2025;17 (1):
83-94

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

SYSTEM SOLUTIONS FOR TECHNOLOGICAL PROBLEMS

CCBY 4.0

Original article
https://doi.org/10.15828/2075-8545-2025-17-1-83-94

Low carbon footprint building materials using industrial
waste

Lam V.Tang' (2}, Dung T. Nguyen' (°}, Boris |. Bulgakov? (°}, Olga V. Aleksandrova®*

" Hanoi University of Mining and Geology (HUMG), Hanoi, Vietnam
2 National Research Moscow State University of Civil Engineering, Moscow, Russia

* Corresponding author: e-mail: aleks_olvl@mail.ru

ABSTRACT

Introduction. The possibility of producing construction materials in Vietnam based on man-made waste with a low carbon footprint
and capable of absorbing carbon dioxide is being considered in order to achieve zero greenhouse gas emissions by 2050. To date,
insufficient attention has been paid to the search for a solution to this problem. Methods and materials. Studies were conducted
to assess the possibility of obtaining a "green” cement-free concrete material using local industrial and agricultural waste in the form
of fly ash and bottom slag from the Green Star incineration plant, alumina sludge, ceramic waste, lime powder and coconut fiber
combined with a special activating agent. an alkaline solution. The average density, compressive strength, and water absorption
of the developed cement-free concrete were determined on cube samples measuring 100x100x100 mm in accordance with the
requirements of current Viethamese standards. The ability of the resulting concrete to absorb carbon dioxide was evaluated using
the developed method by measuring the mass of carbon dioxide absorbed by concrete samples. Results and discussion. The average
density of the developed concrete is 1950 kg/m? compressive strength at the age of 28 days is 7.5-11.5 MPa; water absorption is
8-10% by weight. The main advantages of using cement-free concrete of the developed composition include reducing the carbon
footprint due to the abandonment of the use of Portland cement, the ability of concrete to absorb carbon dioxide and the possibil-
ity of recycling high-tonnage man-made waste during its manufacture. Conclusion. The results of the conducted research show
that the use of the developed cement-free “green” concrete for the manufacture of building products and structures in Vietham
will allow to recycle about 1.1 tons. high-tonnage industrial waste per 1 cubic meter and absorb 10-13 kg of carbon dioxide during
operation. This will contribute to the implementation of the planned course for the “green” transformation of Vietnam's economy
into a sustainable closed-loop economy.
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INTRODUCTION

As the urgent environmental problems of our planet
become more global and require an immediate search
for rational solutions, the construction industry,
characterized by high levels of environmental pollution
from industrial waste and significant emissions of
greenhouse gases into the atmosphere, primarily CO,,
is gradually shifting to the use of environmentally
friendly building materials and efficient construction
technologies. with a low carbon footprint. A set of

©Tang V.L, Nguyen T.D,, Bulgakov B.I., Aleksandrova 0.V.,2025

effective and economically justified measures will prevent
further thinning of the ozone layer, reduce greenhouse
gas emissions and stabilize their concentration in the
atmosphere [1—10].

The construction sector is the world’s largest
consumer of raw materials, and the operation of buildings
and structures for various purposes is characterized by
the highest energy consumption in the world. This has
allowed a stable opinion to develop and exist that one
of the leading types of human activity leading to global
warming and causing drastic climate change on our planet
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is the currently observed high global construction rate
[11,12].

Reducing greenhouse gas emissions (carbon dioxide,
methane, nitrogen oxides, etc.) is currently a serious
global global problem that requires effective solutions
in all industrialized countries, including the Russian
Federation and Vietnam.

The 26" UN Climate Change Conference, held from
October 31 to November 12, 2021 in Glasgow (Great
Britain) with the participation of 25,000 delegates
from 200 countries, including about 120 heads of state,
discussed the following three most important and pressing
issues facing the world community:

1. Reducing emissions of methane, one of the most
harmful greenhouse gases, which significantly contributes
to climate warming. As a result of the discussion, more
than 100 world leaders signed an agreement to reduce
meth emissions by 30% by 2030.

