


 
Carbon-task Saving of Slag Cement Concrete with Rice Husk Ash

Abstract-  
The cement is widely used as a construction material since last 2-3 hundred years in the modern world. It has negative environmental and health impacts as it is energy inefficient and an environmental pollutant during its life cycle. The present global demand is being replaced by waste or the rebuilding of new waste materials. Agricultural waste Rice Husk Ash (RHA) can partially replace cement, retaining the mechanical strength.   Rice husk production in India is 31.40 million tonnes (record) in 2024-25, which is disposed of as landfills, or burnt to ashes after  threshing and open drying which causes environmental problems. Elevated structures and long-range spans need cement with high compressive strength. The RHA has proved to be a substitute for slag cement due to high silica content turns it pozzolanic and helps to solve durability, weathering, environmental and economic issues. and other improved properties like erosion, water absorption and durability properties. With innovative combustion technique, the pozzolanic activity of RHA and the strength growth in occur mortar and was tested in Laboratory with locally available slag PPC. The physical, mechanical tests are conducted by making 150mmx150mmx150mm cubes and testing the potential durability and environmental corrosivity by adding RHA at different proportions with locally available cement manufacturing M-30 concrete. There is a lowering of compressive strength with higher content of blending with RHA, but less water absorption and high durability. Replacement of cement by RHA can save the carbon burden on the environment, satisfying Sustainable Development Goal SDG-13.3. 
 Keywords: Concrete, Rice Husk Ash, OPC, durability, Mechanical Strength, Energy efficient.
1.0.0 INTRODUCTION
[bookmark: _Hlk201689470] India has emerged as one of the 5 trillion-dollar economies with the most populous country accommodating about 7.46 billion Indians under a deteriorated economy, environment, societal values and slum dwellings. The apocalyptic player is the cement industry contributes 5–8% of global CO2 emissions, but cement is the material that invites the nation’s infrastructural, socio-political growth,  and economic development. In comparison to other binding materials, cement is a formidable material in the construction sector that contributes to the world’s GDP by 13%.  Construction’ sector in India has a 8.6%, growth rate such as economic, housing and  skilled  sector by ≈7.2%, and Transport, trade, electronic, hotels,  communication sectors (6.4%) during 2024-25, which is fairly higher than other countries(Goswami et al 2023[1], South Indian bank1st mar 2025[2] 3Simbi et al, 2025[3]) 
The globes also confronted the wide range and use of materials like nanotubes, concrete without cement, clone technology, fortified foodstuffs, etc. Orthodox concrete constituents proved to deteriorate the natural environment during cement’s manufacturing/ extraction activities  (Lopez et al, 2024[4], TERI 2025[5). Life Cycle Assessment (LCA) methodologies report the environmental problems during cement production, transportation and use. To alleviate these effects, attempts are made by using substitute concrete ingredients like recycled industrial wastes, supplementary cementitious materials (SCMs), the enactment of carbon capture and storage (CCS) technologies, and bacteria for healing cracks. The Cementous wastes are applied to achieve strengths either as an innovative material or by part replacement. This pioneering concrete can bring environmental sustainability,  societal health/wealth benefits (Hosseini et al, 2022[6], Kioumarsi et al, 2024[7], Hayek et al, 2025[8], Krelani et al, 2025[9]).
1.1.0 THE INFRASTRUCTURE CRISIS:
Present Portland cement (PC) is available as ordinary Portland cement (OPC), Portland slag cement (PSC), Pozzolana Portland cement (PPC), or Portland limestone cement (PLC), etc.  OPC emit high CO2 emissions. The construction industry (particularly cement concrete) and energy resources have surged with rising population and evolutionary industrialisation/ endless urbanisation. The world population have elevated from 190milli0n (mi.) in 200AD to 838 mi. in 2025, and is projected to rise to 930 billion by 2050. (https://www.worldometers.info/world-population/world-population-by-year/ ) There is a shift of population from rural to urban areas and habitat growth from horizontal to vertical in urban areas. Flourishing 20 mega cities accommodate>10 mi.  Requirement of more and more construction materials resources for housing, transportation, education, power, and WASH needs etc. to satisfy the basic amenities to support life in these cosmopolis, (Song et al, 2019[10],  Paes et al, 2023[11], Azmat et al. 2025[12], Tran et al., 2025[13]). The world’s top cement consumers and producers are in Fig. 1.
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Fig 1:  Cement consumption and production  by top 17 countries in the globe, 2023 
 (Source: International Cement Review forecasts. Source: CemNet.com n.d.)
1.1.1. Growing construction material pollution  
The urbanisation and industrialisation have warranted the demand for construction materials (steel & cement) to meet world energy demands. The main demanding construction materials are cement and steel. The data from 2020 -2024 are in Fig. 1.  (Harichandan et al, 2022[14]). In India, the air quality deterioration has become common in the name of construction and demolition wastes, and the prime concern is air quality (AQ) that demands regular monitoring. It is essential to monitor AQ (PM 2.5 and PM 10), how to use the AQ data, and compliance with existing standards to mitigate air pollution from cement industries and construction sites (Patra et al., 2025[15]).
India's circular economy is based upon when buildings will turn out as material banks for future construction by avoiding wastes, dusts, and shall shift to green building materials by improving non-renewable building resources and processes (UNEP- 2023[16], Soars et al, 20253[17]). Being a testament to rapid economic growth, the flagship initiatives to make India a global hub for Building materials and stressed through PM Awas Yojana, India needs 20mi urban homes and 30mi rural houses to meet India’s residential demand by 2025 (Vibrant Build Con 2025[18]). The rice husk can be a potential raw material for feedstock for Ethanol Biofuel or Bran edible oil Production Fig. 2.  
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Fig 2: The status of construction materials (Cement and Steel ) from 2020 to 2024 in India (Source: Economic Survey of India 2024)
India has a 500 MTPA installed capacity of cement as of date, but produces 298 MMT/annum. About 35% of all the cement plants are housed in South India (Fig. 1).  In the Perform, Achieve and Trade scheme (PAT), it is targeted that India shall reduce the installed capacity of Cement in India is 325 MTPA (65% less) from the production potential of 500MTPA. In India the embodied energy of building life cycles in construction sector of natural resources including engineering, transport and delivery of the final materials with low carbon building construction which is about 25 to 30% of the total primary energy demand and GHG emissions (Amit et al, 2025[19]), The days for the demand for Portland cement has been substituted by Concrete Ready mix (RM) concrete with OPC, RM concrete with Portland slag cement (25% GGBS), RM concrete with fly-ash (30% pozzolana), Lightweight Concrete (LWC) blocks, (Ojha et al, 2020[20]), medium density blocks, Precast concrete panels/flooring and self-healing concrete ( Majumdar et al, 2017[21], Das M. 2020[22], Dash et al, 2021[23], Sakhare et al, 2024[24]).    
