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Concrete combines simplicity, durability, strength, affordability and infinite ability to be 
moulded. It provides the solid foundations and essential built environment for society. Concrete is 
the third most used substance in the world after air and water, a staple of modern life and society 
Concrete is a material used in building construction, consisting of a hard, chemically inert 
particular substance, known as an aggregate (usually made from different types of sand and 
gravel), that is bonded together by cement and water. The Assyrians and Babylonians used clay 
as the bonding substance or cement. The Egyptians used lime and gypsum cement. In 1756, 
British engineer, John Smeaton, made the first modern concrete (hydraulic cement) by adding 
pebbles as a coarse aggregate and mixing powered brick into the cement. In 1824, English 
inventor, Joseph Aspdin, invented Portland Cement, which has remained the dominant cement 
used in concrete production. Joseph Aspdin created the first true artificial cement by burning 
ground limestone and clay together..After several important technical improvements, concrete 
made with Portland cement is probably the world’s most used man—made material. Global 
cement production in 1997 was 1.57 billion tonnesThat much cement, mixed with water, gravel 
and others substances, equals some 1.05 trillion tonnes of building material to pro-duce houses, 
office buildings, sewage pipes, dams, concrete roads, etc. Cement production is widespread: 
plants are found in 150 countries, with Global cement production is increasing as consumption 
developing countries rises: between 1990 and 2000, production grew 55% in developing 
countries and 3 % in the developed ones. Cement demand in 2020 is expected to be 120-180%  
higher than in 1990, with most of the growth in developing countries 

The cement and concrete industries are huge. In 2011, we used approximately 3.6 million 
tonnes of the stuff within the construction industry – the problem being that for every tonne of 
cement produced, 850kgs of CO2 is also produced. cementitious materials have both 
environmental advantages and disadvantages. However, I am going to look at the current 
manufacturing processes and identify a few technologies and areas of investigation that are being 
toyed with to reduce the impact of the cement, concrete industry and the impact it has on 
anthropogenic CO2 emissions Development of new energy-efficiency and CO2 emission-
reduction technologies . This paper reviews a number of environmental considerations relating to 
their production and use. The objective of this study is to identify the factors influencing carbon 
dioxide (major contributor to greenhouse effect and provide a scope ecological measures and few  
emerging technologies  and  their deployment in the market will be key for the cement industry’s 
mid- and long-term climate change mitigation and sustainable building construction 

KEYWORDS-concrete ,carbon dioxide emission sustainable development, concretes  

I.Introduction 

The growing environmental degradation observed at the local, national and global 
level has shifted the concern of energy analysts and  common people  to the 
environmental side-effects of energy use  It is recognized that reducing energy use is not 

Abstract 
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enough to ensure economic and social welfare. Thus, the qualitative dimension of energy 
use has become increasingly important. A source of major environmental concern is the 
global warming effect and the new question raised is how to disentangle economic 
growth and energy consumption from greenhouse gases emissions. influencing changes 
in greenhouse gases emissions and in particular in carbon dioxide which is the major 
contributor to the greenhouse effect. India emits more than 5% of global CO2 emissions, 
and emissions continue to grow. CO2 emissions have almost tripled between 1990 and 
2009. However India has the lowest CO2 emissions per capita (1.4 tonnes of CO2 in 
2009), about one third that of the world average  The cement industry in India have 
dominant role in CO2 emissions. It is the second largest emitter of CO2 emissions (128 
MT) in 2007 after iron and steel Industry (151MT) (IEA, 2011).   

The objective of this study is to identify the factors influencing carbon dioxide (major 
contributor to greenhouse effect) emission from Indian cement industries.  And 
throughtworld  It was found that due to the increases in cement production, the energy 
consumption of theindustries also increased significantly during the period2001-2010. So 
the CO2 emissions increased from 50.83 MT to 107.8 MT.. 

