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ABS TRAC T  

Currently, research is being conducted to investigate the potential of industrial and 

agricultural waste as raw materials in the construction industry. Integrating such ma-

terials into concrete diminishes cement consumption and CO2 emissions from ce-

ment manufacturing. Sugarcane bagasse is a by-product of the sugar extraction pro-

cess, and a significant portion of it is used as boiler fuel for electricity generation. This 

process releases a considerable amount of waste sugarcane bagasse ash (SCBA), 

which is frequently disposed of in the environment. Incorporating this waste can be 

both cost-effective and ecologically advantageous, fostering sustainable develop-

ment.  This review critically synthesizes published studies on the physical and chem-

ical characteristics of SCBA, fresh-state behaviour, mechanical properties, durability 

indicators, and CO2 reduction potential in cementitious materials, including mortar 

and concrete. Particular attention is given to the effects of ash processing, fineness, 

silica content, burning condition, and loss on ignition on reported performance. The 

reviewed evidence indicates that low-to-moderate SCBA contents can enhance com-

pressive and split tensile strength, while durability improvements are commonly re-

flected in reduced water absorption, lower capillary absorption and chloride pene-

tration, and higher electrical resistivity. The literature indicates that mechanical per-

formance is most frequently optimized at about 10-15% replacement, whereas du-

rability benefits are often reported within a broader range of 10-30%, depending on 

matrix type and ash quality. The findings also show that the environmental benefit of 

SCBA depends on processing intensity and transport burden. Overall, SCBA emerges 

as a promising but process-sensitive supplementary cementitious material for sus-

tainable concrete production. 
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1. Introduction 

The key strategies for sustainable cement manufac-
turing include energy conservation, reduction in CO2 
emissions, and the preservation of finite natural re-
sources. However, the production of ordinary Portland 
cement (OPC) is highly unsustainable due to its exten-
sive consumption of natural resources and high carbon 
emissions (Fairbairn et al. 2010). The global annual con-
crete production exceeds 30 billion metric tons (Ozmen 

and Tanrıverdi 2025), with the Indian construction in-
dustry using approximately 450 million cubic metres an-
nually (IBEF 2025). Cement reacts chemically with water 
and other substances to form a hardened mass that binds 
components together. Various additives are often intro-
duced to enhance the properties of fresh and hardened 
concrete (Jittin and Bahurudeen 2022; Miller et al. 
2016). 

Pozzolanic materials derived from agricultural waste 
have gained significant attention due to their ability to 
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improve the performance of blended cement concrete 
while mitigating environmental concerns (Agwa et al. 
2022; Zeyad et al. 2016).  SCBA is one such promising 
pozzolan, available in various regions worldwide. India 
alone produces over 300 million tons of sugarcane annu-
ally, generating approximately 10 million tons of SCBA 
as waste. The processing of sugarcane in mills results in 
about 0.62% residual ash and 26% bagasse per ton of 
sugarcane (Chindaprasirt et al. 2008; Dhengare et al. 
2020; Juenger et al. 2019). 

Bagasse is a fibrous residue generated after juice ex-
traction from sugarcane and is widely used as a fuel 
source in the sugar industry. The ash produced from its 
combustion known as sugarcane bagasse ash (SCBA) has 
been increasingly utilized as a pozzolanic material in 
concrete or mortar mixtures as a partial replacement for 
cement and thus contribute to reducing disposal con-
cerns. Several studies have investigated the chemical 
composition and pozzolanic activity of SCBA, concluding 
that it primarily consists of high silica content. However, 
unburned carbon particles in SCBA can adversely affect 
concrete reactivity and performance (Kumara et al. 
2023; Praveenkumar et al. 2020). 

Several studies on SCBA have provided useful back-
ground on its potential as a supplementary cementitious 
material. However, many of them remain largely de-
scriptive or focus on isolated performance aspects with-
out systematically linking ash processing quality to the 
variability observed across cementitious materials, in-
cluding mortar and concrete. The present review seeks 
to address this gap by providing an integrated analysis 
of the physical and chemical characteristics of SCBA, 
fresh behaviour, mechanical response, durability perfor-
mance, and CO2 reduction potential within a unified 
framework. It further employs comparative tables and 
trend-based figures to identify practical optimum re-
placement ranges for key mechanical and durability in-
dicators. Accordingly, this review aims to analyse the in-
fluence of SCBA on cement-based materials based on ex-
isting literature, with particular emphasis on its effects 
on mechanical and durability-related performance. 

 

2. Literature Review Methodology 

This review adopted a structured literature review 
methodology to synthesise the influence of sugarcane 
bagasse ash (SCBA) on cementitious materials. Relevant 
studies were retrieved from Scopus, Web of Science, Sci-
enceDirect, and Google Scholar to ensure broad coverage 
of the peer-reviewed literature. The search was limited 
to articles published between 2008 and 2025, which cor-
responds to the main period during which SCBA has 
been systematically examined as a partial cement re-
placement material. 

The search strategy was developed using combina-
tions of SCBA-related and performance-related terms, 
including “sugarcane bagasse ash”, “SCBA concrete”, 
“SCBA mortar”, “SCBA supplementary cementitious ma-
terial”, “SCBA mechanical properties”, “SCBA durability”, 
“SCBA workability”, “water absorption”, “capillary ab-
sorption”, “sorptivity”, “chloride penetration”, and “elec-
trical resistivity”. These terms were combined using 

Boolean operators such as AND and OR to capture stud-
ies addressing the physical and chemical characteristics 
of SCBA as well as its effects on fresh, mechanical, and 
durability properties. 

The retrieved records were screened through title 
screening, abstract screening, and full-text eligibility as-
sessment. Studies were included if they investigated 
SCBA in concrete or mortar and reported results on at 
least one of the following aspects, namely physical or 
chemical characteristics, fresh properties, mechanical 
performance, or durability behaviour; and provided suf-
ficient quantitative information on mix proportion, re-
placement level, curing condition, and measured proper-
ties. Conference abstracts without full data, non-English 
publications, and studies lacking adequate methodologi-
cal detail were excluded. 

Approximately 120 studies were initially identified 
through database searching. After screening and eligibil-
ity assessment, around 65 studies were retained for de-
tailed synthesis. To improve methodological rigour, the 
included studies were further appraised for reporting 
quality on the basis of the clarity of SCBA source and pro-
cessing method, mix design details, curing regime, test-
ing procedure, and completeness of quantitative results. 
Studies with sufficiently reported experimental data 
were prioritised for the comparative tables and trend-
based figures used in this review.  

This systematic approach is intended not only to sum-
marise the available evidence, but also to provide a com-
parative and critical synthesis of how SCBA processing, 
replacement level, and matrix type jointly influence 
fresh, mechanical, durability, and environmental perfor-
mance in cementitious systems. 

 

3. Environmental Impact and CO2 Reduction 
Potential of SCBA 

Sugarcane bagasse ash (SCBA) is increasingly re-
garded as a low-carbon supplementary cementitious 
material because it can partially replace Portland ce-
ment, the production of which is highly emission inten-
sive due to clinker burning and limestone calcination. 
The carbon footprint of conventional cement is generally 
reported to be around 0.8-0.9 kg CO2 per kg cement, alt-
hough the exact value varies with clinker factor, kiln ef-
ficiency, fuel type, electricity mix, and regional produc-
tion conditions (Benhelal et al. 2013; Chen et al. 2010; 
Kajaste and Hurme 2016; Mohamad et al. 2022). The en-
vironmental benefit of SCBA lies in its capacity to valor-
ise an agro-industrial residue while reducing clinker de-
mand. However, the literature does not support a single 
universal carbon emission factor for sugarcane bagasse 
ash (SCBA). Reported carbon emission values for SCBA 
vary markedly with allocation assumptions and the sys-
tem boundary adopted, particularly whether drying, 
sieving, grinding, calcination/activation, and transport 
are included (Fairbairn et al. 2010; Cordeiro et al. 2008, 
2009; Kolawole et al. 2021; Francioso et al. 2024). Torres 
de Sande et al. (2023) quantified this variation, reporting 
0.024 kg CO2e /kg (carbon dioxide equivalent per kilo-
gram) for untreated locally used SCBA and 0.46 kg 
CO2e/kg for treated or activated imported SCBA, com-
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pared with 0.912 kg CO2e/kg for cement in the same 
study. Other studies have similarly adopted an SCBA 
emission factor of about 0.11 kg CO₂/kg (Ullah et al. 
2025; Li et al. 2022; Chindaprasirt et al. 2020), confirm-
ing that although SCBA is generally far less carbon-inten-
sive than Portland cement, its environmental benefit is 
strongly conditioned by processing intensity and 
transport burden. 

Accordingly, the climate advantage of SCBA is best ex-
pressed as net CO2 reduction. The net CO2 reduction can 
be expressed as the difference between the carbon emis-
sions avoided by replacing a given amount of cement and 
the carbon emissions generated from processing the 
equivalent amount of SCBA. The analysis was performed 
using the expression: Net CO2 reduction = (cement re-
placed × 0.85) - (SCBA used × 0.46), assuming mass-
equivalent replacement within 1 tonne of total binder, as 
shown in Table 1.  The analysis adopted a cement emis-
sion factor of 0.85 kg CO2/kg, which lies within the com-
monly reported range of 0.8–0.9 kg CO2/kg for conven-
tional cement production (Benhelal et al. 2013; Chen et 

al. 2010; IEA 2023, as cited in Environmental Impact & 
CO2 Reduction Potential of SCBA). An emission factor of 
0.46 kg CO2/kg was adopted for SCBA in the present 
analysis, as this value has been reported for treated or 
activated imported SCBA in the literature (Torres de 
Sande et al. 2023). Accordingly, it is taken to represent 
the cumulative influence of processing-related stages, 
including treatment or activation, on the embodied 
emissions of SCBA.  The analysis shows a linear increase 
in net CO2 savings with rising SCBA replacement levels 
under the adopted emission factors. At 5%, 10%, 20%, 
and 30% substitution, the estimated net CO2 reductions 
are 19.5, 39, 78, and 117 kg CO2/t binder, respectively. 
The consistently positive savings arise from the lower 
embodied emissions of SCBA (0.46 kg CO2/kg) relative to 
cement (0.85 kg CO2/kg). These results strengthen the 
environmental justification for SCBA as a supplementary 
cementitious material and highlight the need to evaluate 
net life-cycle benefits rather than relying solely on gross 
avoided emissions from cement replacement (Chin-
daprasirt et al. 2020; Li et al. 2022).

