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$EVWUDHF& problem of air quality is an urgent, and widely
air emissions is an expensive element of air quality ma
independent means. One of the areas where solutions for
|l argest energy-consuming building sector, and related he
uni t Tot al Suspended Particul ates (TSP) abat ement cost
replacement of heating systems with cleaner ones for bt
typical for Krakow, types of buildings are analyzed: a s
bl ock of flats. I'n all the options the base scenario is
includes different combinations of changes of heat sour
scenarios, the costs as wel!/l as the expected effects of
whole city. This approach can support the decision maki
beneficial activities or estimation of the expected envi

to introduce on-road pol ut

, QWURGXFWLRQ an externality of traff [

of GHG emissions for e n
Densely populated areas sfucdmawodd g[ &litoesanapg d
social and economic benefreduofngr Pani2z &t ilemn,el &r & nf achien
also serious environmentaflglprobd emar [ KhowlOndkgeaf ntome o
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greatest concerns .is t he Sbaéﬁe@.fupbn qhelliatby%.teméati%.og.
emphasized, the main cause®noefexairofpodilfutéocent nsthateygt e
are processes associated mewidteh nbraning @&dd froespslidc efmealt s c
(p'rod.uction.and energy censwmptiison hé ost arhteiantg nNpgo i & ft i
buil dings, industrial or shecegkd ptrreacnesdpeo rrtat headb) decGistiyo
authorities take vari ous M @& U raé sm tod etnhseu rea psewrstiad nadl e
development and support asuspeonded- efafritcicauntatand MDPSR)

environmentally friendly eudnamhg envel ope modernizatio

The building sector (withatehgtegshemsi wgtheedshneés o

the | argest energy-consumtchgy sett Xr akbwEyPoepandy)] amdor
space heating has the bi gdedsitsisonarneakiem st heT htr®teg ! teyme rcgay
consumption in European heomesdi hgstaresanhl ynedeasai s8gngl
energy efficiency and redeqiem@ntt eh@t €6, eammids sai obnisoc &f of
buil ding sector, measur eseadh cholsctul afttieom takenrmaitn tthke b
area of buil ding insul atimenatansdoulr eel aamedmetnhte dfui @ dihe@gts
source. Rati onal decisionjimapkonegmeént §hi Shenadd £Iry 7 ed Ub uiels
sound scientific support difAfeséhtmatciomdi ndtei ondsstef achhdan
b

enefits of each consider dctsudlautiiomnsi.mprovements. For e:
Sever al studi es analyzedostthe assuee | bf apr otphoer t EepeEct ed
bet ween the various alteraemib¥eowayedottpohVviweg ea egitV ena
environment al problem (e.Thi sdeatpgprmiarcihng ah heupmwdritmatlhe d
|l evels of international emhdsifomanedactibanahd8ing etudier
the abatement cost of <caroboreseimmasi ons of nt IChienapelcdle.d e
analyzing the reduction of the water footprint of t he
process of gr owi ng irrigated crops [ 5], assessing

alternative solid waste management strategies [6], tryin
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&XUUHQW DLU TXDOLW\ LQ 7TUBWREZPM10) , respectively. The
PM10 and PM2.5 come from surf a

Krakow is the second | argéstdi oi dyaincBmbansd.i oht fir®o ml achet
on the Vistula River insébeornaor tfhregm opuatrsti def t hdecity
Mat opol ska voivodship. Kr @kiowh cawgtg | oamek ¢gart d wmd )c orveesrpse ct i v e
the whole area within thel0adsnh noifs tPrMi1t0i veemi ksasuU rochasr.i es of
the city of Krakow. Kmamklpw haec an araa nf 2297 Lm
is surrounded by the Krakg¢ ™ ” i. The
popul ation of the city is e i 69 peop
and the density of pépu'ﬂhae’Elig i K 1 i |
city acts as an administ & lh Ja M ational,
scientific, economi c, ser 360'_.:\ \‘\ pud ], /:,X . I'n t
eastern part of the <city 54073 f"‘i"-\/:\f" _-\ /“/ 8 {-u nomi c
Area, where are |l ocated ir 20 Sy mor V}:}“‘; ng in t
sector rel ated t o met al | 0 tal),
cement industry, buil ding 53§359§§§3§§f'~‘§£ s the
second |l argest, after War T ETT LTSI ST TL TS 'l and) ,
mar ket for modern office —— AlKrasiriskiego —=—Krakow Kurdwanow ey road
a n d r a | I Wa y h u b | n P O I a n d . Nowa Huta limit value (annual average)