2. The gradual abandonment of the use of coal
during the 40s of the XXI century, since it is the most
“dirty” source of fossil fuels, as a result of burning which
generates and releases into the atmosphere a large amount
of greenhouse gases and, first of all, carbon dioxide. More
than 40 countries, including Canada, Poland, Ukraine,
the Republic of Korea, Indonesia and Vietnam, have
committed themselves to completely abandon coal-fired
power within the specified time frame.

3. Conservation of forests on our planet, as forests play
a critical role in the carbon cycle by absorbing carbon
dioxide from the atmosphere. The leaders of more than
100 countries, which account for almost 85% of the
world’s forests, have promised to stop deforestation by
2030.

Speaking at the conference, Prime Minister of the
Socialist Republic of Vietnam Pham Minh Chin made
a commitment on behalf of his country to strive to achieve
zero greenhouse gas emissions by 2050. The countries
are the world’s main consumers of coal, the Russian
Federation and China have committed to achieving
carbon neutrality by 2060, and India, also one of its main
consumers, by 2070. In this regard, the intensification of
scientific research aimed at the wider use of renewable
energy sources, which include hydropower, solar energy,
wind energy, geothermal energy, marine tidal energy
and the use of biomass, as well as the development and
implementation of low-carbon technologies in production
processes, especially in industrialized countries. — The
main developers of mineral deposits and consumers
of fossil fuels, in particular coal and oil, and for this
reason the main sources of carbon dioxide, methane and
other greenhouse gases, are becoming very important
areas of scientific research that can make an important
contribution to the process of deflation of greenhouse gas
emissions, primarily carbon dioxide into the environment
(Figure 1).

Fig. 1. The annual global volume of carbon dioxide
emissions into the environment is extremely high

In the context of increasing global environmental
pollution caused by industrial emissions, developed
countries are actively exploring various strategies to
reduce them and are looking for effective ways to bury
carbon dioxide in geological layers on land and under
the ocean floor.

For example, the technology implemented in Japan
for carbon dioxide capture at energy sector enterprises
and its subsequent burial in the voids of geological layers
formed as a result of the depletion of oil and natural gas
deposits, the functioning scheme of which is shown in
Figure 2, is one of the modern “green” technologies, the
use of which potential will contribute to achieving the goal
of carbon neutrality [13]. However, such burial of carbon
dioxide in geological layers on land and in the coastal
oceanic zone also contains a potential risk of leakage and
air pollution as a result of possible fracturing of the layers
due to earthquakes and man-made disasters.

Typically, concretes and mortars are made using four
main raw materials: cement, aggregates obtained from
natural rocks or man-made waste, water, and various
additives. At the same time, the production of one cubic
meter of concrete, with an annual global output of
9 billion tons, leads to emissions of about 250 kg of carbon
dioxide into the environment [14]. Portland cement is
the most common binder used for the production of
concrete and mortar, and its annual global production
is 4 billion tons. However, the production of one ton of
Portland cement clinker releases about 0.8 tons of CO,
into the environment and cement accounts for 8% of the
world’s annual carbon dioxide emissions [15]. Therefore,
measures to reduce carbon dioxide and other greenhouse
gas emissions from the production of building materials
are important. To achieve this goal, methods such as
changing the main ingredients and reducing the cement
content in the raw material composition can be used by
using finely ground multi-tonnage man-made waste in
the form of fuel and metallurgical ashes and slags, as
well as waste from the chemical industry, for example,
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Fig. 2. Burial of carbon dioxide in Japan in the voids of geological layers [13]

electrothermophosphoric slags with a cementing effect,
which are usually used as activators of binding properties
alkaline solutions.

One example of the search for rational ways to
dispose of high-tonnage industrial waste is the research
currently being conducted jointly by the National
Research University MGSU and the Institute of Building
Physics of the Russian Academy of Natural Sciences to
develop a technology for the production of exterior wall
blocks based on carbonized steel-slag mixtures for civil
engineering.

