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Utilization of Spent Coffee Grounds as Partial Replacement for Fine 

Aggregate in Concrete 

Abstract - This study examines M25 concrete where natural 
fine aggregate is partially substituted with spent coffee 
grounds (SCG) at 12%, 15%, and 18% by weight. Mechanical 
performance was evaluated via compressive, flexural, and split 
tensile strength at 7, 14, and 28 days. Outcomes indicate a 
small improvement at 12% and decreasing strengths at 15% 
and 18%. The approach valorizes SCG while conserving 
natural river sand and manufactured sand.   

Key Words:  spent coffee grounds, fine aggregate 
replacement, M25 Concrete, compressive strength, flexural 
strength, split tensile, sustainable concrete.  

1.INTRODUCTION  

Concrete production relies heavily on natural sand and 
manufactured sand, the extraction and manufacturing 
process of which challenges environmental sustainability. 
Simultaneously, global, and Local coffee consumption 
generates substantial spent coffee grounds (SCG). 
Incorporating SCG into concrete offers a dual benefit that is 
waste diversion into converting into useful raw material and 
natural resource conservation as it is a finite element. 

1.1 Literature Review 

Senol (2024) [1] This study explores mortars with cement 
partially substituted by incinerated coffee waste at 2.5%, 5%, 
and 7.5%. Workability and strength tests were conducted and 
evaluations revealed that 2.5% replacement preserved 
adequate satisfying performance, but higher percentages 
sharp suddenly reduced mechanical properties. The study 
highlighted careful and needful dosage control as essential to 
maintaining both durability and usability of all mixes. 

Almeida et al. (2023) [2] This study evaluates sand concrete 
with natural sand which is partially replaced by 5% of spent 
coffee grounds. Compressive strength testing demonstrated 
slight improvement due to finding denser particle packing 
and reduced voids in microstructure level. At this dosage of 
spent coffee grounds, the material retained its mechanical 
integrity and strength while reducing reliance on natural 
sand, offering both sustainability and efficiency benefits for 
industry and sustainability.  

Charai et al. (2022) [3] In this study investigated by replacing 
cement with pyrolysed ash derived from spent coffee 
grounds in mortar. Thermal and mechanical performance 

assessments showed that a 5% substitution achieved the best 
balance in mixes and composures, lowering thermal 
conductivity by far more than 70% while preserving 
acceptable good strength. Beyond this proportion of mixes, 
thermal conductivity benefits continued but strength 
dropped notably by further. 

Lachheb et al. (2019) [4] This study explains and examined 
plaster material composites where fine aggregate sand was 
replaced by 2 and 6% by spent coffee grounds. Testing 
thermal conductivity and energy demand for the mix showed 
conductivity and decreased from 0.50 to 0.31 W/m·K at 6% 
in addition. This translated into a 20% reduction in heating 
and cooling loads, with minor compromise to structural 
behavior of the concrete. 

1.2 RESEARCH GAP ANALYSIS 

Limited focus on structural-grade concrete: Most studies 
emphasize mortars, plasters, or laboratory-scale mixes, with 
scarce evaluation of SCG use in structural M25 or higher-
grade concrete. 

Narrow range of mechanical testing: Prior research often 
concentrates on compressive strength, while flexural and 
split tensile strengths are less explored in detail. 

Lack of optimization window: Though many report 
declines at higher percentages, few studies clearly establish 
the optimum substitution level for fine aggregate. 

Durability aspects underexplored: Long-term 
performance indicators such as sorptivity, chloride 
penetration, shrinkage, and microstructural effects have 
received minimal attention. 

Sustainability assessment gap: Life-cycle analysis and 
economic feasibility of SCG substitution remain largely 
unquantified in existing literature. 

(Limited focus on structural concrete, less work on 
mechanical parameters, less exposure to durability 
parameters) 

2. OBJECTIVE 

To investigate the feasibility studies of utilizing spent 
coffee grounds (SCG) as a partial replacement for natural 
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fine aggregate sand in M25 grade concrete, thereby which 
will help in reducing environmental impact and sand 
dependency for construction. 