The <city is |l ocated in _ t he
interface of four geographical reni ons Erom the north i
borders the Krakow-Czesto 140 ut h
with the Weliczka Footh|_"™ 1 t he
Oswiecim Basin, and to th&E&"™ il erz
Basin. This unique geograjp=?® A A [ w and
the associated city climag@?® i o ‘ ce of
we a k western winds and [ “[ Y ,ﬁHﬁ_ fon
inversions, cause poor ve O e Lottt whi ch
worsens t he condition of e v e e e e e e e e e Tk et
suffering from transport g;ggg;ggg;g(gg;gg s and
emi ssions related to the i ’TAIK_,:_T ’ka'dev'

The air quality in Krak{ | e it || @S
extremely bad. On the ong ) by
continuous measur ements STTOWT Mg exceeadr ng T me
acceptable standards, a n dFigda.nT hteh @ v eortahgeer mdimatnhd y P Wie0 had Pl
opinion about Krakow's air0ilA-xo mparKigabnwtandot herpegrimices
in Matopolska region is dgengentiripéi ¢mctdattmat remetrher eer éi f
too many measurements of Kiasi §akiaoncy Eudkiwy Kuf gwandjwy yNo
Eloglcjeﬁt rlatsihoor\rNsi nt hzeo 1a4v_e1r7a gfe ngnt fodal '\ngofgbln%ﬁ%PM \%/%ﬁntli%? lrj}tg
points (bas@dUoTr)(D(DanﬁPRQ vf; %Lrg \g\%WHFE ‘he a ‘nua? 3aver’age“
[10]) and .the per mi s.sr ]e IevMa2 rnzpd,r,\?} / Vaectrcaoqedings
concentration, according taq Poluaﬁqtayr s t By 'r.dys)s a]-n[dagr-dVe

Figure 1 clearly shows tchaase e ?%tra ra 'rgslfJ gticvély'
measured by the particulateI eer M?narcﬂn Seonutrcaetsiorbfi
very bad (especially in wi §Ierruc)[a‘?1'?‘£ ar}ee qroocl%lllergocu NG&! NS
the area of entire city. ETIeVpro(SS))I/ergl i é iiﬁ&rligglb%t(
types of particul ate matt g éePg/II;L c} g/lf )1 QuLees
ypes of - ate byt SOP L P s SES TN
ot pollution are 1n the CfLi¥edsSqoe &F_ BUITPLEEO goﬁﬂée
even outside the region. §s Mar hg? é)ifrtmrjlcteanof ulsNe adu
Mat opol ski e Voivodeship m% elsﬂ t spread of poeiciuti ;

. LYt TS c larl isi |
and estimates t he sourcecsomi[aIe | rheida{terscyrr Sf & al <
summarized in Table 1. t he current l evel of air qgual.i

As can be seen from Tablkkarel ypodlpl oW GuUuramentppyfgandar ds
emi ssions come mainly froMU@F&NtE&EalC oMbyl ricaensc.e | Wi tchhsbhgs
PM2.5, the share of Iocal'éH‘hFcé‘@'P§ PBO 88" i A02@e( 2Q sl
of PM10 81%. The shar of sources outside the <city
i mits, but inside the voivodship, is 12,7% (PM2.5) and
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of Krakow
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Tablel. Sources of PM2.5 and PM10 in the air
Sources of pollution PM 10 PM 25
shar e 5 ug/ mshafe

Backg 8, . 5, 9, ! 3,
Industry from outside of the voivodiship
Transportation from outside |of the |voivodship
Surface sources (individual cotbhbhb®%t|i on mia,inhly) flilo %o
the voivodship
Industry from outside of the city |[(otherl povi at|s)
Transportation from outside |of the |city (other pgoviat
Surface sources (individual comb8%t|ii on mA,ixhly) fltom3®
the city (other poviats)
Local industry 23|, 7% 14,5
Local transportation 15, 1% ¢
Local surface sources (individual combustion mainly) 42,5% 26,0 453% 17,0
Tot al 190, 0% 61, 1 1

The particulate matter
Krakow. A |list of main

pHg/ m
0, 8%
0, 1%

t si doe, 4o f

0

)

tsida, of
13,9

, 2

00, 0%

i somnounitchaet ioonnl yr aautre spo( A4t amot or
ai rhuemi)s s iMondse | p rsetsuednitess T[alb2d ]e .s lRow
responsi ble fo