Table 1. Calculated net CO2 reduction for different SCBA replacement levels. 

SCBA replacing 
cement (%) 

Cement avoided 
(kg/t binder) 

Gross CO2 avoided from cement 
(kg/t binder) 

CO2 burden of SCBA processing 
(kg/t binder) 

Net CO2 reduction 
(kg/t binder) 

5 50 42.5 23 19.5 

10 100 85.0 46 39 

20 200 170.0 92 78 

30 300 255.0 138 117 

Note: Calculations are based on 1 tonne of binder and assume one-to-one mass replacement of cement by SCBA. 

4. Sugarcane Bagasse Ash Processing and Material 
Characteristics 

Fig. 1 illustrates the process flow for sugar production 
and its byproducts. Bagasse, the fibrous residue after 
juice extraction, is burned in sugar mills, producing SCBA 
as waste. Fig. 2 presents images of raw sugarcane ba-
gasse and SCBA. The SCBA has been widely investigated 
as a supplementary cementitious material. However, ev-
idence from several studies indicates that performance 
depends not merely on its agricultural origin, but on the 
manner in which the ash is processed before incorpora-
tion into cementitious systems. The most influential pro-
cessing variables include burning temperature, resi-
dence time, oxygen availability, grinding duration, fine-
ness, carbon removal, and the resulting proportion of 
amorphous and crystalline silica (Cordeiro et al. 2011; 
Bahurudeen and Santhanam 2015; Embong et al. 2016; 
Gupta and Sachan 2019; Kolawole et al. 2021). A recur-
ring finding across several studies is that untreated or 
poorly processed SCBA often contains fibrous residues, 
porous coarse particles, and substantial quantities of un-
burned carbon, all of which reduce pozzolanic reactivity 
and contribute to inconsistent material performance 
(Bahurudeen et al. 2016; Ouedraogo et al. 2022; Embong 
et al. 2016). Accordingly, SCBA should not be treated as 
a uniform material; rather, it should be understood as a 
process-dependent family of ashes whose engineering 

value is governed by combustion history and post-treat-
ment. 

4.1. Physical characteristics of SCBA 

Morphological observations generally describe irreg-
ularly shaped particles with rough and porous surfaces 
(as shown in Fig. 3), while Abdalla et al. (2022) and Ba-
hurudeen and Santhanam (2015) also reported the co-
existence of fine burned particles and unburned fibrous 
particles in raw ash. The physical characteristics of SCBA 
reported in several studies are summarized in Table 2. 
Studies indicate that the specific gravity of SCBA typi-
cally ranges from 1.65 to 2.42, while bulk density com-
monly varies between 410 and 610.6 kg/m3.  Reported 
fineness values indicates substantial variation, ranging 
from 27.4 to 60320 m2/kg, reflecting differences in 
grinding and sieving procedures across studies (Abdalla 
et al. 2022; Bahurudeen and Santhanam 2015; Patil et al. 
2021). Mello et al. (2020), Navaneetha et al. (2025) and 
Patil et al. (2021) reported that post-processing of SCBA 
resulted in higher fineness values. Treatments such as 
grinding, sieving, drying, or their combination was found 
to enhance the fineness of the ash.  The high surface area 
can enhance filler action and pozzolanic reactivity. How-
ever, it can also increase water demand and affect fresh-
state behaviour when accompanied by high porosity or 
carbonaceous impurities.   
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Fig. 1. Sugar production process (Sua-iam and Makul 2013). 

 

Fig. 2. a) Raw dry sugarcane; b) SCBA (Zareei et al. 2018). 

     

Fig. 3.  SEM imaging of SCBA (a) Raw (b) Processed (Abdalla et al. 2022). 

(a) (b) 

(a) (b) 
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Table 2.  Physical properties of SCBA reported in previous studies. 

Authors 
Specific 
gravity 

Unit weight 
(kg/m3) 

Fineness 
(m2/kg) 

D50 
(μm) 

Sieve description and processing technique 

Patil et al. (2021) 2.1 410 7832 (1) – Boiler ash (~850 °C), sieved through 90 μm 

Kazmi et al. (2017) 2.12 610.6 453.2 (1) – Sieved through 300 μm and ball-milled to <45 μm 

Ainomugisha et al. (2021) 1.81 474.33 – – 
Co-generation ash (~530 °C), sun-dried and sieved through 
300 μm 

Kumara et al. (2023) 1.65 – 225 – Oven-dried at 110 °C for 24 h and sieved through 300 μm 

Praveenkumar et al. (2020) 2.2 – 514 – 
Raw bagasse burnt in open filed (110- 120 °C), sieved through 
300 μm and 75 μm, ball-milled (120 min), oven-dried at 600°C 
for 3 h, and pulverized (1 h). 

Mello et al. (2020) 2.0 – 60,320 (1) – 
Boiler-cleaning residue, oven-dried at 100 ± 5 °C for 24 h and 
rotary milled for ~3 h at 61.5 rpm 

Sua-iam and Makul (2013) 2.35 – 27.4 (1) 107.9 
Ash collected from an open dump, dried and homogenized.  
No sieving or grinding reported. 

Andreão et al. (2020) 2.42 – 22,631 11.37 
Wet-collected ash, water-washed for density separation, dried 
at 100 °C for 24 h, re-calcinated (< 800 °C, then 600 °C for 3 h), 
and Attritor-milled (1-2 h) 

Joseph and Murugan (2024) 1.8 594 268 (1) – Sieved through 300 μm 

Le and Sheen (2023) 2.165 – 444.9 (1) – 
Dried at 105–110 °C for 24 h and sieved through 149 μm  
(# 100 sieve) 

Ashok et al. (2025) 2.18 – 290 – Finely ground (abrasion machine) and sieved through 300 μm 

Navaneetha et al. (2025) 2.0 – 39,070 (1) 19.58 
Boiler ash (550–600 °C), dried at 105 ± 5°C, sieved through 
300 μm, and ball-milled for 180 min at 33 rpm 

Note: The original values from the literature were converted to m2/kg for consistency. 

4.2. Chemical properties of SCBA 

The chemical composition of SCBA from previous re-
search is summarized in Table 3. Silica is the most abun-
dant oxide in SCBA, followed by alumina and iron oxide 
in smaller proportions.  The silica content reported in 
the literature varies widely from 54.45% to 87.59%, re-
flecting significant differences in ash origin, combustion 
conditions, contamination levels, and post-processing 
history (Embong et al. 2016; Cordeiro et al. 2009; 
Ouedraogo et al. 2022; Gupta et al. 2021). Controlled 
combustion and recalcination generally yield ashes with 
higher reactive amorphous silica contents, whereas field 
burning, mixed ash contamination, or poorly regulated 
furnace conditions tend to produce higher crystalline 
content and larger quantities of inert impurities (Frías et 
al. 2011; Katare and Madurwar 2017; Morales et al. 
2009). 

4.3. Burning temperature and retention of 
amorphous silica 

The burning temperature is the most extensively dis-
cussed processing parameters as it governs the removal 
of residual organic matter and the stability of the silica 
phase. Several studies identify an optimum calcination 
range of approximately 600-700 °C, within which carbo-
naceous matter is adequately removed while amorphous 
silica is largely retained (Gupta et al. 2021; Cordeiro et 
al. 2009; Bahurudeen and Santhanam 2015; Maldonado-
García et al. 2017). Cordeiro et al. (2009) demonstrated 

that controlled calcination significantly improved the re-
activity of raw bagasse ash, while subsequent studies 
similarly reported that thermal upgrading can enhance 
the pozzolanic characteristics of high-carbon ash.  How-
ever, the literature does not establish a universal opti-
mum temperature, as the effectiveness of thermal treat-
ment is also influenced by holding time, airflow, initial 
ash composition, and the origin of the material, whether 
raw bagasse, boiler ash, or previously burned residue 
(Soares et al. 2014; Kolawole et al. 2021). Moreover, ex-
cessive burning or prolonged overheating may induce 
silica crystallisation, thereby reducing reactivity despite 
improving apparent cleanliness of the ash (Arif et al. 
2016; Ouedraogo et al. 2022; Bahurudeen and Santha-
nam 2015; Cordeiro et al. 2009). 

4.4. Loss on ignition and the problem of unburned 
carbon 

Loss on ignition (LOI) is one of the most critical indi-
cators of SCBA quality because it reflects the extent of in-
complete combustion and residual carbon content. Re-
ported LOI values from previous studies range from 
1.2% to 19.39% (Table 2). The higher values highlight 
the extent to which some ashes remain insufficiently 
processed for effective cementitious use. High LOI has 
been consistently identified as a major barrier to SCBA 
utilisation because unburned carbon dilutes the reactive 
fraction, increases water demand, interferes with chem-
ical admixture efficiency, and undermines the con-
sistency of both strength and durability performance 
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(Bahurudeen et al. 2016; Arif et al. 2016; Ganesan et al. 
2007; Gupta et al. 2021). Comparative studies on pro-
cessed and unprocessed SCBA further show that sieving, 
washing, removal of fibrous carbonaceous residues, and 
recalcination can significantly improve ash quality and 

pozzolanic behavior (Lyra et al. 2021; Moraes et al. 2021; 
Bahurudeen and Santhanam 2015). Consequently, poor 
performance reported in some studies should not neces-
sarily be interpreted as an inherent limitation of SCBA it-
self, but rather as evidence of inadequate pre-treatment.

Table 3. SCBA chemical oxides. 

