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Abstract: This paper proposes a method for calculating the environmental impact of constructional materials 
used in buildings and structures. The method is based on a broader - as compared to the currently accepted as-
sessment pertaining solely to greenhouse gas emissions - approach to environmental impact assessment of build-
ing operations and erected structures. As a functional unit, the proposed method employs the maximum single-
exposure permissible concentration (MPC) of carbon dioxide in the air of the work zone. This approach enables 
the assessment of a building’s environmental impact with account to all harmful gas emissions into the atmos-
phere, expressed in CO2 equivalents. The assessment encompasses all stages of the life cycle. The paper presents 
the results of surveys of enterprises engaged in manufacture of constructional materials along with a methodolo-
gy for converting gas emissions into equivalent to CO2 quantities. The analysis of emission calculations reveals 
that prioritizing CO2 emissions in the latter provides a distorted picture of the manufacture’s burden on the envi-
ronment. The paper also describes a technology for purifying manufacture emissions from harmful gases as a re-
sult of using the methodology to identify the most environmentally damaging areas of manufacture. 
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TITLE 
 
The life cycle of any building or structure 
consists of the following stages: raw material 
extraction, transportation to factories, prepara-
tion and manufacture of constructional mate-
rials; delivery of materials to the construction 
site, building operations, operation of a capital 
facility; demolition and waste processing (dis-
posal) of a capital facility [1, 2]. 
There is a significant number of methodolo-
gies assessing the environmental impact of 
each stage of a life cycle [3, 4, 5]. However, 
the main problem is that, to date, there is no 
methodology that makes it possible to com-
pare each of these stages using a unified set of 
characteristics. 
A second, equally important problem is that 
when assessing pollution, it is not taken into 
account that any manufacture, generation of 
heat and power (electricity), operation of ve-
hicles, release a significant amount of gases 
into the atmosphere. The impact of these gases 
on the human body is much more significant 
than the impact of CO2. These gases include 
the well-known nitrogen and sulfur oxides, 
carbon monoxide, saturated and unsaturated 
hydrocarbons, ammonia, and others. The dan-
ger of these gases to humans is defined in the 
Sanitary Rules and Norms SanPiN 1.2.3685-
21 «Hygienic standards and requirements for 
ensuring the safety and (or) harmlessness of 
environmental factors for humans» [6], which 
specifies over 2300 substances for which per-
missible concentration limits (PCLs) of pollu-
tants in the air of the work zone are defined. A 
significant amount of harmful gases, posing a 
danger to humans that in some cases exceeds 
the danger of CO2 by millions of times [7, 8], 

is released into the atmosphere during the 
manufacture of constructional materials and 
the population breathes them in. 
Meanwhile, the GOST standards, which are 
identical to the ISO 14000 series, only consid-
er carbon dioxide emissions, neglecting other 
harmful gases [9, 10]. This, in turn, disincen-
tivizes factories from adopting manufacture 
technologies that would reduce the quantity of 
these emissions [11-13].  
Quantifying carbon dioxide emissions during 
the production of various wall structures is 
essential for accounting for anthropogenic 
greenhouse gas emissions. Research [14] has 
shown that timber and wood-frame buildings 
sequester more carbon compared to the energy 
consumed in their production, making these 
types of building structures the most environ-
mentally friendly. The combination of a tradi-
tional renewable material—wood—and mod-
ern insulation materials provides the required 
energy efficiency of buildings, as mandated 
by European legislation. In North America 
and Scandinavia, a set of measures has been 
developed to promote the use of wood in con-
struction. Traditionally, brick buildings are 
widely common in Hungary and Russia, indi-
cating a significant additional potential for 
carbon sequestration. The recent trend of in-
creasing the share of wooden housing con-
struction could be further enhanced through 
specific state support measures [14]. 
It’s important to note that our reliance on for-
eign standards focused on reducing the so-
called “carbon footprint” is often inappropri-
ate in many cases. A telling example of issu-
ing non-operational documents is the standard. 
The authors of this standard write that it was 
copied not even from foreign standards, but 
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from the documents of Western public organi-
zations such as BREEAM, LEED, Code for 
Sustainable Homes, Living Building Chal-
lenge, Home Quality Mark, and Green Globes. 
This article proposes a unified methodology 
developed to enable comparative analysis of 
the environmental performance of any build-
ings and structures throughout all stages of its 
life cycle. Furthermore, the methodology al-
lows for the assessment of environmental im-
pact not only from gases defined as green-
house gases, but also considering all harmful 
emissions into the atmosphere. As a specific 
outcome of the calculation, the environmental 
performance of a single stage can be deter-
mined, or an assessment can be made focusing 
only on specific gases. For example, assessing 
the environmental performance of the con-
structional material manufacturing stage will 
allow for evaluating the environmental impact 
of each material used in the construction, 
while calculations of CO2, CH4, and N2O con-
tent let assess the greenhouse effect. 
The results obtained from calculating the en-
vironmental performance of a construction 
project will incentivize the formulation of 
measures and proposals as well as their im-
plementation in order to reduce environmental 
impact during the building operations. 
This work was conducted in accordance with 
the Development Strategy of the Construction 
Industry and Housing and Communal Services 
of the Russian Federation for the period up to 
2030, with a forecast until 2035, approved by 
the Resolution of the Government of the Rus-
sian Federation No. 3268-r dated October 31, 
2022.  
 
