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use  in  producing  silicate  construction  materials.  The  research  employs  waste  life  cycle 

Keywords:  construction components such as foam glass and concrete additives. Findings show that  analysis,  environmental  impact  assessment,  and  experimental  glass  processing  into 

CO2   reduction,     concrete    additives, 

utilizing  glass  waste  in  construction  materials  can  reduce  CO2  emissions by  up  to  30%, 

environmental  pollution,  foam  glass,  life 

enhance  the  strength  and  durability  of  concrete,  and  substitute  up  to  30%  of  cement  in 

cycle     analysis,    recycling     technology, 

mixes.  Additionally,  foam  glass  from  crushed  glass  bottles  exhibits  excellent  insulation 

sustainability

and mechanical properties. The study concludes that the secondary use of glass waste in construction offers significant ecological and economic benefits. Implementing advanced recycling  technologies  and  integrating  these  materials  into  Kazakhstan’s  construction industry can mitigate environmental impacts and promote sustainability. 

 

1. INTRODUCTION                               materials; and systemic problems. 

In  recent  years,  the  economic  and  environmental 

Today, one of the most promising directions in reducing the  expediency  of  utilizing  glass  waste  has  been  confirmed  by 

anthropogenic  impact  on  the  environment  and  people  doing  research findings and the experience of its use in developed 

construction  or  household  chores  is  the  development  of  countries. Expert studies conducted in the European Economic 

environmentally  friendly  energy-saving  technologies.  Using  Community show that each ton of utilized glass waste can save 

secondary raw materials as the main raw material reduces the  more than a ton of primary raw materials and that for every 

amount of waste released into the environment, as this waste  10-15% increase in the use of glass waste, it is possible to save

is  recycled  instead,  and  presents  the  opportunity  to  utilize  at least 2% of energy. Developed countries thus pay a lot of

these materials in construction.                                        attention to recycling and utilizing glass waste.

Glass waste that cannot be recycled ends up in the natural  The adopted legislative measures should contribute to the 

environment, polluting the soil and surface and ground water.  national  glass  industry  becoming  an  organizer  and  direct 

Leaching products resulting from interaction with water take  participant in the collection and recycling of glass waste, as it 

the  land out of economic use due to contamination by glass  happens  abroad,  for  example,  in  Switzerland  and  Germany. 

shards. In Kazakhstan, glass waste  recycling is limited. The  Another factor that encourages the glass industry to participate 

most environmentally hazardous glass containing lead is not  in the recycling and utilization of glass waste is the saving of 

recycled  at  all  and  is  not  traditionally  separated  from  the  energy and basic raw materials. The greatest incentive is the 

general  flow  of  glass  waste,  which  makes  it  difficult  to  opportunity  to  save  on  raw  materials.  For  example, 

integrate this waste into the life cycle. Recycling is one of the  Switzerland and Germany have the highest recycling rates of 

most complex and significant challenges in waste management.      glass waste – 11.5 and 9.0 kg per capita, respectively. To boost There  are  many  reasons  why  recycling  rates  in  Kazakhstan  the  utilization  of  glass  waste,  it  is  necessary  to  establish  an 

remain  low  and  the  waste  management  system  is  not  effective system of collecting this waste from the population. 

functioning effectively. All these reasons are interconnected.  Particular attention should be paid to the separation of glass 

Some  of  the  leading  problems  include  low  tariffs  for  the  waste  from  household  waste,  as  the  share  of  glass  waste  in 

collection, transportation, utilization, recycling, and disposal        household waste is significant. of municipal  solid waste  (MSW); insufficient waste  sorting;  The  effective  use  of  glass  waste  can  be  promoted  by 

lack  of  funding  in  this  sector;  lack  of  a  competitive  establishing  specialized  processing  enterprises,  where  the 

environment;  the  underdeveloped  market  for  secondary  raw  glass  is  crushed,  cleaned,  and  sorted  [1].  Furthermore,  it  is 
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important to develop a rational method of using glass waste  its use  in construction materials.  Therefore, the  recycling of 

that will make it possible to save on primary raw materials [2].  glass  waste,  specifically,  its  utilization  in  construction 

Given the environmental hazards posed by non-recyclable       materials, is a topical research direction. 

glass waste, developed countries use low-waste technologies  Each year, Kazakhstan generates millions of tons of waste, 

to  produce  environmentally  friendly  construction  materials  7-9% of it being glass waste. Of these, about 330 thousand t,

and reuse them [3]. Our study focuses on Kazakhstan because  which  make  up  10-11%  of  the  total  amount  of  waste,  are

the  issue  of  utilizing  glass  waste  is  not  sufficiently  studied,  recycled and utilized. The volumes of different types of MSW

including the lack of research on its environmental impact and       in Kazakhstan are provided in Figure 1.
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Figure 1. Amount of MSW in Kazakhstan, thousand t 

Kazakhstan  is  developing  measures  across  all  areas  to  The  research objectives set  to achieve  this purpose  are  to 

minimize the amount of industrial and municipal waste. The  analyze the current situation with glass waste in Kazakhstan, 

country’s  waste  management  program  includes  measures  identify  the  leading  factors  in  the  environmental  impact  of 

improving  the  effectiveness  of  procedures  for  assessing  glass waste, and study the properties of glass waste with regard 

changes in the volume and composition of waste to develop a  to  its  potential  secondary  use  in  the  production  of  new 

waste  minimization  strategy  that  could  be  implemented       materials. through  economic  or  other  means  focused  on  improving 

production and consumption patterns. 