To determine the optimum and optimized replacement 
percentage of SCG by conducting compressive tests, flexural 
tests, and split tensile strength tests at different curing 
periods (7, 14, and 28 days). 

To analyze the effect of SCG incorporation and same on 
the mechanical parametric performance of concrete 
identifying strength variations at low dosages or mixes such 
as (12%15,18%) and evaluating performance at higher 
proportions. 

To establish and secure the practical applicable limits of 
SCG dosage in structural concrete while ensuring same for 
mechanical performance of concrete remains within 
acceptable standards as per guidelines. 

To contribute towards sustainable construction practices 
by valorizing or utilizing coffee waste that is spent coffee 
grounds, reducing landfill disposal of organic wastes, and 
promoting and the use of partial replacement for natural 
applicable river sand with an eco-friendly substitute as 
alternative. 

3. MATRIALS AND METHODOLOGY 

OPC (ordinary Portland cement) 43 grade, Zone II River 
sand, and 20 mm crushed granite is been used. SCG from 
cafes and coffee shops locally was procured and was oven-
dried at 105°C for 24 h and sieved to pass 4.75 mm sieve. A 
control mix of M25 grade as per IS 10262-2019 by 
employing w/c = 0.45. The SCG replaced fine aggregate sand 
by weight at 12%, 15%, and 18%. The Specimens of size: 150 
mm cubes (compressive), 100×100×500 mm prisms 
(flexural), and 150×300 mm cylinders (split tensile) were 
used. The Curing was conducted in water to test curing 
period. Tests followed according to IS 516 and IS 5816 
standard codes. 

The compressive strength tests were conducted and the 
results indicate that the concrete with 12% SCG replacement 
level showed a slightly higher but not more than that of 
control mix values the control mix at all curing periodic ages, 
confirming that the better packing or filing and bonding at 
this mix for replacement level. However, the beyond 12%, the 
strength values declined as on, with 18% SCG showing the 
larger that other showed the reduction. This suggests excess 
organic content such as spent coffee grounds and weaker 
bonding give rise to the negatively affect load-bearing 
capacity of the structural concrete.  

 

 

 

Table -1: Compressive Strength Statistics 

SCG 
% 

Mean 
7d 

%Δ 
7d 

Mean 
14d 

%Δ 
14d 

Mean 
28d 

%Δ 
28d 

0% 26.66 0.00 31.95 0.00 38.30 0.00 

12% 27.15 1.84 32.23 0.88 38.65 0.91 

15% 26.60 -0.23 31.49 -1.44 35.90 -6.27 

18% 25.87 -2.96 30.23 -5.38 34.01 -11.20 

 
Table -2: Flexural Strength Statistics 

SCG 
% 

Mean 
7d 

%Δ 
7d 

Mean 
14d 

%Δ 
14d 

Mean 
28d 

%Δ 
28d 

0% 4.01 0.00 4.89 0.00 5.48 0.00 

12% 4.00 -0.25 4.99 2.04 5.73 4.56 

15% 3.90 -2.74 4.79 -2.04 5.41 -1.28 

18% 3.87 -3.49 4.75 -2.86 4.95 -9.67 

 
Table -3: Split Tensile Strength Statistics 

SCG 
% 

Mean 
7d 

%Δ 
7d 

Mean 
14d 

%Δ 
14d 

Mean 
28d 

%Δ 
28d 

0% 2.68 0.00 3.30 0.00 3.85 0.00 

12% 2.73 1.87 3.31 0.30 3.96 2.86 

15% 2.64 -1.49 3.29 -0.30 3.70 -3.90 

18% 2.59 -3.36 3.17 -3.94 3.46 -10.13 

 
The Flexural strength followed a similar trend, with 12% SCG 
achieving the best performance as per the test results, 
especially noticeable at 28 days where it surpassed the 
control mix. Higher proportions (15% and 18%) caused a 
gradual loss in bending resistance for the concrete. This 
demonstrates that the moderate use of SCG addition helps 
resist cracking, but excessive use weakens the matrix of 
concrete and interfacial transition zone for the concrete. 