Authors SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O SO3 LOI (%) 

Jha et al. (2020) 71.11 4.85 6.8 0.5 4.04 2.25 3.89 1.50 4.56 

Kazmi et al. (2017)  85.17 1.69 2.73 0.69 2.59 0.29 0.36 0.17 3.55 

Kumara et al. (2023) 73.18 3.85 1.96 1.11 3.78 0.96 0.98 0.27 14.78 

Praveenkumar et al. (2020) 55.49 4.92 8.29 7.96 8.74 0.93 8.34 – 5.40 

Chusilp et al. (2009) 54.45 6.06 3.23 1.37 15.41 – – 0.04 19.39 

Abdalla et al. (2022) 80.00 8.92 3.19 2.37 1.48 – 2.70 – 15.08 

Ainomugisha et al. (2021) 63.59 5.66 3.39 0.75 3.19 0.62 – 1.30 – 

Andreão et al. (2020) 63.9 7.00 3.40 – 7.90 – 6.4 4.20 3.80 

Dhengare et al. (2020) 87.59 0.51 0.67 1.65 2.59 0.17 3.64 0.03 4.80 

Gupta et al. (2021) 82.68 3.01 1.69 2.86 5.58 0.43 0.47 – 3.23 

Kumara et al. (2023) 73.18 3.83 1.96 1.11 3.78 0.96 0.98 0.27 14.78 

Zareei et al. (2018) 64.23 9.08 5.47 2.97 8.17 0.87 1.32 – – 

Hasnain et al. (2021) 74.34 5.55 3.40 0.67 2.15 0.12 1.46 – 11.42 

Wagh and Waghe (2024) 74.40 1.10 1.15 2.1 2.80 0.14 4.70 1.60 – 

Ashok et al. (2025) 75.90 1.55 2.32 1.77 6.25 – – – 4.00 

Kirthiga and Elavenil (2023) 75.98 3.71 2.37 2.05 4.86 0.38 2.60 – 7.80 

Tabish et al. (2025) 74.16 3.08 1.39 2.6 2.96 1.38 2.94 2.45 – 

Khan et al. (2025) 63.78 8.32 1.68 4.76 10.54 1.32 2.60 – 4.21 

Shaban et al. (2024)  81.30 2.50 1.60 2.3 4.10 0.40 3.30 1.00 2.50 

Amjad et al. (2025) 62.44 6.74 5.77 2.97 6.16 3.15 6.87 0.72 – 

Subedi et al. (2023) 76.90 7.50 3.00 1.30 4.30 0.70 4.30 0.20 1.20 

Navaneetha et al. (2025) 71.11 5.26 7.72 – 11.92 – – 3.66 3.00 

4.5. Grinding, fineness, and surface-controlled 
reactivity 

Grinding duration and resultant fineness are also fun-
damental to SCBA performance because its reactivity is 
strongly governed by surface area and particle refine-
ment. Cordeiro et al. (2008) established that SCBA can 
contribute both as a pozzolanic material and as micro-
filler, although these functions become more pro-
nounced only when the ash is ground to a sufficiently 
fine state. Later studies confirmed that enhanced fine-
ness increases surface area, improves packing density, 
promotes portlandite consumption, and facilitates the 
formation of secondary calcium silicate hydrate (C-S-H) 
(Bahurudeen and Santhanam 2015; Moraes et al. 2021; 
Jagadesh et al. 2020). Although finer SCBA may enhance 
later-age strength and durability, it may also increase 
fresh-state water demand when porosity and residual 
carbon content remain high (Klathae et al. 2020; Abdalla 
et al. 2022; Sakib et al. 2023; Ainomugisha et al. 2025; 
Yaseen 2024). In many cases, performance is governed 

not merely by the replacement percentage, but by the ex-
tent to which grinding converts a porous, carbon-rich 
ash into a reactive ultrafine material. Accordingly, fine-
ness and carbon content should be interpreted in con-
junction rather than as independent variables (Jagadesh 
et al. 2015; Embong et al. 2016). 

 

5. Workability Behaviour of SCBA in Cement-Based 
Materials 

Several studies have reported that the incorporation 
of sugarcane bagasse ash (SCBA) generally reduces 
slump, workability, and flowability as the replacement 
level increases (Fig. 4). However, the magnitude of this 
reduction varies with ash source, fineness, particle mor-
phology, and overall mix design. Abdalla et al. (2022) re-
ported a progressive decline in slump with increasing 
SCBA dosage and attributed this response to the rough 
texture, flaky shape, and porous surface of SCBA parti-
cles, which increase internal friction and water demand. 
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Ainomugisha et al. (2021) similarly observed substantial 
slump loss at higher SCBA contents, explaining that the 
ash’s high surface area, low specific gravity, angularity, 
porous structure, and residual unburnt carbon reduce 
the amount of free water available for lubrication. Zareei 
et al. (2018) linked lower fluidity to the irregular and fi-
brous morphology of SCBA particles, whereas Wagh and 
Waghe (2024) found in self-compacting concrete that 
higher bagasse ash contents reduced slump flow and in-
creased both T500 time and V-funnel time, indicating a 
more viscous and less mobile fresh mix.  

At the same time, the literature indicates that the ad-
verse effect of SCBA on fresh properties can be moder-
ated through appropriate ash processing and admixture 
optimization. Tabish et al. (2025) maintained the re-
quired slump range in SCBA-blended concrete through 
the use of a polycarboxylate-based superplasticizer, in-
dicating the effectiveness of PCE-based admixtures in 
dispersing fine SCBA particles without increasing water 
content. Shaban et al. (2024) also employed a high-range 
water-reducing admixture in ultra-high-performance 

concrete mixes, reinforcing the view that modern poly-
carboxylate systems are particularly important when 
SCBA is used at low water-binder ratios. In SCC mix-
tures, Wagh and Waghe (2024) used both a superplas-
ticizer and a viscosity-modifying admixture to preserve 
self-compactability.  Amjad et al. (2025) similarly sug-
gested that milling or refining bagasse ash improves 
fresh behaviour by enhancing particle packing and re-
ducing the detrimental rheological influence of coarse, 
porous particles. Interestingly, Kumara et al. (2023) re-
ported a slight improvement in slump at lower SCBA re-
placement levels, indicating that fresh-state perfor-
mance is not governed by replacement percentage 
alone, but also by ash quality, fineness, and carbon con-
tent. Overall, the evidence suggests that SCBA typically 
reduces workability because of its high surface area 
and porous particle structure, yet this limitation can be 
substantially mitigated through controlled replace-
ment levels, ash refinement, ternary blending, and, 
most consistently, the use of polycarboxylate-based su-
perplasticizers.

 

Fig. 4. Effect of SCBA on workability of cement-based materials.

6.  Mechanical Properties 

The mechanical properties of SCBA blended cementi-
tious materials have been widely examined to deter-
mine the suitability of SCBA as a supplementary ce-
mentitious material in concrete and mortar. In the ex-
isting literature, mechanical performance is most com-
monly evaluated through strength development, as this 
provides a direct indication of the structural applicabil-
ity of the material. The effect of SCBA on mechanical be-

haviour is influenced by several factors, including the re-
placement level, ash characteristics, fineness, burning 
conditions, curing regime, matrix type, and water–
binder ratio. At low to moderate replacement levels, 
SCBA generally contributes to improved mechanical 
performance through filler action and pozzolanic reac-
tivity, both of which promote a denser and more re-
fined cementitious matrix (Ganesan et al. 2007; Khan et 
al. 2021; Kiran and Kishore 2017; Ramesh et al. 2017). 
Table 4 presents a comparative synthesis of quantitative 
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data from selected studies on SCBA blended cementi-
tious materials. The table compiles key experimental 
variables, including cement type, matrix type, replace-
ment levels, optimum replacement percentage, curing 
period, water–binder ratio, and percentage enhance-
ment in 28-day strength. To ensure comparability, only 

the optimum replacement level reported in each study 
and the corresponding improvement over the control 
mixture is presented. This format facilitates cross-study 
comparison and supports the identification of general 
trends in the mechanical behaviour of SCBA based sys-
tems.

Table 4. Optimum replacement of SCBA in cementitious materials  
and associated improvements in mechanical properties (%).  

Reference 
Cement  

type 
Cementitious  

matrix 

Replacement  
levels  

(% by weight) 

Optimum  
replacement 

(%) 

Curing  
period  
(days) 

Water-
Binder 
ratio 

Enhancement in 28-day 
strength (%) 

Compressive 
strength 

Split tensile 
strength 

Kumara et al. (2023) OPC 53 Concrete 5, 10, 15, 20, 25, 30 15 7, 14, 28, 90 0.45 6.43 8.75 

Praveenkumar et al. 
(2020) 

OPC 53 Mortar 5, 10, 15, 20, 25, 30 5 3, 7, 28 0.5 3.99 – 

Jha et al. (2021d) OPC 43 Concrete 5, 10, 15, 20, 25 10 7, 28 0.45 2.14 – 

Abdalla et al. (2022) CEM I/42.5N Concrete 10, 20, 30, 40 10 
3, 7, 14, 28, 

56 
– 5.63 10.54 

Gupta et al. (2021) OPC 43 Mortar 5, 10, 15, 20, 25 10 3, 7, 28 – 9.21 – 

Dhengare et al. (2020) OPC 53 Concrete 5, 10, 15, 20, 25, 30 20 7, 28, 56, 90 – 7.66 – 

Gupta et al. (2023a) OPC 43 Concrete 
(SCC) 

5, 10, 15, 20, 25 15 7, 28, 56, 90 0.4 19.57 55.73 

Bheel et al. (2022) 
Portland  
cement 

Concrete 5, 10, 15, 20 10 28 0.5 9.70 8.77 

Mittal and Varekar 
(2026)  

Portland  
cement 

Concrete 5, 10, 15, 20 5 3, 7, 28 0.5 10.29 2.76 

Krishna et al. (2024) OPC 53 Concrete 5, 10, 15, 20, 25 10 28 0.48 27.18 – 

Sakib et al. (2023) OPC Mortar 5, 10, 15, 20, 25, 30 15 7, 14, 28, 56 0.56 10.10 – 

Ullah et al. (2025) OPC Type I Concrete 5, 10, 15 10 14, 28, 56 0.4 19.20 22.82 

Yaseen (2024) OPC Mortar 5, 10, 15, 20, 25, 30 5 7, 28 0.54 12.85 – 

Sankeeth et al. (2025) OPC Concrete 5, 10, 15, 20 10 7, 28, 90 0.58 18.46 23.35 

Kumar and Kumar 
(2023) 

OPC 53 Concrete 5, 10, 15 10 7, 14, 28 0.58 21.02 – 

Hasan et al. (2014)  OPC Concrete 10, 15, 20 10 3, 7, 28 0.5 3.49 – 

Jha et al. (2021a) OPC 43 Concrete 5, 10, 15, 20, 25 10 7, 28, 90, 180 0.49 2.14 8.87 

Srinivasan and Sathiya 
(2010) 