ni tr

09

en

) ) ) di oxi de
Table2. Emi ssi on of main Krakow jagg Rl utantys o(gb2swfe?mn

the ann

[111) |l ocal communication and the | o
Area PM 10 PM 2.5 SO, NO, sources one should look when s
[Mg/yr] [Mg/yr] [Mg/yr] [Mg/yr] pol |l uti on re duction o
Regarding suljuremdsskbdes { 80
Krakow 4 080 3 P41 1Kra%3ow &aDri34Bokwa [ 13] under | i
concentratlons significantly de
. mi d-197 til t he i d- 1990
The normat|ve l evel of aver{caegntr nuaS codcentrati oy
of nitroge ¢ i aorxd dm|t|rsog460n ca(a "\aeati facilities
of dioxide and oxides 3cal P}%%ed I )f'ugn%s)of:g%uhlglu ;
Tabl e 3 presents ot he tbecgr{taekaqjv\\} %rbw(h I}Y% trend [11]
alr in 2015. I n Pol and, particularly notic
Table 3. ConcentfatmameofalNOofelm'ask%'wof‘éat(a ncluding sulfur di
from 2015 reported in9fP82])This was a result of re.
transformati on The obsolete t
Measuring Dominating Annual average significant pollutio of t he
points pollutant concentration of NO; abandoned, changes in the energ
[ng/m’] (i mproving the efficiency of fu
Al road tyansport Witth fuels resulting in |ower
Krasinskiego New directions of the National
Krakow urban 32 were also developed. Since the
Kurdwanptwackgriound significant progress in the i
Nowa Hut a industry eqau8 pment (increase | number a
I'n Krakow, permi ssible daily
sul fur di oxi de are exceeded in
The annual aver ager eoanrceadragionygify N SOuUr ce
the measuring point locatgfsgt yAloutK§|a(§énstkh'egBouW@éFheé
t he measuring point refhestb@gnitphe influence
transportation emissions ongd aeusKergtkl‘PéN sai'truatai"bon“nrteegdartd°||
158% of t he normativezvoanlyg. scequcoeh%t,raafﬂoon§h8fa[v9|lable
the other two measuring pPii%FlsedV,erSn@tsﬁsﬁlée¥8hsi°aer70w
80% of the annual standar gquosAN&lfYSeicst i Afe tehn®y iVrdo n ndebnit!al it Yr
nitrogen di oxi de concentr@agd fANsSTpen 0%t t¥YRRAbP eSHMAY A r
constant t.rend i n t he a'B%H"?tiCLPIfat'é'tn{aO(Qeer} dhaxXk§e mai
concentrations [12]. wi th articulate matter are | oc
The ‘areas with '“Creaseqn%?%$%%%ﬁatc'o%%s?ﬁoﬁV‘FF%%ethe
annual nitrogen di oxi de ar e l ocated al ong t he mail n
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sector). Therefore, in theasubebarasasamgdi shat heuf sicds W
on this aspect of the probvadm.r i s prepared by the el ec
heating period the water is ge

(which, for simplicity, is not
&DOFXODWLRQ I:)HWKRGRORh‘]eat demand r atyiecarogf] ,1 2a0n d[ knwh/ (

To estimate the effectivefn(érsscablfclﬁlnadti'volnduoafl tmnee[hfo%i%l o3 m
reducing air emi ssions, t‘%eq_ll mo unt f emi ssions, from
vari ous sources and the cog‘tess Ori'(?sca\rteedq'Jocrtyi ochf V\}ehree ar
esti mated. I n order to e ?Pﬁg‘?@ttll?é’u%‘?n'ounthe?ftef]éetmflnt
Suspended Particul ates ( 4p Ll 1sfsri°on}1t[i1 Prenwar peri
generated from the heatin%aﬁf 4p ui ' %G TS an tswa?spa fg]fc?
t hat there ar e three gr o ppasrt5nientt\3p5%a€f %Wr_de@__d"’ n
Krakow: single-family houéeoé,alpraé-e ar° tédjenpebnut'blu?ddl s,(‘I]ens'g,Sr_‘e
and blocks of flats. For %CF g?@iP’bl ihledilniyc&noegéﬁ’oérdq
the heat demands for hot we r. 9%dnd rﬁj@étitngpe u npos'??% ur
wer e calcul ated. The posdseinbalned_ étpndg%(iofor tf@ﬁ%?% yzed
met hods were adopted, eithainrprbo)?('rﬂqeaa{neé ygfé@rlﬂé ]{ iz(awﬁlisor?ss
of the heat source or byt.%aﬁguro.q‘eWoafllheiantsuloart|to € So& t
windows'’ replacement . Th‘k'raer‘FIalbyoz'elder et 8 shootf water !
emi ssion reduction concen ﬁegtt(?él’sbo(tahs o'nn_t%%ehgi‘;?es&%rcae
and on the building envel8%8qp_'Iﬁ'tcésee%”fs‘?'h%nhera?ms 2% ¢
the replacement of a coalf® P?'e.(aerb% &N Wiatlﬁu6§§'8p ooifl t
connection t o t he municir?a(ql's%'e?]'?‘?)a1 e%jin% net wor k
were analyzed. For each o{ th esaenaésv:ezr?gri So,c tkPefe. Asattss d
wel | as the expected effecffrs.geo.fSITaS ) em:is's?oﬂ PE.H (d,{f‘gns
were estimated. The additm%rh'a(:l'pcaols.tcsenofra%odeeranti'znagti%%tw
have been estimated in relV4d ih%nat8'VQHE68%PQFthncohedaittiE
The running costs were cal't aIa'tFe%d iYt htion PELP ? E?ﬁ%'.
perspective. Then, the unible s 'glﬁgge%?én?llcmkpg 'o¥geea S
individual met hod wer e caanldcu_ﬁ”a?\é'dd'grgd hgto twea&e_rinfrom
increasing order. The pot %?ﬁ'arllgof'ete‘%{%rhk'me{r BBn.'fco"i”ltyhet
whol e city was al so cal culfatd .e'{'Hé‘Cﬁb&E'erno?fe eV‘é'Fthht?pénu
of building in Krakow wasco1é1§ irrlﬁé:tté@g(ﬁgsbﬂ. eornna[ 140) wa
which all owed to assess tbhehe%lgoubnﬁblerH&tferptuﬁ'a{ld'Bpse%fcha
applied strategy. Wiendsows]eCtrei tsolate'at S?J::‘:](r:idec
anoanleysoifs thV\(/east y;l gialnglbgjlla % Y uRci'Jge y R X\"Déjéa lpt\ﬁckginaé))EQ