 
ASSESSMENT METHODOLOGY 
 
1.1 Key Indicators 
 
The main goal of the developed assessment 
method is to justify the need for moderniza-
tion of the manufacture of materials, products, 
and structures in order to improve the envi-

ronmental performance of manufacture pro-
cesses throughout all stages of the building’s 
life cycle. It also aims to conduct a compara-
tive environmental analysis of technological 
measures implemented at the enterprise. 
In the developed methodology, it is proposed to 
introduce a functional unit for assessing envi-
ronmental impact, equal to the value of the max-
imum permissible single-exposure concentration 
(MPC) of carbon dioxide in the air of the work 
zone. The value of the maximum permissible 
single-exposure concentration in the air of the 
work zone was set on condition that there is no 
assessment of the maximum permissible con-
centration of CO2 under other exposure condi-
tions (e.g., average daily or average per work 
shift) using SanPiN [5]. 
Table 1 presents the results of the analysis of 
MPCs using SanPiN as per [5, Table 2.1]. It can 
be seen that the harmful effect of all gases on hu-
mans is much more significant than that of carbon 
dioxide, and for some, such as benzo(a)pyrene, 
this difference is 180 million times greater. 
 

Table 1. Harmful emissions and conversion 
factors with account to the functional unit for 

assessing environmental impact 
 Gas 

 
Maximum 
Permissible 
Single Ex-
posure Con-
centration  
(MPC) in 
the Air of 
the Work 
Zone, 
mg/m3 

Posi-
tion in 
table 
2.1 
[5] 

Conver-
sion 
Factor to 
Equiva-
lent 
CO2 
Quantity 

1 Carbon 
2 

27000 2124 1,0 

2 Carbon Mon-
oxide, CO 

20 2122 1350 

3 Nitrogen 
Dioxide, NO2 

2 4 13500 

4 Nitric Oxide, 
NO 

5 5 5400 

5 Ammonia, 
NH3 

20 178 1350 

 Nitric Acid, 
HNO3 

2 7 13500 

6 Sulfur 
Dioxide, SO2 

10 1837 2700 
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7 Inorganic 
Dust: 70-20% 
SiO2 

   