One Tonne of cement roughly produces about 0.8 to 0.9 tonnes of CO2. Clinker produced in  Cement plants is energy-intensive and emits a very high amount of CO2 and the suspended particulate matter (SPM) in the air. (Rana et al., 2025[25)  Those may cause surge rates of respiratory distractions like asthma, chronic obstructive pulmonary disease (COPD), and even lung cancer (Sisodiya et al, 2024[26]). India's cement industry produced 594.14 MT of cement in 2022-23, which was 361MT in  2021-22, with 333 engineering units (including 150 Industrial units, and 260 kg/person) less than the global av. of 540 kg. (NITI Aayog-2025[27]).
With a notable number of research literatures it is found that scanty works are on durability and weather tolerance like chloride or sulphate attackes, salinity effects are considered which is taken care in the present study. 
1.2.0 Objective of the Present Study:
The objectives entertained in the present search are as below:
1. Studying ecological problems raised by OPC in comparison to other cement varieties.
2. To know about the properties of Rice Husk Ash (RHA).
3. To estimate the % of optimal blending of RHA with local slag cement as per laboratory results.  
1.3.0 Problems With Ordinary Portland Cement:
[bookmark: _Hlk201545997]OPC exhibits high CO2 emission, undergoes high expansion, initially high heat of hydration, and is vulnerable to Chloride and sulphate attack.  The RCC made by using OPC  shows deteriorated quality, such as premature corrosion due to steel corrosion even under the specific building code requirements, such as water cement ratio, curing, criteria for chloride and sulphate attack,  durability, concrete cover, etc., as per the IS code. It may be due to low resistance properties of concrete cover for penetration of active ions like chloride, sulphate ions, etc. in a saline environment (Falacinki et al, 2021[28], Zhang et al, 2024[29], Hamed et al., 2025[30]).  The main constituents of Portland cement are tri- and di-Calcium Silicates (C3S or C2S). When added with water, it would undergo a chemical reaction. C3S provides to gain early strength, while C2S contribute towards long-term strength to concrete.
[bookmark: _Hlk201546277][bookmark: _Hlk201546330][bookmark: _Hlk201546182][bookmark: _Hlk201546350]		2 C3S (alite) + 6 H      C3S2H3 (gel) + 3 CH     ………….(i)
[bookmark: _Hlk201546294][bookmark: _Hlk201546144]		2 C2S (belite)  + 4 H    C3S2H3 (gel)  + CH      ………….(ii)
		===========================
[bookmark: _Hlk201547331][bookmark: _Hlk201547362]                2 C3S + 2 C2S +10H  2C3S2H3  (gel)  + 4CH +ΔH………(1)
The rice husk Ash comprises more than 90% SiO2, which in combination with Ca(OH)2. The reaction between RHA with Ca(OH)2, the hydration process occurs where cement forms C-S-H gel. This gel highly influences and improves the compactness,  strength and overall structure of the material. The material improves the.
		2SiO2 +  3 CH   C3S2H3 (Gel)……………….(2)
a. The tricalcium silicate provides initial strength, whereas the dicalcium silicate provides later strength. (C3S/C2S) The ratio needs to be changed from about 1.2 to 3.0 to achieve early strength in CC after 28days curing. This achievement of design strength occurs at low cement contents and high water to cement ratios (Wei et al, 2024[31]),  
b. In case of OPC, the initial heat of hydration is higher and increases by up to 17% to other cements. This optimum temperature is achieved within 50% of the time, a high strength achievement, but concrete is less durable. The literature reveals there is less direct affiliation between concrete strength and impermeability. 
The above irregularities in OPC need to be sorted out, and it was made to prepare cement concrete with OPC blended at various percentages with rice husk ash RHA to eradicate the above problems with OPC.
1.3.1 Alternate Cement: 
Researches are done for a sustainable environment by reducing the CO2 level by adding non-cement in concrete like GGBS, fly ash, wood ash, red mud, marble slurry, Pumecrete powder, sugarcane ash, husk ash, etc. and gaining mechanical strength equivalent to concrete. The other way of searching is for preparing artificial cement, such as NaOH (Alkaline activator) and dissolving it in aluminosilicate materials to generate a Cementous matrix.  Some of the scholars from the University of Colorado Boulder are working on self-healing concrete prepared from sand, moss and bacteria (Cyanobacteria), acting as reassigning the original hardness to fractured or deteriorated concrete by receiving noxious gases from air and making the bacteria and releasing oxygen to the air. Many investigators are trying with light and heavy density industrial wastes blended with cement concrete (CC) having variable specific gravity to prepare light weight, self-compacting or weather resistance concrete to improve concrete strength and properties, Hoby et al, 2017[32], Majumdar et al, 2017[33], Das Mohapatra et al, 2019[34], 
The present study uses rice husk ash, a common waste from paddy, and prepares lightweight concrete by adding different proportions and testing its mechanical properties. 
1.3.2 Cement as a major driver of global warming- 
The carbon monoxide (CO) emission was about 10 billion MT during 1960, but due to a rise in population and anthropogenic overexploitation of natural resources, by the end of the 20th century, it surged to about 23 billion MT.  The Kyoto agreement (1997), it was stressed to reduce CO emissions globally by 5% by 2012. The cement industry contributes 5 to 7% of CO2 of the global emissions. India’s cement industry is burdened by 6% of the nation’s total greenhouse gas (GHG) emissions.  The emission of Greenhouse gases (GHG) and rising atmospheric temperature is Global Warming (Plaza et al, 2020[35], Ahmed et al., 2024[36], Khalil et al, 2025[37]).
[bookmark: _Hlk201940287]OPC comprises 95% clinker and about 5% of CaSO4 (Gypsum as a retarder only). The clinker used in cement manufacturing is a hydraulic materials that are tricalcium silicates (CaO)3·SiO2 and dicalcium Silicate (CaO)2·SiO2. These clinkers are burnt in kilns at higher temperatures (900 °C to 1400oC to produce C3S and C2S. The energy consumption in Indian industries was 270,000 KT. The cement consumes a lion’s share of the global energy (≈ 49%) of the total.  India is vertically growing with a population surge parallel to  its economic growth and raising the demand for construction materials like steel,  cement and aggregates, etc. (TERI 2025[38])
1.4.0 Cement Industry and Environment:
The Cement Industry mainly contribute to environmental pollution in the present Anthropocene epoch (1950 onwards).  National policies need to be framed the planned waste management for sustainability rather than unplanned waste disposal, landfill or incineration.  The limestone clinker, when heated, breaks down into quick lime and CO2. These reductions are possible through the use of waste materials (“alternative fuels”). The CO2 emission for different building materials (Yang et al, 2023[ 39]). 
CaCO3(s) → CaO(s) + CO2(g) …………...(3)
As an alternative the fossil fuel,  wind, water, geothermal or nuclear energy can  reduce the energy mandate and substantial resources, which contribute to irredeemable environmental degradation, 3(a and b)  (Tsakalakis 2020[40], Kanitkar et al, 2024[41])
a.[image: ]b.[image: ]
Fig 3(a and b): (a)The CO2 emission (%) for different building materials; (b) Global distribution of Cement factories