: o : IIJ-? '@v §40g7O -gingle- 3
typical single-family houf ngﬁ '3(3 ‘?‘f“l’ E uitl"di n 98[31
t he 70" s/ 80" s. It i s an o b Ye c env:;in}ehnta B43ABFPe@Rl e 0
approxi matelTlyhel50umce of aﬁj zf’ttefja 8h. 6?.%'&3)‘5'5 spective
type of coal boil er, Workainnag yvﬁiethe@ﬁsibgpa_rg%d%ceta'scbma\far
efficiency of 40%. The buibludilrﬁjé’nsgsur'}inttlj?gatc'(tjé(mgrr]& rc,gpivvg
was estimated approXxema)ely &s 120 [kWh/ (m
Tabled. | nput data for various fuels accepted for analysis (based

Fuel Efficiency of Heating value Cost of fuel/energy Unit emission of Total

fuel conversion (Wa) K5 (gross) Suspended Particulates
) (TSP)

Hard coal 40 % 26 MJ/ kg 720 PLN/ Mg
Natur al ggs GZ 50 943 % 2345 MBL N/| m 0, 0005 g/|m
Heat 90 42,6 3,16 | 407, 1t
District HhHeating 100% - 0,31 PLN/ kWh

I n order t o calcul at e a e chea@ltd quigc avla| eé § ewese mfdopt e
individual i mprovements, Pal iissh nGertssear yft oEmadesptont hBeal
val ue of Tot al Suspende &OBRa&rEt i [cu3 ,alt &]s. eEniifsisciioemscy of
associated wi t h each tecbapnt egty cfostbaui lodfi ngs'el /hermer gy
supply. Table 4 presents telgauiipmewnt dmamuf dct useras,sumeick |t/
the share of fly ash in chasedsorbmWatTéE&Pc @lmi escstiwdh ffracm ol
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professional reports. Thet henpcasemeft a twhatdowavepbaer me
adopted for the anal ysi s,t haenrde cwonusledguleent &y 10%adedoctihen
reducti on of TSP emi ssi onbe rmadyuctoosai ©off DTEP beontihs:si ons
reduction of the heat demafmdt lmendr enbudeetrindrz aitm ohe atf dedman
heat source. Moderni zati ohnousfe ®@the feat tbeursciengmayf ami/l
invol ve changing fuel, i poteasi ag ehfianescyf offSheami s
generation or connection tcastehe fmuriecibp alc kcerft rfdlatise attihre
network (district heating)an only be achieved by mean
In the case of an extern@l!l agement nod| Hraisorwatgr 1 hgpat el

reduction in seasonal heafr@@mame dvast raiscstu nfeeda tainngg inet wo
Windc
Gas boiler Upe
Rej
Tenement house
QCD: 200 kWh!’mz Windc
Connection to the  p—T
L - - - pE
Single-family house central heating grid —
Qco: 120 kWh/m? Rel
Windc
Heat source: hard coal
Oil boiler Upe
Rej
No cha
Block of flats
Heat source: central grid and
gas for hot water
Hot water
municipal cen
Fig2. Anal yzed variants of Total Suspended Particulates (TSP)
The costs of vari ous moi dnesrtnail zl aattiioonn ogpntd owsr khhsav en c hi
been estimated based on tequipremerstss omall atreedp otrot st hfeore x h
building's ther mal upgradeae. f IThe- gausmnmbhucyt ofesé sttiamat e ac
costs is presented in Tablel . r&heéeitgst tcheelremnamoé Threolrlee
contains a mor e det ai |l eduidedicmrg’'pst i o mproofve malotpt ¢ ¢han pr
moderni zations options. Fbeceaeuxasemplie,i sepoaciemeatt @fc ambi
coal -fired boiler wi th a wyoarsk bon | ehei wat he sinsogl ati amil
house (first row) is undescstooed. adoweypéracewbaeh watbult htei
gas boiler of condensingabngpenyiwoorkmerrgt awi tehf f leicgberof s
efficiency than the ordinaeay agssuneod ltehrat arhde tfthwalneeds
|l ess fuel) . Thi s moderni zheéei osnumopdfi on heal sed emeaot adgs co
installing a dual -functi oanvhiortonwetndral t @ik ect ihott hweatperrc
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(the effects of buildingsaviemppgeyvemearstom adr ee fpfriecsieenntceyd afs
a relative value of heat sdemamrd troe dtuhcet i bh@atwehd cbpdeeadan
qi