8 Benzo(a)pyren
20 12 

0,00015* 253 1,8·108 

9 Mixture of 
Saturated Hy-
drocarbons, 
CnHm 

900 2120 30 

1
0 

Formaldehyde 0,05 2172 5,4·105 

1
1 

Phenol 0,1 2171 2,7·105 

* average daily MPC per work shift 
 
It is proposed that the carbon dioxide-equivalent 
amount of gas entering the atmosphere, consid-
ering the concept of the functional unit, be cal-
culated by multiplying the mass of the emitted 
gas by the ratio of the MPC of CO2 against the 
MPC of the emitted gas. The calculations use 
maximum permissible single-exposure concen-
trations in the air of the work zone, as this is the 
only mention of carbon dioxide in [5]. 
It should be noted that the indicator of the car-
bon dioxide-equivalent amount of gas differs 
significantly from the indicator defined in the 
normative documents for the carbon footprint as 
per ISO 14001:2004 11, where the carbon diox-
ide-equivalent amount of gas is determined by 
emissivity. 
A carbon load factor (CLF) is introduced, equal 
to the ratio of pollutants (by mass) entering the 
atmosphere in the amount equivalent in hazard 
to the amount (by mass) of carbon dioxide at the 
stages of raw material extraction and transporta-
tion, construction materials manufacture, build-
ing operation and its disposal to the mass of the 
building materials [kg/kg]. Also, a building en-
vironmental performance indicator (BEPI) is 
introduced, defined against the amount of CO2 
equivalent the total mass of the materials used 
in construction to the volume of the building. 
 
1.2 Calculation of Key Indicators and Values 
The mass of pollutants entering the atmosphere 
in the amount equivalent in hazard to the carbon 
dioxide amount during the raw material extrac-
tion and transportation stage is calculated con-

sidering the electrical and thermal energy con-
sumed by machinery and equipment during 
loading and transport of the raw materials to the 
manufacturing facility. 
The mass of pollutants entering the atmosphere 
during the constructional materials manufacture 
stage in the amount equivalent in hazard to the 
amount of the carbon dioxide is calculated 
based on emissions of pollutants into the atmos-
phere during manufacture, as well as the electri-
cal and thermal energy consumed when manu-
facturing the materials [15, 7]. 
The mass of pollutants entering the atmosphere 
during the building operations in the amount 
equivalent in hazard to the amount of CO2 is 
calculated based on the electrical and thermal 
energy consumed directly on the construction 
site by machinery, equipment, and transport 
vehicles, including the transportation of con-
structional materials to the site and for every-
day needs. 
The mass of pollutants entering the atmosphere 
during the operational stage in the amount 
equivalent in hazard to the amount of CO2 is 
estimated based on the electrical and thermal 
energy consumed by building’s dwellers over its 
entire operational period (design life), excluding 
urbanistic loads. In this case, the total heat loss 
of the building during the heating period, 
kWh/year, should be determined according to 
Appendix G SR 50.13330. 
The mass of pollutants entering the atmosphere 
during the demolition and disposal stage in the 
amount equivalent in hazard to the amount of 
carbon dioxide is calculated considering the 
electrical and thermal energy consumed directly 
during demolition and disposal by machinery, 
equipment and transport vehicles, including the 
transportation of dismantled constructional ma-
terials for recycling and disposal. 
Therefore, the impact on atmosphere at all 
stages of the life cycle can be expressed 
through fuel consumption, making the calcula-
tion universal. During the constructional mate-
rials manufacture, the environmental load de-
termined by manufacture emissions is addi-
tionally assessed. 
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1.3 Calculation of emissions from the genera-
tion of thermal and electrical energy 
When an enterprise consumes thermal and elec-
trical energy, the emissions of pollutants are 
converted to the emissions from the combustion 
of natural gas at combined heat and power 
(CHP) plants and enterprise’s boiler facilities. 
The specific heat of natural gas combustion is 
taken to be equal 8000 kCal/m3 (9.3 kW/m3, 
33.5 MJ/m3) [16, 17]. The composition of natu-
ral gas is assumed to be 75% CH4 and 25% H2, 
with fuel combustion occurring at 
calculation is performed according to the meth-
odology presented in [18]. These characteristics 
of natural gas are provided as being the most 
common to the majority of natural gas fuel con-
sumed by CHP plants, but they can be modified 
and recalculated using the presented methodol-
ogy. 
The amount of natural gas consumed to generate 
electricity and heat at the enterprise is then cal-
culated. 
 