Cement is energy energy-intensive industrial segment that emits 18 % of. India's industrial emissions. BIS has set up a standard for Portland calcined clay limestone cement (LC3) where CO2 emissions from LC3 manufacture are about 30% lower than OPC and 11% lower than PPC (as per IIT Delhi). Expeditious innovative research and technologies like Carbon Capture, Utilisation and Storage (CCUS), are use of innovative alternate cements and binders, etc., can be a major player to have a roadmap for a zero carbon footprint (GCCA. TERI-2022-09 [42]).
1.4.1 Cements in circular value chain and  Energy Demands:
The surge in urbanisation and industrialisation has increased demand for construction materials to satisfy the energy demands. The housing sector contributes 63-65% of demand, with an expected 6-7% growth for 2026. The infrastructure contributes ≈25% with a 7-8% growth rate, for commercial and industrial, up to 15% with ≈6% growth, as published by MINT, ANI, 3 Jun 2025. Building materials have a circular value chain that accounts for ≈50% of the annual solid waste produced. It is projected that the solid wastes may reach 2.2 billion tons/ year globally. It is in 2024-25 was 3.8 billion MT (4.2 billion tons) will be reached by 2050. The actions are to reduce the amount of waste either as construction and recycled (Redling 2018[43], Subedi et al. 2025[44], Soars et al., 2025[18]). 
1.4.2 Energy consumption under  demographic  surge:
The industry segment accommodates about 25% global population but consumes  ≈75% of the global energy.  It rose by 2.2% in 2024, faster than the world’s average rate in the past decade, as per the Ministry of Statistics and Programme Implementation (MOSPI). This disproportionate consumption of energy resources, with an average energy availability is 2 kW years p.a. /person (defined as one unit). The per capita average consumption energy is 11units for North America, whereas in SE Asia. It is about 0.43units. The high energy consumption is through the construction sector (IEA reports 2023[45]). With 7.5bi population, the energy demand compliance is difficult.  https://www.iea.org/reports/global-energy-review-2025/key-findings     
1.5.0  Major Paddy producing countries: 
China produces the highest, followed by India. About 580 million tons (MMT) of paddy is produced/year on the globe and is rising. Rice husk(RH) is a part of paddy by about  20% by weight. The composition is about cellulose(≈50%), lignin(25% - 30%), silica (15% - 20%), and moisture(10% - 15%). The rice husk has a low bulk density ranging from 90 - 150kg/Cum. When husk is burnt,  ≈18% of rice husk ash (RHA) remains as a balance.   A huge amount of ash can be used for part replacement of cement in concrete. Table 1.
Table 1: Major Rice Producing Countries in the World (Milled production in million tonnes)
	Country
	2023-24
	2024-25
	2024-25
	2024-25