II. Sustainability 

Sustainable Development is “development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs” 

III. Reviews 

   Carbon dioxide emissions are recognized as a significant issue relating to cement 
production and the use of concrete as a building material. It is estimated that 5% of the 
world’s annual CO2 emissions are attributable to cement production while the global 
demand for concrete is projected to climb ever higher. The industry has previously 
recognized a number of approaches to reduce the emissions intensity of the cement 
produced and used but the most significant improvements in efficiency and cement 
substitution are likely to be already known and under deployment. Future emissions 
improvements will come from innovative approaches used as part of a portfolio strategy. 
Carbon dioxide has been developed as a beneficial admixture through addition to freshly 
mixing concrete. The reaction between the CO2 and the hydrating cement results in the 
in-situ formation of finely distributed nano-scale calcium carbonate reaction products. 
The carbonation product creation can have beneficial effects on the concrete properties. 
A series of industrial trials established the potential for industrial integration and the 
expectations for material properties. The addition of the optimal amount of carbon 
dioxide had no effect on the slump or workability of the fresh concrete.. A compressive 
strength benefit was typically observed at all test ages (1, 3, 7 and 28 days). The average 
benefit was 14% at 1 day and 10% at 28 days. A reproducible strength benefit could be 
the basis for a reformulated mix design wherein a cement reduction is pursued and the 
normal baseline strength is achieved. A generic consideration suggests that a 10% 
strength benefit would be a tool to reduce the cement content, and the associated carbon 
dioxide emissions, by 7%.  The durability testing showed that the CO2-injection process 
had a neutral to positive effect on concrete durability. Chloride penetration resistance, 
drying shrinkage, freeze-thaw, and de-icer salt scaling resistance performance of the 
CO2-treated concrete was assured through testing.  Sean Monkman ,et.al 
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CO2 Emissions There are two very different sources of carbon dioxide emissions 
during cement production. Combustion of fossil fuels to operate the rotary kiln is the 
largest source: approximately 3/4 t of CO2 per ton of cement. The most signific
to reduce CO2 emissions is improving the energy efficiency of the cement kiln operation. 
Energy consumption is the biggest environmental concern with cement and concrete 
production. Cement production is one of the most energy intensive of all indus
manufacturing process. Including direct fuel use for mining and transporting raw 
materials, cement production takes about 1,758 kWh for every ton of cement. The 
industry’s heavy reliance on coal leads to especially high emission levels of CO2, nitrou
oxide and sulphur, among other pollutants.. The vast majority of the energy consumed in 
cement production is used for operating the rotary cement kilns. Dry
more energy efficient than older wet
driving off moisture. . As concrete production has become higher
changing. A number of chemicals are now commonly added to concrete to control setting 
time, plasticity, pumpability, water content, freeze
Workability agents or superplasticizers can include such chemicals as sulfonated 
melamine–formaldehyde and sulphonatednapthalene formaldehyde condensates. Air
entraining admixtures function by incorporating air into concrete to provide re
damage from freeze–thaw cycles and to improve workability. These materials can include 
various types of inorganic salts (salts of wood resins and salts of sulphonated lignin). 
Fungicides, germicides, and insecticides are also added to some conc
these chemical admixtures, today concrete could conceivably off gas small quantities of 
formaldehydes and other chemicals into the indoor air. Concrete floors and walls can 
cause moisture problems and lead to mold and mildew growth, which
health, which cause significant health problems in certain individuals. 
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CO2 Emissions There are two very different sources of carbon dioxide emissions 
during cement production. Combustion of fossil fuels to operate the rotary kiln is the 
largest source: approximately 3/4 t of CO2 per ton of cement. The most significant way 
to reduce CO2 emissions is improving the energy efficiency of the cement kiln operation. 
Energy consumption is the biggest environmental concern with cement and concrete 
production. Cement production is one of the most energy intensive of all industrial 
manufacturing process. Including direct fuel use for mining and transporting raw 
materials, cement production takes about 1,758 kWh for every ton of cement. The 
industry’s heavy reliance on coal leads to especially high emission levels of CO2, nitrous 
oxide and sulphur, among other pollutants.. The vast majority of the energy consumed in 
cement production is used for operating the rotary cement kilns. Dry-process kilns are 

