáÖÉ=âçåÅÉåíê~íáçåÉêK=

cêÉìåÇäáÅÜJáëçíÉêã= ée=Z=R= ée=Z=T= ée=Z=V=

hçåÅÉåíê~íáçå= xãÖLiz= MIR=Ó=T= MIS=Ó=S= MIR=Ó=U=

h
c=

xEãÖLÖFEiLãÖFNLåz= SIM= RIV= SIR=

NLå= xJz= MITM= MITS= MISN=

hçåÅÉåíê~íáçå=xãÖLiz= _ÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=xãÖLÖz=

MIR= PIT= PIRG= QIP=

N= SIM= RIV= SIR=

R= NUIR= OMIN= NTIO=

NM= PMING= PQIMG= OSIOG=

G=Z=ÄÉëíÉãí=îÉÇ=Éâëíê~éçä~íáçå=ìÇÉåÑçê=ã™äÉçãê™ÇÉí=Ñçê=áëçíÉêãÉåK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKT=äáÖÖÉê=áëçíÉêãÉêåÉ=îÉÇ=ÇÉ=íêÉ=éeJî‹êÇáÉê=é™=ëíçêí=
ëÉí=ë~ããÉ=åáîÉ~ìI=ãÉåë=ÇÉå=éêáã‹êÉ=ÑçêëâÉä=äáÖÖÉê=á=Ü‹äÇåáåÖÉåI=ÖáîÉí=îÉÇ=
ÑçêëâÉääáÖÉ=î‹êÇáÉê=Ñçê=NLåK=cçêëâÉääÉå=á=ÇÉ=ÄÉëíÉãíÉ=NLåJî‹êÇáÉê=ãÉÇÑ›êÉêI=
ëçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=PKTI=Éå=íÉåÇÉåë=íáäI=~í=ëçêéíáçåëâ~é~ÅáíÉíÉêåÉ=îÉÇ=
Ä™ÇÉ=ée=R=çÖ=V=Éê=Ü›àÉêÉ=ÉåÇ=â~é~ÅáíÉíÉêåÉ=îÉÇ=ée=TI=îÉÇ=âçåÅÉåíê~íáçåÉê=
ãáåÇêÉ=ÉåÇ=Å~K=O=ãÖ=jq_bLi=çÖ=ä~îÉêÉ=îÉÇ=Ü›àÉêÉ=âçåÅÉåíê~íáçåëåáîÉ~ìK=
=
q~ÖÉë=ÇÉê=ÜÉåëóå=íáä=ÇÉ=ÉâëéÉêáãÉåíÉääÉ=ìëáââÉêÜÉÇÉê=é™=ÄÉëíÉããÉäëÉå=~Ñ=
áëçíÉêãÉêåÉ=áåÇáâÉêÉê=ëí~íáëíáëâÉ=~å~äóëÉêI=~í=ÑçêëâÉääÉå=é™=
ëçêéíáçåëâ~é~ÅáíÉíÉêåÉ=îÉÇ=ÜÜîK=ée=R=çÖ=ée=T=áââÉ=Éê=ëáÖåáÑáâ~åíK=aÉ=çéå™ÉÇÉ=
êÉëìäí~íÉê=áåÇáâÉêÉê=ë™äÉÇÉëI=~í=ëçêéíáçåëáëçíÉêãÉê=ÄÉëíÉãí=îÉÇ=ée=T=ãÉÇ=
êáãÉäáÖ=å›à~ÖíáÖÜÉÇ=â~å=ÄÉåóííÉë=íáä=ÑçêìÇëáÖÉäëÉ=~Ñ=ëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=
éeJî‹êÇáÉê=åÉÇ=íáä=Å~K=R=á=ÇÉí=ìåÇÉêë›ÖíÉ=âçåÅÉåíê~íáçåëçãê™ÇÉ=é™=MIR=íáä=NM=
ãÖ=jq_bLiK=
=
aÉ=ëí~íáëíáëâÉ=~å~äóëÉê=áåÇáâÉêÉê=äáÖÉäÉÇÉëI=~í=ÇÉê=áââÉ=Éê=ëáÖåáÑáâ~åí=ÑçêëâÉä=é™=
ëçêéíáçåëâ~é~ÅáíÉíÉêåÉ=îÉÇ=ée=V=çÖ=ée=T=á=âçåÅÉåíê~íáçåëçãê™ÇÉí=Å~K=NIOJQIM=
ãÖ=jq_bLiI=ãÉåë=ÑçêëâÉääÉå=Éê=ëí~íáëíáëâ=ëáÖåáÑáâ~åí=ìÇÉåÑçê=ÇÉííÉ=
âçåÅÉåíê~íáçåëçãê™ÇÉK=pçã=ãáÇÇÉäÄÉíê~ÖíåáåÖ=â~å=ÇÉí=é™=Ä~ÖÖêìåÇ=~Ñ=
êÉëìäí~íÉêåÉ=á=í~ÄÉä=PKT=ÄÉêÉÖåÉëI=~í=ã~å=îÉÇ=~í=ÄÉåóííÉ=áëçíÉêãÇ~í~=ÑêÉãëíáääÉí=
îÉÇ=ée=T=çÖ=MIR=ãÖ=jq_bLiI=êáëáâÉêÉê=~í=ìåÇÉêÉëíáãÉêÉ=ëçêéíáçåëâ~é~ÅáíÉíÉå=
îÉÇ=ée=V=ãÉÇ=Å~K=OMBI=ãÉåë=â~é~ÅáíÉíÉå=çîÉêîìêÇÉêÉë=ãÉÇ=Å~K=OMB=îÉÇ=NM=
ãÖ=jq_bLiK=
=
aÉå=ëí~íáëíáëâÉ=~å~äóëÉ=îÉÇêK=ÑçêëâÉääÉå=ãÉääÉã=ée=T=çÖ=ée=V=Éê=ìÇÑ›êí=ìÇÑê~=
Éå=~åí~ÖÉäëÉ=~ÑI=~í=ÇÉå=äáåÉ‹êÉ=áëçíÉêã=ÖáîÉê=Éå=ÖçÇ=ÄÉëâêáîÉäëÉ=~Ñ=
ã™äÉéìåâíÉêåÉK=m™=ÖêìåÇ=~Ñ=ÄÉäáÖÖÉåÜÉÇÉå=~Ñ=ÇÉí=ä~îÉëíÉ=ã™äÉéìåâí=Éê=ÇÉííÉ=
áââÉ=ìÄÉíáåÖÉí=íáäÑ‹äÇÉíI=ÜîçêÑçê=ÇÉ=âî~åíáí~íáîÉ=êÉëìäí~íÉê=çîÉåÑçê=Éê=ÄÉÜ‹ÑíÉí=
ãÉÇ=Éå=îáë=ìëáââÉêÜÉÇK=ÕåëâÉë=Éå=ÄÉÇêÉ=ÇÉÑáåáíáçå=~Ñ=ÑçêëâÉääÉå=ãÉääÉã=
ëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=ée=T=çÖ=ée=VI=Ä›ê=ÇÉê=ë™äÉÇÉë=ìÇÑ›êÉë=ëìééäÉêÉåÇÉ=
Ñçêë›Ö=á=ÇÉííÉ=âçåÅÉåíê~íáçåëçãê™ÇÉK=
=
a~=ÇÉê=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=EktofI=OMMMFÛë=êÉÑÉêÉåÅÉ=íáä=`~äÖçå=`~êÄçåÛë=
ìåÇÉêë›ÖÉäëÉ=~Ñ=éeÛë=ÄÉíóÇåáåÖ=Ñçê=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉåI=ëçã=å‹îåí=
çîÉåÑçêI=áââÉ=Éê=~åÑ›êí=åçÖÉí=éeJáåíÉêî~ä=Ñçê=ìåÇÉêë›ÖÉäëÉåI=â~å=ÇÉí=áââÉ=

Freundlich-isoterm 

Ikke signifikant forskel 

på pH 5 og 7 

Forskel på pH 7 og 9 

afhænger af MTBE-

koncentrationen 

Overensstemmelse med 

Calgon’s resultater? 



=

QN=

ìãáÇÇÉäÄ~êí=~ÑÖ›êÉë=çã=ÇÉê=Éê=ãçÇëíêáÇ=ãÉääÉã=ÇÉ=å‹êî‹êÉåÇÉ=êÉëìäí~íÉê=çÖ=
`~äÖçå=`~êÄçåÛë=êÉëìäí~íÉêK=
=
^ÑÜ‹åÖáÖí=~Ñ=jq_bJâçåÅÉåíê~íáçåÉå=áåÇáâÉêÉê=êÉëìäí~íÉêåÉ=ìãáÇÇÉäÄ~êíI=~í=
ÇÉêI=~ÑÜ‹åÖáÖí=~Ñ=ÇÉå=›åëâÉÇÉ=å›à~ÖíáÖÜÉÇ=é™=Éëíáã~íÉíI=á=íáäÑ‹äÇÉ=~ÑI=~í=ée=Éê=
î‹ëÉåíäáÖí=ëí›êêÉ=ÉåÇ=T=ãìäáÖîáë=Ä›ê=í~ÖÉë=ÜÉåëóå=íáä=éeJî‹êÇáÉå=á=ÑçêÄáåÇÉäëÉ=
ãÉÇ=ÅçëíJÉëíáã~íÉê=é™=êÉåëåáåÖëä›ëåáåÖÉêK=aÉí=îìêÇÉêÉë=ÇçÖI=~í=ÇÉí=á=ä~åÖí=ÇÉ=
ÑäÉëíÉ=éê~âíáëâÉ=~åîÉåÇÉäëÉê=ìåÇÉê=Ç~åëâÉ=ÑçêÜçäÇ=Eée=Å~K=S=íáä=UFI=áââÉ=Éê=
å›ÇîÉåÇáÖí=~í=í~ÖÉ=ÜÉåëóå=íáä=î~åÇÉíë=ée=îÉÇ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=
ÖêìåÇî~åÇK=
=
PKOKS aÉëçêéíáçå=

aÉê=Éê=ìÇÑ›êí=ÇÉëçêéíáçåëÑçêë›Ö=Ñçê=~í=ìåÇÉêë›ÖÉ=á=Üîçê=ëíçê=Öê~Ç=cáäíê~ëçêÄ∆=
QMM=Ü~ê=íÉåÇÉåë=íáä=~í=ÑêáÖáîÉ=~ääÉêÉÇÉ=~ÇëçêÄÉêÉí=jq_b=íáä=î‹ëâÉëíê›ããÉå=
îÉÇ=Éí=ÉîÉåíìÉäí=Ñ~äÇ=á=áåÇä›ÄëâçåÅÉåíê~íáçåÉå=ÉääÉê=îÉÇ=ÑäìâíìÉêÉåÇÉ=
áåÇä›ÄëâçåÅÉåíê~íáçåÉê=á=Éí=ÖáîÉí=çåJëáíÉ=ÑáäíÉêK=
=
aÉê=Éê=ìÇÑ›êí=ÇÉëçêéíáçåëÑçêë›Ö=îÉÇ=íêÉ=ÑçêëâÉääáÖÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉêI=
ÇîëK=á=íêÉ=ëÉêìãÑä~ëâÉêK=cçêë›ÖÉí=Éê=ìÇÑ›êí=îÉÇI=~í=ÇÉê=EÉÑíÉê=çéå™ÉäëÉ=~Ñ=
äáÖÉî‹ÖíF=á=ÜîÉê=ëÉêìãÑä~ëâÉ=Éê=ÑàÉêåÉí=Éå=~åÇÉä=~Ñ=î~åÇÑ~ëÉåI=ëçã=Éê=Éêëí~ííÉí=
~Ñ=Éí=íáäëî~êÉåÇÉ=îçäìãÉå=êÉåí=^~äÄçêÖ=Ü~åÉî~åÇK=aÉê=Éê=ÑçêÉí~ÖÉí=
î~åÇìÇëâáÑíåáåÖ=á=~äí=ÑÉã=Ö~åÖÉI=ëî~êÉåÇÉ=íáä=~í=ÇÉê=çéå™ë=ÑÉã=éìåâíÉê=é™=
ÇÉëçêéíáçåëáëçíÉêãÉå=îÉÇ=ÜîÉêí=âçåÅÉåíê~íáçåëåáîÉ~ìK=aÉ=å‹êãÉêÉ=ÑçêÜçäÇ=
çãâêáåÖ=Ñçêë›ÖÉíë=ìÇÑ›êÉäëÉ=Éê=ÄÉëâêÉîÉí=á=Äáä~Ö=_KRK=
=
iáÖÉî‹ÖíëêÉëìäí~íÉêåÉ=Ñçê=ÇÉëçêéíáçåëÑçêë›ÖÉåÉ=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKU=çÖ=Éê=
éäçííÉí=ë~ããÉå=ãÉÇ=êÉëìäí~íÉêåÉ=Ñçê=êÉÑÉêÉåÅÉÑçêë›ÖÉíX=ÇîëK=
~ÇëçêéíáçåëáëçíÉêãÉå=ÉÑíÉê=OQ=íáãÉêë=äáÖÉî‹ÖíK=_Éã‹êâI=~í=ÇÉê=~Ñ=
éê‹ëÉåí~íáçåëã‹ëëáÖÉ=ÜÉåëóå=Éê=í~äÉ=çã=Éí=Ñçêëí›êêÉí=ìÇëåáí=~Ñ=ÇÉå=ÑìäÇÉ=
~ÇëçêéíáçåëáëçíÉêãI=çÖ=~í=~âëÉêåÉ=áââÉ=Éê=äçÖ~êáíãáëâÉK=

cáÖìê=PKUW=aÉëçêéíáçåëêÉëìäí~íÉê=Ñçê=íêÉ=ÑçêëâÉääáÖÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉê=
E^FI=E_F=çÖ=E`F=éäçííÉí=ë~ããÉå=ãÉÇ=êÉÑÉêÉåÅÉáëçíÉêãÇ~í~=Ñçê=cáäíê~ëçêÄ∆=QMMK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKU=Éê=ÇÉê=çÄëÉêîÉêÉí=Éå=âä~ê=ÜóëíÉêÉëÉ=á=ÑçêÄáåÇÉäëÉ=
ãÉÇ=ÇÉëçêéíáçå=~Ñ=jq_b=Ñê~=cáäíê~ëçêÄ∆=QMMX=ÇîëK=~í=áëçíÉêãéìåâíÉêåÉ=îÉÇ=

pH uvæsentlig i 

praktiske anvendelser 

under danske forhold 

Fremgangsmåde 

Resultater 
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Desorption
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=

QO=

äáÖÉî‹Öí=ìåÇÉê=ÇÉëçêéíáçå=áââÉ=Ñ›äÖÉê=Ñçêä›ÄÉí=çÄëÉêîÉêÉí=ìåÇÉê=~ÇëçêéíáçåÉåK=
aÉê=Éê=~äíë™=áââÉ=çÄëÉêîÉêÉí=ÑìäÇëí‹åÇáÖ=êÉîÉêëáÄáäáíÉí=Ñçê=ëçêéíáçåëéêçÅÉëëÉåK=
=
cçê=ë~ããÉåäáÖåáåÖÉåë=ëâóäÇ=Éê=ÇÉê=ÑçêÉí~ÖÉí=Éå=ÑáíåáåÖ=~Ñ=cêÉìåÇäáÅÜJ
áëçíÉêãÉå=íáä=ÇÉ=ã™äíÉ=ÇÉëçêéíáçåëÇ~í~=Ñçê=ÇÉ=íêÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉêK=
oÉëìäí~íÉêåÉ=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=PKUI=ë~ããÉå=ãÉÇ=cêÉìåÇäáÅÜJâçåëí~íÉêåÉ=ÑáííÉí=
íáä=~ÇëçêéíáçåëÇ~í~K=
=
q~ÄÉä=PKUW= cêÉìåÇäáÅÜJâçåëí~åíÉê=ÑáííÉí=íáä=ÇÉëçêéíáçåëêÉëìäí~íÉê=Ñçê=
cáäíê~ëçêÄ∆=QMM=îÉÇ=íêÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉêK==

aÉëçêéíáçå=
cêÉìåÇäáÅÜJáëçíÉêã= ^Çëçêéíáçå=

E^F= E_F= E`F=

hçåÅÉåíê~íáçå= xãÖLiz= MIQ=J=NR= NIP=Ó=NIS= RIQ=Ó=SIT= TIU=Ó=VIN=

h
c=

xEãÖLÖFEiLãÖFNLåz= QIU= TIM= NOIU= NTIS=

NLå= xJz= MISU= MIMU= MINQ= MIMV=

 

aÉí=ãÉëí=ã~êâ~åíÉ=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=ÇÉ=ÑáííÉÇÉ=cêÉìåÇäáÅÜJâçåëí~åíÉê=Ñçê=
ÇÉëçêéíáçåëÑçêä›ÄÉíI=àÑK=í~ÄÉä=PKUI=Éê=ÇÉ=ãÉÖÉí=ä~îÉêÉ=î‹êÇáÉê=Ñçê=NLå=
ë~ããÉåäáÖåÉí=ãÉÇ=î‹êÇáÉå=çéå™Éí=Ñçê=~ÇëçêéíáçåëÑçêä›ÄÉíK==
=
cçê=~í=áääìëíêÉêÉ=ÄÉíóÇåáåÖÉå=~Ñ=ÇÉå=âçåëí~íÉêÉÇÉ=ÜóëíÉêÉëÉ=Éê=ÇÉê=á=ÑáÖìê=PKV=
çéíÉÖåÉí=ÇÉëçêéíáçåëáëçíÉêãÉêI=ìÇÑê~=ÇÉ=ÑáííÉÇÉ=cêÉìåÇäáÅÜJâçåëí~åíÉê=
ÖÉåÖáîÉí=á=í~ÄÉä=PKUK=aÉí=Ä›ê=ÄÉã‹êâÉëI=~í=ÇÉê=Éê=í~äÉ=çã=îçäÇëçããÉ=
Éâëíê~éçä~íáçåÉê=~Ñ=ÇÉëçêéíáçåëÑçêä›ÄÉí=ìÇÉåÑçê=ÇÉ=ã™äíÉ=
âçåÅÉåíê~íáçåëáåíÉêî~ääÉêX=çÖI=~í=ÇÉ=å›à~ÖíáÖÉ=ÇÉëçêéíáçåëÑçêä›Ä=áââÉ=âÉåÇÉëK=
cáÖìêÉå=íàÉåÉê=ìÇÉäìââÉåÇÉ=ÇÉí=Ñçêã™äI=~í=áääìëíêÉêÉ=ÇÉå=ãìäáÖÉ=ÄÉíóÇåáåÖ=~Ñ=
ÜóëíÉêÉëÉ=îÉÇ=ÇÉëçêéíáçå=~Ñ=jq_b=Ñê~=cáäíê~ëçêÄ∆=QMMK=

cáÖìê=PKVW=aÉëçêéíáçåëêÉëìäí~íÉê=Ñçê=íêÉ=ÑçêëâÉääáÖÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉê=
éäçííÉí=ë~ããÉå=ãÉÇ=êÉÑÉêÉåÅÉáëçíÉêãÇ~í~=Ñçê=cáäíê~ëçêÄ∆=QMMK=

=
^Ñ=ÑáÖìê=PKV=â~å=Ñ›äÖÉåÇÉ=~Ñä‹ëÉëW=eîáë=cáäíê~ëçêÄ∆=QMM=á=Éí=çåJëáíÉ=ÑáäíÉê=Éê=
ã‹ííÉí=ãÉÇ=jq_b=ÉÑíÉê=Éå=âçåëí~åí=áåÇä›ÄëâçåÅÉåíê~íáçå=é™=ÉâëÉãéÉäîáë=Å~K=
V=ãÖLiI=ëî~êÉåÇÉ=íáä=Ñçêä›Ä=E`FI=çÖ=áåÇä›ÄëâçåÅÉåíê~íáçåÉå=éäìÇëÉäáÖ=Ñ~äÇÉê=íáä=
ÉâëÉãéÉäîáë=N=ãÖ=jq_bLiI=ë™=Ñ~äÇÉê=ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñê~=Å~K=ONIQ=íáä=NTIS=
ãÖ=jq_bLÖ=âìä=çÖ=ÇÉê=ÑêáÖáîÉë=ë™äÉÇÉë=Å~K=PIU=ãÖ=jq_b=Ñê~=ÜîÉêí=Ö=âìä=á=

Freundlich-isoterm 

Illustration af hysterese 

Tolkning af desorption 
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=

QP=

ÑáäíÉêÉí=íáä=î‹ëâÉëíê›ããÉåK=aÉååÉ=ã‹åÖÇÉ=ëî~êÉê=íáä=Å~K=PIQ=âÖ=jq_b=Ñçê=Éí=
ëí~åÇ~êÇ=~âíáîJâìä=ÑáäíÉê=áåÇÉÜçäÇÉåÇÉ=VMM=âÖ=cáäíê~ëçêÄ∆=QMMK=
=
eîáë=ÑáäíÉêä›ëåáåÖÉå=áââÉ=Éê=Éí~ÄäÉêÉí=ãÉÇ=ÉâëÉãéÉäîáë=íç=ÑáäíêÉ=á=ëÉêáÉI=Üîçê=ÇÉí=
ëáÇëíÉ=ÑáäíÉê=á=ëÉêáÉå=Ü~ê=êÉëíâ~é~ÅáíÉí=íáä=~í=çéÑ~åÖÉ=éìäëÉå=~Ñ=ÑêáÖáîÉí=jq_b=Ñê~=
ÇÉí=Ñ›êëíÉ=ÑáäíÉêI=â~å=ÇÉê=á=î‹êëíÉ=Ñ~äÇ=çÄëÉêîÉêÉë=Ü›àÉêÉ=ìÇä›ÄëâçåÅÉåíê~íáçå=
ÉåÇ=áåÇä›ÄëâçåÅÉåíê~íáçå=îÉÇ=Éå=ë™Ç~å=ÇÉëçêéíáçå=EktofI=OMMMFK=
=
PKOKT oÉÑÉêÉåÅÉáëçíÉêã=EÉâëíÉêå=ã™äáåÖ=~Ñ=jq_bF=

cçêë›ÖÉåÉ=ãÉÇ=âçåâìêêÉêÉåÇÉ=ëçêéíáçåI=ëÉ=~Ñëåáí=PKOKUI=Éê=ìÇÑ›êí=ãÉÇ=
ÉâëíÉêåÉ=~å~äóëÉê=îÉÇ=~ââêÉÇáíÉêÉí=~å~äóëÉä~Äçê~íçêáìãK=a~=ÇÉê=ë™äÉÇÉë=Éê=
ÑçêëâÉä=á=ã™äÉéêçÅÉÇìêÉå=ãÉääÉã=ÇáëëÉ=Ñçêë›Ö=çÖ=êÉÑÉêÉåÅÉÑçêë›ÖÉíI=àÑK=~Ñëåáí=
PKOKNI=Éê=ÇÉê=ìÇÑ›êí=Éí=ëìééäÉêÉåÇÉ=êÉÑÉêÉåÅÉÑçêë›ÖI=Üîçê=ëçêéíáçåëáëçíÉêãÉå=
Éê=ÄÉëíÉãí=ìÇÑê~=ÉâëíÉêåÉ=~å~äóëÉê=~Ñ=jq_bK=oÉëìäí~íÉêåÉ=Ñê~=ÇÉííÉ=Ñçêë›Ö=Éê=
ÖÉåÖáîÉí=çÖ=ÇáëâìíÉêÉí=á=ÇÉí=Ñ›äÖÉåÇÉK==
=
mêçÅÉÇìêÉå=îÉÇêK=ÇÉííÉ=Ñçêë›Öë=ìÇÑ›êÉäëÉ=ÑêÉãÖ™ê=~Ñ=Äáä~Ö=_KS=çÖ=~ÇëâáääÉê=ëáÖ=á=
ÇÉí=î‹ëÉåíäáÖÉ=Ñê~=çîÉåëí™ÉåÇÉ=éêçÅÉÇìêÉ=îÉÇI=~í=ëÉêìãÑä~ëâÉêåÉ=E~Ñ=éê~âíáëâÉ=
™êë~ÖÉêF=áââÉ=Éê=ÜÉåëíáääÉí=é™=êóëíÉÄçêÇI=ãÉå=çãêóëíÉí=ã~åìÉäí=çîÉê=Éå=éÉêáçÇÉ=
é™=íêÉ=Ç›Öå=çÖ=ÉÑíÉêÑ›äÖÉåÇÉ=Éê=ÜÉåëíáääÉí=íáä=ëÉÇáãÉåí~íáçå=á=Éí=Ç›Öå=áåÇÉå=
ìÇí~ÖåáåÖ=~Ñ=ëìéÉêå~í~åí=íáä=oÉÇJ`~é=Öä~ëK=^å~äóëÉêåÉ=Éê=ÑçêÉí~ÖÉí=îÉÇ=
Éâëíê~âíáçå=é™=êÉå=î~åÇÑ~ëÉ=ë~ãí=ÉÑíÉêÑ›äÖÉåÇÉ=~å~äóëÉ=~Ñ=Éâëíê~âíÉí=îÉÇ=
d`LjpJpfjK=aÉê=Éê=~äíë™=ÑçêÉí~ÖÉí=ãÉêÉ=Ü™åÇíÉêáåÖ=~Ñ=éê›îÉêåÉI=ãÉå=
ÑçêãÉåíäáÖ=ÄÉåóííÉí=Éå=ãÉêÉ=å›à~ÖíáÖ=ã™äÉãÉíçÇÉK=
=
cçê=ÇÉ=ÉâëíÉêåÉ=~å~äóëÉê=Éê=Ç~í~=Ñçê=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=
cáäíê~ëçêÄ∆=QMM=ÄÉäáÖÖÉåÇÉ=á=âçåÅÉåíê~íáçåëáåíÉêî~ääÉí=Å~K=MIMP=Ó=NQM=ãÖ=
jq_bLiK=aÉ=ã™äíÉ=áëçíÉêãÇ~í~=á=âçåÅÉåíê~íáçåëáåíÉêî~ääÉí=MINU=Ó=NQM=ãÖ=
jq_bLi=ÑáííÉë=ÄÉÇëí=~Ñ=aìÄáåáåJ^ëí~âçî=áëçíÉêãÉåI=ãÉåë=Ç~í~=á=áåíÉêî~ääÉí=
Å~K=MIMP=Ó=NM=ãÖ=jq_bLi=ÑáííÉë=ÄÉÇëí=~Ñ=cêÉìåÇäáÅÜJáëçíÉêãÉåK=cáÖìê=PKNM=
îáëÉê=ÇÉ=íç=áëçíÉêãÉê=ÑáííÉí=íáä=ã™äÉÇ~í~=ë~ãí=ÇÉ=íáäëî~êÉåÇÉ=êÉëìäí~íÉê=Ñê~=ÇÉí=
áåíÉêåÉ=êÉÑÉêÉåÅÉÑçêë›ÖK=

=
cáÖìê=PKNMW=cáíåáåÖ=~Ñ=E~F=aìÄáåáåJ^ëí~âçî=áëçíÉêãÉå=çÖ=EÄF=cêÉìåÇäáÅÜJ
áëçíÉêãÉå=íáä=ÇÉ=ã™äíÉ=áëçíÉêãÇ~í~=Ñçê=cáäíê~ëçêÄ∆=QMMI=Ä~ëÉêÉí=é™=ÜÜîK=áåíÉêå=
çÖ=ÉâëíÉêå=ã™äáåÖ=~Ñ=jq_bK=

=
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=

QQ=

pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKNN=Éê=ÇÉê=Ñçê=êÉÑÉêÉåÅÉÑçêë›ÖÉí=Ä~ëÉêÉí=é™=ÉâëíÉêå=
ã™äáåÖ=~Ñ=jq_bJâçåÅÉåíê~íáçåÉå=ÖÉåÉêÉäí=âçåëí~íÉêÉí=Ü›àÉêÉ=
ëçêéíáçåëâ~é~ÅáíÉíÉê=ÉåÇ=îÉÇ=Ñçêë›ÖÉí=Ä~ëÉêÉí=é™=áåíÉêåÉ=ã™äáåÖÉêK=lã=ÇÉííÉ=
ÑçêÜçäÇ=ëâóäÇÉë=ÑçêëâÉääÉ=á=Ñçêë›ÖëéêçÅÉÇìêÉ=çÖ=éê›îÉÜ™åÇíÉêáåÖ=ÉääÉê=á=ÇÉ=
~åîÉåÇíÉ=~å~äóëÉãÉíçÇÉê=â~å=áââÉ=ìãáÇÇÉäÄ~êí=~ÑÖ›êÉëK=aÉ=ÉÑíÉêÑ›äÖÉåÇÉ=
ë~ããÉåäáÖåáåÖÉê=ãÉääÉã=êÉÑÉêÉåÅÉáëçíÉêãÉå=çÖ=êÉëìäí~íÉêåÉ=Ñçê=
âçåâìêêÉêÉåÇÉ=ëçêéíáçå=ãÉÇ=_qbuÛÉê=Éê=ÑçêÉí~ÖÉí=é™=êÉä~íáî=Ä~ëáë=çÖ=ÇÉí=
îìêÇÉêÉë=áââÉI=~í=ÇÉí=~ÄëçäìííÉ=åáîÉ~ì=Ñçê=ëçêéíáçåëâ~é~ÅáíÉíÉêåÉ=Ü~ê=~ÑÖ›êÉåÇÉ=
ÄÉíóÇåáåÖ=Ñçê=âçåâäìëáçåÉêåÉë=î~äáÇáíÉíK=
=
iáÖåáåÖ=PKT=ÄÉëâêáîÉê=ÇÉå=ÑáííÉÇÉ=aìÄáåáåJ^ëí~âçî=áëçíÉêã=íáä=áëçíÉêãÇ~í~=
Ä~ëÉêÉí=é™=ÉâëíÉêå=ã™äáåÖ=~Ñ=jq_bK=fëçíÉêãÉå=Éê=Ö‹äÇÉåÇÉ=á=
âçåÅÉåíê~íáçåëáåíÉêî~ääÉí=EÅ~K=MIO=Ó=NQM=ãÖ=jq_bLiFK=
=
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s = EPKTF=

=
Üîçê=p=Éê=ëçêéíáçåëâ~é~ÅáíÉíÉå=xãÖLÖzI=o=Éê=áÇÉ~äÖ~ëâçåëí~åíÉå=EUIPNQˇNMJP=
hgLãçäLhFI=q=Éê=ÇÉå=~ÄëçäìííÉ=íÉãéÉê~íìê=EOVSINR=hFI=`

ë
=Éê=ÇÉå=î~åÇáÖÉ=

çéä›ëÉäáÖÜÉÇ=~Ñ=ÑçêìêÉåáåÖëëíçÑÑÉí=ERMKMMM=ãÖLiF=çÖ=`=Éê=äáÖÉî‹ÖíëâçåÅÉåíê~J
íáçåÉå=~Ñ=jq_b=á=î‹ëâÉÑ~ëÉå=xãÖLizK=
=
cêÉìåÇäáÅÜJáëçíÉêãÉå=ÑáííÉí=íáä=Ç~í~=Ä~ëÉêÉí=é™=ÉâëíÉêå=ã™äáåÖ=~Ñ=jq_bI=àÑK=
ÑáÖìê=PKNMEÄF=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=PKVI=ë~ããÉå=ãÉÇ=VRB=âçåÑáÇÉåëáåíÉêî~ääÉê=é™=
é~ê~ãÉíêÉåÉ=ÉëíáãÉêÉí=îÜ~K=éÉêÅÉåíáäÉ=Äççíëíê~ééáåÖK=
=
q~ÄÉä=PKVW=cáííÉÇÉ=cêÉìåÇäáÅÜJâçåëí~åíÉê=Ñçê=êÉÑÉêÉåÅÉáëçíÉêã=Ä~ëÉêÉí=é™=
ÉâëíÉêå=ã™äáåÖ=~Ñ=jq_b=ë~ãí=VRB=âçåÑáÇÉåëáåíÉêî~ääÉê=Ñçê=ÇáëëÉK=

cêÉìåÇäáÅÜJáëçíÉêã= jáÇÇÉä= VRB=åÉÇêÉ= VRB=›îêÉ=

hçåÅÉåíê~íáçå= xãÖLiz= MIMP=J=NM=

h
c=

xEãÖLÖFEiLãÖFNLåz= TIOS= SIVN= TIRR=

NLå= xJz= MIRVQ= MIRST= MISQN=

=
^å~äçÖí=íáä=~å~äóëÉå=Ñçê=êÉÑÉêÉåÅÉÑçêë›ÖÉí=ãÉÇ=áåíÉêå=ã™äáåÖ=~Ñ=jq_b=Éê=ÇÉê=
ÉëíáãÉêÉí=VRB=âçåÑáÇÉåëáåíÉêî~ääÉê=Ñçê=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=ÑçêJ
ëâÉääáÖÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉêK=aáëëÉ=âçåÑáÇÉåëáåíÉêî~ääÉê=Éê=ÖÉåÖáîÉí=á=í~ÄÉä=
PKNMK=
=
q~ÄÉä=PKNMW= VRB=âçåÑáÇÉåëáåíÉêî~ääÉê=Ñçê=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=
cáäíê~ëçêÄ∆=QMM=îÉÇ=ÑáêÉ=ÑçêëâÉääáÖÉ=âçåÅÉåíê~íáçåÉêX=êÉëìäí~íÉê=Ä~ëÉêÉí=é™=
Ñçêë›Ö=ãÉÇ=ÉâëíÉêå=ã™äáåÖ=~Ñ=jq_bK=

jq_bJëçêéíáçåëâ~é~ÅáíÉí=EpF=xãÖLÖz=hçåÅÉåíê~íáçå=
xãÖ=jq_bLiz= jáÇÇÉä= VRB=åÉÇêÉ= VRB=›îêÉ=

MIR= QIU= QIR= RIM=

N= TIP= SIV= TIR=

R= NUIV= NTIS= OMIN=

NM= OUIR= OSIP= PMIV=

=
m™=Ä~ÖÖêìåÇ=~Ñ=êÉëìäí~íÉêåÉ=á=í~ÄÉä=PKV=âçåâäìÇÉêÉë=ÇÉíI=~í=ÇÉ=êÉä~íáîÉ=ìëáââÉêJ
ÜÉÇÉê=é™=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉêåÉI=~åÖáîÉí=îÉÇ=ÇÉ=ÉëíáãÉêÉÇÉ=VRB=
âçåÑáÇÉåëáåíÉêî~ääÉêI=äáÖÖÉê=é™=Å~K=±=Q=J=U=BK=

Signifikant forskel på 

referenceforsøgene 

Dubinin-Astakov  

isoterm 

Ligning 3.7 

Freundlich-isoterm og 

konfidensinterval på KF 

og 1/n 

Konfidensinterval på 

sorptionskapacitet 

Relativ usikkerhed på 

beregnede kapaciteter 



=

QR=

PKOKU hçåâìêêÉêÉåÇÉ=ëçêéíáçå=ãÉÇ=_quÛÉê=

f=ÑçêÄáåÇÉäëÉ=ãÉÇ=~Ñî‹êÖÉéìãéåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=îáä=ÇÉê=
çÑíÉ=î‹êÉ=~åÇêÉ=ÄÉåòáåâçãéçåÉåíÉêI=ÉâëÉãéÉäîáë=_qbuÛÉêI=íáä=ëíÉÇÉ=á=ÇÉí=
çééìãéÉÇÉ=î~åÇK=qóéáëâÉ=áëçíÉêãëíìÇáÉêI=ÉâëÉãéÉäîáë=ÇÉãI=ÇÉê=ìÇÑ›êÉë=~Ñ=
~âíáîJâìä=éêçÇìÅÉåíÉêåÉI=Éê=çÑíÉëí=ìÇÑ›êí=ëçã=ÉåâÉäíâçãéçåÉåíJÑçêë›ÖI=Üîçê=
ÇÉê=áââÉ=Éê=âçåâìêêÉåÅÉ=Ñê~=~åÇêÉ=ÑçêìêÉåáåÖëâçãéçåÉåíÉêK=
=
sÉÇ=êÉåëåáåÖ=~Ñ=jq_bJ=çÖ=_qbuJÑçêìêÉåÉí=ÖêìåÇî~åÇ=á=Éí=~âíáîJâìä=ÑáäíÉê=Éê=
ÇÉí=î‹ëÉåíäáÖí=~í=îáÇÉ=çã=âìääÉåÉë=ëçêéíáçåëâ~é~ÅáíÉí=Ñçê=jq_b=ÉîÉåíìÉäí=
é™îáêâÉëLåÉÇë‹ííÉë=îÉÇ=íáäëíÉÇÉî‹êÉäëÉå=~Ñ=ÑKÉâëK=_qbuÛÉêI=Ç~=Éå=ÉîÉåíìÉä=
åÉÇë‹ííÉäëÉ=~Ñ=ëçêéíáçåëâ~é~ÅáíÉíÉå=îáä=Ü~îÉ=ÄÉíóÇåáåÖ=Ñçê=âìäÑçêÄêìÖÉíI=çÖ=
ÇÉêãÉÇ=ÇêáÑíë›âçåçãáÉå=Ñçê=êÉåëåáåÖëä›ëåáåÖÉåK=sÉÇ=éê~âíáëâÉ=çîÉêëä~Ö=çîÉê=
âìäÑçêÄêìÖ=çÖ=ÇêáÑíë›âçåçãá=ÄÉåóííÉë=ëí~åÇ~êÇåÉÇëä~Ö=á=ëçêéíáçåëâ~é~ÅáíÉíÉå=
îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÑäÉêÉ=ÑçêìêÉåáåÖëâçãéçåÉåíÉêK=
=
k‹êî‹êÉåÇÉ=Ñçêë›Ö=Éê=ÇÉêÑçê=ìÇÑ›êí=Ñçê=~í=âìååÉ=îìêÇÉêÉ=çã=ëçêéíáçåëJ
áëçíÉêãÉê=ìÇÑ›êí=é™=cáäíê~ëçêÄ∆=QMM=á=ÉåâÉäíâçãéçåÉåíJçéä›ëåáåÖ=ÖáîÉê=Ü›àÉêÉ=
ëçêéíáçåëâ~é~ÅáíÉíÉê=Ñçê=jq_b=ÉåÇ=ÇÉíI=ÇÉê=â~å=ÑçêîÉåíÉë=îÉÇ=ë~ãíáÇáÖ=
íáäëíÉÇÉî‹êÉäëÉ=~Ñ=_quÛÉêK=
=
cçêë›ÖÉåÉ=Éê=ìÇÑ›êí=ãÉÇ=ìÇÖ~åÖëéìåâí=á=ÑêÉãÖ~åÖëã™ÇÉå=Ñçê=
êÉÑÉêÉåÅÉÑçêë›ÖÉí=ãÉÇ=ÉâëíÉêå=ã™äáåÖ=~Ñ=jq_bI=àÑK=Äáä~Ö=_KSK=aÉê=Éê=ìÇÑ›êí=
âçåâìêêÉêÉåÇÉ=jq_bJëçêéíáçåëÑçêë›Ö=ãÉÇ=íáäë‹íåáåÖ=~Ñ=ÜÜîK=ÄÉåòÉåI=íçäìÉå=
çÖ=ãJñóäÉå=EíçJâçãéçåÉåí=áëçíÉêãÉêFI=ë~ãí=¨í=Ñçêë›Ö=ãÉÇ=íáäë‹íåáåÖ=~Ñ=Ä™ÇÉ=
ÄÉåòÉåI=íçäìÉå=çÖ=ãJñóäÉå=EÑáêÉJâçãéçåÉåí=áëçíÉêãFK=båâÉäíâçãéçåÉåíÉêåÉ=
Éê=á=~ääÉ=íáäÑ‹äÇÉ=íáäë~í=á=Éå=âçåÅÉåíê~íáçå=é™=OM=ãÖLiI=ëî~êÉåÇÉ=íáä=ãÉääÉã=Å~K=O=
çÖ=NOM=Ö~åÖÉ=ë™=ãÉÖÉí=jq_b=ëçã=_quK=cçê=ÑáêÉJâçãéçåÉåí=áëçíÉêãÉå=Éê=
ÇÉê=íáäë~í=Éå=ë~ãäÉí=_quJâçåÅÉåíê~íáçå=é™=SM=ãÖLiI=ëî~êÉåÇÉ=íáä=ãÉääÉã=Å~K=
MIS=çÖ=QM=Ö~åÖÉ=ë™=ãÉÖÉí=jq_b=ëçã=_quK=
=
m™=Ä~ÖÖêìåÇ=~Ñ=ÇÉ=ìÇî~äÖíÉ=_quÛÉêë=içÖJh

çï
Jî‹êÇáÉê=Éê=ÇÉí=ìãáÇÇÉäÄ~êí=

ÑçêîÉåíÉäáÖíI=~í=âçåâìêêÉåÅÉå=Éê=ëí›êëí=îÉÇ=ë~ãíáÇáÖ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ==ÄÉåòÉåI=
íçäìÉå=çÖ=ãJñóäÉåI=ÉÑíÉêÑìäÖí=~Ñ=ãJñóäÉåI=íçäìÉå=çÖ=ÄÉåòÉåK=içÖJh

çï
=Éê=Ñçê=

ÄÉåòÉå=OINJOIQI=Ñçê=íçäìÉå=Å~K=OIT=çÖ=Ñçê=ãJñóäÉå=Å~K=PIO=Ejáäà›ëíóêÉäëÉåI=
NVVUX=ktofI=OMMMFK=
=
jq_bJáëçíÉêãÉêåÉ=îÉÇ=âçåâìêêÉêÉåÇÉ=ëçêéíáçå=Éê=ÄÉäáÖÖÉåÇÉ=á=
âçåÅÉåíê~íáçåëáåíÉêî~ääÉí=Å~K=MIN=Ó=RM=ãÖ=jq_bLiK=aÉê=Éê=ÑáííÉí=cêÉìåÇäáÅÜJ
áëçíÉêãÉê=íáä=Ç~í~=á=Éå=ÇÉä=~Ñ=ÇÉííÉ=âçåÅÉåíê~íáçåëçãê™ÇÉK=oÉëìäí~íÉêåÉ=ÑêÉãÖ™ê=
~Ñ=ÑáÖìê=PKNN=ë~ããÉå=ãÉÇ=êÉëìäí~íÉêåÉ=Ñçê=êÉÑÉêÉåÅÉÑçêë›ÖÉí=ãÉÇ=ÉâëíÉêå=
ã™äáåÖ=~Ñ=jq_bI=àÑK=ÑáÖìê=PKNMK=

cáÖìê=PKNNW=cáíåáåÖ=~Ñ=cêÉìåÇäáÅÜJáëçíÉêãÉå=íáä=ã™äíÉ=áëçíÉêãÇ~í~=Ñçê=jq_b=
îÉÇ=ë~ãíáÇáÖ=íáäë‹íåáåÖ=~Ñ=ÜÜîK=E~F=ÄÉåòÉåI=EÄF=íçäìÉå=çÖ=EÅF=ãJñóäÉåK=

Tilstedeværelse af både 

MTBE og BTEX 

Muligvis 

underestimering af 

driftsomkostninger 

Isotermforsøg med 

samtidig 

tilstedeværelse af 

MTBE og BTEX 

Fremgangsmåde 

Forventede resultater 
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(c) MTBE + m-xylen
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=

QS=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKNN=Éê=ÇÉê=á=~ääÉ=íáäÑ‹äÇÉ=íÉåÇÉåë=íáäI=~í=
ëçêéíáçåëâ~é~ÅáíÉíÉåI=çã=åçÖÉíI=äáÖÖÉê=Ü›àÉêÉ=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=_quI=
ÜîáäâÉí=ìãáÇÇÉäÄ~êí=Éê=á=ãçÇë‹íåáåÖ=íáä=ÇÉí=ÑçêîÉåíÉÇÉK=
=
oÉëìäí~íÉêåÉ=Ñçê=Ñçêë›ÖÉí=ãÉÇ=ë~ãíáÇáÖ=íáäë‹íåáåÖ=~Ñ=ÄÉåòÉåI=íçäìÉå=çÖ=ãJ
ñóäÉå=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKNOK=

cáÖìê=PKNOW= cáíåáåÖ=~Ñ=cêÉìåÇäáÅÜJáëçíÉêãÉå=íáä=ã™äíÉ=áëçíÉêãÇ~í~=Ñçê=
jq_b=îÉÇ=ë~ãíáÇáÖ=íáäë‹íåáåÖ=~Ñ=ÄÉåòÉåI=íçäìÉå=çÖ=ãJñóäÉåK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKNO=Éê=ÇÉê=äáÖÉëçã=îÉÇ=íáäë‹íåáåÖ=~Ñ=ÇÉ=ÉåâÉäíÉ==
_quJâçãéçåÉåíÉê=çÄëÉêîÉêÉí=Ü›àÉêÉ=jq_bJëçêéíáçåëâ~é~ÅáíÉí=îÉÇ=
íáäë‹íåáåÖ=~Ñ=Ä™ÇÉ=ÄÉåòÉåI=íçäìÉå=çÖ=ãJñóäÉåK=
=
cêÉìåÇäáÅÜJâçåëí~åíÉê=Ñçê=áëçíÉêãÑáííÉåÉ=Ñçê=cáäíê~ëçêÄ∆=QMM=ìåÇÉê=
âçåâìêêÉåÅÉ=ãÉÇ=_qu=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=PKNNI=ë~ããÉå=ãÉÇ=ÄÉêÉÖåÉÇÉ=
ëçêéíáçåëâ~é~ÅáíÉíÉê=îÉÇ=ÑáêÉ=ÑçêëâÉääáÖÉ=jq_bJâçåÅÉåíê~íáçåÉêK==
=
q~ÄÉä=PKNNW=cêÉìåÇäáÅÜJâçåëí~åíÉê=ÑáííÉí=íáä=áëçíÉêãÇ~í~=Ñçê=cáäíê~ëçêÄ∆=QMM=
ìåÇÉê=âçåâìêêÉåÅÉ=ãÉÇ=_quI=ë~ãí=ÄÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=îÉÇ=
ÑçêëâÉääáÖÉ=âçåÅÉåíê~íáçåÉêK=

jq_b=çÖ=Á=
cêÉìåÇäáÅÜJáëçíÉêã= jq_b=

_ÉåòÉå= qçäìÉå= ãJñóäÉå= _qu=

hçåÅÉåíê~íáçå= xãÖLiz= MIMP=J=NM= MIP=Ó=PIQ= MIO=J=PIM= MIP=Ó=PIS= MIO=Ó=QIU=

h
c=

xEãÖLÖFEiLãÖFNLåz= TIP= TIV= VIP= UIN= VIO=

NLå= xJz= MIRV= MITR= MISO= MISO= MISU=

hçåÅÉåíê~íáçå=xãÖLiz= _ÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=xãÖLÖz=