	By mass
	Million MT
	Million MT
	Husk in MMT (20%)
	(RHA) in MMT (18%

	China
	144.62
	145.28
	29.056
	26.1504

	India
	137.83
	145
	29
	26.1

	Indonesia
	33.02
	34
	6.8
	6.12

	Vietnam
	26.3
	26.5
	5.3
	4.77

	Thailand
	20
	20.1
	4.02
	3.618

	Philippines
	12.33
	12
	2.4
	2.16

	Burma
	11.9
	11.85
	2.37
	2.133

	Pakistan
	9.87
	10
	2
	1.8

	Japan
	7.3
	7.35
	1.47
	1.323

	Brazil
	7.2
	8
	1.6
	1.44

	USA
	6.92
	7.05
	1.41
	1.269

	Nigeria
	5.61
	5.23
	1.046
	0.9414

	Egypt
	3.78
	3.9
	0.78
	0.702

	South Korea
	3.7
	3.59
	0.718
	0.6462

	European Union
	1.44
	1.67
	0.334
	0.3006

	Source: www.usda.gov* Estimated


Source: https://www.pjtau.edu.in/files/AgriMkt/2025/March/Paddy-March-2025.pdf 
1.5.1 Cracking and Quality of Concrete:
RHA was produced after the independence period in India by uncontrolled combustion, and the ash so produced was not used as RHA but wasted as manure, landfill in India. Presently, the RHA can be used as an accompanying cementing material, which upsurges its workability, corrosion resistance, durability and strength. Similarly, the electrochemical instability aggravates corrosion in steel in concrete. It is due to active chloride and sulphate ions, the oxides of nitrogen and sulphur and atmospheric carbonation. To keep away these deteriorating players, the structural engineer must consider the depth of concrete cover in RCC, concrete quality, and cracking can be avoided. Researches reveal that different modified binders like Pulverised Fuel Ash (PFA), Ground Granulated Blast Furnace Slag (Slag), Silica Fume (SF), Rice Husk Ash, Natural Pozzolana, and Volcanic Ash, RHA,  when blended with cement in Cement Concrete (CC), can solve the challenge.
 1.5.2 Modified Binders: 
The durability of RCC  depends upon the blend of siliceous materials (finely divided) in concrete. The supplementary cementing materials are RHA, SF, GGBS, VA, etc.  They are either pozzolanic or cementitious, making them ideal companions to Portland Cement (PC). These foreign wastes are PFA/slag/SF/RHA mix can produce quality concrete (mechanical strength, chemical resistance and durability).  The XRF analysis has compared the constituents of OPC and RHA in Oxide form, given in Table 2.
Table 2: The chemical constituents of OPC cement and Rice Husk Ash (RHA)(% by mass)
	Oxides
	SiO2 
	Fe2O3
	Na2O
	SO3
	Al2O3
	CaO
	MgO
	K2O

	by mass
	% 
	% 
	% 
	%
	% 
	% 
	% 
	% 

	OPC
	20.09
	3.86
	0.17
	2.55
	6.19
	65.96
	0.22
	0.60

	RHA
	91.9
	0.67
	3.56
	0.1
	0.46
	1.03
	0.44
	0.72


 Source: CUTM Laboratory Jatni, Bhubaneswar, Odisha  
Other stand-ins are self-healing concrete, alkali-activated concrete (AAC), bacterial concrete (BC), environment-friendly and waste-based concrete, fibre-reinforced concrete (AAC), Foam lightweight concrete and construction/demolition waste (CDW), which emerged for sustainability, that achieve strength, economic and allow better disposal of waste  (Kara et al., 2025[46]). 
1.5.3 Cement Production and Environment:
Cement production needs mainly Clinker (95%) for each MT of the product, consuming energy of ≈4000-7500 MJ, while slag requires(700 to 1000 MJ/tonne), and Pulverised Fuel Ash (PFA) (≈150 to 400 MJ/tonne). Replacing 65% of cement with slag having 15% moisture content only requires 0.5 MT of raw material and consumes 1500 MJ of energy. Each tonne of cement replaced will thus save at least 2500-6000 MJ of energy. Every tonne of cement of OPC releases ≈800 kg of CO2, less than one tonne of OPC production. So, slag replacement reduces clinker factor and saves environmental degradation https://www.worldcement.com/special-reports/04092015/reducing-the-clinker-factor-part-1-495/#: ,  Malhotra 1999[47].
2.0.0 Literature Review:
Cement is the major material in the construction domain due to its high binding property and high compressive strength, but a potential threat ( by release of GHGs). RHA is a potential cementitious material that can reduce the risk of atmospheric pollution (Table 3). 
 Table 3: Researchers working on CC, partly substituting RHA, to save the environment
	Source of RHA
	Procedure 
	Result (Optimal level)
	Reference 

	Prepared from Boiler-fired rice husk residue 
	uncontrolled burning below 500 °C,
	30% by weight of RHA  can be replaced
	Ganeshan et al, 2007[48]