The problem of improving the environment through
the rational use of high-tonnage industrial waste is very
acute all over the world. For example, in the Russian
Federation today, only ash and slag waste from energy
complex enterprises, the annual volume of which exceeds
25 million tons, covers an area of more than 20 thousand
hectares [16].

According to a report by the Ministry of Industry
and Trade of Vietnam, there are currently 33 coal-fired
thermal power plants in the country, emitting up to 23—
25 million tons of ash and slag per year, which require
landfills with a total area of about 1,000 hectares. This
negatively affects the environment and causes pollution
of marine and river waters. For example, the thermal
power plant in the Vung Ang Industrial Park, located in

the central part of Vietnam, began operating in 2012 and
generates approximately 1 million tons annually. various
ash and slag wastes, which, in addition to air pollution,
also cause serious pollution of seawater, which in 2016
led to the mass death of fish and marine animals in the
coastal waters of the South China Sea [17].

In addition, Vietnam has a significant number of metal-
lurgical plants, such as the Thai Nguyen, Ha Tinh, Phu Mi,
Hoa Phat and a number of others, which annually produce
large amounts of blast furnace slag that pollute the environ-
ment. According to some data [18, 19], Vietnam’s metal-
lurgical industry produces about 45—55 million tons of
slag every year. Therefore, the use of such slags to produce
environmentally friendly “green” geopolymer concrete will
help to increase the economic efficiency of production and
minimize environmental pollution.

“Green” concrete in the broad semantic meaning of
the term is concrete that meets at least one of the three
criteria:

1. A variety of industrial and household waste is used
to produce it.

2. The process of its manufacture does not harm the
environment, since it does not require large expenditures
of cement, the production of which requires a lot of
energy and is accompanied by emissions of carbon dioxide
into the atmosphere.
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3. It has high performance and is stable throughout
its entire life cycle, which is economically advantageous
from the standpoint of durability and the duration of
possible maintenance-free operation of concrete and
reinforced concrete building products and structures, as
well as their subsequent disposal.

In a narrower sense, «green» concretes are understood
as low-cement concretes or cement-free binders
containing, instead of cement clinker, finely dispersed
mineral components with a cementing effect, which
were obtained by processing high-tonnage waste from
industrial plants or from waste processing of natural raw
materials, as well as concretes capable of absorbing carbon
dioxide from atmospheric air.

Geopolymer concretes are called environmentally
friendly cement-free concretes, which include ashes and
slags with pozzolanic or hydraulic activity, and slaked
lime and sodium or potassium liquid glass are usually used
as binders that have an activating effect on ash and slag.

Although industrial waste (fly ash, fuel and blast
furnace slag) is used for the production of certain types
of building materials in Vietnam, for example, baked
bricks, and is also used in road construction as a leveling
layer of the roadway, their use is currently very limited
and amounts to only about 5-10 million tons. per year
[20—-22].

Industrial waste, especially fuel ash and slag, is a very
serious cause of environmental problems that cause
pollution of soil, water and air in all provinces of Vietnam.
At the same time, the level of reuse of man-made waste
is very limited and amounts to only about 2—5% of their
annual amount [18, 19].

Due to the fact that the economy of the Socialist
Republic of Vietnam is currently on the rise and is
characterized by high rates of development, as well as
due to the fact that the country is undergoing intensive
processes of industrialization of the national economy,
accompanied by an increase in industrial production,
there are many thermal coal-fired power plants and
metallurgical plants in Vietnam., As a result of which
millions of tons of industrial waste are generated annually,
therefore, the problem of recycling high-tonnage man-
made waste and exploring the possibility of using them
as local secondary raw materials for the production
of building materials, including concretes for various
purposes, is of great economic, environmental and social
importance for Vietnam.

