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T he Paris Agreement obliges
countries to reduce greenho-
use gas emissions in order to
keep the rise in global tempe-

rature below 1.5°C, in order to minimi-
ze the effects of progressing climate
change. The International Energy
Agency (IEA) reports that in 2021,
building operations accounted for
30% of global final energy consump-
tion and 27% of total emissions from
the energy sector [1].

The United Nations Environment
Programme (UNEP) report indica-
tes 37% for the entire construction sec-
tor [2], which has the greatest impact
on climate change. The sources of
greenhouse gas emissions in architec-
ture can be divided into operational and
embedded in the structure. The first
step to reducing CO2 values is to defi-
ne the most important emitters of emis-
sions. The next is the ability to compa-
re the impact of adopted design solu-
tions on the climate. This process is
often complex, and the most important

factors complicating the correlation are
the scope of assessment and the time
variable. Ultimately, the most impor-
tant action is to change technology or
completely eliminate harmful factors.
Carbon footprint analysis is intended
to help in this task.

The method for calculating carbon
footprint generally divides into CCF
(Corporate Carbon Footprint), which
is the carbon footprint of a company,
and PCF (Product Carbon Footprint).
The most commonly used standards and
protocols for calculating PCF include
ISO 14067, EN 15804, PAS 2050, the
GHG Protocol, and the Product Envi-
ronmental Footprint (PEF). These stan-
dards differ in scope and assessment
method. ISO 14067 is general in natu-
re and focuses on the carbon footprint
of products, offering flexibility in the
assessment approach. PAS 2050 and
the GHG Protocol are more detailed
and focus on specific methods and
requirements for measuring the car-
bon footprint. PEF and EN 15804 go
a step further, providing very detailed
guidelines for environmental asses-
sment, including a wide range of envi-
ronmental impact categories and not

limiting to CO2 emissions only.
ISO 14067 and PAS 2050 may differ,
for example, in their approach to emis-
sion allocation in the supply chain. The
GHG Protocol covers a wide range of
greenhouse gas emissions and is more
often used for managing CCF emissions
than PCF. PEF involves a more com-
prehensive environmental assessment,
not just carbon, and is strongly focused
on comparability between products.
The differences also concern appli-
cation: ISO 14067 is recognized in-
ternationally and used in various indu-
stries, while PAS 2050 is popular in
the UK and often used in an internatio-
nal context. PEF, an initiative of the
European Union, aims to create a con-
sistent system for assessing the envi-
ronmental impact of products across
Europe.

In construction, calculating the
carbon footprint is intended to aid in
making an informed choice of the most
ecological solution. Knowledge of the
carbon footprint is meant to be helpful
both in selecting sources of heating and
cooling (direct/operational emissions),
as well as construction and finishing
materials (indirect emissions).
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Abstract. The article discusses the challenges associated with
calculating the carbon footprint in the construction industry.
It analyzes the difficulties in estimating the amount of emitted
greenhouse gases and recognizing their impact on the natural
environment. Attention is drawn to the risk of making
incorrect assumptions when seeking ecological solutions and
the comparative difficulties between different building
materials in terms of carbon footprint. Despite these
challenges, the importance of carbon footprint analysis as a
tool to support sustainable construction efforts is emphasized.
The need to continue improving methodologies and
measurement precision to enable a more accurate assessment
of the construction sector's impact on the natural environment
is highlighted.
Keywords: carbon footprint; construction; ecology; global
warming

Streszczenie.W artykule omówiono trudności związane z obli-
czaniem śladu węglowego w budownictwie. Przeanalizowano
trudności związane z oszacowaniem ilości emitowanych gazów
do atmosfery i rozpoznaniem ich wpływu na środowisko natu-
ralne. Zwrócono uwagę na ryzyko przyjmowania nieprawidło-
wych założeń przy poszukiwaniu ekologicznych rozwiązań oraz
na trudności porównawcze między różnymi materiałami budow-
lanymi pod względem śladu węglowego. Pomimo wskazania
na trudności, podkreślono znaczenie analizy śladu węglowego ja-
ko narzędzia wspierającego dążenia do zrównoważonego bu-
downictwa. Wskazano na potrzebę kontynuowania prac nad do-
skonaleniem metodologii i precyzją pomiarów, aby umożliwić
bardziej dokładną ocenę wpływu sektora budownictwa na śro-
dowisko naturalne.
Słowa kluczowe: ślad węglowy; budownictwo; ekologia; ocie-
plenie klimatu.
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The Importance 
of Precise Carbon Footprint
Calculations