	 SiO2 (68.12%), Al2O3 (1.01%), CaO(1.01%) and Fe2O3 (0.78%)  for strength
	RHA consists of up to 87% silica,
	10 – 20% of RHA replaces cement 
	Dabai et al. 2009[49]

	SiO2 (87.20%); Al2O3 (0.15%);Fe2O3 (0.16%);CaO (0.55%); MgO 0.35%
	 For the Target strengths of M30 and M60.
	15-20%; optimum compressive strength 
	Naveen et al., 2015[50]

	Studied properties of RHA blended with Cement
	The company. Strength of conc. > the target strength is 10 to 20%
	The sp. gravity & water absorption of RHA are unlike those of cement
	Venkatesani et al., , 2016[51]

	Chemical Composition and Physical Features of RHA Blended Cement
	Strength and Durability Properties GGBFS+RHA of Geopolymer Conc. 
	Beyond 20% extra in RHA strength reduces
	Raheem et al.,  (2017) [52]

	Influence of incorporation of rice husk ash and coarse recycled concrete aggregates
	RHA and coarse recycled concrete. Aggt.  (CRCA) into concrete 
	Use of 10–15% RHA and 100% RCA in concrete
	Padhi et al., 2018[53]

	RHA blended concrete may influence workability, water absorption/ comp. strength 
	At fixed water cement plus RHA compared with orthodox OPC  in CC.
	Increases impermeability, which may affect durability
	Isberto et al, 2019[54]

	Substitute OPC with RHA and (Lime stone powder) LSP
	Paver sealer enhancer (PSE)and lime stone (LS) 
	high water claim of RHA; good workability 
	Saand et. al., 2019[55]

	RHA-based geopolymer concrete (GPC) specimens prepared with ultra-fine slag 
	High % of ultra-fine slag in rice husk ash geopolymer concrete 
	Ultra-fine slag improves strength & durability 
	Jindal et al., 2020[[56]

	RHA as a partial replacement for cement in concrete
	To study strength characteristics
	Advised for RHA +  Robo Sand (50%)
	Chetan et al.,  2020[57]

	Replacing 10% of cement with RHA gives a 11.8% rise in comp.  & 7.31% rise in tensile strength
	High Silica/specific surface area of RHA affects H2O absorption capacity of CC 
	Max 20% (weight mix of cement by RHA in concrete
	Balraj et al, 2021[58]

	Replacement of cement with rice husk ash in concrete
	Cementous material added by RHA in concrete
	Rise performance & quality by an optimal 20% substitute. 
	Sarfaraj M 2022[59]

	Study of RHA as an eco-friendly substitute in CC
	Impact on strength and durability of CC, Less carbon emissions.
	Increase the durability and load-bearing capacity of concrete.
	Indumati et al, 2024[60]

	partial blend of cement with rice husk ash & sugarcane bagasse ash
	Test for the concrete's durability and efficacy
	Workable & durable. Low cost of CC as waste (RHA) and (ScBA) used
	Singh et al., 2024[61]

	Study on Part-substitute  of Cement by RHA  & Sand by Rice Husk
	Replacement of
cement with RHA and sand with rice husk
	Workable & strength is better than standard concrete
	Maulya et al, 2025[62]

	Replacement of cement with rice husk ash in concrete
	Replacement of slag
cement with RHA and sand with rice husk
	Workable and achieved strength at 10% blending of PSC  + fly ash cement
	PRESENT STUDY

	Silicon dioxide (SiO2) ; Aluminium oxide (Al2O3) , Ferric oxide (Fe2O3) ; Calcium oxide (CaO) Magnesium oxide (MgO); CC: Cement concrete; ScBA: Sugarcane bagasse ash 


Many researchers worked on the disposal of on-farm or industrial waste directly or in changed form to replace PSC + Fly ash cement, to be partly replaced by  RHA substitution of cement. 
METHODOLOGY
3.0.0 Collection of RHAs: 
RH used in the laboratory is collected from the local area, and uncontrolled burning gives RHA.  Three colours of RHAs are obtained: pink (at 600°C), grey (  at 800°C) and white  (at 10000C °C or more).   The RHA used in the Laboratory of a mixture of white and grey. The Specific gravity of RHA was found as 1.90, produced after uncontrolled burning. Chemical compositions of RHA are affected due to the burning process and temperature. Silica content in the ash increases with high burning temperature. Different physical properties of RHA are IN Table 4:
Table 4: Physical properties of locally available slag Cement with fly ash
	Particulars
	Test Results
	Requirements of IS: 1489 - 1991

