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Carbon Footprint Evaluation of a
Ready-Mixed Concrete Plant

ABSTRACT

Rapid population growth and the vital needs of people are increasing day by day. One of these
needs is nutrition, clothing, and shelter. As the housing needs of people increase, the construc-
tion and building sector is progressing in parallel with technological developments. Innovations
related to the production of ready-mixed concrete and cement, which are indispensable build-
ing elements of the construction sector, make human life easier. These sectors should be evalu-
ated in terms of greenhouse gas emissions and sustainable environment. Identifying, calculating,
and reporting data in these sectors for carbon footprint calculation contribute to environmental
issues and development for consumers and organizations. In this study, the carbon footprint of
a ready-mixed concrete plant is calculated, and its environmental impacts and suggestions for
reducing carbon emissions are given. It was found that the total carbon emission caused by con-
sumption amounts was 1 038 396 tons of carbon dioxide equivalent. According to the results
obtained in the carbon footprint in the greenhouse gas calculation, 98.383% of the total emis-
sion (1 021 604 tons of carbon dioxide equivalent) is carbon dioxide emission, 0.149% (1551 tons
of carbon dioxide equivalent) is methane emission, and 1.468% (15 242 tons of carbon dioxide
equivalent) is diazot monoxide emission.

Keywords: Cement, ready-mixed concrete plant, carbon footprint, life cycle

INTRODUCTION

With the advancement of age, climate changes and population growth are increasing day by day and
bringing along many environmental problems. In this sense, the most important environmental prob-
lems are resource scarcity, increasing amounts of greenhouse gases (GHGs), rising temperature, cli-
mate changes, natural disasters, and disruption of ecological balance."? The consumption of fossil fuels
with the industrial revolution has led to a rapid increase in GHG emissions in the atmosphere, with car-
bon dioxide (CO,) levels reaching dangerous levels."** Global warming and environmental pollution are
caused by production, manufacturing, all kinds of industrial activities, agriculture, transportation, con-
struction, the construction sector, mining, energy production and use, and human activities."* Today,
the construction sector ranks first among the sectors monitored to meet the needs of the growing
population and the needs it brings with it in order to achieve a sustainable beneficial economy, and at
the same time, it ranks second after transportation in terms of the total GHG emissions it generates.>®
When carbon emissions and resource use in the construction sector are evaluated together, energy
consumption, especially during the production of building materials, accounts for 20% of the amount
consumed during the production of buildings and construction structures. This is very significant in
terms of GHGs.™® Such emissions are also caused by the carbon content of additives, auxiliaries, and
building materials used in the construction industry, and it has been emphasized that recycling and
switching to environmentally friendly additives will reduce these emissions.®'® Concrete, ready-mixed
concrete, and cement, which have a large share in the construction sector, are materials with a high
global carbon footprint due to their high carbon content and are the most widely used building materi-
alsinthis field."*"' As environmental awareness increases, the materials used in the construction sector
play an important role in the choice of environmentally sensitive materials, and while these materials
are diversified in parallel with the development of technology due to energy and material costs, recy-
cling methods are applied (6%) and the use of alternative additives is becoming widespread.'>™ Proper-
ties such as durability, applicability, and versatility play an important role in the selection of materials
used in the construction industry. On the other hand, low CO, emissions is a new parameter that plays
a role in the selection of materials used, and new methods to reduce them have been investigated in
recent years."
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READY-MIXED CONCRETE AND CEMENT
INDUSTRY

As a requirement of rapid population growth, industrializa-
tion and urban life, modern urban structures, buildings, roads,
bridges, infrastructure systems, water and wastewater systems
are made of concrete, ready mixed concrete and cement-based
concrete.™® Cement and concrete are preferred as construc-
tion and building materials due to their durability, ease, and wide
range of availability. According to the 2019 data, the amount of
carbon emissions from power, energy, and fossil fuels used in
these production processes and in the transfer transportation
phase is considerable and accounts for approximately 10% of
global emissions. It is environmentally important to take mea-
sures to reduce these impacts. These measures include turning
to alternative building materials and auxiliary elements, produc-
ing environmentally friendly materials, developing technologies
to minimize environmental risks, promoting recycling, and devel-
oping building materials for a sustainable environment.™