Ne glec ting pre ci sion in car bon fo ot -
print cal cu la tions can re du ce our ana -
ly ses to su per fi cial conc lu sions. One
of them is the com mon ly known prin -
ci ple that it is bet ter to li mit the use 
of non -re ne wa ble re so ur ces than to 
al low the ir exces si ve explo ita tion. 
Al tho ugh this sta te ment is true, it do -
es not con tri bu te to a de eper un der stan -
ding of com plex envi ron men tal is su es,
nor do es it help in de ve lo ping ef fec-
ti ve stra te gies for re du cing gre en ho use
gas emis sions. Pre ci se cal cu la tions, on
the other hand, al low for a de ep di ve
in to the me cha ni sms that in flu en ce the
car bon fo ot print, which is key in the
ca se of ef fec ti ve envi ron men tal pro -
tec tion.

Calculating carbon footprint values
begins with identifying the sources,
amounts, and types of greenhouse gas
emissions. Already at this stage, there
are many problems. It’s difficult to
obtain precise information about the
products emitted into the atmosphere
by a specific technology. For example,
the products of burning coal alone can
vary even within a single emitter.
Reasons include differences in the 
type of fuel burned (its calorific
value/purity), as well as the tech-
nological processes that require deli-
vering more or less oxygen to the com-
bustion chamber. Burning 1 kg of bitu-
minous coal can generate 2.2 – 2.7 kg
of CO2. In this situation, there are only
two possible solutions:

● averaging the values;
● detailed analysis of gases leaving

the emitter.
At the current level of technological

advancement, for the vast majority of
emitters, only the first option is feasible.
This means that we can expect an error
margin of about 20% right at the initial
phase of carbon footprint analysis.
Once we manage to define the averaged
size of gas emissions and their volume,
it is necessary to use Global Warming
Potential (GWP) values to calculate the
carbon footprint. For example: The
National Centre for Balancing and
Emission Management states that in 
the case of coal burned in kitchen

stoves, free-standing stoves, and others
(…) with a nominal thermal power 
≤ 0.05 MW, to achieve 1 GJ of thermal
energy, the emission obtained is:

● Total dust = 749 g; 
● PM10 dust = 667 g; 
● PM2.5 dust = 517 g; 
● Carbon dioxide = 94 180 g (GWP = 1);
● Carbon monoxide = 3,182 g; 
● Nitrogen oxides = 192 g (GWP = ?); 
● Sulfur oxides = 338 g; 
● Benzo(a)pyrene = 0.37 g.
In this exam ple, the on ly gre en ho use

gas is car bon dio xi de. It can be easi ly 
es ti ma ted that the pro duc tion of 1 GJ of
ener gy is as so cia ted with a CO2 equ iva -
lent emis sion of abo ut 94 kg. Ho we ver,
do the other ga ses in de ed ha ve no 
gre ater or les ser im pact on the gre en -
ho use ef fect?

Ni tro gen oxi des are not gre en ho use
ga ses, but they ha ve a si gni fi cant im -
pact on the pro duc tion of tro po sphe ric
ozo ne, who se ro le can be li ke ned to 
that of a ca ta lyst. It is es ti ma ted that the
Glo bal War ming Po ten tial (GWP) of
NOx is 30 – 33 over a pe riod of twen ty
years and 7 – 10 over a hun dred years
[3]. The emis sion of NOx sho uld be 
as ses sed over a so me what lon ger per -
spec ti ve than just its re si den ce ti me in
the at mo sphe re, as it is re la ti ve ly qu ic -
kly re mo ved from the at mo sphe re (acid
ra in). Mi cro or ga ni sms, such as de ni tri -
fy ing bac te ria, co nvert NOx in to ni tra -
tes (NO3–) and ni tri tes (NO2–). The next
step is the trans for ma tion of ni tra tes 
and ni tri tes in to ni tro us oxi de (N2O)
thro ugh a pro cess cal led de ni tri fi ca tion.
De ni tri fi ca tion is a che mi cal re ac tion in
which oxy gen is re mo ved from ni tra tes
or ni tri tes, re sul ting in the sta ble gre en -
ho use gas N2O with a GWP of 265. Cur -
ren tly, this fact is not ac co un ted for in
car bon fo ot print re ports (ni tro gen oxi -
des do not ha ve an as si gned GWP va lue,
unli ke ni tro us oxi de).

The number of greenhouse gases with
described Global Warming Potential
(GWP) is increasing. In 2013, the IPCC
published GWP values for 207
greenhouse gases, starting with CO2 and
ending with HCF2O(CF2CF2O)4CF2H.
By 2021, the number of greenhouse
gases with a described GWP value had
risen to 252, beginning with CO2 and
ending with butane n-C4H10. A

fundamental problem is the lack of even
a simplified method for calculating
GWP. It’s not possible to reliably
determine whether, for example, NOx
will actually undergo denitrification to
a significant extent, or if the chain of
chemical dependencies will stop at
nitrates.