	Specific Gravity 
	2.89
	

	Fineness (M2/Kg)
	369
	300 Min

	Normal Consistency
	32%
	

	Setting Time (Minutes)
. Initial 
. Final
	
85 Min
510 Min
	
30 Min
600 Max

	Soundness 
. Le-Chatelier Expansion
	4mm
	10 Mm Max

	% of Fly Ash Addition
	29
	


The tests were conducted using the Vicat Apparatus. Specific gravity of cement was also measured by using Le Chatelier's Flask method. A soundness test of the cement was also conducted for the cement used for the experiment. A soundness test was conducted by using Le Chatelier's apparatus. The physical properties of the cement were obtained by conducting appropriate tests. The test results are specified in Table 4.
3.1.0 Properties of Coarse Aggregate:
The maximum nominal size of the coarse aggregate used for the work was 20 mm. Crushed Angular aggregate has been preferred for the experimental work. The specific gravity of the aggregate was found to be 2.74. Though the surface of the coarse aggregate was free from moisture but the moisture absorption was found to be 0.5% of the total volume of coarse aggregate.
3.1.1 Properties of Fine Aggregate:
The fine aggregate used for the work had a specific gravity of 2.74 and was devoid of surface moisture. The moisture absorption of the aggregates used was 1.0% of the total volume of fine aggregate used for the experiment. The fine aggregate used conformed to Zone 1, conforming to Table 2 of IS 383, Fig. 4 (a & d)
[image: ]
    [image: ]
Fig 4  (a to d): (a &b) Restricted burning of rice Husk ,(c&d) The burnt rice husk
3.1.2  Adopted Concrete Mix Proportioning (Design):
Mix design is a process of selecting suitable ingredients for concrete and determining their proportions which would produce economical concrete. The proportioning of the ingredients of concrete is important for concrete technology as it ensures quality and economy. For obtaining the concrete of desired performance characteristics, the component materials should be selected as per IS-456 – 2000[63],  IS 10262-1982, 2009 and 2019[64]; :
3.2.1 Concrete Mix Proportion: 
The compressive strength is said to be the index of the quality of concrete. Therefore, the design mix should be prepared keeping in view the compressive strength of concrete with adequate workability so that the fresh concrete can be properly mixed, placed and compacted.
a. Selection of suitable ingredients-cement, supplementary cementing materials, aggregates, water and chemical admixtures (if required).
b.  Determination of the relative quantities of components to have economical concrete, that has desired rheological properties, ie, strength and durability.
c.  Careful quality control of every phase of the concrete-making process. In the present study, Mix Design (Design value at the age of 28 days) grade concrete is done according to BIS: 10262-2009.
d. STIPULATION FOR PROPORTIONING:
a. Grade Designation: M20
b. Type of Cement: PSC conforming to IS 455 2015[65]
c. Maximum nominal size of aggregate: 20 mm
d. Minimum cement content: 320 kg/m (As per IS 456, Table 5)
e. Maximum water-cement ratio: 0.50  (As per IS 456, Table 5)
f. Workability: 100 mm (slump)
g. Exposure condition: Very Severe (for reinforced concrete)(As per IS 456, Table-
h. Method of concrete placing: Hand Placed
i. Type of aggregate: Crushed angular aggregate
j. Maximum cement content: 450 kg/rn3
B. TEST DATA FOR MATERIALS:
a. Specific Gravity of Cement: 2.89
b. Specific Gravity of: i. Coarse Aggregate: 2.75, ii, Fine Aggregate: 2.62; 
c. Water Absorption: i. Coarse Aggregate: 0.5 %;  ii, Fine Aggregate: 1.0%
d. Free (Surface) Moisture: i. Coarse Aggregate: Nil; ii. Fine Aggregate: Nil
e. Sieve Analysis:
i. Coarse Aggregate: The analysis of coarse aggregate fraction conforming to IS 383-2016  is in Table 5: 
[bookmark: _Hlk202113456]Table 5: The analysis of course aggregate fraction conforming to IS 383-2016 (Table 2)
	IS Sieve
Sizes (mm)
	Analysis of the Course
Aggregate Fraction
	Percentage of Different
Fractions
	Remarks

	
	I
	II
	I (60%)
	II (40%)
	Combined
	

	20
	100
	100
	60
	40
	100
	Conforming
To Table 2
of IS 383

	10
	0
	71.20
	0
	28.5
	28.5
	

	4.75
	
	9.40
	
	3.7
	3.7
	

	2.36
	
	0
	
	
	
	