MIR= QIU= QIT= SIN= RIO= RIU=

N= TIP= TIV= VIP= UIN= VIO=

R= NUIV= OSIQG= ORIPG= OOIMG= OTIRG=

NM= OUIR= QQIPG= PUIVG= PPIUG= QQING=

G=Z=ÄÉëíÉãí=îÉÇ=Éâëíê~éçä~íáçå=ìÇÉåÑçê=ã™äÉçãê™ÇÉí=Ñçê=áëçíÉêãÉåK=

=

Freundlich-isoterm 

1

10

100

0,01 0,1 1 10 100 1000

C [mg/L]

S
 [

m
g

 M
T

B
E

/g
]

MTBE

MTBE+BTX



=

QT=

aÉí=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=PKNNI=~í=ÇÉê=ëçã=ãáÇÇÉäÄÉíê~ÖíåáåÖ=Éê=ÑçêÜçäÇëîáë=ëíçê=
ÉÑÑÉâí=é™=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=_quÛÉêK=aÉê=ëÉë=
ë™äÉÇÉë=çé=ãçÇ=RRBÛë=Ñçê›ÖÉäëÉ=~Ñ=â~é~ÅáíÉíÉå=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÄÉåòÉå=
çÖ=_qu=îÉÇ=NM=ãÖ=jq_bLiK=sÉÇ=ä~îÉêÉ=âçåÅÉåíê~íáçåÉê=çÄëÉêîÉêÉë=ÇÉê=
ãÉääÉã=Å~K=NM=çÖ=QRBÛë=Ñçê›ÖÉäëÉ=á=jq_bJâ~é~ÅáíÉíÉåK=
=
cçê=~í=ìåÇÉêë›ÖÉ=çã=ÇÉ=çÄëÉêîÉêÉÇÉ=ãáÇÇÉäíÉåÇÉåëÉê=Éê=ëí~íáëíáëâ=ëáÖåáÑáâ~åíÉ=
Éê=ÇÉêI=îÜ~K=éÉêÅÉåíáäÉ=íJÄççíëíê~ééáåÖI=ÄÉêÉÖåÉí=VRB=âçåÑáÇÉåëáåíÉêî~ääÉê=é™=
ëçêéíáçåëâ~é~ÅáíÉíÉêåÉ=Ñçê=ÇÉ=ÑçêëâÉääáÖÉ=ÄÉÜ~åÇäáåÖÉê=îÉÇ=ÑçêëâÉääáÖÉ=
âçåÅÉåíê~íáçåëåáîÉ~ìÉêK=oÉëìäí~íÉêåÉ=Ñçê=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=N=
ãÖ=jq_bLi=Eëî~êÉåÇÉ=íáä=h

c
=Ñçê=áëçíÉêãÉêåÉF=Éê=ÖÉåÖáîÉí=á=ÑáÖìê=PKNPK=

=

cáÖìê=PKNPW= pçêéíáçåëâ~é~ÅáíÉí=Ñçê=jq_b=îÉÇ=N=ãÖ=jq_bLi=îÉÇ=íáäëíÉÇÉJ
î‹êÉäëÉ=~Ñ=ÄÉåòÉåI=íçäìÉåI=ãJñóäÉå=çÖ=_quK=p›àäÉå=~åÖáîÉê=ãáÇÇÉä=ãÉåë=
Ñ~åÉêåÉ=~åÖáîÉê=VRB=âçåÑáÇÉåëáåíÉêî~ääÉíK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=PKNP=Éê=ÇÉê=ÑçêÜçäÇëîáëí=ëíçê=ìëáââÉêÜÉÇ=é™=
â~é~ÅáíÉíÉå=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÄÉåòÉåI=ÜîáäâÉí=~ÑëéÉàäÉê=ÇÉå=êÉä~íáîí=ëíçêÉ=
ëéêÉÇåáåÖ=é™=áëçíÉêãéìåâíÉêåÉ=Ñçê=ÇÉååÉ=Ñçêë›Öëê‹ââÉK=q~ÖÉë=ÇÉê=ë™äÉÇÉë=
ÜÉåëóå=íáä=ÇÉ=ÉâëéÉêáãÉåíÉääÉ=ìëáââÉêÜÉÇÉê=é™=ÄÉëíÉããÉäëÉå=~Ñ=áëçíÉêãÉå=
áåÇáâÉêÉê=ÇÉ=ëí~íáëíáëâÉ=~å~äóëÉêI=~í=ÇÉå=çÄëÉêîÉêÉÇÉ=íÉåÇÉåë=íáä=Ü›àÉêÉ=â~é~J
ÅáíÉíÉê=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÄÉåòÉå=áââÉ=Éê=ëí~íáëíáëâ=ëáÖåáÑáâ~åíK=aÉííÉ=Ö‹äÇÉê=á=
ÜÉäÉ=ÇÉí=ìåÇÉêë›ÖíÉ=âçåÅÉåíê~íáçåëçãê™ÇÉ=é™=MIR=Ó=NM=ãÖ=jq_bLiK=
=
f=ãçÇë‹íåáåÖ=íáä=êÉëìäí~íÉêåÉ=Ñçê=ÄÉåòÉå=áåÇáâÉêÉê=ÇÉ=ëí~íáëíáëâÉ=~å~äóëÉêI=~í=
íÉåÇÉåëÉêåÉ=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=íçäìÉå=çÖ=ãJñóäÉå=ë~ãí=_qu=Éê=
ëáÖåáÑáâ~åíÉ=á=âçåÅÉåíê~íáçåëçãê™ÇÉí=é™=MIR=Ó=NM=ãÖ=jq_bLiK=aÉååÉ=
âçåâäìëáçå=Éê=Ö‹äÇÉåÇÉ=îÉÇ=Éí=áåáíá~äí=ÑçêÜçäÇ=ãÉääÉã=jq_b=çÖ=_quJ
ÉåâÉäíâçãéçåÉåíÉê=é™=Å~K=S=Ó=NSX=çÖ=Å~K=O=Ó=RIR=Ñçê=_quI=~äíë™=å™ê=ÇÉê=Éê=
ÑçêÜçäÇëîáëí=ãÉÖÉí=jq_b=á=ÑçêÜçäÇ=íáä=_quK=
=
aÉí=Éê=ÇçÖ=î‹êÇ=~í=ÄÉã‹êâÉI=~í=jq_bJâ~é~ÅáíÉíÉå=Ñçê=cáäíê~ëçêÄ∆=QMM=Éê=
ä~îÉêÉ=îÉÇ=ë~ãíáÇáÖ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=_quÛÉê=îÉÇ=ÑçêÜçäÇëîáë=ä~îÉ=jq_bJ
âçåÅÉåíê~íáçåÉê=EìåÇÉê=Å~K=MIO=ãÖ=jq_bLiFI=àÑK=ÑáÖìê=PKNN=çÖ=PKNOK=aáëëÉ=
ä~îÉêÉ=jq_bJâçåÅÉåíê~íáçåÉê=ëî~êÉê=íáä=Éí=áåáíá~äí=ÑçêÜçäÇ=ãÉääÉã=jq_b=çÖ=
_quJÉåâÉäíâçãéçåÉåíÉêåÉ=é™=NIU=EçÖ=MIS=Ñçê=_quFK=aÉí=Éê=ìîáëí=çã=ÇÉå=
~ÑÖ›êÉåÇÉ=Ñ~âíçê=Éê=ÇÉí=~ÄëçäìííÉ=âçåÅÉåíê~íáçåëåáîÉ~ì=~Ñ=jq_b=ÉääÉê=
ÑçêÜçäÇÉí=ãÉääÉã=jq_b=çÖ=_quK=
=

Usikkerhed på 

middeltendenser 

Benzen: Ikke 

signifikant forskel 

Signifikant forskel 

toluen, m-xylen og BTX 
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=

QU=

oÉëìäí~íÉêåÉ=Éê=ìãáÇÇÉäÄ~êí=á=ãçÇë‹íåáåÖ=íáä=ÇÉí=ÑçêîÉåíÉÇÉ=îÉÇ=
âçåâìêêÉêÉåÇÉ=ëçêéíáçå=çÖ=ÇÉê=ÑáåÇÉë=á=äáííÉê~íìêÉå=ÑäÉêÉ=ÜÉåîáëåáåÖÉê=íáäI=~í=
íáäëíÉÇÉî‹êÉäëÉå=~Ñ=_qbuÛÉê=îáä=åÉÇë‹ííÉ=ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=jq_bI=
ëÉäîçã=ÇÉííÉ=áââÉ=Éê=ìåÇÉêë›Öí=á=Ä~íÅÜÑçêë›Ö=EhÉääÉê=Éí=~äKI=OMMM~X=ktofI=
OMMMX=ktofI=OMMNFK=aÉ=çéå™ÉÇÉ=êÉëìäí~íÉê=â~å=ãìäáÖîáë=Ñçêâä~êÉë=îÉÇ=Éå=
åÉÇë‹ííÉäëÉ=~Ñ=çéä›ëÉäáÖÜÉÇÉå=~Ñ=jq_b=îÉÇ=ë~ãíáÇáÖ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=_quI=
ÜîçêîÉÇ=ëçêéíáçåëäáÖÉî‹ÖíÉå=îáä=ÄäáîÉ=ÑçêëâìÇí=ãçÇ=ÇÉå=ëçêÄÉêÉÇÉ=Ñ~ëÉK=aÉííÉ=
â~å=çÖë™=î‹êÉ=Éå=ãìäáÖ=Ñçêâä~êáåÖ=é™I=~í=ÇÉå=éçëáíáîÉ=ÉÑÑÉâí=âìå=çÄëÉêîÉêÉë=
îÉÇ=Ü›àÉêÉ=jq_bJâçåÅÉåíê~íáçåÉêK=bå=~åÇÉå=ãìäáÖ=ÜóéçíÉëÉ=ÉêI=~í=
íáäëíÉÇÉî‹êÉäëÉå=~Ñ=_quÛÉê=ÖáîÉê=jq_b=~ÇÖ~åÖ=íáä=åçÖäÉ=ëçêéíáçåëëáíÉëI=ÇÉê=
ÉääÉêë=Éê=ìíáäÖ‹åÖÉäáÖÉ=Ñçê=jq_bJëçêéíáçåK=aÉí=Éê=á=ÇÉå=ÑçêÄáåÇÉäëÉ=î‹êÇ=~í=
ÄÉã‹êâÉI=~í=ÑKÉâëK=ÄÉåòÉå=Ü~ê=~ÇÖ~åÖ=íáä=Éå=Ñ~âíçê=Å~K=NM=Ö~åÖÉ=ë™=ã~åÖÉ=
ëçêéíáçåëëáíÉë=ëçã=jq_bI=îìêÇÉêÉí=ìÇ=Ñê~=ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=ÇÉ=íç=
âçãéçåÉåíÉêK=
=
a~îáë=çÖ=mçïÉêë=EOMMMF=Ü~ê=ìÇÑ›êí=âçåâìêêÉêÉåÇÉ=áëçíÉêãÑçêë›Ö=ãÉÇ=
íáäë‹íåáåÖ=~Ñ=ãJñóäÉå=á=Éå=áåáíá~ä=âçåÅÉåíê~íáçå=é™=QPIO=ãÖLiI=ëî~êÉåÇÉ=íáä=Éí=
ÑçêÜçäÇ=ãÉääÉã=jq_b=çÖ=ãJñóäÉå=é™=ãÉääÉã=Å~K=MIN=çÖ=SMK=f=ãçÇë‹íåáåÖ=íáä=
êÉëìäí~íÉêåÉ=á=ÇÉííÉ=ëíìÇáÉ=çÄëÉêîÉêÉÇÉ=Ea~îáë=çÖ=mçïÉêëI=OMMMF=Éå=åÉÇë‹ííÉäëÉ=
~Ñ=â~é~ÅáíÉíÉå=Ñçê=cáäíê~ëçêÄ∆=QMM=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ãJñóäÉå=Eé™=~ääÉ=
âçåÅÉåíê~íáçåëåáîÉ~ìÉêFK=sÉÇ=N=ãÖ=jq_bLi=âçåëí~íÉêÉÇÉ=Ea~îáë=çÖ=mçïÉêëI=
OMMMF=Éí=Ñ~äÇ=á=jq_bJâ~é~ÅáíÉíÉå=é™=Å~K=PRB=EÑê~=PIN=íáä=OIM=ãÖ=jq_bLÖFI=
ãÉåë=ÇÉê=á=ÇÉííÉ=ëíìÇáÉ=Éê=ÑìåÇÉí=Éå=ëíáÖåáåÖ=é™=Å~K=NNB=EÑê~=TIP=íáä=UIN=ãÖ=
jq_bLÖFK=aÉí=â~å=é™=ÇÉí=ÑçêÉäáÖÖÉåÇÉ=ÖêìåÇä~Ö=áââÉ=ÉåÇÉäáÖí=~ÑÖ›êÉë=çã=
ÑçêëâÉääÉå=á=êÉëìäí~íÉêåÉ=ëâóäÇÉë=ÑçêëâÉääÉ=á=Ñçêë›ÖëÄÉíáåÖÉäëÉêåÉ=ÉääÉê=ÉîíK=
Ñçêë›ÖëéêçÅÉÇìêÉ=çÖ=ãÉíçÇÉî~äÖK=
=
m™=Ä~ÖÖêìåÇ=~Ñ=ÇÉ=çéå™ÉÇÉ=êÉëìäí~íÉê=îìêÇÉêÉë=ÇÉí=ë~ãäÉíI=~í=ÇÉê=Éê=íÉåÇÉåë=
íáäI=~í=jq_bJâ~é~ÅáíÉíÉå=Ñçê=cáäíê~ëçêÄ∆=QMM=ëíáÖÉê=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=
_quI=å™ê=jq_bJâçåÅÉåíê~íáçåÉå=Éê=Ü›àÉêÉ=ÉåÇ=Å~K=MIO=ãÖLiI=ëî~êÉåÇÉ=íáä=~í=
ÑçêÜçäÇÉí=ãÉääÉã=jq_b=çÖ=_qu=Éê=Ü›àÉêÉ=ÉåÇ=Å~K=MIS=J=NIUK=aÉííÉ=ÄÉíóÇÉê=
ë~ãíáÇáÖI=~í=ÇêáÑíëçãâçëíåáåÖÉêåÉ=íáä=~âíáîJâìä=ÄäáîÉê=ãáåÇêÉ=îÉÇ=êÉåëåáåÖ=~Ñ=
î~åÇ=ÑçêìêÉåÉí=ãÉÇ=Ä™ÇÉ=jq_b=çÖ=_quÛÉê=ÉåÇ=îÉÇ=êÉåëåáåÖ=î~åÇ=ÑçêìêÉåÉí=
~äÉåÉ=ãÉÇ=jq_bK==
=
c‹åçãÉåÉí=ãÉÇ=ä~îÉêÉ=âìäÑçêÄêìÖ=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=_quÛÉê=Éê=ÉåÇîáÇÉêÉ=
ìåÇÉêë›Öí=çÖ=ÄÉâê‹ÑíÉí=ìåÇÉê=Çóå~ãáëâÉ=ÑçêÜçäÇ=á=âçäçååÉÑçêë›Ö=ãÉÇ=
ë~ãíáÇáÖ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=jq_b=çÖ=ÄÉåòÉåI=àÑK=~Ñëåáí=QK=
=

PKP p~ããÉåÑ~íåáåÖ=

f=ÇÉí=Ñ›äÖÉåÇÉ=çéëìããÉêÉë=êÉëìäí~íÉêåÉ=~Ñ=ÇÉå=ê‹ââÉ=Ä~íÅÜÑçêë›ÖI=ÇÉê=Éê=
~Ñê~ééçêíÉêÉí=á=ÇÉ=ÑçêÉÖ™ÉåÇÉ=~ÑëåáíK=eîÉêí=~Ñ=ÇÉ=ìåÇÉêë›ÖíÉ=ÑçêÜçäÇ=Ü~ê=
ÄÉíóÇåáåÖ=Ñçê=ÇÉ=ä›ÄÉåÇÉ=âìäçãâçëíåáåÖÉêI=ÇÉê=ìÇÑê~=âÉåÇëâ~Ä=íáä=
áåÇä›ÄëâçåÅÉåíê~íáçåÉå=â~å=ÑçêîÉåíÉë=îÉÇ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=
ÖêìåÇî~åÇ=á=Éí=ÖáîÉåí=çåJëáíÉ=ÑáäíÉêK=eîáë=ä~Äçê~íçêáÉêÉëìäí~íÉêåÉ=ë™äÉÇÉë=
ÑçêìÇëáÖÉê=Éå=Ü›àÉêÉ=â~é~ÅáíÉí=ÉåÇ=ÇÉåI=ÇÉê=â~å=ÑçêîÉåíÉë=ìåÇÉê=éê~âíáëâÉ=
ÑçêÜçäÇ=îáä=ÇÉí=Ñ~âíáëâÉ=âìäÑçêÄêìÖI=çÖ=ÇÉêãÉÇ=ÇÉ=ä›ÄÉåÇÉ=âìäçãâçëíåáåÖÉêI=
ÄäáîÉ=ìåÇÉêÉëíáãÉêÉíK=
=
oÉëìäí~íÉêåÉ=Ñê~=ÇÉ=ÑçêëâÉääáÖÉ=Ñçêë›Ö=ë~ããÉåäáÖåÉë=ëçã=ìÇÖ~åÖëéìåâí=ãÉÇ=
êÉëìäí~íÉêåÉ=çéå™Éí=Ñçê=cáäíê~ëçêÄ∆=QMM=ìåÇÉê=êÉÑÉêÉåÅÉÄÉíáåÖÉäëÉêX=ÇîëK=Ñçê=
áåí~âíÉI=Öê~åìäÉêÉÇÉ=âìä=á=^~äÄçêÖ=Ü~åÉî~åÇ=îÉÇ=ä~Äçê~íçêáÉíÉãéÉê~íìê=EOMJ
OPø`FK=qáä=ìåÇÉêë›ÖÉäëÉ=~Ñ=éeÛë=ÄÉíóÇåáåÖ=Éê=Ñçêë›ÖÉåÉ=ÇçÖ=ìÇÑ›êí=á=

Resultater i modstrid 

med det forventede 

(Davis og Powers, 2000) 

Lavere 

kulomkostninger ved 

tilstedeværelse af BTX 

Konkurrence 

undersøges i 

kolonneforsøg 

Forventede 

kulomkostninger 

baseret på 

laboratorieresultater 

Sammenligning med 

referenceresultater 



=

QV=

ÇÉãáåÉê~äáëÉêÉí=î~åÇI=ÜîçêÑçê=ë~ããÉåäáÖåáåÖÉå=Éê=ÑçêÉí~ÖÉí=ãÉÇ=êÉëìäí~íÉêåÉ=
Ñê~=Ñçêë›ÖÉí=ãÉÇ=ÇÉãáåÉê~äáëÉêÉí=î~åÇ=îÉÇ=ée=Z=TK=
=
p~ããÉåäáÖåáåÖÉå=ÑçêÉí~ÖÉë=é™=Ä~ÖÖêìåÇ=~Ñ=ÄÉêÉÖåÉÇÉ=ëçêéíáçåëâ~é~ÅáíÉíÉê=
îÉÇ=ÜÜîK=MIR=çÖ=NM=ãÖ=jq_bLiK=mêçÅÉåíìÉääÉ=~ÑîáÖÉäëÉê=á=ëçêéíáçåëJ
â~é~ÅáíÉíÉêåÉ=îÉÇ=ÇÉ=íç=âçåÅÉåíê~íáçåÉê=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=PKNOK==
=
q~ÄÉä=PKNOW=mêçÅÉåíìÉääÉ=~ÑîáÖÉäëÉê=á=ëçêéíáçåëâ~é~ÅáíÉí=ìåÇÉê=ÑçêëâÉääáÖÉ=
ÄÉíáåÖÉäëÉê=îÉÇ=ÜÜîK=MIR=çÖ=NM=ãÖ=jq_bLiK=

qÉãéÉê~íìê= ée=Ä= =hçåâìêêÉêÉåÇÉ=ëçêéíáçå=hçåÅÉåíê~íáçå=
xãÖ=jq_bLiz= NMø`= PMø`=

dê~åìäÉêÉí=
âìä=

e~åÉî~åÇ=Ä=
ée=R= ée=V= =_ÉåòÉå= qçäìÉå= ãJñóäÉå= _qu=

MIR= HNOB= JRMB= JNTB= JNQB= HQB~= HOOB= =JOB~= HOSB= HVB= HOMB=

NM= JNSB= JQSB= JNQB= JPOB= JNOB~= JOPB= =HRRB~= HPSB= HNVB= HRQB=

~=Z=áââÉ=ëí~íáëíáëâ=ëáÖåáÑáâ~åí=é™=VRB=ëáÖåáÑáâ~åëåáîÉ~ìK=
Ä=Z=á=ÑçêÜçäÇ=íáä=ÇÉãáåÉê~äáëÉêÉí=î~åÇ=îÉÇ=ée=TK=

=
aÉ=á=í~ÄÉä=PKNO=~åÑ›êíÉ=éêçÅÉåíë~íëÉê=~åÖáîÉê=ÇÉå=âçêêÉâíáçåI=ÇÉê=ëâ~ä=ÑçêÉí~ÖÉë=
~Ñ=â~é~ÅáíÉíÉå=ìåÇÉê=ÑçêëâÉääáÖÉ=ÑçêÜçäÇK=eîáë=â~é~ÅáíÉíÉå=îÉÇ=MIR=ãÖLi=ÑKÉâëK=
Éê=ÄÉëíÉãí=á=ä~Äçê~íçêáÉí=îÉÇ=OMJOPø`I=ë™=â~å=â~é~ÅáíÉíÉå=îÉÇ=Éå=íÉãéÉê~íìê=
é™=NMø`=ÑçêîÉåíÉë=~í=î‹êÉ=Å~K=NOB=ëí›êêÉK=qáäëî~êÉåÇÉI=Üîáë=â~é~ÅáíÉíÉå=îÉÇ=
NM=ãÖLi=Éê=ÄÉëíÉãí=á=ä~Äçê~íçêáÉí=á=ÇÉãáåÉê~äáëÉêÉí=î~åÇI=ë™=â~å=ÇÉå=Ñ~âíáëâÉ=
â~é~ÅáíÉí=á=^~äÄçêÖ=Ü~åÉî~åÇ=ÑçêîÉåíÉë=~í=î‹êÉ=Å~K=POB=ãáåÇêÉ=ÉåÇ=ÇÉå=
ä~Äçê~íçêáÉÄÉëíÉãíÉK=
=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=PKNO=â~å=ÇÉê=é™=Ä~ÖÖêìåÇ=~Ñ=êÉëìäí~íÉêåÉ=Ñê~=ÇÉ=
ìÇÑ›êíÉ=Ñçêë›Ö=ÑçêîÉåíÉë=Å~K=NMB=Ü›àÉêÉ=jq_bJëçêéíáçåëâ~é~ÅáíÉí=Ñçê=cáäJ
íê~ëçêÄ∆=QMM=îÉÇ=NMø`=çÖ=ä~îÉ=jq_bJâçåÅÉåíê~íáçåÉê=EMIR=ãÖLiFI=ãÉåë=ÇÉê=
îÉÇ=Ü›àÉêÉ=âçåÅÉåíê~íáçåÉê=ENM=ãÖLiF=â~å=ÑçêîÉåíÉë=Å~K=NRB=ä~îÉêÉ=
ëçêéíáçåëâ~é~ÅáíÉíK=
=
aÉí~áä~å~äóëÉê=áåÇáâÉêÉêI=~í=ÇÉê=îÉÇ=Éå=jq_bJâçåÅÉåíê~íáçå=ãáåÇêÉ=ÉåÇ=MISR=
ãÖLiI=é™=Ä~ÖÖêìåÇ=~Ñ=ä~Äçê~íçêáÉêÉëìäí~íÉê=ÑêÉãëíáääÉí=îÉÇ=OMJOPø`I=îáä=ëâÉ=Éå=
çîÉêÉëíáãÉêáåÖ=~Ñ=âìäÑçêÄêìÖÉí=îÉÇ=êÉåëåáåÖ=~Ñ=ÖêìåÇî~åÇ=ãÉÇ=Éå=íÉãéÉê~íìê=
é™=Å~K=NMø`K=jçÇë~í=â~å=ÇÉê=ÑçêîÉåíÉë=Éå=ìåÇÉêÉëíáãÉêáåÖ=~Ñ=âìäÑçêÄêìÖÉí=îÉÇ=
Éå=jq_bJâçåÅÉåíê~íáçå=ëí›êêÉ=ÉåÇ=Å~K=OIQR=ãÖLiK=
=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=PKNO=â~å=ÇÉê=é™=Ä~ÖÖêìåÇ=~Ñ=ÇÉ=çéå™ÉÇÉ=êÉëìäí~íÉê=
ÑçêîÉåíÉë=Å~K=QRJRMB=ä~îÉêÉ=ëçêéíáçåëâ~é~ÅáíÉí=îÉÇ=êÉåëåáåÖ=~Ñ=jq_bJ
ÑçêìêÉåÉí=î~åÇ=ãÉÇ=Éå=íÉãéÉê~íìê=é™=PMø`=ÉåÇ=îÉÇ=êÉåëåáåÖ=~Ñ=î~åÇ=ãÉÇ=Éå=
íÉãéÉê~íìê=é™=OMJOPø`I=á=ÇÉí=ìåÇÉêë›ÖíÉ=âçåÅÉåíê~íáçåëçãê™ÇÉK=aÉê=îáä=
ë™äÉÇÉë=ëâÉ=Éå=ìåÇÉêÉëíáãÉêáåÖ=~Ñ=âìäÑçêÄêìÖÉí=îÉÇ=PMø`I=å™ê=ÑçêÄêìÖÉí=
ÉëíáãÉêÉë=é™=Ä~ÖÖêìåÇ=~Ñ=ä~Äçê~íçêáÉêÉëìäí~íÉê=ÄÉëíÉãí=îÉÇ=Å~K=OMø`K=
=
oÉëìäí~íÉêåÉ=áåÇáâÉêÉêI=~í=ëçêéíáçåëâ~é~ÅáíÉíÉå=Éê=Å~K=NRB=ä~îÉêÉ=Ñçê=áåí~âíÉI=
Öê~åìäÉêÉÇÉ=âìä=ÉåÇ=Ñçê=âåìëíÉ=âìäK=aÉííÉ=ÄÉíóÇÉêI=~í=Üîáë=âìäÑçêÄêìÖÉí=
ÉëíáãÉêÉë=é™=Ä~ÖÖêìåÇ=~Ñ=Ä~íÅÜÑçêë›Ö=ãÉÇ=âåìëíÉ=âìäI=â~å=ÇÉê=é™=Ä~ÖÖêìåÇ=~Ñ=
ÇÉ=çéå™ÉÇÉ=êÉëìäí~íÉê=ÑçêîÉåíÉë=Éå=ìåÇÉêÉëíáãÉêáåÖ=~Ñ=ÇÉí=êÉÉääÉ=âìäÑçêÄêìÖK=
=
oÉëìäí~íÉêåÉ=áåÇáâÉêÉêI=~í=ëçêéíáçåëâ~é~ÅáíÉíÉå=Éê=Å~K=NRJPMB=ä~îÉêÉ=å™ê=ÇÉå=
ÄÉëíÉããÉë=á=^~äÄçêÖ=Ü~åÉî~åÇ=Eée=TIQF=ÉåÇ=á=ÇÉãáåÉê~äáëÉêÉí=î~åÇ=Eée=TFK=
aÉííÉ=ÄÉíóÇÉêI=~í=Üîáë=âìäÑçêÄêìÖÉí=ÉëíáãÉêÉë=é™=Ä~ÖÖêìåÇ=~Ñ=Ä~íÅÜÑçêë›Ö=
ìÇÑ›êí=ãÉÇ=âìä=á=ÇÉãáåÉê~äáëÉêÉí=î~åÇI=â~å=ÇÉê=á=ÑçêÜçäÇ=íáä=^~äÄçêÖ=Ü~åÉî~åÇ=
ÑçêîÉåíÉë=Éå=ìåÇÉêÉëíáãÉêáåÖ=~Ñ=ÇÉí=êÉÉääÉ=âìäÑçêÄêìÖK=
=

Tolkning af resultater 

Temperatur 10°C 

Temperatur 30°C 

Granuleret kul 

Aalborg hanevand 



=

RM=

oÉëìäí~íÉêåÉ=Ñçê=Ñçêë›ÖÉåÉ=ãÉÇ=ée=R=áåÇáâÉêÉêI=~í=ÇÉê=Éê=Éå=EáââÉJëáÖåáÑáâ~åíF=
íÉåÇÉåë=íáäI=~í=ëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=MIR=ãÖ=jq_bLi=Éê=çãâêáåÖ=RB=
Ü›àÉêÉ=îÉÇ=ée=R=ÉåÇ=îÉÇ=ée=TI=ãÉåë=ÇÉê=Éê=Éå=EáââÉJëáÖåáÑáâ~åíF=íÉåÇÉåë=íáä=~í=
ëçêéíáçåëâ~é~ÅáíÉíÉå=Éê=çãâêáåÖ=NMB=ä~îÉêÉ=îÉÇ=NM=ãÖ=jq_bLi=îÉÇ=ée=R=
ÉåÇ=îÉÇ=ée=TK=oÉëìäí~íÉêåÉ=áåÇáâÉêÉê=ë™äÉÇÉëI=~í=âìäÑçêÄêìÖÉí=EîÉÇ=ée=RF=
ìåÇÉêÉëíáãÉêÉë=îÉÇ=MIR=ãÖLä=çÖ=çîÉêÉëíáãÉêÉë=îÉÇ=NM=ãÖLiI=Üîáë=âìäÑçêÄêìÖÉí=
ÉëíáãÉêÉë=é™=Ä~ÖÖêìåÇ=~Ñ=ä~Äçê~íçêáÉÑçêë›Ö=ìÇÑ›êí=îÉÇ=ée=TK=
=
oÉëìäí~íÉêåÉ=Ñçê=Ñçêë›ÖÉåÉ=ãÉÇ=ée=V=áåÇáâÉêÉêI=~í=ëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=
MIR=ãÖ=jq_bLi=Éê=Å~K=OMB=Ü›àÉêÉ=îÉÇ=ée=V=ÉåÇ=îÉÇ=ée=TI=ãÉåë=
ëçêéíáçåëâ~é~ÅáíÉíÉå=Éê=Å~K=ORB=ä~îÉêÉ=îÉÇ=NM=ãÖ=jq_bLi=çÖ=ée=V=ÉåÇ=îÉÇ=
ée=TK=oÉëìäí~íÉêåÉ=áåÇáâÉêÉê=ë™äÉÇÉëI=~í=âìäÑçêÄêìÖÉí=EîÉÇ=ée=VF=
ìåÇÉêÉëíáãÉêÉë=îÉÇ=MIR=ãÖLä=çÖ=çîÉêÉëíáãÉêÉë=îÉÇ=NM=ãÖLiI=Üîáë=âìäÑçêÄêìÖÉí=
ÉëíáãÉêÉë=é™=Ä~ÖÖêìåÇ=~Ñ=ä~Äçê~íçêáÉÑçêë›Ö=ìÇÑ›êí=îÉÇ=ée=TK=
=
oÉëìäí~íÉêåÉ=Ñçê=Ñçêë›ÖÉåÉ=ãÉÇ=âçåâìêêÉêÉåÇÉ=ëçêéíáçå=ãÉÇ=ÄÉåòÉå=
áåÇáâÉêÉêI=~í=jq_bJâ~é~ÅáíÉíÉå=îÉÇ=MIR=ãÖ=jq_bLi=Éê=ì‹åÇêÉí=îÉÇ=
ë~ãíáÇáÖ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=jq_b=çÖ=ÄÉåòÉåI=ãÉåë=ÇÉê=Éê=Éå=EáââÉJ
ëáÖåáÑáâ~åíF=íÉåÇÉåë=íáäI=~í=ëçêéíáçåëâ~é~ÅáíÉíÉå=Éê=çãâêáåÖ=RRB=Ü›àÉêÉ=îÉÇ=NM=
ãÖ=jq_bLi=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÄÉåòÉåK=dêìåÇÉí=Éå=êÉä~íáî=ëíçê=ëéêÉÇåáåÖ=
é™=Ç~í~éìåâíÉêåÉ=Éê=ÇÉ=çÄëÉêîÉêÉÇÉ=íÉåÇÉåëÉê=áââÉ=ÑìåÇÉí=ëí~íáëíáëâ=
ëáÖåáÑáâ~åíÉK=qÉåÇÉåëÉêåÉ=Ñçê=ëçêéíáçåëâ~é~ÅáíÉíÉå=ãçÇëî~êÉê=Éå=
çîÉêÉëíáãÉêáåÖ=~Ñ=âìäÑçêÄêìÖÉíI=Üîáë=ÇÉí=Ä~ëÉêÉë=é™=ä~Äçê~íçêáÉÑçêë›Ö=ìÇÑ›êí=
ìÇÉå=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÄÉåòÉåK=
=
oÉëìäí~íÉêåÉ=Ñçê=Ñçêë›ÖÉåÉ=ãÉÇ=âçåâìêêÉêÉåÇÉ=ëçêéíáçå=ãÉÇ=íçäìÉå=çÖ=ãJ
ñóäÉå=áåÇáâÉêÉêI=~í=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=MIR=ãÖ=jq_bLi=Éê=Å~K=
NM=çÖ=ORB=Ü›àÉêÉ=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÜÜîK=ãJñóäÉå=çÖ=íçäìÉåK=sÉÇ=NM=ãÖ=
jq_bLi=Éê=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=Å~K=OM=çÖ=PRB=Ü›àÉêÉ=îÉÇ=
íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÜÜîK=ãJñóäÉå=çÖ=íçäìÉåK=aÉ=éêçÅÉåíìÉääÉ=Ñçê›ÖÉäëÉê=~Ñ=
ëçêéíáçåëâ~é~ÅáíÉíÉå=ãçÇëî~êÉê=ÑçêîÉåíÉÇÉ=ãáåÇëâÉäëÉê=~Ñ=âìäÑçêÄêìÖÉíK=
=
oÉëìäí~íÉêåÉ=Ñçê=Ñçêë›ÖÉåÉ=ãÉÇ=âçåâìêêÉêÉåÇÉ=ëçêéíáçå=ãÉÇ=_qu=áåÇáâÉêÉêI=
~í=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=MIR=ãÖ=jq_bLi=Éê=Å~K=OMB=Ü›àÉêÉ=îÉÇ=
ë~ãíáÇáÖ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=jq_b=çÖ=_quI=ãÉåë=ëçêéíáçåëâ~é~ÅáíÉíÉå=Éê=Å~K=
RRB=Ü›àÉêÉ=îÉÇ=NM=ãÖ=jq_bLi=çÖ=ë~ãíáÇáÖ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=jq_b=çÖ=
_quK=aÉ=éêçÅÉåíìÉääÉ=Ñçê›ÖÉäëÉê=~Ñ=ëçêéíáçåëâ~é~ÅáíÉíÉå=ãçÇëî~êÉê=
ÑçêîÉåíÉÇÉ=ä~îÉêÉ=âìäÑçêÄêìÖ=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=_quÛÉêK=
=
cçê=êÉëìäí~íÉêåÉ=ãÉÇ=âçåâìêêÉêÉåÇÉ=ëçêéíáçå=â~å=ÇÉí=~åÑ›êÉëI=~í=ÑçêÜçäÇÉí=
ãÉääÉã=ÇÉ=íáäë~ííÉ=âçåÅÉåíê~íáçåÉê=~Ñ=jq_b=çÖ=ÉåâÉäíâçãéçåÉåíÉê=~Ñ=ÜÜîK=
ÄÉåòÉåI=íçäìÉå=çÖ=ãJñóäÉå=Éê=Å~K=TIR=îÉÇ=MIR=ãÖ=jq_bLi=çÖ=Å~K=RR=îÉÇ=NM=
ãÖ=jq_bLiK=cçê=_quJÑçêë›ÖÉí=Éê=ÑçêÜçäÇÉåÉ=ÜÜîK=Å~K=OIR=çÖ=NUK=
=
eîáë=ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=Éå=ÖáîÉå=ÑÉäíJ~ééäáâ~íáçå=EíÉãéÉê~íìê=NMø`I=
^~äÄçêÖ=Ü~åÉî~åÇ=çÖ=Öê~åìäÉêÉÇÉ=âìäF=ÉëíáãÉêÉë=é™=Ä~ÖÖêìåÇ=~Ñ=
ä~Äçê~íçêáÉêÉëìäí~íÉê=EOMJOPø`I=âåìëí=âìä=çÖ=ÇÉãáåÉê~äáëÉêÉí=î~åÇFI=îáä=ÇÉå=
Ñ~âíáëâÉ=ëçêéíáçåëâ~é~ÅáíÉí=ÑçêîÉåíÉäáÖí=î‹êÉ=ãÉääÉã=OMB=EMIR=ãÖLiF=çÖ=SMB=
ENM=ãÖLiF=ãáåÇêÉ=ÉåÇ=ÇÉå=ä~Äçê~íçêáÉÄÉëíÉãíÉK=aÉ=~åÑ›êíÉ=ä~Äçê~íçêáÉÑçêÜçäÇ=
ëî~êÉê=íáä=ÑçêÜçäÇÉåÉI=ÜîçêìåÇÉê=éêçÇìÅÉåíÉêåÉ=~Ñ=~âíáîJâìä=íóéáëâ=ÄÉëíÉããÉê=
âìääÉåÉë=ëçêéíáçåëâ~é~ÅáíÉíK=lîÉåëí™ÉåÇÉ=ÄÉíê~ÖíåáåÖ=Éê=ÑçêÉí~ÖÉí=ìÇÑê~=Éå=
~åí~ÖÉäëÉ=çãI=~í=ÇÉ=ÉåâÉäíÉ=ÉÑÑÉâíÉê=â~å=ëìããÉêÉëI=ÜîáäâÉí=ìãáÇÇÉäÄ~êí=
îìêÇÉêÉë=~í=î‹êÉ=Éå=âçåëÉêî~íáî=~åí~ÖÉäëÉI=çã=ÉåÇ=ÇÉí=áââÉ=Éê=ìåÇÉêë›Öí=
ÜîçêîáÇí=ÇÉííÉ=Éê=íáäÑ‹äÇÉíK=eîáë=ÇÉê=ë~ãíáÇáÖ=Éê=_qu=íáäëíÉÇÉ=êÉÇìÅÉêÉë=
ìåÇÉêÉëíáãÉêáåÖÉå=ãÉÇ=ÇÉ=éêçÅÉåíë~íëÉêI=ÇÉê=Éê=~åÑ›êí=á=í~ÄÉä=PKNOK=

pH 5 

pH 9 

Benzen 

Toluen og m-xylen 

BTX 

Forhold mellem MTBE 

og BTX  

Samlet fejlestimering af 

sorptionskapacitet 



=

RN=

Q aÉä=ffW=hçäçååÉÑçêë›Ö=

c›êëíÉ=íêáå=á=îìêÇÉêáåÖÉå=~Ñ=çã=~âíáîJâìä=Éê=îÉäÉÖåÉí=íáä=~í=êÉåëÉ=Éå=~âíìÉä=íóéÉ=
ÑçêìêÉåÉí=î~åÇ=Éê=~í=ÑêÉãëâ~ÑÑÉ=ëçêéíáçåëáëçíÉêãÉê=Ñçê=ÇÉí=~âíìÉääÉ=
ÑçêìêÉåáåÖëëíçÑ=Ñçê=ÑçêëâÉääáÖÉ=íóéÉê=~âíáîJâìäK=rÇÑê~=ÇáëëÉ=Ñ™ë=Éå=áåÇáâ~íáçå=~Ñ=
ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=âìääÉåÉ=îÉÇ=ÇÉí=ÖáîåÉ=âçåÅÉåíê~íáçåëåáîÉ~ìK=aÉê=Éê=
ÇçÖ=çÑíÉ=í~äÉ=çã=Éí=ãÉêÉ=ÉääÉê=ãáåÇêÉ=çéíáã~äí=ÄìÇ=é™=ëçêéíáçåëâ~é~ÅáíÉíÉåI=Ç~=
áëçíÉêãÉêåÉ=ëçã=êÉÖÉä=Éê=ÑêÉãëíáääÉí=ìåÇÉê=áÇÉÉääÉ=ÑçêÜçäÇ=á=ä~Äçê~íçêáÉíI=àÑK=
~Ñëåáí=PK=fëçíÉêãÉêåÉ=â~å=ÇçÖ=ÄÉåóííÉë=íáä=Éå=áåÇäÉÇÉåÇÉ=îìêÇÉêáåÖ=~Ñ=
›âçåçãáÉå=Ñçê=Éå=ÖáîÉå=êÉåëåáåÖëä›ëåáåÖ=é™=ÇÉí=ë™â~äÇíÉ=ÒÑÉ~ëáÄáäáíóÒ=åáîÉ~ì=
Ejáäà›ëíóêÉäëÉåI=OMMOFX=ÇîëK=Éê=ÇÉí=çîÉêÜçîÉÇÉí=êÉ~äáëíáëâ=~í=ÄÉåóííÉ=~âíáîJâìä=íáä=
êÉåëåáåÖ=~Ñ=ÇÉí=ÑçêìêÉåÉÇÉ=î~åÇ\=
=
aÉê=Éê=ÇçÖ=Çóå~ãáëâÉ=Ñ~âíçêÉêI=ëçã=áââÉ=í~ÖÉë=á=ÄÉíê~ÖíåáåÖ=îá~=áëçíÉêãÉåI=
ãÉå=ëçã=Éê=êÉäÉî~åíÉ=Ñçê=ÇÉëáÖå=çÖ=çéëâ~äÉêáåÖ=íáä=âçäçååÉJåáîÉ~ìX=ÜÉêìåÇÉê=
Ñ›äÖÉåÇÉ=ÑçêÜçäÇ=Ejáäà›ëíóêÉäëÉåI=NVVUFW=
=

NK ^ÇëçêéíáçåÉå=á=Éå=~âíáîJâìä=âçäçååÉ=ëâÉê=ä~åÖë=Éå=~ÇëçêéíáçåëÑêçåíI=
Üîçê=ÑçêìêÉåáåÖëâçåÅÉåíê~íáçåÉå=‹åÇêÉê=ëáÖK=

OK h~é~ÅáíÉíÉå=Ñçê=âìääÉåÉ=ìÇåóííÉë=ëà‹äÇÉåí=NMMB=á=Éå=âçäçååÉI=ÄäK~K=é™=
ÖêìåÇ=~Ñ=ãáåÇêÉ=áÇÉÉä=âçåí~âí=ãÉääÉã=î‹ëâÉ=çÖ=âìä=ÉåÇ=á=çãêóëíÉÇÉ=
Ä~íÅÜJÑçêë›ÖK=

=
m™=ÖêìåÇ=~Ñ=ÇáëëÉ=Ñ~âíçêÉê=~åÄÉÑ~äÉë=ÇÉí=ÖÉåÉêÉäí=~í=ìÇÑ›êÉ=éáäçíJâçäçååÉÑçêë›Ö=
Ñçê=ÇÉí=ÉääÉê=ÇÉI=ìÇÑê~=áëçíÉêãÉêåÉI=ãÉëí=äçîÉåÇÉ=~âíáîJâìä=Ejáäà›ëíóêÉäëÉåI=
NVVUFK=máäçíÑçêë›ÖÉåÉ=â~å=ÇÉêîÉÇ=Ç~ååÉ=ÖêìåÇä~Ö=Ñçê=ÇÉëáÖåî~äÖ=Ñçê=Éí=ÉîíK=
ÑìäÇëâ~ä~ÑáäíÉêK=aÉí=éêáã‹êÉ=Ñçêã™ä=ãÉÇ=~í=ìÇÑ›êÉ=âçäçååÉÑçêë›Ö=á=ÇÉííÉ=
éêçàÉâí=Éê=~í=íÉëíÉ=cáäíê~ëçêÄ∆=QMMÛë=ÉîåÉ=íáä=~í=~ÇëçêÄÉêÉ=jq_b=ìåÇÉê=
Çóå~ãáëâÉ=ÑçêÜçäÇI=ÇÉê=á=Ü›àÉêÉ=Öê~Ç=ëáãìäÉêÉê=ÇÉå=éê~âíáëâÉ=~åîÉåÇÉäëÉ=îÉÇ=
çåJëáíÉ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇI=çÖ=~í=ÑçêÉí~ÖÉ=Éå=âî~åíáí~íáî=
ë~ããÉåäáÖåáåÖ=ãÉÇ=Ä~íÅÜêÉëìäí~íÉêåÉK=hìääÉåÉë=Ñìåâíáçå=Éê=ìåÇÉêë›Öí=ÇÉäëI=
Üîçê=ÇÉê=ìÇÉäìââÉåÇÉ=Éê=jq_b=á=áåÇä›Äëî~åÇÉí=çÖ=ÇÉäëI=Üîçê=ÇÉê=Éê=Ä™ÇÉ=
jq_b=çÖ=ÄÉåòÉå=á=áåÇä›Äëî~åÇÉíK=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