Ano ther chal len ging aspect in the in -
ter pre ta tion is the va lu es of GWP. When
cal cu la ting the car bon fo ot print using
for mu la 1, the im pact va lu es of GWP
over 100 years are ty pi cal ly used. This
stems from the Pa ris Agre ement, in
which 197 co un tries agre ed on this 
me thod for re por ting ag gre ga ted emis -
sions and the re mo val of gre en ho use 
ga ses at the na tio nal le vel. This is a si -
gni fi cant sim pli fi ca tion. Gre en ho use ga -
ses be ha ve ve ry dif fe ren tly in the at mo -
sphe re. Sul fur he xa flu ori de (SF6) tends
to in cre ase its gre en ho use ef fect over 
ti me, me tha ne de cre ases its gre en ho use
po ten tial, and ni tro us oxi de (N2O) 
re aches its pe ak envi ron men tal im pact
ap pro xi ma te ly after a hun dred years in
the at mo sphe re.

GWP = ∫ 0 t RF(t′)dt′ [4] (1)
where:
GWP – Global Warming Potential; 
RF(t′) – Radiative Forcing at a specific time (t′);
t = the period over which the GWP is calculated.

Due to the ve ry spe ci fic be ha vior of
ga ses in the at mo sphe re, the va lue of RF
(t') is cal cu la ted dif fe ren tly for al most
eve ry gas (ha lo gen com po unds and
other less si gni fi cant gre en ho use ga ses,
for exam ple, ha ve the sa me for mu la).
Exam ples of the se for mu las are pre sen -
ted in Ta ble 1. It ap pe ars that GWP can
ne ver be a con stant va lue. 

In prac ti ce, it is as su med that the 
Ra dia ti ve For cing (RF) of car bon dio xi -
de (CO2) do es not chan ge as a re sult of
chan ges in CO2 con cen tra tion in the 
at mo sphe re. RF for CO2 is cal cu la ted
ba sed on chan ges in CO2 con cen tra tion
be twe en spe ci fic pe riods, ra ther than 
de pen ding on the cur rent CO2 con cen -
tra tion. This re pre sents the dif fe ren ce in
the ab sorp tion of so lar ra dia tion and the
emis sion of ther mal ra dia tion be twe en
two sce na rios: one re fer ring to ba se li ne
con di tions (e. g., the year 1750), and the
other to cur rent con di tions. RF (Ra dia -
ti ve For cing) for CO2 is con stant in
a spe ci fic re fe ren ce pe riod, such as the
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year 1750. The in cre ase in CO2 con -
cen tra tion in the at mo sphe re af fects
the long -term ef fect of cli ma te war -
ming, but it do es not chan ge the RF
va lue of car bon dio xi de. As the con -
cen tra tion of CO2 in cre ases, so do es its
im pact on the gre en ho use ef fect and
cli ma te, but RF re ma ins un chan ged.
GWP (Glo bal War ming Po ten tial) ta -
kes in to ac co unt the long -term im pact
of CO2 on cli ma te war ming, which is
why it is al ways 1.

The situation is different for other
greenhouse gases. As science advances,
their GWP changes.

Knowledge about GWP (Global
Warming Potential) continues to evolve,
which is significant from the perspective
of assessing the impact of greenhouse
gases on climate change. For example,
in 1995, it was reported that the GWP
for methane (CH4) was 21 over a
hundred-year perspective, whereas in
2021, this value increased to 27.9,
indicating a significant upward trend
(Table 2). There is controversy among
the scientific community regarding 
the choice of time perspective to
consider when calculating GWP. Some
researchers prefer a 20-year period to

emphasize the impact of short-lived
greenhouse gases on climate change
more. Others believe that 100-year
GWP values are more appropriate as
they consider the long-term impact of
greenhouse gas emissions [11].

Sho uld cli ma te pol lu tants (SLCP
– Short -li ved Cli ma te Pol lu tants) with
a short li fe span, such as me tha ne, tro -
po sphe ric ozo ne, and hy dro flu oro car -
bons (HFC – hy dro flu oro car bon 
ga ses), be tre ated dif fe ren tly than CO2?
They ha ve a stron ger war ming ef fect
than car bon dio xi de, so the ir re duc tion
can be ne fi cial ly im pact li mi ting the
gre en ho use ef fect in the ne ar term and
can be ve ry cost -ef fec ti ve from an envi -
ron men tal stand po int. Ac tions cur ren -
tly ta ken to ad dress this is sue can slow
the war ming of the pla net by abo ut
0.6°C by 2050. Ad di tio nal ly, so me
SLCPs are al so air pol lu tants and can
be harm ful to hu man he alth. Thus, 
the ir re duc tion can not on ly de cre ase
cli ma te war ming but al so sa ve li ves
and im pro ve pu blic he alth.