The production of concrete, which is widely used in the con-
struction sector with global growth and population increase, is
over 3.8 tons per person per year in the world; concrete has an
important value in carbon footprint assessment due to its high
CO, emissions during the manufacturing and supply process. For
this reason, its environmental impacts are taken into account and
controlled in developed countries, especially in European coun-
tries.’® In 2021, the number of companies in the sector increased
by 11% and the number of facilities increased by 7% in Tirkiye
compared to the previous year. While the number of ready-mixed
concrete companies in Turkiye was 25 and the number of facilities
was 30 in 1988, these values increased to 450 and 900 in 2019.
And with an increase, the number of ready-mixed concrete com-
panies reached 600 and the number of facilities reached 1106 in
2022."® Table 1 shows the amount of ready-mixed concrete pro-
duction in the world and Tirkiye. Policies and action plans should
be developed on a global scale to reduce the production of con-
crete, ready-mixed concrete, and cement to meet the needs of
the age.

In the modern era, CO, emissions from the production and ship-
ment of cement, the most widely used building material and a
critical component of both concrete and mortar, account for
approximately 2.4% of global emissions. In the process of clinker
production in limestone quarries or other raw carbonate mineral

Table 1. Ready-Mixed Concrete Production in the World and in Tiirkiye

2020 2021 2021 2021 2021
Austria 11.5 12.8 255 50.2 1.4
Belgium 12.4 14.0 235 59.6 1.2
Denmark 2.8 3.1 96 32.3 0.5
Finland 2.9 2.9 193 15 0.5
France 37.0 40.6 1856 21.9 0.6
Germany 55.3 54.2 1900 28.5 0.7
Ireland 4.7 4.7 220 21.4 0.9
Ttaly 28.7 35.8 1800 19.9 0.6
Netherlands 7.4 7.2 188 38.3 0.4
Poland 25.7 26.6 1096 24.3 0.7
Portugal 5.7 6.2 231 26.8 0.6
Slovakia 3.0 2.9 280 10.4 0.5
Spain 22.8 25.8 1601 16.1 0.5
England 20.7 23.6 1062 22.2 0.4
Israel 20.8 21.1 226 93.4 2.4
Norway 3.7 3.6 208 17.3 0.7
Tiirkiye 95.0 105.0 1106 94.9 1.3

sources, which are the main building blocks of cement produc-
tion, calcium carbonate (CaCO,) is calcined into quicklime (CaO),
the main component of cement, during which the largest carbon
emission occurs as a result of the combustion of fossil fuels.’>*
More than 4 billion tons of Portland cement are produced in the
world annually, depending on the demand.?>?* In developing
countries like Turkiye, this need is increasing day by day, leading
to an increase in the accumulation of GHGs.

Carbon Footprint

Carbon dioxide constitutes a large proportion of GHGs released
into the atmosphere. Since it has the largest proportion among
GHGs, itis accepted and used as the main componentin the “car-
bon footprint” calculation. The concept of carbon footprint was
first introduced in the 1990s by William E. Rees and Mathis Wack-
ernagel, sustainable environmental advocates, as part of the eco-
logical footprint concept.?® Carbon footprint calculation is the
calculation of CO,, methane (CH,), nitrous oxide, and fluorinated
gases released into the atmosphere as a result of vital activities
under the name of GHGs (in equivalent amounts). The carbon
footprint value of that individual or community is defined for the
carbon dioxide (CO,) emissions thrown into the nature as a result
of the vital activities of individuals or societies.?® Greenhouse gas
sources, which come to the fore with the transition to modern life
and population growth, are emissions from energy production,
vehicle use and public transportation, industrial and agricultural
uses, and other similar activities. The carbon footprint basically
consists of 2 main parts. These are called primary and secondary
carbon footprints. The main component of the primary carbon
footprint is CO, emissions resulting directly from the use of fos-
sil fuels for domestic and industrial heating and lighting, energy
consumption for power, and transportation. Secondary carbon
footprint is expressed as indirect CO, emissions resulting from
the production, use and degradation of all products in nature.
According to the Intergovernmental Panel on Climate Change
(IPCC), 3 main approaches are used to calculate the carbon foot-
print with this data. These approaches, called tiers, consist of 3
different categories. These are the 1st tier, 2nd tier and 3rd tier
approaches.