process kilns, because energy is not required for 
driving off moisture. . As concrete production has become higher-tech, however, that is 
changing. A number of chemicals are now commonly added to concrete to control setting 

thaw resistance, strength, and colour. 
Workability agents or superplasticizers can include such chemicals as sulfonated 

formaldehyde and sulphonatednapthalene formaldehyde condensates. Air-
entraining admixtures function by incorporating air into concrete to provide resistance to 

thaw cycles and to improve workability. These materials can include 
various types of inorganic salts (salts of wood resins and salts of sulphonated lignin). 
Fungicides, germicides, and insecticides are also added to some concretes. Because of 
these chemical admixtures, today concrete could conceivably off gas small quantities of 
formaldehydes and other chemicals into the indoor air. Concrete floors and walls can 
cause moisture problems and lead to mold and mildew growth, which cause significant 
health, which cause significant health problems in certain individuals.  



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-07, June 2017 Special Issue (02) 
 

 
w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8  

 

Page 346 

Sustainable measures 

IV. Processes to Make Cement  

Manufacture ‘Greener’ 

1) A new ecological concrete has been developed which utilizes CO2 emitted from a 
power plant and which can achieve CO2 emission levels below zero. This ecological 
concrete is named CO2-SUICOM (CO2 Storage under Infrastructure by Concrete 
Materials). This concrete is based on two typical features. One is using a special additive 
(the dicalcium silicate γ phase: γ-2CaO⋅SiO2) and coal-ash instead of cement. These 
materials have very low level of CO2 emissions, and γ-2CaO⋅SiO2 hardens concrete by 
reaction with CO2. The other feature of this concrete is that CO2 in the exhaust gas of a 
power plant can be captured. After this concrete is manufactured, it is set in a chamber. 
Exhaust gas is drawn into the chamber, and CO2 included in the exhaust gas is captured 
in the concrete. A method of evaluating the amount of CO2 in concrete was developed, 
which involved analyzing concentrations of CO2 using an inorganic carbon analyzing 
device. In this method it is important to use samples of a particular size. The method was 
used to confirm that amounts of CO2 emitted during preparation of the concrete were 
below zero.a combination of different ways to reduce emissions,  , can achieve 
substantial reductions. 

V. Artificial pozzolona 

Fly ash is a byproduct of coal burning that can have cementitious characteristics 
similar to those of Portland cement. The binding properties of fly ash depend on the type 
of coal burned and nature of the combustion process that produces the ash. Fly ash 
usually replaces no more than 25 percent of the Portland cement in concrete. Better 
understanding of the binding capacities of different types of fly ash might reveal 
additional possibilities. If the use of fly ash in concrete could be increased, the 
greenhouse gas footprint of concrete could be reduced Fly ash, or pozzolan, can readily 
be substituted for 15-35%  and upto 50% under controlled environmental conditions of 
the cement in concrete mixes, and for some applications fly ash content can be up to 
70%. Fly ash today accounts for about 9% of the cement mix in concrete. Fly ash reacts 
with any free lime left after the hydration to form calcium silicate hydrate, which is 
similar to the tricalcium and dicalcium silicates formed in cement curing..Other industrial 
waste products, including blast furnace slag, cinders, and mill scale are sometimes 
substituted for some of the aggregate in concrete mixes. In 2008, Montana State 
University/Western Transportation Institute performed research using 100-percent fly ash 
concrete with glass aggregate. This fly-ash-and-glass concrete was used successfully to 
construct both structural and nonstructural elements of a building. However, further 
research is required on this new material’s fundamental engineering properties (Cross et 
al. 

VI. Using Electrolysis to produce concrete 

If electrolysis is used to react the limestone, replacing the initial kiln part of the 
reaction, different resulting molecules would be produced. If carried out over 8000C, 
electrolysis would produce lime in addition to carbon and an oxygen molecule. If it is 
carried out under 8000C, the Lime is produced along with carbon monoxide and an 
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oxygen atom. Carbon monoxide can be used to produce fuel and form plastics, and has a 
value of approximately $600 / tonne, allowing one to actually make money from the 
process (based on the lower cost to produce the lime). 