OPC Concrete 5, 10, 15, 20, 25 5 7, 28 – 37.40 30.67 

Lourdu and Ali (2023) OPC Concrete 
2.5, 5, 7.5, 10, 12.5, 

15, 20 
10 3, 7, 28 0.45 19.67 18.18 

Tabish et al. (2025) OPC43 Concrete 10, 15, 20, 25 15 
7, 28, 90, 180, 

365 
0.48 11.42 11.15 

Wagh et al. (2024) OPC 43 
Concrete 

(SCC) 
10, 15, 20 10 7, 14, 28, 56 0.34 3.96 5.12 

Chowdhury et al. 
(2024) 

CEM I/42.5N Concrete 5, 10, 15 5 1, 3, 7, 28 0.55 12.04 7.74 

6.1. Compressive strength 

The compressive strength behaviour of SCBA-
blended mortar and concrete reported in the reviewed 
studies exhibits a broadly consistent, although not en-
tirely uniform trend. Low-to-moderate replacement lev-

els generally preserve or enhance later-age strength, 
whereas higher replacement levels tend to reduce 
strength when the dilution of cement surpasses the poz-
zolanic contribution of SCBA. In mortar systems, 
strength enhancement is most frequently reported at 
about 10–15% replacement. Praveenkumar et al. (2020) 
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reported that the incorporation of bagasse ash improved 
mortar strength up to 15% replacement, which was at-
tributed to its large surface area, enhanced pozzolanic 
reactivity, and filler action. Likewise, Sakib et al. (2023) 
found that 5–15% ground bagasse ash produced higher 
56-day compressive strength than the control, with 15% 
replacement showing the best overall mechanical and 
durability performance. Yaseen (2024) similarly ob-
served that 7-day strength decreased with increasing 
SCBA content because of early cement dilution and slow 
reaction kinetics, whereas 28-day strength increased at 
5–15 wt% replacement, with the greatest increase rec-
orded at 5 wt%. Concrete studies show the same broad 
pattern. Jha et al. (2021a) reported that compressive 
strength increased at 10% SCBA replacement and de-
clined beyond that level, while Bheel et al. (2022) also 
identified 10% bagasse ash as the optimum replacement 
level for improving 28-day compressive strength. More-
over, Abdalla et al. (2022) concluded that bagasse ash 
can enhance long-term strength when used at low dos-
ages, especially around 10%, although higher replace-
ment levels generally produce strength reductions be-
cause of clinker dilution. 

Evidence from several studies indicates that compres-
sive strength development in SCBA-based systems is 
governed by the interaction of physical densification and 
pozzolanic reactivity. Several studies explicitly relate 
strength enhancement to the reaction of SCBA-derived 
silica and alumina with calcium hydroxide released dur-
ing cement hydration.  Abdalla et al. (2022) reported that 
these reactions produce secondary calcium silicate hy-
drate (C–S–H), calcium aluminate hydrate (C–A–H), and 
calcium aluminosilicate hydrate (C–A–S–H) phases, 
which contribute to strength development and micro-
structural refinement. In the same way, Yaseen (2024) 
explained that SCBA acts both as a micro-filler, which im-
proves particle packing, and as a later-age pozzolana 
that forms secondary hydration products. Sakib et al. 
(2023) further noted that ground bagasse ash provides 
nucleation sites for hydration products, reduces poros-
ity, and improves interfacial bonding. This interpreta-
tion is consistent with the microstructural observations 
reported by Praveenkumar et al. (2020), who attributed 
the increase in compressive strength at moderate re-
placement levels to the combined effects of fine particle 
filling and activated pozzolanic reaction. Likewise, Gupta 
et al. (2023b) identified SCBA as a pozzolanic material 
with good binder potential, although the benefit was 
confined to modest replacement levels. Overall, the liter-
ature indicates that SCBA improves compressive 
strength only when its filler effect and pozzolanic reac-
tivity are sufficient to offset clinker dilution. Once the re-
placement level becomes excessive, however, reduced 
calcium availability, slower hydration, higher porosity, 
and weaker binder formation become dominant, result-
ing in strength loss (Bheel et al. 2022; Jha et al. 2021b; 
Kumara et al. 2023; Gupta et al. 2022; Ainomugisha et al. 
2021; Kumar and Kumar 2023). 

As shown in Table 4, the optimum replacement level 
of cement with SCBA for improving mechanical proper-
ties varies considerably across studies, reflecting the 
strong influence of ash processing, fineness, silica reac-
tivity, loss on ignition, curing conditions, and mix com-

position. Although this variability prevents the identifi-
cation of a universal optimum dosage, the compiled re-
sults still reveal a consistent performance range. Be-
cause compressive strength is the most widely reported 
mechanical property, its trends are further illustrated in 
Figs. 5 and 6. Fig. 5 compares the optimum SCBA con-
tents reported in the literature and their corresponding 
percentage gains in compressive strength, while Fig. 6 
shows the trend of average compressive strength across 
different replacement levels. Taken together, Table 4, 
Figs. 5 and 6 indicate that the most favourable mechani-
cal performance is generally achieved at 10–15% SCBA 
replacement. This range likely reflects a balance be-
tween the pozzolanic contribution of reactive silica, 
which promotes additional C–S–H formation and matrix 
densification, and the dilution effect associated with 
higher cement replacement. However, the reported im-
provements are not universal, and performance declines 
beyond this range are common when ash quality or pro-
cessing is inadequate. Thus, SCBA should be regarded as 
a processing-sensitive supplementary cementitious ma-
terial, and 10–15% should be interpreted as a practical 
optimum range rather than a fixed dosage. 

6.2. Split tensile strength 

SCBA influences split tensile strength in a manner 
closely aligned with compressive strength, with im-
provements generally occurring only at low-to-moder-
ate replacement levels. Across conventional and self-
compacting concrete, most studies report that tensile 
strength rises up to an optimum SCBA content and then 
declines at higher dosages. Lourdu and Ali (2023) iden-
tified 10% SCBA as optimal, increasing split tensile 
strength from 3.3 MPa to 3.9 MPa, while Gupta et al. 
(2023a) reported improvement up to 15% SCBA in SCC 
before a reduction at higher contents. Kumara et al. 
(2023) similarly observed an increase from 2.97 MPa in 
the control mix to 3.23 MPa at 15% SCBA, followed by 
progressive decline beyond this level. Comparable 
trends were reported by Bheel et al. (2022), Chowdhury 
et al. (2024) and Ullah et al. (2025), indicating that the 
most consistent enhancement in tensile performance oc-
curs within the 5–15% replacement range, although the 
precise optimum depends on ash fineness, curing age, 
concrete type, and mix design (Sankeeth et al. 2025). 

The improvement in split tensile strength arises from 
the same mechanisms that govern compressive strength 
development, namely pozzolanic reactivity, filler action, 
and matrix densification. Gupta et al. (2023a) explained 
that silica-rich SCBA reacts with calcium hydroxide re-
leased during cement hydration to form additional C-S-
H, thereby strengthening and densifying the matrix. Ul-
lah et al. (2025) similarly linked higher tensile strength 
to secondary C-S-H formation, improved particle inter-
locking, and a denser internal structure, especially at 
later curing ages. Bheel et al. (2022) and Kumara et al. 
(2023) further emphasized that reactive silica refines 
the cementitious matrix and improves resistance to 
crack initiation and propagation. However, beyond the 
optimum dosage, the same adverse effects observed for 
compressive strength - cement dilution, reduced lime 
availability, unreacted ash particles, and higher poros-
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ity—begin to dominate, leading to lower tensile perfor-
mance (Bayapureddy et al. 2020; Srinivasan and Sathiya 

2010; Abdalla et al. 2022; Ullah et al. 2025; Chowdhury 
et al. 2024; Kumara et al. 2023).

 

Fig.  5. Comparative representation of optimum SCBA content and corresponding percentage increase  
in compressive strength of cement-based materials. 

 

Fig. 6. Trend analysis average compressive strength value from various studies.

Similar to compressive strength, the results in Table 4 
show that the optimum SCBA replacement level for im-
proving split tensile strength generally lies within the 
10–15% range, although some variation exists across 
studies. For comparison, the tensile strength data are 
presented in Figs. 7 and 8. Fig. 7 shows the reported op-
timum SCBA contents and the corresponding percentage 
increase in 28-day split tensile strength, while Fig. 8 pre-
sents the trend in average split tensile strength across 

different replacement levels. Taken together, Table 4, 
Figs. 7 and 8 indicate that split tensile strength follows a 
trend broadly similar to that of compressive strength, 
with improvement at intermediate replacement levels 
and decline at higher dosages. Thus, the available evi-
dence suggests that 10–15% SCBA is the most practical 
range for enhancing both compressive and split tensile 
strength, although the exact optimum remains study-
specific. 
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Fig. 7.  Comparative representation of optimum SCBA content and corresponding percentage increase  
in split tensile of cement-based materials. 

 

Fig. 8. Trend analysis average split tensile strength value from various studies.

7. Durability Performance 

Sugarcane bagasse ash (SCBA) has been widely re-
ported to improve the durability performance of ce-
mentitious materials when used at appropriate replace-
ment levels, primarily through matrix densification and 
pore refinement, which reduce the ingress of water and 
aggressive ions. The literature indicates that durability 
has mainly been evaluated through transport-related pa-
rameters such as water absorption, capillary absorption, 
chloride penetration resistance, and electrical resistiv-
ity, with most studies showing improved performance at 
low to moderate SCBA contents. However, the extent of 
improvement varies with the physico-chemical charac-
teristics of SCBA, particularly fineness, amorphous silica 

content, calcination condition, and loss on ignition, as 
well as with the type of cementitious matrix and replace-
ment level adopted (Ainomugisha et al. 2021; Zareei et 
al. 2018; Gupta et al. 2023b; Sakib et al. 2023; Yaseen 
2024; Sankeeth et al. 2025). Therefore, in this section, 
the effect of SCBA on the durability of cement-based ma-
terials is evaluated through the key parameters most 
consistently reported in the uploaded studies, namely 
water absorption, capillary absorption, chloride re-
sistance, and electrical resistivity. 