At the 2016 Me eting of the Par ties 
to the Mont re al Pro to col in Ki ga li,
Rwan da, co un tries worl dwi de agre ed
to a le gal ly bin ding com mit ment to 

re du ce emis sions of hy dro flu oro car -
bons (HFCs). This gro und bre aking
agre ement, known as the Ki ga li
Amend ment, in c lu des tar gets and ti -
me li nes for pha sing out HFCs in fa vor
of cle aner al ter na ti ves. Co un tries that
ra ti fied the pro to col we re sub jec ted 
to re stric tions, such as on tra de
from 2033 with co un tries that ha ve not
do ne so. Ad di tio nal ly, we al thier co un -
tries we re ob li ga ted to fi nan ce the
trans i tion of po orer co un tries to new
stan dards [12].

Ma ny al ter na ti ve me trics re la ted to
GWP (Glo bal War ming Po ten tial) ha -
ve be en de ve lo ped, and one of the mo -
re in te re sting ones is GWP* (with an
aste risk ad ded). Pro po nents of GWP*
ar gue that for Short -li ved Cli ma te 
Pol lu tants (SLCPs), the ra te of chan ge
in at mo sphe ric con cen tra tion is cru -
cial. If me tha ne is re le ased in to the at -
mo sphe re at the sa me ra te it is de gra -
ded in to wa ter and CO2, then it do es
not ha ve a glo bal war ming ef fect. In -
tro du cing the con cept of ac co un ting
for SLCPs in this way has com pli ca ted
the task for ar chi tects in fin ding the 
ri ght envi ron men tal so lu tions, as it
adds ano ther lay er of com ple xi ty to the
con si de ra tions in su sta ina ble de sign
and con struc tion.

The Ame ri can So cie ty of He ating,
Re fri ge ra ting and Air -Con di tio ning En -
gi ne ers, in its stan dard ASH RAE 189.1,
pu bli shes emis sion in di ces for fos sil fu -
els de li ve red to bu il dings, elec tri ci ty
used in bu il dings, and ther mal ener gy
sup plied to bu il dings from plants pro -
du cing ste am, hot wa ter, or chil led wa -
ter. The pro ject com mit tee for stan -
dard 189.1 de ci ded to use GWP20 (Glo -
bal War ming Po ten tial over 20 years)
to as sess GHG (Gre en ho use Gas) emis -
sions in bu il dings. This de ci sion to ap -
ply GWP20 in stan dard 189.1 was not
una ni mo us but was sup por ted by the
ma jo ri ty of the com mit tee. This de ci -
sion is al so in li ne with the gu ide li nes
of the IPCC (In ter go vern men tal Pa nel
on Cli ma te Chan ge). The IPCC re com -
mends using GWP100 (Glo bal War -
ming Po ten tial over 100 years) for con -
si stent re por ting of ag gre ga ted emis -
sions and ab sorp tion at the na tio nal le -
vel and re co gni zes that GWP20 is su ita -
ble for other ap pli ca tions. In prac ti ce,

Table 1. Simplified expressions to compute radiative forcing (RF) [5]
Tabela 1. Wzory oddziaływania promieniowania [5]
GAS Simplified Radiation Interaction Formula Coefficients

CO2

a1 = – 2.4785 • 10-7 W m-2 ppm-2

b1 = 7.5906 • 10-4 W m-2 ppm-1

c1 = – 2.1492 • 10-3 W m-2 ppb-1/2

d1 = 5.2488 W m-2

C0 = 277.15 ppm

N2O SARFN2O = (a2√C + b2√N + c2√M + d2)( √N – √N0)

α2 = −3.4197 • 10-4 W m–2 ppm-1/2 ppb–1/2

b2 = 2.5455 • 10-4 W m–2 ppb–1

c2 = −2.4357 • 10-4 W m–2 ppb–1

d2 = 0.12173 W m–2 ppb–1/2

N0 = 273.87 ppb

CH4 SARFCH4 = (a3√M + b3√N + d3)(√M – √M0)

α3 = −8.9603 • 10-5 W m–2 ppb–1

b3 = −1.2462 • 10-10 W m–2 ppb–1

d3 = 0.045194 W m–2 ppb–1/2

M0 = 731.41 ppb

b1
Cαmax = C0 – 2a1 b1

2

d1 – 4a1
;

d1 + a1(C – C0)
2 + b1(C – C0);