VII. Use Solar Power 

The kilns used in the current process (to heat the clay and limestone) need to reach 
incredibly high temperatures. Historically, these temperatures have been reached by using 
the heat from burning fossil fuels (accounting for 30% of the carbon dioxide emissions 
from the cement manufacturing process). If the kilns were instead heated using a green 
electricity source, for example a concentrated solar power plant, this would obviously 
instantly remove much of the CO2 produced in the process. 

VIII. Calera Process 

The Calera process captures power-plant CO2 and stores it as a carbonaceous material. 
Using a process known as “mineralization via aqueous precipitation,” the Calera process 
converts gas into stable solids such as metastable calcium, magnesium carbonate, and 
bicarbonate minerals. The process requires a high pH and thus is most economic when 
power plants are located near sources of suitable brines, which are extracted from 
geologic formations, as well as alternative sources of alkalinity and minerals. Calera 
cement is similar to Portland cement and aggregate but can differ by site based on the 
inclusion of trace components. After processing, the solid materials produced by the 
Calera process can be used in various construction applications. Calera has another 
proprietary high-efficiency electrochemical process called “alkalinity based on low 
energy” which uses only salt and electricity to produce NaOH and HCl (NaCl + H2O -
>NaOH + HCl) Co-producing electricity with the Calera carbon capture process could 
reduce power plant emissions by up to 90 percent, with offsetting CO2 emissions of 10 to 
30 percent from the Calera process (CO2 emissions associated with the energy use by 
Calera process). It is possible that Calera supplementary cementitious material could 
replace 20 percent of ordinary Portland cement in concrete, significantly decreasing 
concrete’s carbon footprint Calera has a demonstration project at Moss Landing, 
California that is capable of capturing 30,000 tons per year of CO2, which is equivalent 
to a 10-MW electric (MWe) natural gas power plant (Calera 2012 

IX. Emission Absorbing Concrete 

Italian company Italcementi designed a kind of cement, that is supposed to fight air 
pollution. It should break down pollutants that come in contact with the concrete, thanks 
to the use of titanium dioxide absorbing ultraviolet light. Some environmental experts 
nevertheless remain skeptical and wonder if the special material can 'eat' enough 
pollutants to make it financially viable. Jubilee Church in Rome is built from this kind of 
concrete.  

Another proposed method of absorbing emissions is to absorb CO2 in the curing 
process. Recent research has proposed that the use of an admixture (a dicalcium silicate γ 
phase) that absorbs CO2 as the concrete cures. With the use of coal ash or another 
suitable substitute, this concrete could theoretically have a CO2 emissions below 0 kg/m3, 
compared to normal concrete at 400 kg/m3. The most effective method of production of 
this concrete would be using the exhaust gas of a power plant, where an isolated chamber 
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could control temperature and humidity. Even besides the use of advanced additives, 
carbonation naturally occurs within concrete, thus causing it to absorb CO2 in a process 
that is effectively the reverse of cement production. While concerns about corrosion of 
reinforcement and alkalinity loss remain, this process cannot be discounted. 

X. A hydraulic binder based on calcium hydrosilicate 

Developed at the Karlsruhe Institute of Technology (KIT), Celitement is a new family 
of cementitious binders. It is based on a new class of amorphous hydraulic calcium 
hydrosilicates. Hardening proceeds through formation of Calcium Silicate Hydrate phases 
(C-S-H) comparable to those from OPC hydration. Suitable raw materials for the 
production of Celitement include carbonates, e.g. marl or limestone and a wide range of 
natural and secondary silicates e.g. natural sand, slags, glasses and fly ash. Carbonates are 
calcined before processing. The carbonate fraction in the raw material varies in the range 
from 30 to 40%. In the most simple case quicklime and quartz sand are used. About one 
half of the raw material, which includes all the calcined lime, is hydrothermally treated in 
an autoclave at temperatures around 200°C. Calcium silicate hydrates are formed similar 
to the processing of autoclaved aerated concrete. In a second step the synthesised calcium 
silicate hydrates are mixed and milled together with the remaining siliceous materials. 
During milling hydrogen bonds, which stabilize the autoclaved products, are destroyed 
and new amorphous calcium hydrosilicates are formed around cores of non reactive co-
milled silicates. Since newly formed C-S-H-phases are the only hydration product of 
Celitement, the heat of hydration is significantly reduced (Stemmermann et al. 2010; 
Celitement 2012). At present a pilot plant is constructed with a production capacity of 
100 kg/d. Celitement GmbH indicates that in 2014 a first plant is scheduled to enter 
commercial production (Stemmermann et al. 2010).  