Indledende vurdering 

af aktiv-kul’s egnethed 

Indflydelse af 

dynamiske forhold 

Formål med kolonne-

forsøg 



=

RO=

=

QKN qÉçêá=

QKNKN j~ëëÉçîÉêÑ›êëÉäëòçåÉå=

=
råÇÉê=~Çëçêéíáçå=á=Éå=~âíáîJâìä=âçäçååÉ=ãÉÇ=âçåëí~åíÉ=áåÇä›ÄëÄÉíáåÖÉäëÉê=îáä=
âìääÉåÉI= ÇÉê= äáÖÖÉê= í‹ííÉëí= é™= áåÇä›ÄÉí= î‹êÉ= ã‹ííÉí= ãÉÇ= jq_b= EÇîëK= ~í=
âìääÉåÉ= áÇÉÉäí= ëÉí= Ü~ê= ~ÇëçêÄÉêÉí= Éå= jq_bJã‹åÖÇÉ= ëî~êÉåÇÉ= íáä=
ëçêéíáçåëâ~é~ÅáíÉíÉåFI=ãÉåë=âìääÉåÉ=á=ìÇä›ÄëÉåÇÉå=~Ñ=âçäçååÉå=ëí~ÇáÖî‹â=áââÉ=
Ü~ê= ~ÇëçêÄÉêÉí= jq_bK= jÉääÉã= ÇÉ= íç= ÉâëíêÉãÉê= äáÖÖÉê= Éå= òçåÉI= ÇÉê= â~äÇÉë=
ã~ëëÉçîÉêÑ›êëÉäëòçåÉåI= ÉääÉê= j~ëë= qê~åëÑÉê= wçåÉ= EjqwFI= Üîçê= ÇÉå= ~âíáîÉ=
~ÇëçêéíáçåëéêçÅÉë=ÑçêÉÖ™êK=cçêÜçäÇÉåÉ=Éê=áääìëíêÉêÉí=á=ÑáÖìê=QKNK=
=

cáÖìê=QKNW=fääìëíê~íáçå=~Ñ=ÑçêÜçäÇÉåÉ=çãâêáåÖ=ã~ëëÉçîÉêÑ›êëÉäëòçåÉå=çÖ=
ã‹íåáåÖ=~Ñ=Éå=âìäâçäçååÉ=ãÉÇ=jq_bK=

=
bÑíÉêÜ™åÇÉå=ëçã=âìääÉåÉ=ã‹ííÉë=ãÉÇ=jq_b=îáä=ã~ëëÉçîÉêÑ›êëÉäëòçåÉå=
Öê~Çîáëí=ÑäóííÉ=ëáÖ=ä‹åÖÉêÉ=çÖ=ä‹åÖÉêÉ=î‹â=Ñê~=áåÇä›ÄÉí=çÖ=ÇÉå=â~å=ÄÉíê~ÖíÉë=
ëçã=Éå=Ä›äÖÉÑêçåíI=ÇÉê=ÄÉî‹ÖÉê=ëáÖ=ÖÉååÉã=âçäçååÉåK=mêçÅÉëëÉå=Éê=á=ÑáÖìê=QKO=
áääìëíêÉêÉí=îÉÇ=íêÉ=ÒíáÇëÄáääÉÇÉêÒK=
=

Masseoverførselszone 

Bevægelse af masse-

overførselszone 

C = C
0

0 < C < C
0

C = 0

Indløb

Udløb

Kul mættet med MTBE

Masseoverførselszone

Frisk kul uden MTBE

Koncentration

0 C
0

Kapacitet

0 S

C = C
0

0 < C < C
0

C = 0

Indløb

Udløb

Kul mættet med MTBE

Masseoverførselszone

Frisk kul uden MTBE

Koncentration

0 C
0

Kapacitet

0 S



=

RP=

=
cáÖìê=QKOW=qêÉ=íáÇëÄáääÉÇÉê=~Ñ=ã~ëëÉçîÉêÑ›êëÉäëòçåÉåë=éä~ÅÉêáåÖ=á=Éå=~âíáîJâìä=
âçäçååÉK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=QKO=â~å=ÇÉê=íáä=ÇÉ=íç=Ñ›êëíÉ=íáÇëéìåâíÉê=ÉåÇåì=áââÉ=
çÄëÉêîÉêÉë=jq_b=á=ìÇä›ÄÉí=Ñê~=âçäçååÉåI=ãÉåë=ÇÉê=íáä=ÇÉí=íêÉÇàÉ=íáÇëéìåâí=Éê=
ÄÉÖóåÇÉåÇÉ=ÖÉååÉãÄêìÇ=~Ñ=jq_bK=
=
eîáë=ÑáäíÉêä›ëåáåÖÉå=Éê=âçåëíêìÉêÉí=ëçã=Éå=ÉåâÉäíâçäçååÉI=îáä=ÇÉ=~âíáîÉ=âìä=á=
âçäçååÉå=ëâìääÉ=ìÇëâáÑíÉë=ãÉÇ=ÑêáëâÉ=âìä=é™=ÇÉí=íáÇëéìåâíI=Üîçê=
âçåÅÉåíê~íáçåÉå=á=ìÇä›ÄÉí=çîÉêëâêáÇÉê=âê~îî‹êÇáÉå=íáä=êÉåëåáåÖÉåK=^ÑÜ‹åÖáÖ=~Ñ=
áåÇä›ÄëâçåÅÉåíê~íáçåÉåI=âê~îî‹êÇáÉå=çÖ=ä‹åÖÇÉå=~Ñ=ã~ëëÉçîÉêÑ›êëÉäëòçåÉå=îáä=
Éå=ëí›êêÉ=ÉääÉê=ãáåÇêÉ=~åÇÉä=~Ñ=ÇÉ=~âíáîÉ=âìä=á=âçäçååÉå=é™=ÇÉííÉ=íáÇëéìåâí=
ÉåÇåì=áââÉ=î‹êÉ=ã‹ííÉí=ãÉÇ=jq_bK=aÉííÉ=ÑçêÜçäÇ=Ö›êI=~í=ä‹åÖÇÉå=~Ñ=
ã~ëëÉçîÉêÑ›êëÉäëòçåÉå=êÉä~íáîí=íáä=ÇÉå=íçí~äÉ=âçäçååÉä‹åÖÇÉI=ÄäáîÉê=Éå=
~ÑÖ›êÉåÇÉ=Ñ~âíçê=Ñçê=Üîçê=ÖçÇ=Éå=ìÇåóííÉäëÉ=~Ñ=ÇÉå=ë~ãäÉÇÉ=ëçêéíáçåëJ
â~é~ÅáíÉíI=ÇÉê=çéå™ë=Ñçê=âìääÉåÉ=á=Éí=ÉåâÉäíâçäçååÉëóëíÉãK=
=
jÉÇ=ãáåÇêÉ=ã~å=ã™äÉê=jq_bJâçåÅÉåíê~íáçåÉå=ÑçêëâÉääáÖÉ=ëíÉÇÉê=á=âçäçååÉåI=
çÖ=ÇÉêãÉÇ=çéå™ê=íáÇëÄáääÉÇÉê=ëî~êÉåÇÉ=íáä=ÑáÖìê=QKOI=Éê=ÇÉí=áââÉ=ãìäáÖí=~í=ã™äÉ=
ä‹åÖÇÉå=~Ñ=ã~ëëÉçîÉêÑ›êëÉäëòçåÉå=ÇáêÉâíÉK=j~å=â~å=ÇçÖ=Ç~ååÉ=ëáÖ=Éí=áåÇíêóâ=
~Ñ=ÑçêãÉå=çÖ=ä‹åÖÇÉå=~Ñ=ã~ëëÉçîÉêÑ›êëÉäëòçåÉå=îÉÇ=~í=ÄÉíê~ÖíÉ=ÑçêãÉå=é™=Éå=
Öê~ÑI=Üîçê=ìÇä›ÄëâçåÅÉåíê~íáçåÉå=Éê=éäçííÉí=ëçã=Ñìåâíáçå=~Ñ=íáÇÉåK=eîáë=ÇÉê=
ë™äÉÇÉë=Ö™ê=ÑçêÜçäÇëîáë=ä~åÖ=íáÇ=áåÇÉå=ÇÉê=âçåëí~íÉêÉë=jq_b=á=ìÇä›ÄÉíI=çÖ=
âçåÅÉåíê~íáçåÉå=ÇÉêÉÑíÉê=ÜìêíáÖí=ëíáÖÉê=íáä=Éí=åáîÉ~ì=ëî~êÉåÇÉ=íáä=
áåÇä›ÄëâçåÅÉåíê~íáçåÉåI=áåÇáâÉêÉê=ÇÉíI=~í=ä‹åÖÇÉå=~Ñ=ã~ëëÉçîÉêÑ›êëÉäëòçåÉå=Éê=
ÑçêÜçäÇëîáë=âçêíK=eîáë=ÇÉê=ÇÉêáãçÇ=ÜìêíáÖí=âçåëí~íÉêÉë=jq_b=á=ìÇä›ÄÉíI=çÖ=
ÇÉê=Ö™ê=êÉä~íáîí=ä~åÖ=íáÇ=áåÇÉå=ìÇä›ÄëâçåÅÉåíê~íáçåÉå=ëíáÖÉê=íáä=áåÇä›ÄëåáîÉ~ìÉíI=
ë™=áåÇáâÉêÉê=ÇÉí=Éå=ÑçêÜçäÇëîáë=ä~åÖ=ã~ëëÉçîÉêÑ›êëÉäëòçåÉ=EdóëÉäáåÅâI=NVVRFK=
=
aÉå=~âíìÉääÉ=ä‹åÖÇÉ=~Ñ=ã~ëëÉçîÉêÑ›êëÉäëòçåÉå=~ÑÜ‹åÖÉê=~Ñ=Éå=ê‹ââÉ=ÑçêÜçäÇX=
ÜÉêìåÇÉê=~âíáîJâìä=íóéÉI=ÑáäíÉêÜ~ëíáÖÜÉÇI=áåÇä›ÄëâçåÅÉåíê~íáçåI=íáäëíÉÇÉî‹êÉäëÉ=
~Ñ=ÑäÉêÉ=ÑçêìêÉåáåÖëâçãéçåÉåíÉê=á=áåÇä›Äëî~åÇÉíI=ë~ãí=î~åÇíóéÉ=çÖ=
î~åÇâî~äáíÉíI=ÜÉêìåÇÉê=áåÇÜçäÇ=~Ñ=çêÖ~åáëâ=âìäëíçÑ=á=î~åÇÉí=EktofI=OMMMFK=f=
ÑçêÜçäÇ=íáä=ã~ëëÉçîÉêÑ›êëÉäëòçåÉå=~ÑÜ‹åÖáÖÜÉÇ=~Ñ=ÑáäíÉêÜ~ëíáÖÜÉÇÉå=çéäóëÉê=

MTBE i udløb 

Udskiftning af kul i 

enkeltkolonne 

Længde af masseover-

førselszone 

Tidspunkt 1 Tidspunkt 2 Tidspunkt 3

0 C
0

0 C
0

0 C
0

Tidspunkt 1 Tidspunkt 2 Tidspunkt 3

0 C
0

0 C
0

0 C
0

0 C
0

0 C
0

0 C
0



=

RQ=

EwïáÅâóI=OMMNFI=~í=ä‹åÖÇÉå=íóéáëâ=Ñçê›ÖÉë=ãÉÇ=Éå=Ñ~âíçê=NIO=îÉÇ=Éå=Ñ~âíçê=NM=
Ñçê›ÖÉäëÉ=~Ñ=ÑáäíÉêÜ~ëíáÖÜÉÇÉåK=
=
jÉÇ=ÜÉåÄäáâ=é™=~í=ãáåáãÉêÉ=âìäÑçêÄêìÖÉí=ÇÉëáÖåÉë=Éå=çåJëáíÉ=ÑáäíÉêä›ëåáåÖ=
ãÉëí=ÜÉåëáÖíëã‹ëëáÖí=îÉÇ=~í=ë‹ííÉ=ÑäÉêÉ=ÑáäíêÉ=á=ëÉêáÉK=sÉÇ=ÉâëÉãéÉäîáë=~í=ë‹ííÉ=
íç=ÑáäíêÉ=á=ëÉêáÉ=Éê=ÇÉê=ãìäáÖÜÉÇ=Ñçê=~í=ìÇëâáÑíÉ=âìääÉåÉ=á=ÇÉí=Ñ›êëíÉ=ÑáäíÉê=å™ê=
â~é~ÅáíÉíÉå=á=ÇÉííÉ=Éê=ÑìäÇí=çéÄêìÖíI=ãÉåë=ã~ëëÉçîÉêÑ›êëÉäëòçåÉå=Éê=
ÄÉäáÖÖÉåÇÉ=á=ÇÉí=~åÇÉí=ÑáäíÉêK=bÑíÉê=ìÇëâáÑíåáåÖ=~Ñ=âìääÉåÉ=á=ÇÉí=Ñ›êëíÉ=ÑáäíÉêI=
ë‹ííÉë=ÇÉííÉ=ÉÑíÉê=ÑáäíÉê=OI=ÇÉê=ë™äÉÇÉë=ÄäáîÉê=ÇÉí=Ñ›êÉåÇÉ=ÑáäíÉêK=
=
QKNKO dÉååÉãÄêìÇëâìêîÉå=

rÇÑê~=âçäçååÉÑçêë›ÖÉí=çéå™ë=ÇÉå=ë™â~äÇíÉ=ÖÉååÉãÄêìÇëâìêîÉI=ÇÉê=îáëÉê=
âçåÅÉåíê~íáçåÉå=~Ñ=ÑçêìêÉåáåÖëâçãéçåÉåíÉå=á=ìÇä›ÄÉí=Ñê~=âçäçååÉå=ëçã=
Ñìåâíáçå=~Ñ=íáÇÉåI=ÉääÉê=ëçã=Ñìåâíáçå=~Ñ=ÇÉå=ÄÉÜ~åÇäÉÇÉ=î~åÇã‹åÖÇÉ=éêK=
î‹ÖíÉåÜÉÇ=~âíáîJâìäK=^äíÉêå~íáîí=â~å=ÇÉê=é™=óJ~âëÉå=éäçííÉë=ÑçêÜçäÇÉí=ãÉääÉã=
ÇÉå=~âíìÉääÉ=âçåÅÉåíê~íáçå=çÖ=áåÇä›ÄëâçåÅÉåíê~íáçåÉå=E`

M
FI=ÜîçêîÉÇ=ÇÉê=çéå™ë=

Éå=åçêã~äáëÉêáåÖI=ÇÉê=ãìäáÖÖ›ê=ÇáêÉâíÉ=ë~ããÉåäáÖåáåÖ=~Ñ=ÖÉååÉãÄêìÇëâìêîÉê=
çéå™Éí=îÉÇ=ÑçêëâÉääáÖÉ=áåÇä›ÄëâçåÅÉåíê~íáçåÉêK=
=
cçê=Éí=îÉäÇÉëáÖåÉí=âçäçååÉëóëíÉã=ãÉÇ=âçåëí~åíÉ=áåÇä›ÄëÄÉíáåÖÉäëÉê=
ÖÉååÉãä›ÄÉê=ÖÉååÉãÄêìÇëâìêîÉå=Éí=íáäå‹êãÉäëÉëîáëí=pJÑçêãÉí=Ñçêä›Ä=Ñê~=Éå=
âçåÅÉåíê~íáçå=é™=åìäI=íáä=Éå=âçåÅÉåíê~íáçå=ëî~êÉåÇÉ=íáä=áåÇä›ÄëâçåÅÉåíê~íáçåÉå=
E`

M
FK=cáÖìê=QKP=îáëÉê=Éå=éêáåÅáéëâáíëÉ=~Ñ=ÖÉååÉãÄêìÇëÑçêä›ÄÉí=Ñçê=Éí=

âçäçååÉëóëíÉã=ãÉÇ=íç=âçäçååÉê=á=ëÉêáÉK=aÉå=îÉåëíêÉ=pJÑçêãÉÇÉ=âìêîÉ=îáëÉê=
ÖÉååÉãÄêìÇëâìêîÉå=Ñçê=ÇÉå=Ñ›êëíÉ=âçäçååÉ=çÖ=ÇÉå=Ü›àêÉ=âìêîÉ=îáëÉê=
ÖÉååÉãÄêìÇëâìêîÉå=Ñçê=ÇÉå=~åÇÉå=âçäçååÉK=fåÇä›ÄëâçåÅÉåíê~íáçå=çÖ=Éå=
~êÄáíê‹ê=âê~îî‹êÇá=Éê=äáÖÉäÉÇÉë=áåÇíÉÖåÉíK=

To kolonner i serie 

Gennembrudskurve 
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cáÖìê=QKPW=mêáåÅáéëâáíëÉ=~Ñ=ÖÉååÉãÄêìÇëâìêîÉå=Ñçê=Éí=âçäçååÉëóëíÉã=ãÉÇ=íç=
~âíáîJâìä=âçäçååÉê=á=ëÉêáÉK=

=
kçÖäÉ=ÖêìåÇä‹ÖÖÉåÇÉ=íáåÖ=îÉÇêK=ÑáäíÉêÑìåâíáçåÉå=â~å=ÇáëâìíÉêÉë=ìÇÑê~=ÑáÖìê=
QKPK=eîáë=ÇÉê=ÄÉåóííÉë=Éå=ÑáäíÉêä›ëåáåÖ=ãÉÇ=âìå=¨å=âçäçååÉ=EàÑK=
ÖÉååÉãÄêìÇëâìêîÉå=Ñçê=âçäçååÉ=NF=îáä=âìääÉåÉ=ëâìääÉ=ëâáÑíÉë=é™=ÇÉí=íáÇëéìåâí=
Üîçê=âçåÅÉåíê~íáçåÉå=á=ìÇä›ÄÉí=Ñê~=âçäçååÉå=çîÉêëâêáÇÉê=âê~îî‹êÇáÉåX=â~äÇÉí=
äÉîÉíáÇÉå=Ñçê=ÑáäíÉêÉíK=cçê=Éí=ÉåâÉäíJâçäçååÉ=ÑáäíÉê=ëî~êÉê=ÇÉí=éêáåÅáéáÉäí=íáä=
íáÇëÄáääÉÇÉ=P=á=ÑáÖìê=QKOI=Üîçê=ÇÉå=ÑìäÇÉ=ëçêéíáçåëâ~é~ÅáíÉí=Ñçê=âçäçååÉå=ÉåÇåì=
áââÉ=Éê=çéÄêìÖíK==
=
eîáë=ÑáäíÉêä›ëåáåÖÉå=Éê=ÇÉëáÖåÉí=ãÉÇ=íç=âçäçååÉê=á=ëÉêáÉI=îáä=âìääÉåÉ=á=ÇÉå=Ñ›êëíÉ=
âçäçååÉ=áââÉ=ëâìääÉ=ìÇëâáÑíÉë=Ñ›ê=âçåÅÉåíê~íáçåÉå=á=ìÇä›ÄÉí=Ñê~=ÇÉå=~åÇÉå=
âçäçååÉ=çîÉêëâêáÇÉê=âê~îî‹êÇáÉåK=eîáë=ÇÉí=éêáã‹êÉ=ÇÉëáÖåâêáíÉêáìã=Ñçê=
ÑáäíÉêä›ëåáåÖÉå=Éê=~í=ãáåáãÉêÉ=âìäÑçêÄêìÖÉí=ÇÉëáÖåÉë=ÑáäíÉêä›ëåáåÖÉå=ë™äÉÇÉë=
ãÉëí=ÜÉåëáÖíëã‹ëëáÖí=îÉÇ=~í=íáäëíê‹ÄÉI=~í=âê~îî‹êÇáÉå=á=ÇÉå=~åÇÉå=âçäçååÉ=
áââÉ=çîÉêëâêáÇÉë=Ñ›ê=â~é~ÅáíÉíÉå=á=ÇÉå=Ñ›êëíÉ=âçäçååÉ=Éê=çéÄêìÖíI=ëî~êÉåÇÉ=íáä=~í=
âçåÅÉåíê~íáçåÉå=á=ìÇä›ÄÉí=Ñê~=âçäçååÉ=N=Éê=é™=åáîÉ~ì=ãÉÇ=
áåÇä›ÄëâçåÅÉåíê~íáçåÉåK=iÉîÉíáÇÉå=Ñçê=ÇÉå=Ñ›êëíÉ=âçäçååÉ=á=Éí=ë™Ç~åí=íçJ
âçäçååÉ=~âíáîJâìä=ÑáäíÉê=îáäI=~äí=~åÇÉí=äáÖÉI=î‹êÉ=ëí›êêÉ=ÉåÇ=äÉîÉíáÇÉå=Ñçê=Éí=
ÉåâÉäíJâçäçååÉ=ÑáäíÉêK=
=
aÉí=Ä›ê=ÇçÖ=å‹îåÉëI=~í=ÇÉí=íçí~äÉ=ÑáäíÉêîçäìãÉå=îÉÇ=íç=âçäçååÉê=á=ëÉêáÉ=çÑíÉ=
ÄäáîÉê=ëí›êêÉ=ÉåÇ=îÉÇ=ÄÉåóííÉäëÉ=~Ñ=Éí=ÑáäíÉê=ãÉÇ=âìå=Éå=ÉåâÉäí=âçäçååÉ=EktofI=
OMMMFK=aÉê=Éê=ë™äÉÇÉë=~äí=~åÇÉí=äáÖÉ=ëí›êêÉ=~åä‹ÖëçãâçëíåáåÖÉê=ÑçêÄìåÇÉí=ãÉÇ=
çéëíáääáåÖ=~Ñ=íç=âçäçååÉê=ÉåÇ=¨å=ÉåâÉäí=âçäçååÉX=ÇÉäë=é™=ÖêìåÇ=~Ñ=ÇÉí=ë~ãäÉÇÉ=
ëí›êêÉ=ÑáäíÉêîçäìãÉå=çÖ=ÇÉäë=é™=ÖêìåÇ=~Ñ=ÇÉí=ëí›êêÉ=~åí~ä=ÑáäíÉêÉåÜÉÇÉêK=
_Éëé~êÉäëÉå=é™=ìÇÖáÑíÉêåÉ=íáä=~âíáîJâìä=îÉÇ=ÇêáÑí=~Ñ=ÑKÉâëK=íç=âçäçååÉê=á=ëÉêáÉI=
ëâ~ä=ÇÉêÑçê=ëÉë=á=ë~ããÉåÜ‹åÖ=ãÉÇ=ÇÉå=ãìäáÖÉ=Ñçê›ÖÉäëÉ=á=
~åä‹ÖëçãâçëíåáåÖÉêåÉI=çÖ=êÉåí~ÄáäáíÉíÉå=~ÑÜ‹åÖÉê=ÇÉêÑçê=ÄäK~K=~Ñ=ÇÉå=
ÑçêîÉåíÉÇÉ=íçí~äÉ=ÇêáÑíëéÉêáçÇÉ=Ñçê=ÑáäíÉêÉí=é™=Éå=ÖáîÉå=äçâ~äáíÉíK=
=
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QKNKP aÉëáÖå=çÖ=~å~äóëÉ=~Ñ=~âíáîJâìä=ÑáäíêÉ=

qç=~Ñ=ÜçîÉÇÇÉëáÖåé~ê~ãÉíêÉåÉ=Ñçê=Éí=~âíáî=âìäÑáäíÉê=Éê=ÇÉå=ÜóÇê~ìäáëâÉ=
çéÜçäÇëíáÇ=çÖ=ÇÉå=äáåÉ‹êÉ=ÑáäíÉêÜ~ëíáÖÜÉÇ=E`ÜÉãîáêçåI=NVVVFK=
=
aÉå=ÜóÇê~ìäáëâÉ=çéÜçäÇëíáÇI=ÉääÉê=bãéíó=_ÉÇ=`çåí~Åí=qáãÉ=Eb_`qFI=
ÄÉêÉÖåÉë=ëçã=ÑçêÜçäÇÉí=ãÉääÉã=âìäÑáäíÉêÉíë=îçäìãÉå=çÖ=î~åÇÑäçïÉí=áÖÉååÉã=
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=
Üîçê=b_`q=Éê=ÇÉå=ÜóÇê~ìäáëâÉ=çéÜçäÇëíáÇ=xãáåzI=^=Éê=ÑáäíÉêÉíë=íî‹êëåáíë~êÉ~ä=
xãOzI=e=Éê=Ü›àÇÉå=~Ñ=âìää~ÖÉí=á=ÑáäíÉêÉí=xãz=çÖ=n=Éê=î~åÇÑäçïÉí=ÖÉååÉã=ÑáäíÉêÉí=
xãPLÜzK=
=
^âíáîJâìä=ÑáäíêÉ=íáä=êÉåëåáåÖ=~Ñ=ÖêìåÇî~åÇ=ãÉÇ=Éí=ÖáîÉåí=Ñäçï=ÇÉëáÖåÉë=íóéáëâ=ë™=
ÇÉå=ÜóÇê~ìäáëâÉ=çéÜçäÇëíáÇ=ÄäáîÉê=ãÉääÉã=Å~K=S=çÖ=PM=ãáåìííÉê=E`ÜÉãîáêçåI=
NVVVFK=aÉí=~âíìÉääÉ=î~äÖ=~Ñ=ÜóÇê~ìäáëâ=çéÜçäÇëíáÇ=ëâ~ä=íáäÖçÇÉëÉ=Éå=îáë=
âçåí~âííáÇ=ãÉääÉã=ÇÉ=çéä›ëíÉ=ÑçêìêÉåáåÖëâçãéçåÉåíÉê=çÖ=ÇÉ=~âíáîÉ=âìäI=çÖ=
~ÑÜ‹åÖÉê=ÄäK~K=íóéÉå=~Ñ=ÑçêìêÉåáåÖëâçãéçåÉåí=çÖ=~âíáîJâìä=ë~ãí=âê~î=íáä=
êÉåëåáåÖëÖê~ÇÉå=çÖ=ÇÉí=~ÄëçäìííÉ=çéêÉåëåáåÖëåáîÉ~ìK=gç=ãÉêÉ=î~åÇçéä›ëÉäáÖ=
ÑçêìêÉåáåÖëâçãéçåÉåíÉå=Éê=çÖ=àç=ëâê~ééÉêÉ=âê~îI=ÇÉê=ëíáääÉë=íáä=êÉåëåáåÖëÖê~Ç=
çÖ=çéêÉåëåáåÖëåáîÉ~ìI=àç=Ü›àÉêÉ=ÄäáîÉê=ÇÉå=å›ÇîÉåÇáÖÉ=ÜóÇê~ìäáëâÉ=çéÜçäÇëíáÇK=
aÉå=ÜóÇê~ìäáëâÉ=çéÜçäÇëíáÇ=Ñçê=~âíáîJâìä=ÑáäíêÉ=íáä=êÉåëåáåÖ=~Ñ=jq_b=äáÖÖÉê=
íóéáëâ=çãâêáåÖ=OM=ãáåìííÉêK=
=
cáäíÉêÜ~ëíáÖÜÉÇ=ÄÉå‹îåÉë=çÖë™=a~êÅóJÜ~ëíáÖÜÉÇÉåI=çÖ=ÄÉêÉÖåÉë=~Ñ=äáÖåáåÖ=QKOW=
=
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=
Üîçê=î=Éê=ÇÉå=äáåÉ‹êÉ=ÑáäíÉêÜ~ëíáÖÜÉÇ=xãLÜzK=
=
cáäíÉêÜ~ëíáÖÜÉÇÉå=Ü~ê=ÄÉíóÇåáåÖ=Ñçê=íêóâí~ÄÉí=çîÉê=~âíáîJâìä=ÑáäíÉêÉíI=çÖ=íóéáëâ=
~åÑ›êÉë=Éå=ã~âëáã~ä=ÑáäíÉêÜ~ëíáÖÜÉÇ=é™=OR=ãLÜX=çÑíÉ=äáÖÖÉê=ÇÉå=ãÉääÉã=Å~K=R=çÖ=
NR=ãLÜ=Ejáäà›ëíóêÉäëÉåI=NVVUFK=gç=ëí›êêÉ=ÑáäíÉêÜ~ëíáÖÜÉÇ=çÖ=àç=ëí›êêÉ=Ü›àÇÉ=~Ñ=
âìää~ÖÉíI=àç=ëí›êêÉ=íêóâí~Ä=îáä=ÇÉê=~äí=~åÇÉí=äáÖÉ=î‹êÉ=çîÉê=ÑáäíÉêÉíK=bí=ëíçêí=
íêóâí~Ä=çîÉê=ÑáäíÉêÉí=â~å=ãìäáÖîáë=ãÉÇÑ›êÉ=ÄÉÜçî=Ñçê=óÇÉêäáÖÉêÉ=
éìãéÉâ~é~ÅáíÉí=çÖ=ÇÉí=Éê=á=ÇÉå=ÑçêÄáåÇÉäëÉ=îáÖíáÖí=~í=ÄÉã‹êâÉI=~í=ÒÇÉí=
å~íìêäáÖÉÒ=íêóâÑ~äÇ=çîÉê=Éí=~âíáîJâìä=ÑáäíÉê=íóéáëâ=îáä=›ÖÉë=ãÉÇ=íáÇÉå=áÇÉí=ÇÉê=â~å=
ëâÉ=Éå=~Ñë‹íåáåÖ=~Ñ=é~êíáâäÉê=çÖ=çêÖ~åáëâ=ëíçÑ=ÉääÉê=ëâÉ=ìÇÑ‹äÇåáåÖ=~Ñ=àÉêåJ=çÖ=
ã~åÖ~åçñáÇÉê=ÉääÉê=â~äâ=á=âìääÉíë=éçêÉëíêìâíìêK=bå=Ñçê›ÖÉäëÉ=~Ñ=íêóâí~ÄÉí=â~å=
äáÖÉäÉÇÉë=ëâóäÇÉë=î‹âëí=~Ñ=ãáâêççêÖ~åáëãÉê=á=ÑáäíÉêÉíX=áë‹ê=îÉÇ=çééìãéåáåÖ=~Ñ=
ÖêìåÇî~åÇ=áåÇÉÜçäÇÉåÇÉ=_qbuÛÉê=ÉääÉê=~åÇêÉ=äÉíçãë‹ííÉäáÖÉ=çêÖ~åáëâÉ=
ÑçêÄáåÇÉäëÉêK=
=
aÉå=íÉçêÉíáëâÉ=äÉîÉíáÇ=Ñçê=Éí=~âíáîJâìä=ÑáäíÉê=â~å=îÉÇ=ÑìäÇ=ìÇåóííÉäëÉ=~Ñ=ÇÉ=~âíáîÉ=
âìäë=â~é~ÅáíÉí=ÉëíáãÉêÉë=ìÇÑê~=âÉåÇëâ~Ä=íáä=ëçêéíáçåëáëçíÉêãÉåI=
áåÇä›ÄëâçåÅÉåíê~íáçå=çÖ=JÑäçïI=ÑáäíÉêîçäìãÉå=çÖ=âìääÉåÉë=é~âåáåÖëÖê~Ç=îá~=
äáÖåáåÖ=QKPI=ÇÉê=ìÇíêóââÉê=ÑçêÜçäÇÉí=ãÉääÉã=ÇÉå=íçí~äÉ=ëçêéíáçåëâ~é~ÅáíÉí=Ñçê=
ÇÉ=~âíáîÉ=âìä=çÖ=ã~ëëÉÄÉä~ëíåáåÖÉå=éêK=íáÇK=
=

Hydraulisk opholdstid 

Ligning 4.1 

Valg af hydraulisk 

opholdstid 

Filterhastighed 

Ligning 4.2 

Betydning af 

filterhastighed 

Teoretisk levetid  
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=Éê=âìäÑáäíÉêÉíë=íÉçêÉíáëâÉ=äÉîÉíáÇ=xÇzI=h^m
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=Éê=ÑáäíÉêÉíë=íçí~äÉ=â~é~ÅáíÉí=xÖ=

jq_bzI=j~ëë=äç~Ç=Éê=ã~ëëÉÄÉä~ëíåáåÖÉå=éêK=íáÇ=xÖ=jq_bLÇzI=p=Éê=
ëçêéíáçåëâ~é~ÅáíÉíÉå=ÄÉëíÉãí=ìÇÑê~=ëçêéíáçåëáëçíÉêãÉå=xãÖ=jq_bLÖ=
âìäzZxÖLâÖ=âìäz=zI=^=Éê=ÑáäíÉêÉíë=íî‹êëåáíë~êÉ~ä=xãOzI=e=Éê=Ü›àÇÉå=~Ñ=âìää~ÖÉí=á=
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Ä
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m~âåáåÖëÖê~ÇÉåI=ρ
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I=Ñçê=Öê~åìäÉêÉí=cáäíê~ëçêÄ∆=QMM=äáÖÖÉê=íóéáëâ=çãâêáåÖ=QPM=

âÖLãPI=ãÉå=â~å=î~êáÉêÉ=á=áåíÉêî~ääÉí=QOM=Ó=QSM=âÖLãP=E`êáííÉåÇÉå=Éí=~äKI=NVUTX=
e~åÇ=Éí=~äKI=NVUVX=`~äÖçåI=NVVUX=`ÜÉãîáêçåI=NVVVFK=
=
aÉí=íÉçêÉíáëâÉ=âìäÑçêÄêìÖ=Ñçê=Éí=~âíáîJâìä=ÑáäíÉêI=ëçã=Éê=ÇÉëáÖåÉí=ãÉÇ=Éå=
çéíáã~ä=ìÇåóííÉäëÉ=~Ñ=âìääÉåÉë=ëçêéíáçåëâ~é~ÅáíÉí=â~å=ÄÉêÉÖåÉë=ìÇÑê~=âÉåÇëâ~Ä=
íáä=ëçêéíáçåëâ~é~ÅáíÉíÉå=çÖ=áåÇä›ÄëâçåÅÉåíê~íáçå=îá~=äáÖåáåÖ=QKQW=
=
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=
Üîçê=qÉçêÉíáëâ=ÑçêÄêìÖ=Éê=ÇÉí=íÉçêÉíáëâÉ=âìäÑçêÄêìÖ=xÖ=âìäLi=êÉåëÉí=î~åÇzZxâÖ=
âìäLãPzK=
=
_ÉåóííÉäëÉ=~Ñ=äáÖåáåÖ=QKP=çÖ=QKQ=ÑçêìÇë‹ííÉêI=~í=ÇÉê=á=éê~âëáë=çéå™ë=Éå=
ëçêéíáçåëâ~é~ÅáíÉí=ëî~êÉåÇÉ=íáä=ÇÉåI=ÇÉê=â~å=ÄÉëíÉããÉë=ìÇÑê~=ëçêéíáçåëJ
áëçíÉêãÉå=îÉÇ=ÇÉå=ÖáîåÉ=áåÇä›ÄëâçåÅÉåíê~íáçåI=ÜîáäâÉí=áÖÉå=ÑçêìÇë‹ííÉêI=~í=ÇÉê=
Éê=ÑçêÜçäÇëîáë=ÖçÇ=çîÉêÉåëëíÉããÉäëÉ=ãÉääÉã=ÇÉ=Ñ~âíáëâÉ=ÑçêÜçäÇ=îÉÇêK=
î~åÇíóéÉI=íÉãéÉê~íìê=ãKîK=çÖ=ÇÉ=ÑçêÜçäÇI=ÜîçêìåÇÉê=áëçíÉêãÉå=Éê=ÄÉëíÉãíI=àÑK=
~Ñëåáí=PKPK=aÉëìÇÉå=ÑçêìÇë‹ííÉê=Éå=çéíáã~ä=ìÇåóííÉäëÉ=~Ñ=âìääÉåÉë=
ëçêéíáçåëâ~é~ÅáíÉíI=~í=ÑáäíÉêÉí=Éê=âçåëíêìÉêÉí=Ñäçïã‹ëëáÖí=ÜÉåëáÖíëã‹ëëáÖíI=
ë™äÉÇÉë=~í=ÇÉê=áââÉ=çéëí™ê=ÑçêÉíêìâåÉ=ëíê›ãåáåÖëîÉàÉ=áåÇÉ=á=âìäã~íêáÅÉå=ÉääÉê=
ä~åÖë=ÑáäíÉêÉíë=áåÇÉêî‹ÖÖÉK=f=éê~âëáë=ÄÉíóÇÉê=ÇÉíI=~í=âìäé~âåáåÖÉå=ëâ~ä=î‹êÉ=
ÑçêÜçäÇëîáë=ÜçãçÖÉå=çÖI=~í=ÑáäíÉêÉí=áââÉ=âçåëíêìÉêÉë=ëçã=ãÉÖÉí=ä~åÖí=çÖ=íóåÇí=
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Typiske værdier for 

porehulrum 

Fordeling af 

porehulrum for 

Filtrasorb® 400 

Momentan og 

reversibel ligevægt 

Modellering af 

gennembrudskurven 

Intrapartikulært porehulrum (θ
i
)Bulk porehulrum (θ

b
)

Aktiv-kul matrice: Aktiv-kul korn:

Intrapartikulært porehulrum (θ
i
)Bulk porehulrum (θ

b
)

Aktiv-kul matrice: Aktiv-kul korn:



=

SM=

=


















⋅⋅⋅

⋅+⋅
⋅







 ⋅
+









⋅⋅⋅

⋅−⋅
⋅=

tRD

tuHR
erfc

D

Hu

tRD

tuHR
erfc

C
tC

4
exp

42
)( 0 EQKVF=

=
Üîçê=ÉêÑÅ=Éê=ÇÉå=âçãéäÉãÉåí‹êÉ=ÑÉàäÑìåâíáçåI=ÇÉê=â~å=Éî~äìÉêÉë=ÉâëÉãéÉäîáë=
ëçã=~åÑ›êí=á=Eî~å=dÉåìÅÜíÉåI=NVURX=içää=çÖ=j›äÇêìéI=OMMMFK=
=
^Ñ=ÇÉ=é~ê~ãÉíêÉI=ÇÉê=áåÇÖ™ê=á=äáÖåáåÖ=QKV=âÉåÇÉë=áåÇä›ÄëâçåÅÉåíê~íáçåÉå=E`

M
F=

çÖ=Ü›àÇÉå=~Ñ=âìää~ÖÉí=EeFK=aÉå=ÖÉååÉãëåáíäáÖÉ=éçêÉî~åÇëÜ~ëíáÖÜÉÇ=EìF=â~å=
ÄÉêÉÖåÉë=ìÇÑê~=âÉåÇëâ~Ä=íáä=áåÇä›ÄëÑäçïÉí=EnFI=ÑáäíÉêÉíë=íî‹êëåáíë~êÉ~ä=E^F=çÖ=
Äìäâ=éçêÉÜìäêìããÉí=Eθ

Ä
F=çÖ=Éê=Z=nLE^ˇθ

Ä
FK==

=
bå=ÑçêìÇë‹íåáåÖ=Ñçê=~í=ÄÉåóííÉ=äáÖåáåÖ=QKV=ÉêI=~í=o=Éê=âçåëí~åíI=ÜîáäâÉí=Éê=
íáäÑ‹äÇÉí=å™ê=`=Éê=âçåëí~åí=EÜîáë=ÇÉê=Éê=í~äÉ=çã=Éå=cêÉìåÇäáÅÜJáëçíÉêãFK=aÉííÉ=
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Ligning 4.9 
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faktor (R) 

Modelfitning ved 
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ÑçêÉí~ÖÉí=Éå=ë~ããÉåäáÖåáåÖ=~Ñ=ÖÉååÉãÄêìÇëâìêîÉê=Ñçê=~âíáîJâìä=âçäçååÉê=
ÄÉä~ëíÉí=ãÉÇ=jq_b=~äÉåÉ=çÖ=ãÉÇ=jq_bH_qu=EktofI=OMMNFK=aÉê=Éê=
ÇÉêÑçê=ÉåÇåì=áââÉ=Éê=ìÇîáâäÉí=åçÖäÉ=ÖÉåÉêÉäí=~åîÉåÇÉäáÖÉ=ãÉíçÇÉê=íáä=
âî~åíáí~íáî=ÑçêìÇëáÖÉäëÉ=~Ñ=âçäçååÉÑìåâíáçåÉå=îÉÇ=ë~ãíáÇáÖ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=
jq_b=çÖ=_quÛÉêK=aÉå=Ñ›äÖÉåÇÉ=ÖÉååÉãÖ~åÖ=~Ñ==ÒíÉçêáÉåÒ=Ñçê=
âçåâìêêÉêÉåÇÉ=ëçêéíáçå=ãÉÇ=_quÛÉê=ÄóÖÖÉê=ë™äÉÇÉë=é™=ÇÉ=ìåÇÉêë›ÖÉäëÉêI=ÇÉê=
Éê=ÖÉåÖáîÉí=á=ÇÉå=å‹îåíÉ=êÉÑÉêÉåÅÉK=
=
ktof=EOMMNF=êÉÑÉêÉêÉê=íç=ëÉé~ê~íÉ=ëíìÇáÉê=ãÉÇ=ÑçêëâÉääáÖÉ=âçåÑáÖìê~íáçåÉê=
ãÜíK=~âíáîJâìäI=ÖêìåÇî~åÇëíóéÉ=EÜÉêìåÇÉê=áåÇÜçäÇ=~Ñ=íçí~äí=çêÖ~åáëâ=âìäëíçÑI=

Dispersionskoefficient 

Ligning 4.10 

Sparsomme 

oplysninger om 

konkurrerende sorption 

To kolonnestudier med 

konkurrerende sorption 

0,0

0,2

0,4

0,6

0,8

1,0

1,2

Tid

C
/C

0
 [

-]

Stempelflow

Lav D

Høj D

Lav R: Høj R:

Lav D

Stempelf low

Høj D



=

SO=

ql`FI=jq_bJ=çÖ=_quJâçåÅÉåíê~íáçåÉê=ë~ãí=ÜóÇê~ìäáëâ=çéÜçäÇëíáÇK=
cçêë›ÖëâçåÑáÖìê~íáçåÉê=çÖ=JêÉëìäí~íÉê=Éê=âçêí=ëâáíëÉêÉí=á=ÇÉí=Ñ›äÖÉåÇÉK=
=
q~ÄÉä=QKOW=cçêë›ÖëâçåÑáÖìê~íáçåÉê=Ñçê=âçäçååÉÑçêë›Ö=ãÉÇ=~Ñéê›îåáåÖ=~Ñ=
~âíáîJâìä=ÑáäíêÉêáåÖ=~Ñ=jq_bJ=çÖ=_quJÑçêìêÉåÉí=î~åÇ=EÉÑíÉê=ktofI=OMMNFK=

cçêë›Öëé~ê~ãÉíÉê= cçêë›Ö=N= cçêë›Ö=O=

hìäíóéÉ=
= rp=cáäíÉêLtÉëí~íÉë=

``JSMO=EâçâçëF=
`~äÖçå=m`_=EâçâçëF=

s~åÇíóéÉ=
fåÇÜçäÇ=çêÖ~åáëâ=ëíçÑ=

= dêìåÇî~åÇ=
ql`=Z=MIO=ãÖLi=

lîÉêÑä~ÇÉî~åÇ=
ql`=Z=PIS=ãÖLi=

fåÇä›ÄëâçåÅÉåíê~íáçå=
jq_b=
_qu=

úO=ãÖLi=
úO=ãÖLi=

OM=µÖLi=

PMM=µÖLi=

b_`q= = NM=ãáå= OM=ãáå=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=QKO=Éê=ÇÉê=ÑçêÜçäÇëîáë=ëíçê=ÑçêëâÉä=é™=ÇÉ=íç=
Ñçêë›ÖëâçåÑáÖìê~íáçåÉê=ãÉÇ=ÜÉåëóå=íáä=ÇÉ=áåÇÖ™ÉåÇÉ=Ñçêë›Öëé~ê~ãÉíêÉI=çÖ=ÇÉí=
Éê=ë™äÉÇÉë=áââÉ=ìãáÇÇÉäÄ~êí=ãìäáÖíI=~í=ÑçêÉí~ÖÉ=Éå=ÇÉí~äàÉêÉí=Éî~äìÉêáåÖ=~Ñ=
ë~ãíáÇáÖ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=_quÛÉê=á=ÑçêÜçäÇ=íáä=ÇÉ=ÉåâÉäíÉ=Ñçêë›Öëî~êá~ÄäÉK=m™=
íêçÇë=~Ñ=ÇÉííÉ=ÖáîÉê=Ñçêë›ÖÉåÉ=ÇçÖ=~åäÉÇåáåÖ=íáä=ÑçêÄ~îëÉåÇÉ=Éåë=âçåâäìëáçåÉê=
îÉÇê›êÉåÇÉ=âìäÑçêÄêìÖÉí=çÖ=Ñçêä›ÄÉí=~Ñ=ÖÉååÉãÄêìÇëâìêîÉå=ãÉÇ=çÖ=ìÇÉå=
íáäëíÉÇÉî‹êÉäëÉ=~Ñ=_quÛÉêW=
=