α' =

d1;

C > Cαmax

C0 < C < Cαmax

C < C0

{

Table 2. Historical changes in GWP values of basic greenhouse gases
Tabela 2. Wartości GWP podstawowych gazów cieplarnianych

Liczba lat
SAR 1995 [ 6] TAR 2001 [7] AR4 2007 [8] AR5 2013 [9] AR6 2021 [10]

20 100 500 20 100 500 20 100 500 20 100 500 20 100 500

CH4 56 21 6.5 62 23 7 72 25 7.6 84 28 b.d 81.2 27.9 7,95

N2O 280 310 170 275 296 156 289 298 153 264 265 b.d 273 273 130
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this le ads to the conc lu sion that bey ond
the ba sic as sump tion – the less ener gy
a bu il ding uses, the lo wer its emis sions
– the re is cur ren tly a lack of de eper, mo -
re de ta iled know led ge abo ut the envi -
ron men tal im pact of cho sen so lu tions.
This me ans that bey ond the obvio us
conc lu sions that the less ener gy a bu il -
ding con su mes, the lo wer its emis sions,
we do not know much mo re pre ci se ly
to day.

For example, it is unclear whether a
gas boiler or a heat pump is a better
environmental solution. GWP20
places much greater emphasis on
methane emissions, making electric
devices appear somewhat better than
gas ones, which is quite the opposite of
what would be the case with GWP100
[13].

As evi dent, cal cu la ting the car bon fo -
ot print is a com plex pro cess that be gins
with iden ti fy ing the so ur ces and amo -
unts of gre en ho use gas emis sions. Ho -
we ver, dif fi cul ties in ob ta ining ac cu ra -
te da ta on this mat ter exist. Mo re over,
con tro ver sies re gar ding the cho ice of
GWP va lu es and the pe riod they co ver
in tro du ce chal len ges in as ses sing cli ma -
te im pact. Is su es with Short -li ved Cli -
ma te Pol lu tants (SLCP) fur ther com pli -
ca te this as ses sment. Cho osing ap pro -
pria te me trics, such as GWP*, is cru cial
in eva lu ating envi ron men tal im pact. The
en ti re pro cess re qu ires con ti nu ous
know led ge de ve lop ment and ad van ced
to ols to mo re pre ci se ly as sess the im pact
of emis sions on the cli ma te.

Incorrect Assumptions
The re is a ran ge of is su es stem ming

from a lack of un der stan ding of how to
cal cu la te the car bon fo ot print in con -
struc tion. The ba sis for in cor rect as -
sump tions is al ways the con si de ra tion
of da ta in iso la tion from the envi ron -
men tal con text. He re are a few exam ples
of mi scon cep tions re la ted to ope ra tio -
nal emis sions in bu il dings:

■ an overly short analysis chain that
does not take into account the complete
set of data. 

Unfortunately, the problem of an
overly short carbon footprint analysis
chain can currently be seen even in
Polish building regulations. While the
term “carbon footprint” is not directly

mentioned, primary energy has colossal
importance. Primary energy is obtained
from renewable and non-renewable
resources. Non-renewable resources
include fossil fuels such as coal, oil, and
gas, while renewable resources are
geothermal energy, wind, and sun. The
regulations aim to achieve low
coefficients of non-renewable primary
energy, thereby limiting greenhouse gas
emissions from the burning of fossil
fuels. This simultaneously means a low
carbon footprint.

Pho to vol ta ic (PV) pa nels are cur ren -
tly tre ated as emis sion -free so ur ces of
elec tri ci ty. This is em pha si zed by the
va lue of the co ef fi cient of non -re ne wa -
ble pri ma ry ener gy in put re qu ired to
pro du ce and de li ver the fi nal ener gy
car rier wi. Ac cor ding to the Re gu la tion
of the Mi ni ster of Ener gy from Octo -
ber 5, 2017, on the de ta iled sco pe and
me thod of pre pa ring an ener gy ef fi -
cien cy au dit and me thods of cal cu la -
ting ener gy sa vings, the va lue of this
co ef fi cient for so lar ener gy is set at 0.0
(ze ro). For com pa ri son, bio mass has
a va lue of 0.2, and the sys te mic elec tri -
cal grid 2.5. The short ana ly sis cha in of
the emis si vi ty of this so lu tion be gins
and ends at the si te of the pho to vol ta ic
sys tem in stal la tion, which is a fun da -
men tal er ror. In the ca se of PV pa nels,
gre en ho use gas emit ters are not lo ca ted
at the pho to vol ta ic farm, but can be
easi ly fo und on the si de of the grid ope -
ra tor to which the in stal la tion is con -
nec ted.