XI. Calcareous Oil Shale as an Alternative  

Raw Material 

Calcareous oil shale can be used as an alternative feedstock and partial fuel substitute 
in clinker production. If oil shale is burned separately, the resulting ash can be used as an 
additive in finish grinding. Partially decarbonated oil shale can also be used to reduce 
CO2 emissions from the calcination process. Oil shale may have caloric value that will 
contribute to the energy requirements in the precalciner and/or the kiln. To be used as a 
feedstock, oil shale must be ground to <90 µm (Hilger 2003). Oil shale can reportedly be 
used for 8 to 10 percent of the raw meal in the kiln. Oil shale has already been used in 
some cement plants in Germany and Russia (U.S. EPA 2010; ECRA 2007).  

XII. Geopolymer Cement 

Geopolymer materials fit in the category of current innovative technology for the 
construction industry. In contrast to Portland cement, geopolymers rely on minimally 
processed natural materials or industrial byproducts as binding agents.  Potential energy 
and CO2 savings from the use of geopolymers are significant. Geopolymer cements that 
are used as binders are composed of a reactive solid component and an alkaline activator. 
Reaction with the alkaline agent causes a three-dimensional, inorganic, alumosilicate 
polymer network to form, which contributes to the high compressive strength of the 
hardened product. Materials suitable for a geopolymeric polycondensation 4 are 
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alumosilicates, which can be found in nature (metakaolin, natural pozzolana) or industrial 
wastes (fly ash, GBFS) (CSI/ECRA 2009). Geopolymers are manufactured at relatively 
low temperatures, with calcining of aluminosilicates occurring at 750°C. However, no 
energy consumption data are available for this process (APP 2009) 

XIII. Carbon negative cement 

Several entities are producing or have produced MgO-based cements and construction 
materials that have several environmental benefits.carbon  negative cement , which is 
developing a new cement production system based on MgO and special mineral additives 
that lock atmospheric CO2 into its construction materials. Our carbon negative  cement is 
based on magnesium oxide manufactured from magnesium silicates, of which more than 
10,000 billion tonnes exist worldwide. No carbon emissions are released from our raw 
material; Additionally, low carbon fuel such as biomass can be used to drive production, 
and manufacture includes the creation of magnesium carbonates which absorb CO2 The  
process uses magnesium silicates instead of limestone, which eliminates the CO2 
emissions that are normally associated with raw materials processing (calcination).  
Because the negative carbon cement  production system operates at a low temperature, it 
can take advantage of fuels that have low energy content or carbon intensity (e.g., 
biomass or municipal solid waste), which further reduces carbon emissions. Carbonates 
are added to modify the hydration of MgO, which allows the cement to develop 
compressive strength even when no CO2 is present. The properties of this alternative 
cement product are currently being optimized; so far, its performance is acceptable for 
several applications (e.g., masonry products). Special carbonates that are required for 
manufacturing the product have a negative carbon footprint because they are produced by 
carbonating part of the manufactured MgO, and they use atmospheric/industrial CO2 for 
this purpose. Carbon negative  claims that the production process to make 1 ton of 
cement absorbs up to 100 kilograms (kg) more CO2 than it emits, making it a carbon-
negative product. In addition, because all hydration reactions are reversible, Novacem 
products can be recycled and used to make new products.Overall, more CO2 is absorbed 
than emitted during cement production. For every tonne of Portland cement substituted 
by Novacem cement, CO2 emissions will be reduced by up to 850kg. Typically 400kg of 
CO2 released from limestone per tonne of cementNovel low-carbon MgO production 
process based on magnesium silicate raw materialsNovel cement composition based on 
MgO. Strength developed through the formation of magnesium silicate hydrates (M-S-H) 
rather than carbonation with atmospheric CO2 Non-carbonate feedstock (uses 
magnesium silicates) so no CO2 from the raw material.Novacem 2012). 