8000 kCal, m3              (1) 
 
The volume of combustion products is equal to: 
 

Vcmb.pr 2+V + 2 VN2, m3      (2) 
 

2 is the volume of carbon dioxide en-
tering the atmosphere with the combustion 
products 2 Vg, m3                           (3) 
Then the mass of CO2 with the exit gases is: 
 

2 2*44/22.4, kg             (4) 
 

2 - the volume of water vapor entering the 
atmosphere with the combustion products: 
From hydrogen combustion: 
 

2 *Vg, m3                  (5)                                                                     
 
From methane combustion: 
 

2 Vg, m3             (6)                                                           
 

VN2 - the amount of nitrogen in the combustion 
products is derived from the volume of oxygen 
required for the combustion of methane and hy-
drogen: 
 

VN2 Vg, m3        (7)                   
 
V  – the volume of excess oxygen in the 
combustion products. At 
holds: 
 

V  2*( – 1), m3            (8)                   
VN2 2*79 / 21, m3                (9)                   

 
Since the concentration of pollutants is deter-
mined in dry combustion products, we deter-
mine their volume, Vdg, considering (2), (5), 
and (6): 
 

2+ 2excess+VN2, m3         (10) 
                                                                            
1.4 Calculation of Emissions for Diesel En-
gines 
The calculation of emissions for diesel engines 
is based on the chemical composition of diesel 
fuel, which is assumed to be as follows: carbon 
86,2%, hydrogen 12,8%, oxygen 1,0%. Fuel 
combustion occurs with an excess air coefficient 
of 
amount of air required for complete combustion 
of 1 kg of fuel is calculated according to [18]. 
1. The theoretical (stoichiometric) amount of air 
required for complete combustion of 1 kg of 
fuel is calculated using the formula: 
 

–  
0.128/2 – 

12.1  m3/kg                       (11) 
                                                                                                
2. The volume of carbon dioxide in the combus-
tion products is calculated as: 
 
Vco2   m3/kg                   

(12) 
 

Then, the mass of CO2 emissions is: 
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M 2 2     (13)  
                                                             
3. The volume of oxygen and nitrogen in the 
combustion products is calculated as: 
 

Vo2 *( - 1)*V - 1)*    
0.254 m3/kg                       (14) 

 
VN2 * *  

 10.51 m3/kg                           (15) 
 
4. The volume of dry combustion products is: 
 

2+Vo2+VN2  
12.374 m3/kg                   (16) 

 
The amount of emissions is calculated as the 
volume of dry gases multiplied by the concen-
tration of the pollutant. 
The concentration of pollutants in the combus-
tion products of diesel fuel [19] and natural gas 
[20, 21] are taken from Table 2. 
 

Table 2. Concentration of Pollutants in 
Combustion Products 

 

  

 
Pollutant  

Emission Concentration, 
mg/m3 
From Diesel 
Fuel 
Combustion 

From 
Natural Gas 
Combustion 

1 Carbon Monoxide, 
CO 

1250 300 

2 Nitrogen Oxides 
on conversion to 
NO2 

200 125 

3 Sulfur Dioxide, 
SO2 

28,6 -- 

4 Formaldehyde 13,4 -- 
5 Unsaturated 

hydrocarbons 
67 -- 

7 Benzo(a)pyrene 0,0005 2·10-6 
8 Carbon Dioxide 

(CO2) 
As per calcu-
lation 

As per 
calculation 

  
 
RESULTS AND DISCUSSION 
 
The authors have conducted a survey calculat-
ing the environmental load for several enterpris-
es using the developed methodology. This arti-