irectly to reduction of oedlfduwliethned emi sshiecants) accumul at i
For calculation of fuel elceonsetnst s( Toafb | ehe6) heaotnilnygg tshyest er

efficiency of fuel convecenendertahtei oaverraged ocessvnwbkr e

efficiency of heat gener abduiolndifnrgd s thlkeeat edem@ayndcarf uwieér )h

was assumed. The averageofséasebnalbnveefrfsiicoonenacnyd ohit cos

regul ation and use of hean Tabltehed)heati ng space, t he

Table5. Summary of basic analyzed variants and costs of moderni za

upgrade)
Type of building Type of investment Cost of Remarks

No investment [PLN]

l|single-family house rep|l acement2l1lof80a0 coal boidemdlew gihn @ bo
gas boiler water tank, hot water ins

chi mney

2|single-family house rep|l acement32f080 coal boiHetr jwattehr t an
oil chi mney

3|single-family house declomi ssi on2idn gl 1o7f t he coaHotbaowdteer t an
and connection [to the helating

system

41single-family house buillding insful atiexnrernal wal]|l s 20
5|single-family house rep|l acement |of windows 15
6|single-family house rep| acement3 5o fO 1#6ierxd cewsn ad n2lRe0l |ms and 10
insulation of walls wi ndows and balcjony doors
7/tenement hjouse replacement of5%a 84l boil erdual|-function
with a gas boiller t ank, chi mney, hjot water
8|tenement hjouse replacegment of7@ ed®@l boil erhot |water tan
with oil water installatiin
9|tenement hjouse decomi ssioning7bfl2bGe coal bbbt elwater tan
and connection [to the hel@dt0imgonnecti on
system
100t enement hlouse building insulation? wall surface 110 00O
11 tenement hlouse replacement of Wi ndows 26 157
1 |tenemer replacement 136 1002wal | area i
insulation of walls balcony doors

13 bl ock of

—

|l ats decommi sioning6o36@as water hot |water tan
heaters and conlnection t|o nsdmtlrlalti on
hot water

W .
8QLW 763 DEDWHPHQW 8£é§/$@VUnliRtU Tot al Suspended Par
LQGLYLGXDO VFHQDULRV &lst EXHLNG K@YV

XSJUDGH LQ .UDNRZ ,&—- I nvestments Costs for each
according to Table 5

On the basis of the adopt eg -asoplempattijonngs ccbfstt},e'a,vtitdqqrﬁar’gd) \
for individual buildings gndfiierRruicedaharliepmcdabbearieth
estimation of the related(PER)emi gecondrngd theTe&KIP&Cs ed
TSP emission reduction cameds-caTdst £1d Qwdpe Mde o hrea rstaneey |
ti me, on the basis of thre ®FdtiimAd ewli tchasnt 200y e RIOSSiRY L
investments (Table 5) and fuel costs (Table 6), unit cos
of TSP emissions reduction Tgan |bjestejspigsmatoed dHI NPl attheed
following formula: reductions for a given type o
emi ssion reductions (for the w
& 2 & abatement cost (UTSPAC) in 20
8763$—*&763( analyzed variants of buil di nc¢
presented in Table 7.
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Based on t he analysis mpdl laoualacdvisattehdat uniet erTnsiPne t he
emi ssion reduction for a g:iomwdorusttyp)en c(fAnaiblsimIocgimgascmrhejtdw

say that heat source/ fuel P acemen not the work on
the buildings’ insulation, EaP*’vﬁeEu%' gﬁ)swca%rt angpy 2§ff V@il b
reductions. A primary goal of TSP §'s%iZdd " P ducti on
programs should be coal hRFIed ghHFARTSHE T | L8 2oysd|S t hey
have the greatest potenti|al 1ldm£§| ms@la’ﬁﬂdn)sSﬁerﬂ)&tlvef[ﬁN]UCtion at
a significantly | ow <cost n coal heated enement
houses the windows’ replacémetnet“egnle{)bs CqO) r'ecf‘obcehn‘ie“fgiet t o
the investors. The effifjci2gheyemgit, thi s sT®%arilo is
significant, but the genjer._3 |mp PVERE Mtal is 1 ow. Al s o, i