However,  Kazakhstan,  including  the  West  Kazakhstan       2. METHODS

Region, has no organizations involved in recycling glass waste. 

The  amounts  of  collected  and  recycled  glass  waste  in       2.1 Research design European countries [4] and Kazakhstan are shown in Figure 2. 

The study utilizes a comprehensive set of research methods 

[image: ]

to evaluate the environmental impact of glass waste and study 

its  potential  in  the  framework  of  secondary  use  in  the 

production of silicate construction materials. 

The theoretical foundation of the study is provided by the 

works of Tagibergenova and Bazhenova [5] and Lelah et al. 

[6] on managing glass waste. The problem is proposed to be

solved using nanotechnology and other types of solutions to

control and manage waste. The research was conducted in the

West Kazakhstan Region, with experimental work carried out

at  Zhangir  Khan  West  Kazakhstan  Agrarian-Technical

University (Uralsk).

An environmental impact assessment (EIA) was conducted 

to evaluate the negative environmental impact of glass waste, 

Figure 2. including the leaching of harmful chemicals into soil and water.   The volume of collected and recycled glass waste 

in European countries and Kazakhstan  It was conducted in accordance with the Environmental Code 

of Kazakhstan and guided by international frameworks such 

Effective  waste  management  is  vital  to  deal  with  the  as  ISO  14001  and  UNEP’s  environmental  assessment 

growing amount of waste. One technical solution for this is to  standards for waste management. The purpose of the EIA was 

use an improved machine-to-machine product-service system  to evaluate the negative effects of improperly managed glass 

to  collect  glass  waste.  Our  study  aims  to  evaluate  the  waste on soil, surface water, groundwater, and land resources 

environmental  impact  of  glass  waste  and  substantiate  its       in the West Kazakhstan Region. secondary use to produce silicate construction materials.            The assessment focused on several key parameters: 
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•   Soil and groundwater contamination;                   this,  we  weighed  the  ground  glass  powder,  chalk,  and • wollastonite-containing  slag  in  different  ratios  and  milled  Surface water quality degradation;

•                                                    them together to obtain a homogeneous mass. Impact on land use;

•   Carbon footprint analysis.

[image: ]

Life cycle analysis was conducted to assess the ecological 

footprint  of  glass  waste  from  its  collection  and  disposal  to 

recycling and secondary use in construction. 

2.2 Materials 

The materials chosen for the study were window glass and 

white and colored container glass. Glass waste is generated by 

the glass industry, waste from cafes and restaurants, medical 

glass waste, glass sludge, etc. All these wastes are thrown to 

dumps and MSW landfills and hardly ever recycled.  

Laboratory analyses were performed to determine the pH of 

leachates  using  potentiometric  methods  and  to  identify              Figure 3. Dispersed composition of glass waste concentrations  of  leached  ions  such  as  Pb²⁺,  Na⁺,  and  Ca²⁺ 

using atomic absorption spectroscopy (AAS).  Almost one-third of the glass waste comes in pieces under 

To  standardize  the  results,  each  environmental  impact  5 mm. Therefore, sorting is an essential technical task before 

parameter  was  scored  using  a  five-point  environmental  risk  recycling municipal glass waste. This labor-intensive process 

scale  based  on  the  European  Commission’s  EIA  guidelines,  can  be  performed  manually  or  with  optical  and  mechanical 

ranging from negligible to severe.                                   equipment [7]. 

All  experiments  were  conducted  in  triplicate,  and  results  The  firing  was  carried  out  in  a  laboratory  furnace  at  the 

were  reported  as  mean  ±  standard  deviation.  A  confidence  optimal temperature. Firing makes the foam glass, which has 

level  of  95%  (p  <  0.05)  was  used  to  determine  statistical  uniform porosity due to finely ground glass powder and chalk 

significance.                                                           containing calcium carbonate, swell up. 

As a result of our study, we propose a methodology based 

2.3 Experimental processing of glass waste  on life cycle analysis. These solutions will make it possible to 

reduce negative environmental impact [6]. 

The  first  step  of  the  recycling  process  was  to  collect 

different  types  of  glass  waste  (including  clear,  brown,  and 

green  glass).  The  glass  was  sorted  and  then  crushed  using        3. RESULTS AND DISCUSSION hammer crushers to different granule sizes (≤ 2 mm, 2-5 mm, 5-10 mm, and > 10 mm) according to the standards set out in The  literature  review  suggests  that  a  major  problem  with 

GOST 22552.7-2019. glass  is  its  single-time  use,  for  example,  in  the  form  of 

The  granulated  glass  was  then  washed  and  cleaned  with  beverage bottles, which is one of the main uses of glass. Glass 

distilled water at room temperature to remove impurities and  waste  is  estimated  to  account  for  5-8%  of  the  total  MSW 

ensure the required quality of the final material. The pH of the  generated globally in 2023, with recycling rates varying across 

aqueous extract was determined through potentiometry.  the  globe  and  within  regions.  The  number  of  MSW  storage 

The  dispersed  composition  of  the  glass  waste  obtained  facilities in Kazakhstan as of 2020 is presented in Figure 4. 

under laboratory conditions is shown in Figure 3. Following 

[image: ]

 

Figure 4. The number of MSW storage facilities 
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The  total  number  of  MSW  storage  facilities  amounts  to  Theoretically  speaking,  glass  waste  can  be  recycled  in  its 

3,292; only 601 of them comply with ecological and sanitary  entirety [8, 9]. However, if the glass is contaminated, contains 

regulations.  The  smallest  share  of  landfills  is  located  in  the  impurities,  is  broken,  or  has  different  colors,  remelting 

West Kazakhstan Region (0.96% of the total – 208). Data on  becomes impractical [10-12]. Therefore, the optimal solution 

the  amount  of  waste  in  the  West  Kazakhstan  Region  is  for  the  secondary  use  of  the  material  for  recycling  is  to  use 

presented in Figure 5.  glass waste in construction, for example, in concrete mixtures 

as a fine aggregate [13, 14]. 