A pro blem ge ne ra ting si gni fi cant
emis sions is the ne ces si ty of ener gy sto -
ra ge. Ide al ly, pro su mers sho uld pro du -
ce and con su me ener gy on -si te. Unfor -
tu na te ly, the pro duc tion pro fi le do es not
align with the con sump tion pro fi le. Du -
ring win ter in our geo gra phi cal la ti tu de,
PV pa nels si gni fi can tly lo se ef fi cien cy
(Photo), whi le ener gy de mand in cre -
ases. 

We lack developed alternative storage
methods like power-to-gas in our
country. Energy storage essentially
means “transferring energy” to other
consumers (in the summer period), and
in the longer term, “producing energy”
from a stable source (in the winter
period). In Poland, during winter,
prosumers rely on energy produced

from coal. Formally, this is their energy,
reduced by the costs of “storage”.
Illustration shows the efficiency
distribution of PV panels in Poland from
January to December.

In Polish climatic conditions, the
carbon footprint of a building equipped
with photovoltaic cells is not zero. If the
wi parameter for the systemic grid is 2.5
and at least 20% of the energy in
buildings using PV must be covered
from this grid, then the wi for PV should
be around 0.5. This value could be
“mitigated” because the energy from
sunny days is not wasted but transferred
to other consumers (changing the carbon
footprint of buildings without PV).
However, the computational value of the
carbon footprint for operational energy
in a building with PV panels cannot be
zero.

In Poland, during winter, there will
always be a need to produce energy
from a stable source, even if PV panels
are installed on every roof in the
country. Therefore, there is a necessity
to verify the wi parameters adopted for
solar energy.

Analysis chain that does not
take into account
physicochemical processes

The ear lier men tio ned Re gu la tion of
the Mi ni ster of Ener gy in di ca tes a wi 

PV panels in December, location: Krakow.
2023
Panele PV w grudniu, lokalizacja: Kraków.
2023 r.



82

ZRÓWNOWAŻONE BUDOWNICTWO

12/2023 (nr 616)ISSN 0137-2971, e-ISSN 2449-951Xwww.materialybudowlane.info.pl

pa ra me ter for bio mass at the le vel of 0.2.
Its com bu stion ra ises so me con tro ver -
sies and it mi ght se em that it cau ses the
emis sion of dan ge ro us gre en ho use ga -
ses. In the re port by the Cha tham Ho use
cen ter, it was pre sen ted that the bur ning
of bio mass is cha rac te ri zed by a hi gher
car bon fo ot print than the bur ning of 
co al [15] (Brack, 2017 s. 15). The au -
thors of the re port fa iled to no ti ce that
car bon dio xi de is a gre en ho use gas, but
at the sa me ti me, it is ve ry ne ces sa ry in
the na tu ral envi ron ment. From an envi -
ron men tal pro tec tion per spec ti ve, the 
re mo val of re la ti ve ly new plan ta tions of
plants in ten ded for bio mass, even 
wi tho ut en su ring the con ti nu ity of plan -
ta tions (wi tho ut new plan tings), do es
not ha ve si gni fi cant envi ron men tal con -
se qu en ces. In a sim pli fied man ner, it can
be sa id that such ac tion re verts the CO2
ba lan ce in the at mo sphe re to the ti me
be fo re the plan ta tion was es ta bli shed,
i.e., to the ti me be fo re the plants be gan
to bind CO2. The pro cess of bin ding and
re le asing CO2 is just a few, mo re often
se ve ral, years. The si tu ation lo oks com -
ple te ly dif fe rent when, for exam ple,
equ ato rial fo re sts are cut down, thus 
de stroy ing eco sys tems that ha ve be en
for ming for even 180 mil lion years [16].
By re mo ving such an eco sys tem, we 
re le ase in to the at mo sphe re car bon dio -
xi de that our pla net had bo und even 
be fo re the ap pe aran ce of hu mans. The
si tu ation is even wor se when we burn

fos sil fu els. We emit gre en ho use ga ses
that the Earth had bo und up to 500 mil -
lion years ago (oil de po sits are fo und in
for ma tions from the Cam brian to the
Ter tia ry, ma in ly in Me so zo ic for ma -
tions). In do ing so, we are ef fec ti ve ly
„re win ding” our pla net back to the Cam -
brian era. Even if the car bon fo ot print 
of bio mass bur ning is gre ater than that
of co al bur ning, bio mass bur ning is not
a thre at to hu ma ni ty be cau se we are 
re in tro du cing in to the at mo sphe re car -
bon dio xi de that was in our frien dly 
at mo sphe re just a few de ca des ear lier.
Ho we ver, this re aso ning sho uld not be
ap plied to tree plan tings in ten ded to 
of f set CO2 emis sions from the bur ning
of fos sil fu els. Such plan tings sho uld be
con si de red as per ma nent eco sys tems, as
on ly the ir per ma nen ce en su res ef fec ti ve
se qu estra tion of CO2 eq.

