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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 100×100×100 mm in accordance with the 
requirements of current Vietnamese 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/m3; 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 Vietnam 
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. 

KEYWORDS: environmental protection, high-tonnage industrial waste, greenhouse gas emissions, carbon footprint reduction, 
”green“ cement-free building materials, fly ash, finely ground bottom slag, slurry waste from alumina production, powdered ceramic 
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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 CO2, 
is gradually shifting to the use of environmentally 
friendly building materials and efficient construction 
technologies. with a low carbon footprint. A set of 

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 26th 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).

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 CO2 
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, 

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

Fig. 2. Burial of carbon dioxide in Japan in the voids of geological layers [13]
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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 21st 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)2 content of more than 90%, particle 
size from a few microns to 0.15 mm, true density of 
2.21 g/cm3 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

Fig. 4. Ceramic powder “TOTO”
Fig. 5. Lime powder

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 4.5

True Density g/см3 2.35  2.95

Bulk density kg/m3 1570 1485

Specific surface area сm2/g 2850 3600

Average grain size microns 7.15 4.39

Table 2. Chemical composition of fly ash and bottom slag

The content 
of compounds, % mass. SiO2 Al2O3 Fe2O3 Na2O K2O CaO TiO2

Other 
components

Lost 
on ignition

Fly ash 28.2 11.5 16.4 3.7 2.4 28.1 2.1 3.1 4.5

Finely ground bottom slag 54.2 23.0 8.5 2.5 2.1 1.5 0.6 3.4 4.2

а b
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by Viet-Nhat with a density of 1.45±0.01 g/cm3 and 
1.55±0.01 g/cm3, respectively, in the ratio Na2SiO3/
NaOH = 2.5 [27, 28]. Its percentage composition by 
weight is NaOH = 12%; Na2SiO3 = 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 4506:20121.

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.

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

Fig. 6. Slurry waste from alumina production Fig. 7. Coconut fiber

Fig. 8. Activating alkaline solution: a – 10 M sodium hydroxide solution; b – two and a half aqueous sodium silicate 
solution 

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

Chemical formula Na2SiO3•2.5H2O

Na2O 11.8%

SiO2 29.5%

H2O 58.7%

Color and appearance Light yellow gel-like 
liquid

Color and appearance 1,55 ±0,01 g/сm3

The experimental studies were conducted in accor-
dance with the current Vietnamese standards:

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

The water absorption of concrete samples was deter-
mined on cube samples measuring 100×100×100 mm in 
accordance with ТCVN 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 ТCVN 3118:20224 (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-

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
4  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 CO2 absorbed by the concrete sample 
as a result of its forced carbonation was calculated using 
the formula:

mCO2
 = m2 –m1,

where: m1 – is the mass of the concrete sample before 
carbonation, g; m2 – 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 220×110×60 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/m3 (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 220×110×60 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 220×110×60 mm with 

Fig. 9. Samples-cubes measuring 100×100×100 mm made of developed cement-free “green” concrete

Fig. 10. Compression testing of concrete samples
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Fig. 12. Determination of the average density of developed concrete at the age of 28 days

Fig. 11. Carbonation of samples of developed concrete during their hardening

Table 4. The composition of 1 m3 of concrete mix for the production of cement-free “green” concrete

Raw materials FA BS CP LP SW CF NaOH Na2SiO3•2.5H2O W LOI

Weight, kg 360 280 100 100 250 50 160 518 150 1968

six voids has the ability to absorb about 15–20 g of CO2 
(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 m3 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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Строительные материалы с низким углеродным следом 
с использованием промышленных отходов

Лам Ван Танг1 , Зунг Чонг Нгуен1 , Борис Игоревич Булгаков2 , Ольга Владимировна Александрова2* 
1 Ханойский горно-геологический университет, Ханой, Вьетнам 
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AННОТАЦИЯ
Введение. Рассматривается возможность производства во Вьетнаме строительных материалов на основе техногенных отходов, 
обладающих низким углеродным следом и способных поглощать углекислый газ, для достижения к 2050 году нулевого выброса 
парниковых газов. До настоящего времени поискам решения этой проблемы уделялось недостаточное внимание. Методы 
и материалы. Были проведены исследования с целью оценки возможности получения «зеленого» бесцементного бетонного 
материала, используя для этого местные промышленные отходы и отходы переработки продукции сельского хозяйства в виде 
золы-уноса и донного шлака мусоросжигательной электростанции «Green Star», шламовых отходов производства глинозема, 
керамических отходов, известкового порошка и кокосового волокна в сочетании со специальным активирующим щелочным 
раствором. Среднюю плотность, прочность на сжатие и водопоглощение разработанного бесцементного бетона определяли 
на образцах-кубах размером 100×100×100 мм в соответствии с требованиями действующих вьетнамских стандартов. Способ-
ность полученного бетона поглощать углекислый газ оценивали с помощью разработанного метода путем измерения массы 
углекислого газа, поглощенного бетонными образцами. Результаты и обсуждение. Средняя плотность разработанного бетона 
составляет 1950 кг/м3; прочность на сжатие в возрасте 28 суток – 7,5÷11,5 МПа; водопоглощение – 8÷10% масс. К основным 
достоинствам применения бесцементного бетона разработанного состава относятся снижение углеродного следа благодаря 
отказу от использования портландцемента, способность бетона поглощать углекислый газ и возможность утилизации много-
тоннажных техногенных отходов при его изготовлении. Заключение. Результаты проведенных исследований показывают, что 
использование разработанного бесцементного «зеленого» бетона для изготовления строительных изделий и конструкций во 
Вьетнаме позволит утилизовать порядка 1,1 т многотоннажных промышленных отходов в расчете на 1 кубический метр и в ходе 
эксплуатации поглотить 10–13 кг углекислого газа. Это будет способствовать реализации намеченного курса на «зеленую» 
трансформацию экономики Вьетнама в устойчивую экономику замкнутого цикла. 

КЛЮЧЕВЫЕ СЛОВА: защита окружающей среды, многотоннажные промышленные отходы, выброс парниковых газов, 
снижение углеродного следа, «зеленые» бесцементные строительные материалы, зола-унос, тонкомолотый донный шлак, 
шламовые отходы производства глинозема, порошкообразные керамические отходы, известковый порошок, кокосовое 
волокно, активирующий щелочной раствор

ДЛЯ ЦИТИРОВАНИЯ: 
Танг В.Л., Нгуен Ч.З., Булгаков Б.И., Александрова О.В. Строительные материалы с низким углеродным следом с использо-
ванием промышленных отходов. Нанотехнологии в строительстве. 2025;17(1):83–94. https://doi.org/10.15828/2075-8545-
2025-17-1-83-94. – EDN: WQGUWO.

CC BY 4.0

http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0002-4857-835X
https://orcid.org/0000-0002-8515-8469
https://orcid.org/0000-0002-4737-8524
https://orcid.org/0000-0003-1791-8515
https://orcid.org/ 0000-0001-9685-4112