[image: ]

In terms of its characteristics, glass waste behaves much like 

cement [15, 16]. This application is ecologically advantageous, 

as  waste  is  utilized  in  the  composition  of  concrete.  In-depth 

studies have been conducted on the use of different fractions 

of  glass  powder  as  a  substitute  for  cement  in  mixtures  to 

improve  strength  and  durability  and  replace  expensive 

components with cheap ones. 

Our  results  demonstrate  that  glass  powder  with  a  particle 

size  of  0.038  can  replace  up  to  30%  of  cement  due  to  its 

modifying effect combined with pozzolanic activity. Adding 

glass powder also lowers CO2 emissions almost to 30% [17]. Sudharsan  et  al.  [18]  researched  glass  powder  to  use  it  in 

mortar and concrete. Ground glass powder possesses excellent 

pozzolanic properties. Its use in concrete has both economic 

and  environmental  advantages  since  it  replaces  components 

such as coarse aggregate, and sand. Our results align with the 

studies of Kalakada et al. [19] who established the potential of 

Figure 5. Data on the amount of waste in the West             CO 2  reduction  when  replacing  a  percentage  of  cement  with 

Kazakhstan Region in 2021-2024  glass powder. In their study they concluded that 30% was the 

ideal  replacement  level  as  it  exhibits  quite  comparable 

The  West  Kazakhstan  Region  generates  more  than  160  strengths, better workability and higher resistance to chloride 

million t of waste, 8% of which, i.e., 12.8 million t, is made up  ion penetration. It also aligns with these studies of Pashtoon 

by glass waste.  [20] and  Raydan  et  al.  [21]  who  concluded  that  at  10-15%

Statistics on the West Kazakhstan Region demonstrate that  replacement, glass powder below 75µm exhibited pozzolanic

the  amount  of  industrial  and  municipal  waste  is  growing,  activity, improved durability and strength and inhibited alkali-

although environmental emissions have been greatly reduced  silica reaction [20, 21]. Although complete replacement is not

(Figure 6).  possible yet, models are being created to determine the ideal

replacement proportion based on the particle size.

[image: ]

The  results  of  studies  demonstrating  the  successful  use of 

glass waste in concrete [22, 23], pavements [24, 25], and foam 

glass  emphasize  its  high  effectiveness  and  potential 

sustainable  application  in  construction  [26-29].  Several 

studies  investigate  the  impact  of  disposing  of glass  waste  in 

landfills [30-33]. The findings suggest that when accounting 

for  greenhouse  gas  emissions,  it  is  important  to  carefully 

analyze  energy  sources  [34-36],  especially  electricity,  and 

savings at the stage where materials are substituted [37-39]. 

In previous studies, we developed a resource- and energy-

saving technology to produce foam glass based on glass waste 

(crushed glass bottles) [40]. 

The  obtained  material  is  uniformly  porous  and  has  low 

thermal  conductivity  [41,  42].  The  produced  foam  glass  is 

Figure 6. Total amount of emissions in the West Kazakhstan  marked  by  high  performance  indicators  and  low  thermal 

Region in 2020-2023  insulation properties, which widens the scope of its application. 

The  resulting  products  can  be  used  as  thermal  insulation 

Total  emissions  generated  by  the  region  dropped  from  material  and  in  load-bearing  and  enclosing  structures.  The 

63.1to 55.32 thousand t in 2017-2019, lowering further to 20.4  reduced  density  of  the  final  product  can  also  lead  to  lower 

thousand t by 2020, and hit 15.4 thousand t in 2023.  transportation  energy  requirements  and,  consequently,  a 

The primary focus of sustainable development in individual  smaller overall carbon footprint. In foam glass fabrication, the 

countries is to significantly increase the efficiency of resource  nature  of  the  raw  materials,  foaming  agents  and  sintering 

use,  provided  that  such  use  does  not  lead  to  environmental  system  play  crucial  roles  in  determining  its  properties. 

degradation.  Researches  are  ongoing  in  advancing  thermal  management, 

Commitments to increasing recycling rates have become an  process control and alternative foaming agents like NaOH to 

important  strategy  for  waste  management.  Certain  problems  enable  efficient  energy  use,  lower  sintering  temperature  and 

are  faced  both  in  sorting  glass  waste  and  recycling  it.  The        reduce  CO2 emission  during  foaming.  Through  meticulous solution has been to use waste as a secondary raw material to  optimization of the heating profile, the process guarantees that 

produce construction materials, such as aggregate and cement.  the glass particles achieve a homogeneous viscosity at reduced 
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temperatures,  therefore  leading  to  energy  conservation  [43,  recycling  technology.  For  glass  waste  to  be  reused,  it  is 