From the perspective of greenhouse
gas emissions, biomass burning is the
most ecological solution. It releases
combustion products that the biomass
had bound in a short period, without
significantly changing the planet’s
atmosphere. The wi coefficient for this
solution should be zero. At the same
time, it should be emphasized that safe
biomass burning in boilers is only
possible in areas that have the capability
for rapid air circulation.

The iden ti fi ca tion and as ses sment of
the car bon fo ot print in con struc tion 
en co un ter ma ny chal len ges and pro -

blems. In cor rect as sump tions often 
ari se from a lack of con si de ra tion of 
the envi ron men tal con text and from not
ful ly ana ly zing da ta. Mi sun der stan ding
or in cor rect as sump tions can le ad to 
fal se conc lu sions abo ut a bu il ding’s 
im pact on cli ma te chan ge and the na tu -
ral envi ron ment.

Results – Comparative
Difficulties

Cur ren tly, the dec la red pro duct car -
bon fo ot prints for con struc tion pur poses
can most easi ly be fo und on EPD (Envi -
ron men tal Pro duct Dec la ra  tion) she ets,
known in Po land as „Ty pe III Envi ron -
men tal Dec la ra tions”. The se are do cu -
ments that sho uld trans pa ren tly in form
abo ut the envi ron men tal ef fi cien cy or
im pact of any pro duct or ma te rial thro -
ugho ut its en ti re usa ge pe riod. Kno wing
the con tents of EPDs, en gi ne ers sho uld
be able to cho ose the most su sta ina ble
option for the ir pro ject.

The car bon fo ot print of bu il ding pro -
ducts pre sen ted in EPDs was ty pi cal ly
cal cu la ted in ac cor dan ce with the
EN 15804 stan dard in mo du les A1 – A3,
i.e., con si de ring the extrac tion and pro -
ces sing of raw ma te rials, pro ces sing of
se con da ry ma te rial in puts, trans port 
to the ma nu fac tu rer, and pro duc tion.
On Ju ne 21, 2019, after a for mal vo te
by the Eu ro pe an Com mit tee for Stan -
dar di za tion (CEN), a fun da men tal
chan ge to the EN 15804 stan dard was
ac cep ted.

Un der the re vi sed stan dard
(EN 15804 + A2), the EPD dec la ra tion
sho uld co ver all li fe cyc le sta ges. Now,
all bu il ding pro ducts and ma te rials must
ha ve dec la red mo du les A1 -A3, C1 -C4,
and D (A4 -B7 are ad di tio nal mo du les).
This expan ded sco pe en su res a mo re
com pre hen si ve as ses sment of the envi -
ron men tal im pact of pro ducts over 
the ir en ti re li fe cyc le, from raw ma te rial
extrac tion and pro ces sing to end -of -li fe
di spo sal or re cyc ling [17]. The re fo re, it
is ne ces sa ry to dec la re the emis sions
from a con struc tion pro duct at sta ges 
in c lu ding: de mo li tion; trans port to 
wa ste pro ces sing; pro ces sing wa ste for
reu se; re co ve ry and/or re cyc ling, or
even tu al di spo sal. It is re qu ired to pre -
sent the po ten tial for reu se, expres sed 
as net im pacts and be ne fits. On ly un der

Estimated annual level of photovoltaic energy production in Poland [14]
Szacunkowy poziom produkcji energii fotowoltaicznej w Polsce [14]
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ve ry spe ci fic con di tions is it still po ssi -
ble to con duct an EPD as ses sment 
(A1 -A3) exc lu si ve ly. In all other ca ses,
the end of li fe (EOL) must be con si de -
red. All the se pro ce du res are ne ces sa ry
for the com pa ra bi li ty of re sults. Ho we -
ver, it sho uld be em pha si zed that EPDs
we re ne ver in ten ded for pro duct com -
pa ri son. The dec la red car bon fo ot print
was me ant for iden ti fy ing the most 
si gni fi cant thre ats and at tempts at the -
ir eli mi na tion. At temp ting to com pa re
the car bon fo ot print re sults of a con -
struc tion pro duct and in c lu ding it as
a key ele ment in de ci sion -ma king for
cho osing one so lu tion over ano ther is
ve ry pro ble ma tic to day. For in stan ce,
bu il ding ma te rial „A” has a li fe span
of 15 years, a low car bon fo ot print, and
is 100% re cyc la ble, whi le bu il ding ma -
te rial „B” has a li fe span of 60 years,
a high car bon fo ot print, and is al so
100% re cyc la ble.