The Split tensile strength also improved at the replacement 
level of 12% SCG across all curing ages, indicating better 
resistance to crack initiation and propagation. At 15% and 
18% replacement, strength values consistently dropped, 
showing the adverse influence of excess SCG. Overall, the data 
confirm that 12% is the most effective dosage for enhancing 
tensile behavior while ensuring structural integrity of the 
concrete.  
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Chart -1: Compressive strength vs age for SCG 

replacement levels 

This graph shows how compressive strength (MPa) of SCG 

concrete changes with curing age (7, 14, 28 days) for different 

levels of Spent Coffee Grounds (SCG) replacement. 

 12% SCG consistently gives the highest compressive 

strength. 

 0% SCG (control) also performs well, slightly below 

12% SCG. 

 15% SCG has moderate strength values. 

 18% SCG has the lowest strength, indicating too much 

SCG reduces concrete strength. 

Conclusion: Replacing cement with 12% SCG gives the best 

compressive strength, while higher percentage reduce 

performance of the concrete. 

Chart -2: Flexural strength vs age for SCG replacement 
levels 

This graph shows the variation of flexural strength (MPa) of 
SCG concrete with curing age (7, 14, 28 days) at different SCG 
(Spent Coffee Grounds) replacement levels. 

 12% SCG replacement consistently shows the 
highest flexural strength. 

 0% SCG (control) performs well but is slightly lower 
than 12%. 

 15% SCG shows moderate strength, slightly 
improving with time. 

 18% SCG has the lowest flexural strength, especially 
at later ages. 

Conclusion: 12% SCG is the most effective level for enhancing 
flexural strength. Higher SCG levels beyond this point reduce 
performance. 

 
Chart -3: Split tensile strength vs age for SCG replacement 

levels 

The graph shows how the split tensile strength of SCG 
concrete changes over time (7, 14, 28 days) with different 
levels of Spent Coffee Grounds (SCG) replacement. 

 12% SCG gives the highest strength at all ages, even 
more than the control (0% SCG). 

 15% SCG shows moderate strength. 
 18% SCG has the lowest strength, suggesting too 

much SCG weakens the concrete. 
 Strength increases with curing age for all mixes. 

Conclusion: 12% SCG is the optimal replacement level for 
improving split tensile strength. 

3. RESULT 

The Compressive strength trends indicate an optimum at 
12% SCG replacement level. The Flexural and split tensile 
strengths follow way similar behavior, they demonstrating 
the sensitivity of crack-bridging and interfacial bonding to 
the SCG content in the concrete. The Differences amplify by 
28 days as microstructure develops from within the 
structural concrete. 

 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 12 Issue: 08 | Aug 2025                www.irjet.net                                                                       p-ISSN: 2395-0072 

  

© 2025, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 306 

 

 

 

 

 

 

 

Fig -2: Split tensile test 

 

 

 

 

 

 

 

 

Fig -3: Prism Flexure test 

3. CONCLUSIONS 

SCG integration will reduces the waste going to landfilling 
and natural sand or manufactured sand usage. Considering 
typical regional pricing, sand cost reductions of 10–15% are 
plausible at 12% replacement if SCG is sourced only at 
minimal cost. Drying energy must be minimized through 
possible renewable sources such as solar or waste-heat 
options to maximize environmental benefit. 

For M25 concrete, 12% SCG is a practical and possible upper 
limit for maintaining mechanical performance intact. The 
Higher replacements reduce compressive strength, flexural 
strength, and split tensile strengths. Proper drying and 
gradation are critical considerations. 

Future works can be carried out to evaluate the durability 
(sorptivity, chloride penetration, sulphate attack), long-term 
deformation (shrinkage/creep), and microstructural 
features via SEM, XRD, RDX, etc. Quantify life-cycle impacts 
and pilot real-world paving or block applications can be 
done as per the implications. 
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Fig -1: Compression test 

 

 

 

 

 

 

 

 