44]. The application of fluxing agents like borax, which reduce  necessary to develop technologies for recycling glass waste as 

the  melting  point,  also  boosts  energy  efficiency,  thereby  a  low-cost  environmentally  friendly  material  relying  on  the 

presenting a green approach to recycling glass waste without  resource potential of glass waste and the specific properties of 

incurring  the  elevated  energy  expenses  typically  linked  to  glass, such as ion exchange properties, while also considering 

conventional glass melting procedures [45, 46]. Use of waste       the environmental and economic effects. glass  in  the  production  of  foam  glass  supports  the  primary 

concept  of  a  circular  economy.  It  prevents  indiscriminate 

waste disposal and the demand for primary raw materials, thus       4. CONCLUSIONS preventing  environmental  effects  of  raw  material  extraction 

and  processing.  The  use  of  waste  glass  assists  in  making  Our study demonstrates the significant potential of recycled 

significant  savings  in  CO2  emissions  along  with  supporting  glass  waste  in  sustainable  construction  materials.  Leaching 

sustainable construction practices.  tests confirmed that glass waste, particularly lead-containing 

When entering the environment, glass waste is subjected to  glass, poses environmental risks by releasing harmful ions into 

leaching  by  precipitation  water.  The  leached  ions  can  enter  soil and water. Using finely ground glass powder as a partial 

groundwater  and  have  a  detrimental  impact  on  the  replacement  for  cement  showed  notable  improvements  in 

environment. For example, sodium-calcium glass can become  concrete  performance.  At  substitution  levels  of  up  to  30%, 

a source of sodium and calcium ions and lead-containing glass  concrete  mixtures  exhibited  enhanced  compressive  strength 

can release lead (II) compounds. In the latter case, the problem  and  durability  due  to  the  pozzolanic  activity  of  the  glass. 

is aggravated by the fact that there is no reliable technology  Additionally, foam glass produced from crushed glass waste 

for  secondary  use  of  lead-containing  glass.  Once  this  waste  displayed  excellent  thermal  insulation  properties,  uniform 

gets  to  landfills,  lead  compounds  containing  significant  porosity,  and  mechanical  stability,  broadening  its  potential 

amounts of lead (II) start leaching from the glass and entering  uses  in  construction.  Life  cycle  analysis  highlighted  the 

groundwater.  Secondary  use  of  glass  waste  can  also  reduce  environmental benefits of using recycled glass, including up 

carbon monoxide (IV) emissions if specially welded glass is       to  a  30%  reduction  in  CO2  emissions,  significant  energy substituted or if material processing temperatures are reduced  savings, and decreased reliance on primary raw materials. 

and waste glass is used as flux. Studies on Na+ leaching from  Despite  the  promising  findings,  this  study  has  several 

various grades of glass in different fractions show that the finer  limitations.  First,  the  environmental  assessment  focused 

fractions  of  brown  bottle  glass  and  window  glass  are  most  primarily on glass waste and did not include a full comparative 

affected by leaching [47].  analysis  with  other  recyclable  materials.  Second,  the 

Silicate glass used in the production of glass containers is  experiments  were  conducted  under  laboratory  conditions, 

produced  by  fusing  a  mixture  of  SiO2,  Na2CO3,  and  CaO  in  which may not fully represent industrial-scale processes and 

special glass furnaces, where, as a result of several processes,  real-world  variability  in  glass  waste  composition.  Future 

complex compounds form that can undergo hydrolysis when  research should expand the material range, incorporate pilot-

interacting with water. The silicate gel formed on the surface  scale  trials,  and  assess  the  long-term  mechanical  and 

has a loose structure that facilitates the diffusion of water and  environmental performance of materials produced using glass 

NaOH. This process promotes the breakdown of the glass and  waste under diverse climatic and operational conditions. 

the  formation  of  the  gel  on  its  surface.  The  rate  of  these 

processes  depends  proportionally  on  the  composition  of  the 

glass  and  the  surface  area  of  the  glassware  that  comes  into        ACKNOWLEDGMENT contact with water. If the size of the glass particles is less than 
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precipitation [48].  during the modernization of housing and communal services 
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glass waste and the leaching of chemical components from the 

composition of glass. The latter factor is especially dangerous       REFERENCES when  disposing  of  glass  containing  lead.  The  technical 

solution  to  minimize  the  adverse  environmental  impact  of       [1]   Manoharan, E., Othman, N., Mohammad, R., Chelliapan, glass waste is the secondary use of glass to produce necessary  S.,  Mohd  Tobi,  S.U.  (2020).  Integrated  approach  as

construction products.  sustainable  environmental  technique  for  managing

Our literature review shows a growing trend of glass waste  construction waste: A review. Journal of Environmental

used  as  a  secondary  raw  material  to  produce  construction             Treatment Techniques, 8(2): 560566. materials. However, there are limitations stemming from the       [2]   Butler, J., Hooper, P. (2005). Dilemmas in optimising the fact  that  waste  glass  is  cheaper  than  virgin  glass  and  the  environmental  benefit  from  recycling:  A  case  study  of

physical  and  chemical  properties  of  glass  are  not  fully  glass  container  waste  management  in  the  UK.

understood.  This  also  acts  as  a  constraint, because  no  single              Conservation    and     Recycling,     45(4):     331-355. processing  technology  can  be  used  as  the  basis  for  robust             http://doi.org/10.1016/j.resconrec.2005.02.006

 

699

[3]   Bisikirske,  D.,  Blumberga,  D.,  Vasarevicius,  S.,            of Civil Engineering and Technology, 7(6): 131-148. 

Skripkiunas,  G.  (2019).  Multicriteria  analysis  of  glass [16] Dhir, R.K., de Brito, J., Ghataora, G.S., Lye, C.Q. (2018).

waste    application.    Environmental    and    Climate            Sustainable  Construction  Materials:  Glass  Cullet.