NK hìäÑçêÄêìÖÉí=Eã™äí=îÉÇ=RMB=ÖÉååÉãÄêìÇF=ëíáÖÉê=á=ÄÉÖÖÉ=Ñçêë›Ö=ãÉÇ=
Å~K=QMJQRB=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=_quÛÉêK=

OK hìäÑçêÄêìÖÉí=Eã™äí=îÉÇ=NMMB=ÖÉååÉãÄêìÇF=ëíáÖÉê=á=ÄÉÖÖÉ=Ñçêë›Ö=ãÉÇ=
Å~K=PMB=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=_quÛÉêK==

PK jq_bJâçåÅÉåíê~íáçåÉå=á=ìÇä›ÄÉí=Ñê~=ÄÉÖÖÉ=ÑáäíêÉ=ëíáÖÉê=á=Ñçêë›ÖÉåÉ=
ãÉÇ=jq_b=~äÉåÉ=íáä=Éí=åáîÉ~ì=ëî~êÉåÇÉ=íáä=áåÇä›ÄëâçåÅÉåíê~íáçåÉåI=
ãÉåë=ÇÉå=á=Ñçêë›ÖÉåÉ=ãÉÇ=jq_bH_qu=ëíáÖÉê=íáä=ãÉääÉã=NIO=çÖ=NIQ=
Ö~åÖÉ=áåÇä›ÄëåáîÉ~ìÉíI=Ñçê=ÇÉêÉÑíÉê=ä~åÖëçãí=~í=Ñ~äÇÉ=íáä=
áåÇä›ÄëåáîÉ~ìÉíK=

=
aÉ=éêáåÅáéáÉääÉ=âçåâäìëáçåÉê=Éê=ëâáíëÉêÉí=á=ÑáÖìê=QKSK=
=

cáÖìê=QKSW=mêáåÅáéëâáíëÉ=çîÉê=ÄÉíóÇåáåÖÉå=~Ñ=âçåâìêêÉêÉåÇÉ=ëçêéíáçå=ãÉÇ=
_quÛÉê=é™=ÖÉååÉãÄêìÇëÑçêä›ÄÉí=Ñçê=jq_bK=

Stor forskel i forsøg; 

samme konklusioner 

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

[Tid] eller [m3 vand renset/kg kul]

C
/C

0
 [

-]

Indløb

Udløb

MTBE+BTX

MTBE



=

SP=

=
aÉå=íêÉÇàÉ=âçåâäìëáçå=îÉÇê›êÉåÇÉ=ìÇä›ÄëâçåÅÉåíê~íáçåÉåë=íÉåÇÉåë=íáä=EÑçê=ÇÉí=
ëî~ÖÉëí=~ÇëçêÄÉêÉåÇÉ=ëíçÑF=~í=ëíáÖÉ=íáä=çîÉê=áåÇä›ÄëåáîÉ~ìÉí=ÉÑíÉê=NMMB=
ÖÉååÉãÄêìÇ=Éê=á=çîÉêÉåëëíÉããÉäëÉ=ãÉÇ=ÇÉå=âçåâäìëáçå=EqÜ~ÅâÉê=Éí=~äKI=
NVUPF=Çê~ÖÉê=é™=Ä~ÖÖêìåÇ=~Ñ=Éí=ãçÇÉääÉêáåÖëëíìÇáÉ=~Ñ=íêáÅÜäçêãÉíÜ~åJ
ÖÉååÉãÄêìÇ=îÉÇ=éäìÇëÉäáÖ=ÄÉä~ëíåáåÖ=ãÉÇ=ÄêçãJÇáÅÜäçêãÉíÜ~åK=píáÖåáåÖÉå=
ëâÉê=îÉÇI=~í=ÇÉí=ëí‹êâÉêÉ=~ÇëçêÄÉêÉåÇÉ=ëíçÑ=Ñçêíê‹åÖÉê=Éí=~ääÉêÉÇÉ=~ÇëçêÄÉêÉí=
ëî~ÖÉêÉ=~ÇëçêÄÉêÉåÇÉ=ëíçÑI=é™=Éí=íáÇëéìåâíI=Üîçê=â~é~ÅáíÉíÉå=á=âçäçååÉå=
å‹ëíÉå=Éê=çéÄêìÖíX=ÇîëK=~í=êÉëíâ~é~ÅáíÉíÉå=á=âçäçååÉå=áââÉ=Éê=íáäëíê‹ââÉäáÖ=íáä=~í=
çéÑ~åÖÉ=ÇÉ=ÑêáÖáîåÉ=ÑçêìêÉåáåÖëã‹åÖÇÉêK==
=
aÉí=Éê=á=›îêáÖí=ë~ããÉ=ÖÉååÉãÄêìÇëÑçêä›ÄI=ÇÉê=â~å=çÄëÉêîÉêÉë=Üîáë=
áåÇä›ÄëâçåÅÉåíê~íáçåÉå=Ñ~äÇÉê=é™=Éí=íáÇëéìåâíI=Üîçê=ÇÉê=áââÉ=Éê=íáäëíê‹ââÉäáÖ=
êÉëíâ~é~ÅáíÉí=á=âçäçååÉå=íáä=~í=çéÑ~åÖÉ=ÇÉ=ÇÉëçêÄÉêÉÇÉ=ÑçêìêÉåáåÖëã‹åÖÇÉê=
EqÜ~ÅâÉê=Éí=ÉäKI=NVUPFK=
=
f=ÑçêÜçäÇ=íáä=ÇÉ=çÄëÉêîÉêÉÇÉ=êÉÇìâíáçåÉê=é™=Å~K=PMB=îÉÇ=NMMB=ÖÉååÉãÄêìÇI=
Ä›ê=ÇÉí=ÄÉã‹êâÉëI=~í=ÇÉííÉ=ìãáÇÇÉäÄ~êí=ëíÉããÉê=ÖçÇí=çîÉêÉåë=ãÉÇ=ÇÉå=
êÉÇìâíáçå=ëçã=Ea~îáë=çÖ=mçïÉêëI=OMMMF=çÄëÉêîÉêÉÇÉ=á=Ä~íÅÜÑçêë›Ö=îÉÇ=
âçåâìêêÉêÉåÇÉ=ëçêéíáçå=ãÉÇ=ãJñóäÉå=EÅ~K=PRB=îÉÇ=N=ãÖ=jq_bLiFI=àÑK=~Ñëåáí=
PKOKUK=
=
ktof=EOMMMF=~åÑ›êÉêI=~í=êÉÇìâíáçåÉå=á=ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=jq_b=
ìåÇÉê=Çóå~ãáëâÉ=ÑçêÜçäÇ=á=âçäçååÉÑçêë›ÖI=îÉÇ=ë~ãíáÇáÖ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=
~åÇêÉ=ÑçêìêÉåáåÖëâçãéçåÉåíÉê=á=áåÇä›Äëî~åÇÉíI=áââÉ=å›ÇîÉåÇáÖîáë=ÄÉÜ›îÉê=~í=
î‹êÉ=î‹ëÉåíäáÖ=ÑçêëâÉääáÖ=Ñê~=ÇÉå=çéå™ÉÇÉ=â~é~ÅáíÉí=Ñçê=jq_b=~äÉåÉK=aÉííÉ=
ëâóäÇÉëI=~í=ã~ëëÉíê~åëéçêíòçåÉå=Ñçê=ÇÉ=ëí‹êâÉëí=~ÇëçêÄÉêÉåÇÉ=ëíçÑÑÉê=
EÉâëÉãéÉäîáë=_quF=îáä=äáÖÖÉ=á=Éí=çãê™ÇÉ=í‹í=é™=áåÇä›ÄÉíI=ãÉåë=
ã~ëëÉíê~åëéçêíòçåÉå=Ñçê=jq_b=îáä=ëíê‹ââÉ=ëáÖ=çîÉê=Éí=ä~åÖí=ëí›êêÉ=çãê™ÇÉK=
aÉê=îáä=ë™äÉÇÉë=âìå=î‹êÉ=í~äÉ=çã=Éå=êÉÇìâíáçå=~Ñ=jq_bJâ~é~ÅáíÉíÉå=á=ÇÉå=ÇÉä=
~Ñ=âçäçååÉåI=Üîçê=_quJ~ÇëçêéíáçåÉå=Ü~ê=ÑìåÇÉí=ëíÉÇK=aÉå=ë~ãäÉÇÉ=êÉÇìâíáçå=
á=ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=jq_b=îáä=ë™äÉÇÉë=~ÑÜ‹åÖÉ=~Ñ=Éå=ä~åÖ=ê‹ââÉ=
ÑçêëâÉääáÖÉ=Ñ~âíçêÉêI=ÜÉêìåÇÉê=âçåÅÉåíê~íáçåëåáîÉ~ìÉí=Ñçê=_qu=çÖ=jq_b=çÖ=
ÇÉí=êÉä~íáîÉ=ÑçêÜçäÇ=áãÉääÉã=âçãéçåÉåíÉêåÉI=ë~ãí=~Ñ=ÇÉ=Ñ~âíçêÉêI=ÇÉê=Ü~ê=
ÄÉíóÇåáåÖ=Ñçê=ä‹åÖÇÉå=~Ñ=ã~ëëÉíê~åëéçêíòçåÉåK=aÉííÉ=Éê=áääìëíêÉêÉí=á=ÑáÖìê=QKTK=
=

Større ud- end 

indløbskoncentrationer 

Desorption ved lavere 

indløbskoncentrationer 

Kapacitetsreduktion: 

Kolonne vs. batch 

Ikke nødvendigvis stor 

samlet effekt af 

konkurrence 



=

SQ=

cáÖìê=QKTW=mêáåÅáéëâáíëÉ=çîÉê=ÇÉå=êÉä~íáîÉ=ä‹åÖÇÉ=~Ñ=ã~ëëÉíê~åëéçêíòçåÉå=Ñçê=
_qu=çÖ=jq_bK=oÉÇìâíáçåÉå=á=jq_bJâ~é~ÅáíÉí=ÑáåÇÉê=ìÇÉäìââÉåÇÉ=ëíÉÇI=Üîçê=
_qu=ÑáåÇÉë=~ÇëçêÄÉêÉíK=

=

QKO hçäçååÉçéëíáääáåÖ=

f=ÇÉí=Ñ›äÖÉåÇÉ=ÖÉååÉãÖ™ë=ÇÉäë=Éå=ê‹ââÉ=âê~î=íáä=âçåëíêìâíáçåÉå=~Ñ=Ñçêë›ÖëJ
âçäçååÉçéëíáääáåÖÉå=çÖ=ÇÉäë=âçåÑáÖìê~íáçåÉå=Ñçê=ÇÉå=~âíìÉäí=ÄÉåóííÉÇÉ=
âçäçååÉçéëíáääáåÖK=
=
QKOKN hê~î=íáä=âçäçååÉçéëíáääáåÖ=

fåÇä›ÄëâçåÅÉåíê~íáçåÉêåÉ=Ñçê=âçäçååÉÑçêë›ÖÉí=Éê=î~äÖíI=ë™=ÇÉ=äáÖÖÉê=á=Éí=
çãê™ÇÉI=ÇÉê=îìêÇÉêÉë=~í=î‹êÉ=êÉ~äáëíáëâ=á=ÑçêÜçäÇ=íáä=ÑçêÉâçããÉåÇÉ=ÖêìåÇJ
î~åÇëâçåÅÉåíê~íáçåÉê=ìåÇÉê=Ç~åëâÉ=ÑçêÜçäÇI=ãÉå=ë~ãíáÇáÖ=ìåÇÉê=ÜÉåëóåí~ÖÉå=
íáä=Ñçêë›Öëä‹åÖÇÉåK=cçêë›ÖÉåÉ=Éê=ÇÉêÑçê=ÇÉëáÖåÉí=ãÉÇ=Éå=áåÇä›ÄëâçåÅÉåíê~íáçå=
~Ñ=jq_b=é™=Å~K=NM=ãÖLiK==
=
hçäçååÉÑçêë›ÖÉåÉ=Éê=ìÇÑ›êí=ãÉÇ=ÇÉå=ë~ããÉ=î~åÇíóéÉI=ëçã=Éê=ÄÉåóííÉí=íáä=
Ä~íÅÜÑçêë›ÖÉåÉI=Ñçê=~í=ãìäáÖÖ›êÉ=Éå=ë~ããÉåäáÖåáåÖ=~Ñ=ëçêéíáçåëâ~é~ÅáíÉíÉê=
çéå™Éí=á=Ä~íÅÜ=çÖ=ìåÇÉê=Çóå~ãáëâÉ=ÑçêÜçäÇ=á=âçäçååÉÑçêë›ÖÉåÉK=
=
`êÉÉâ=çÖ=a~îáÇëçå=EOMMNF=~åÄÉÑ~äÉêI=~í=ÇÉê=é™=ÖêìåÇ=~Ñ=jq_bÛë=ÑçêÜçäÇëîáë=
ä~îÉ=~Çëçêéíáçå=íáä=~âíáî=âìäI=çÖ=ÇÉêãÉÇ=ÑçêÜçäÇëîáë=ä~åÖÉ=ã~ëëÉíê~åëéçêíòçåÉI=
ÄÉåóííÉë=íç=ÉääÉê=ÑäÉêÉ=âçäçååÉê=á=ëÉêáÉ=îÉÇ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=î~åÇK=
aÉê=Éê=ÇÉêÑçê=ëçã=ìÇÖ~åÖëéìåâí=ìÇÑ›êí=Ñçêë›Ö=ãÉÇ=íç=âçäçååÉê=á=ëÉêáÉK=
=
dóëÉäáåÅâ=ENVVRF=~åÑ›êÉêI=~í=ä~Äçê~íçêáÉëâ~ä~=âçäçååÉê=â~å=åÉÇëâ~äÉêÉë=íáä=Éå=
ãáåáã~ä=Çá~ãÉíÉê=é™=RM=ããK=sÉÇ=ãáåÇêÉ=Çá~ãÉíêÉ=Éê=ÇÉê=êáëáâç=Ñçê=ÄÉíóÇÉäáÖÉ=
ê~åÇÉÑÑÉâíÉê=ãÉÇ=ëíê›ãåáåÖ=ä~åÖë=áåÇÉêëáÇÉå=~Ñ=âçäçååÉî‹ÖÖÉåK=f=E`êáííÉåÇÉå=
Éí=~äK=NVVNF=~åÑ›êÉë=ÇÉí=ÉåÇîáÇÉêÉI=~í=ÇÉê=ëçã=ãáåáãìã=ëâ~ä=ÄÉåóííÉë=Éå=
âçäçååÉÇá~ãÉíÉêI=ÇÉê=Éê=RM=Ö~åÖÉ=ëí›êêÉ=ÉåÇ=é~êíáâÉäëí›êêÉäëÉåK=`ÜÉãîáêçå=

Indløbskoncentration 

Vandtype 

To kolonner i serie 

Kolonnediameter 

Indløb

Udløb

Zone med reduceret
MTBE-kapacitet

Koncentration

0 C
0

Kapacitet

0 S

BTX

MTBE

Zone med uændret
MTBE-kapacitet

Indløb

Udløb

Zone med reduceret
MTBE-kapacitet

Koncentration

0 C
0

Kapacitet

0 S

BTX

MTBE

Zone med uændret
MTBE-kapacitet



=

SR=

ENVVVF=~åÑ›êÉêI=~í=é~êíáâÉäÇá~ãÉíÉêÉå=Ñçê=Öê~åìäÉêÉí=cáäíê~ëçêÄ∆=QMM=Éê=ãÉääÉã=
MIQOR=çÖ=NIT=ããI=ÜîáäâÉí=ãÉÇÑ›êÉêI=~í=âçäçååÉÇá~ãÉíÉêÉå=ëâ~ä=î‹êÉ=ëí›êêÉ=ÉåÇ=
Å~K=OM=Ó=UR=ããK=cçêë›ÖÉåÉ=Éê=ìÇÑ›êí=á=âçäçååÉêI=ãÉÇ=Éå=Çá~ãÉíÉê=é™=TPIS=
ããK=
=
wïáÅâó=EOMMNF=çéäóëÉêI=~í=Ü›àÇÉå=~Ñ=âìää~ÖÉí=EÄÉÇ=ÇÉéíÜF=Ä›ê=î‹êÉ=ãáåÇëí=RM=
ÅãI=Ñçê=~í=Ñ~åÖÉ=ÜÉäÉ=ã~ëëÉíê~åëéçêíòçåÉåK=aÉí=ÄäÉî=ÄÉëäìííÉí=~í=ìÇÑ›êÉ=
Ñçêë›ÖÉåÉ=ë™äÉÇÉëI=~í=ÑçêÜçäÇÉí=ãÉääÉã=âçäçååÉÜ›àÇÉ=çÖ=âçäçååÉÇá~ãÉíÉê=
EeLaJÑçêÜçäÇÉíF=î~ê=ãáåÇëí=NJPK=hçäçååÉÜ›àÇÉå=Éê=î~äÖí=íáä=ãÉääÉã=Å~K=RR=çÖ=
SM=ÅãI=ëî~êÉåÇÉ=íáä=~í=eLaJÑçêÜçäÇÉí=Éê=Å~K=TJUK=
=
aÉê=Ä›ê=ã~âëáã~äí=~åîÉåÇÉë=Éå=ÑáäíÉêÜ~ëíáÖÜÉÇ=é™=OR=ãLÜI=ëî~êÉåÇÉ=íáä=ÇÉ=á=
éê~âëáë=ã~âëáã~äí=ÑçêÉâçããÉåÇÉ=ÑáäíÉêÜ~ëíáÖÜÉÇÉêI=àÑK=~Ñëåáí=QKNKPK=cçêë›ÖÉåÉ=
Éê=ìÇÑ›êíI=ë™=ÑáäíÉêÜ~ëíáÖÜÉÇÉå=Éê=Å~K=NIO=ãLÜK=
=
aÉí=~åÑ›êÉë=á=EdóëÉäáåÅâI=NVVRFI=~í=Ñçê=ä~Äçê~íçêáÉJ=ÉääÉê=éáäçíâçäçååÉê=Ä›ê=
âçåí~âííáÇÉå=î‹êÉ=ëí›êêÉ=ÉåÇ=ÉääÉê=äáÖ=ãÉÇ=âçåí~âííáÇÉå=á=ÇÉí=çåJëáíÉ=~åä‹ÖI=ÇÉê=
ëáãìäÉêÉëK=aÉí=ÄäÉî=ÇÉêÑçê=î~äÖíI=~í=ìÇÑ›êÉ=Ñçêë›ÖÉåÉ=ãÉÇ=Éå=ÜóÇê~ìäáëâ=
çéÜçäÇëíáÇ=é™=Å~K=PM=ãáåìííÉê=éêK=âçäçååÉ=á=ëÉêáÉK=
=
QKOKO _ÉåóííÉí=âçäçååÉçéëíáääáåÖ=

aÉê=Éê=ìÇÑ›êí=íç=é~ê~ääÉääÉ=âçäçååÉÑçêë›ÖI=çÖ=ÇÉê=Éê=Ñçê=ÜîÉêí=~Ñ=ÇÉ=é~ê~ääÉääÉ=
Ñçêë›Ö=ÑçêÉí~ÖÉí=Éå=ÇçÄÄÉäíÄÉëíÉããÉäëÉK=aÉê=Éê=ìÇÑ›êí=Ñçêë›Ö=ãÉÇ=Ñ›äÖÉåÇÉ=
ÑçêìêÉåáåÖëíóéÉê=á=áåÇä›ÄÉí=íáä=âçäçååÉêåÉW=
=

NK hìå=jq_bK=
OK jq_b=çÖ=ÄÉåòÉåK=

=
_ÉåòÉå=Éê=î~äÖí=ëçã=âçåâìêêÉêÉåÇÉ=_quJâçãéçåÉåíI=Ç~=ÇÉååÉ=ÉÑíÉê=ÇÉ=
áåÇäÉÇÉåÇÉ=áëçíÉêã~å~äóëÉê=EÑ›ê=ÇÉ=ëí~íáëíáëâÉ=~å~äóëÉêF=ìÇîáëíÉ=ÇÉå=ëí›êëíÉ=
EéçëáíáîÉF=ÉÑÑÉâí=é™=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉåI=àÑK=~Ñëåáí=PKOKUK=bÑÑÉâíÉå=î~ê=
é™=åáîÉ~ì=ãÉÇ=ÇÉå=ë~ãäÉÇÉ=ÉÑÑÉâí=~Ñ=íáäë‹íåáåÖ=~Ñ=Ä™ÇÉ=ÄÉåòÉåI=íçäìÉå=çÖ=ãJ
ñóäÉåK=
=
råÇÉê=ÜÉåëóåí~ÖÉå=íáä=âê~îÉåÉ=íáä=âçäçååÉçéëíáääáåÖÉåI=àÑK=~Ñëåáí=QKOKNI=Éê=
âçäçååÉÑçêë›ÖÉåÉ=çéëíáääÉí=ìÇÑê~=ÇÉëáÖåJëéÉÅáÑáâ~íáçåÉêåÉ=ÖÉåÖáîÉí=á=í~ÄÉä=QKPK=
aÉ=~âíìÉääÉ=ëéÉÅáÑáâ~íáçåÉê=Ñçê=ÜîÉê=âçäçååÉ=~ÑÜ‹åÖÉê=~Ñ=ÇÉå=Ñ~âíáëâÉ=
âçäçååÉé~âåáåÖ=çÖ=ÇÉ=Ñ~âíáëâÉ=ÇêáÑíëÑçêÜçäÇ=Ñçê=éìãéÉê=ãKîKI=çÖ=Éê=ÖÉåÖáîÉí=á=
Äáä~Ö=bKNK=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

Kolonnehøjde 

Filterhastighed 

Kontakttid (EBCT) 

Benzen som 

konkurrerende 

forureningskomponent 

Design-specifikationer 

for kolonneopstillingen 



=

SS=

q~ÄÉä=QKPW=hçäçååÉçéëíáääáåÖÉêåÉë=ÇÉëáÖåJëéÉÅáÑáâ~íáçåÉêK=

cçêë›Öëé~ê~ãÉíÉê= póãÄçä= s‹êÇá=

hçäçååÉîçäìãÉå= s= OIR=i=

hçäçååÉÇá~ãÉíÉê= a= TIPS=Åã=

hçäçååÉÜ›àÇÉ= e= RUIU=Åã=

e›àÇÉLaá~ãÉíÉêJÑçêÜçäÇ= eLa= U=

fåÇä›ÄëÑäçï= n= R=iLÜ=

eóÇê~ìäáëâ=çéÜçäÇëíáÇ= b_`q= PM=ãáå=

m~âåáåÖëÖê~Ç= ρÄ= QPM=ÖLi=

j~ëëÉ=~Ñ=~âíáîJâìä= j= NMTS=Ö=

_ìäâ=éçêÉÜìäêìã= θÄ= MIRP=ÅãPLÅãP=

cáäíÉêÜ~ëíáÖÜÉÇ= s= NINU=ãLÜ=

fåÇä›ÄëâçåÅÉåíê~íáçåI=jq_b= `MIjq_b= NM=ãÖLi=

fåÇä›ÄëâçåÅÉåíê~íáçåI=ÄÉåòÉå= `MI_ÉåòÉå= NM=ãÖLi=

=
hçäçååÉÑçêë›ÖÉí=ìÇÉäìââÉåÇÉ=ãÉÇ=jq_b=á=áåÇä›Äëî~åÇÉí=Éê=çéëíáääÉí=ãÉÇ=íç=
âçäçååÉê=á=ëÉêáÉ=EhçäçååÉ=N=çÖ=OFI=ãÉåë=Ñçêë›ÖÉí=ãÉÇ=jq_b=çÖ=ÄÉåòÉå=Éê=
çéëíáääÉí=ëçã=ÉåâÉäíJâçäçååÉê=EhçäçååÉ=P=çÖ=QFK=cçêë›ÖÉåÉ=Éê=ìÇÑ›êí=ãÉÇ=
çé~ÇêÉííÉí=Ñäçï=Ñçê=~í=ãáåÇëâÉ=ÉÑÑÉâíÉå=~Ñ=ÉîÉåíìÉääÉ=äìÑíÄçÄäÉêK=
cçêë›ÖëçéëíáääáåÖÉå=Éê=ëâáíëÉêÉí=á=ÑáÖìê=QKU=çÖ=ÖÉååÉãÖ™ë=á=ÇÉí=Ñ›äÖÉåÇÉK=
=

Til stempelpumper

x 4

Til vandhane

Vandbeholder

Til afløb

Stempelpumper

1a

1b

2a

2b
MTBE

(2000 mg/L)

Peristaltiske

pumper

MTBE  (500 mg/L)

Benzen (500 mg/L)

Peristaltiske

pumper

3 4

Inlet

A

B

x 2

x 2

Til stempelpumper

x 4

Til vandhane

Vandbeholder

Til afløb

Stempelpumper

1a

1b

2a

2b
MTBE

(2000 mg/L)

Peristaltiske

pumper

MTBE

(2000 mg/L)

Peristaltiske

pumper

MTBE  (500 mg/L)

Benzen (500 mg/L)

Peristaltiske

pumper

MTBE  (500 mg/L)

Benzen (500 mg/L)

Peristaltiske

pumper

3 4

Inlet

A

B

x 2

x 2

=
cáÖìê=QKUW=pâÉã~íáëâ=ÑêÉãëíáääáåÖ=~Ñ=ÇÉå=ÄÉåóííÉÇÉ=Ñçêë›ÖëçéëíáääáåÖK=
mê›îÉìÇí~ÖåáåÖëéìåâíÉê=Éê=ÄÉå‹îåí=EfåäÉíFI=E^F=çÖ=E_FK=

=
aÉ=~âíáîÉ=âìä=íáä=ÜîÉê=âçäçååÉ=Éê=~ÑîÉàÉíI=Ç‹ââÉí=ãÉÇ=î~åÇ=çÖ=ëíáääÉí=íáä=
î™ÇíåáåÖ=á=ëÉé~ê~íÉ=ÄÉÜçäÇÉêÉ=á=QU=íáãÉêI=ëî~êÉåÇÉ=íáä=ÇÉå=~åÄÉÑ~äÉÇÉ=
Ñçêî™ÇíåáåÖëéÉêáçÇÉ=EdóëÉäáåÅâI=NVVRFK=s™ÇíåáåÖÉå=Éê=ÑçêÉí~ÖÉí=Ñçê=~í=~ÑÖ~ëëÉ=
âìääÉåÉ=çÖ=ëáâêÉI=~í=ÇÉê=áââÉ=Éê=Ñ~åÖÉí=äìÑí=á=ÇÉ=áåíÉêåÉ=éçêÉê=á=âìääÉåÉK=aÉ=
î™ÇíÉÇÉ=âìä=Éê=ÉÑíÉêÑ›äÖÉåÇÉ=íáäÑ›êí=ÜîÉê=âçäçååÉ=çÖ=ÇÉí=Éê=ëáâêÉíI=~í=ÇÉê=ÜÉäÉ=
íáÇÉå=Éê=Éí=Ñêáí=î~åÇëéÉàä=çîÉê=âìääÉåÉ=á=âçäçååÉåK=^ääÉ=ëä~åÖÉê=Éê=ÑóäÇí=ãÉÇ=

Kulvådtning og 

kolonnepakning 



=

ST=

î~åÇ=áåÇÉå=ë~ãäáåÖ=~Ñ=ëóëíÉãÉíI=Ñçê=~í=ëáâêÉI=~í=ÇÉê=áââÉ=éêÉëëÉë=äìÑíäçããÉê=
áÖÉååÉã=âçäçååÉêåÉ=ìåÇÉê=çéëí~êíÉå=~Ñ=Ñçêë›ÖÉíK=
=
cçêë›ÖëçéëíáääáåÖÉå=Éê=ÇÉëáÖåÉí=ãÉÇ=íêÉ=êÉëÉêîçáêÉêX=¨í=êÉëÉêîçáê=ãÉÇ=êÉåí=
Ü~åÉî~åÇI=¨í=Ö~ëí‹í=êÉëÉêîçáê=ãÉÇ=Éå=âçåÅÉåíêÉêÉí=jq_bJÑçêìêÉåáåÖ=çÖ=¨í=
Ö~ëí‹í=êÉëÉêîçáê=ãÉÇ=Éå=âçåÅÉåíêÉêÉí=jq_bHÄÉåòÉåJÑçêìêÉåáåÖK=
hçåëíêìâíáçåÉå=ãÉÇ=Éí=êÉëÉêîçáê=íáä=ÇÉí=êÉåÉ=Ü~åÉî~åÇ=Éê=~åîÉåÇí=ÑçêI=~í=ÇÉí=
ÄÉåóííÉÇÉ=î~åÇ=Ü~ê=ë~ããÉ=íÉãéÉê~íìê=ëçã=êìã=çÖ=âçäçååÉêI=ÜîáäâÉí=
ÑçêÜáåÇêÉê=Éå=ÉîÉåíìÉä=~ÑÖ~ëåáåÖ=Ñê~=î~åÇÑ~ëÉå=îÉÇ=çéî~êãåáåÖ=~Ñ=î~åÇÉí=á=
éìãéÉêI=ëä~åÖÉê=çÖ=âçäçååÉê=EdóëÉäáåÅâI=NVVRFK=e~åÉî~åÇÉí=Ñ›ÇÉë=íáä=
âçäçååÉêåÉ=îá~=Q=ëíâK=fï~âá=beLoJ_OM=ëíÉãéÉäéìãéÉêI=ÇÉê=Ü~ê=áåÇÄóÖÖÉí=
~ìíçã~íáëâ=~Ñí~éåáåÖ=~Ñ=Ñ~äëâ=äìÑíK=cçêìêÉåáåÖëçéä›ëåáåÖÉêåÉ=Ñ›ÇÉë=íáä=
âçäçååÉêåÉ=îá~=Q=ëíâK=^äáíÉ~=rJN=éÉêáëí~äíáëâÉ=éê‹ÅáëáçåëéìãéÉêK=
=
bÑíÉê=ë~ããÉåÄä~åÇáåÖ=~Ñ=êÉåí=î~åÇ=çÖ=âçåÅÉåíêÉêÉí=ÑçêìêÉåáåÖëçéä›ëåáåÖ=
ÖÉååÉãä›ÄÉê=î~åÇÉí=Éå=T=ãÉíÉê=ä~åÖ=çéêìääÉí=ëä~åÖÉëíê‹âåáåÖ=EÅçáäëF=Ñçê=~í=
ëáâêÉ=ÑìäÇëí‹åÇáÖ=çéÄä~åÇáåÖ=~Ñ=ÇÉ=íç=î~åÇîçäìãáåÉê=íáä=ÇÉí=›åëâÉÇÉ=åáîÉ~ì=
Ñçê==áåÇä›ÄëâçåÅÉåíê~íáçåÉåK=
=
aÉí=~âíìÉääÉ=Ñäçï=Ñê~=ÜîÉê=âçäçååÉ=Éê=Ç~ÖäáÖí=ã™äí=á=~Ñä›ÄÉí=Ñê~=ÜîÉê=âçäçååÉ=çÖ=
çã=å›ÇîÉåÇáÖí=àìëíÉêÉí=íáä=Éí=âçåëí~åí=åáîÉ~ì=Ñçê=~í=ëáâêÉ=Éå=âçåëí~åí=
ã~ëëÉíáäÑ›êëÉä=~Ñ=jq_b=áÖÉååÉã=ÜÉäÉ=Ñçêë›ÖÉéÉêáçÇÉåK=cçê=ÜîÉê=âçäçååÉ=Éê=
ÇÉê=¨å=íáä=íç=Ö~åÖÉ=Ç~ÖäáÖí=ÑçêÉí~ÖÉí=ã™äáåÖ=~Ñ=jq_bJâçåÅÉåíê~íáçåÉå=á=ÜîÉêí=
éê›îÉìÇí~ÖåáåÖëéìåâíX=ÜÜîK=á=áåÇä›ÄÉí=EfåäÉíFI=áãÉääÉã=âçäçååÉêåÉ=E^F=çÖ=
ÉÑíÉê=ÇÉå=~åÇÉå=âçäçååÉ=E_FK=cçê=âçäçååÉ=P=çÖ=Q=Éê=ÇÉê=ÉåÇîáÇÉêÉ=ìÇí~ÖÉí=
éê›îÉê=íáä=ã™äáåÖ=~Ñ=ÄÉåòÉåJâçåÅÉåíê~íáçåÉå=á=EfåäÉíF=çÖ=E^FK=
cçêë›ÖëÄÉíáåÖÉäëÉêåÉ=ãÜíK=áåÇä›ÄëÑäçï=çÖ=Ó=âçåÅÉåíê~íáçåÉê=Éê=ë™=îáÇí=ãìäáÖí=
çéêÉíÜçäÇí=âçåëí~åíÉ=áÖÉååÉã=Ñçêë›ÖëéÉêáçÇÉåK=aÉê=Éê=ìÇí~ÖÉí=éê›îÉê=íáä=Ä™ÇÉ=
áåíÉêå=çÖ=ÉâëíÉêå=~å~äóëÉ=Ñçê=jq_bK=
=
aÉí=ÄÉã‹êâÉëI=~í=ÇÉå=›åëâÉÇÉ=ÄÉåòÉåJâçåÅÉåíê~íáçå=é™=NM=ãÖLi=áââÉ=ÄäÉî=
çéå™Éí=á=éê~âëáëK=dêìåÇÉí=Éå=ÄÉíóÇÉäáÖ=Äáçã~ëëÉî‹âëí=á=ÇÉ=çéêìääÉÇÉ=
ëä~åÖÉëíê‹âåáåÖÉê=Éê=ãáÇÇÉäâçåÅÉåíê~íáçåÉå=~Ñ=ÄÉåòÉå=á=áåÇä›ÄÉí=ÄäÉîÉí=ã™äí=
íáä=Å~K=PITR=ãÖLi=Ñçê=hçäçååÉ=P=çÖ=PIUM=ãÖLi=Ñçê=hçäçååÉ=QK=aÉê=Éê=ÉÑíÉê=ÉåÇí=
Ñçêë›Öëê‹ââÉ=äáÖÉäÉÇÉë=âçåëí~íÉêÉí=ÄáçäçÖáëâ=î‹âëí=á=áåÇä›ÄëÉåÇÉå=~Ñ=~âíáîJâìä=
âçäçååÉêåÉK=f=~äí=Éê=hçäçååÉ=P=çÖ=Q=ÄÉä~ëíÉí=ãÉÇ=Å~K=P=Ö~åÖÉ=ë™=ãÉÖÉí=jq_b=
ëçã=ÄÉåòÉåI=ÜîáäâÉí=ìãáÇÇÉäÄ~êí=îìêÇÉêÉë=~í=äáÖÖÉ=á=ÇÉå=Ü›àÉ=EãÉå=êÉ~äáëíáëâÉF=
ÉåÇÉ=~Ñ=éê~âíáëâ=ÑçêÉâçããÉåÇÉ=ÑçêÜçäÇK=
=
aÉê=Éê=áââÉ=âçåëí~íÉêÉí=ÄÉåòÉå=çîÉê=ÇÉíÉâíáçåëÖê‹åëÉå=á=ìÇä›ÄÉí=E^F=Ñê~=
âçäçååÉ=P=çÖ=QK=
=
=

Reservoirer og pumper 

Opblanding af rent 

vand og koncentreret 

forurening 

Flow og koncen-

trationsniveau 

Ønsket vs. opnået  

benzenkoncentration 

Udløbskoncentration 

af benzen 



=

SU=

qÉãéÉê~íìêÉå=á=áåÇä›Äëî~åÇÉí=Éê=ã™äí=íáä=ãÉääÉã=Å~K=NR=çÖ=NUø`K=

QKP oÉëìäí~íÉê=

QKPKN j™äíÉ=ÖÉååÉãÄêìÇëâìêîÉê=

j™äíÉ=ÖÉååÉãÄêìÇëâìêîÉê=Ñçê=Ä™ÇÉ=áåíÉêåÉ=çÖ=ÉâëíÉêåÉ=jq_bJã™äáåÖÉê=Ñçê=
âçäçååÉÑçêë›ÖÉåÉ=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=QKV=I=Üîçê=ãáÇÇÉä=áåÇä›ÄëâçåÅÉåíê~íáçåÉå=
äáÖÉäÉÇÉë=Éê=ÖÉåÖáîÉíK=aÉ=íáÇëäáÖÉ=Ñçêä›Ä=Ñçê=Ñäçï=çÖ=jq_bJâçåÅÉåíê~íáçå=á=
âçäçååÉáåÇä›ÄÉåÉ=ÑêÉãÖ™ê=~Ñ=ÜÜîK=Äáä~Ö=bKO=çÖ=bKPK=
=

cáÖìê=QKVW=j™äíÉ=ÖÉååÉãÄêìÇëÑçêä›Ä=éäçííÉí=ëçã=ìÇä›ÄëâçåÅÉåíê~íáçå=ëçã=
Ñìåâíáçå=~Ñ=íáÇ=ÉÑíÉê=Ñçêë›ÖÉíë=áÖ~åÖë‹ííÉäëÉK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=QKV=Éê=ÇÉê=âçåëí~íÉêÉí=ÖçÇ=çîÉêÉåëëíÉããÉäëÉ=ãÉääÉã=
ÇÉ=áåíÉêåÉ=çÖ=ÉâëíÉêåÉ=jq_bJã™äáåÖÉêK=aÉííÉ=í~ÖÉë=ëçã=ìÇíêóâ=Ñçê=Éå=
íáäÑêÉÇëëíáääÉåÇÉ=âî~äáíÉíëâçåíêçä=~Ñ=Ä™ÇÉ=ÇÉ=áåíÉêåÉ=çÖ=ÉâëíÉêåÉ=ã™äáåÖÉêë=
~ÄëçäìííÉ=åáîÉ~ìK=aÉ=ÉÑíÉêÑ›äÖÉåÇÉ=âî~åíáí~íáîÉ=ÄÉíê~ÖíåáåÖÉê=ÑçêÉí~ÖÉë=~ääÉ=é™=
Ä~ÖÖêìåÇ=~Ñ=êÉëìäí~íÉêåÉ=Ñê~=ÇÉ=áåíÉêåÉ=ã™äáåÖÉêI=Üîçê=Ç~í~ÖêìåÇä~ÖÉí=Éê=
ëí›êëíK=
=
aÉê=Éê=çÄëÉêîÉêÉí=Éå=~ÑÄêóÇÉäëÉ=á=ÇÉí=pJÑçêãÉÇÉ=ÖÉååÉãÄêìÇëÑçêä›Ä=Ñçê=
hçäçååÉ=O=ÉÑíÉê=Å~K=NQ=Ç~ÖÉI=ÜîáäâÉí=ëâóäÇÉë=Éå=~ÑÄêóÇÉäëÉ=á=íáäÑ›êëäÉå=~Ñ=jq_b=
íáä=hçäçååÉ=OI=Üîçê=Éå=ëä~åÖÉâçÄäáåÖ=î~ê=ÄäÉîÉí=ìí‹í=çÖ=Ñ›ÇÉéìãéÉå=íê~â=Ñ~äëâ=
äìÑí=áåÇK=
=
aÉí=Éê=î‹êÇ=~í=ÄÉã‹êâÉI=~í=êÉéêçÇìÅ¨êÄ~êÜÉÇÉå=Ñçê=ÇÉ=íç=é~ê~ääÉääÉ=ë‹í=
âçäçååÉÑçêë›ÖI=é™=íêçÇë=~Ñ=ÑçêëâÉääÉ=á=âçäçååÉé~âåáåÖ=çÖ=áåÇä›ÄëÄÉíáåÖÉäëÉê=
EÑäçï=çÖ=âçåÅÉåíê~íáçåFI=ìãáÇÇÉäÄ~êí=ÑçêÉâçããÉê=ÖçÇK=cçê=~í=ÄÉâê‹ÑíÉ=

Temperatur 

Overensstemmelse 

mellem interne og 

eksterne målinger 

Kolonne 2: Afbrud i 

MTBE-tilførsel 

Reproducérbarhed af 

kolonneforsøgene 
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=

SV=

êÉéêçÇìÅ¨êÄ~êÜÉÇÉå=~Ñ=Ñçêë›ÖÉåÉI=Éê=ÖÉååÉãÄêìÇëâìêîÉêåÉ=Ñçê=hçäçååÉ=N=çÖ=
O=ë~ãí=hçäçååÉ=P=çÖ=Q=îáëí=á=ë~ããÉ=éäçíI=ÑáÖìê=QKNMI=Üîçê=~âëÉêåÉ=Éê=åçêãÉêÉí=
ãÜíK=ÇÉå=ÄÉÜ~åÇäÉÇÉ=î~åÇã‹åÖÇÉ=EñJâççêÇáå~íF=çÖ=êÉä~íáî=âçåÅÉåíê~íáçå=EóJ
âççêÇáå~íFK=
=

cáÖìê=QKNMW= dÉååÉãÄêìÇëÑçêä›Ä=Ñçê=êÉéäáâ~íÑçêë›Ö=éäçííÉí=á=Çá~Öê~ããÉê=

ãÉÇ=åçêãÉêÉÇÉ=~âëÉêK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=QKNM=Éê=ÇÉê=çéå™Éí=Éå=ãÉÖÉí=ÖçÇ=çîÉêÉåëëíÉããÉäëÉ=
ãÉääÉã=ÇÉ=ìÇÑ›êíÉ=êÉéäáâ~íÑçêë›ÖI=çÖ=ÇÉí=Éê=î‹êÇ=~í=ÄÉã‹êâÉI=~í=~ÑÄêóÇåáåÖÉå=
á=jq_bJíáäÑ›êëäÉå=íáä=hçäçååÉ=O=íáäëóåÉä~ÇÉåÇÉ=áââÉ=Ü~ê=Ü~Ñí=ÄÉíóÇåáåÖ=Ñçê=
ÖÉååÉãÄêìÇëÑçêä›ÄÉí=Ñçê=âçäçååÉ=OÄI=á=ÑçêÜçäÇ=íáä=ÇÉí=ÑçêîÉåíÉÇÉI=~í=Ç›ããÉ=
ìÇÑê~=Ñçêä›ÄÉí=Ñçê=hçäçååÉ=NÄK=
=
aÉí=ÄÉã‹êâÉëI=~í=ìÇä›ÄëâçåÅÉåíê~íáçåÉå=Ñçê=hçäçååÉ=NÄ=çÖ=OÄ=å™ê=Éí=åáîÉ~ìI=
ÇÉê=Éê=Ü›àÉêÉ=ÉåÇ=ÖÉååÉãëåáíëáåÇä›ÄëâçåÅÉåíê~íáçåÉå=Ñçê=ÇáëëÉ=âçäçååÉêK=f=
ÇÉå=ÑçêÄáåÇÉäëÉ=Éê=ÇÉí=î‹ëÉåíäáÖí=~í=ÄÉã‹êâÉI=~í=áåÇä›Äëî~åÇÉí=íáä=ÄJ
âçäçååÉêåÉ=Éê=ìÇä›Äëî~åÇÉí=Ñê~=~JâçäçååÉêåÉK==
=
cçê=hçäçååÉ=NÄ=ëâóäÇÉë=ÇÉí=Ü›àÉ=åáîÉ~ì=Ñçê=ìÇä›ÄëâçåÅÉåíê~íáçåÉå=Éå=
Ñ~äÇÉåÇÉ=âçåÅÉåíê~íáçå=á=ìÇä›ÄÉí=Ñê~=hçäçååÉ=N~I=àÑK=ÑáÖìê=QKNMI=ÇîëK=á=áåÇä›ÄÉí=
íáä=âçäçååÉ=NÄK=sÉÇ=Ñ~äÇÉåÇÉ=áåÇä›ÄëâçåÅÉåíê~íáçå=ÄJâçäçååÉå=ëâÉê=ÇÉê=Éå=
ÇÉëçêéíáçå=áåíÉêåí=á=hçäçååÉ=NÄI=àÑK=~Ñëåáí=PKOKSK=a~=ÇÉê=áââÉ=Éê=êÉëíâ~é~ÅáíÉí=á=
âçäçååÉå=íáä=~í=çéí~ÖÉ=ÇÉå=ã‹åÖÇÉ=jq_b=ÇÉê=ÑêáÖáîÉë=îÉÇ=ÇÉëçêéíáçåÉå=
ëíáÖÉê=ìÇä›ÄëâçåÅÉåíê~íáçåÉå=Ñê~=hçäçååÉ=NÄ=íáä=ÇÉí=çÄëÉêîÉêÉÇÉ=åáîÉ~ìK=
=
cçê=hçäçååÉ=OÄ=ëâóäÇÉë=ÇÉí=Ü›àÉ=ìÇä›ÄëåáîÉ~ì=Eá=ÑçêÜçäÇ=íáä=ãáÇÇÉä=
áåÇä›ÄëåáîÉ~ìÉíX=`L`