ii. Fine Aggregate: Conforming to grading zone 1 of Table 4 of IS 383
C. Target Strength for Mix Proportioning:
F’ck = fck + 1.65s
where f' ck target average compressive strength at 28 days, fck characteristic compressive strength at 28 days, and s = standard deviation. From Table 5 IS(IS 10262:2009), standard deviation, s = 4 N/mm. Therefore, Target Strength = (20 + 1.65x4) N/mm? = 26.6 NAnm?
D. SELECTION OF WATER CEMENT RATIO: (From Table 5 of IS 456)
Maximum Water-Cement Ratio = 0.50: Fine Aggregate: Conforming to grading zone 1 of Table 4 of IS 383 2016.
.  SELECTION OF WATER CONTENT:
From Table 2, Maximum Water Content (for 20 mm aggregate) = 186 litres (for 20 mm to 50 mm slump range) (IS 10262 – 2019 clause 5.3)
F. CALCULATION OF CEMENT CONTENT:
Water Cement ratio = 0.50 
Cement content = = 384 kg/m3 
From Table 5, IS 456:2000, minimum cement content for very severe exposure condition=320 kg/m3. Since 384 kg/m3> 300 kg/m3, hence OK.
G. PROPORTION OF VOLUME OF COARSE AGGREGATE AND
AGGREGATE CONTENT:
From Table 3, the volume of coarse aggregate corresponding to 20 mm size aggregate and fine aggregate (Zone I) from a water-cement ratio of 0.50 = 0.62. (as per IS-10262 -2019  clause 5.5), So, the corrected proportion of volume of coarse aggregate for the water-cement ratio of 0.50 = 0.62. Therefore, volume of fine aggregate content = 1 - 0.62 = 0.38 (Fig 5)
H. MIX CALCULATION:
a. Volume of Concrete: 1 m3 
b. Volume of Cement:  =  = 0.133m3
c. Volume of cement:   =   0.192 m3
d. Volume of chemical Admixture: Nil
e. Volume of all in aggregate  : [a-(b+c+d)] =  [1-(0.133+0.192)] =             0.665m3
Mass of coarse Aggregate: e x Volume of coarse aggregate x Specific gravity of
 coarse aggregate x 1000 =            (0.665 x 0,62 x 2.75 x 1000) Kg. = 1134kg =  662 kg
I. MIX PROPORTIONS FOR TRIAL NUMBER 1:
I. Cement = 384 kg/m*
II. Water = 192 kg/m?
III.  Fine aggregate = 662 kg/n*
IV.  Coarse aggregate = 1134 kg/m*
V.  Chemical admixture = Nil
VI.  Water-cement ratio = 0.50
J. Calculation of Concrete Content for Three Cubes:
Volume of 1 Concrete Cube = (0.150 x 0.150 x 0.150) m?= 0.003375 m°
Volume of 3 Concrete Cube = (3 x 0.003375) = 0.010125 m°
The weight of cement required for 3 cubes is: (384 x 0.010125) = 3.88 Kg.
The weight of water required for 3 cubes is: (3.88 x 0.50) = 1.94 Kg.
Weight of Fine Aggregate required for 3 cubes is: (662 x 0.010125) = 6.703 Kg.
Weight of Coarse Aggregate required for 3 cubes is: (1134 x 0.010125) = 11.48 Kg.       Water Cement Ratio:								= 0.50
                [image: ]
Figure 5: The RHA and Cement concrete mix at the laboratory
4.0.0 Results  
The average compressive strength is determined by testing concrete cubes of 150mm x 150mm x 150mm. The test is conducted first by a zero per cent replacement of cement with rice husk ash. The percentage of rice husk is then gradually varied up to 15%. The amount of rice husk ash is increased by 5% for each test.
 To determine the average compressive strength of the concrete cubes, a minimum of three concrete cubes for 0%, 5%, 10% and 15% replacement were cast and then cured for 28 days. Before the tests were made, the cubes were made to attain a surface dry condition. A comparison of the strength of the concrete as determined from the test is shown in Table 6. From the comparison of compressive strength of concrete, it is visible that with an increase in the percentage of rice husk ash, the strength of the concrete reduces (Table 6). 
Table 6: Compressive Strength of concrete at RHA substitutes in place of cement in concrete
	% of RHA substitute
	Weight of cube(kg)
	Surface Area
(mm2)
	Ultimate
Load(kn)
	Compressive 
Strength(MPa)
	Av. Compressive 
(MPa)