Recarbonation During the lifetime of a concrete structure (such as a building or road), 
hydrated cement contained within the concrete reacts with CO2 in the air. Part of the 
CO2 emitted during cement production is reabsorbed by the cement through carbonation,  
a reaction also referred to as cement Recarbonation mainly takes place at the surface. 
Thus, if the structure can be deconstructed, crushed concrete should be exposed to the air 
to enable the full potential of recarbonation before it is used as a foundation or 
backfiller.Studies have been conducted to analyse the recarbonation potential. They show 
that 5-20% of the CO2 emitted during the cement manufacturing process is taken up 
during the service life cycle of concrete, and an additional 5-10% may be taken up during 
the secondary or recycled lifetime. 
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n process in pore of  carbonating concrete 
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C02  emission  in india from past few years 

XIV. Tables and discussions

Important to realise is that although 
cement production, that level of output also reflects the unique and universal importance 
of concrete throughout the construction industry from 1926

A durable, efficient and effective infrastructure syst
prosperity, social justice, political stability and the Quality of Human Life. Civil 
engineering infrastructure is the most costly to create, develop and maintain, It is thus the 
most precious national asset for any country. T
evidence that our infrastructure systems are deteriorating at an alarming and unacceptable 
rate. We cannot achieve Sustainability in Construction if the materials we use and the 
structures we design and build cannot gi
environmental degradation or pollution, or conserve our material and energy resources if 
materials and structures have to be repaired and strengthened time and time again.

XV. Conclusions 

1) Finally, concrete’s 
assessment approach that may work for more standardized materials, like plastics and 
metals, will seldom be
that concrete may 
some of the releases in its manufacture. 

2) We should consider employing many of the options that might improve the 
sustainability of this materials
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Tables and discussions 

Important to realise is that although 5% of the worldwide generation of CO
cement production, that level of output also reflects the unique and universal importance 
of concrete throughout the construction industry from 1926-2000 

A durable, efficient and effective infrastructure system is fundamental to economic 
prosperity, social justice, political stability and the Quality of Human Life. Civil 
engineering infrastructure is the most costly to create, develop and maintain, It is thus the 
most precious national asset for any country. There is, however, massive and growing 
evidence that our infrastructure systems are deteriorating at an alarming and unacceptable 
rate. We cannot achieve Sustainability in Construction if the materials we use and the 
structures we design and build cannot give durable service life. We cannot control 
environmental degradation or pollution, or conserve our material and energy resources if 
materials and structures have to be repaired and strengthened time and time again.

 

Finally, concrete’s sustainability must be judged in real situations. Ageneric life
assessment approach that may work for more standardized materials, like plastics and 
metals, will seldom be adequate to evaluate concrete most importantly, the concept 
that concrete may also serve as a carbon dioxide sink with the potential to balance 
some of the releases in its manufacture.  

We should consider employing many of the options that might improve the 
inability of this materials 
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5% of the worldwide generation of CO2 is due to 
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3) Result, global demand for concrete is only going to rise, therefore we really need to 
come up with a way to lessen the impact of the concrete industry on the environment, 
potentially using one of the methods detailed above.  

4) it is clear to see why these startups, and many more that have started popping up have 
decided to spend the time and financial resources to try to come up with a greener 
concrete, that could one day replace the traditional concrete.  

5) Better understanding of cementitious materials through nanoscale investigations of 
cement hydration reactions and hydration products to achieve cements and concretes 
with tailored performance 

6) It is likely that no single technology will be the best or only solution but instead that a 
portfolio of technologies should be developed and deployed to address the increasing 
energy use and CO2 emissions of the cement industry 
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