M
=Z=NF=Éå=ëíáÖåáåÖ=á=ìÇä›ÄëâçåÅÉåíê~íáçåÉå=Ñê~=hçäçååÉ=

O~K=fÖÉå=ÜìëâÉë=ÇÉíI=~í=ìÇä›ÄÉí=Ñê~=~JâçäçååÉå=ëî~êÉê=íáä=áåÇä›ÄÉí=é™=ÄJ
âçäçååÉåK=aÉí=ëÉë=ë™äÉÇÉëI=~í=ìÇä›ÄëâçåÅÉåíê~íáçåÉå=Ñçê=hçäçååÉ=OÄ=ëíçêí=ëÉí=
Éê=é™=åáîÉ~ì=ãÉÇ=áåÇä›ÄëâçåÅÉåíê~íáçåÉå=íáä=âçäçååÉåK=aÉê=Éê=ë™äÉÇÉë=í~äÉ=çã=
Éí=Ò~äãáåÇÉäáÖíÒ=ÖÉååÉãÄêìÇëÑçêä›ÄI=Üîçê=áåÇä›ÄëâçåÅÉåíê~íáçåÉå=Éê=ëíÉÖÉí=
ëí›Çí=áÖÉååÉã=çéêÉåëåáåÖëÑçêä›ÄÉíK=aÉí=â~å=ÉåÇîáÇÉêÉ=ÄÉã‹êâÉëI=~í=
ëíáÖåáåÖÉå=á=ìÇä›ÄëâçåÅÉåíê~íáçåÉå=Ñê~=hçäçååÉ=O~=ëâóäÇÉë=Éí=Ñ~äÇ=á=
áåÇä›ÄëâçåÅÉåíê~íáçåÉå=íáä=ÇÉååÉ=âçäçååÉ=EàÑK=ÑáÖìê=bKO=á=Äáä~Ö=bKPFI=ÇÉê=
ãÉÇÑ›êÉê=Éå=ÇÉëçêéíáçå=Ñê~=ÇÉååÉ=âçäçååÉK==
=

pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÖÉååÉãÄêìÇëâìêîÉêåÉ=Ñçê=hçäçååÉ=N=çÖ=O=âçåëí~íÉêÉë=ÇÉê=
áââÉ=jq_b=á=ìÇä›ÄÉí=Ñê~=ÄJâçäçååÉêåÉ=Ñ›ê=ìÇä›ÄëâçåÅÉåíê~íáçåÉå=Ñê~=~J
âçäçååÉêåÉ=Ü~ê=å™Éí=áåÇä›ÄëåáîÉ~ìÉíX=Ñçê=hçäçååÉ=N=ÉåÇ=ÇçÖ=ÑçêÜçäÇëîáëí=
ä‹åÖÉ=ÉÑíÉêK=aÉí=îáä=ãÉÇ=~åÇêÉ=çêÇ=ëáÖÉI=~í=â~é~ÅáíÉíÉå=Ñçê=âìääÉåÉ=á=~JâçäçååÉå=
ìåÇÉê=ÇÉ=ÖáîåÉ=Çóå~ãáëâÉ=ÑçêÜçäÇ=Éê=ìÇåóííÉí=ã~âëáã~äí=áåÇÉå=Éå=~êÄáíê‹êí=

God reproducérbarhed 

B-kolonner: 

Udløbskoncentration > 

indløbskoncentration 

Kolonne 1b 

Kolonne 2b 

EBCT = 27-28 min 

medfører optimal 

udnyttelse af kapacitet 

Kolonne 1 og 2
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=

TM=

ä~î=âê~îî‹êÇá=íáä=ÇÉå=ë~ãäÉÇÉ=~Ñä›Äëâî~äáíÉí=ÉÑíÉê=ÄJâçäçååÉå=çîÉêëâêáÇÉëK=
aÉííÉ=íóÇÉê=é™I=~í=ÇÉå=~âíìÉääÉ=ÜóÇê~ìäáëâÉ=çéÜçäÇëíáÇ=Eb_`qF=é™=Å~K=OTJOU=
ãáåìííÉê=éêK=âçäçååÉI=àÑK=í~ÄÉä=bKN=á=Äáä~Ö=bKNI=ë~ãí=ÇÉí=î~äÖíÉ=Ü›àÇÉLÇá~ãÉíÉêJ
ÑçêÜçäÇ=é™=Å~K=TIR=Ó=U=Éê=î~äÖí=ÜÉåëáÖíëã‹ëëáÖí=á=ÑçêÜçäÇ=íáä=ÇÉå=~âíìÉääÉ=ä‹åÖÇÉ=
~Ñ=ã~ëëÉíê~åëéçêíòçåÉåK=m™=ÇÉå=~åÇÉå=ëáÇÉ=ÄÉíóÇÉê=ÇÉí=çÖë™I=~í=ÇÉí=ë~ãäÉÇÉ=
~åä‹ÖI=íÉçêÉíáëâ=ëÉíI=Éê=çîÉêÇáãÉåëáçåÉêÉí=á=ÑçêÜçäÇ=íáä=ÇÉå=~âíìÉääÉ=
êÉåëåáåÖëçéÖ~îÉI=çÖ=~í=~åä‹ÖëçãâçëíåáåÖÉêåÉ=ÇÉêãÉÇ=Éê=Ü›àÉêÉ=ÉåÇ=ëíêÉåÖí=
å›ÇîÉåÇáÖíK=aÉå=íÉçêÉíáëâ=çéíáã~äÉ=~åä‹ÖëâçåÑáÖìê~íáçå=ãÜíK=~åä‹ÖÖÉíë=
ëí›êêÉäëÉ=îáääÉ=î‹êÉ=çéå™ÉíI=Üîçê=ìÇä›ÄëâçåÅÉåíê~íáçåÉå=Ñê~=ÄJâçäçååÉå=ÉåÇåì=
áââÉ=çîÉêëâêáÇÉê=âê~îî‹êÇáÉå=EãÉå=Éê=ÑçêÜçäÇëîáëí=í‹í=é™F=ë~ãíáÇáÖ=ãÉÇI=~í=
â~é~ÅáíÉíÉå=á=~JâçäçååÉå=Éê=çéÄêìÖíK==
=
f=EktofI=OMMNF=~åÑ›êÉë=ÇÉíI=~í=ÇÉê=íóéáëâ=â~å=ÄÉåóííÉë=Éå=b_`q=é™=NM=Ó=OM=
ãáåìííÉê=îÉÇ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=î~åÇK=aÉê=Éê=çÄëÉêîÉêÉí=Éå=íÉåÇÉåë=
íáäI=~í=ä~îÉêÉ=áåÇä›ÄëâçåÅÉåíê~íáçåÉê=çÖ=Ü›àÉêÉ=Ä~ÖÖêìåÇëåáîÉ~ì=~Ñ=çêÖ~åáëâ=
ëíçÑ=á=áåÇä›Äëî~åÇÉí=~äí=~åÇÉí=äáÖÉ=âê‹îÉê=Éå=ëí›êêÉ=b_`qK=aáëëÉ=âçåâäìëáçåÉê=
Éê=Ä~ëÉêÉí=é™=ÉåâÉäíJâçäçååÉ=çéëíáääáåÖÉê=ãÉÇ=âçåëí~åíÉ=áåÇä›ÄëÄÉíáåÖÉäëÉêK=
=
eîáë=ÇÉê=Ñçê=Éí=›àÉÄäáâ=ëÉë=Äçêí=Ñê~=ÇÉí=íÉçêÉíáëâ=çéíáã~äÉI=ã™=ÇÉí=é™=Ä~ÖÖêìåÇ=
~Ñ=êÉëìäí~íÉêåÉ=Ñê~=hçäçååÉ=O=âçåâäìÇÉêÉëI=~í=ÇÉê=ãÉÇ=ÇÉå=ÖáîåÉ=
~åä‹ÖëâçåÑáÖìê~íáçå=Ü~ê=î‹êÉí=Òéä~ÇëÒ=íáä=ÇÉå=~âíìÉääÉ=~ÑîáÖÉäëÉ=á=
áåÇä›ÄëâçåÅÉåíê~íáçåÉå=Ñê~=ÇÉí=áÇÉÉääÉI=âçåëí~åíÉ=åáîÉ~ì=íáä=ëí~ÇáÖî‹â=~í=
çîÉêÜçäÇÉ=Éå=ÖáîÉå=~êÄáíê‹ê=ä~î=âê~îî‹êÇá=á=ìÇä›ÄÉí=Ñê~=ÄJâçäçååÉåK=aÉí=
îìêÇÉêÉë=ë™äÉÇÉë=ìãáÇÇÉäÄ~êíI=~í=î‹êÉ=ÜÉåëáÖíëã‹ëëáÖí=~í=ÇÉëáÖåÉ=Éí=ÖáîÉåí=çåJ
ëáíÉ=~åä‹Ö=ãÉÇ=Éå=ëí›êêÉ=ÜóÇê~ìäáëâ=çéÜçäÇëíáÇ=ÉåÇ=ÇÉí=ëíêÉåÖí=é™âê‹îÉÇÉ=
ãáåáãìãI=Ä~ëÉêÉí=é™=íÉçêÉíáëâÉ=çîÉêîÉàÉäëÉêK=aÉê=îáä=á=ÖáîÉí=Ñ~äÇ=î‹êÉ=í~ÖÉí=
åçÖÉå=Ü›àÇÉ=Ñçê=ÉîÉåíìÉääÉ=Ñäìâíì~íáçåÉê=á=áåÇä›ÄëÄÉíáåÖÉäëÉêåÉ=á=ÑçêÜçäÇ=íáä=Éå=
çéíáã~ä=ìÇåóííÉäëÉ=~Ñ=âìääÉåÉë=â~é~ÅáíÉíK=
=
bå=~Ñ=ÇÉ=ãÉëí=ã~êâ~åíÉ=âçåâäìëáçåÉê=é™=âçäçååÉÑçêë›ÖÉí=Éê=ÇçÖI=~í=
ÖÉååÉãÄêìÇëâìêîÉêåÉ=Ñçê=hçäçååÉ=P=çÖ=Q=Éê=ÄÉäáÖÖÉåÇÉ=ÄÉíóÇÉäáÖí=ëÉåÉêÉ=ÉåÇ=
Ñçê=hçäçååÉ=N~=çÖ=O~K=jÉÇ=~åÇêÉ=çêÇ=ÄÉâê‹ÑíÉê=êÉëìäí~íÉêåÉ=Ñê~=
âçäçååÉÑçêë›ÖÉí=ÇÉ=êÉëìäí~íÉêI=ÇÉê=ÄäÉî=çéå™Éí=á=Ä~íÅÜÑçêë›ÖÉåÉI=ÇîëK=~í=
jq_bJâ~é~ÅáíÉíÉå=Ñçê=cáäíê~ëçêÄ∆=QMM=ëíáÖÉê=îÉÇ=ë~ãíáÇáÖ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=
ÄÉåòÉåI=àÑK=~Ñëåáí=PKOKUK=qáä=ÑçêëâÉä=Ñê~=Ä~íÅÜÑçêë›ÖÉåÉ=Éê=âçäçååÉÑçêë›ÖÉåÉ=ÇçÖ=
ÇçâìãÉåíÉêÉí=ãÉÇ=é~ê~ääÉääÉ=ã™äáåÖÉê=îÉÇ=ÄÉåóííÉäëÉ=~Ñ=íç=ÑçêëâÉääáÖÉ=
ã™äÉãÉíçÇÉêI=ë~ãí=îÉÇ=ÇçÄÄÉäíÑçêë›ÖI=ÇÉê=~ääÉ=ÖáîÉê=ë~ããÉ=êÉëìäí~íW=aÉê=Éê=
ÖçÇ=êÉéêçÇìÅ¨êÄ~êÜÉÇ=á=Ñçêë›ÖÉåÉ=çÖ=ÇÉê=ÉêI=ìåÇÉê=ÇÉ=ÖáîåÉ=ÄÉíáåÖÉäëÉêI=Éå=
ëáÖåáÑáâ~åí=Ü›àÉêÉ=jq_bJâ~é~ÅáíÉí=Ñçê=cáäíê~ëçêÄ∆=QMM=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=
ÄÉåòÉå=á=áåÇä›Äëî~åÇÉí=íáä=~âíáîJâìä=ÑáäíÉêÉíK=
=
a~=ÇÉê=áââÉ=Éê=ê~ééçêíÉêÉí=çã=íáäëî~êÉåÇÉ=êÉëìäí~íÉê=á=~âíáîJâìä=äáííÉê~íìêÉå=Éê=
ÇÉí=ëî‹êí=~í=~åÑ›êÉ=åçÖäÉ=ÉåÇÉÖóäÇáÖÉ=ÖêìåÇÉ=íáä=ÇÉå=çÄëÉêîÉêÉÇÉ=éçëáíáîÉ=
ÉÑÑÉâí=~Ñ=ÄÉåòÉåë=íáäëíÉÇÉî‹êÉäëÉ=é™=jq_bJâ~é~ÅáíÉíÉåK=aÉê=îìêÇÉêÉë=ÇçÖ=
ìãáÇÇÉäÄ~êí=~í=âìååÉ=î‹êÉ=í~äÉ=çã=íç=ãìäáÖÉ=Ñçêâä~êáåÖÉêW=
=

NK qáäëíÉÇÉî‹êÉäëÉå=~Ñ=ÄÉåòÉå=á=Éí=êÉä~íáîí=Ü›àí=jq_bLÄÉåòÉåJÑçêÜçäÇ=
ãìäáÖÖ›ê=~ÇÖ~åÖ=Ñçê=jq_bJãçäÉâóäÉêåÉ=íáä=åçÖäÉ=ëçêéíáçåëëáíÉëI=ëçã=
Éê=ìíáäÖ‹åÖÉäáÖÉ=å™ê=ÄÉåòÉå=áââÉ=Éê=íáäëíÉÇÉK=aÉí=Éê=á=ÇÉå=ÑçêÄáåÇÉäëÉ=
î‹êÇ=~í=ÄÉã‹êâÉI=~í=ÄÉåòÉå=Ü~ê=~ÇÖ~åÖ=íáä=Å~K=NM=Ö~åÖÉ=ë™=ã~åÖÉ=
ëçêéíáçåëëáíÉë=ëçã=jq_bI=ìÇíêóâí=îÉÇ=ëçêéíáçåëâ~é~ÅáíÉíÉåK=

OK aÉê=ëâÉê=ëçêéíáçå=~Ñ=jq_b=íáä=ÇÉå=Äáçã~ëëÉI=ÇÉê=Éê=çÄëÉêîÉêÉí=á=
âçäçååÉêåÉ=ãÉÇ=ÄÉåòÉå=á=áåÇä›Äëî~åÇÉíK=aÉê=Éê=ÉÑíÉê=âçäçååÉÑçêë›ÖÉíë=
ìÇÑ›êÉäëÉ=çÄëÉêîÉêÉí=Äáçã~ëëÉ=á=hçäçååÉ=P=çÖ=QI=ãÉå=áââÉ=á=hçäçååÉ=N=
çÖ=OK=

EBCT = 10-20 min er 

formentlig nok ved 

konstante 

indløbsbetingelser 

Større kapacitet ved 

MTBE+benzen i 

indløbsvandet 

Mulige forklaringer 



=

TN=

=
f=ÑçêÜçäÇ=íáä=ÇÉå=Ñ›êëíÉ=ãìäáÖÉ=Ñçêâä~êáåÖ=â~å=ÇÉí=ÄÉã‹êâÉëI=~í=ÑçêÜçäÇÉí=
ãÉääÉã=ÄÉåòÉå=çÖ=jq_b=á=ÇÉí=å‹êî‹êÉåÇÉ=Ñçêë›Ö=î~ê=Å~K=NWPI=ãÉåë=ÑçêÜçäÇÉí=
á=íáäëî~êÉåÇÉ=Ñçêë›Ö=Ñê~=äáííÉê~íìêÉåI=Üîçê=ÇÉå=çãîÉåÇíÉ=ÉÑÑÉâí=ÄäÉî=çÄëÉêîÉêÉíI=
î~ê=ãÉääÉã=NWN=çÖ=NRWNI=àÑK=~Ñëåáí=QKNKQK=f=Ä~íÅÜÑçêë›ÖÉåÉ=ÄäÉî=ÇÉê=ÉåÇîáÇÉêÉ=
çÄëÉêîÉêÉí=Éå=åÉÖ~íáî=ÉÑÑÉâí=~Ñ=ÄÉåòÉå=é™=jq_bJâ~é~ÅáíÉíÉå=îÉÇ=
ÄÉåòÉåLjq_bJÑçêÜçäÇ=é™=ãáåÇêÉ=ÉåÇ=Å~K=NWNIUI=àÑK=~Ñëåáí=PKOKUK=aÉí=Éê=ìîáëí=
çã=ÄÉåòÉåLjq_bJÑçêÜçäÇÉí=Éê=ÇÉå=~ÑÖ›êÉåÇÉ=Ñ~âíçêI=ÉääÉê=çã=ÇÉí=~ÄëçäìííÉ=
âçåÅÉåíê~íáçåëåáîÉ~ìI=ÇÉê=Éê=Ü›àÉêÉ=á=ÇÉ=~âíìÉääÉ=Ñçêë›Ö=ÉåÇ=á=Ñçêë›ÖÉåÉ=
~Ñê~ééçêíÉêÉí=á=äáííÉê~íìêÉåK=båÇîáÇÉêÉ=Éê=ÇÉí=ãìäáÖíI=~í=ÇÉå=ÄÉåóííÉÇÉ=
î~åÇíóéÉ=ÉääÉê=~åÇÉí=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=ÖÉååÉãÑ›êÉäëÉå=~Ñ=ÇÉ=âçåâêÉíÉ=Ñçêë›Ö=
Ü~ê=áåÇÑäóÇÉäëÉ=é™=ÇÉí=çÄëÉêîÉêÉÇÉ=Ñ‹åçãÉåK=
=
f=ÑçêÜçäÇ=íáä=ÇÉå=~åÇÉå=Ñçêâä~êáåÖ=ëâ~ä=ÇÉí=ÄÉã‹êâÉëI=~í=ÇÉå=áââÉ=ìãáÇÇÉäÄ~êí=
â~å=ÄÉåóííÉë=á=ÑçêÜçäÇ=íáä=Ä~íÅÜêÉëìäí~íÉêåÉI=Üîçê=ÇÉê=áââÉ=çÄëÉêîÉêÉí=îáëìÉä=
Äáçã~ëëÉî‹âëí=á=ëÉêìãÑä~ëâÉêåÉK=aÉííÉ=â~å=ëâóäÇÉëI=~í=Ä~íÅÜÑçêë›ÖÉåÉ=Éê=
ìÇÑ›êí=çîÉê=Éå=ãÉÖÉí=ãáåÇêÉ=íáÇëÜçêáëçåí=ÉåÇ=âçäçååÉÑçêë›ÖÉí=EN=îëK=PM=
Ç~ÖÉFI=ÜîáäâÉí=~äí=~åÇÉí=äáÖÉ=ÖáîÉê=ãáåÇêÉ=Äáçã~ëëÉî‹âëí=á=Ñçêë›ÖëéÉêáçÇÉåK==
=
aÉê=ëÉë=áåÖÉå=íÉåÇÉåë=íáäI=~í=ÇÉê=çéå™ë=ëí›êêÉ=ìÇä›ÄëJ=ÉåÇ=
áåÇä›ÄëâçåÅÉåíê~íáçåÉê=á=hçäçååÉ=P=çÖ=QI=ëçã=Ñ›äÖÉ=~Ñ=âçåâìêêÉêÉåÇÉ=ëçêéíáçå=
ãÉÇ=ÄÉåòÉåI=ÜîáäâÉí=ÑçêãÉåíäáÖí=ëâóäÇÉë=ÇÉå=ÑçêÜçäÇëîáëí=ä~îÉ=ÄÉåòÉåã‹åÖÇÉI=
êÉä~íáîí=íáä=jq_bJã‹åÖÇÉå=EÅ~K=Éå=Ñ~âíçê=P=ãáåÇêÉFI=çÖ=ÇÉå=ÑçêÜçäÇëîáëí=Ü›àÉ=
ÄÉåòÉåJâ~é~ÅáíÉí=á=ÑçêÜçäÇ=íáä=jq_bJâ~é~ÅáíÉí=EÅ~K=Éå=Ñ~âíçê=NM=Ü›àÉêÉFK=
páíì~íáçåÉå=Éê=áääìëíêÉêÉí=á=ÑáÖìê=QKTK=
=
aáîÉêëÉ=å›ÖäÉí~ä=îÉÇêK=ÇÉ=ã™äíÉ=ÖÉååÉãÄêìÇëÑçêä›Ä=Ä~ëÉêÉí=é™=áåíÉêåÉ=
ã™äáåÖÉê=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=QKQK=^Ñ=í~ÄÉääÉå=ÑêÉãÖ™êW=
=
• jáÇÇÉäáåÇä›ÄëâçåÅÉåíê~íáçå=Ñçê=jq_b=
• qÉçêÉíáëâ=âçäçååÉJäÉîÉíáÇ=Eq

ä
F=ÉëíáãÉêÉí=îá~=äáÖåáåÖ=QKP=

• c~âíáëâ=äÉîÉíáÇ=Eq
äIã™äí

FI=ëî~êÉåÇÉ=íáä=ÇÉí=íáÇëéìåâíI=Üîçê=ÇÉå=ã™äíÉ=
âçåÅÉåíê~íáçå=á=ìÇä›ÄÉí=Éê=äáÖ=áåÇä›ÄëâçåÅÉåíê~íáçåÉå=E`

M
F=

• p~ãäÉí=ã~ëëÉÄÉä~ëíåáåÖ=~Ñ=âçäçååÉêåÉ=ÑêÉã=íáä=ÇÉí=ã™äíÉ=NMMB=
ÖÉååÉãÄêìÇ=

• jq_bJâ~é~ÅáíÉí=EpF=ÄÉëíÉãí=ìÇÑê~=ëçêéíáçåëáëçíÉêãÉå=
• Òã™äíÒ=jq_bJâ~é~ÅáíÉí=Ep

ã™äí
FI=ÄÉëíÉãí=ìÇÑê~=ÇÉå=Ñ~âíáëâÉ=äÉîÉíáÇ=îá~=

äáÖåáåÖ=QKP=
• qÉçêÉíáëâ=çÖ=Ñ~âíáëâ=âìäÑçêÄêìÖ=ÄÉëíÉãí=îÜ~K=äáÖåáåÖ=QKQK==
=
=

=

=

=

=

=

=

=

=

=

=

=

=

=

=

=

=

Kolonne 3 og 4: Ikke 

observeret konkurre-

rende desorption 

Nøgletal for målte 

gennembrudsforløb 



=

TO=

q~ÄÉä=QKQW=k›ÖäÉí~ä=îÉÇêK=ÇÉ=ã™äíÉ=ÖÉååÉãÄêìÇëÑçêä›ÄK=

hçäçååÉ=
=

N~= N~HÄ= O~= O~HÄ= P= Q=

jq_b=EúNM=ãÖLiF= u= u= u= u= u= u=

_ÉåòÉå=EúQ=ãÖLiF= J= J= J= J= u= u=

jáÇÇÉä=áåÇä›ÄëâçåÅÉåíê~íáçå=E`MF= xãÖ=jq_bLiz= VIM= VIM= NMIQ= NMIQ= NMIS= NNIO=

qÉçêÉíáëâ=äÉîÉíáÇ=EqäF= xÇz= OMIP= QMIR= NVIS= PVIO= NVIN= NVIV=

c~âíáëâ=äÉîÉíáÇ=EqäIã™äíF= xÇz= NSIS= PNIS= OPIVG= POIS= PMIM= PPIT=

j~ëëÉÄÉä~ëíåáåÖ=íáä=NMMB=ÖÉååÉãÄêìÇ= xÖ=jq_bz= NVIST= PSIPT= OUITV= QMIPT= PUIQT= QPIPQ=

fëçíÉêãÉëíáãÉêÉí=â~é~ÅáíÉí=EpF= xãÖ=jq_bLÖz= ONIP= ONIP= OPIS= OPIS= OPIV= OQIU=

c~âíáëâ=â~é~ÅáíÉí=Epã™äíF= xãÖ=jq_bLÖz= NTIR= NSIT= OUIUG= NVIT= PTIR= QNIV=

qÉçêÉíáëâ=âìäÑçêÄêìÖ= xâÖ=âìäLãPz= MIQO= MIQO= MIQQ= MIQQ= MIQQ= MIQR=

c~âíáëâ=âìäÑçêÄêìÖ= xâÖ=âìäLãPz= MIRN= @= MIPSG= @= MIOU= MIOT=

cçêëâÉä=ãÉääÉã=Ñ~âíáëâ=çÖ=áëçíÉêã=p= xBz= JNU= JOO= HOOG= JNT= HRT= HSV=

cçêëâÉä=ãÉääÉã=Ñ~âíáëâ=çÖ=áëçíÉêã=âìäÑçêÄêìÖ= xBz= HOO= @= JNUG= @= JPS= JQN=

G=Z=áåâäìëáî=ÇÉëçêéíáçåëÜ‹åÇÉäëÉ=EâìåëíáÖí=Ü›àÉ=î‹êÇáÉê=Ñçê=Ñ~âíáëâ=äÉîÉíáÇ=çÖ=â~é~ÅáíÉíFK=
@=Z=ëî~êÉê=íáä=ÇÉí=Ñ~âíáëâÉ=âìäÑçêÄêìÖ=îÉÇ=ÄÉåóííÉäëÉ=~Ñ=¨å=~âíáîJâìä=âçäçååÉ=íáä=NMMB=
ÖÉååÉãÄêìÇK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=QKQ=Éê=ÇÉ=Ñ~âíáëâÉ=âçäçååÉäÉîÉíáÇÉê=Ñçê=hçäçååÉ=N=çÖ=
O=ä~îÉêÉ=ÉåÇ=ÉëíáãÉêÉí=ìÇ=Ñê~=ÉåâÉäíâçãéçåÉåíáëçíÉêãÉåI=ãÉåë=ÇÉå=Ñ~âíáëâÉ=
äÉîÉíáÇ=Ñçê=hçäçååÉ=P=çÖ=QI=ÄÉä~ëíÉí=ãÉÇ=Ä™ÇÉ=jq_b=çÖ=ÄÉåòÉåI=Éê=Ü›àÉêÉ=
ÉåÇ=äÉîÉíáÇÉå=ÉëíáãÉêÉí=ìÇ=Ñê~=ÉåâÉäíâçãéçåÉåíáëçíÉêãÉåK=aÉí=Éê=î‹êÇ=~í=
ÄÉã‹êâÉI=~í=ÇÉå=Ñçêä‹åÖÉÇÉ=äÉîÉíáÇ=Ñçê=hçäçååÉ=P=çÖ=Q=áââÉ=ëâóäÇÉëI=~í=
âçäçååÉêåÉ=Éê=ÄäÉîÉí=ÄÉä~ëíÉí=ãÉÇ=Éå=ãáåÇêÉ=jq_bJã‹åÖÇÉ=ÉåÇ=hçäçååÉ=N~=
çÖ=O~=J=ÇÉí=ÑçêÜçäÇÉê=ëáÖ=ëå~êÉêÉ=çãîÉåÇíK==
=
cçê=hçäçååÉ=N=çÖ=O=Éê=ëçêéíáçåëâ~é~ÅáíÉíÉå=Å~K=NR=Ó=OMB=ä~îÉêÉ=ìåÇÉê=
Çóå~ãáëâÉ=ÑçêÜçäÇ=ÉåÇ=á=Ä~íÅÜÑçêë›ÖÉåÉK=aÉí=ÄÉíóÇÉê=çãîÉåÇíI=~í=ÇÉí=
ëéÉÅáÑáââÉ=âìäÑçêÄêìÖ=xâÖ=âìäLãP=î~åÇz=ìåÇÉê=Çóå~ãáëâÉ=ÑçêÜçäÇ=Éê=Å~K=OMB=
Ü›àÉêÉ=ÉåÇ=ÉëíáãÉêÉí=ìÇ=Ñê~=áëçíÉêãÉåK=
=
cçê=hçäçååÉ=P=çÖ=Q=Éê=ëçêéíáçåëâ~é~ÅáíÉíÉå=Å~K=RR=Ó=TMB=Ü›àÉêÉ=ìåÇÉê=
Çóå~ãáëâÉ=ÑçêÜçäÇ=á=âçäçååÉêåÉ=ÉåÇ=ÉëíáãÉêÉí=ìÇÑê~=ÉåâÉäíâçãéçåÉåí=
jq_bJëçêéíáçåëáëçíÉêãÉåK=aÉí=ÄÉíóÇÉêI=~í=ÇÉí=ëéÉÅáÑáââÉ=âìäÑçêÄêìÖ=xâÖ=
âìäLãP=î~åÇz=ìåÇÉê=Çóå~ãáëâÉ=ÑçêÜçäÇ=Éê=Å~K=PR=Ó=QMB=ä~îÉêÉ=ÉåÇ=ÉëíáãÉêÉí=ìÇ=
Ñê~=ÉåâÉäíâçãéçåÉåí=jq_bJáëçíÉêãÉåK==
=
p~ããÉåäáÖåÉë=ÇÉå=Ñ~âíáëâÉ=â~é~ÅáíÉí=Ñê~=hçäçååÉ=P=çÖ=Q=ãÉÇ=ÇÉå=Ñ~âíáëâÉ=
â~é~ÅáíÉí=Ñê~=hçäçååÉ=N~=â~å=ÇÉí=ÄÉêÉÖåÉëI=~í=ÇÉå=Ñ~âíáëâÉ=â~é~ÅáíÉíI=ìåÇÉê=ÇÉ=
~âíìÉääÉ=ÄÉíáåÖÉäëÉêI=Éê=ãÉääÉã=Å~K=OIN=çÖ=OIQ=Ö~åÖÉ=Ü›àÉêÉ=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=
~Ñ=ÄÉåòÉå=ÉåÇ=å™ê=ÇÉê=ìÇÉäìââÉåÇÉ=Éê=jq_b=á=áåÇä›Äëî~åÇÉíK=qáäëî~êÉåÇÉ=
â~å=ÇÉí=ÄÉêÉÖåÉëI=~í=âìäÑçêÄêìÖÉí=Éê=Å~K=QRB=ãáåÇêÉK=
=
QKPKO jçÇÉäÄÉêÉÖåáåÖÉê=

cáÖìê=QKNN=îáëÉê=êÉëìäí~íÉêåÉ=~Ñ=ãçÇÉäÄÉêÉÖåáåÖÉêåÉ=éäçííÉí=ë~ããÉå=ãÉÇ=ÇÉ=
ã™äíÉ=ÖÉååÉãÄêìÇëÑçêä›ÄK=aÉí=Ä›ê=ÄÉã‹êâÉëI=~í=ãçÇÉääÉå=EÇîëK=äáÖåáåÖ=QKVF=
âìå=Éê=Ö‹äÇÉåÇÉ=ìåÇÉê=ÑçêìÇë‹íåáåÖ=~Ñ=âçåëí~åíÉ=áåÇä›ÄëÄÉíáåÖÉäëÉêI=ÜîçêÑçê=
ÇÉå=áââÉ=â~å=ÄÉëâêáîÉ=âçåÅÉåíê~íáçåëÑçêä›ÄI=ÇÉê=ëâóäÇÉë=ÇÉëçêéíáçåëÜ‹åÇÉäëÉêI=
ëçã=ãÉÇÑ›êÉê=ëí›êêÉ=ìÇä›ÄëâçåÅÉåíê~íáçåÉê=ÉåÇ=ÇÉå=ëéÉÅáÑáÅÉêÉÇÉ=ãáÇÇÉäJ
áåÇä›ÄëâçåÅÉåíê~íáçåK=cçê=ÇÉ=âçäçååÉêI=Üîçê=ÇÉååÉ=ÑçêìÇë‹íåáåÖ=áââÉ=Éê=

Levetider 

Kolonne 1 og 2:  

Kapacitet 15-20%  

lavere end estimeret 

Kolonne 3 og 4: 

Kapacitet 55-70%  

højere end estimeret 

Kapacitet 2,1-2,4 

gange højere ved 

benzen 



=

TP=

Ö‹äÇÉåÇÉ=ENÄI=O~=çÖ=OÄF=Éê=é~ê~ãÉíÉêÑáíåáåÖÉå=ÑçêÉí~ÖÉí=á=ÇÉí=íáÇëáåíÉêî~äI=
Üîçê=ÑçêìÇë‹íåáåÖÉå=çã=âçåëí~åíÉ=áåÇä›ÄëÄÉíáåÖÉäëÉê=Éê=çéÑóäÇíK=
=

cáÖìê=QKNNW= j™äíÉ=çÖ=ÑáííÉÇÉ=ÖÉååÉãÄêìÇëÑçêä›Ä=éäçííÉí=é™=åçêãÉêÉÇÉ=

~âëÉêK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=QKNN=Éê=ÇÉê=çéå™Éí=êÉä~íáîí=ÖçÇ=çîÉêÉåëëíÉããÉäëÉ=
ãÉääÉã=ÇÉ=ÄÉêÉÖåÉÇÉ=çÖ=ÇÉ=ã™äíÉ=ÖÉååÉãÄêìÇëÑçêä›ÄK==
=
k›ÖäÉí~ä=îÉÇêK=ÇÉ=ÑáííÉÇÉ=ÖÉååÉãÄêìÇëÑçêä›Ä=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=QKRI=ÇÉê=
áåÇÉÜçäÇÉê=áåÑçêã~íáçåÉê=îÉÇêK=ÑáííÉÇÉ=î‹êÇáÉê=Ñçê=êÉí~êÇ~íáçåëÑ~âíçê=EoF=çÖ=
ÇáëéÉêëáçåëâçÉÑÑáÅáÉåí=EaFI=ë~ãí=ÄÉêÉÖåÉÇÉ=ÇáëéÉêëáîáíÉíÉê=EαF=EäáÖåáåÖ=QKNMFK=
m~ê~ãÉíÉêÑáíåáåÖÉå=Ñçê=hçäçååÉ=NÄI=O~=çÖ=OÄ=Éê=âìå=ÑçêÉí~ÖÉí=á=ÇÉí=íáÇëêìãI=
Üîçê=ãçÇÉäÑçêìÇë‹íåáåÖÉêåÉ=Éê=çéÑóäÇíK==
=
q~ÄÉä=QKR=áåÇÉÜçäÇÉê=ÉåÇîáÇÉêÉ=ÄÉêÉÖåÉí=ëçêéíáçåëâ~é~ÅáíÉí=çÖ==âìäÑçêÄêìÖ=
ìåÇÉê=ÑçêìÇë‹íåáåÖ=~ÑI=~í=âê~îÉí=íáä=ìÇä›Äëâî~äáíÉíÉå=Ñê~=âçäçååÉêåÉ=ëî~êÉê=íáä=
jáäà›ëíóêÉäëÉåë=ÇêáââÉî~åÇëâî~äáíÉíëâêáíÉêáÉ=é™=R=µÖLiK=a~=ÇÉååÉ=î‹êÇá=äáÖÖÉê=
ìåÇÉê=~å~äóëÉãÉíçÇÉåë=ÇÉíÉâíáçåëÖê‹åëÉ=é™=Å~K=MIO=Ó=MIP=ãÖLiI=ÄÉåóííÉë=
ãçÇÉäÄÉêÉÖåáåÖÉêåÉ=íáä=~í=ÉëíáãÉêÉ=ÇÉí=íáÇëéìåâíI=Üîçê=ìÇä›ÄëâçåÅÉåíê~íáçåÉå=
çîÉêëâêáÇÉê=âê~îî‹êÇáÉå=Eq

äIã™äí
F=çÖ=ëçêéíáçåëâ~é~ÅáíÉíÉå=Ep

ã™äí
F=çÖ=âìäÑçêÄêìÖÉí=

ÄÉêÉÖåÉë=~Ñ=ÜÜîK=äáÖåáåÖ=QKR=çÖ=QKSK=hìäÑçêÄêìÖÉí=~ÑÜ‹åÖÉê=ëÉäîÑ›äÖÉäáÖ=á=
åçÖÉå=Öê~Ç=~Ñ=áåÇä›ÄëâçåÅÉåíê~íáçåÉå=EçÖ=ÇÉêãÉÇ=ÇÉå=é™âê‹îÉÇÉ=
êÉåëåáåÖëÖê~Ç=îÉÇ=Éå=Ñ~ëíë~í=âê~îî‹êÇáFI=ÜîçêÑçê=
ÖÉååÉãëåáíëáåÇä›ÄëâçåÅÉåíê~íáçåÉå=äáÖÉäÉÇÉë=Éê=~åÖáîÉí=á=í~ÄÉääÉåK=aÉí=
ÄÉêÉÖåÉÇÉ=âìäÑçêÄêìÖ=ëî~êÉê=Ñçê=~ääÉ=âçäçååÉê=íáä=Éå=çéå™Éí=êÉåëåáåÖëÖê~Ç=é™=
[VVIVBK=
=

Nøgletal for 

modelberegninger 

Kulforbrug ved 

udløbskrav på 5 µg/L 

Kolonne 1
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Kolonne 4
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=

TQ=

q~ÄÉä=QKRW=k›ÖäÉí~ä=îÉÇêK=ÇÉ=ÑáííÉÇÉ=ÖÉååÉãÄêìÇëÑçêä›ÄK=

hçäçååÉ=
=

N~= N~HÄ= O~= O~HÄ= P= Q=

jq_b=EúNM=ãÖLiF= u= u= u= u= u= u=

_ÉåòÉå=EúQ=ãÖLiF= J= J= J= J= u= u=

cáííÉí=ÇáëéÉêëáçåëâçÉÑÑáÅáÉåí=EaF= xãOLÇz= MIVN= MIMTG= NIPPG= MIMSG= MIQT= MIOP=

cáííÉí=ÇáëéÉêëáîáíÉí=EαF= xÅãz= NIS= MINP= OIP= MINO= MITT= MIQM=

qáÇ=íáä=çîÉêëâêáÇÉäëÉ=~Ñ=âê~î=é™=R=µÖLi=EqäIã™äíF= xÇz= RIT= ORIU= RIM= OSIO= NPIN= NSIT=

c~âíáëâ=â~é~ÅáíÉí=Epã™äíF= xãÖ=jq_bLÖz= SIM= J= SIM= J= NSIQ= OMIV=

c~âíáëâ=âìäÑçêÄêìÖ= xâÖ=âìäLãPz= NIR= MIRN@= NIT= MIRN@= MISR= MIRQ=

G=Z=ÑáííÉí=á=ÇÉå=ÇÉä=~Ñ=ÖÉååÉãÄêìÇëÑçêä›ÄÉíI=Üîçê=ãçÇÉäÑçêìÇë‹íåáåÖÉêåÉ=Éê=çéÑóäÇíK=
@=Z=ëî~êÉê=íáä=ÇÉí=Ñ~âíáëâÉ=âìäÑçêÄêìÖ=îÉÇ=ÄÉåóííÉäëÉ=~Ñ=¨å=~âíáîJâìä=âçäçååÉ=íáä=NMMB=
ÖÉååÉãÄêìÇK=

=
^Ñ=í~ÄÉä=QKR=ÑêÉãÖ™ê=ÇÉí=~Ñ=ÇÉ=ÑáííÉÇÉ=î‹êÇáÉê=~Ñ=êÉí~êÇ~íáçåëÑ~âíçêÉåI=~í=
Ü~ëíáÖÜÉÇÉå=~Ñ=Éí=ÖÉååÉãëåáíäáÖí=jq_bJãçäÉâóäÉI=ÖêìåÇÉí=~ÇëçêéíáçåÉå=íáä=ÇÉ=
~âíáîÉ=âìäI=Éê=ãÉääÉã=Å~K=NKOMM=çÖ=OKSMM=Ö~åÖÉ=ä~îÉêÉ=ÉåÇ=Ü~ëíáÖÜÉÇÉå=~Ñ=Éí=
ÖÉååÉãëåáíäáÖí=î~åÇãçäÉâóäÉK=aÉí=ÄÉã‹êâÉë=ÉåÇîáÇÉêÉI=~í=ÑçêëáåâÉäëÉå=~Ñ=
jq_bJãçäÉâóäÉêåÉ=ÖÉååÉãëåáíäáÖí=Éê=ÇçÄÄÉäí=ë™=ëíçê=Ñçê=âçäçååÉêåÉ=ãÉÇ=
jq_bHÄÉåòÉåJÑçêìêÉåÉí=áåÇä›Äëî~åÇ=EhçäçååÉ=P=çÖ=QFI=ëçã=Ñçê=âçäçååÉêåÉ=
ãÉÇ=jq_bJÑçêìêÉåÉí=áåÇä›Äëî~åÇ=EhçäçååÉ=N~=çÖ=O~FK=
=
pçã=ÑçêîÉåíÉí=Éê=ÇÉ=ÄÉêÉÖåÉÇÉ=ÇáëéÉêëáîáíÉíÉê=~ääÉ=ÑçêÜçäÇëîáëí=ä~îÉI=ëî~êÉåÇÉ=
íáäI=~í=ÇÉå=~âíáîÉ=âìä=ã~íêáÅÉ=Éê=ÜçãçÖÉå=çÖ=äÉÇÉê=î~åÇÉí=ÖçÇíK=aÉååÉ=
âçåâäìëáçå=ìåÇÉêëí›ííÉë=~Ñ=ã‹ííÉÇÉ=ÜóÇê~ìäáëâÉ=äÉÇåáåÖëÉîåÉê=Ñçê=~âíáîJâìä=
âçäçååÉêI=ÄÉëíÉãí=~Ñ=E`ÜêáëíÉåëÉå=Éí=~äKI=OMMNFI=ÇÉêI=îÉÇ=Éå=é~âåáåÖëÖê~Ç=Eρ

Ä
F=

é™=QSM=âÖLãPI=Ñ~åÇí=äÉÇåáåÖëÉîåÉê=é™=OTMJPQM=ãLÇI=ÜîáäâÉí=ëî~êÉê=íáä=ÇÉå=
ÜóÇê~ìäáëâÉ=äÉÇåáåÖëÉîåÉ=Ñçê=Öêìë=Ejáäà›ëíóêÉäëÉåI=NVVSFK=
=
aÉå=Ñ~âíáëâÉ=â~é~ÅáíÉí=Ñçê=ÉåâÉäíâçäçååÉêåÉ=ÄÉä~ëíÉí=ìÇÉäìââÉåÇÉ=ãÉÇ=jq_b=
äáÖÖÉê=é™=Å~K=SIM=xãÖ=jq_bLÖzK=eîáë=ÇÉååÉ=î‹êÇá=ë~ããÉåÜçäÇÉë=ãÉÇ=ÇÉå=
î‹êÇá=é™=NTIRI=ÇÉê=ÄÉêÉÖåÉÇÉë=Ñçê=hçäçååÉ=N~I=îÉÇ=ÑìäÇ=ìÇåóííÉäëÉ=~Ñ=
â~é~ÅáíÉíÉå=ìåÇÉê=Çóå~ãáëâÉ=ÑçêÜçäÇI=àÑK=í~ÄÉä=QKQI=ëÉë=ÇÉíI=~í=ÇÉå=ÉÑÑÉâíáîÉ=
ëçêéíáçåëâ~é~ÅáíÉíI=îÉÇ=ÄêìÖ=~Ñ=¨å=âçäçååÉ=çÖ=ãÉÇ=Éí=êÉåëåáåÖëâê~î=é™=R=µÖLi=
Éê=Å~K=P=Ö~åÖÉ=ä~îÉêÉ=ÉåÇ=îÉÇ=ÑìäÇ=ìÇåóííÉäëÉ=~Ñ=â~é~ÅáíÉíÉåI=ëî~êÉåÇÉ=íáä=~í=
â›êÉ=ãÉÇ=íç=âçäçååÉê=á=ëÉêáÉK=qáäëî~êÉåÇÉ=Éê=ÇÉå=ÉÑÑÉâíáîÉ=â~é~ÅáíÉí=ãÉääÉã=O=
çÖ=OIP=Ö~åÖÉ=ä~îÉêÉ=Ñçê=âçäçååÉêåÉ=ÄÉä~ëíÉí=ãÉÇ=Ä™ÇÉ=jq_b=çÖ=ÄÉåòÉå=á=
áåÇä›ÄÉíK=
=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=QKRI=äáÖÖÉê=ÇÉí=ÄÉêÉÖåÉÇÉ=âìäÑçêÄêìÖ=Ñçê=hçäçååÉ=N~=
çÖ=O~=EÉåâÉäíâçäçååÉê=ÄÉä~ëíÉí=ìÇÉäìââÉåÇÉ=ãÉÇ=jq_bFI=é™=ãÉääÉã=NIR=çÖ=
NIT=âÖLãPI=ãÉåë=ÑçêÄêìÖÉí=îÉÇ=ÄÉåóííÉäëÉ=~Ñ=íç=âçäçååÉê=á=ëÉêáÉ=Ñ~äÇÉê=íáä=ÇÉí=
Ñ~âíáëâÉ=ÑçêÄêìÖ=îÉÇ=NMMB=ìÇåóííÉäëÉ=~Ñ=ÇÉ=~âíáîÉ=âìäK=aÉê=Éê=Ñçê=ÇÉ=ìÇÑ›êíÉ=
Ñçêë›Ö=~äíë™=Å~K=Éå=Ñ~âíçê=P=Ó=PIP=á=ÑçêëâÉä=é™=ÇÉí=Ñ~âíáëâÉ=âìäÑçêÄêìÖI=~ÑÜ‹åÖáÖí=
~Ñ=çã=ÇÉê=ÄÉåóííÉë=¨å=ÉääÉê=íç=âçäçååÉê=á=ëÉêáÉ=îÉÇ=Éí=ìÇä›Äëâê~î=é™=R=µÖLiK=cçê=
hçäçååÉ=P=çÖ=Q=ëÉë=âìäÑçêÄêìÖÉíI=îÉÇ=ë~ããÉåäáÖåáåÖ=ãÉÇ=êÉëìäí~íÉêåÉ=á=í~ÄÉä=
QKQI=~í=î‹êÉ=Å~K=O=Ó=OIP=Ö~åÖÉ=ë™=Ü›àí=ëçã=îÉÇ=Éå=ÑìäÇ=ìÇåóííÉäëÉ=~Ñ=ÇÉ=~âíáîÉ=
âìäë=Ñ~âíáëâÉ=â~é~ÅáíÉíK=
=