cle presents an analysis of the survey results 
from the Rockwool mineral wool production 
plant in Zheleznodorozhny, Moscow Oblast. 
The first two stages of the life cycle are exam-
ined in detail: raw material extraction, transpor-
tation, and the manufacture stage itself. The 
production volume is 1,390,000 m3 or 98,000 
tons of mineral wool per year. The plant has 42 
emission sources. Electricity consumption is 
126,777,532 kWh (2022-year data). On-site 
transportation is provided by 7 diesel-powered 
forklifts. 
During the manufacture, a survey encompassed 
all 42 emission sources. At each sampling point, 
the diameter of the process pipeline, the gas ve-
locity, and the gas temperature were recorded. 
When selecting a gas analyzer for analyzing 
harmful emissions in industrial gas samples and 
hydrocarbon fuel combustion products, it is im-
portant to consider their potential concentra-
tions. For example, the concentration of carbon 
dioxide in combustion products is approximate-
ly 10%, while in process gases, it is often equal 
to the concentration in air, that is, 0,03% by 
volume. The concentration of NO2 also varies 
from 150 – 350 mg/m3 in combustion products 
to 0,1 – 1 mg/m3 in urban air. A «Polar-7» port-
able multi-component gas analyzer (manufac-
tured by Promekopribor LLC) was used to 
measure high concentrations, and a «Signal – 
44» gas analyzer (manufactured by Gasoanalit 
LLC) to deal with low concentrations. 
A summary of the survey and calculated emis-
sions of harmful gases released into the environ-
ment during manufacture are shown in Table 3.  
Diesel fuel consumption at the enterprise is 
18,772 l or 14,435.7 kg, and electricity con-
sumption is 126,777,532 kWh, which is equiva-
lent to 13,631,993 m3 of natural gas. 
The calculation of harmful substance emissions, 
converted to the equivalent hazard-weighted 
emission, is performed using equations (1) – 
(10) for natural gas and (11) – (16) for diesel 
fuel. The concentration of harmful gases in the 
emissions is taken from Table 2. The results of 
calculating harmful substance emissions from 
the operation of diesel transport and electricity 
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consumption at the manufacturing stage are 
shown in Table 4. 
 

. Manufacturing emissions 
 

 Emission 
substanc-
es 

Total 
emis
sion 
in 
tons 
per 
year 

% of 
gene
ral 
emis
sion 

Conve
rsion 
factor 

Amou
nt of 
Gas 
Equiv-
alent 
to 
Car-
bon 
Diox-
ide, 
tons/ye
ar  

total 
emis
sion 

1 2 3  4 5 6 
1 Nitrogen 

Dioxide 
39,6
39 

0,20 13500 535 
126,5 

15,3 

2 Nitric 
Oxide 

8,17
5 

0,04 5400   44 
145,0 

1,26 

3 Ammoni
a 

53,8
37 

0,27 1350   72 
680,0 

2,07 

4 Sulfur 
Dioxide 

7,07
8 

 2700   19 
110,6 

0,55 

5 Inorganic 
Dust: 70-
20% 
SiO2 

177,
368 

0,90 2700 
(in 
SO2 

with 
ac-
count 
of 
50%) 

 239 
446,8 

6,85 

6 Carbon 
Monoxid
e 

157,
973 

0,80 1350  213 
263,6 

6,10 

7 Benzo[a]
pyrene 

4,18
*10-7 

 1,8*10
8 

          
75,2 

0,00
2 

8 Mixture 
of Satu-
rated 
Hydro-
carbons 

2,10
1 

 30           
63,0 

0,00
2 

9 Formalde
hyde 

3,95
9 

0,02 5,4*10
5 

2 137 
860,0 

61,1
5 

1
0 

Phenol 0,79
5 

 2,7*10
5 

   214 
650,0 

6,14 

1
1  

Carbon 
Dioxide 

1967
1,9 

97,7
6 

1      19 
671,9 

0,56 

 Total     3 496 
092,6 

 

 
 

Table 4. Calculation results concerning harmful 
substance emissions from diesel transport 

operation and electricity consumption during 
manufacture 

 

  

 
Pollut
ant 

Pollutant Emissions 
Diesel vehicle 
operation 

Electricity from 
CHP (Combined 
Heat and Power 
Plant) 

  Conce
ntratio
n, 
mg/m
3 

Emi
ssio
n, 
tons 

Equi
vale
nt 
emis
sion
, 
tons 

Conce
ntratio
n, 
mg/m
3 

Emi
ssio
n, 
tons 

Equi
vale
nt 
emis
sion
, 
tons 

1 Carbo
n 
Mono
xide, 

 