Technologies,              23(1):              152-167.            Woodhead  Publishing.  http://doi.org/10.1016/C2015-0-

http://doi.org/10.2478/rtuect-2019-0011                             00488-9 [4]   Ghosh,  B.K.,  Mekhilef,  S.,  Ahmad,  S.,  Ghosh,  S.K.       [17] Letelier, V., Henrí quez-Jara, B.I., Manosalva, M., Parodi,

(2022).  A  review  on  global  emissions  by  e-products C.,  Ortega,  J.M.  (2019).  Use  of  waste  glass  as  a

based waste: Technical management for reduced effects replacement  for  raw  materials  in  mortars  with  a  lower

and    achieving    sustainable    development    goals.            environmental    impact.    Energies,    12(10):    1974.

Sustainability,                 14(7):                 4036.             http://doi.org/10.3390/en12101974

https://doi.org/10.3390/su14074036  [18] Sudharsan,  N.,  Palanisamy,  T.,  Yaragal,  S.C.  (2018).

[5]   Tagibergenova,    D.B.,    Bazhenova,    O.P.    (2020).            Environmental sustainability of waste glass as a valuable

Организация  деятельности  по  обращению  и construction  material  –  A  critical  review.  Ecology

утилизации  промышленных  отходов  на  полигоне Environment and Conservation, 24(Suppl), S331-S338.

[Organization of activities for the treatment and disposal [19] Kalakada,  Z.,  Doh,  J.,  Chowdhury,  S.  (2019).  Glass

of  industrial  waste  at  the  landfill].  Bulletin  of  the powder  as  replacement  of  cement  for  concrete  –  An

Innovative  University  of  Eurasia,  3:  118-123. investigative study. European Journal of Environmental

https://vestnik.ineu.edu.kz/journal/articles/?year=2020&            and     Civil     Engineering,     26(3):     1046-1063.

page=2.                                                     https://doi.org/10.1080/19648189.2019.1695149 [6]   Lelah,  A.,  Mathieux,  F.,  Brissaud,  D.  (2011).      [20] Pashtoon,  M.I.  (2022).  Waste  glass  powder  “an

Contributions  to  eco-design  of  machine-to-machine alternative  of  cement  in  concrete”:  A  review.

product  service  systems:  The  example  of  waste  glass International  Journal  of  Current  Science  Research  and

collection.  Journal  of  Cleaner  Production,  19(9-10):            Review,                 5(7):                 2541-2549.

1033-1044. http://doi.org/10.1016/j.jclepro.2011.02.003             https://doi.org/10.47191/ijcsrr/v5-i7-39 [7]   Nayanathara Thathsarani Pilapitiya, P.G.C., Ratnayake,       [21] Raydan,  R.,  Khatib,  J.,  Jahami,  A.,  Hamoui,  A.K.E.,

A.S.  (2024).  The  world  of  plastic  waste:  A  review. Chamseddine,  F.  (2022).  Prediction  of  the  mechanical

Cleaner          Materials,          11:          100220.            strength  of  concrete  containing  glass  powder  as  partial

https://doi.org/10.1016/j.clema.2024.100220 cement  replacement  material.  Innovative  Infrastructure

[8]   Achintha,  M.  (2016).  Sustainability  of  glass  in            Solutions,  7:  311.  https://doi.org/10.1007/s41062-022-

construction. In Sustainability of Construction Materials,             00896-8

2nd    ed.    Woodhead    Publishing.    pp.    79-104.      [22] Hamada, H., Alattar, A., Tayeh, B., Yahaya, F., Thomas,

http://doi.org/10.1016/B978-0-08-100370-1.00005-6 B. (2022).  Effect  of  recycled  waste  glass  on  the

[9]   Amiri,  S.T.,  Nazir,  R,  Dehghanbanadaki,  A.  (2018).            properties  of  high-performance  concrete:  A  critical

Experimental  study  of  geotechnical  characteristics  of review.  Case  Studies  in  Construction  Materials,  17:

crushed  glass  mixed  with  Kaolinite  soil.  International e01149. http://doi.org/10.1016/j.cscm.2022.e01149

Journal      of      Geomate,      14(45):      170-176.       [23] Gidley, J.S., Sack, W.A. (1984). Environmental aspects

http://doi.org/10.21660/2018.45.83839 of  waste  utilization  in  construction.  Journal  of

[10] Jani,  Y.,  Hogland,  W.  (2014).  Waste  glass  in  the            Environmental Engineering, 110(6): 1117-1133.

production of cement and concrete  – A review. Journal [24] Jurczak,  R.,  Szmatuła,  F.,  Rudnicki,  T.,  Korentz,  J.

of  Environmental  Chemical  Engineering,  2(3):  1767- (2021).  Effect  of  ground  waste  glass  addition  on  the

1775. http://doi.org/10.1016/j.jece.2014.03.016 strength  and  durability  of  low  strength  concrete  mixes.

[11] Arulrajah, A., Piratheepan, J., Disfani, M.M., Bo, M.W.            Materials,                  14(1):                   190.