The ore ti cal ly, a tho ro ugh com pa ri son
of pro ducts „A” and „B” sho uld con si -
der, in the ca se of pro duct „A”, ad ding
at le ast three ti mes the car bon fo ot print
from the C1 – C4 ran ge (as the pro duct
will ori gi na te from re cyc ling three ti mes
mo re often). In prac ti ce, the re will al so
be three ti mes gre ater emis sions in the
ran ges A4, A5, B4, which are not re qu ired
(ac cor ding to EN 15804 + A2) – the se
emis sions are as so cia ted with in stal la -
tion and di sman tling. It’s even mo re
chal len ging to com pa re ma te rials that
are on ly par tial ly re cyc la ble. In the 
ca se of bu il ding pro ducts, prac ti cal ly
no ne are 100% re cyc la ble.

In c lu ding the du ra bi li ty of bu il ding
ma te rials is ab so lu te ly ne ces sa ry in ana -
ly ses of a pro duct’s im pact on the na tu -
ral envi ron ment. At the sa me ti me, this
pa ra me ter can be a way to di stort the re -
sults in di ca ted in the dec la ra tion and
can, in fact, be used to ma ni pu la te da ta.
The pri ma ry pro blem con cerns the re lia -
bi li ty of the dec la red va lue de scri bing
du ra bi li ty. Cur ren tly, the re are two war -
ran ty stra te gies from ma nu fac tu rers of
bu il ding ma te rials and not just bu il ding
ma te rials: 

a) over sta ting the qu ali ty of the bu il -
ding pro duct – a hi gher pri ce for the pro -
duct do es not match qu ali ty but ba lan -
ces out the po ten tial ne ed for war ran ty
re pa irs. 

b) un der sta ting the qu ali ty of the bu -
il ding pro duct – a go od qu ali ty bu il ding
pro duct has its dec la red du ra bi li ty re du -
ced so as not to be lia ble for war ran ty re -
pa irs.

Each of the se ca ses is unsu ita ble for
an ac cu ra te ana ly sis of du ra bi li ty in the
con text of car bon fo ot print and im pact
as ses sments on the cli ma te. Cur ren tly,
com pa ring bu il ding ma te rials in terms
of pa ra me ters de scri bed in dec la ra tions
is ve ry dif fi cult. An ad di tio nal mun da -
ne pro blem is the lack of con si stent
units used in dec la ra tions ma de by dif -
fe rent en ti ties. For in stan ce, a ce ment
ma nu fac tu rer mi ght re fer CO2 eq to 
kg or m3 of ma te rial, or even m3 of con -
cre te.

Summary
Con si de ring the bro ad ran ge of is su -

es re la ted to cal cu la ting the car bon 
fo ot print in con struc tion, it’s im pos si -
ble to avo id nu me ro us dif fi cul ties and
chal len ges. From ana ly zing the li fe cyc -
le of bu il ding pro ducts to ob ta ining 
ac cu ra te da ta and es ta bli shing uni form
stan dards and as ses sment me thods, the
pro cess is com plex and ti me -con su -
ming. Ad di tio nal ly, at temp ting to com -
pa re dif fe rent bu il ding ma te rials, ta king
in to ac co unt aspects such as du ra bi li ty
and re cyc la bi li ty, be co mes an excep tio -
nal ly in tri ca te task.

De spi te the se chal len ges, cal cu la ting
the car bon fo ot print in con struc tion is
me aning ful. It se rves as a to ol to iden -
ti fy key envi ron men tal thre ats and to 
ta ke ac tions to mi ti ga te them. It helps
de si gners and en gi ne ers ma ke mo re in -
for med de ci sions, gu ided by the prin ci -
ples of su sta ina ble de ve lop ment and
aiming for cli ma te -frien dly so lu tions.
The key chal len ge, ho we ver, re ma ins
the ne ed to stan dar di ze car bon fo ot print
as ses sment me thods and for ma nu fac tu -
rers to pre sent da ta re lia bly. De spi te the
dif fi cul ties, cal cu la ting the car bon fo ot -
print is a step to wards a mo re su sta ina -
ble fu tu re whe re bu il dings se rve pe ople
whi le mi ni mi zing the ir ne ga ti ve im pact
on our pla net.
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