tenement houses the windpws:’ ! ”eep”?ea{‘é meHa' - @ RhbT desq

. . e ement .
wi t h changing t he heat sozyrctge aneonrp coaasl O cHBFqel S
profitable. Al |l t he ot hgr ?naprxzetd’mgeth'o S of % p
emi ssi on reduction ar e 1o5tiﬁ§nceor?(gmglggally profitable
pTov t“s
(Table 7). 6| tenement, gals, ®W7TAA6WS
The obtained results may |iin¢igadBgenthe strategy for
Krakow deci sion maker s regrdr deAgmetnhe grBRA WIHtS Sin@Nchange
reduction target in case| ogff {ddbinfend, fdrMian G884 {nS@HAECIES
For exampl e, in the case |of |Srdpl’ﬁgl/@ménatml|y houses| (with &
uni t heat demand r yyteiao )| ]odf| tle2@ mehk Whdr(imi heas42wi ndows
replacement of the heat sloufrceep!l @ae menmatl fired boi|ll er to d
boiler) should firstly bel kpndiedemeaend.., Only nohehasaoul d b
taken into consideration |wilhddwsememtl,a®d e rbitn5sBudi4au i an i on
upgrade (about 30% higher|l ujpimprys@Pmeandat pment cost) or
linking the house to the [d}%trtie®@e Myelat iOf § . SHYHOPABORMS (t wi c e
unit TSP abatement cost 13%%5%%aacfm§ﬂhiﬁo hh&)em%gfzsgéjarlceno
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efficient The first one:| 1lsgnskahglad ifami Py Hewes22Dijtodioil er
no further changes or | ewividnogvs & eplcaocaelmeht r ed boiler
i mproving insul ation. Thlelgsesiongd e pfaimi | yo hdud&gwapds, no
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Table7. TSP emi ssion reduction and unit TSP abatement
No | Building initial state Building's target state Unit TSP emission Total TSP emission Unit TSP
(building, fuel) (building, fuel, reduction for a given reduction abatement cost
insulation) type of building (20 yrs perspective ) (UTSPAC)
(20 yrs perspective) [kg] (20 yrs
[g/building] perspective)
[PLN/kg]
l1|tenement , tenement , c g 429 059 - 97
change replacement
2|tenement , tenement , g8 4 290 4¢ - 2
change wi ndows repl
3 tenement ([teoamennpo gds boiler, Mol53 695
change change
4 tenement ([teoamennpo gds boil er, 4 153 723
change insulation iimprovement]is
5 tenement [t eovamennhpo cqal, insulafti of23 083
change i mprovement
6 tenement |teovamenno oill boil er, 4 071 263
change wi ndows repllacement
7 single fami hgl eofuami l|]ly house, glas 623 060
coal , no chandger, no dqhange
8 tenement [t eoamennpo oill boiler, o062 084
change change
9 tenement [t eoamennpo oill boiler, |4 075 843
change insulation iimprovement
10 tenement|t ecnceanie,ntno grfi d heat, 4 153 843
change wi ndows repllacement
1 |single fe |single fam 623 ( 3 36 3
coal , no chandger, wi ndows
replacement
12 singl e flasminlgyy ehduasne,lly house, glas 623 060
coal , no chandger, insul ati on
i mprovement
1 |[tenement tenement , 4 153 4 29 4
change insulation iilmprovement
1 4 tenement|t ecnceanie,ntno grfi d heat, nd 153 843
change change
15 singl e flasminlgyl ehduasne,lly house, ol | 609 320
coal, no chander, no dhange
16 singl e flaminlgyy ehouasne,lly house, <cloal, 93 464(0
coal, no chasgéati on iimprovement
17 singl e flaminlgyy ehdouasnei,lly house, gfrid623 080
coal, no chamadge no chgnge
18 singl e flasminlgyy ehdfuasne,lly house, of | 611 380
coal no chandger, insul ati n
i mprovement
19 singl e flasminlgyl ehdfuasne,lly house, of | 610 700
coal, no chandger, windows
replacement
20 singl e flasminlgyy ehdfuasne,lly house, gfrid623 080
coal, no cheamadge insul gtion
i mprovement
21 singl e flasminlgyy ehdouasne,lly house, gfrid623 080
coal, no cheamadge windows
replacement
22 singl e flaminlgyy ehdouasne,lly house, <cloal, 62 304d0
coal, no clwamgews repllacement
23 bl ock of]|bflloactks ,ofgrfildgt s, hot waf er 140
heat, watefrgasthe grild
heaters