Retardationsfaktor 

Dispersivitet 

Kapacitet ved 

udløbskrav på 5 µg/L 

Kulforbrug ved 

udløbskrav på 5 µg/L 



=

TR=

QKQ p~ããÉåÑ~íåáåÖ=

aÉê=Éê=ìÇÑ›êí=âçäçååÉÑçêë›Ö=Ñçê=~í==îìêÇÉêÉ=cáäíê~ëçêÄ∆=QMMÛë=ÉîåÉ=íáä=~í=
~ÇëçêÄÉêÉ=jq_b=ìåÇÉê=Çóå~ãáëâÉ=ÑçêÜçäÇI=ÇÉê=á=Ü›àÉêÉ=Öê~Ç=ëáãìäÉêÉê=ÇÉå=
éê~âíáëâÉ=~åîÉåÇÉäëÉ=îÉÇ=çåJëáíÉ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=ÉåÇ=
Ä~íÅÜÑçêë›ÖK=hìääÉåÉë=Ñìåâíáçå=Éê=ìåÇÉêë›ÖíI=ÇÉäë=îÉÇ=êÉåëåáåÖ=~Ñ=jq_bJ
ÑçêìêÉåÉí=î~åÇ=çÖ=ÇÉäë=ìåÇÉê=âçåâìêêÉêÉåÇÉ=ëçêéíáçåI=çÖ=ÇÉê=Éê=ÑçêÉí~ÖÉí=Éå=
âî~åíáí~íáî=ë~ããÉåäáÖåáåÖ=ãÉÇ=Ä~íÅÜêÉëìäí~íÉêåÉ=ìåÇÉê=íáäëî~êÉåÇÉ=
ÄÉíáåÖÉäëÉêK=
=
aÉê=Éê=ë™äÉÇÉë=ìÇÑ›êí=íç=é~ê~ääÉääÉ=âçäçååÉÑçêë›ÖI=¨í=Üîçê=âçäçååÉêåÉ=Éê=
ÄÉä~ëíÉí=ãÉÇ=jq_b=á=áåÇä›Äëî~åÇÉí=çÖ=¨íI=Üîçê=âçäçååÉêåÉ=Éê=ÄÉä~ëíÉí=ãÉÇ=
jq_b=çÖ=ÄÉåòÉå=á=áåÇä›Äëî~åÇÉíK=aÉê=Éê=ìÇÑ›êí=íç=êÉéäáâ~íÉê=~Ñ=ÜîÉêí=Ñçêë›ÖK=
hçäçååÉÑçêë›ÖÉí=ãÉÇ=jq_b=á=áåÇä›Äëî~åÇÉí=Éê=ìÇÑ›êí=ãÉÇ=íç=âçäçååÉê=á=
ëÉêáÉI=ãÉåë=Ñçêë›ÖÉí=ãÉÇ=jq_bHÄÉåòÉå=á=áåÇä›Äëî~åÇÉí=Éê=ìÇÑ›êí=ëçã=
ÉåâÉäíJâçäçååÉ=ÑáäíÉêK==
=
eîÉê=âçäçååÉ=Éê=ìÇÑ›êí=ãÉÇ=Éí=îçäìãÉå=é™=Å~K=OIR=iI=Éí=Ü›àÇÉLÇá~ãÉíÉêJ
ÑçêÜçäÇ=é™=Å~K=TIR=Ó=U=çÖ=Éê=ÄÉä~ëíÉí=ãÉÇ=Éí=Ñäçï=é™=Å~K=R=iLÜI=ëî~êÉåÇÉ=íáä=Éå=
ÜóÇê~ìäáëâ=çéÜçäÇëíáÇ=é™=Å~K=PM=ãáåìííÉêK=aÉê=Éê=íáäëíê‹Äí=Éå=
áåÇä›ÄëâçåÅÉåíê~íáçå=~Ñ=jq_b=é™=Å~K=NM=ãÖLi=çÖ=ÇÉê=Éê=ÑçêÉí~ÖÉí=Ä™ÇÉ=
áåíÉêåÉ=çÖ=ÉâëíÉêåÉ=~å~äóëÉê=~Ñ=jq_bJâçåÅÉåíê~íáçåÉå=á=áåÇJ=çÖ=ìÇä›Ä=Ñê~=
ÜîÉê=âçäçååÉ=ëçã=Ñìåâíáçå=~Ñ=íáÇÉåK=
=
aÉê=Éê=âçåëí~íÉêÉí=ÖçÇ=çîÉêÉåëëíÉããÉäëÉ=ãÉääÉã=ÇÉ=áåíÉêåÉ=çÖ=ÉâëíÉêåÉ=
jq_bJã™äáåÖÉêI=ÜîáäâÉí=îìêÇÉêÉë=~í=î‹êÉ=Éí=ìÇíêóâ=Ñçê=Éå=íáäÑêÉÇëëíáääÉåÇÉ=
âî~äáíÉíëâçåíêçä=~Ñ=Ä™ÇÉ=ÇÉ=áåíÉêåÉ=çÖ=ÉâëíÉêåÉ=ã™äáåÖÉêë=~ÄëçäìííÉ=åáîÉ~ìK=aÉ=
âî~åíáí~íáîÉ=~å~äóëÉê=~Ñ=âçäçååÉêåÉ=Éê=ÉÑíÉêÑ›äÖÉåÇÉ=ÑçêÉí~ÖÉí=é™=Ä~ÖÖêìåÇ=~Ñ=
êÉëìäí~íÉêåÉ=Ñê~=ÇÉ=áåíÉêåÉ=ã™äáåÖÉêI=Üîçê=Ç~í~ÖêìåÇä~ÖÉí=Éê=ëí›êëíK=
=
aÉê=Éê=çÄëÉêîÉêÉí=ÖçÇ=çîÉêÉåëëíÉããÉäëÉ=ãÉääÉã=êÉëìäí~íÉêåÉ=Ñçê=ÇÉ=ìÇÑ›êíÉ=
êÉéäáâ~íÑçêë›ÖI=ÜîçêÑçê=ÇÉ=ÉÑíÉêÑ›äÖÉåÇÉ=âçåâäìëáçåÉê=ìãáÇÇÉäÄ~êí=Éê=ÉåíóÇáÖÉK=
=
råÇÉê=ÇÉ=ÖáîåÉ=ÄÉíáåÖÉäëÉê=ãÜíK=âçäçååÉâçåëíêìâíáçå=çÖ=áåÇä›ÄëÄÉíáåÖÉäëÉê=Éê=
Éå=ÜóÇê~ìäáëâ=çéÜçäÇëíáÇ=Eb_`qF=é™=PM=ãáåìííÉê=âçåëí~íÉêÉí=é™=ÇÉå=ëáâêÉ=ëáÇÉ=
á=ÑçêÜçäÇ=íáä=ÑìäÇ=ìÇåóííÉäëÉ=~Ñ=ëçêéíáçåëâ~é~ÅáíÉíÉå=á=Éå=ÑáäíÉêçéÄóÖåáåÖ=ãÉÇ=íç=
âçäçååÉê=á=ëÉêáÉK=f=äáííÉê~íìêÉå=~åÑ›êÉë=ÇÉíI=é™=Ä~ÖÖêìåÇ=~Ñ=ÉåâÉäíJâçäçååÉ=
çéëíáääáåÖÉêI=~í=ÇÉê=íóéáëâ=â~å=ÄÉåóííÉë=Éå=b_`q=é™=NM=Ó=OM=ãáåìííÉêX=ÇÉê=Éê=
íÉåÇÉåë=íáä=~í=ä~îÉêÉ=áåÇä›ÄëâçåÅÉåíê~íáçåÉê=çÖ=Ü›àÉêÉ=Ä~ÖÖêìåÇëåáîÉ~ì=~Ñ=
çêÖ~åáëâ=ëíçÑ=á=áåÇä›Äëî~åÇÉí=âê‹îÉê=Éå=ëí›êêÉ=b_`qK=f=ÇÉí=ìÇÑ›êíÉ=Ñçêë›Ö=Éê=
ÇÉí=çÄëÉêîÉêÉíI=~í=î~äÖ=~Ñ=Éå=b_`q=é™=ÇÉå=ëáâêÉ=ëáÇÉ=â~å=ãÉÇÑ›êÉ=Éå=çéíáã~ä=
ìÇåóííÉäëÉ=~Ñ=ÇÉ=~âíáîÉ=âìäI=ëÉäîçã=ÇÉê=Éê=ÄÉíóÇÉäáÖÉ=î~êá~íáçåÉê=á=
áåÇä›ÄëÄÉíáåÖÉäëÉêåÉK=
=
oÉëìäí~íÉêåÉ=Ñê~=âçäçååÉÑçêë›ÖÉåÉ=ÄÉâê‹ÑíÉê=ÇÉ=êÉëìäí~íÉêI=ÇÉê=ÄäÉî=çéå™Éí=á=
Ä~íÅÜÑçêë›ÖÉåÉI=ÇîëK=~í=jq_bJâ~é~ÅáíÉíÉå=Ñçê=cáäíê~ëçêÄ∆=QMM=Éê=ëí›êêÉ=îÉÇ=
ë~ãíáÇáÖ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÄÉåòÉå=á=áåÇä›Äëî~åÇÉí=EÅ~K=PIU=ãÖLiFK=qÉåÇÉåëÉå=
Éê=ÇçâìãÉåíÉêÉí=á=ÄÉÖÖÉ=êÉéäáâ~íÑçêë›Ö=ë~ãí=îÉÇ=ÄÉåóííÉäëÉ=~Ñ=íç=ÑçêëâÉääáÖÉ=
~å~äóëÉãÉíçÇÉê=EáåíÉêåÉ=çÖ=ÉâëíÉêåÉ=~å~äóëÉêFK=aÉå=çÄëÉêîÉêÉÇÉ=íÉåÇÉåë=Éê=á=
ãçÇëíêáÇ=ãÉÇ=ÇÉíI=ÇÉê=âìååÉ=ÑçêîÉåíÉë=ìÇÑê~=ÇÉå=áåíÉêå~íáçå~äÉ=äáííÉê~íìê=é™=
çãê™ÇÉíI=Üîçê=ÇÉê=Éê=~Ñê~ééçêíÉêÉí=íç=ì~ÑÜ‹åÖáÖÉ=âçäçååÉÑçêë›ÖI=Üîçê=
íáäëíÉÇÉî‹êÉäëÉå=~Ñ=_qu=Ü~ê=åÉÇë~í=jq_bJâ~é~ÅáíÉíÉå=Ñçê=~âíáîJâìäK=
rãáÇÇÉäÄ~êí=îìêÇÉêÉë=ÇÉê=~í=âìååÉ=î‹êÉ=í~äÉ=çã=íç=ãìäáÖÉ=Ñçêâä~êáåÖÉêW=
=

NK qáäëíÉÇÉî‹êÉäëÉå=~Ñ=ÄÉåòÉå=ãìäáÖÖ›ê=Éå=~ÇÖ~åÖ=Ñçê=jq_bJ
ãçäÉâóäÉêåÉ=íáä=åçÖäÉ=ëçêéíáçåëëáíÉëI=ëçã=Éê=ìíáäÖ‹åÖÉäáÖÉ=å™ê=ÄÉåòÉå=

Undersøgelse af kul 

under dynamiske 

forhold 

To kolonneopstillinger 

med 

dobbeltbestemmelse 

Forsøgsdesign 

God overensstemmelse 

mellem interne og 

eksterne målinger 

God reproducérbarhed 

30 min EBCT er på den 

sikre side 

Højere kapacitet ved 

benzen i indløbsvandet 



=

TS=

áââÉ=Éê=íáäëíÉÇÉK=c‹åçãÉåÉí=Éê=ãìäáÖîáë=~ÑÜ‹åÖáÖ=~Ñ=ÑçêÜçäÇÉí=ãÉääÉã=
ÄÉåòÉå=çÖ=jq_b=EÇÉê=á=ÇÉí=~âíìÉääÉ=Ñçêë›Ö=î~ê=ä~îÉêÉ=ÉåÇ=á=ÇÉ=
ë~ããÉåäáÖåÉäáÖÉ=ëíìÇáÉêFI=ÇÉí=~ÄëçäìííÉ=âçåÅÉåíê~íáçåëåáîÉ~ì=EÇÉê=á=
ÇÉí=~âíìÉääÉ=Ñçêë›Ö=î~ê=Ü›àÉêÉFI=ÇÉå=ÄÉåóííÉÇÉ=î~åÇíóéÉI=ÉääÉê=Éå=
âçãÄáå~íáçå=~Ñ=ÇáëëÉ=ÑçêÜçäÇK=

OK aÉê=Éê=çÄëÉêîÉêÉí=Äáçî‹âëí=á=âçäçååÉêåÉ=ÄÉä~ëíÉí=ãÉÇ=ÄÉåòÉå=çÖ=ÇÉê=
ëâÉê=ãìäáÖîáë=Éå=ëçêéíáçå=~Ñ=jq_b=íáä=ÇÉååÉ=Äáçã~ëëÉK=

=
oÉëìäí~íÉêåÉ=Ñçê=âçäçååÉêåÉ=ãÉÇ=jq_b=á=áåÇä›Äëî~åÇÉí=áåÇáâÉêÉêI=~í=ÇÉå=
Ñ~âíáëâÉ=ëçêéíáçåëâ~é~ÅáíÉíI=ìåÇÉê=ÇÉ=~âíìÉääÉ=ÄÉíáåÖÉäëÉêI=Éê=Å~K=NR=Ó=OMB=
ä~îÉêÉ=ÉåÇ=ÉëíáãÉêÉí=ìÇÑê~=ëçêéíáçåëáëçíÉêãÉåK=aÉí=ÄÉíóÇÉêI=~í=ÇÉí=ëéÉÅáÑáââÉ=
âìäÑçêÄêìÖ=xâÖ=âìäLãP=î~åÇz=ìåÇÉê=Çóå~ãáëâÉ=ÑçêÜçäÇ=Éê=Å~K=OMB=Ü›àÉêÉ=ÉåÇ=
ÉëíáãÉêÉí=ìÇ=Ñê~=áëçíÉêãÉåK=aÉí=Ä›ê=ÄÉã‹êâÉëI=~í=î~åÇÉíë=Ä~ÖÖêìåÇëáåÇÜçäÇ=
~Ñ=çêÖ~åáëâ=ëíçÑ=ÑçêãÉåíäáÖ=îáä=Ü~îÉ=ëí›êêÉ=áåÇÑäóÇÉäëÉ=îÉÇ=ä~îÉêÉ=
áåÇä›ÄëâçåÅÉåíê~íáçåÉê=ÉåÇ=ÇÉ=NM=ãÖ=jq_bLi=ÇÉê=Éê=ÄÉåóííÉí=á=ÇÉ=~âíìÉääÉ=
âçäçååÉÑçêë›Ö=çÖI=~í=ÇÉê=ÇÉêÑçê=îÉÇ=ä~îÉêÉ=áåÇä›ÄëâçåÅÉåíê~íáçåÉêI=~äí=~åÇÉí=
äáÖÉI=â~å=ÑçêîÉåíÉë=Éå=ëí›êêÉ=êÉÇìâíáçå=á=ÇÉå=Ñ~âíáëâÉ=ëçêéíáçåëâ~é~ÅáíÉí=á=
ÑçêÜçäÇ=íáä=â~é~ÅáíÉíÉå=ÄÉëíÉãí=ìÇ=Ñê~=áëçíÉêãÑçêë›ÖK=
=
oÉëìäí~íÉêåÉ=Ñçê=âçäçååÉêåÉ=ãÉÇ=jq_b=çÖ=ÄÉåòÉå=á=áåÇä›Äëî~åÇÉí=áåÇáâÉêÉêI=
~í=ÇÉå=Ñ~âíáëâÉ=â~é~ÅáíÉíI=ìåÇÉê=ÇÉ=~âíìÉääÉ=ÄÉíáåÖÉäëÉêI=Éê=ãÉääÉã=Å~K=OIN=çÖ=
OIQ=Ö~åÖÉ=Ü›àÉêÉ=îÉÇ=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÄÉåòÉå=ÉåÇ=å™ê=ÇÉê=ìÇÉäìââÉåÇÉ=Éê=
jq_b=á=áåÇä›Äëî~åÇÉíK=aÉí=ÄÉíóÇÉêI=~í=âìäÑçêÄêìÖÉí=êÉÇìÅÉêÉë=ãÉÇ=Å~K=QRBK=
=
m™=Ä~ÖÖêìåÇ=~Ñ=ãçÇÉäÄÉêÉÖåáåÖÉê=â~å=ÇÉí=âçåâäìÇÉêÉëI=~í=Ü~ëíáÖÜÉÇÉå=~Ñ=Éí=
ÖÉååÉãëåáíäáÖí=jq_bJãçäÉâóäÉ=ÖÉååÉã=âçäçååÉåI=Éê=ãÉääÉã=Å~K=NKOMM=çÖ=
NKPMM=Ö~åÖÉ=ä~îÉêÉ=ÉåÇ=Ü~ëíáÖÜÉÇÉå=~Ñ=Éí=ÖÉååÉãëåáíäáÖí=î~åÇãçäÉâóäÉI=å™ê=
ÇÉê=âìå=Éê=jq_b=íáäëíÉÇÉ=á=áåÇä›Äëî~åÇÉíI=ãÉåë=ÇÉå=Éê=Å~K=OKSMM=Ö~åÖÉ=
ä~åÖëçããÉêÉI=å™ê=ÇÉê=Éê=ÄÉåòÉå=íáäëíÉÇÉ=á=áåÇä›Äëî~åÇÉíK=cçêëáåâÉäëÉå=~Ñ=
íê~åëéçêíÉå=~Ñ=jq_bJãçäÉâóäÉêåÉ=ëâóäÇÉë=~ÇëçêéíáçåÉå=íáä=ÇÉ=~âíáîÉ=âìäK=
=
eîáë=ÇÉí=~åí~ÖÉëI=~í=ÇÉê=Éê=Ñ~ëíë~í=Éå=âê~îî‹êÇá=íáä=ìÇä›Äëâî~äáíÉíÉå=é™=R=µÖLiI=
ëî~êÉåÇÉ=íáä=jáäà›ëíóêÉäëÉåë=ÇêáââÉî~åÇëâî~äáíÉíëâêáíÉêáìã=â~å=â~é~ÅáíÉíÉå=çÖ=
âìäÑçêÄêìÖÉí=Ñçê=Éí=ÉåâÉäíJâçäçååÉ=ÑáäíÉêI=ìåÇÉê=ÇÉ=ÖáîåÉ=ÄÉíáåÖÉäëÉêI=ÉëíáãÉêÉë=
ìÇÑê~=ÇÉ=ã™äíÉ=ÖÉååÉãÄêìÇëâìêîÉêK=aÉå=ÉÑÑÉâíáîÉ=ëçêéíáçåëâ~é~ÅáíÉí=ÄäáîÉê=Ç~=
Å~K=P=Ö~åÖÉ=ä~îÉêÉ=ÉåÇ=Üîáë=ÇÉê=ÄÉåóííÉë=íç=âçäçååÉê=á=ëÉêáÉ=çÖ=ÇÉê=âìå=Éê=
jq_b=á=áåÇä›Äëî~åÇÉíK=hìäÑçêÄêìÖÉí=ÄäáîÉê=íáäëî~êÉåÇÉ=Å~K=P=J=PIP=Ö~åÖÉ=
ëí›êêÉK=eîáë=ÇÉê=äáÖÉäÉÇÉë=Éê=ÄÉåòÉå=á=áåÇä›Äëî~åÇÉí=ÄäáîÉê=ÇÉå=ÉÑÑÉâíáîÉ=
â~é~ÅáíÉíÉå=Å~K=O=J=OIP=Ö~åÖÉ=ãáåÇêÉI=ãÉåë=âìäÑçêÄêìÖÉí=ÄäáîÉê=Å~K=O=Ó=OIP=
Ö~åÖÉ=ë™=Ü›àí=ëçã=Üîáë=ÇÉê=ÄÉåóííÉë=íç=âçäçååÉê=á=ëÉêáÉ=çÖ=ÑáäíÉêÉí=Éê=ÇÉëáÖåÉí=
ãÉÇ=ÜÉåÄäáâ=é™=Éå=ÑìäÇ=ìÇåóííÉäëÉ=~Ñ=ÇÉ=~âíáîÉ=âìäë=Ñ~âíáëâÉ=â~é~ÅáíÉíK=
=
=
=

Kapacitet ca. 15-20% 

lavere end estimeret fra 

batchforsøg 

Faktisk kapacitet ca. 

2,1-2,4 gange højere 

ved benzen i indløbet 

MTBE-hastighed: ca. 

1.200-2.600 gange 

langsommere end vand 

Kapacitet og 

kulforbrug ved 

udløbskrav på 5 µg/L 



=

TT=

R aÉä=fffW=Õâçåçãá=

f=ÇÉí=Ñ›äÖÉåÇÉ=ìÇÑ›êÉë=Éå=ê‹ââÉ=›âçåçãáëâÉ=çîÉêëä~ÖëÄÉêÉÖåáåÖÉê=îÉÇêK=éêáëÉå=
é™=çåJëáíÉ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=ìåÇÉê=Ç~åëâÉ=ÑçêÜçäÇK=
_ÉêÉÖåáåÖÉêåÉ=í~ÖÉê=ìÇÖ~åÖëéìåâí=á=Éå=ê‹ââÉ=~åä‹Öëã‹ëëáÖÉ=ÑçêìÇë‹íåáåÖÉê=
ë~ãí=á=åçÖäÉ=ÜóéçíÉíáëâÉ=ëÅÉå~êáÉê=îÉÇêK=áåÇä›ÄëâçåÅÉåíê~íáçåÉêI=Ñäçï=çÖ=
ÑçêîÉåíÉí=ÇêáÑíëéÉêáçÇÉ=~Ñ=~åä‹ÖÖÉíI=ÜîçêÑçê=ÇÉê=á=ÇÉí=Ñ›äÖÉåÇÉ=âçêí=êÉÇÉÖ›êÉë=
Ñçê=ÇáëëÉK==
=
aÉí=Éê=áââÉ=ÜÉåëáÖíÉåI=~í=ÖáîÉ=Éå=ìÇí›ããÉåÇÉ=›âçåçãáëâ=~å~äóëÉ=~Ñ=~ääÉ=ÇÉ=
Ñ~âíçêÉêI=ÇÉê=â~å=í‹åâÉë=~í=áåÇÖ™=á=Éå=ÖáîÉå=çåJëáíÉ=~âíáîJâìä=ÑáäíÉêä›ëåáåÖI=ãÉå=
~í=ÖáîÉ=Éå=çîÉêëä~Öëéêáë=é™=~âíáîJâìä=ÑáäíêÉêáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=
ìåÇÉê=ÖáîåÉ=ÑçêìÇë‹íåáåÖÉêK==
=
aÉê=îáä=ÉåÇîáÇÉêÉ=ÄäáîÉ=ÑçêÉí~ÖÉí=Éå=ë~ããÉåäáÖåáåÖ=ãÉÇ=éêáëÉå=Ñçê=êÉåëåáåÖ=~Ñ=
ÄÉåòÉåJÑçêìêÉåÉí=ÖêìåÇî~åÇI=ë™äÉÇÉë=~í=ÇÉí=â~å=îìêÇÉêÉëI=Üîçê=ëíçê=êÉä~íáî=
~ÑîáÖÉäëÉI=ÇÉê=Éê=á=éêáëÉå=é™=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=çÖ=
ÄÉåòÉåJÑçêìêÉåÉí=ÖêìåÇî~åÇK=
=

RKN cçêìÇë‹íåáåÖÉê=

RKNKN lîÉêçêÇåÉÇÉ=ÑçêìÇë‹íåáåÖÉê=

aÉê=í~ÖÉë=ìÇÖ~åÖëéìåâí=á=ÄÉÜçîÉí=Ñçê=êÉåëåáåÖ=~Ñ=ÖêìåÇî~åÇ=ÑçêìêÉåÉí=ãÉÇ=
jq_b=çÖLÉääÉê=ÄÉåòÉåI=çÖ=ÇÉí=ÑçêìÇë‹ííÉëI=~í=êÉåëåáåÖëÄÉÜçîÉí=çéëí™ê=á=
ÑçêÄáåÇÉäëÉ=ãÉÇ=Éå=ÖêìåÇî~åÇëë‹åâåáåÖ=ÉääÉê=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=
~Ñî‹êÖÉéìãéåáåÖK=aÉí=ÑçêìÇë‹ííÉëI=~í=ÇÉê=Éê=âçåíáåìÉêí=ÇêáÑí=~Ñ=~åä‹ÖÖÉåÉI=
ÇîëK=OQ=ÇêáÑíëíáãÉê=éêK=Ç›ÖåK==
=
aÉí=ÑçêìÇë‹ííÉëI=~í=âìäÑáäíÉêÉí=Éí~ÄäÉêÉë=ëçã=Éí=ÑáñÉÇJÄÉÇ=ÑáäíÉêI=ãÉÇ=¨å=ÉääÉê=
ÑäÉêÉ=âçäçååÉê=á=ëÉêáÉI=Ç~=ÇÉííÉ=îìêÇÉêÉë=~í=î‹êÉ=ÇÉå=ãÉëí=~äãáåÇÉäáÖÉ=
~åä‹ÖëâçåÑáÖìê~íáçå=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=çåJëáíÉ=êÉåëåáåÖ=~Ñ=ÑçêìêÉåÉí=
ÖêìåÇî~åÇ=ìåÇÉê=Ç~åëâÉ=ÑçêÜçäÇK=
=
aÉ=çéëíáääÉÇÉ=ëÅÉå~êáÉê=í~ÖÉê=áââÉ=ÜÉåëóå=íáä=ÇÉ=çãâçëíåáåÖÉêI=ÇÉê=ã™ííÉ=î‹êÉ=
ÑçêÄìåÇÉí=ãÉÇ=Éí=ãìäáÖí=ÄÉÜçî=Ñçê=ÑçêÑáäíêÉêáåÖ=~Ñ=ÇÉí=çééìãéÉÇÉ=ÖêìåÇî~åÇI=
ÖêìåÇÉí=Éí=ÉîíK=áåÇÜçäÇ=~Ñ=é~êíáâäÉê=ÉääÉê=ÑKÉâëK=àÉêå=çÖ=ã~åÖ~åK=a~=ÄÉÜçîÉíI=~äí=
ÉÑíÉê=Éå=ê‹ââÉ=äçâ~äëéÉÅáÑáââÉ=ÑçêÜçäÇI=â~å=î~êáÉêÉ=Ñê~=~í=î‹êÉ=áââÉJ
ÉâëáëíÉêÉåÇÉI=çîÉê=~í=âìååÉ=ä›ëÉë=ãÉÇ=ÑçêÜçäÇëîáëí=ëáãéäÉ=ãáÇäÉêX=ÉâëÉãéÉäîáë=
Éå=ëÉÇáãÉåí~íáçåëí~åâ=ÉääÉê=Éí=ëáãéÉäí=éçëÉÑáäíÉê=íáä=åçÖäÉ=Ñ™=íìëáåÇÉ=âêçåÉêI=íáä=
~í=áåîçäîÉêÉ=Éí=ÄÉäìÑíåáåÖëJ=çÖ=ë~åÇÑáäíÉê=ãÉÇ=~ìíçã~íáëâ=íáäÄ~ÖÉëâóä=çÖ=
ÄÉÜ~åÇäáåÖ=~Ñ=íáäÄ~ÖÉëâóäåáåÖëî~åÇÉíI=îìêÇÉêÉë=ÇÉí=áââÉ=ìãáÇÇÉäÄ~êí=~í=î‹êÉ=
Ñçêã™äëíàÉåäáÖíI=~í=çéëíáääÉ=Éí=ë~åÇëóåäáÖí=ãáÇÇÉäëÅÉå~êáÉ=Ñçê=éêáëÉå=é™=Éå=ë™Ç~å=
ÑçêÑáäíêÉêáåÖK=
=
_ÉêÉÖåáåÖÉêåÉ=í~ÖÉê=ÉåÇîáÇÉêÉ=ìÇÖ~åÖëéìåâí=áI=~í=ÇÉê=~åîÉåÇÉë=íáäÖ‹åÖÉäáÖÉ=
çÖ=îÉä~Ñéê›îÉÇÉ=ëí~åÇ~êÇä›ëåáåÖÉê=ãÜíK=~åä‹ÖëâçåëíêìâíáçåÉêI=
~ÇëçêÄÉêëí›êêÉäëÉê=ãKîK=_ÉåóííÉäëÉ=~Ñ=ëí~åÇ~êÇ~åä‹Ö=Ü~ê=Éå=ê‹ââÉ=éê~âíáëâÉ=
ÑçêÇÉäÉI=áÇÉí=ÇÉ=ÄäK~K=Éê=îÉä~Ñéê›îÉÇÉ=ÇÉëáÖåë=EãÉÇ=~ääÉ=å›ÇîÉåÇáÖÉ=Ñä~åÖÉêI=
ëíìÇëÉêI=îÉåíáäÉê=ãKîKF=çÖ=Éê=ÇÉëáÖåÉí=íáä=~í=é~ëëÉ=íáä=~åÇÉí=ëí~åÇ~êÇã~íÉêáÉä=

Eksempler på pris-

overslag 

Pris for rensning af 

benzenforurenet 

grundvand 

Grundvandssænkning 

og afværgepumpning 

Fixed bed i serie 

Forfiltrering ikke 

indregnet 

Standardløsninger 



=

TU=

EÅçåí~áåÉêÉI=Ö~ÑÑÉäíêìÅâëI=ä~ëíîçÖåÉI=ëä~ãëìÖÉêÉ=ãKîKFK=aáëëÉ=
ä›ëåáåÖëãìäáÖÜÉÇÉê=Éê=ÇçÖ=áââÉ=å›ÇîÉåÇáÖîáë=ÇÉ=ÄáääáÖëíÉ=é™=ã~êâÉÇÉí=çÖ=
Ç‹ââÉê=ë~åÇëóåäáÖîáë=áââÉ=~ääÉ=í‹åâÉäáÖÉ=ÑóëáëâÉ=›åëâÉê=ÉääÉê=êÉëíêáâíáçåÉêI=ÇÉê=
ã™ííÉ=î‹êÉ=íáä=Éå=ÖáîÉå=çåJëáíÉ=ÑáäíÉêä›ëåáåÖI=ÜîçêÑçê=ÇÉí=á=ÖáîåÉ=íáäÑ‹äÇÉ=â~å=
î‹êÉ=›åëâÉäáÖí=ÉääÉê=ÜÉåëáÖíëã‹ëëáÖí=~í=ÄÉåóííÉ=Éå=ëâê‹ÇÇÉêëóÉí=ÑáäíÉêJä›ëåáåÖK==
=
sÉÇ=î~äÖ=~Ñ=ëí~åÇ~êÇä›ëåáåÖ=íáä=~í=ä›ëÉ=ÇÉ=ÉåâÉäíÉ=êÉåëåáåÖëçéÖ~îÉê=íáäëíê‹ÄÉë=
ÇÉêI=çã=ãìäáÖíI=~í=çéå™=Éå=ë~ãäÉí=ÜóÇê~ìäáëâ=çéÜçäÇëíáÇ=Eb_`qF=é™=ãÉääÉã=
OM=çÖ=PM=ãáåìííÉê=Ñçê=~åä‹ÖÖÉíI=Ç~=ÇÉííÉ=îìêÇÉêÉë=~í=î‹êÉ=Éí=êÉ~äáëíáëâ=âê~î=Ñçê=
~í=ëáâêÉ=Éå=ÉÑÑÉâíáî=ÑàÉêåÉäëÉ=~Ñ=jq_b=á=éê~âëáëK=
=
RKNKO pí~åÇ~êÇ=ÑáäíÉêä›ëåáåÖÉê=

aÉê=Éê=á=~ääÉ=éêáëÄÉêÉÖåáåÖÉêåÉ=í~ÖÉí=ìÇÖ~åÖëéìåâí=á=ëí~åÇ~êÇJ~ÇëçêÄÉêÉ=çÖ=
~åÇêÉ=ëí~åÇ~êÇóÇÉäëÉêI=ÇÉê=äÉîÉêÉë=~Ñ=ÇÉå=Ç~åëâÉ=áãéçêí›ê=çÖ=ÇáëíêáÄìí›ê=~Ñ=
cáäíê~ëçêÄ∆=QMMI=ë~ãí=OMMOJéêáëÉêåÉ=Ñçê=ÇáëëÉ=óÇÉäëÉêK=^åîÉåÇÉäëÉå=~Ñ=åÉíçé=
ÇáëëÉ=~åä‹Ö=á=åÉÇÉåëí™ÉåÇÉ=éêáëÄÉêÉÖåáåÖÉê=ëâ~ä=áââÉ=ÄÉíê~ÖíÉë=ëçã=åçÖÉå=
Ää™ëíÉãéäáåÖ=~Ñ=åÉíçé=ÇÉååÉ=ìÇÄóÇÉêI=ãÉå=Éê=Ääçí=ÄÉåóííÉí=ëçã=ÉâëÉãéÉäK=
aÉê=â~å=ãìäáÖîáë=çéå™ë=ãÉêÉ=ÑçêÇÉä~ÖíáÖÉ=éêáëÉê=é™=áåÇáîáÇìÉääÉ=ÑáäíÉêä›ëåáåÖÉê=
çÖ=ÉâëÉãéÉäîáë=âìäÜ™åÇíÉêáåÖ=çÖ=ÓÄçêíëâ~ÑÑÉäëÉ=îÉÇ=ÄÉåóííÉäëÉ=~Ñ=~åÇêÉ=
äÉîÉê~åÇ›êÉêK=
=
cçê=ÇÉ=åÉÇÉåëí™ÉåÇÉ=ëí~åÇ~êÇ~åä‹Ö=áåâäìÇÉêÉê=éêáëÉå=é™=~åä‹ÖÖÉí=~ääÉ=
å›ÇîÉåÇáÖÉ=Ñä~åÖÉêI=Ü~åÉê=çÖ=îÉåíáäÉêK=mêáëÉå=Éê=ÉåÇîáÇÉêÉ=áåâäìëáî=Ñ›êëíÉ=
âìäÑóäÇåáåÖI=ë~ãí=äÉîÉêáåÖI=çéëíáääáåÖ=çÖ=íáäëäìíåáåÖ=~Ñ=ÑáäíÉêÉíK=fÇÉí=ÇÉå=
ìãáÇÇÉäÄ~êÉ=~åä‹ÖëçãâçëíåáåÖ=ë™äÉÇÉë=çãÑ~ííÉê=~âíáîJâìä=Éê=
~åä‹ÖëçãâçëíåáåÖÉêåÉ=á=ÇÉ=ìÇÑ›êíÉ=ÄÉêÉÖåáåÖÉê=Ñê~íêìââÉí=éêáëÉå=Ñçê=Éí=
ÉÑíÉêÑ›äÖÉåÇÉ=âìäëâáÑíÉI=é™=å‹ê=Ñçê=~ÇëçêÄÉêíóéÉ=`I=àÑK=åÉÇÉåÑçêK=
=
mêáëÉå=éêK=ÉÑíÉêÑ›äÖÉåÇÉ=âìäëâáÑíÉ=áåâäìÇÉêÉê=äÉîÉêáåÖ=~Ñ=ÑêáëâÉ=âìäI=ìÇëâáÑíåáåÖ=
~Ñ=âìääÉåÉI=ë~ãí=Ü™åÇíÉêáåÖ=çÖ=Äçêíëâ~ÑÑÉäëÉ=~Ñ=ìÇíàÉåíÉ=âìäK=rÇíàÉåíÉ=âìä=
Äçêíëâ~ÑÑÉëI=ÉÑíÉê=~ÑÇê‹åáåÖI=îÉÇ=ÑçêÄê‹åÇáåÖ=Üçë=ãáäà›ÖçÇâÉåÇí=ãçÇí~ÖÉê=
ÉÑíÉê=ÑçêÜ™åÇëÖçÇâÉåÇíÉ=~Ñí~äÉêK=e™åÇíÉêáåÖ=çÖ=ëäìíÇáëéçåÉêáåÖ=~Ñ=Çê‹åî~åÇ=
ÑçêÉÖ™ê=äáÖÉäÉÇÉë=ÉÑíÉê=ÑçêÜ™åÇëÖçÇâÉåÇíÉ=~Ñí~äÉê=ãÉÇ=ãáäà›ãóåÇáÖÜÉÇÉêåÉK=
=
fåÑçêã~íáçåÉê=îÉÇêK=ÑáêÉ=ÄÉíê~ÖíÉÇÉ=~ÇëçêÄÉêíóéÉê=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=RKNK=^ääÉ=
éêáëÉê=Éê=á=aâêK=ÉâëK=ãçãëK=
=
q~ÄÉä=RKNW= pí~åÇ~êÇJ~ÇëçêÄÉêÉ=ÄÉåóííÉí=á=ÇÉ=›âçåçãáëâÉ=~å~äóëÉêK=

= ^= _= `= a=

^ÇëçêÄÉêã~íÉêá~äÉ= mä~ëíáÅ= oìëíÑêáí=ëí™ä=
cáÄÉêÑçêëí‹êâÉí=

éçäóÉëíÉê=
oìëíÑêáí=ëí™ä=

hìäÑóäÇí=îçäìãÉå= N=ãP= O=ãP= O=ãP= NM=ãP=

hÖ=cáäíê~ëçêÄ∆=QMM= QRM=âÖ= VMM=âÖ= VMM=âÖ= QKRMM=âÖ=

^åä‹Öëéêáë=EáåâäK=Ñ›êëíÉ=âìäÑóäÇåáåÖF= ORKMMM=âêK= NRMKMMM=âêK= TMKMMM=âêK= RRMKMMM=âêK=

hìäëâáÑíÉéêáë= M=âêKG= ORKMMM=âêK= PMKMMM=âêK= VMKMMM=âêK=

G=Z=aÉê=ÑçêÉí~ÖÉë=áââÉ=âìäëâáÑíÉX=ÜÉäÉ=ÑáäíÉêÉí=ÇÉëíêìÉêÉë=ÉÑíÉê=ÇÉ=~âíáîÉ=âìä=Éê=ìÇíàÉåíK=

=
^ÇëçêÄÉê=_=â~å=åçêã~äí=äÉàÉë=Ñçê=Éå=éêáë=é™=PMKMMM=âêK=Ñçê=ÇÉå=Ñ›êëíÉ=ã™åÉÇ=
EáåâäK=âìäF=ë~ãí=Éí=íáää‹Ö=é™=QKRMM=âêK=éêK=ÉÑíÉêÑ›äÖÉåÇÉ=ã™åÉÇK=hìäëâáÑíÉéêáëÉå=
Éê=ì‹åÇêÉíK=
=
^ÇÖ~åÖëÑçêÜçäÇÉåÉ=ãÜíK=âìäëâáÑíÉ=Ñçê=^ÇëçêÄÉê=`=Éê=áââÉ=ë™=ÖçÇÉ=ëçã=Ñçê=
~ÇëçêÄÉê=_I=ÜîçêÑçê=âìäëâáÑíÉéêáëÉå=Éê=Ü›àÉêÉK=f=éêáëÄÉêÉÖåáåÖÉêåÉ=Éê=
~åä‹ÖëéêáëÉå=Ñê~íêìââÉí=Å~K=ORKMMM=âêK=Ñçê=î‹êÇáÉå=~Ñ=ÇÉí=áåÇÉÜçäÇíÉ=âìä=îÉÇ=

EBCT ca. 20-30 min 

Valg af leverandør 

Anlægspris 

Kulskiftepris 

Mulighed for leje 

Restriktioner i 

anvendelse af adsorber 

C 



=

TV=

äÉîÉêáåÖK=iÉîÉíáÇÉå=~Ñ=ÇÉííÉ=~åä‹Ö=ÑçêîÉåíÉë=~í=î‹êÉ=êÉÇìÅÉêÉí=á=ÑçêÜçäÇ=íáä=
~ÇëçêÄÉê=_I=éÖ~K=ÑçêëâÉääÉå=á=~ÇëçêÄÉêã~íÉêá~äÉK=^ÇëçêÄÉê=`=Éê=ë™äÉÇÉë=áââÉ=
î~äÖí=Ñçê=ÇÉ=ëÅÉå~êáÉê=ãÉÇ=ä‹åÖëí=ÇêáÑíëíáÇK=
=
RKNKP ÕâçåçãáëâÉ=ÑçêìÇë‹íåáåÖÉê=

aÉí=ÑçêìÇë‹ííÉëI=~í=~åä‹ÖëçãâçëíåáåÖÉêåÉ=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=ÇÉ=~âíáîÉ=âìäJ
ÑáäíêÉ=ÄÉëí™ê=~Ñ=Ñ›äÖÉåÇÉ=ÇÉäÉW=
=
• mìãéÉK=
• o›êëóëíÉãLëä~åÖÉêI=ã~åáÑçäÇ=ãKîK=
• ^ÇëçêÄÉêI=áåâäK=Ñä~åÖÉêI=Ü~åÉêI=îÉåíáäÉê=ãKîK=
=
f=ÑçêÜçäÇ=íáä=ÇÉ=íç=Ñ›êëíÉ=éìåâíÉê=ÑçêìÇë‹ííÉë=ÇÉíI=~í=ÇÉå=î~äÖíÉ=éìãéÉä›ëåáåÖ=
íáä=çééìãéåáåÖ=~Ñ=ÖêìåÇî~åÇÉí=äáÖÉäÉÇÉë=Ü~ê=â~é~ÅáíÉí=íáä=~í=éìãéÉ=î~åÇÉí=
áÖÉååÉã=âìäÑáäíÉêÉí=ë~ãíI=~í=ÑáäíÉêä›ëåáåÖÉå=â~å=çéëíáääÉë=ÜÉåëáÖíëã‹ëëáÖí=á=
ÑçêÜçäÇ=íáä=éìãéÉÄê›åÇÉ=çÖ=~ÑJLìÇäÉÇåáåÖëéìåâíÉêI=ë™äÉÇÉë=~í=íáäâçÄäáåÖÉå=~Ñ=
ÑáäíÉêÉí=â~å=ëâÉ=íáä=ã~åáÑçäÇ=çÖ=ê›êLëä~åÖÉê=ÇÉê=Ò~ääáÖÉîÉäÒ=ëâìääÉ=î‹êÉ=ÄÉåóííÉíK=
aÉ=ÄÉêÉÖåÉÇÉ=çãâçëíåáåÖÉê=â~å=ë™äÉÇÉë=ÄÉíê~ÖíÉë=ëçã=ãÉêçãâçëíåáåÖÉê=
ÑçêÄìåÇÉí=ãÉÇ=~âíáîJâìä=êÉåëåáåÖ=~Ñ=î~åÇI=ÇÉê=ÉääÉêë=âìååÉ=î‹êÉ=ìÇJ=ÉääÉê=
~ÑäÉÇíK=
=
aÉí=ÑçêìÇë‹ííÉëI=~í=~åä‹ÖëçãâçëíåáåÖÉê=~ÑëâêáîÉë=à‹îåí=çîÉê=ÇÉå=î~äÖíÉ=
ÇêáÑíëéÉêáçÇÉI=ë™ÑêÉãí=ÇÉê=áââÉ=Éê=í~äÉ=çã=Éí=äÉàÉí=~åä‹ÖK=
=
aÉí=ÑçêìÇë‹ííÉëI=~í=çãâçëíåáåÖÉêåÉ=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=ÇêáÑíÉå=~Ñ=ÇÉ=~âíáîÉ=âìäJ
ÑáäíêÉ=ÄÉëí™ê=~Ñ=Ñ›äÖÉåÇÉ=ÇÉäÉW=
=
• hìäÑçêÄêìÖK=
• hìäëâáÑíÉK=
• hìäÄçêíëâ~ÑÑÉäëÉK=
• aêáÑí=çÖ=îÉÇäáÖÉÜçäÇÉäëÉK=
• jçåáíÉêáåÖK=
=
^Ñ=ÇÉ=çîÉåëí™ÉåÇÉ=éìåâíÉê=Éê=ÇÉ=íêÉ=Ñ›êëíÉ=éìåâíÉê=çãÑ~ííÉí=~Ñ=éìåâíÉí=
ÒâìäëâáÑíÉÒI=àÑK=~Ñëåáí=RKNKOK=aÉí=ÑçêìÇë‹ííÉëI=~í=ÇÉ=›îêáÖÉ=éìåâíÉê=é™=äáëíÉå=çîÉê=
ÇêáÑíëçãâçëíåáåÖÉêI=ÇîëK=ÇêáÑíI=îÉÇäáÖÉÜçäÇÉäëÉ=çÖ=ãçåáíÉêáåÖ=â~å=Ñ~ëíë‹ííÉë=
ëçã=NRB=~Ñ=çãâçëíåáåÖÉêåÉ=ÑçêÄìåÇÉí=ãÉÇ=âìäëâáÑíÉK=
=
^ääÉ=éêáëÉê=çãêÉÖåÉë=íáä=ÉåÜÉÇëéêáëÉêI=ÇîëK=~åí~ä=âêK=éêK=ãP=êÉåëÉí=î~åÇK=
=
fåÇäÉÇÉåÇÉ=›âçåçãáëâÉ=~å~äóëÉê=Ü~ê=îáëíI=~í=çãâçëíåáåÖÉêåÉ=íáä=~âíáîJâìä=
ìÇÖ›ê=çé=ãçÇ=SMJURB=~Ñ=ÇÉ=ë~ãäÉÇÉ=çãâçëíåáåÖÉê=îÉÇ=êÉåëåáåÖ=~Ñ=jq_bJ
ÑçêìêÉåÉí=î~åÇI=ÜîçêÑçê=ÇÉí=Ñçê=áåÖÉå=~Ñ=ÇÉ=çéëíáääÉÇÉ=ëÅÉå~êáÉê=â~å=ÄÉí~äÉ=ëáÖ=
âìå=~í=Ü~îÉ=¨å=~ÇëçêÄÉê=ãÉÇ=ÇÉê=~Ñ=Ñ›äÖÉåÇÉ=Å~K=P=Ö~åÖÉ=ë™=ÜóééáÖÉ=âìäëâáÑí=
Ñçê=~í=ëé~êÉ=~åä‹ÖëçãâçëíåáåÖÉêK=cçê=~ääÉ=ëÅÉå~êáÉê=Éê=ÇÉê=ë™äÉÇÉë=ÑçêìÇë~í=Éå=
ä›ëåáåÖ=Ä~ëÉêÉí=é™=íç=ÉääÉê=ÑäÉêÉ=~ÇëçêÄÉêÉ=á=ëÉêáÉK=
=
RKNKQ rÇî~äÖíÉ=ëÅÉå~êáÉê=

f=ÇÉí=Ñ›äÖÉåÇÉ=çéêáÇëÉë=ê~ããÉêåÉ=Ñçê=ÇÉ=ëÅÉå~êáÉêI=ÇÉê=äáÖÖÉê=íáä=ÖêìåÇ=Ñçê=ÇÉ=
›âçåçãáëâÉ=ÄÉêÉÖåáåÖÉê=ãÜíK=ÇêáÑíëéÉêáçÇÉI=áåÇä›ÄëÑäçï=çÖ=áåÇä›ÄëJ
âçåÅÉåíê~íáçåÉêK==
=
f=ÑçêÜçäÇ=íáä=ÇêáÑíëéÉêáçÇÉå=çéëíáääÉë=íêÉ=ãìäáÖÉ=ëÅÉå~êáÉêW=