1250 0,22 297 300 30,3
5 

40 9
72,5 

2 Nitro-
gen 
Ox-
ides, 
as 
NO2 

200 0,03
6 

482,
3 

125 12,6
5 

170 
775,
0 

3 Sulfur 
Dioxid
e, SO2 

28,6 5,1*
10-
3 

13,7
9 

--   

4 Forma
ldehyd
e 

13,4 2,4*
10-3 
 

129
6,0 

--   

5 Unsat
urated 
hydroc
arbons 

67 0,01
2 

0,36 --   

7 Benzo
[a]pyr
ene 

0,000
5 

0,09
*10-

6 

16,1 2·10-6 2,02
* 
10-7 

36,4 

8 Carbo
n 
Dioxid

2 

As 
per 
calcu-
lation 
3,16 
kg/kg 
of 
fuel  

45,6 45,6 As 
per 
calcu-
lation 
1,47 
kg/m3 

of 
natu-
ral 
gas 

20 
039,
0 

20 0
39,0 

 Total    2 15
1,15 

  231 
822,
9 
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During the raw material extraction and trans-
portation stage for mineral wool production, 
according to the survey results, the plant re-
ceives per year up to 125000 tons of dolomite, 
bauxite, tuff, and blast furnace slag as raw ma-
terials, with an average transportation distance 
of 400 km. 
The excavator’s work rate is 20 m3/h, and its 
fuel consumption is 30,0 L/h. The density of 
bauxite and dolomite can be assumed to be 3000 
kg/m3. The excavator loads 60 tons per hour on-
to transport vehicles; therefore, extracting and 
loading 125000 tons (calculated for bauxite and 
dolomite) will require 2083.3 hours of opera-
tion. The fuel consumption will be 62,500 L, or 
48062,5 kg of diesel fuel. 
Transportation is carried out by rail. The specif-
ic electricity consumption depends on the track 
profile, type of rolling stock, speed, weather 
conditions, etc. In freight traffic on flat terrain, 
it is 10–12 W-h/(ton-km), and on mountainous 
sections, it is 25–32 W-h/(ton-km). We will as-
sume 15 W-h/(ton-km). Then, the electricity 
consumption for transporting 125 000 tons of 
raw materials to the distance of 400 km will be: 
15 W-h/(ton-
000 kW-h, which corresponds to a calorific val-
ue of 80 645,2 m3 of natural gas. 
The calculation of pollutants’ emissions, con-
verted to the equivalent hazard-weighted emis-
sion, is performed using equations (1) – (10) 
for natural gas and (11) – (16) for diesel fuel. 
The concentration of harmful gases in the 
emissions is taken from Table 2. The results of 
calculating harmful substance emissions during 
the extraction and transportation stage, in the 
volume required for manufacture, are presented 
in Table 5. 
 

Table 5. Calculation results for pollutants 
during the extraction and transportation stage 

 
 

 
Polluta
nt 

Pollutant emissions 
Raw material extrac-
tion 

Raw material transpor-
tation 

  Conce
ntratio
n, 
mg/m3 

Emi
ssio
n, 
tons 

Equi
va-
lent 
emis
sion, 
tons 

Con-
centra-
tion, 
mg/m3 

Emi
ssio
n, 
tons 

Equi
vale
nt 
emis
sion, 
tons 

1 Carbon 
Monox

 

1250 0,74 1004
,6 

300 0,18 243,
0 

2 Nitro-
gen 
Oxides, 
as NO2 

200 0,12 1606
,5 

125 0,07
5 

1009
,94 

3 Sulfur 
Dioxid
e, SO2 

28,6 0,01
7 

45,9 --   

4 Formal
dehyde 

13,4 8,0*
10-3 

4305
,4 

--   

5 Unsatu
rated 
hydroc
arbons 

67 0,04 1,20 --   

7 Ben-
zo[a]py
rene 
 

0,0005 0,3*
10-6 

54,0 2·10-6 1,61
* 
10-8 

0,22 

8 Carbon 
Diox-
ide 

2 

As per 
calcu-
lation 
3,16 
kg/kg 
of fuel 

151,
88 

151,
88 

As per 
calcu-
lation 
1,47 
kg/m3 

of 
natural 
gas  

118,
55 

118,
55 

 Total    7 16
9,48 

  1 37
1,71 

 
The total emission of pollutants during the ex-
traction, transportation, and manufacture stage 
is presented in Table 6.  
 