Table 5 summarizes the studies on the durability per-
formance of SCBA-blended cementitious materials, pre-
senting the investigated replacement levels, the opti-
mum SCBA content, and the corresponding changes in 
water absorption, capillary absorption, chloride pene-
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tration, and electrical resistivity. The optimum replace-
ment level generally ranges from 10% to 30%, although 
it varies with the durability parameter, matrix type, and 
ash characteristics. In several studies, the same optimum 
content applies to multiple durability indicators, 
whereas in others it differs across properties. Compari-
son of Table 4 and Table 5 further shows that the opti-
mum SCBA content for durability does not always coin-
cide with that for mechanical properties. Overall, low to 

moderate SCBA replacement commonly reduces water 
absorption, capillary absorption, and chloride penetra-
tion while increasing electrical resistivity, indicating im-
proved resistance to fluid and ion transport. The varia-
bility among studies nevertheless suggests that durabil-
ity performance is influenced not only by replacement 
level, but also by SCBA fineness, processing condition, 
chemical composition, and the nature of the cementi-
tious system.

Table 5. Optimum content of SCBA in cementitious materials for durability studies. 

Reference 
Replacement levels  

(% by weight) 
Optimum  

replacement (%) 

Decrease percentage (%) Increase percentage 
(%) in electrical  

resistivity 
Water  

absorption 
Capillary  

absorption 
Chloride  

penetration 

Jittin and Bahurudeen (2022) 10,20,30 30 – 14.71 80.40 – 

Joshaghani and Moeini (2018) 10,15,20,25 25 4.32 14.00 44.53 159.29 

Praveenkumar et al. (2020) 5,10,15,20,25,30 30 – 86.26 – – 

Ainomugisha et al. (2021) 5,10,15,20,25,30 30 93.34 – – – 

Arenas-Piedrahita et al. (2016) 10, 20 20 – – 67.03 234.51 

Cupim et al. (2025) 5,10,15,20 20 16.97 – – – 

Allende et al. (2024) 10,20,30 30 – – 23.01 – 

Gupta et al. (2023b) 5,10,15,20,25 15 52.45 15.6 – – 

Sankeeth et al. (2025) 5,10,15,20 20 26.27 – 56.36 – 

Yaseen (2024) 5,10,15,20,25,30 30 94.35 – – – 

Jiménez-Quero et al. (2019) 10, 20 10 – – – 75.00 

Reddy and Kumar (2026) 5,10,15,20 10 34.06 – – – 

Nassar et al. (2022) 5,10,15 15 – – – 92.23 

Le and Sheen (2023) 5,10,15,20 20 19.19 – – 19.26 

7.1. Water absorption 

Water absorption is a key durability indicator in 
SCBA-based cementitious materials because it reflects 
pore structure, and resistance to water ingress. Fig. 9 
depicts the variation of water absorption with different 
proportion of SCBA. The reviewed studies show that 
SCBA can reduce water absorption at low-to-moderate 
replacement levels when its filler effect and pozzolanic 
reactivity promote matrix densification and additional 
C-S-H formation. Abdalla et al. (2022) reported a reduc-
tion in water absorption from 1.21% in the control mix 
to 1.03% at 40% SCBA, attributing this improvement 
to the fine-particle filling effect of SCBA. Likewise, 
Joshaghani and Moeini (2017) found lower water ab-
sorption and capillary uptake in SCBA mortars than in 
the control, while Joshaghani and Moeini (2018) ob-
served similar reductions in a binary SCBA-RHA (Rice 
Husk Ash) system due to filler action, pozzolanic activ-
ity, and secondary C-S-H formation. Comparable im-
provements were also reported in blended systems 
containing SCBA with metakaolin and polypropylene fi-
bres (Althaqafi et al. 2024) and in self-curing concrete 

incorporating copper slag and polyethylene glycol-400, 
particularly at 15-20% SCBA replacement (Reddy and 
Kumar 2026). 

However, the literature also indicates that the effect 
of SCBA is highly dependent on ash quality, dosage, and 
curing conditions. Zareei et al. (2018) reported that 
higher SCBA contents increased water demand and wa-
ter absorption because of the irregular and porous na-
ture of the ash, with the most favourable response occur-
ring at around 5% replacement. Similar trends were ob-
served by Ainomugisha et al. (2021), who found increas-
ing water absorption with higher contents of raw co-
generation SCBA, and by Yaseen (2024), who reported a 
marked nonlinear increase at elevated replacement lev-
els. Sankeeth et al. (2025) further confirms this thresh-
old-dependent behaviour, showing an 8.5% reduction in 
water absorption at 5% SCBA but a 28% increase at 
20%, although extended curing partially mitigated this 
adverse effect. Overall, the findings suggest that finely 
processed and optimally dosed SCBA can refine the pore 
structure and reduce water absorption, whereas exces-
sive or poorly processed ash may increase absorption by 
introducing greater internal porosity.  
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         Fig. 9.  Effect of SCBA on water absorption of cement-based materials.

7.2. Capillary absorption 

Capillary absorption, commonly expressed as sorptiv-
ity, is a key transport property used to evaluate the rate 
at which unsaturated concrete absorbs water through 
capillary action and, therefore, serves as an important 
indicator of durability rather than merely a physical de-
scriptor. In SCBA-blended concrete, lower capillary ab-
sorption is generally attributed to the filler effect and 
pozzolanic reaction of fine ash particles, which improve 
packing density, consume calcium hydroxide, and gener-
ate secondary C-S-H, thereby refining the pore structure 
and reducing transport continuity. This overall mecha-
nism is widely supported in the literature, and several 
studies have reported improved sorptivity performance 
at moderate replacement levels when the ash is ade-
quately processed and sufficiently reactive (Bahurudeen 
and Santhanam 2015; Ganesan et al. 2007; Gupta et al. 
2023b). 

However, the evidence does not justify a universal 
conclusion that SCBA always improves capillary perfor-
mance, because the outcome remains highly dependent 
on ash quality, fineness, loss on ignition, replacement 
dosage, curing conditions, and testing protocol. While 
several studies have observed reduced capillary absorp-
tion and improved matrix densification at moderate re-
placement levels (Bahurudeen and Santhanam 2015; 
Praveenkumar et al. 2020; Andrade Neto et al. 2021; 
Memon et al. 2022; Gupta et al. 2023b), others have re-
ported increased sorptivity or noted that improvements 
in sorptivity may coexist with greater carbonation sus-
ceptibility, especially at higher replacement levels or 

with insufficiently processed ash (Ainomugisha et al. 
2021; Quedou et al. 2021). A critical study of the litera-
ture suggests that the central issue is not whether SCBA 
reduces capillary absorption, but the particular pro-
cessing and dosage conditions under which such reduc-
tion can be achieved consistently. 

7.3. Chloride penetration and chloride resistivity 

The studies indicate that sugarcane bagasse ash 
(SCBA) generally enhances resistance to chloride ingress 
and increases chloride resistivity, although the magni-
tude of improvement depends on curing age, ash quality, 
and replacement level. In mortar systems containing un-
treated or minimally processed SCBA, rapid chloride 
permeability decreased, with optimum performance 
commonly observed at about 10–20% replacement 
(Arenas-Piedrahita et al. 2016; Jiménez-Quero et al. 
2019; Cordeiro et al. 2011; Minnu et al. 2021). Similarly, 
Jha et al. (2021c) reported reduced chloride permeabil-
ity up to an optimum combination of 10% bagasse ash 
and 40% stone dust, beyond which performance de-
clined. These findings suggest that chloride durability in 
SCBA-blended systems is governed by the interplay of 
filler effect, pozzolanic reactivity, and cement dilution 
rather than by replacement level alone. 

The literature further shows that chloride-related du-
rability becomes more pronounced at later ages and is 
enhanced in ternary binder systems. Joshaghani and 
Moeini (2017) observed that SCBA mixtures exhibited 
lower resistivity than the control at early ages because 
of slow pozzolanic activity, but showed markedly higher 
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resistivity and improved chloride resistance at 28 and 90 
days; the SCBA–nanosilica system performed best. Com-
parable trends were reported for SCBA–rice husk ash 
mixtures, where ternary systems outperformed binary 
blends because of greater microstructural densification 
and hydration gel formation (Joshaghani and Moeini 
2018; Jittin and Bahurudeen 2022). Kirthiga et al. (2025) 
likewise found that combining bagasse ash with silica 
fume significantly reduced charge passed in chloride 
tests, while also noting that RCPT results reflect not only 
permeability but also pore-solution chemistry and elec-
trical conductivity. Overall, the evidence from several 
studies indicates that chloride penetration and chloride 
resistivity should be interpreted through an integrated 
microstructural and electrochemical framework, with 
later-age testing and synergistic SCM combinations 
providing the most reliable basis for assessing durabil-
ity. 

7.4. Electrical resistivity 

Electrical resistivity is a key durability indicator in 
SCBA-blended mortars and concrete because it reflects 
resistance to ionic transport and reinforcement corro-
sion. The literature generally indicates that SCBA in-
creases resistivity when it behaves as a reactive supple-
mentary cementitious material, refining pore structure 
through filler effects and secondary pozzolanic reac-
tions. However, this improvement is not universal and 
depends on ash processing, replacement level, and cur-
ing age. Early studies established that the hydration and 
pozzolanic performance of bagasse ash are governed by 
ash quality and silica reactivity (Singh et al. 2000; Gane-
san et al. 2007). Later investigations similarly reported 
that SCBA can enhance resistivity and durability, partic-
ularly at moderate replacement levels. Jiménez-Quero et 
al. (2019) observed higher resistivity and delayed crack-
ing under accelerated corrosion, while Nassar et al. 
(2022) found improved later-age resistivity, with 10 
wt% replacement giving the most favorable balance of 
strength and durability. Le and Sheen (2023) further 
showed that this benefit is highly dosage and processing 
sensitive, with optimum performance generally occur-
ring at about 5–10% replacement. 

The literature also emphasizes that resistivity devel-
opment in SCBA systems is strongly time-dependent.  
Joshaghani and Moeini (2017) showed that SCBA mor-
tars may perform below the control at early ages be-
cause pozzolanic reactions are slower, yet surpass the 
control at 28 and especially 90 days as pore connectivity 
decreases. Samaila et al. (2014) likewise demonstrated 
that electrical resistivity is sensitive to both hydration 
progress and porosity evolution, making it useful for 
monitoring microstructural development as well as du-
rability performance. Nassar et al. (2022) attributed 
higher later-age resistivity to matrix densification and 
reduced ionic mobility, whereas recent review evidence 
attributes variability across studies to differences in ash 
treatment, particle size, residual carbon, and thermal 
history (Abdalla et al. 2022). Thus, a critical reading sug-
gests that SCBA should not be treated as uniformly in-
creasing electrical resistivity; rather, its beneficial effect 
is conditional on processing quality, dosage, and test age. 