The implementation of these measures in Vietnam will
contribute to the implementation of the policy adopted
by the Communist Party of Vietnam and the Government
of the Socialist Republic of Vietnam towards the
development of a closed-loop economy and sustainable
“green” transformation of industrial production in the
country in order to achieve zero emissions of carbon
dioxide and other greenhouse gases by 2050 and solve

the environmental problem of protecting the environment
from pollution by high-tonnage man-made waste through
their rational and efficient disposal.

To contribute to the achievement of the global goal
set by the Paris Climate Agreement, adopted at the end
of the climate conference in December 2015, to limit
warming on Earth by no more than 1.5 °C by the end of
the 21 century compared to pre-industrial levels [23,
24] and to achieve the declared zero level in Vietnam
by 2050. The Green Concrete research group of Hanoi
Mining and Geological University is conducting research
to produce a “green” cement-free concrete material.,
using for this purpose such high-tonnage waste from
various industries in Vietnam as fly ash and slag from
thermal power plants, metallurgical slags, mining and
processing industry sludge, ceramic waste, lime powder
in combination with a special activating solution. The
article presents the results of research conducted in this
area to solve the problem.

MATERIALS AND METHODS

Materials. The following raw materials were used:

Fly ash (FA) (Figure 3a), collected directly from
the chimney of the Green Star incinerator power plant
through a bag filter system [25, 26].

Bottom slag (BS) from the same incinerator power
plant: before grinding, with porous and uneven grains,
after grinding, in the form of a fine powder (Figure 3b).

The physico-mechanical properties and chemical
composition of fly ash and finely ground bottom slag of
the Green Star incineration power plant are presented in
Tables 1 and 2.

Ceramic powder “TOTO (CP) with a particle size of
0.1-0.5 mm (Figure 4), obtained at the Hanoi TOTO
Plumbing Products Plant as a result of crushing defective
products and industrial waste, the monthly amount
of which reaches almost 20 tons, and used as an inert
mineral additive for compacting the structure of cement-
free concrete.

White lime powder (LP) (Figure 5), which is slaked
lime with a Ca(OH), content of more than 90%, particle
size from a few microns to 0.15 mm, true density of
2.21 g/cm? and partially soluble in water (0.185 g/ml).

Dried and sieved slurry waste (SW) from the Tan Rai
alumina production plant with a particle size from 0.14
to 2.5 mm (Figure 6).

Coconut fiber (CF), separated from coconut shells
during processing, with an average diameter of about
1.5 mm and a length of 15—20 mm, consisting of 70—90%
cellulose (Figure 7).

The activating alkaline solution consisted of a mixture
of two aqueous solutions: 10 M solution of sodium
hydroxide (Figure 8a) and a solution of two and a half
aqueous sodium silicate (Figure 8b) manufactured
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Fig. 3. Fly ash and bottom finely ground slag of the Green Star incineration power plant: a - fly ash; b - finely ground
bottom slag

Table 1. Physico-mechanical properties of fly ash and finely ground bottom slag

Indicators Units of measurement Test results
Fly ash Finely ground bottom slag

Humidity % mass. 0.5 45
True Density g/cm? 2.35 2.95

Bulk density kg/m? 1570 1485

Specific surface area cm?/g 2850 3600

Average grain size microns 7.15 4.39

Table 2. Chemical composition of fly ash and bottom slag

of con-:-::::::,e;: mass. S0}, || G RS RSl | LS | e |l con?;:r?:nts on ilc_-:;si:ion
Fly ash 28.2 11.5 16.4 3.7 24 | 28.1 2.1 3.1 4.5
Finely ground bottom slag | 54.2 | 23.0 8.5 25 2.1 1.5 0.6 34 4.2

Ceramic powder
“TOTO"

Fig. 4. Ceramic powder “TOTO”"

Fig. 5. Lime powder
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Fig. 8. Activating alkaline solution: a - 10 M sodium hydroxide solution; b — two and a half aqueous sodium silicate
solution

by Viet-Nhat with a density of 1.45+0.01 g/cm? and
1.5540.01 g/cm’, respectively, in the ratio Na,SiO,/
NaOH = 2.5 [27, 28]. Its percentage composition by
weight is NaOH = 12%; Na,SiO, = 30% and water =
58%.