(2012). Geotechnical and geoenvironmental properties of            http://doi.org/10.3390/ma14010190

recycled  construction  and  demolition  materials  in [25] He, Z.H., Yang, Y., Zeng, H., Chang, J.Y., Shi, J.Y., Liu,

pavement  subbase  applications.  Journal  of  Materials  in B.J.  (2020).  Waste  glass  powder  and  its  effect  on  the

Civil        Engineering,        25(8):        1077-1788.            fresh  and  mechanical  properties  of  concrete:  A  state  of

http://doi.org/10.1061/(ASCE)MT.1943-5533.0000652 the art review. Advances in Concrete Construction, 10(5):

[12] Salamatpoor,  S.,  Salamatpoor,  S.  (2017).  Evaluation  of             417-429.

adding  crushed  glass  to  different  combinations  of [26] Gowtham,  R.,  Manikanda  Prabhu,  S.,  Gowtham,  M.,

cement-stabilized  sand.  International  Journal  of  Geo- Ramasubramani,  R.  (2021).  A  review  on  utilization  of

Engineering, 8(1): 8. http://doi.org/10.1186/s40703-017- waste glass in construction field. IOP Conference Series:

0044-0 Materials  Science  and  Engineering,  1130:  012010.

[13] Rahma, A., El Naber, N., Issa, I.S. (2017). Effect of glass             http://doi.org/10.1088/1757-899X/1130/1/012010

powder on the compression strength and the workability [27] Xiao, R., Ma, Y., Jiang, X., Zhang, M., Zhang, Y., Wan,

of  concrete.  Cogent  Engineering,  4(1):  1373415. Y., Huang, B., He, Q. (2020). Strength, microstructure,

http://doi.org/10.1080/23311916.2017.1373415 efflorescence  behavior  and  environmental  impacts  of

[14] Penacho, P., de Brito, J., Silva, A.S., Veiga, M.R. (2019). waste glass geopolymers cured at ambient temperature.

Risk  of  ASR  in  coating  mortars  incorporating  glass            Journal    of    Cleaner    Production,    252:    119610.

aggregates  and  a  Portland–limestone  cement.  European            https://doi.org/10.1016/j.jclepro.2019.119610

Journal of Environmental and Civil Engineering, 23(2): [28] Souza, M.T., Maia, B.G.O., Teixeira, L.B., de Oliveira,

226-244. K.G., Teixeira, A.H.B., Novaes de Oliveira, A.P. (2017).

http://doi.org/10.1080/19648189.2016.1275986 Glass  foams  produced  from  glass  bottles  and  eggshell

[15] Anwar, A. (2016). The influence of waste glass powder wastes.  Process  Safety  and  Environmental  Protection,

as pozzolanic material in concrete. International Journal 111: 60-64. http://doi.org/10.1016/j.psep.2017.06.011

 

700

[29] Lakov,  L.,  Toncheva,  K.,  Staneva,  A.,  Ilcheva,  Z., [Physical and mechanical properties of foam glass made 

Simeonova,  T.  (2013).  Composition,  synthesis  and from  glass  beads  using  blast  furnace  slag].  Nauka  i 

properties  of  color  architecture  building  foam  glass             obrazovanie,               4(53):               347-254. 

obtained from waste packing glass. Journal of Chemical            https://rep.wkau.kz/handle/123456789/1143. 

Technology and Metallurgy, 48(2): 130-135. [41] Montayev,  S.A.,  Montayeva,  A.S.,  Taudaeva,  A.A.,

[30] Adekomaya,  O.,  Majozi,  T.  (2021).  Mitigating           Ryskaliyev,    M.Z.,    Zharylgapov,    S.M.    (2023).

environmental impact of waste glass materials:  Review Investigation  of  the  compositional  raw  mixtures  for

of  the  existing  reclamation  options  and  future  outlook. preparation  of  the  sintered  microporous  material  and

Environmental  Science  and  Pollution  Research,  28: mineral  feed  additives.  Evergreen,  10(3):  1296-1306.

10488-10502.       https://doi.org/10.1007/s11356-020-            https://doi.org/10.5109/7151675

12263-0 [42] Montayev,  S.A.,  Adilova,  N.B.,  Zharylgapov,  S.M.,

[31] Disfani, M.M., Arulrajah, A., Bo, M.W., Sivakugan, N. Montayeva,  A.S.,  Shakeshev,  B.T.,  Ryskaliyev,  M.Z.

(2012).  Environmental  risks  of  using  recycled  crushed (2017). Physical and mechanical properties and structure

glass in road applications. Journal of Cleaner Production, of  heat  insulating  engineering  foam  glass  derived  from

20(1):                                             170-179.            mixed  waste  glass  and  wollastonite  slags.  International

http://doi.org/10.1016/j.jclepro.2011.07.020 Journal  of  Mechanical  Engineering  and  Technology,

[32] Imteaz, M.A., Ali, M.Y., Arulrajah, A. (2012). Possible            8(12): 944-954.

environmental  impacts  of  recycled  glass  used  as [43] da Silva, R.C., Puglieri, F.N., de Genaro Chiroli, D.M.,

pavement base material. Waste Management & Research, Bartmeyer,  G.A.,  Kubaski,  E.T.,  Tebcherani,  S.M.

30(9):                                             917-921.            (2021). Recycling of glass waste into foam glass boards:

http://doi.org/10.1177/0734242X12448512 A comparison of cradle-to-gate life cycles of boards with

[33] Larsen,  A.W.,  Merrild,  H.,  Christensen,  T.H.  (2009). different  foaming  agents.  The  Science  of  the  Total

Recycling of glass: Accounting of greenhouse gases and            Environment,               771:               145276.

global  warming  contributions.  Waste  Management  &            https://doi.org/10.1016/j.scitotenv.2021.145276

Research,                27(8):                 754-762.       [44] Hassan,  A.M.,  Bunnori,  N.M.,  Ramesh,  S.,  Tan,  C.Y.,

http://doi.org/10.1177/0734242X09342148 Mo,  K.H.  (2024).  Alkali  activation  of  waste  glass  and

[34] Pant,  D.,  Singh,  P.  (2014).  Pollution  due  to  hazardous aluminium  dross  for  self-foaming  glass  ceramics

glass  waste.  Environmental  Science  and  Pollution production.  Ceramics  International,  51(5):  6365-6378.