	0
	8.04
	22499
	620
	27.56
	26.77

	
	8.05
	22650
	600
	26.49
	

	
	8.035
	22800
	605
	26.53
	

	5
	8.190
	22499
	531
	23.44
	23.64

	
	8.8085
	22650
	490
	21.63
	

	
	8.235
	22800
	595
	25.87
	

	10
	8.190
	22499
	495.5
	22.02
	21.26

	
	8.085
	22650
	454
	20.25
	

	
	8.235
	22800
	490.4
	21.51
	

	15
	8.190
	22499
	427.5
	19
	18.5

	
	8.085
	22650
	407.7
	18
	

	
	8.235
	22800
	419
	18.5
	



The compressive strength test was carried out by replacing a certain percentage of cement with rice husk ash. Most of the researchers focused on replacing the ordinary Portland cement with RHA, but here, research has been conducted by replacing Composite cement with rice husk ash. The cement used for the test consists of 31% fly ash and 26% slag. The presence of these materials in cement indicates that only a small amount of cement with RHA. But as discussed earlier, even a small amount of decrease in the consumption of cement can reduce global warming by a significant amount.  
[image: ]
Fig. 6: Compressive strength of concrete at various blending (RHA blended cement)  
The above Fig 6 provides an idea about the variation of the strength of concrete relating to the change in percentage of rice husk ash. It is noticeable that the average compressive strength of concrete is as high as 26.77 MPa when zero per cent cement is replaced. As the percentage of RHA increases to 5%, the average strength gets slightly reduced to approximately 24 MPa. With a further decrease in the cement quantitywith an increase in the quantity of RHA by 10 %  of the total amount of cement, the average compressive strength gets decreased further to 21.26MPa. The average compressive strength thus obtained is slightly above the compressive strength for which the concrete has been designed. 
Although the strength is much less than the target strength, it can be used for a small/ less load-bearing structure that may not experience a surplus load beyond that for which the structure is designed. Increasing the percentage of rice husk by >5 or more percent so that the total amount of rice husk ash used in the concrete is 15%. The result is that the strength of concrete falls below the test design strength of concrete used for the structure (Fig. 7). 
[image: ]
Fig 7: Various concrete cubes made of cement and Rice Husk ash  at various mixes
Thus, it may be concluded that the optimum amount of slag cement that can be successfully replaced with rice husk ash is up to 10%. A higher amount of replacement may result in a decline in the performance of concrete. The result is for PSC with 31% fly ash and 26% slag. The strength may increase or decrease for the same amount of replacement depending on the type of cement.
5.0.0 Discussion: 
The consumption of cement in India is 257 kg/person, far away from the world average of 540 kg/person as per DPIIT, 2023. The concrete segment produces ≈ 20,000 downstream jobs for one MT of cement manufactured (CMA, 2022). So the government has initiated a road map of decarbonization for the Indian cement domain for  Net-Zero CO2  by 2070, https://teriin. org/files/Decarbonisation-Roadmap-for-the-Indian-Cement-Sector.pdf 
5.1.0  Cement sector use is the hard to decline to emit CO2 : In cement production Process CO2 emissions is about 50 – 55 %. The technology, like Carbon Capture  Use or Carbon Capture storage, can be employed to reduce carbon emissions in cement/ concrete manufacture or usage or storage (i.e. CCU or CCS). About 30 – 35% emissions can be saved from the combustion of fossil fuel, and 2 – 5% from vehicular/equipment emissions.  
[bookmark: _Hlk201062434]5.1.1 Electrical Carbon Footprint: To reduce carbon dioxide release to the environment, it is essential to adopt Renewable sources or energy generated from waste, which are energy-efficient machinery/equipment.
5.1.2 Thermal Carbon Footprint: Among OPC, PPC, PSC and CC, the ordinary Portland cement has the highest footprint of value 740 tonnes of carbon dioxide equivalent (CO2e). So, Pyro processing technology, which was considered popular during the 20th century, can be switched up by using green fuels, Hydrogen as fuel, sustainable biomass, renewable thermal power, geothermal energy, and an innovative clinker system to reduce CO2 emissions. 
5.1.2 Part blending with Cementous Material: Materials and industrial wastes having cementous properties can be substituted in place of Portland cement (PC), i.e. OPC (ordinary Portland cement), PPC (Portland Pozzolana cement) or Portland slag Cement (PSC). The part additives are fly ash, Ground Granulated Blast Furnace slag (GGBFS), natural calcined clay or red mud, etc, IS 10262 -2009[64], IS 455 : 2015[65]  Mishra et al., 2020[66].  
5.1.3 Multi-Blend Cement: Innovative research is in the race to develop binders and use more clinker-efficient cements. They are like geopolymers, carbo-silicates and calcium hydro silicate binders. Due to the limited availability of required raw materials and economic viability, intensive researches are needed.  
5.1.4 So, it is desired to reduce Process Emissions by  Carbon Capture and Utilisation (CCU), and innovative  Novel Cements with Low Carbon/No Carbon raw material. Also, CO2 emissions can be reduced by electric and fuel cells. The use of renewable energy sources, geothermal, energy generation by solar and wind turbines, can reduce GHG/Carbon footprint using electric vehicles or green procurements, etc.(Jamal et al., 2013[67], Ghosh et al, 2024[68])
5.2.0 Compliance to SDG-13: CO2 levels of the globe have exceeded by 150% above global industrial period by limiting global warming by 1.50C.  As per Target 13.3 of the Sustainable Development Goals, global CO2 emissions should reach 45% by 2030 based on 2010 levels, and range net-zero emissions by the year 2050. It is predicted by the World Bank that the achievement is  12 tCO₂e GHG emissions/person/year for high-income countries emit  8 tCO₂e for upper-middle income countries, and 3 tCO₂e for lower-middle. So, by prioritising action plans to combat climate change (CC) and its impact by reducing global GHG emissions, enhance climate resilience to achieve goals stipulated by SDG 13-3 (Mishra et al, 2023[69]).
So, it is of option to reduce CO2 emission in Cement production as cement/ and concrete are responsible for 8–9% of greenhouse gases,  energy demand (2–3%), and industrial water withdrawals (9%) (NITI Aayog report 2022[70]). It is high time to think of blended cement, i.e. for replacing part of cement in concrete by substituting  RHA in place of cement by 15%. The RHA-based sand cement blocks have a cooling effect on the room temperature so that they can significantly save energy, add to impermeability, durability and compressive strength. These could not be tested in the laboratory which shall be taken care of layert.
The RHA amalgamated slag cement has depleted the GHG emission,  to gain about four carbon credits .  The major rice producing countries should exploit considering the advantages RHA mixed concreteof light weight and impermeable concrete which can be used in high rise buildings. As rice husk is a waste material, the concrete is economical, weather resistance.  
6.0.0  Conclusion:
To impart durability and be free from corrosion, it is essential to focus on the quality of clinker, energy-efficient, green concrete cement-based materials and admixtures with self-healing mechanisms,  in construction practices, and applications in both new constructions and structures under retrofitting. Many researchers have worked on the partial replacement of RHA by OPC and tested the improvements in the properties of cement concrete. Such a type of RHA blended OPC has properties like Pozzolanic, physical properties, durability, densified, impermeability, has better internal curing capability, and prevents early corrosion of reinforced bars in RCC, but the major drawback is loss of early workability in case of such concrete. However, the RHA, as part of substituted cement, command a smaller carbon footprint, saves carbon credits/ ecosystem and is environmentally friendly. However, the GHG emission must be minimally optimised from the time of manufacture of cement to its use and allowing part replacement of cement by blending with the pozzolanic property bearing RHA, confirming SDG 13.3.
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Fig 1: CO, Emission chart.




image4.png
Asia {without india
China, Japén 8%
e India)
21%

Africa
5%

usa
2%

Latin America

5%
PacificOCDE i
0% CIS  Rest of Europe Europe (CEMBUREAU)
3% 0% 5%

Fig 2: Cement industry distribution around the world.
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Fig 3: Burning of Rice Husk.
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Fig 6: Concrete Mix.
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Fig 7: Graphical representation of compressive strength.
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