Table 3 shows the chemical composition and physical
properties of the sodium silicate solution used.

The sealing water (W) met the requirements of the
Vietnamese standard TCVN 4506:2012'.

Methods. The methodology of the work included:

The absolute volume method was used to determine
the composition of the concrete mix for the production
of cement-free “green” concrete.

! Vietnam Construction Standard TCVN 4506:2012. Water for mixing
concrete and mortar. Technical requirements.

Table 3. Chemical composition and physical properties
of sodium silicate solution

Chemical formula Na,SiO,-2.5H,0
Na,0 11.8%
Sio, 29.5%
H,0 58.7%

Light yellow gel-like

Color and appearance liquid

Color and appearance 1,55 0,01 g/cm?

The experimental studies were conducted in accor-
dance with the current Vietnamese standards:
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Fig. 9. Samples-cubes measuring 100x100x100 mm made of developed cement-free “green” concrete

The average density of concrete was deermined on
cube samples measuring 100x100x100 mm in accordance
with TCVN 3115:20222;

The water absorption of concrete samples was deter-
mined on cube samples measuring 100x 100X 100 mm in
accordance with TCVN 3113:20223 (Figure 9);

The compressive strength of the developed concrete
was determined by testing cube samples measuring
100x100x100 mm in accordance with the requirements
of TCVN 3118:2022* (Figure 10);

— the ability of concrete samples to absorb carbon
dioxide was determined by the following method: car-
bon dioxide from a cylinder was supplied through a flex-

Fig. 10. Compression testing of concrete samples

2 Vietnam Construction Standard TCVN 3115:2022. Hardened
concrete. Density determination method

3 Vietnam Construction Standard TCVN 3113:2022. Hardened
concrete. Method for determining water absorption

* Vietnam Construction Standard TCVN 3118:2022. Hardened
concrete. Method for determining compressive strength

ible hose for 10 minutes to a sealed tank containing
concrete samples in the form of multi-hollow bricks
(Figure 11).

The mass of CO, absorbed by the concrete sample
as a result of its forced carbonation was calculated using
the formula:

mC02 - m,—m,

where: m, — is the mass of the concrete sample before

carbonation, g; m, — is the mass of the concrete sample
after carbonation is completed, g.

RESULTS

The composition of the concrete mix for the
production of cement-free “green” concrete is shown
in Table 4.

To assess the ability of the concrete of the developed
composition to absorb carbon dioxide, concrete samples
with dimensions of 220X110X60 mm were used,
corresponding to the dimensions of the standard concrete
brick used in Vietnam.5

The following test results were obtained:

— the average density of developed concrete at the age
of 28 days is 1950 kg/m? (Figure 12);

— the compressive strength of the developed concrete at
the age of 28 days is 7.5—11.5 MPa;

— water absorption by weight is 8—10% by weight;

— the mass of one sample brick of developed “green”
concrete measuring 220X110x60 mm with six
cylindrical voids is 1.5—2.2 kg.

An important feature is the ability of concrete bricks
of the developed composition to absorb carbon dioxide
during hardening due to the presence of slaked lime in
their composition. According to the results obtained,
each such brick sample measuring 220x 110x60 mm with
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Fig. 11. Carbonation of samples of developed concrete during their hardening

Table 4. The composition of T m? of concrete mix for the production of cement-free “green” concrete

Raw materials FA BS CcP LP '

CF | NaOH | NaSi0-25H,0 | W | Lo

Weight, kg 360 | 280 | 100 | 100 | 250

50 160 518 150 | 1968

Fig. 12. Determination of the average density of developed concrete at the age of 28 days

six voids has the ability to absorb about 1520 g of CO,
(Figure 13).