Research, 21: 2414-2436. http://doi.org/10.1007/s11356-            https://doi.org/10.1016/j.ceramint.2024.12.082

013-2337-y [45] Li, M., Zheng, F., Wang, J., Jia, D., Mao, X., Li, P., Yuan,

[35] Blengini, G.A., Busto, M., Fantoni, M., Fino, F. (2012). Q., Zhen, Q., Yu, Y. (2022). Energy-saving production

Eco-efficient  waste  glass  recycling:  Integrated  waste of  high  value-added  foamed  glass  ceramic  from  blast

management  and  green  product  development  through furnace  slag  and  hazardous  wastes  containing  heavy

LCA.    Waste    Management,    32(5):    1000-1008.           metal ions. Journal of Cleaner Production, 383: 135544.

http://doi.org/10.1016/j.wasman.2011.10.018                       https://doi.org/10.1016/j.jclepro.2022.135544 [36] Kukartsev,  V.A.,  Kukartsev,  V.V.,  Tynchenko,  V.S., [46] Liu, Y., Xie, J., Hao, P., Shi, Y., Xu, Y., Ding, X. (2020).

Bukhtoyarov, V.V., Tynchenko, V.V., Sergienko, R.B., Study on factors affecting properties of foam glass made

Bashmurand,  K.A.,  Lysyannikov,  A.V.  (2022).  The from waste glass. Journal Of Renewable Materials, 9(2):

technology  of  using  liquid  glass  mixture  waste  for 237-253. https://doi.org/10.32604/jrm.2021.012228

reducing  the  harmful  environmental  impact.  Materials, [47] Savić, V., Topalović, V., Nikolić, J., Jevtić, S., Manić, N.,

15: 1220. http://doi.org/10.3390/ma15031220 Komatina, M., Matijašević, S., Grujić, S. (2023). Foam

[37] Gonçalves,  R.M.,  Martinho,  A.,  Oliveira,  J.P.  (2022). glasses  made  from  green  bottle  glass  and  sugar  beet

Recycling of reinforced glass fibers waste: Current status. factory lime as a foaming agent. Heliyon, 9(7): e17664.

Materials,                   15(4):                   1596.             https://doi.org/10.1016/j.heliyon.2023.e17664

http://doi.org/10.3390/ma15041596 [48] Gurevich,  P.A.,  Shavaleeva,  S.M.,  Glebov,  A.N.,

[38] Pongoh,  I.M.,  Masjud,  Y.I.  (2024).  The  effect  of  glass Baianova,  L.N.  (2013).  Khimicheskaia  korroziia

waste  on  climate  change.  Environment  Conflict,  1(1): stekloboia  i  otkhodov  stekliannoi  tary  kak  faktor

65-71. http://doi.org/10.61511/environc.v1i1.2024.586 negativnogo  vliianiia  na  okruzhaiushchuiu  sredu

[39] Kazmi, D., Williams, D.J., Serati, M. (2020). Waste glass [Chemical  corrosion  of  glass  waste  and  glass  container

in  civil  engineering  applications  –  A  review. waste as a factor of negative impact on the environment].

International  Journal  of  Applied  Ceramic  Technology, Vestnik  Kazanskogo  tekhnologicheskogo  universiteta,

17(2): 529-554. http://doi.org/10.1111/ijac.13434                   16(11):                                           58-60. [40] Montaev, S.A., Shinguzhieva, A.B., Mukhambetkalieva,           https://cyberleninka.ru/article/n/himicheskaya-

Zh.N.,  Zhaimukhambetova,  S.T.  (2018).  Fiziko- korroziya-stekloboya-i-othodov-steklyannoy-tary-kak-

mekhanicheskie    svoistva    penostekla    na    osnove            faktor-negativnogo-vliyaniya-na-okruzhayuschuyu-

stekloboia  i  ispolzovaniem  domennykh  shlakov           sredu.

 

701

index-2_1.png
electrical and electronic equipment waste
cardboard and paper packaging waste
plastic packaging waste

glass packaging waste

waste antifreeze

waste batteries

waste oils

waste tires

o

Amount of waste collected and recycled, ths. Tons

0 10000 20000 30000 40000 50000
W 2023 W 2022 W 2021





index-1_9.png
®

Check for
updates






index-3_1.png
Dispersed composition, %
[ )
w S o 8

=3

Under2 2to5 5tol0 10tol5 15t0o20 overls

Particle size, mm





index-2_2.png
France
10%

UniteK azakhstan
Kingdom 0%
6%

Switzerland
17%

WNctherlands
15%





index-4_1.png
© o 9 © 2 o © o

o
gs888% %R

180

$TOY *ST[) I)SEAL JO JUNOUTY

2024

2023

2022

2021

Year





index-3_2.png
500

450
400
350
300
250
200
150
100 “
o LI
. ||.I e b L L L L L
¥ A“@é\%‘Q‘}QQ%@Q%‘é‘}QQ% g %ﬁl&y%@y%@y%&igfv 3 .@;@i&o‘;&é‘
& ‘b‘&*\ @‘b“é}%‘@\ Q;?@’ ?’$\<§ Gg\‘b c“}’&‘b \&%‘b“ \&3@;}5& @é‘b‘;\\o‘b‘b\ &§\ A\&‘b‘
T 5 ?‘*@4’ BT gt voqE