8. Conclusions 

Various studies have been conducted to understand 
the impact of SCBA in concrete and mortar properties 
considering various aspects. Considering the prior stud-
ies, the key findings of the present study can be summa-
rised as follows:  

SCBA shows clear potential to reduce the embodied 
carbon of cementitious materials through partial cement 
replacement. However, its environmental benefit is con-
ditional on processing intensity and transport burden. 
The performance of sugarcane bagasse ash (SCBA) as a 
supplementary cementitious material in mortar and 
concrete is not governed solely by its replacement 
level, but is strongly influenced by its physical and 
chemical characteristics. The reviewed literature indi-
cates that parameters such as silica content, fineness, 
particle morphology, burning conditions, and loss on 
ignition play a crucial role in determining the poz-
zolanic reactivity and overall engineering suitability of 
SCBA. In this regard, SCBA should not be regarded as a 
uniform agricultural by-product; rather, it should be 
understood as a process-sensitive material whose per-
formance is highly dependent on combustion history 
and post-treatment quality. Consequently, the wide 
variation reported in previous studies appears to arise 
primarily from differences in ash processing and mix-
ture design, rather than from any inconsistency in the in-
trinsic potential of SCBA itself. 

With respect to fresh properties, the reviewed studies 
generally show that SCBA incorporation reduces slump, 
workability, and flowability as the replacement level in-
creases. This behaviour is mainly associated with the 
porous texture, irregular particle shape, high surface 
area, and residual carbon content of the ash, all of 
which increase water demand and internal friction. At 
the same time, the review also indicates that this ad-
verse effect can be moderated through adequate ash 
processing and the use of suitable admixtures, particu-
larly polycarboxylate-based superplasticizers. Thus, re-
duced workability should be interpreted as a condition-
dependent response rather than an inherent limitation 
of SCBA use. 

For mechanical performance, the reviewed studies 
show that SCBA can improve both compressive and split 
tensile strength at low-to-moderate replacement levels, 
whereas excessive replacement generally leads to 
strength loss once cement dilution exceeds the benefits 
of filler action and pozzolanic reactivity. Although the 
broader beneficial range extends from approximately 
5% to 20%, the comparative analysis of the reviewed 
data indicates that 10% is the most frequently reported 
global optimum, while 10–15% represents the most con-
sistent practical performance window for strength en-
hancement. This range appears to provide the best bal-
ance between matrix densification, secondary hydration, 
and clinker dilution. However, the exact optimum re-
mains study-specific and is influenced by ash quality, 
fineness, curing conditions, and matrix type. 

The durability evidence similarly shows that SCBA 
can improve the long-term performance of cementi-
tious systems when used at appropriate replacement 
levels. In general, SCBA incorporation reduces water 
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absorption, capillary absorption, and chloride penetra-
tion, while increasing electrical resistivity, thereby en-
hancing resistance to fluid and ion transport in both 
mortar and concrete. However, the optimum replace-
ment range for durability does not always coincide with 
that for strength. The reviewed studies indicate that 
durability benefits are generally achieved within a 
wider range of 10–30%, depending on the specific du-
rability indicator, ash characteristics, and binder sys-
tem considered. This suggests that while lower to mod-
erate SCBA contents are more favourable for mechani-
cal optimisation, somewhat higher replacement levels 
may be beneficial for transport-related durability per-
formance when a sufficiently reactive and finely pro-
cessed ash is used.  

Notwithstanding the growing number of studies on 
the utilisation of sugarcane bagasse ash (SCBA) in ce-
mentitious materials, the existing literature still reveals 
substantial gaps. First, the absence of standardized pro-
cessing and characterization protocols continues to limit 
meaningful comparison across studies. Second, much of 
the existing literature remains focused on laboratory-
scale and short-term behaviour, while long-term dura-
bility under aggressive service conditions is still under-
explored. Third, field-scale validation, economic feasi-
bility, and life-cycle assessment require greater atten-
tion to support industrial adoption. Future research 
should therefore prioritise standardized SCBA produc-
tion criteria, long-term exposure-based durability stud-
ies, multi-scale performance evaluation, and hybrid or 
ternary binder systems involving SCBA with other sup-
plementary cementitious materials. Overall, the evi-
dence suggests that SCBA has strong potential for sus-
tainable cementitious applications, but its successful fu-
ture industrial adoption will depend on consistent ash 
quality, performance-based mix optimisation, and clear 
demonstration of both technical reliability and economic 
viability. 

 
 

Acknowledgements 
None declared. 

 
Funding 

The authors received no financial support for the research, author-
ship, and/or publication of this manuscript. 
 
Conflict of Interest 

The authors declare no potential conflicts of interest with respect to 
the research, authorship, and/or publication of this manuscript.  

 
Data Availability 

The datasets generated and/or analyzed during the current study are 

not publicly available but are available from the corresponding author 
upon reasonable request.  
 
AI Assistance 

No AI-based tools were used in the preparation of this manuscript.  
 

Author Contributions 
All authors made substantial contributions to the conception and de-

sign of the study, acquisition of data, analysis and interpretation of data; 

drafted or critically revised the manuscript for important intellectual 
content; and approved the final version to be published. 

 

 

REFERENCES 
 

Abdalla T, Koteng D, Shitote SM, Matallah M (2022). Mechanical and 
durability properties of concrete incorporating silica fume and a 

high volume of sugarcane bagasse ash. Results in Engineering, 16, 
100666. 

Agwa IS, Zeyad AM, Tayeh BA, Adesina A, de Azevedo ARG, Amin M, 

Hadzima-Nyarko M (2022). A comprehensive review on the use of 
sugarcane bagasse ash as a supplementary cementitious material 
to produce eco-friendly concretes. Materials Today: Proceedings, 65, 

688-696. 
Ainomugisha S, Edwin B, Bazairwe A (2021). Utilization of sugarcane 

bagasse ash from power co-generation boilers as a supplementary 

cementitious material. East African Journal of Science, Technology 
and Innovation, 2(2), 1-14. 

Ainomugisha S, Kibwami N, Wesonga R, Adubango EN, Matovu MJ, 

Manga M (2025). Effect of sugarcane bagasse ash on eco-friendly 
blended cement production: physicochemical, mechanical, and mi-
crostructure properties. Case Studies in Construction Materials, 22, 

e04141. 
Allende S, Tuladhar R, Jacob MV (2024). Sugarcane bagasse-derived 

carbon for partial replacement of cementitious material in concrete. 

Materials Circular Economy, 6, 3. 
Althaqafi E, Ali T, Qureshi MZ, Islam S, Ahmed H, Ajwad A, Almujibah H, 

Khan MA (2024). Evaluating the combined effect of sugarcane ba-

gasse ash, metakaolin, and polypropylene fibers in sustainable con-
struction. Scientific Reports, 14, 26109. 

Amjad U, Sarir M, Khan D, Haq IU, Khawaja MWA, Mahmood K (2025). 

Effect of sugar cane bagasse ash incorporated as viscosity modify-
ing agent on fresh, microstructure and mechanical properties of 
self-compacting concrete. International Journal of Concrete Struc-

tures and Materials, 19, 2. 
Andrade Neto JdS, de França MJS, Amorim Júnior NSd, Ribeiro DV 

(2021). Effects of adding sugarcane bagasse ash on the properties 

and durability of concrete. Construction and Building Materials, 266, 
120959. 

Andreão PV, Suleiman AR, Cordeiro GC, Nehdi ML (2020). Beneficiation 

of sugarcane bagasse ash: pozzolanic activity and leaching behavior. 
Waste and Biomass Valorization, 11, 4393-4402. 

Arenas-Piedrahita JC, Montes-García P, Mendoza-Rangel JM, López 

Calvo HZ, Valdez-Tamez PL, Martínez-Reyes J (2016). Mechanical 
and durability properties of mortars prepared with untreated sug-
arcane bagasse ash and untreated fly ash. Construction and Building 

Materials, 105, 69-81. 
Arif E, Clark MW, Lake N (2016). Sugar cane bagasse ash from a high 

efficiency co-generation boiler: applications in cement and mortar 

production. Construction and Building Materials, 128, 287-297. 
Ashok K, Subhani SM, Sundaram B (2025). Performance characteristics 

of ternary blended concrete incorporating fine recycled aggregate, 

sugarcane bagasse ash and ground granulated blast furnace slag. 
Journal of Building Pathology and Rehabilitation, 10(2), 141. 

Bahurudeen A, Santhanam M (2015). Influence of different processing 

methods on the pozzolanic performance of sugarcane bagasse ash. 
Cement and Concrete Composites, 56, 32-45. 

Bahurudeen A, Wani K, Basit MA, Santhanam M (2016). Assessment of 

pozzolanic performance of sugarcane bagasse ash. Journal of Mate-
rials in Civil Engineering, 28(2), 04015095. 

Bayapureddy Y, Muniraj K, Mutukuru MRG (2020). Sugarcane bagasse 

ash as supplementary cementitious material in cement composites: 
strength, durability, and microstructural analysis. Journal of the Ko-
rean Ceramic Society, 57, 513-519. 

Benhelal E, Zahedi G, Shamsaei E, Bahadori A (2013). Global strategies 
and potentials to curb CO2 emissions in cement industry. Journal of 
Cleaner Production, 51, 142-161. 

Bheel N, Ali MOA, Tafsirojjaman, Khahro SH, Keerio MA (2022). Exper-
imental study on fresh, mechanical properties and embodied car-
bon of concrete blended with sugarcane bagasse ash, metakaolin, 

and millet husk ash as ternary cementitious material. Environmen-
tal Science and Pollution Research, 29(4), 5224-5239. 

Chen C, Habert G, Bouzidi Y, Jullien A (2010). Environmental impact of 

cement production: detail of the different processes and cement 



 Verma et al. / Challenge Journal of Concrete Research Letters (2026) 17(3) 387–404 402 

 

plant variability evaluation. Journal of Cleaner Production, 18(5), 

478-485. 
Chindaprasirt P, Rukzon S, Sirivivatnanon V (2008). Resistance to chlo-

ride penetration of blended Portland cement mortar containing 

palm oil fuel ash, rice husk ash and fly ash. Construction and Build-
ing Materials, 22(5), 932-938. 

Chindaprasirt P, Kroehong W, Damrongwiriyanupap N, Suriyo W, 

Jaturapitakkul C (2020). Mechanical properties, chloride resistance 
and microstructure of Portland fly ash cement concrete containing 
high volume bagasse ash. Journal of Building Engineering, 31, 101415. 