Table 6. Total emission of pollutants during the 

extraction, transportation, 
and manufacture stages 

 Source of emission Equivalent 
emission, 
tons/year 

1 Extraction and transporta-
tion stage 
 (Table 5) 

8 541,19 

1.1 Extraction  7 169,48 
1.2 Transportation 1 371,71 
2 Manufacture stage  
1 Release of toxic gases from 

manufacturing process  (Table 
3) 

3 496 092,6 

2 Harmful gas emissions from 
enterprise’s vehicles (Table 4) 

2 151,15 

3 Harmful gas emissions from 
electricity/power generation 
(Section 4) 

231 822,9 

 Total  3 730 066,65 
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Considering the production volume of 1 390 
000 m³/year or 98.0 tons/year, the Carbon Foot-
print Coefficient (CFC) will be 3 730 066.65 / 

 
The analysis of the survey results and the pro-
posed calculation methods allows us to draw 
several important conclusions: 
1. If the enterprise’s emissions are assessed 
solely by the mass of harmful gases released 
into the atmosphere, carbon dioxide emissions 
significantly outweigh the emissions of other 
gases. For example, according to Table 3, which 
assesses the technological emissions from min-
eral wool production, carbon dioxide emissions 
account for 97,76% by mass. However, when 
considering the same production process against 
the amount of gas equivalent in hazard to the 
amount of carbon dioxide the carbon dioxide 
emission only accounts for 0,56%. In this case, 
the highest value, equal to 61,15%, belongs to 
formaldehyde emissions – an aliphatic aldehyde 
of methanol and formic acid, which is a color-
less gas with a pungent odor. This approach, 
defined by the developed calculation method, 
leads to the conclusion that, to reduce atmos-
pheric pollution, it is primarily necessary to re-
duce the formaldehyde content in the enter-
prise’s emissions. In [22], it was shown that a 
technological solution could be the afterburning 
of formaldehyde by directing it to the burners of 
the production boiler plant. 
2. The developed method provides the oppor-
tunity to assess the environmental burden on the 
atmosphere at each stage of the life cycle, as 
well as for different functional production pro-
cesses within a single stage. Table 6 shows that 
the extraction and transportation of raw materi-
als contributes only 0,23% of the pollution re-
leased into the atmosphere across the two stag-
es: extraction - transportation, and the produc-
tion of mineral wool. Within the production 
stage, according to Table 6, it can be estimated 
that the enterprise’s diesel motor transport emits 
only 0,06% of the total hazard-equivalent mass 
of emissions, while the generation of electrici-
ty/power sourced externally by the enterprise 
accounts for 6,6%. 

3. The method allows, if necessary, for the esti-
mation of greenhouse gas emissions alone. Fur-
thermore, a comparison of the results for carbon 
dioxide emissions, according to the developed 
methodology and that one approved by Order 
No. 15-r issued by the Ministry of Natural Re-
sources and Ecology of the Russian Federation 
dated April 16, 2015 [20], shows complete cor-
relation. However, the developed methodology 
provides an opportunity to assess carbon diox-
ide emissions more accurately, taking into ac-
count the chemical composition of the fuel con-
sumed. 
4. Calculation of the Carbon Footprint Coeffi-
cient (CFC) using the developed methodology 
allows to determine the environmental perfor-
mance of constructional materials and life cycle 
stages as objectively as possible.  
 
 
CONCLUSION 
 
The proposed methodology gives a more accu-
rate account of the environmental burden 
throughout all stages of the buildings and struc-
tures’ life cycle due to calculation of emissions 
of all harmful gases released into the atmos-
phere. The method is based on the introduction 
of a functional unit for assessing environmental 
impact, equal to the maximum permissible con-
centration (MPC) of carbon dioxide in the air of 
the work zone at a single exposure. This makes 
it possible to compare emission quantities at 
each stage, as well as to identify the most envi-
ronmentally sensitive areas at each stage of 
manufacture. Of great importance in the pre-
sented methodology is its simplicity and illus-
trative nature. 
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