W Number of MSW landfills, pes.*
W Number of landfills that comply with regulations, pes.*
1= Share of landfills that comply with regulations, pcs.*





cover.jpeg
n!Q‘ DETA Bttt

International Journal of Environmental Impacts
Vol. 8, No. 4, August, 2025, pp. 695-701

Journal homepage: http://iieta.org/journals/ijei

Assessing the Environmental Impact of Glass Waste and Substantiating its Secondary Use in

the Production of Silicate Construction Materials

Chock for
gy

Sarsenbek Momaycvo, Altynay Shinguzhicva'o, Nurgul Adilova®, Muratbai Ryskaliycv@, Sabit thrylgapovo,

Bolatbek Sakhiev®, Abay Nurgaliyev®

Industrial and Technological Institute, Zhangir Khan West Kazakhstan Agrarian-Technical University, Uralsk 090009,

Republic of Kazakhstan

Corresponding Author Email: shing.a@mail.ru

Copyright: ©2025 The authors. This article is published by IIETA and is licensed under the CC BY 4.0 license

(http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.18280/ijei.080407

ABSTRACT

Received: 22 January 2025
Revised: 19 June 2025

Accepted: 23 July 2025
Available online: 31 August 2025

Keywords:
CO:  reduction,  concrete  additives,
environmental pollution, foam glass, life
cycle  analysis,  recycling  technology,
sustainability

Glass waste poses significant environmental challenges, including soil and water
contamination, particularly from leaching substances like lead. In Kazakhstan, glass waste
recycling remains inefficient, with only 10-11% of total glass waste being processed. This
study aims to evaluate the environmental impact of glass waste and explore its secondary
use in producing silicate construction materials. The research employs waste life cycle
analysis, environmental impact assessment, and experimental glass processing into
construction components such as foam glass and concrete additives. Findings show that
utilizing glass waste in construction materials can reduce CO2 emissions by up to 30%,
enhance the strength and durability of concrete, and substitute up to 30% of cement in
mixes. Additionally, foam glass from crushed glass bottles exhibits excellent insulation
and mechanical properties. The study concludes that the secondary use of glass waste in
construction offers significant ecological and economic benefits. Implementing advanced
recycling technologies and integrating these materials into Kazakhstan’s construction
industry can mitigate environmental impacts and promote sustainability.

1. INTRODUCTION

Today, one of the most promising directions in reducing the
anthropogenic impact on the environment and people doing
construction or household chores is the development of
environmentally friendly energy-saving technologies. Using
secondary raw materials as the main raw material reduces the
amount of waste released into the environment, as this waste
is recycled instead, and presents the opportunity to utilize
these materials in construction.

Glass waste that cannot be recycled ends up in the natural
environment, polluting the soil and surface and ground water.
Leaching products resulting from interaction with water take
the land out of economic use due to contamination by glass
shards. In Kazakhstan, glass waste recycling is limited. The
most environmentally hazardous glass containing lead is not
recycled at all and is not traditionally separated from the
general flow of glass waste, which makes it difficult to
integrate this waste into the life cycle. Recycling is one of the
most complex and significant challenges in waste management.
There are many reasons why recycling rates in Kazakhstan
remain low and the waste management system is not
functioning effectively. All these reasons are interconnected.
Some of the leading problems include low tariffs for the
collection, transportation, utilization, recycling, and disposal
of municipal solid waste (MSW); insufficient waste sorting;
lack of funding in this sector; lack of a competitive
environment; the underdeveloped market for secondary raw
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materials; and systemic problems.

In recent years, the economic and environmental
expediency of utilizing glass waste has been confirmed by
research findings and the experience of its use in developed
countries. Expert studies conducted in the European Economic
Community show that each ton of utilized glass waste can save
more than a ton of primary raw materials and that for every
10-15% increase in the use of glass waste, it is possible to save
at least 2% of energy. Developed countries thus pay a lot of
attention to recycling and utilizing glass waste.

The adopted legislative measures should contribute to the
national glass industry becoming an organizer and direct
participant in the collection and recycling of glass waste, as it
happens abroad, for example, in Switzerland and Germany.
Another factor that encourages the glass industry to participate
in the recycling and utilization of glass waste is the saving of
energy and basic raw materials. The greatest incentive is the
opportunity to save on raw materials. For example,
Switzerland and Germany have the highest recycling rates of
glass waste — 11.5 and 9.0 kg per capita, respectively. To boost
the utilization of glass waste, it is necessary to establish an
effective system of collecting this waste from the population.
Particular attention should be paid to the separation of glass
waste from household waste, as the share of glass waste in
household waste is significant.

The effective use of glass waste can be promoted by
establishing specialized processing enterprises, where the
glass is crushed, cleaned, and sorted [1]. Furthermore, it is






index-4_2.png
25

20

15
10 I

2020 2021 2022 2023

Total emissions, thous. t
»

°

Years





index-1_1.jpg
% International Information and
2 ET Engineering Technology Association

Advancing the World of Information and Engineering





index-1_3.png





index-1_2.png





index-1_5.png





index-1_4.png





index-1_7.png





index-1_6.png





index-1_8.png