Anlægsomkostninger 

Forudsætninger, 

anlægsomkostninger 

Afskrivning 

Driftsomkostninger 

Forudsætninger, drift 

Enhedspriser 

To eller flere adsorbere 

i serie 

Driftsperioder 



=

UM=

=
• bí=ãáÇäÉêíáÇáÖí=~åä‹Ö=EP=ã™åÉÇÉêFI=ÇÉê=çéëíáääÉë=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=

ÖêìåÇî~åÇëë‹åâåáåÖX=ÑKÉâëK=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=~ÑÖê~îåáåÖ=~Ñ=ÜçíëéçíK=
• bí=âçêíÉêÉî~êÉåÇÉ=éÉêã~åÉåí=~åä‹Ö=EP=™êFI=ÇÉê=çéëíáääÉë=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=

~Ñî‹êÖÉéìãéåáåÖK=
• bí=ä‹åÖÉêÉî~êÉåÇÉ=éÉêã~åÉåí=~åä‹Ö=ENM=™êFI=ÇÉê=çéëíáääÉë=á=ÑçêÄáåÇÉäëÉ=

ãÉÇ=~Ñî‹êÖÉéìãéåáåÖK=
=
f=ÑçêÜçäÇ=íáä=áåÇä›ÄëÑäçï=çéëíáääÉë=ÑáêÉ=ãìäáÖÉ=ëÅÉå~êáÉêW=OI=RI=NM=çÖ=OM=ãPLÜI=
ëî~êÉåÇÉ=íáä=ãÉääÉã=NTKROM=çÖ=NTRKOMM=ãPL™êK=
=
aÉ=NO=ëÅÉå~êáÉê=ìåÇÉêë›ÖÉë=ÉåÇîáÇÉêÉ=îÉÇ=ÑáêÉ=ÑçêëâÉääáÖÉ=
áåÇä›ÄëâçåÅÉåíê~íáçåÉêW=MIOI=MIRI=N=çÖ=NM=ãÖ=jq_bLiK=
=
RKNKR _ÉêÉÖåáåÖëã‹ëëáÖÉ=ÑçêìÇë‹íåáåÖÉê=

aÉê=í~ÖÉë=Ñçê=~ääÉ=ÄÉêÉÖåáåÖÉêåÉ=ìÇÖ~åÖëéìåâí=á=êÉëìäí~íÉêåÉ=çéå™Éí=áÖÉååÉã=
ÇÉííÉ=ëíìÇáÉI=ÜîáäâÉí=ÄäK~K=îáä=ëáÖÉI=~í=ÇÉí=~åí~ÖÉëI=~í=ÇÉå=ÄÉÜ~åÇäÉÇÉ=î~åÇíóéÉ=
ëî~êÉê=íáä=^~äÄçêÖ=Ü~åÉî~åÇI=àÑK=~å~äóëÉê~ééçêíÉå=á=Äáä~Ö=NI=ãÉÇ=ée=TIQ=çÖ=
ksl`=Z=NIQ=ãÖLiK=
=
aÉí=ÑçêìÇë‹ííÉë=ÉåÇîáÇÉêÉI=~í=ÖêìåÇî~åÇëíÉãéÉê~íìêÉå=Éê=Å~K=NMø`I=ÜîçêÑçê=
ÇÉê=í~ÖÉë=ìÇÖ~åÖëéìåâí=á=êÉëìäí~íÉêåÉ=Ñçê=ëçêéíáçåëáëçíÉêãÉå=ÑêÉãëíáääÉí=îÉÇ=
NMø`I=àÑK=í~ÄÉä=PKQ=á=~Ñëåáí=PKOKOK=
=
_~íÅÜâ~é~ÅáíÉíÉå=îÉÇ=NMø`=âçêêáÖÉêÉë=íáä=Éå=Ñ~âíáëâ=â~é~ÅáíÉí=ìåÇÉê=Çóå~ãáëâÉ=
ÑçêÜçäÇ=îÉÇ=Éå=êÉÇìâíáçå=é™=OMBI=ëî~êÉåÇÉ=íáä=ÇÉå=êÉÇìâíáçåI=ÇÉê=ÄäÉî=
çÄëÉêîÉêÉí=Ñçê=ÇÉ=ìÇÑ›êíÉ=âçäçååÉÑçêë›ÖI=àÑK=í~ÄÉä=QKQI=~Ñëåáí=QKPKNK=
=
pçêéíáçåëâ~é~ÅáíÉíÉå=îÉÇ=MIO=ãÖ=jq_bLi=Éê=Ñçê=~ääÉ=ÄÉêÉÖåáåÖÉê=ÄÉëíÉãí=îÉÇ=
Éâëíê~éçä~íáçå=~Ñ=ÇÉå=ÄÉëíÉãíÉ=cêÉìåÇäáÅÜJáëçíÉêãK=
=
aÉí=ÑçêìÇë‹ííÉë=á=~ääÉ=íáäÑ‹äÇÉI=~í=ÇÉê=çéêÉåëÉë=íáä=Éí=ìÇä›ÄëåáîÉ~ì=é™=ã~âëáã~äí=
R=µÖLiI=ëî~êÉåÇÉ=íáä=jáäà›ëíóêÉäëÉåë=ÇêáââÉî~åÇëâî~äáíÉíëâêáíÉêáìãK=
=
aÉê=çéÉêÉêÉë=âìå=ãÉÇ=ÜÉäÉ=âìäëâáÑí=á=éêáëÄÉêÉÖåáåÖÉêåÉI=ÜîçêÑçê=ÇÉê=â~å=çéëí™=
áÇÉåíáëâ=ÄÉêÉÖåÉÇÉ=éêáëÉê=ÉâëÉãéÉäîáë=Ñçê=íç=ÑçêëâÉääáÖÉ=
âçåÅÉåíê~íáçåëåáîÉ~ìÉêK=
=
jÉÇ=ÜÉåëóå=íáä=ÄÉêÉÖåáåÖÉê=áåâäìëáî=ÄÉåòÉå=çéëíáääÉë=ÇÉê=íç=ìåÇÉêJëÅÉå~êáÉê=
ãÉÇ=âçåâìêêÉêÉåÇÉ=ëçêéíáçåI=ÇîëK=Üîçê=ÇÉê=Ä™ÇÉ=Éê=jq_b=çÖ=ÄÉåòÉå=á=
áåÇä›Äëî~åÇÉíW=
=
• °íI=Üîçê=ÇÉí=~åí~ÖÉëI=~í=ÇÉê=ëÉë=Éå=Ñçê›ÖÉäëÉ=~Ñ=ÇÉå=Ñ~âíáëâÉ=jq_bJ

â~é~ÅáíÉí=íáä=OIN=Ö~åÖÉ=â~é~ÅáíÉíÉå=ìÇÉå=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÄÉåòÉåI=ëçã=ÇÉí=
Éê=çÄëÉêîÉêÉí=á=âçäçååÉÑçêë›ÖÉíI=àÑK=í~ÄÉä=QKQI=~Ñëåáí=QKPKNK=

• °íI=Üîçê=ÇÉí=~åí~ÖÉëI=~í=ÇÉê=ëÉë=Éå=êÉÇìâíáçå=~Ñ=ÇÉå=Ñ~âíáëâÉ=jq_bJ
â~é~ÅáíÉí=ãÉÇ=PMBI=ëçã=ÇÉí=Éê=çÄëÉêîÉêÉí=á=EktofI=OMMNFI=àÑK=~Ñëåáí=QKNKQK=

=
aÉí=Ñ›êëíÉ=ëÅÉå~êáÉI=Üîçê=ÇÉê=ëÉë=Éå=éçëáíáî=ÉÑÑÉâí=é™=jq_bJâ~é~ÅáíÉíÉå=îÉÇ=
íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÄÉåòÉåI=Éê=çÄëÉêîÉêÉí=îÉÇ=Éí=ÑçêÜçäÇ=ãÉääÉã=ÄÉåòÉå=çÖ=
jq_b=é™=Å~K=NWPK=
=

Indløbsflow 

Indløbskoncentrationer 

Aalborg hanevand 

Grundvandstemperatur 

10°C 

Reduktion i kapacitet 

under dynamiske 

forhold 

Kapacitet ved 0,2 mg/L 

Udløbskrav 

Kun hele kulskift 

Scenarier med benzen 

Positiv effekt af benzen 



=

UN=

aÉí=~åÇÉí=ëÅÉå~êáÉI=Üîçê=ÇÉê=ëÉë=Éå=åÉÖ~íáî=ÉÑÑÉâí=é™=jq_bJâ~é~ÅáíÉíÉå=îÉÇ=
íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÄÉåòÉåI=Éê=çÄëÉêîÉêÉí=îÉÇ=Éí=ÑçêÜçäÇ=ãÉääÉã=ÄÉåòÉå=çÖ=
jq_b=é™=ãÉääÉã=Å~K=NRWN=çÖ=NWNK=
=
båÇîáÇÉêÉ=ìÇÑ›êÉë=ÇÉê=ÄÉêÉÖåáåÖÉê=Ñçê=Éí=ëÅÉå~êáÉI=Üîçê=ÇÉê=ìÇÉäìââÉåÇÉ=Éê=
ÄÉåòÉå=íáäëíÉÇÉ=á=áåÇä›Äëî~åÇÉí=EîÉÇ=Éå=âçåÅÉåíê~íáçå=é™=N=ãÖLiFK=
aÉååÉ=~å~äóëÉ=í~ÖÉê=ìÇÖ~åÖëéìåâí=áI=~í=cêÉìåÇäáÅÜJâçåëí~åíÉå=Eh

c
F=Ñçê=

ÄÉåòÉå=á=äáííÉê~íìêÉå=íóéáëâ=~åÑ›êÉë=~í=î‹êÉ=Å~K=Éå=Ñ~âíçê=NM=ëí›êêÉ=Ñçê=ÄÉåòÉå=
ÉåÇ=Ñçê=jq_bK=aÉííÉ=ëî~êÉê=íáäI=~í=ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=ÄÉåòÉå=íáäëî~êÉåÇÉ=
Éê=Éå=Ñ~âíçê=Å~K=NM=ëí›êêÉ=ÉåÇ=jq_bJâ~é~ÅáíÉíÉå=EÄÉÖÖÉ=îÉÇ=N=ãÖLiFK=aÉí=
îáÇÉë=áââÉ=çã=NLå=äáÖÖÉê=á=ë~ããÉ=ëí›êêÉäëÉëçêÇÉå=ëçã=Ñçê=jq_bI=ÜîçêÑçê=
ÑçêëâÉääÉå=ãÉääÉã=ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=jq_b=çÖ=ÄÉåòÉå=áââÉ=
Éâëíê~éçäÉêÉë=íáä=~åÇêÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉêK=aÉê=ÄÉåóííÉë=ë~ããÉ=
~åä‹ÖëâçåÑáÖìê~íáçåÉê=ëçã=á=jq_bJëÅÉå~êáÉêåÉK=
=

RKO oÉëìäí~íÉê=

RKOKN oÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=

oÉëìäí~íÉêåÉ=~Ñ=éêáëÄÉêÉÖåáåÖÉêåÉ=Ñçê=êÉåëåáåÖ=~Ñ=ÖêìåÇî~åÇI=ìÇÉäìââÉåÇÉ=
ÑçêìêÉåÉí=ãÉÇ=jq_bI=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=RKOK=aÉê=Éê=á=Äáä~Ö=c=ÖÉåÖáîÉí=Éí=
ÉâëÉãéÉä=é™=ÇÉ=ìÇÑ›êíÉ=ÄÉêÉÖåáåÖÉêK=
=

Negativ effekt af benzen 

Kun benzen i 

indløbsvandet 



=

UO=

q~ÄÉä=RKOW= _ÉêÉÖåÉÇÉ=ÉåÜÉÇëéêáëÉê=xâêKLãPz=îÉÇ=çåJëáíÉ=êÉåëåáåÖ=~Ñ=jq_bJ
ÑçêìêÉåÉí=ÖêìåÇî~åÇI=ë~ãí=ãÉëí=Ñ~îçê~ÄäÉ=~ÇëçêÄÉêâçåëíêìâíáçå=çÖ=
ÜóÇê~ìäáëâ=çéÜçäÇëíáÇ=Eb_`qF=Ñçê=ÇÉååÉK=e‹îÉÇÉ=ÄçÖëí~îÉê=îÉÇ=ÉåÜÉÇëéêáëÉå=
áåÇáâÉêÉê=ÉåâÉäíÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉê=ãÉÇ=~åÇÉå=Ñ~îçê~ÄÉä=
~åä‹Öëâçåëíêìâíáçå=ÉåÇ=ÇÉå=ÖÉåÉêÉääÉ=EÄçÖëí~î=áåÇáâÉêÉê=~ÇëçêÄÉêíóéÉFK=

fåÇä›ÄëâçåÅÉåíê~íáçå=xãÖLiz=
aêáÑíëíáÇ=

cäçï=
xãPLÜz= MIO= MIR= N= NM=

^ÇëçêÄÉêÉ@=
b_`q=
xãáåz=

P=ãÇK= O= NPIM= NPIM= NVIR= POIS= O=ëíâK=_G= NOM=

P=ãÇK= R= TIU= NMIQ= NMIQ= OPIS= O=ëíâK=_G= QU=

P=ãÇK= NM= SIR= TIU= VIO= OOIP= O=ëíâK=_G= OQ=

P=ãÇK= OM= RIS= TIR= VIR= OOIM= P=ëíâK=_G= NU=

P=™ê= O= TIM= UIV= NNIS= ORIR_= O=ëíâK=`= NOM=

P=™ê= R= RIT`= UIM= NMIM= OOIR= O=ëíâK=_= QU=

P=™ê= NM= RIN= TIM= UIV= ONIR= O=ëíâK=_= OQ=

P=™ê= OM= QIU= SIT= UIS= ONIO= P=ëíâK=_= NU=

NM=™ê= O= RIQ`= TIR= VIR= ONIV= O=ëíâK=_= NOM=

NM=™ê= R= QIT`= SIR= UIR= ONIN= O=ëíâK=_= QU=

NM=™ê= NM= QIQ= SIP= UIO= OMIU= O=ëíâK=_= OQ=

NM=™ê= OM= QIP= SIO= UIN= OMIT= P=ëíâK=_= NU=
@=Z= àÑK=í~ÄÉä=RKNK=
G=Z= Ä~ëÉêÉí=é™=äÉàÉ~Ñí~äÉK==

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=RKO=Éê=ÇÉê=áåÇÉåÑçê=ÇÉ=çéëíáääÉÇÉ=ëÅÉå~êáÉê=ÄÉêÉÖåÉí=
ÉåÜÉÇëéêáëÉê=é™=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=é™=ãÉääÉã=QIP=çÖ=
POIS=âêKLãPI=ãÉÇ=ÇÉ=ä~îÉëíÉ=éêáëÉê=îÉÇ=ÑçêÜçäÇëîáëí=Ü›àÉ=Ñäçï=çÖ=ä~îÉ=
âçåÅÉåíê~íáçåÉê=ë~ãí=ä~åÖÉ=ÇêáÑíëéÉêáçÇÉêK==
=
jÉÇá~åJéêáëÉê=Ñçê=ÇÉ=ÑáêÉ=ìåÇÉêë›ÖíÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉê=Éê=RIRX=TIRX=VIP=
çÖ=OO=âêKLãPI=îÉÇ=áåÇä›ÄëâçåÅÉåíê~íáçåÉê=é™=ÜÜîK=MIOX=MIRX=N=çÖ=NM=ãÖ=
jq_bLiK=
=
dÉåÉêÉäí=â~å=ÇÉí=ëÉë=~Ñ=í~ÄÉä=RKOI=~í=ÉåÜÉÇëéêáëÉå=Ñçê=êÉåëåáåÖ=~Ñ=êÉä~íáîí=ëã™=
Ñäçï=çîÉê=âçêíÉêÉ=ÇêáÑíëéÉêáçÇÉê=ÄäáîÉê=ÑçêÜçäÇëîáë=ëíçê=îÉÇ=ÄÉåóííÉäëÉ=~Ñ=
ëí~åÇ~êÇJ~ÇëçêÄÉêÉK=aÉííÉ=Ü‹åÖÉê=ë~ããÉå=ãÉÇI=~í=~åä‹ÖëçãâçëíåáåÖÉêåÉ=Ñçê=
ÇáëëÉ=~åä‹Ö=ÄäáîÉê=Ö~åëâÉ=ÄÉíóÇÉäáÖÉI=ÄäK~K=ÑçêÇá=~åä‹ÖÖÉåÉ=Éê=
çîÉêÇáãÉåëáçåÉêÉÇÉI=ÜîáäâÉí=Ñ›êÉê=íáä=Ü›àÉêÉ=ÜóÇê~ìäáëâ=çéÜçäÇëíáÇ=ÉåÇ=
å›ÇîÉåÇáÖíK=aÉí=îìêÇÉêÉë=ë™äÉÇÉëI=~í=ÇÉê=ãÉÇ=ëíçê=ë~åÇëóåäáÖÜÉÇ=â~å=ÄÉåóííÉë=
ëã™=çÖ=ÄáääáÖÉ=~åä‹ÖëâçåëíêìâíáçåÉê=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=ÇÉå=íóéÉ=
êÉåëåáåÖëçéÖ~îÉê=Eëã™=Ñäçï=çÖ=êÉä~íáîí=âçêíÉ=ÇêáÑíëíáÇÉêFI=çã=ÉåÇ=ÇÉê=ÄäáîÉê=
í~äÉ=çã=ÜóééáÖÉ=ëâáÑí=~Ñ=ÑçêÜçäÇëîáë=ëã™=âìäã‹åÖÇÉêK=
=
sÉÇ=ë~ããÉåäáÖåáåÖ=~Ñ=ÇÉ=çîÉåÑçê=çéå™ÉÇÉ=ÉåÜÉÇëéêáëÉê=ãÉÇ=íáäëî~êÉåÇÉ=
ÉåÜÉÇëéêáëÉê=ÄÉêÉÖåÉí=á=~ãÉêáâ~åëâÉ=ëíìÇáÉê=ëÉë=ÇÉíI=~í=ÇÉê=á=ÇÉ=~ãÉêáâ~åëâÉ=
ëíìÇáÉê=çéå™ë=ÄÉíóÇÉäáÖí=ä~îÉêÉ=ÉåÜÉÇëéêáëÉêK=hÉääÉê=Éí=~äK=EOMMM~F=ÄÉêÉÖåÉÇÉ=
ë™äÉÇÉë=éêáëÉê=ëî~êÉåÇÉ=íáä=ãÉääÉã=Å~K=MIQ=çÖ=MIS=âêKLãP=Ñçê=~âíáîJâìä=êÉåëåáåÖ=
~Ñ=jq_bJÑçêìêÉåÉí=î~åÇ=îÉÇ=N=ãÖLi=á=áåÇä›ÄÉí=çÖ=Éí=Ñäçï=é™=ãÉääÉã=Å~K=OIP=
çÖ=OP=ãPLÜK=mêáëÉêåÉ=ÄÉêÉÖåÉí=á=ÇÉííÉ=ëíìÇáÉ=äáÖÖÉê=ë™äÉÇÉë=Éå=Ñ~âíçê=Å~K=NRJOM=
çîÉê=ÇÉííÉ=åáîÉ~ìK=
=
cçêëâÉääÉåÉ=äáÖÖÉê=á=ìãáÇÇÉäÄ~êí=îìêÇÉêÉí=á=Ñ›äÖÉåÇÉ=Ñ~îçê~ÄäÉ=ÑçêìÇë‹íåáåÖÉê=
ÄÉåóííÉí=~Ñ=EhÉääÉê=Éí=~äKI=OMMM~FW==
=
• _ÉåóííÉê=ÇÉå=ÄÉÇëíÉ=~âíáîJâìä=áëçíÉêã=Ñê~=äáííÉê~íìêÉåI=ÜîáäâÉí=ÖáîÉê=Éí=ä~îí=

âìäÑçêÄêìÖI=ãÉÇ=ÇÉê~Ñ=Ñ›äÖÉåÇÉ=ä~îÉêÉ=ÇêáÑíëçãâçëíåáåÖÉêK=

Spænd i enhedspriser 

Medianpriser 

Små anlæg 

Priser ifht. amerikan-

ske studier 

Forskelle i 

forudsætninger 



=

UP=

• cçêìÇë‹ííÉê=å›ÇîÉåÇáÖÉ=ÜóÇê~ìäáëâÉ=çéÜçäÇëíáÇÉê=é™=ãÉääÉã=Å~K=NMIT=çÖ=
NPIR=ãáåI=ÜîáäâÉí=ÖáîÉê=ãáåÇêÉ=ÑáäíÉê~åä‹Ö=çÖ=ÇÉêãÉÇ=ä~îÉêÉ=
~åä‹ÖëçãâçëíåáåÖÉêK=

• _ÉåóííÉê=Éå=OMJ™êáÖ=éÉêáçÇÉ=íáä=~ÑëâêáîåáåÖ=~Ñ=~åä‹ÖëçãâçëíåáåÖÉêåÉK=
=
f=ÇÉí=å‹êî‹êÉåÇÉ=ëíìÇáÉ=Éê=ÇÉíI=îÉÇ=~í=ÄÉåóííÉ=ÑçêìÇë‹íåáåÖÉêI=ÇÉê=ìÇÑê~=ÇÉ=
ìÇÑ›êíÉ=Ñçêë›Ö=îìêÇÉêÉë=~í=î‹êÉ=êÉ~äáëíáëâÉ=íáä=âçåëÉêî~íáîÉI=Ñçêë›Öí=~í=çéå™=Éå=
ë™=êÉ~äáëíáëâ=ÉåÜÉÇëéêáë=ëçã=ãìäáÖíK=
=
RKOKO oÉåëåáåÖ=~Ñ=jq_bHÄÉåòÉå=îÉÇ=éçëáíáî=ÉÑÑÉâí=~Ñ=ÄÉåòÉå=

oÉëìäí~íÉêåÉ=~Ñ=éêáëÄÉêÉÖåáåÖÉêåÉ=Ñçê=êÉåëåáåÖ=~Ñ=ÖêìåÇî~åÇ=ÑçêìêÉåÉí=ãÉÇ=
jq_b=çÖ=ÄÉåòÉåI=å™ê=ÇÉê=~åí~ÖÉë=Éå=éçëáíáî=ÉÑÑÉâí=Ñê~=ÄÉåòÉå=é™=jq_bJ
â~é~ÅáíÉíÉåI=ëçã=âçåëí~íÉêÉí=îÉÇ=âçäçååÉÑçêë›ÖÉåÉ=á=~Ñëåáí=RKPKNI=ÑêÉãÖ™ê=~Ñ=
í~ÄÉä=RKPK=
=
q~ÄÉä=RKPW= _ÉêÉÖåÉÇÉ=ÉåÜÉÇëéêáëÉê=xâêKLãPz=îÉÇ=çåJëáíÉ=êÉåëåáåÖ=~Ñ=jq_bJ=çÖ=
ÄÉåòÉåJÑçêìêÉåÉí=ÖêìåÇî~åÇI=ë~ãí=ãÉëí=Ñ~îçê~ÄäÉ=~ÇëçêÄÉêâçåëíêìâíáçå=çÖ=
ÜóÇê~ìäáëâ=çéÜçäÇëíáÇ=Eb_`qF=Ñçê=ÇÉååÉK=e‹îÉÇÉ=ÄçÖëí~îÉê=îÉÇ=ÉåÜÉÇëéêáëÉå=
áåÇáâÉêÉê=ÉåâÉäíÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉê=ãÉÇ=~åÇÉå=Ñ~îçê~ÄÉä=
~åä‹Öëâçåëíêìâíáçå=ÉåÇ=ÇÉå=ÖÉåÉêÉääÉ=EÄçÖëí~î=áåÇáâÉêÉê=~ÇëçêÄÉêíóéÉFK=

fåÇä›ÄëâçåÅÉåíê~íáçå=xãÖLiz=
aêáÑíëíáÇ=

cäçï=
xãPLÜz= MIO= MIR= N= NM=

^ÇëçêÄÉêÉ@=
b_`q=
xãáåz=

P=ãÇK= O= SIS= SIS= NPIM_G= NVIR_G= O=ëíâK=^= SM=

P=ãÇK= R= RIO= TIU= TIU= NPIN= O=ëíâK=_G= QU=

P=ãÇK= NM= PIV= RIO= RIO= NNIU= O=ëíâK=_G= OQ=

P=ãÇK= OM= PIS= QIO= QIV= NNIR= P=ëíâK=_G= NU=

P=™ê= O= QIP= RIT= TIM= NQIO= O=ëíâK=`= NOM=

P=™ê= R= PIP= QIQ= RIT= NOIO_= O=ëíâK=`= QU=

P=™ê= NM= OIU= QIM= RIM_= NNIO_= O=ëíâK=`= OQ=

P=™ê= OM= OIU= PIT= QIT= NNIM= P=ëíâK=_= NU=

NM=™ê= O= PIS= QIR= RIR= NNIU= O=ëíâK=_= NOM=

NM=™ê= R= OIS= PIS= QIS= NMIV= O=ëíâK=_= QU=

NM=™ê= NM= OIQ= PIP= QIP= NMIS= O=ëíâK=_= OQ=

NM=™ê= OM= OIP= PIO= QIO= NMIR= P=ëíâK=_= NU=
@=Z= àÑK=í~ÄÉä=RKNK=
G=Z= Ä~ëÉêÉí=é™=äÉàÉ~Ñí~äÉK==

 

pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=RKP=Éê=ÇÉê=áåÇÉåÑçê=ÇÉ=çéëíáääÉÇÉ=ëÅÉå~êáÉê=ÄÉêÉÖåÉí=
ÉåÜÉÇëéêáëÉê=é™=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=é™=ãÉääÉã=OIP=çÖ=
NVIR=âêKLãPK=mêáëåáîÉ~ìÉí=äáÖÖÉê=á=ÖÉååÉãëåáí=Å~K=QRB=ìåÇÉê=åáîÉ~ìÉí=á=í~ÄÉä=
RKOK==
=
jÉÇá~åJéêáëÉê=Ñçê=ÇÉ=ÑáêÉ=ìåÇÉêë›ÖíÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉê=Éê=PIQX=QIPX=RIN=
çÖ=NNIS=âêKLãP=îÉÇ=áåÇä›ÄëâçåÅÉåíê~íáçåÉê=é™=ÜÜîK=MIOX=MIRX=N=çÖ=NM=ãÖ=
jq_bLi=ë~ãí=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÄÉåòÉåK=
=
RKOKP oÉåëåáåÖ=~Ñ=jq_bHÄÉåòÉå=îÉÇ=åÉÖ~íáî=ÉÑÑÉâí=~Ñ=ÄÉåòÉå=

oÉëìäí~íÉêåÉ=~Ñ=éêáëÄÉêÉÖåáåÖÉêåÉ=Ñçê=êÉåëåáåÖ=~Ñ=ÖêìåÇî~åÇ=ÑçêìêÉåÉí=ãÉÇ=
jq_b=çÖ=ÄÉåòÉåI=å™ê=ÇÉê=~åí~ÖÉë=Éå=åÉÖ~íáî=ÉÑÑÉâí=Ñê~=ÄÉåòÉå=é™=jq_bJ
â~é~ÅáíÉíÉåI=ëî~êÉåÇÉ=íáä=ÇÉåI=ÇÉê=Éê=Éê=âçåëí~íÉêÉí=á=äáííÉê~íìêëíìÇáÉê=EJPMB=á=
ëçêéíáçåëâ~é~ÅáíÉíI=àÑK=~Ñëåáí=QKNKQFI=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=RKQK=

 

Spænd i enhedspriser 

Medianpriser 



=

UQ=

q~ÄÉä=RKQW= _ÉêÉÖåÉÇÉ=ÉåÜÉÇëéêáëÉê=xâêKLãPz=îÉÇ=çåJëáíÉ=êÉåëåáåÖ=~Ñ=jq_bJ=çÖ=
ÄÉåòÉåJÑçêìêÉåÉí=ÖêìåÇî~åÇ=EîÉÇ=åÉÖ~íáî=ÉÑÑÉâí=~Ñ=ÄÉåòÉå=é™=jq_bJ
â~é~ÅáíÉíÉåFI=ë~ãí=ãÉëí=Ñ~îçê~ÄäÉ=~ÇëçêÄÉêâçåëíêìâíáçå=çÖ=ÜóÇê~ìäáëâ=
çéÜçäÇëíáÇ=Eb_`qF=Ñçê=ÇÉååÉK=e‹îÉÇÉ=ÄçÖëí~îÉê=îÉÇ=ÉåÜÉÇëéêáëÉå=áåÇáâÉêÉê=
ÉåâÉäíÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉê=ãÉÇ=~åÇÉå=Ñ~îçê~ÄÉä=~åä‹Öëâçåëíêìâíáçå=
ÉåÇ=ÇÉå=ÖÉåÉêÉääÉ=EÄçÖëí~î=áåÇáâÉêÉê=~ÇëçêÄÉêíóéÉFK=

fåÇä›ÄëâçåÅÉåíê~íáçå=xãÖLiz=
aêáÑíëíáÇ=

cäçï=
xãPLÜz= MIO= MIR= N= NM=

^ÇëçêÄÉêÉ@=
b_`q=
xãáåz=

P=ãÇK= O= NPIM= NVIR= NVIR= PVIO= O=ëíâK=_G= NOM=

P=ãÇK= R= NMIQ= NPIN= NRIT= PQIN= O=ëíâK=_G= QU=

P=ãÇK= NM= TIU= NMIR= NPIN= PNIR= O=ëíâK=_G= OQ=

P=ãÇK= OM= SIV= VIR= NOIU= PMIR= P=ëíâK=_G= NU=

P=™ê= O= UIV= NOIO= NRIR= PQIP_= O=ëíâK=`= NOM=

P=™ê= R= TIU= NMIQ= NPIP= PNIO= O=ëíâK=_= QU=

P=™ê= NM= SIV= VIR= NOIP= PMIP= O=ëíâK=_= OQ=

P=™ê= OM= SIS= VIO= NOIM= PMIM= P=ëíâK=_= NU=

NM=™ê= O= TIP= NMIM= NOIT= PMIU= O=ëíâK=_= NOM=

NM=™ê= R= SIQ= VIN= NNIV= OVIV= O=ëíâK=_= QU=

NM=™ê= NM= SIN= UIU= NNIS= OVIS= O=ëíâK=_= OQ=

NM=™ê= OM= SIM= UIT= NNIR= OVIR= P=ëíâK=_= NU=
@=Z= àÑK=í~ÄÉä=RKNK=
G=Z= Ä~ëÉêÉí=é™=äÉàÉ~Ñí~äÉK==

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=RKQ=Éê=ÇÉê=Ñçê=ÇÉ=çéëíáääÉÇÉ=ëÅÉå~êáÉêI=ìåÇÉê=
ÑçêìÇë‹íåáåÖ=~Ñ=Éå=åÉÖ~íáî=ÉÑÑÉâí=~Ñ=ÄÉåòÉå=é™=jq_bJâ~é~ÅáíÉíÉåI=ÄÉêÉÖåÉí=
ÉåÜÉÇëéêáëÉê=é™=ãÉääÉã=SIM=çÖ=PVIO=âêKLãPK=mêáëåáîÉ~ìÉí=äáÖÖÉê=á=ÖÉååÉãëåáí=
Å~K=PRB=çîÉê=åáîÉ~ìÉí=á=í~ÄÉä=RKOK==
=
jÉÇá~åJéêáëÉê=Ñçê=ÇÉ=ÑáêÉ=ìåÇÉêë›ÖíÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉê=Éê=TINX=VITX=NOIU=
çÖ=PMIS=âêKLãP=îÉÇ=áåÇä›ÄëâçåÅÉåíê~íáçåÉê=é™=ÜÜîK=MIOX=MIRX=N=çÖ=NM=ãÖ=
jq_bLi=ë~ãí=íáäëíÉÇÉî‹êÉäëÉ=~Ñ=ÄÉåòÉåK=
=
RKOKQ oÉåëåáåÖ=~Ñ=ÄÉåòÉåJÑçêìêÉåÉí=ÖêìåÇî~åÇ=

oÉëìäí~íÉêåÉ=~Ñ=éêáëÄÉêÉÖåáåÖÉêåÉ=Ñçê=êÉåëåáåÖ=~Ñ=ÖêìåÇî~åÇ=ÑçêìêÉåÉí=ãÉÇ=
ÄÉåòÉå=îÉÇ=Éå=áåÇä›ÄëâçåÅÉåíê~íáçå=é™=N=ãÖLi=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=RKRK=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

Spænd i enhedspriser 
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=

UR=

q~ÄÉä=RKRW= _ÉêÉÖåÉÇÉ=ÉåÜÉÇëéêáëÉê=xâêKLãPz=îÉÇ=êÉåëåáåÖ=~Ñ=ÄÉåòÉåJÑçêìêÉåÉí=
ÖêìåÇî~åÇI=ë~ãí=ãÉëí=Ñ~îçê~ÄäÉ=~ÇëçêÄÉêâçåëíêìâíáçå=çÖ=ÜóÇê~ìäáëâ=
çéÜçäÇëíáÇ=Eb_`qF=Ñçê=ÇÉååÉK=

aêáÑíëíáÇ=
cäçï=
xãPLÜz=

mêáë=îÉÇ=N=ãÖLi= ^ÇëçêÄÉêÉ@=
b_`q=
xãáåz=

P=ãÇK= O= PIP= N=ëíâK=^= PM=

P=ãÇK= R= OIS= O=ëíâK=^= OQ=

P=ãÇK= NM= NIP= P=ëíâK=^= NU=

P=ãÇK= OM= NIP= S=ëíâK=^= NU=

P=™ê= O= NIS= O=ëíâK=^= SM=

P=™ê= R= NIP= O=ëíâK=^= OQ=

P=™ê= NM= NIN= O=ëíâK=`= OQ=

P=™ê= OM= NIM= P=ëíâK=`= NU=

NM=™ê= O= NIP= O=ëíâK=^= SM=

NM=™ê= R= NIO= O=ëíâK=_= QU=

NM=™ê= NM= MIV= O=ëíâK=_= OQ=

NM=™ê= OM= MIV= P=ëíâK=_= NU=

@=Z= àÑK=í~ÄÉä=RKNK=

=
pçã=ÇÉí=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=RKR=Éê=ÇÉê=Ñçê=ÇÉ=çéëíáääÉÇÉ=ëÅÉå~êáÉê=çÖ=êÉåëåáåÖ=~Ñ=
ÄÉåòÉå=îÉÇ=Éå=áåÇä›ÄëâçåÅÉåíê~íáçå=é™=N=ãÖLiI=ÄÉêÉÖåÉí=ÉåÜÉÇëéêáëÉê=é™=
ãÉääÉã=MIV=çÖ=PIP=âêKLãPK=jÉÇá~åJéêáëÉå=îÉÇ=N=ãÖLi=Éê=Å~K=NIP=âêKLãPK=
=
eîáë=éêáëåáîÉ~ìÉí=Ñçê=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=îÉÇ=Éå=
áåÇä›ÄëâçåÅÉåíê~íáçå=é™=N=ãÖLi=EàÑK=í~ÄÉä=RKOF=ë~ããÉåäáÖåÉë=ãÉÇ=ÇÉ=
ÄÉêÉÖåÉÇÉ=ÉåÜÉÇëéêáëÉê=Ñçê=ÄÉåòÉåI=â~å=ÇÉí=âçåâäìÇÉêÉëI=~í=éêáëÉå=á=ëåáí=Éê=Å~K=
TIP=Ö~åÖÉ=Ü›àÉêÉ=Ñçê=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=ÉåÇ=Ñçê=
êÉåëåáåÖ=~Ñ=ÄÉåòÉåJÑçêìêÉåÉí=ÖêìåÇî~åÇK=
=

RKP p~ããÉåÑ~íåáåÖ=

aÉê=Éê=çéëíáääÉí=á=~äí=NO=ÑçêëâÉääáÖÉ=ÄÉêÉÖåáåÖëã‹ëëáÖÉ=ëÅÉå~êáÉêI=ÜîçêìåÇÉê=ÇÉê=
Éê=ÄÉêÉÖåÉí=ÉåÜÉÇëéêáëÉê=EâêKLãPF=Ñçê=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=
ÖêìåÇî~åÇI=ë~ãí=ÖêìåÇî~åÇ=ÑçêìêÉåÉí=ãÉÇ=jq_b=çÖ=ÄÉåòÉåK=pÅÉå~êáÉêåÉ=
ëé‹åÇÉê=á=ÇêáÑíëã‹ëëáÖ=ÜÉåëÉÉåÇÉ=ãÉääÉã=ÇêáÑíëíáÇÉê=é™=P=ã™åÉÇÉê=çÖ=NM=™êI=
Ñäçï=ãÉääÉã=O=çÖ=OM=ãPLÜ=çÖ=áåÇä›ÄëâçåÅÉåíê~íáçåÉê=é™=ãÉääÉã=MIO=çÖ=NM=
ãÖLiK==
=
aÉí=Éê=ÑçêìÇë~íI=~í=êÉåëåáåÖëÄÉÜçîÉí=çéëí™ê=á=ÑçêÄáåÇÉäëÉ=ãÉÇ=Éå=
ÖêìåÇî~åÇëë‹åâåáåÖ=ÉääÉê=ãÉÇ=~Ñî‹êÖÉéìãéåáåÖ=çÖI=~í=ìÇä›ÄëåáîÉ~ìÉí=ëâ~ä=
çîÉêÜçäÇÉ=Éå=âê~îî‹êÇá=é™=R=µÖLiI=ëî~êÉåÇÉ=íáä=jáäà›ëíóêÉäëÉåë=
ÇêáââÉî~åÇëâî~äáíÉíëâêáíÉêáìãK=aÉí=Éê=ÉåÇîáÇÉêÉ=ÑçêìÇë~íI=~í=ÇÉê=ÄÉåóííÉë=
íáäÖ‹åÖÉäáÖÉ=ëí~åÇ~êÇ~åä‹Ö=îÉÇ=çéëíáääáåÖ=~Ñ=ÑáäíÉêä›ëåáåÖÉåK==
=
aÉ=ÄÉêÉÖåÉÇÉ=ÉåÜÉÇëéêáëÉê=áåâäìÇÉêÉê=çãâçëíåáåÖÉê=íáä=~åëâ~ÑÑÉäëÉ=çÖ=
çéëíáääáåÖ=~Ñ=~ÇëçêÄÉêÉI=~âíáîJâìä=ÑçêÄêìÖI=ÇêáÑíI=îÉÇäáÖÉÜçäÇ=çÖ=ãçåáíÉêáåÖ=
ë~ãí=Äçêíëâ~ÑÑÉäëÉ=~Ñ=ìÇíàÉåíÉ=âìäK=aÉê=Éê=áââÉ=áåÇêÉÖåÉí=ÉîÉåíìÉääÉ=
çãâçëíåáåÖÉê=íáä=ÑçêÑáäíêÉêáåÖ=~Ñ=ÇÉí=çééìãéÉÇÉ=ÖêìåÇî~åÇK=
=
aÉí=Éê=áåÇäÉÇåáåÖëîáëí=âçåëí~íÉêÉíI=~í=ÇêáÑíëçãâçëíåáåÖÉêåÉ=~äÉåÉ=íáä=~âíáîJâìä=
ìÇÖ›ê=çé=ãçÇ=SMJURB=~Ñ=ÇÉå=ë~ãäÉÇÉ=ÉåÜÉÇëéêáëK=a~=ÉåâÉäí~ÇëçêÄÉêÉ=Ü~ê=Éí=
~åëä™Éí=âìäÑçêÄêìÖI=ÇÉê=Éê=Å~K=P=Ö~åÖÉ=ëí›êêÉ=ÉåÇ=îÉÇ=ÑìäÇ=ìÇåóííÉäëÉ=~Ñ=
â~é~ÅáíÉíÉå=á=ÇÉ=~âíáîÉ=âìä=EàÑK=âçäçååÉÑçêë›ÖÉåÉFI=ÑKÉâëK=îÉÇ=ÄÉåóííÉäëÉ=~Ñ=íç=
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=