cost f ol

290 45

290 48
643 598
205 30
3 369 1
195 82
210 03

290 60

3 369 1

290 60
3 294 8

505 37
3 369 2

3 305 9

3 302 2

3 369 2

3 369 2

336 87

406
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Table8. TSP emi ssion reduction and unit TSP abatement cost for an:
house with a higher unit?®aden)] gepmand ratio (180 |
No | Building initial state Building's target state Unit TSP emission Total TSP Unit TSP
(building, fuel) (building, fuel, insulation) reduction for a emission abatement cost
given type of reduction (UTSPAC)
building (20 yrs 20 yrs
(20 yrs perspective) perspective) perspective)
[g/building] [kg] [PLN/kg]
l1|tenement , tenement , coal 415 383 429 05 - 97
change replacement
2|single famsingle family 140 200 758 11 - 17
coal, no clinsulation im
3|tenement , tenement , gas 4 153 7 4 290 4 - 2
change replacement
4 single famihgllkeotsaen |l y|houg82,460al, 505 372 1
coal, no clhhamgleows i mprovyement
5 tenement ,(teoaimenbho gas|boidl d53 ©®5 4] 290 453 7
change change
6 tenement ,(teo&@imenbho gas|boidl 453 i7Rl8ul ati ondl 290 482 11
change i mprovement
7 single famihgllkeodsaen | y| hous3e4 580, 5 P53 610 15
coal , no clhawsgud ation i mprovement
8 tenement ,(teo@lmenho coal, ien2s3u 10a8& 3 on 643 598 17
change i mprovement
9 single famihgllkeo@saen | y| hous3e4 5806 boiler5, P53 610 17
coal, no c/mamngeérange
10 singl e f asmidgl e ofuasmi,|l y| hou%s3d4 580, 5 P53 610 18
coal, no clhhamgeows replacement
11 tenement [t ecmearhentno oi | widn dadws 26 3 4/ 205 307 18
change replacement
12 tenement |t eemearhentno oi | boiler, no change 4 062|084
change
13 tenement |t ecmearthentno oi | boi4dl &r75 8Ws8Sul ati ond] 210 038 30
change i mprovement
1 |single fa |single fam 917 4 95 3
coal, no clhawsgud ation i mprovement
1 5 tenement |t ecmeahentno gri d heatl53wi8mMdBows 4/ 290 606 33
change replacement
1 6 singl e f asmidgl e ofuasmi,|l y| hou%sleg 040, 4 P53 358 36
coal , 1 wi ndows r
17 singl e f asmidgl e ofuasmi,l y| hou%sle3 80, no 4 P42 219 36
coal, no cllcahmmoe e
18 singl e f asmindgl e ofuasmi,|l y| hou%s34 620 d, 5 P53 826 43
coal , no clhawsgud ation i mprovement
19 tenement |t ecmearhentno gri d heatl53i 8Bl ati on 4/ 290 606 4 4
cha i mpr o\
20 tenement |t ecmearhentno gri d heat, no|lchange 4 153 843
change
21 singl e f asmingl e ofuasmei,|l y | hou%s34 620 d, 5 P53 826 47
coal, no clhhamgeows repl ac¢cement
22 singl e f asmingl e ofuasmi,l y| hou%s34 620 d, no 5 P53 826 50
coal, no cllcahmoe e
23 bl ock of|HKlleactk ,ofgrfildat $, grid hot water 140 4
heat , gas |water heaters
but hot water is generated in i
nalyzed building’s upgrade sce
6XPPDU\ DQG I:RQ|:OX\/|-RQ\20mbinations of heat sour ce (
The paper estimates the dI’PI u'i%borb é{nglrngxfamec%ts§ fBpr €
di fferent options of builu dL MEpt EQSICN’{’?reofC.
Krakow (Pol and). Three, %Ore qurenl§e ,l ta}prsje§106fun|
buildings were analyzed. n ah hte.y'o tiN§ds Ct.ahne.noﬁa?bee )
scenari o was that the anal)‘?f Ia&"r‘?é] il Hendt'evd dldj_)fjl c o°d
or in case of apartment F8ek ptsegaéglt] @tn@d Y4 St e drei
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TSP emission reducti on an dickrowledgement savi ng strategy. This
analysis is a general gui deline f i i pal decisi on
makers how to prioritize tIWEOLFRWLR WHG E\ WKH 3ROLYV
The performed analysis @I@&WSTLJtKPT'éJt(G ReBYV PnSPUW RI
TSP abatement cost for thQFWI-YLyWLonV K Q[&VHLQr]eIVFLH@FH
create a tool for decisiof2KHdRALIDPWLRRa R HEI)LaLhVangQV\é"hLH
financi al bal ancing of t h &R@QIFUHQEH v af'nta{E; %FQQIIQQ@IE(Q
tal-