In addition, about 1.5 kg of industrial waste is used in
the manufacture of one such sample and absolutely no
natural materials are used. Thus, as a result of obtaining
1 m? of concrete of the developed composition, about
1.1 tons of high-tonnage industrial waste can be disposed
of in the form of fly ash and bottom slags from thermal

power plants, metallurgical slags, powdered ceramic
waste, as well as sludge from mining and processing
enterprises. Therefore, the implementation of the
results of this study will contribute to the development
of a sustainable “green” economy in Vietnam and
minimize the risk of environmental pollution from
greenhouse gas emissions and high-tonnage industrial
waste.
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Fig. 13. Samples of developed concrete in the form of standard-sized bricks with cavities capable of absorbing

carbon dioxide

The main advantages of the developed cement-free
concrete, capable of absorbing carbon dioxide, include:
— Reduction of greenhouse gas emissions: it is estimated

that each 1 m?® of developed concrete is capable of

absorbing about 10—13 kg of CO, emissions, thereby
improving air quality;

— conservation of natural resources through the use of
high-tonnage industrial waste and the abandonment
of the use of Portland cement, the production of
which requires natural raw materials and which is
accompanied by significant carbon dioxide emissions;

— realization of the possibility of protecting the
environment from pollution by high-tonnage
industrial waste as a result of their use as the main
raw material for the production of developed “green”
concrete, which contributes to the development of
a closed-cycle economy.

CONCLUSION

As a result of the analysis of the current state and future
prospects for the development of low-carbon construction
materials in Vietnam, the following conclusions can be
drawn:

1. The Green Concrete Research Group of Hanoi
Mining and Geological University hopes that the results
of the research conducted aimed at involving high-
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CTpOI/ITeﬂbeIe MaTepunasibl C HUSKNM yrfiepogHbim csieqom
C LCNOJib30BaHNEM NPOMbILLJIEHHbIX OTX0A40B

Jlam BaH Tanr’ (|2}, 3yHr Your Hryen' (I, Bopuc Uropesuy bynrakos? (), Onbra BnagpumupoBHa AnekcaHpgpoBa?*

! XaHOMCKMI rOpHO-reonornyeckunii yHnsepcutet, XaHow, BbeTHam
2 HaumnoHanbHbI nccnepoBaTenbckuii MOCKOBCKIMI FOCYAapPCTBEHHDbIN CTPOUTENbHbBIN yHUBEpCUTeT, I. MockBa, Poccua