US=

~ÇëçêÄÉêÉ=á=ëÉêáÉI=îìêÇÉêÉë=ÇÉí=ÖÉåÉêÉäí=áââÉ=~í=âìååÉ=ÄÉí~äÉ=ëáÖ=~í=ëé~êÉ=
~åä‹ÖëçãâçëíåáåÖÉê=íáä=ÇÉí=~åÇÉí=~ÇëçêÄÉêíêáå=îÉÇ=~í=ìÇÑ›êÉ=ÜóééáÖÉêÉ=
âìäëâáÑíK=
=
sÉÇ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=Éê=ÇÉê=Ñçê=ÇÉ=çéëíáääÉÇÉ=ëÅÉå~êáÉê=
ÄÉêÉÖåÉí=ÉåÜÉÇëéêáëÉê=é™=ãÉääÉã=QIP=çÖ=POIS=âêKLãPK=aÉ=ä~îÉëíÉ=éêáëÉê=Éê=
çéå™Éí=îÉÇ=ÑçêÜçäÇëîáëí=Ü›àÉ=Ñäçï=çÖ=ä~îÉ=âçåÅÉåíê~íáçåÉê=ë~ãí=ä~åÖÉ=
ÇêáÑíëéÉêáçÇÉêK=
=
aÉê=Éê=ìÇÑ›êí=ÄÉêÉÖåáåÖÉê=~Ñ=ÉåÜÉÇëéêáëÉê=îÉÇ=êÉåëåáåÖ=~Ñ=jq_bJ=çÖ=ÄÉåòÉåJ
ÑçêìêÉåÉí=ÖêìåÇî~åÇI=ìåÇÉê=~åí~ÖÉäëÉ=~Ñ=Éå=éçëáíáî=ÉÑÑÉâí=~Ñ=ÄÉåòÉåë=
íáäëíÉÇÉî‹êÉäëÉ=é™=jq_bJâ~é~ÅáíÉíÉåK=aáëëÉ=ÄÉêÉÖåáåÖÉê=í~ÖÉê=ìÇÖ~åÖëéìåâí=
á=êÉëìäí~íÉêåÉ=çéå™Éí=á=ÇÉ=ìÇÑ›êíÉ=âçäçååÉÑçêë›ÖI=àÑK=~Ñëåáí=QKPKNK=råÇÉê=ÇáëëÉ=
ÑçêìÇë‹íåáåÖÉê=Éê=ÇÉêI=Ñçê=ÇÉ=çéëíáääÉÇÉ=ëÅÉå~êáÉêI=ÄÉêÉÖåÉí=ÉåÜÉÇëéêáëÉê=é™=
ãÉääÉã=OIP=çÖ=NVIR=âêKLãPK=mêáëåáîÉ~ìÉí=äáÖÖÉê=á=ÖÉååÉãëåáí=Å~K=QRB=ìåÇÉê=
åáîÉ~ìÉí=Ñçê=êÉåëåáåÖ=~Ñ=ÖêìåÇî~åÇI=ÇÉê=âìå=Éê=ÑçêìêÉåÉí=ãÉÇ=jq_bK=
=
aÉê=Éê=äáÖÉäÉÇÉë=ìÇÑ›êí=ÄÉêÉÖåáåÖÉê=~Ñ=ÉåÜÉÇëéêáëÉê=îÉÇ=êÉåëåáåÖ=~Ñ=jq_bJ=
çÖ=ÄÉåòÉåJÑçêìêÉåÉí=ÖêìåÇî~åÇI=ìåÇÉê=~åí~ÖÉäëÉ=~Ñ=Éå=åÉÖ~íáî=ÉÑÑÉâí=~Ñ=
ÄÉåòÉåë=íáäëíÉÇÉî‹êÉäëÉ=é™=jq_bJâ~é~ÅáíÉíÉåK=aáëëÉ=ÄÉêÉÖåáåÖÉê=í~ÖÉê=
ìÇÖ~åÖëéìåâí=á=êÉëìäí~íÉêåÉ=çéå™Éí=á=âçäçååÉÑçêë›ÖÉåÉ=~Ñê~ééçêíÉêÉí=~Ñ=
EktofI=OMMNFI=àÑK=~Ñëåáí=QKNKQK=råÇÉê=ÇáëëÉ=ÑçêìÇë‹íåáåÖÉê=Éê=ÇÉêI=Ñçê=ÇÉ=
çéëíáääÉÇÉ=ëÅÉå~êáÉêI=ÄÉêÉÖåÉí=ÉåÜÉÇëéêáëÉê=é™=ãÉääÉã=SIM=çÖ=PVIO=âêKLãPK=
mêáëåáîÉ~ìÉí=äáÖÖÉê=á=ÖÉååÉãëåáí=Å~K=PRB=çîÉê=åáîÉ~ìÉí=Ñçê=êÉåëåáåÖ=~Ñ=
ÖêìåÇî~åÇI=ÇÉê=âìå=Éê=ÑçêìêÉåÉí=ãÉÇ=jq_bK=
=
päìííÉäáÖí=Éê=ÇÉê=ìÇÑ›êí=ÄÉêÉÖåáåÖÉê=~Ñ=ÉåÜÉÇëéêáëÉê=é™=êÉåëåáåÖ=~Ñ=ÄÉåòÉåJ
ÑçêìêÉåÉí=ÖêìåÇî~åÇ=EîÉÇ=Éå=âçåÅÉåíê~íáçå=é™=N=ãÖLiFK=aáëëÉ=ÄÉêÉÖåáåÖÉê=
í~ÖÉê=ìÇÖ~åÖëéìåâí=áI=~í=cêÉìåÇäáÅÜJâçåëí~åíÉå=Eh

c
F=Ñçê=ÄÉåòÉå=á=äáííÉê~íìêÉå=

íóéáëâ=~åÑ›êÉë=~í=î‹êÉ=Å~K=Éå=Ñ~âíçê=NM=ëí›êêÉ=Ñçê=ÄÉåòÉå=ÉåÇ=Ñçê=jq_bK=aÉííÉ=
ëî~êÉê=íáäI=~í=ëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=ÄÉåòÉå=íáäëî~êÉåÇÉ=Éê=Éå=Ñ~âíçê=Å~K=NM=
ëí›êêÉ=ÉåÇ=jq_bJâ~é~ÅáíÉíÉå=EÄÉÖÖÉ=îÉÇ=N=ãÖLiFK=råÇÉê=ÇáëëÉ=
ÑçêìÇë‹íåáåÖÉê=Éê=ÇÉê=ÄÉêÉÖåÉí=ÉåÜÉÇëéêáëÉê=EÑçê=ÄÉåòÉåF=é™=ãÉääÉã=MIV=çÖ=
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NK mìäîÉêáë¨ê=Éå=êÉéê‹ëÉåí~íáî=éê›îÉ=~Ñ=~âíáîJâìäI=ë™äÉÇÉë=~í=VRB=â~å=

é~ëëÉêÉ=Éå=QR=µã=ëáÖíÉK==

OK rÇí~Ö=Éå=êÉéê‹ëÉåí~íáî=éê›îÉ=~Ñ=ÇÉå=î‹ëâÉ=Üîçêá=âìääÉåÉ=ëâ~ä=íÉëíÉëK=

rÇÑ›ê=çã=å›ÇîÉåÇáÖí=Éå=éeJàìëíÉêáåÖ=~Ñ=î‹ëâÉåK=pìëéÉåÇÉêÉí=

ã~íÉêá~äÉ=á=íÉëíJî‹ëâÉå=ÑàÉêåÉë=îÉÇ=ÑáäíêÉêáåÖK=

PK léëíáä=Éå=ê‹ââÉ=íÉëíÑä~ëâÉê=ãÉÇ=ÑçêëâÉääáÖÉ=~ÑîÉàÉÇÉ=ã‹åÖÇÉê=~âíáîJâìä=

çÖ=íáäë‹í=Éå=âÉåÇí=ã‹åÖÇÉ=íÉëíJî‹ëâÉ=áåÇÉÜçäÇÉåÇÉ=

ÑçêìêÉåáåÖëâçãéçåÉåíÉå=íáä=ÜîÉê=Ñä~ëâÉI=àÑK=ÑáÖìê=_KNK=

QK aÉê=çéëíáääÉë=Éå=Ñä~ëâÉI=ÇÉê=ÄÉÜ~åÇäÉë=é™=ë~ããÉ=ã™ÇÉ=ëçã=ÇÉ=›îêáÖÉI=

ãÉå=Üîçê=ÇÉê=áââÉ=Éê=íáäë~í=~âíáîJâìäK=

RK cä~ëâÉêåÉ=ë‹ííÉë=é™=Éí=êóëíÉÄçêÇ=îÉÇ=âçåëí~åí=íÉãéÉê~íìêK=eîáë=ÇÉê=Éê=

í~äÉ=çã=ÑäóÖíáÖÉ=ÑçêìêÉåáåÖëâçãéçåÉåíÉê=Ä›ê=ÇÉê=í~ÖÉë=ëéÉÅáÉäí=

ÜÉåëóå=ìåÇÉê=éê›îÉÜ™åÇíÉêáåÖÉå=Ñçê=~í=ÑçêÜáåÇêÉ=í~Ä=~Ñ=

âçãéçåÉåíÉêåÉK=

SK oóëíLçãê›ê=Ää~åÇáåÖÉå=á=ãáåáãìã=ÑáêÉ=íáãÉêI=ãÉå=ÜÉäëí=å~ííÉå=çîÉêX=á=

åçÖäÉ=íáäÑ‹äÇÉ=â~å=äáÖÉî‹ÖíëíáÇÉå=çîÉêëíáÖÉ=OQ=íáãÉêK==

TK bÑíÉê=çéå™ÉäëÉ=~Ñ=äáÖÉî‹Öí=ã™äÉë=âçåÅÉåíê~íáçåÉå=á=î‹ëâÉÑ~ëÉå=çÖ=ÇÉå=

~ÇëçêÄÉêÉÇÉ=ã‹åÖÇÉ=ÑçêìêÉåáåÖëâçãéçåÉåí=ÄÉëíÉããÉë=çÖ=ë‹ííÉë=á=

ÑçêÜçäÇ=íáä=ÇÉå=íáäë~ííÉ=ã‹åÖÇÉ=~âíáîJâìä=Eëçêéíáçåëâ~é~ÅáíÉíÉåFK=

UK aÉê=éäçííÉë=ë~ããÉåÜ›êÉåÇÉ=î‹êÇáÉê=~Ñ=ëçêéíáçåëâ~é~ÅáíÉí=çÖ=

î‹ëâÉÑ~ëÉ=äáÖÉî‹ÖíëâçåÅÉåíê~íáçåK=

=

=

=

=

=

=

=

=

=

=

cáÖìê=_KNW=pâÉã~íáëâ=áääìëíê~íáçå=~Ñ=Ñçêë›ÖëéêçÅÉÇìêÉK=

=

_äáåÇ= ^= _= `= u=



=

VQ=

_KO====oÉÑÉêÉåÅÉáëçíÉêã=EáåíÉêå=ã™äáåÖ=~Ñ=jq_bF=

jÉÇ=ìÇÖ~åÖëéìåâí=á=ÄÉëâêáîÉäëÉå=~Ñ=ÇÉå=ÖÉåÉêÉääÉ=Ñçêë›ÖëéêçÅÉÇìêÉ=íáä=

ÑêÉãëíáääáåÖ=~Ñ=ëçêéíáçåëáëçíÉêãÉê=Ñçê=~âíáîJâìäI=ëçã=Éê=~åÖáîÉí=á=Ñçê~åëí™ÉåÇÉ=

~ÑëåáíI=ÖáîÉë=á=ÇÉííÉ=~Ñëåáí=Éå=ÄÉëâêáîÉäëÉ=~Ñ=ÇÉå=Ñçêë›ÖëéêçÅÉÇìêÉI=ÇÉê=Éê=

ÄÉåóííÉí=íáä=ÑêÉãëíáääáåÖÉå=~Ñ=êÉÑÉêÉåÅÉáëçíÉêãÉåK=^ÑîáÖÉäëÉê=Ñê~=

éêçÅÉÇìêÉÄÉëâêáîÉäëÉå=á=Äáä~Ö=_KN=Éê=åçíÉêÉí=çÖ=âçããÉåíÉêÉíK==

=

cçêë›ÖëéêçÅÉÇìêÉå=ÇÉê=á=ÇÉííÉ=Äáä~Ö=Éê=ÄÉëâêÉîÉí=Ñçê=êÉÑÉêÉåÅÉáëçíÉêãÉå=Éê=

ÄÉåóííÉí=ëçã=ìÇÖ~åÖëéìåâí=îÉÇ=~ääÉ=›îêáÖÉ=Ñçêë›ÖK=hìå=~ÑîáÖÉäëÉê=Ñê~=ÇÉå=ÜÉê=

ÄÉëâêÉîåÉ=éêçÅÉÇìêÉ=ë~ãí=ëéÉÅáÉääÉ=ÑçêÜçäÇ=çãâêáåÖ=Ñçêë›ÖÉåÉë=ìÇÑ›êÉäëÉ=Éê=

~åÑ›êí=á=ÇÉ=Ñ›äÖÉåÇÉ=éêçÅÉÇìêÉÄÉëâêáîÉäëÉê=Ñçê=ÇÉ=ìÇÑ›êíÉ=Ñçêë›ÖK=

=

oÉÑÉêÉåÅÉáëçíÉêãÉå=Éê=ÄÉëíÉãí=é™=áåí~âíÉ=Öê~åìäÉêÉÇÉ=~âíáîJâìä=Ñçê=ÄÉÇëí=

ãìäáÖí=~í=ëáãìäÉêÉ=ÇÉå=Ñ~âíáëâÉ=~åîÉåÇÉäëÉ=~Ñ=âìääÉåÉ=á=Éí=çåJëáíÉ=ÑáäíÉêK==

=

qáä=Ñçêë›ÖÉåÉ=Éê=ÇÉê=ÄÉåóííÉí=^~äÄçêÖ=Ü~åÉî~åÇ=Ñçê=á=åçÖÉå=Öê~Ç=~í=ëáãìäÉêÉ=

ÇÉå=Ñ~âíáëâÉ=ë~ããÉåë‹íåáåÖ=~Ñ=EÉå=ãìäáÖ=íóéÉ=~ÑF=Ç~åëâ=ÖêìåÇî~åÇ=ë~ãí=~Ñ=

éê~âíáëâÉ=ÜÉåëóåK=aÉê=Éê=ÑçêÉí~ÖÉí=âÉãáëâÉ=~å~äóëÉê=~Ñ=î~åÇÉíë=

ë~ããÉåë‹íåáåÖ=çÖ=ÇÉå=~åîÉåÇíÉ=î~åÇíóéÉ=â~å=ÉÑíÉê=Ç~åëâÉ=ÑçêÜçäÇ=

â~ê~âíÉêáëÉêÉë=ëçã=ìåÖí=çñáÇÉêÉíI=åáíê~íé™îáêâÉí=ÖêìåÇî~åÇ=çÖ=â~å=ÄÉíê~ÖíÉë=

ëçã=êÉéê‹ëÉåí~íáî=Ñçê=î~åÇíóéÉå=á=áââÉJÑçêìêÉåáåÖëé™îáêâÉÇÉ=â~äâã~Ö~ëáåÉêI=

àÑK=~å~äóëÉê~ééçêíÉå=îÉÇä~Öí=á=Äáä~Ö=^K=

=

aÉê=Éê=íáä=áëçíÉêãÑçêë›ÖÉí=çéëíáääÉí=Éå=ê‹ââÉ=NOM=ãi=ëÉêìãÑä~ëâÉêI=íáäë~í=

~ÑîÉàÉÇÉ=ã‹åÖÇÉê=~Ñ=cáäíê~ëçêÄ
∆

=QMM=EÅ~K=O=ÖFK=eîÉê=Ñä~ëâÉ=Éê=íáäë~í=SM=ãi=

^~äÄçêÖ=Ü~åÉî~åÇI=ÜîçêÉÑíÉê=Ñä~ëâÉêåÉ=Éê=äìââÉí=ãÉÇ=í‹íëäìííÉåÇÉ=

ÖìããáéêçééÉêK=bÑíÉêÑ›äÖÉåÇÉ=Éê=Ñä~ëâÉêåÉ=ÜÉåëíáääÉí=é™=Éí=êóëíÉÄçêÇ=á=Å~K=QU=

íáãÉê=Ñçê=~í=ëáâêÉ=Éå=ÑìäÇëí‹åÇáÖ=î™ÇíåáåÖ=~Ñ=ã~íÉêá~äÉíI=ÇîëK=ÑìäÇëí‹åÇáÖ=

âçåí~âí=ãÉääÉã=çéä›ëåáåÖ=çÖ=ëçêéíáçåëã~íÉêá~äÉK=dóëÉäáåÅâ=ENVVRF=~åÖáîÉêI=~í=

ÇÉê=Ñçê=~âíáîJâìä=çéå™ë=NMMB=î™ÇíåáåÖ=ÉÑíÉê=Å~K=QU=íáãÉê=îÉÇ=ëíìÉíÉãéÉê~íìêK=

=

bÑíÉê=î™ÇíåáåÖ=Éê=ÇÉê=á=ÜîÉê=ëÉêìãÑä~ëâÉ=áåàáÅÉêÉí=Éå=âÉåÇí=ã‹åÖÇÉ=jq_bI=

ë™äÉÇÉë=~í=ÇÉê=Ñçê=ê‹ââÉå=~Ñ=ëÉêìãÑä~ëâÉê=çéå™ë=ÑçêëâÉääáÖÉ=ÑçêÜçäÇ=ãÉääÉã=

ã~ëëÉå=~Ñ=~âíáîJâìä=çÖ=ÇÉå=íáäë~ííÉ=ã~ëëÉ=~Ñ=jq_bK=cä~ëâÉêåÉ=Éê=ÜÉåëíáääÉí=é™=

êóëíÉÄçêÇ=íáä=çéå™ÉäëÉ=~Ñ=äáÖÉî‹ÖíK=m™=Ä~ÖÖêìåÇ=~Ñ=êÉëìäí~íÉêåÉ=Ñçê=ÇÉ=ìÇÑ›êíÉ=

âáåÉíáâÑçêë›ÖI=àÑK=Äáä~Ö=`I=Éê=áëçíÉêãÑçêë›ÖÉåÉ=ìÇÑ›êí=ãÉÇ=OQ=íáãÉêë=

âçåí~âííáÇK=

=

aÉê=Éê=ìÇÑ›êí=é~ê~ääÉääÉ=ÄäáåÇíÉëí=ìÇÉå=íáäë‹íåáåÖ=~Ñ=ëçêéíáçåëã~íÉêá~äÉ=íáä=

ÇçâìãÉåí~íáçå=~ÑI=~í=ÇÉê=áââÉ=Éê=ëâÉí=Éå=ÄáçäçÖáëâ=ÉääÉê=~Äáçíáëâ=ÑàÉêåÉäëÉ=~Ñ=

jq_b=Ñê~=ëÉêìãÑä~ëâÉêåÉK=_äáåÇéê›îÉêåÉ=Éê=ÄÉÜ~åÇäÉí=ëçã=ÇÉ=›îêáÖÉ=éê›îÉêK=

=

cçêë›ÖÉí=Éê=ìÇÑ›êí=îÉÇ=Éå=íÉãéÉê~íìê=é™=OM=Ó=OPø`I=ëî~êÉåÇÉ=íáä=

íÉãéÉê~íìêÉå=á=ÇÉí=~åîÉåÇíÉ=ä~Äçê~íçêáìãK=

=

bÑíÉê=ÇÉå=ÄÉåóííÉÇÉ=âçåí~âííáÇ=Éê=î‹ëâÉÑ~ëÉâçåÅÉåíê~íáçåÉå=~Ñ=jq_b=

ÄÉëíÉãí=îÜ~K=ÜÉ~ÇJëé~ÅÉ=~å~äóëÉ=çÖ=ëçêéíáçåëâ~é~ÅáíÉíÉå=Éê=ÄÉëíÉãí=ìÇÑê~=Éå=

ã~ëëÉÄ~ä~åÅÉ=çéëíáääÉí=çîÉê=ÇÉ=íêÉ=Ñ~ëÉê=á=ÜîÉê=ëÉêìãÑä~ëâÉ=EÑ~ëíëíçÑI=î~åÇ=çÖ=

äìÑíFK=_ÉêÉÖåáåÖëãÉíçÇÉå=îÉÇ=ÄÉëíÉããÉäëÉå=~Ñ=ëçêéíáçåëâ~é~ÅáíÉíÉå=Éê=

ÖÉååÉãÖ™Éí=á=Äáä~Ö=aK=

=

qáä=ÜÉ~ÇJëé~ÅÉ=~å~äóëÉêåÉ=Éê=ÇÉê=ÄÉåóííÉí=Éå=Ö~ëÅÜêçã~íçÖê~Ñ=~Ñ=ã‹êâÉí=

m~Åâ~êÇ=d`=ãçÇÉä=QPUp=`Üêçãçé~Åâ=ãÉÇ=d`Jcfa=ÇÉíÉâíçêK=aÉê=Éê=

Basisprocedure 

Intakte aktiv-kul 

Hanevand 

Vådtning 

MTBE-tilsætning og 

henstilling på rystebord 

Blindtest 

Temperatur 

Måling og 

kapacitetsbestemmelse 

Analyseudstyr 



=

VR=

ÄÉåóííÉí=Éå=PM=ãÉíÉê=ëáäáÅ~JâçäçååÉ=EMIRP=ãã=áKÇKFI=~Ñ=ã‹êâÉí=t`lq=cìëÉÇ=

páäáÅ~I=ãÉÇ=Éå=R=ãÉíÉê=ÑçêâçäçååÉK=aÉê=Éê=â›êí=ãÉÇ=Éå=âçäçååÉíÉãéÉê~íìê=é™=

SMø`=çÖ=Éå=ÇÉíÉâíçêíÉãéÉê~íìê=é™=ORMø`K=

=

aÉíÉâíáçåëÖê‹åëÉå=îÉÇ=ÇÉå=ÄÉåóííÉÇÉ=ÜÉ~ÇJëé~ÅÉ=~å~äóëÉ=Éê=Å~K=MIO=Ó=MIP=ãÖ=

jq_bLiK=

=

_KP====qÉãéÉê~íìê=

qáä=ë~ããÉåäáÖåáåÖ=ãÉÇ=êÉÑÉêÉåÅÉáëçíÉêãÉå=Éê=ÇÉê=Ñçê=~í=~Ñâä~êÉ=

íÉãéÉê~íìêÉåë=ÄÉíóÇåáåÖ=Ñçê=jq_bJëçêéíáçåëâ~é~ÅáíÉíÉå=Ñçê=cáäíê~ëçêÄ
∆

=QMM=

ìÇÑ›êí=áëçíÉêãÑçêë›Ö=îÉÇ=NM=çÖ=PMø`K==

=

cçêë›ÖÉåÉ=Éê=ìÇÑ›êí=îÉÇ=âçåëí~åí=íÉãéÉê~íìê=á=âäáã~ëâ~ÄI=çÖ=ÇÉê=Éê=á=ÑçêÜçäÇ=

íáä=ÄÉêÉÖåáåÖÉå=~Ñ=ëçêéíáçåëâ~é~ÅáíÉíÉå=ìÇÑê~=ã™äÉÇ~í~I=àÑK=Äáä~Ö=aI=ÑêÉãëíáääÉí=

ëí~åÇ~êÇâìêîÉê=îÉÇ=ÜÜîK=NM=çÖ=PMø`K==

=

sÉÇ=ÑêÉãëíáääáåÖ=~Ñ=ëí~åÇ~êÇâìêîÉê=çÖ=íçäâåáåÖ=~Ñ=êÉëìäí~íÉêåÉ=Éê=ÇÉê=îÉÇ=ÜÜîK=

NM=çÖ=PMø`=ÄÉåóííÉí=h
e
Jî‹êÇáÉê=Ñçê=jq_b=é™=MIMNS=xgçÜ~åëÉå=Éí=~äKI=OMMNz=

çÖ=MIMQU=xoçÄÄáåë=Éí=~äKI=NVVPzK=

=

_KQ====dê~åìäÉêÉí=îëK=âåìëí=âìä=

qáä=ë~ããÉåäáÖåáåÖ=ãÉÇ=êÉÑÉêÉåÅÉáëçíÉêãÉå=Éê=ÇÉê=Ñçê=~í=~Ñâä~êÉ=ÇÉå=

ÉîÉåíìÉääÉ=ÄÉíóÇåáåÖ=~Ñ=çã=ëçêéíáçåëáëçíÉêãÉå=Éê=ìÇÑ›êí=é™=áåí~âíÉI=

Öê~åìäÉêÉÇÉ=âìä=ÉääÉê=âåìëíÉ=âìäI=Éê=ÇÉê=ìÇÑ›êí=áëçíÉêãÑçêë›Ö=Ñçê=âåìëí=âìäK=

=

håìëåáåÖÉå=~Ñ=ÇÉ=~âíáîÉ=âìä=ÄÉåóííÉí=íáä=Ñçêë›ÖÉí=Éê=ÑçêÉí~ÖÉí=çîÉê=Q=íáãÉê=á=Éå=

ãÉâ~åáëâ=âìÖäÉã›ääÉI=ëî~êÉåÇÉ=íáä=~í=ÇÉê=îáëìÉäí=Éê=çéå™Éí=Éå=íçí~ä=

éìäîÉêáëÉêáåÖ=~Ñ=âìääÉåÉK=

=

_KR====aÉëçêéíáçå=

aÉê=Éê=ìÇÑ›êí=Ñçêë›Ö=ãÉÇ=ÇÉëçêéíáçå=Ñçê=~í=ìåÇÉêë›ÖÉ=á=Üîçê=ëíçê=Öê~Ç=

cáäíê~ëçêÄ
∆

=QMM=Ü~ê=íÉåÇÉåë=íáä=~í=ÑêáÖáîÉ=~ääÉêÉÇÉ=~ÇëçêÄÉêÉí=jq_b=íáä=

î‹ëâÉëíê›ããÉå=îÉÇ=Éí=ÉîÉåíìÉäí=Ñ~äÇ=ÉääÉê=ÑäìâíìÉêÉåÇÉ=âçåÅÉåíê~íáçåÉêK=

cçêë›ÖÉí=Éê=ìÇÑ›êí=îÉÇ=íêÉ=ÑçêëâÉääáÖÉ=âçåÅÉåíê~íáçåëåáîÉ~ìÉêI=ëî~êÉåÇÉ=íáä=ÇÉ=

åáîÉ~ìÉêI=Üîçêé™=ÇÉê=äáÖÉäÉÇÉë=Éê=ÄÉëíÉãí=~ÇëçêéíáçåëâáåÉíáâI=àÑK=Äáä~Ö=`K=

=

aÉê=Éê=áåÇäÉÇåáåÖëîáëí=ìÇÑ›êí=Éí=~ÇëçêéíáçåëÑçêë›Ö=Ñçê=ÜîÉêí=~Ñ=ÇÉ=íêÉ=

âçåÅÉåíê~íáçåëåáîÉ~ìÉêI=ëî~êÉåÇÉ=íáä=~í=~ÇëçêéíáçåÉå=Éê=Ñçêä›ÄÉí=çîÉê=OQ=

íáãÉêK=bÑíÉêÑ›äÖÉåÇÉ=Éê=ÇÉê=ìÇÑ›êí=Éå=ê‹ââÉ=ÇÉëçêéíáçåëíêáåI=Üîçê=ÇÉêI=ÉÑíÉê=

ëÉÇáãÉåí~íáçåI=Éê=ìÇí~ÖÉí=TMB=~Ñ=î~åÇÑ~ëÉåI=áåÅäK=çéä›ëí=jq_bK=aÉí=Éê=

ëáâêÉíI=~í=ÇÉê=áââÉ=Éê=âìäëî‹î=á=ÇÉí=ÑàÉêåÉÇÉ=î~åÇK=aÉí=ìÇí~ÖåÉ=î~åÇîçäìãÉå=

Éê=Éêëí~ííÉí=~Ñ=Éí=íáäëî~êÉåÇÉ=îçäìãÉå=êÉåí=^~äÄçêÖ=Ü~åÉî~åÇI=çÖ=jq_bJ

âçåÅÉåíê~íáçåÉå=Éê=ã™äí=ÉÑíÉê=çéå™ÉäëÉ=~Ñ=äáÖÉî‹ÖíK=

=

aÉê=Éê=ÑçêÉí~ÖÉí=î~åÇìÇëâáÑíåáåÖ=á=~äí=ÑÉã=Ö~åÖÉI=ëî~êÉåÇÉ=íáä=~í=ÇÉê=çéå™ë=

ÑÉã=éìåâíÉê=é™=ÇÉëçêéíáçåëáëçíÉêãÉå=îÉÇ=ÜîÉêí=âçåÅÉåíê~íáçåëåáîÉ~ìK=

=

`ÜêáëíÉåëÉå=Éí=~äK=EOMMNF=âçåëí~íÉêÉÇÉI=~í=ÇÉê=î~ê=çéå™Éí=äáÖÉî‹Öí=ÉÑíÉê=Å~K=O=

íáãÉêI=ÜîçêÑçê=ÜîÉêí=ÇÉëçêéíáçåëíêáå=Éê=ìÇÑ›êí=îÉÇ=Éå=äáÖÉî‹ÖíëíáÇ=é™=O=íáãÉêK=

=

Detektionsgrænse 

Forsøg ved 10 og 30°C 

Klimaskab 

KH ved 10 og 30°C 

Knuste kul 

Knusning 

Udskiftning af vandfase 

5 desorptionstrin 

Kontakttid 



=

VS=

_KS====oÉÑÉêÉåÅÉáëçíÉêã=EÉâëíÉêå=ã™äáåÖ=~Ñ=jq_bF=

cçêë›ÖÉí=Éê=ìÇÑ›êí=ëçã=~åÑ›êí=á=Äáä~Ö=_KO=ãÜíK=ÄÉåóííÉäëÉ=~Ñ=áåí~âíÉ=âìä=çÖ=

^~äÄçêÖ=Ü~åÉî~åÇK=iáÖÉëçã=Ñçê=ÇÉí=áåíÉêåÉ=êÉÑÉêÉåÅÉÑçêë›Ö=Éê=ÇÉê=ÑçêÉí~ÖÉí=

î™ÇíåáåÖ=~Ñ=âìääÉåÉ=á=QU=íáãÉê=áåÇÉå=íáäë‹íåáåÖ=~Ñ=jq_b=çÖ=ÇÉ=ÄÉåóííÉÇÉ=

ëÉêìãÑä~ëâÉê=Éê=ÜÉåëíáääÉí=îÉÇ=Éå=íÉãéÉê~íìê=é™=OM=Ó=OPø`=Eä~Äçê~íçêáÉJ

íÉãéÉê~íìêFK=

=

cçêë›ÖÉåÉ=Éê=ìÇÑ›êí=á=PMM=ãi=ëÉêìãÑä~ëâÉê=ìÇÉå=ÜÉ~ÇJëé~ÅÉ=ãÉÇ=íáäë‹íåáåÖ=

~Ñ=NM=Ö=cáäíê~ëçêÄ
∆

=QMM=çÖ=ÑçêëâÉääáÖÉ=ã‹åÖÇÉê=jq_bI=ëî~êÉåÇÉ=íáä=ÑçêëâÉääáÖÉ=
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âçäçååÉÑçêë›Ö=

f=ÇÉí=Ñ›äÖÉåÇÉ=Éê=~ääÉ=ÇÉí~áäÄÉíáåÖÉäëÉê=çãâêáåÖ=âçäçååÉÑçêë›ÖÉåÉ=ÖÉåÖáîÉíK=

=

bKN====hçäçååÉé~âåáåÖ=

q~ÄÉä=bKNW= hçäçååÉçéëíáääáåÖÉêåÉë=Ñ~âíáëâÉ=ëéÉÅáÑáâ~íáçåÉêK=

hçäçååÉ=
cçêë›Öëé~ê~ãÉíÉê= póãÄçä= båÜÉÇ=

N~= NÄ= O~= OÄ= P= Q=

hçäçååÉîçäìãÉå= s= xÅãPz= OQSU= OPQM= OPUP= OPSN= OOVT= OPNV=

hçäçååÉÇá~ãÉíÉê= a= xÅãz= TIPS= TIPS= TIPS= TIPS= TIPS= TIPS=

hçäçååÉÜ›àÇÉ= e= xÅãz= RUIM= RRIM= RSIM= RRIR= RQIM= RQIR=

e›àÇÉLaá~ãÉíÉêJÑçêÜçäÇ= eLa= xJz= TIV= TIR= TIS= TIR= TIP= TIQ=

fåÇä›ÄëÑäçï= n= xiLÜz= RIOT= RIOT= RINV= RINV= RIPM= RIMM=

eóÇê~ìäáëâ=çéÜçäÇëíáÇ= b_`q= xãáåz= OU= OT= OU= OT= OS= OU=

m~âåáåÖëÖê~Ç= ρÄ= xÖLiz= QPS= QSM= QRO= QRS= QSV= QSQ=

j~ëëÉ=~Ñ=~âíáîJâìä= j= xÖz= NMTS= NMTS= NMTS= NMTS= NMTS= NMTS=

_ìäâ=éçêÉÜìäêìã= θÄ= xÅãPLÅãPz= MIRP= MIRM= MIRN= MIRM= MIQV= MIRM=

cáäíÉêÜ~ëíáÖÜÉÇ= î= xãLÜz= NIOQ= NIOQ= NIOO= NIOO= NIOR= NINU=

fåÇä›ÄëâçåÅÉåíê~íáçåI=jq_b= `MIjq_b= xãÖLiz= VIM= VIM= NMIQ= NMIQ= NMIS= NNIO=

fåÇä›ÄëâçåÅÉåíê~íáçåI=
ÄÉåòÉå=

`MI_ÉåòÉå= xãÖLiz= J= J= J= J= PIU= PIU=

=

cäçï=çÖ=fåÇä›ÄëâçåÅÉåíê~íáçåÉê=ÄÉÜ~åÇäÉë=á=óÇÉêäáÖÉêÉ=ÇÉí~äàÉê=á=ÜÜîK=Äáä~Ö=

bKO=çÖ=bKPK=

=



=

NMO=

bKO====hçäçååÉÑäçï=

j™äí=âçäçååÉÑäçï=ëçã=Ñìåâíáçå=~Ñ=íáÇ=ÉÑíÉê=Ñçêë›ÖÉíë=áÖ~åÖë‹ííÉäëÉ=ÑêÉãÖ™ê=~Ñ=

ÑáÖìê=bKNK=
cáÖìê=bKNW=hçäçååÉÑäçï=ëçã=Ñìåâíáçå=~Ñ=íáÇ=ÉÑíÉê=Ñçêë›ÖÉíë=áÖ~åÖë‹ííÉäëÉK=

jáÇÇÉäÑäçï=çÖ=ãáÇÇÉä=±=ëí~åÇ~êÇ~ÑîáÖÉäëÉå=Éê=îáëíK=

=

jáÇÇÉäÑäçï=çÖ=ëí~åÇ~êÇ~ÑîáÖÉäëÉê=ÑêÉãÖ™ê=~Ñ=í~ÄÉä=bKOK=

=
q~ÄÉä=bKOW=jáÇÇÉäÑäçï=çÖ=ëí~åÇ~êÇ~ÑîáÖÉäëÉK=

hçäçååÉ=
=

N= O= P= Q=

cäçï=EnF= xiLÜz= RIOT= RINV= RIPM= RIMM=

pí~åÇ~êÇ~ÑîáÖÉäëÉ= xiLÜz= MIOR= MINR= MIPM= MIRU=

=

=
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=

NMP=

bKP====fåÇä›ÄëâçåÅÉåíê~íáçåÉê=

j™äíÉ=jq_bJâçåÅÉåíê~íáçåÉê=á=áåÇä›ÄÉí=ëçã=Ñìåâíáçå=~Ñ=íáÇ=ÉÑíÉê=Ñçêë›ÖÉíë=

áÖ~åÖë‹ííÉäëÉ=ÑêÉãÖ™ê=~Ñ=ÑáÖìê=bKOK=p™îÉä=áåíÉêåÉ=ëçã=ÉâëíÉêåÉ=ã™äáåÖÉê=Éê=

~åÖáîÉí=á=ÑáÖìêÉåK=

=

cáÖìê=bKOW=fåÇä›ÄëâçåÅÉåíê~íáçå=~Ñ=jq_b=ëçã=Ñìåâíáçå=~Ñ=íáÇ=ÉÑíÉê=Ñçêë›ÖÉíë=

áÖ~åÖë‹ííÉäëÉK=jáÇÇÉäâçåÅÉåíê~íáçå=çÖ=ãáÇÇÉä=±=ëí~åÇ~êÇ~ÑîáÖÉäëÉå=Éê=îáëí=

Ñçê=ÇÉ=áåíÉêåÉ=ã™äáåÖÉêK=

=

jáÇÇÉä=~Ñ=jq_bJáåÇä›ÄëâçåÅÉåíê~íáçåÉå=çÖ=ëí~åÇ~êÇ~ÑîáÖÉäëÉê=ÑêÉãÖ™ê=~Ñ=

í~ÄÉä=bKPK=sÉÇ=ÄÉêÉÖåáåÖ=~Ñ=ãáÇÇÉäâçåÅÉåíê~íáçå=çÖ=ëí~åÇ~êÇ~ÑîáÖÉäëÉê=Ñçê=

hçäçååÉ=O=Éê=ÇÉê=âìå=ãÉÇí~ÖÉí=î‹êÇáÉê=ëí›êêÉ=ÉåÇ=N=ãÖLiI=Ç~=ÇÉí=âìå=Éê=

ÇáëëÉ=î‹êÇáÉê=ÇÉê=ÄáÇê~ÖÉê=íáä=ã~ëëÉÄÉä~ëíåáåÖÉå=~Ñ=âçäçååÉåK=

=
q~ÄÉä=bKPW=jáÇÇÉäâçåÅÉåíê~íáçåÉê=çÖ=ëí~åÇ~êÇ~ÑîáÖÉäëÉK=

hçäçååÉ=
=

N= O= P= Q=

jáÇÇÉä=`MIjq_b= xãÖ=jq_bLiz= VIM= NMIQ= NMIS= NNIO=

pí~åÇ~êÇ~ÑîáÖÉäëÉ= xãÖ=jq_bLiz= MIT= MIT= NIS= NIV=

=
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=

NMQ=

mêçÇìâíÉí=~Ñ=Ñäçï=çÖ=âçåÅÉåíê~íáçå=ÖáîÉê=ÇÉå=ëéÉÅáÑáââÉ=ã~ëëÉÄÉä~ëíåáåÖ=~Ñ=

âçäçååÉêåÉ=xãÖ=jq_bLÜzK=aÉå=ëéÉÅáÑáââÉ=ã~ëëÉÄÉä~ëíåáåÖ=Ñçê=âçäçååÉêåÉ=Éê=

ÖÉåÖáîÉí=á=í~ÄÉä=bKQ=ë~ããÉå=ãÉÇ=ÄÉêÉÖåÉÇÉ=ëí~åÇ~êÇ~ÑîáÖÉäëÉêK=

=
q~ÄÉä=bKQW=jáÇÇÉäî‹êÇá=çÖ=ëí~åÇ~êÇ~ÑîáÖÉäëÉ=Ñçê=ÇÉå=ëéÉÅáÑáââÉ=

ã~ëëÉÄÉä~ëíåáåÖK=

hçäçååÉ=
=

N= O= P= Q=

péÉÅáÑáâ=ã~ëëÉÄÉä~ëíåáåÖ= xãÖLÜz= QTIO= RQIN= RRIV= RSIT=

pí~åÇ~êÇ~ÑîáÖÉäëÉ= xãÖLÜz= QIM= QIQ= TIT= VIM=

=

=



=

=

=

NMR=

_áä~Ö=cW=bâëÉãéÉä=é™=ÄÉêÉÖåáåÖ=~Ñ=
ÉåÜÉÇëéêáë=

f=ÇÉí=Ñ›äÖÉåÇÉ=Éê=ÖáîÉí=Éí=ÉâëÉãéÉä=é™=ÄÉêÉÖåáåÖ=~Ñ=ÉåÜÉÇëéêáëÉå=Ñçê=çåJëáíÉ=

êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=îÉÇ=Éå=ÇêáÑíëíáÇ=é™=P=™êI=Éí=

áåÇä›ÄëÑäçï=é™=R=ã
P

LÜ=çÖ=Éå=áåÇä›ÄëâçåÅÉåíê~íáçå=é™=N=ãÖ=jq_bLiK==

=

pçêéíáçåëâ~é~ÅáíÉíÉå=EpF=Ñçê=Öê~åìäÉêÉÇÉ=âìä=á=^~äÄçêÖ=Ü~åÉî~åÇ=îÉÇ=NMø`=

çÖ=Éå=áåÇä›ÄëâçåÅÉåíê~íáçå=é™=N=ãÖ=jq_bLi=Éê=RIM=ãÖ=jq_bLÖ=âìäI=àÑK=

í~ÄÉä=PKQ=á=~Ñëåáí=PKOKOK=aÉê=êÉÖåÉë=ãÉÇ=Éå=êÉÇìâíáçå=á=ëçêéíáçåëâ~é~ÅáíÉíÉå=

ìåÇÉê=Çóå~ãáëâÉ=ÑçêÜçäÇ=é™=OMBI=ëî~êÉåÇÉ=íáä=ÇÉå=êÉÇìâíáçåI=ÇÉê=Éê=

çÄëÉêîÉêÉí=á=ÇÉ=ìÇÑ›êíÉ=âçäçååÉÑçêë›Ö=âìå=ãÉÇ=jq_b=á=áåÇä›Äëî~åÇÉíI=àÑK=

í~ÄÉä=QKQ=á=~Ñëåáí=QKPKNK=aÉå=êÉëìäíÉêÉåÇÉ=ëçêéíáçåëâ~é~ÅáíÉí=ìåÇÉê=Çóå~ãáëâÉ=

ÑçêÜçäÇ=Ñçê=Öê~åìäÉêÉí=âìä=á=^~äÄçêÖ=Ü~åÉî~åÇ=îÉÇ=NMø`=ÄäáîÉê=ë™äÉÇÉë=QIM=ãÖ=

jq_bLÖ=âìäK=

=

aÉå=ë~ãäÉÇÉ=î~åÇã‹åÖÇÉI=ÇÉê=ÄÉÜ~åÇäÉë=çîÉê=ÇêáÑíëéÉêáçÇÉå=é™=P=™êI=îÉÇ=Éí=

ÖÉååÉãëåáíäáÖí=áåÇä›ÄëÑäçï=é™=R=ã
P

LÜ=ÄäáîÉê=NPNKQMM=ã
P

K=

=

^åä‹ÖëéêáëÉå=Ñçê=íç=~ÇëçêÄÉêÉ=~Ñ=íóéÉå=_=á=ëÉêáÉ=EÉâëK=âìäF=ëî~êÉê=íáä=ORMKMMM=

âêKI=àÑK=í~ÄÉä=RKN=á=~Ñëåáí=RKNKOI=ÇÉê=ÑçêÇÉäí=çîÉê=NPNKQMM=ã
P

=êÉåëÉí=î~åÇ=ëî~êÉê=

íáä=Å~K=NIVM=âêKLã
P

K=

=

sÉÇ=Éå=áåÇä›ÄëâçåÅÉåíê~íáçå=E`
M
F=é™=N=ãÖ=jq_bLi=â~å=ÇÉí=ëéÉÅáÑáââÉ=

âìäÑçêÄêìÖ=EâÖ=âìäLã
P

=êÉåëÉí=î~åÇF=ÄÉêÉÖåÉë=îá~=äáÖåáåÖ=QKQ=íáäW=

=

30
/25,0

4

1
mkul kg 

S

C
Forbrug === = EQKQF=

=

jÉÇ=Éí=~âíìÉäí=âìäÑçêÄêìÖ=é™=MIOR=âÖ=âìäLã
P

=ëâ~ä=ÇÉê=ãÉÇ=Éå=ë~ãäÉí=

î~åÇã‹åÖÇÉ=é™=NPNKQMM=ã
P

=á=~åä‹ÖÖÉíë=ÇêáÑíëíáÇ=ÄêìÖÉë=POKURM=âÖ=âìä=á=

~åä‹ÖÖÉíë=ÇêáÑíëíáÇK=bí=~åä‹Ö=~Ñ=íóéÉå=_=Ü~ê=VMM=âÖ=âìä=éêK=âìäëâáÑíÉI=ëî~êÉåÇÉ=

íáäI=~í=ÇÉê=ëâ~ä=ÄÉåóííÉë=Å~K=PSIR=âìäëâáÑíÉê=á=~åä‹ÖÖÉíë=ÇêáÑíëíáÇ=EÉääÉê=Å~K=NOIO=

âìäëâáÑíÉê=éêK=™êFK=aÉ=PSIR=âìäëâáÑíÉê=êìåÇÉë=çé=íáä=PT=á=~åä‹ÖÖÉíë=ÇêáÑíëíáÇK=

mêáëÉå=éêK=âìäëâáÑíÉ=Éê=Å~K=ORKMMM=âêKI=àÑK=í~ÄÉä=RKN=á=~Ñëåáí=RKNKOI=ëî~êÉåÇÉ=íáä=Éå=

íçí~äìÇÖáÑí=íáä=âìä=é™=VORKMMM=âêKI=ÇÉê=ÑçêÇÉäÉë=çîÉê=NPNKQMM=ã
P

=êÉåëÉí=î~åÇK=

hìäçãâçëíåáåÖÉêåÉë=ÄáÇê~Ö=íáä=ÉåÜÉÇëéêáëÉå=ÄäáîÉê=ë™äÉÇÉë=Å~K=TIMQ=âêKLã
P

K=

=

^åÇêÉ=ÇêáÑíëçãâçëíåáåÖÉê=EíáäëóåI=ãçåáíÉêáåÖI=îÉÇäáÖÉÜçäÇÉäëÉ=ãKîKF=Éê=

~åí~ÖÉí=~í=~åÇê~ÖÉ=NRB=~Ñ=âìäçãâçëíåáåÖÉêåÉI=àÑK=~Ñëåáí=RKNKPK=aáëëÉ=ä›ÄÉåÇÉ=

çãâçëíåáåÖÉê=~åÇê~ÖÉê=ë™äÉÇÉë=Å~K=NIMS=âêKLã
P

K=

=

aÉå=ë~ãäÉÇÉ=ÉåÜÉÇëéêáëI=îÉÇ=êÉåëåáåÖ=~Ñ=jq_bJÑçêìêÉåÉí=ÖêìåÇî~åÇ=ãÉÇ=

Öê~åìäÉêÉÇÉ=âìä=á=^~äÄçêÖ=Ü~åÉî~åÇ=îÉÇ=NMø`=ìÇÖ›ê=ë™äÉÇÉë=á=~äí=NMIM=âêKLã
P

I=

Üîçê~Ñ=Å~K=NVB=Éê=~åä‹ÖëçãâçëíåáåÖÉêI=TMB=~Ñ=âìäçãâçëíåáåÖÉê=EáåÅäK=

Äçêíëâ~ÑÑÉäëÉF=çÖ=NMB=~åÇêÉ=ä›ÄÉåÇÉ=ÇêáÑíëçãâçëíåáåÖÉêK=

=

Driftstid 3 år;  

flow 5 m3
/h; 

indløbskonc. 1 mg/L 

Sorptionskapacitet 

Samlet vandmængde 

Anlægsomkostninger 

Kulforbrug 

Ligning 4.4 

Kulomkostninger 

Andre 

driftsomkostninger 