_FQ'U“?*

and estimation of expected(Qe]hQH"r“é'-nQ'n]en a Xle ect sUDNyZ
The obtained results indicate also that:
e Very few of t he analyg,qleuspngHevgles of TSP
emi ssions reduction ar economically sound. | f
the city want s qUI01k.WHamd(W(ﬁr||gdﬂHeaanh Organlzatl
i mprovements of the TSPpoelmiustsiictonn reduati on urba

from private houses a ShytSttpe:rTI/QNfWwananChaVphDé/heaIth
administrative incenti veasbahsaess /tcoi thiee sd/eevre/l o(ple2d..04. 201 8
z

e Heat source/fuel replacqgmengg; oMot otfhe r WOrky ongry¢j 2z,
the buildings’ insulatiqgn| Qe e, app5|ggng|4f|30938nt
TSP emi ssion reduct|on§ Verbr n Jansen

e Coal heat ed tenement h%%so?%. uhgoquel ‘Otfe V|r0nmenta,l
primary goal of TSP e@ﬁ\?fsr'grqmen?alllc IOdn resource e
progr ams. .

e For single-family house%éogﬁvﬁl hklg é(fh Oevgtnatuli?llj
demand ratio the insul a Q) nPBp g o
considered before the heat source change

e« Improvements on hot watéh: ployA-i nHai by k375h &1 Ener g)
flats give very little TP e6|35|on reduction at a
very high cost. 5.A.D. Chukal |l a, M. S. Krol,

e The application of wunitHYdpPpolapayemewdt Exiplp . §BS0e/m Sc
develop the municipal st352t4egyl 20f17)SP emi ssi on
reducti on requires cad_cvu,lamarotnin@fz-snaurm:erfeoZu,s T. Hul g
ot her options of pot,edh.i alRi bbwj | dB.ngskamuk, T. F.
i mprovement strategies. Manage3engp. 364-375. (2016)

e The calculations of the aunitgiTgHF gbat gment oyt j oz zi
for different transport@ééé)dwrcqstw@taﬁng S houls
also be considered. CB B

The performed anal ysi s :§n5 gggvgayﬁgﬁi rMsqugﬂhﬁa}}bqpﬁa |

starting point t o mor e accu4rat (L, !)hs and'slhéng

esti mate the marginal cos?sY. ofKUTnSJFglemlTssH'bn Arf d dnid taj, o nK .
for different strategies inYthlicayagmasf IKt:akbwoS whNE.h 1c3
serve for determination ofOAtihe qpaoporyt imomi betivagnsyditeen
various alternative ways ofj askmwlswiing a problem ofpoWwSRtr

emi ssion and air quality. (http:// monitoring.krakow. pi os
pomi ar/owe8. 01. 2018) ) . (in Poli
$EEUHYLDWLRQV DQG V\PEROV 11Ai T protection program for
Voi vodship (2013) (Program oc
TSPER - Tota! Sus_pen_ded Farti ewwljaetvedd Emwasi onmat opol skiego
Reduction within 20 yeapyalsd&dnieni em). The Mar shal
Mat opol ski e Voivodeship (Urz
IC - Investments Costs (PLWojeWédztwa Mat opol s
_ _  (https:// powietrze. malopol ska.
ocC -Operating Costs withinphQyiytares adFLN¥b18)). (in Polist
i . 12Ai0r protection program for
PM Particulate Matter Voivodship (2017) (Program oc
i ‘ .W0]ewodztwa mat opol skiego
Tse Total Suspended l:artlcuuzlasafmenlem) The Mar s hal
UTSPAC .UnTotal Suspen Malopoldsk|e V0|vodesh|y*3 (UlrzI
Abat ement Cost (PLI\I/kg)Wolewo zt wa Mat opol s

(https:// powietrz
powi e(tlr2z.a0 3/. 201 8)

e. mal opol ska.
) (in Polist

10
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13A. Bokwa, Polish Journall7df BwaJiurdan merktia| RSetnuodviaetsi,on ar
17, No. 5, pp. 673-686. (20mM8)h examples (Audyt remont o
140bservatory - portal of ptrr?-é/k*M%qwarE'lIg'al patPal Cracoy
| nf or mati on sgshoaml ogy Ub||5 ing House.

(http:// obserwatorium. umlBRakolwupl bobNer. waNrorXXin | / 452/
/(10.02.2017)). (in PolismR)O17 on t he introducti on of
15KOBi ZE (2015) . Indicator ®repi BimisenpgnknitBm pLER Of
combustion, boilers withi i Whie¢hafugbwés ¢pmMpysted i
MW (Wskazniki emisj.i zanlwélz?EQk%'élﬁezeVd Iéjrﬁsah'p (
paliw, Kottty o mocy C|ep¥>ﬁ)éj|/d4052$17M$/\F)J, K Wo |
Nati onal Centre for Emi Mat Gma! s kia®aYefe @b a 23 stycz
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. - . a-nr-xTXX|.|4521,7-se m| - Woj ew
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CO2 (WE) w roku 2015 do r apod¥uss Z &1 )) . G
Systemu Handl u Uprawn|eﬂpéﬂﬂ"d%mOEgmléjeﬁokﬁt'er'k of  Mat
2018) , The Nati onal Cen%"rteysm%gowﬁmlsmons Mat opol
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