Chowdhury M, AlHimali A, Ioannou S (2024). Developing greener con-
cretes from spent bleaching earth and sugarcane bagasse ash. 
Emirati Journal of Civil Engineering and Applications, 2(2), 19-30. 

Chusilp N, Jaturapitakkul C, Kiattikomol K (2009). Effects of LOI of 
ground bagasse ash on the compressive strength and sulfate re-
sistance of mortars. Construction and Building Materials, 23(12), 

3523-3531. 
Cordeiro GC, Toledo Filho RD, Tavares LM, Fairbairn EMR (2008). Poz-

zolanic activity and filler effect of sugar cane bagasse ash in Port-

land cement and lime mortars. Cement and Concrete Composites, 
30(5), 410-418. 

Cordeiro GC, Toledo Filho RD, Fairbairn EMR (2009). Effect of calcina-

tion temperature on the pozzolanic activity of sugar cane bagasse 
ash. Construction and Building Materials, 23(10), 3301-3303. 

Cordeiro GC, Toledo Filho RD, de Almeida RS (2011). Influence of ul-

trafine wet grinding on pozzolanic activity of submicrometre sugar 
cane bagasse ash. Advances in Applied Ceramics, 110(8), 453-456. 

Cupim RV, Tostes Linhares Júnior JA, Mesquita LC, Marques MG, Garcez 

de Azevedo AR, Marvila MT (2025). Rheological and mechanical 
properties of mortars made with recycled sugarcane bagasse ash. 
Journal of Materials Research and Technology, 36, 3546-3555. 

Dhengare S, Sharma R, Sobti J, Gajbhiye A, Bhagat R (2020). Binary con-
crete expansion by means of copper slag, fly ash, sugarcane bagasse 
ash, and rice husk ash as partial replacement of cement. Interna-

tional Journal of Advanced Science and Technology, 29(7), 9973-
9993. 

Embong R, Shafiq N, Kusbiantoro A, Nuruddin MF (2016). Effectiveness 

of low-concentration acid and solar drying as pre-treatment fea-
tures for producing pozzolanic sugarcane bagasse ash. Journal of 
Cleaner Production, 112, 953-962. 

Fairbairn EMR, Americano BB, Cordeiro GC, Paula TP, Toledo Filho RD, 
Silvoso MM (2010). Cement replacement by sugar cane bagasse ash: 
CO2 emissions reduction and potential for carbon credits. Journal 

of Environmental Management, 91(9), 1864-1871. 
Francioso V, Lemos-Micolta ED, Elgaali HH, Moro C, Rojas-Manzano MA, 

Velay-Lizancos M (2024). Valorization of sugarcane bagasse ash as 

an alternative SCM: effect of particle size, temperature-crossover 
effect mitigation and cost analysis. Sustainability, 16(21), 9370. 

Frías M, Villar E, Savastano H (2011). Brazilian sugar cane bagasse 

ashes from the cogeneration industry as active pozzolans for ce-
ment manufacture. Cement and Concrete Composites, 33, 490-496. 

Ganesan K, Rajagopal K, Thangavel K (2007). Evaluation of bagasse ash 

as supplementary cementitious material. Cement and Concrete 
Composites, 29(6), 515-524. 

Gupta CK, Sachan AK (2019). A review on properties of self compacting 

concrete using bagasse ash. International Journal of Innovative Re-
search in Applied Sciences and Engineering, 2(11), 352-356. 

Gupta CK, Sachan AK, Kumar R (2021). Examination of microstructure 

of sugar cane bagasse ash and sugar cane bagasse ash blended ce-
ment mortar. Sugar Tech, 23, 651-660. 

Gupta CK, Sachan AK, Kumar R (2022). Utilization of sugarcane bagasse 

ash in mortar and concrete: a review. Materials Today: Proceedings, 
65, 798-807. 

Gupta CK, Sachan AK, Kumar R (2023a). Experimental study on micro-

structural and mechanical behaviour of self compacting concrete 
using agricultural waste. Iranian Journal of Science and Technology, 
Transactions of Civil Engineering, 47(2), 925-942. 

Gupta CK, Sachan AK, Kumar R (2023b). Durability and microstructural 
analysis of self-compacting concrete using sugarcane bagasse ash 
for sustainable development. Innovative Infrastructure Solutions, 

8(3), 97. 

Hasan NMS, Sobuz MHR, Tamanna N, Talha MS, Islam MS (2014). Prop-

erties of concrete by using bagasse ash and recycle aggregate. Chal-
lenge Journal of Concrete Research Letters, 5(2), 768-785. 

Hasnain M, Javed U, Ali A, Zafar M (2021). Eco-friendly utilization of 

rice husk ash and bagasse ash blend as partial sand replacement in 
self-compacting concrete. Construction and Building Materials, 273, 
121753. 

India Brand Equity Foundation (IBEF) (2025). Indian Cement Industry 
Analysis (November 2025). https://www.ibef.org/industry/ce-
ment-presentation [accessed 05-04-2026]. 

Jagadesh P, Ramachandra Murthy A, Murugesan R, Sarayu K (2015). 
Micro-analytical studies on sugar cane bagasse ash. Sadhana, 40(5), 
1629-1638. 

Jagadesh P, Ramachandra Murthy A, Murugesan R (2020). Effect of pro-
cessed sugar cane bagasse ash on mechanical and fracture proper-
ties of blended mortar. Construction and Building Materials, 262, 

120846. 
Jha P, Sachan AK, Singh RP (2020). Microstructure analysis of concrete 

using bagasse ash waste as partial replacement of cement. Indian 

Journal of Environmental Protection, 40(3), 269-275. 
Jha P, Sachan AK, Singh RP (2021a). Agro-waste sugarcane bagasse ash 

(ScBA) as partial replacement of binder material in concrete. Mate-

rials Today: Proceedings, 44, 419-427. 
Jha P, Sachan AK, Singh RP (2021b). Bagasse ash (ScBA) and its utiliza-

tion in concrete as pozzolanic material: a review. In: Kumar Shukla 

S, Raman SN, Bhattacharjee B, Bhattacharjee J, editors. Advances in 
Geotechnics and Structural Engineering. Springer, Singapore, Singa-
pore, pp. 471-480. 

Jha P, Sachan AK, Singh RP (2021c). Investigation on the durability of 
concrete with partial replacement of cement by bagasse ash (BAH) 
and sand by stone dust (SDT). Materials Today: Proceedings, 43, 

237-243. 
Jha P, Sachan AK, Singh RP (2021d). Properties of concrete with ba-

gasse ash and stone dust exposed to sulphate attack. In: Chandra-

sekaran S, Kumar S, Madhuri S, editors. Recent Advances in Struc-
tural Engineering. Springer, Singapore, Singapore, pp. 29-37. 

Jiménez-Quero VG, Ortiz-Guzmán M, Montes-García P (2019). Durabil-

ity of mortars containing sugarcane bagasse ash. Journal of Physics: 
Conference Series, 1221(1), 012004. 

Jittin V, Bahurudeen A (2022). Evaluation of rheological and durability 

characteristics of sugarcane bagasse ash and rice husk ash based 
binary and ternary cementitious system. Construction and Building 
Materials, 317, 125965. 

Joseph A, Murugan SB (2024). Investigating the sustainable application 
of unprocessed sugarcane bagasse ash and alccofine in cementi-
tious mortar from a physical, mechanical, and microstructural per-

spective. Innovative Infrastructure Solutions, 9(12), 475. 
Joshaghani A, Moeini MA (2017). Evaluating the effects of sugar cane 

bagasse ash (SCBA) and nanosilica on the mechanical and durabil-

ity properties of mortar. Construction and Building Materials, 152, 
818-831. 

Joshaghani A, Moeini MA (2018). Evaluating the effects of sugarcane-

bagasse ash and rice-husk ash on the mechanical and durability 
properties of mortar. Journal of Materials in Civil Engineering, 30(7), 
04018144. 

Juenger MCG, Snellings R, Bernal SA (2019). Supplementary cementi-
tious materials: new sources, characterization, and performance in-
sights. Cement and Concrete Research, 122, 257-273. 

Kajaste R, Hurme M (2016). Cement industry greenhouse gas emis-
sions management options and abatement cost. Journal of Cleaner 
Production, 112, 4041-4052. 

Katare VD, Madurwar MV (2017). Experimental characterization of 
sugarcane biomass ash: a review. Construction and Building Materi-
als, 152, 1-15. 

Kazmi SMS, Munir MJ, Patnaikuni I, Wu YF (2017). Pozzolanic reaction 
of sugarcane bagasse ash and its role in controlling alkali silica re-
action. Construction and Building Materials, 148, 231-240. 

Khan MI, Abdy Sayyed MA, Ali MMA (2021). Examination of cement 
concrete containing micro silica and sugarcane bagasse ash sub-
jected to sulphate and chloride attack. Materials Today: Proceedings, 

39, 558-562. 

https://www.ibef.org/industry/cement-presentation
https://www.ibef.org/industry/cement-presentation


 Verma et al. / Challenge Journal of Concrete Research Letters (2026) 17(3) 387–404 403 

 

Khan MA, Zhang B, Ahmad M, Niekurzak M, Khan MS, Sabri MMS, Chen 

W (2025). Optimizing concrete sustainability with bagasse ash and 
stone dust and its impact on mechanical properties and durability. 
Scientific Reports, 15(1), 1385. 

Kiran K, Kishore IS (2017). An experimental study on partial replace-
ment of cement with bagasse ash in concrete mix. International 
Journal of Civil Engineering and Technology, 8(1), 452-455. 

Kirthiga R, Elavenil S (2023). Potential utilization of sugarcane bagasse 
ash in cementitious composites for developing inorganic binder. 
Ain Shams Engineering Journal, 14(11), 102560. 

Kirthiga R, Elavenil S, Imjai T (2025). Synergistic effects of bagasse ash 
and silica fume on strength and durability properties of sustainable 
cement mortars. Engineering Research Express, 7(3), 035109. 

Klathae T, Tanawuttiphong N, Tangchirapat W, Chindaprasirt P, Su-
kontasukkul P, Jaturapitakkul C (2020). Heat evolution, strengths, 
and drying shrinkage of concrete containing high volume ground 

bagasse ash with different LOIs. Construction and Building Materi-
als, 258, 119443. 