* ABTOp, OTBETCTBEHHbIV 3a Nepenucky: e-mail: aleks_olvi@mail.ru

AHHOTALMA

BBepeHwme. PaccmaTpriBaeTc BO3MOXHOCTb MPOM3BOACTBA BO BbeTHame CTpouTeNbHbIX MaTeprasioB Ha OCHOBE TEXHOTEHHbIX OTXOAO0B,
00n1aAaoLLMX HA3KMM YTTIepOAHbBIM CJIEA0M M CMOCOGHDBIX MOMOLWATb YIeKUCbI ra3, And AoCTUXeHNA K 2050 rofly HyneBoro Bbibpoca
MapHUKOBbIX ra3oB. [Jo HAaCTOALLEro BPeMeH) NOVCKaM pelleHrs 3Tol NpobemMbl yaenanocb HefocTaToyHoe BHMMaHue. Metogbl
1 maTepuanbl. bbiny NpoBefeHbl NCCNeoBaHNA C LieSIblo OLIEeHKM BO3MOXHOCTY NMOJyUYeHWs «3eJIEHOro» 6ecLieMeHTHOro 6eTOHHOro
MaTepuana, UCnosb3ys 4f1A STOro MECTHbIE MPOMbILLTIEHHbIE OTXOAbI M OTXObl NepepaboTKN MPOAYKLMM CENTIbCKOrO XO3ACTBA B Buae
30/1bl-yHOCA 11 OHHOTO LWlaKa MyCOPOCKMraTeNlbHOM 3NeKTpocTaHuum «Green Star», LUNamMOBbIX OTXOLOB NPOW3BOACTBA MMHO3EM3,
KepamnyecKmnx OTXOA0B, N3BECTKOBOIO MOPOLLKa U KOKOCOBOTO BOJIOKHA B COUETaHMN CO CNeLrarnibHbIM akKTUBUPYIOLUM LEIOYHbIM
pactBopoMm. CpefiHIolo MIOTHOCTb, MPOYHOCTb Ha CKaTue 11 BOJOMOroLLeHre pa3paboTaHHOro 6ecLieMeHTHOro 6eToHa onpeaensanv
Ha o6pa3uax-Kybax pasmepom 100x100x100 MM B COOTBETCTBMM C TPeOOBAHMAMY AeCTBYIOLMX BbETHAMCKIMX CTaHAapToB. Croco6-
HOCTb MOJyYeHHOro 6eTOHa MOrMoLaTb YINEKUCIbIN ra3 oLeHrBany ¢ NOMOLLbIO pa3paboTaHHOro MeTofa nyTemM U3MepeHKA Maccbl
YINEKNCNIOro rasa, NorNoLweHHOro 6eToHHbIMY obpa3uamu. PesynbraTbl  06cyaeHmne. CpeaHss NioTHOCTb pa3paboTaHHOro 6eToHa
cocTaBnset 1950 Kr/m%; NPOYHOCTb Ha CKaTue B Bo3pacTe 28 cyTok — 7,5+11,5 Mla; BogonornouleHne — 8+10% macc. K oCHOBHbIM
OCTOMHCTBAM NprIMeHeHs 6ecLieMeHTHOro 6eToHa pa3paboTaHHOro COCTaBa OTHOCATCA CHIKEHME YINiepoAHOro cfiefa bnarogaps
OTKas3y OT 1CMOJIb30BaHsA NOPTNAHALEMEHT], CNOCOOHOCTL 6ETOHa NOMMOLATb YINEKNCbIN a3 ¥ BO3MOXHOCTb YTUIN3aL MHOTO-
TOHHAXHbIX TEXHOTEHHbIX OTXOAOB MPWY €ro N3roToBfeHU. 3aKntoueHue. Pe3ynbTaThl NPOBEAEHHbIX NCCIIef0BaHMI MOKAa3bIBAIOT, YTO
MCnonb30BaHKe pa3paboTaHHOro 6ecLIEMEHTHOTO «3eJIEHOro» GETOHa [/1A U3rOTOBNIEHNA CTPOUTENbHBIX U3AENIA 1 KOHCTPYKLIMIA BO
BbeTHame No3BonuUT yTrnnM3oBaTh Nopsaaka 1,1 T MHOrOTOHHAXXHbIX MPOMBbILLIEHHBIX OTXOAO0B B pacyeTe Ha 1 Kybruueckunin MeTp 1 B xofe
3KcnnyaTaumm nornotutb 10-13 Kr yrnekmcioro rasa. 1o 6ygeT cnocob6CTBOBaTb peanm3aLmm HaMeuyeHHOro Kypca Ha «3efIeHyio»
TpaHcpopMaLMio SKOHOMMKN BbeTHama B yCTONUMBYHO SKOHOMUKY 3aMKHYTOrO LIMKNa.

KJTIOYEBDIE CJIOBA: 3awwuta oKpy»atoLiein cpefibl, MHOFOTOHHaXKHble MPOMbILLIEHHbIE 0TXOfbl, BbIGPOC NapHMKOBbLIX ra3os.,
CHVXKEHWe YrNepoHOro Crefa, «3efleHble» 6ecLieMeHTHble CTPOUTeNbHble MaTepurarbl, 30/1a-yHOC, TOHKOMOJIOTbIN AOHHBI LUNaK,
LUIaMOBble OTXOAbl MPOM3BOACTBA MUHO3eMa, MOPOLLIKOOOPa3Hble KepaMuyeckme oTXofbl, U3BECTKOBbIV NMOPOLLOK, KOKOCOBOE
BOJIOKHO, aKT1BUPYIOLLMI LLENIOYHOW pacTBOpP
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