Kolawole JT, Babafemi AJ, Fanijo E, Chandra Paul S, Combrinck R 

(2021). State-of-the-art review on the use of sugarcane bagasse ash 
in cementitious materials. Cement and Concrete Composites, 118, 
103975. 

Krishna YM, Dhevasenaa PR, Srinivasan G, Kumar CNS (2024). Enhanc-
ing sustainability in concrete: synergistic effects of sugarcane ba-
gasse ash and iron ore tailings as eco-friendly cement and sand re-

placements. Journal of Building Pathology and Rehabilitation, 9(1), 
20. 

Kumar V, Kumar P (2023). Effect of partial cement replacement with 

sugarcane bagasse ash. International Journal of Science and Re-
search Archive, 8, 781-787. 

Kumara GD, Sivapullaiah PV, Sreenivasa Murthy A (2023). Perfor-

mance evaluation of sugar cane bagasse ash on the strength of con-
crete: a sustainable approach. Materials Today: Proceedings, 75, 
106-111. 

Le DH, Sheen YN (2023). Assessment of properties of mortars modified 
with sugarcane bagasse ash processed by heating at different tem-
peratures as cement replacement. European Journal of Environmen-

tal and Civil Engineering, 27(1), 393-415. 
Li Y, Chai J, Wang R, Zhang X, Si Z (2022). Utilization of sugarcane ba-

gasse ash (SCBA) in construction technology: a state-of-the-art re-

view. Journal of Building Engineering, 56, 104774. 
Lourdu AR, Ali SHM (2023). Study on strength, durable and flexural be-

haviour of partial replacement of sugarcane bagasse ash over ce-

ment. Materials Research Express, 10, 095502. 
Lyra GP, Borrachero MV, Soriano L, Payá J, Rossignolo JA (2021). Com-

parison of original and washed pure sugar cane bagasse ashes as 

supplementary cementing materials. Construction and Building Ma-
terials, 272, 122001. 

Maldonado-García MA, Montes-García P, Valdez-Tamez PL (2017). A 

review of the use of sugarcane bagasse ash with a high LOI content 
to produce sustainable cement composites. Academic Journal of 
Civil Engineering, 35(2), 597-605. 

Mello L, Anjos M, Sá M, Souza N, Farias E (2020). Effect of high temper-
atures on self-compacting concrete with high levels of sugarcane 
bagasse ash and metakaolin. Construction and Building Materials, 

248, 118715. 
Memon SA, Javed U, Shah MI, Hanif A (2022). Use of processed sugar-

cane bagasse ash in concrete as partial replacement of cement: me-

chanical and durability properties. Buildings, 12(10), 1769. 
Miller SA, Horvath A, Monteiro PJM (2016). Readily implementable 

techniques can cut annual CO2 emissions from the production of 

concrete by over 20%. Environmental Research Letters, 11, 074029. 
Minnu SN, Bahurudeen A, Gopinath A (2021). Comparison of sugarcane 

bagasse ash with fly ash and slag: an approach towards industrial 

acceptance of sugar industry waste in cleaner production of cement. 
Journal of Cleaner Production, 285, 124836. 

Mittal DN, Varekar V (2026). Design of sustainable modified concrete 

mix using industrial waste. Indian Chemical Engineer, 68(1), 192-
207. 

Mohamad N, Muthusamy K, Embong R, Kusbiantoro A, Hashim MH 

(2022). Environmental impact of cement production and solutions: 
a review. Materials Today: Proceedings, 48, 741-746. 

Moraes JCB, Cordeiro GC, Akasaki JL, Vieira AP, Payá J (2021). Improv-

ing the reactivity of a former ground sugarcane bagasse ash pro-
duced by autogenous combustion through employment of two dif-
ferent additional grinding procedures. Construction and Building 

Materials, 270, 121471. 
Morales EV, Villar-Cociña E, Frías M, Santos SF, Savastano H (2009). Ef-

fects of calcining conditions on the microstructure of sugar cane 

waste ashes (SCWA): influence in the pozzolanic activation. Cement 
and Concrete Composites, 31(1), 22-28. 

Nassar RUD, Singh N, Varsha S, Sai AR, Sufyan-Ud-Din M (2022). 

Strength, electrical resistivity and sulfate attack resistance of 
blended mortars produced with agriculture waste ashes. Case Stud-
ies in Construction Materials, 16, e00944. 

Navaneetha E, Rao PN, Bahurudeen A (2025). Development of sustain-
able and durable ternary blended concrete using sugarcane ba-
gasse ash and glass powder. Construction and Building Materials, 

466, 140329. 
Ouedraogo M, Sawadogo M, Sanou I, Barro M, Nassio S, Seynou M, 

Zerbo L (2022). Characterization of sugar cane bagasse ash from 

Burkina Faso for cleaner cement production: influence of calcina-
tion temperature and duration. Results in Materials, 14, 100275. 

Özmen HB, Tanrıverdi B (2025). Concrete paradox: economic im-

portance, environmental impacts, and the sustainability of concrete 
material. Research and Design, 2(2), 66-84. 

Patil C, Manjunath M, Hosamane S, Bandekar S, Athani R (2021). Poz-

zolonic activity and strength activity index of bagasse ash and fly 
ash blended cement mortar. Materials Today: Proceedings, 42, 
1456-1461. 

Praveenkumar S, Sankarasubramanian G, Sindhu S (2020). Strength, 
permeability and microstructure characterization of pulverized ba-
gasse ash in cement mortars. Construction and Building Materials, 

238, 117691. 
Quedou PG, Wirquin E, Bokhoree C (2021). Sustainable concrete: potency 

of sugarcane bagasse ash as a cementitious material in the construc-

tion industry. Case Studies in Construction Materials, 14, e00545. 
Ramesh KV, Goutham R, Siva IS (2017). An experimental study on par-

tial replacement of bagasse ash in basalt concrete mix. International 

Journal of Civil Engineering and Technology, 8(5), 335-341. 
Reddy BLN, Kumar MV (2026). An experimental investigation into the 

durability properties of sustainable self-curing concrete including 

copper slag and sugarcane bagasse ash. Journal of Building Pathol-
ogy and Rehabilitation, 11(1), 19. 

Sakib N, Hasan R, Mutalib AA, Jamil M, Raman SN, Kaish ABMA (2023). 

Utilization of sugar mill waste ash as pozzolanic material in struc-
tural mortar. Minerals, 13(3), 324. 

Samaila MB, Xiaosheng W, Elkaseem A (2014). Hydration and strength 

behavior of sugarcane-baggase ash concrete using electrical resis-
tivity measurement. American Journal of Civil Engineering and Ar-
chitecture, 2(5), 174-176. 

Sankeeth S, Prabhath AAN, Damruwan HGH, Herath HMST, Priyadar-
shana HVV, Kumara SPSNBS, Lewangamage CS, Koswattage KR 
(2025). Optimizing mechanical properties of concrete using sugar-

cane bagasse ash. Results in Engineering, 27, 105968. 
Shaban WM, Heniegal AM, Amin M, Zeyad AM, Agwa IS, Hassan HH 

(2024). Effect of agricultural wastes as sugar beet ash, sugarcane 

leaf ash, and sugarcane bagasse ash on UHPC properties. Journal of 
Building Engineering, 98, 111359. 

Singh NB, Singh VD, Rai S (2000). Hydration of bagasse ash-blended 

Portland cement. Cement and Concrete Research, 30(9), 1485-1488. 
Soares MMN, Poggiali FS, Bezerra ACS, Figueiredo RB, Aguilar MTP, 

Cetlin PR (2014). The effect of calcination conditions on the physi-

cal and chemical characteristics of sugar cane bagasse ash. Rem: Re-
vista Escola de Minas, 67(1), 33-39. 

Srinivasan R, Sathiya K (2010). Experimental study on bagasse ash in 

concrete. International Journal of Service Learning in Engineering, 
5(2), 60-66. 

Sua-iam G, Makul N (2013). Use of increasing amounts of bagasse ash 

waste to produce self-compacting concrete by adding limestone 
powder waste. Journal of Cleaner Production, 57, 308-319. 

Subedi S, Hassan MM, Arce GA, Barbato M, Noorvand H, Mohammad L 

(2023). Properties of engineered cementitious composites using 
combined systems of fly ash and post-processed bagasse ash as 



 Verma et al. / Challenge Journal of Concrete Research Letters (2026) 17(3) 387–404 404 

 

supplementary cementitious materials. Transportation Research 

Record, 2677(10), 386-403. 
Tabish M, Zaheer MM, Baqi A (2025). Age dependent properties of con-

crete incorporating mechanically processed ultra-fine sugarcane 

bagasse ash. Construction and Building Materials, 494, 143509. 
Torres de Sande V, Sadique M, Pineda P (2023). Environmental bene-

fits of using activated sugarcane bagasse ash in cementitious mate-

rials. In: 59th Annual Associated Schools of Construction Interna-
tional Conference, Liverpool, UK, pp. 723-731. 

Ullah MF, Tang H, Ullah A, Toth Z, Ahmad M, Alzlfawi A (2025). Mechanical 

and environmental performance of sugarcane bagasse ash from Khyber 
Pakhtunkhwa in sustainable concrete. Scientific Reports, 15(1), 24571. 

Wagh M, Waghe U, Bahrami A, Ansari K, Özkılıç YO, Nikhade A (2024). 

Experimental investigation of mechanical and durability perfor-
mances of self-compacting concrete blended with bagasse ash, me-
takaolin, and glass fiber. Frontiers in Materials, 11, 1351554. 

Wagh M, Waghe UP (2024). Effect of bagasse ash on performance of 

self compacting concrete. AIP Conference Proceedings, 3188(1), 
070015. 

Yaseen N (2024). Exploring the potential of sugarcane bagasse ash as a 

sustainable supplementary cementitious material: experimental 
investigation and statistical analysis. Results in Chemistry, 10, 
101723. 

Zareei SA, Ameri F, Bahrami N (2018). Microstructure, strength, and 
durability of eco-friendly concretes containing sugarcane bagasse 
ash. Construction and Building Materials, 184, 258-268. 

Zeyad AM, Megat Johari MA, Tayeh BA, Yusuf MO (2016). Efficiency 
of treated and untreated palm oil fuel ash as a supplementary 
binder on engineering and fluid transport properties of high-

strength concrete. Construction and Building Materials, 125, 
1066-1079.

 