In the tier 1 approach, the calculation is made using data from
national energy statistics and the amount of fuel and emission
factors according to the type of fuel used. In the tier 2 approach,
in addition to tier 1, specific emission factors and combustion
technologies for the country or specific regions are used. In the
tier 3 approach, fuel statistics and technology-dependent emis-
sion factors determined according to the combustion technology
and the thermal power of the combustion plants and statisti-
cal information are used.? Figure 1 shows the GHG sources and
their boundaries. Since the amount of CO, is high in this model,
general calculations are made in terms of equivalent CO,
(Equation 1), while the total amount of carbon is calculated from
Equation 2.2'28

CO,eqlkgl=CO,[kgl+ 25x CH4 + 298 x N,O ()
Total Carbon (GgC) = ET (T))x CEF(%)1 07 (2)

where ET represents energy consumption (TJ) and CEF represents
carbon emission factor (tons of carbon/TJ).?
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Figure 1. Greenhouse gas sources and their limits.?’

According to the IPCC, the concept of global warming potential
(GWP) has been developed to compare the impact of anthropo-
genic GHGs on the atmosphere. Specifically, GWP is a measure
of how much energy it would take to emit 1 ton of a gas over a
given period of time compared to the emission of 1 ton of CO,.
According to the GWP magnitude, the potential to increase
the atmospheric temperature is calculated.?® Carbon dioxide
equivalent is used to assess and quantify different gas emis-
sions based on GWP values. It is obtained by multiplying the
kgCO, equivalent in kilograms by the corresponding GWP. That
is, kgCO,,=(the weight of the gas in kg) x (the GWP value of
the gas.®

In 2020, a 10% reduction in GHG emissions in the USA was
observed (according to United States Environmental Protec-
tion Agency data) with the regulations made since 2019, espe-
cially with the use of 11% less fossil fuels, the transition to less
carbon-intensive natural gas and renewable resources, and
the use of electrical energy.’ The data on the distribution of
carbon emissions by sectors in the USA are given as 27% for
transportation, 25% for electricity generation, 24% for indus-
try, 11% for livestock, 7% for trade, and 6% for households. The
resulting GHGs are 3% fluorogases, 7% nitrogen oxides, 11%
CH,, and 79% CO,.*
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Cement Industry Greenhouse Gas Emissions

The energy used during cement production accounts for 12%-15%
of the total energy used in industries.® Dry cement production
steps consist of raw material production, kiln preparation, baking
clinker calcination, and cement grinding and packaging. Carbon
dioxide emissions from cement production are mainly composed
of 3 main components:

1. Carbon dioxide emissions from the degradation of limestone
containing calcium carbonate (CaCO,) and MgCO, during
clinker production: here, process-related CO, emissions are
directly caused by the degradation of raw materials.

2. Carbon dioxide emissions related to the fuel used during the
process: here, high temperature is required for clinker cal-
cination. Fossil fuels (coal, petroleum coke, and natural gas)
and alternative fuels (plastic, rubber, and sludge) can be used
in cement production.

3. Electricity-related CO, emissions: these emissions are indi-
rectly caused by electricity consumption.®

Typical GHG rates from the cement sector are given in Table 2.3

Sinceasignificantamount of GHG carbon emissionsinthe cement
sector occurs during clinker production, the tier 3 method is used
in production-based calculations. The process is based on input
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Table 2. Cement Industry Greenhouse Gases

Component Concentration
co, 14%-33% (w/w)
NO, 5%-10% (w/w)
NO, <200-3000 mg/Nm?*
SO, <10-3500 mg/Nm?*
0, 8%-14% (v/v)

methods based on raw materials and the volume and chemical
composition of clinker and dust from the kiln system.*3® The dis-
tribution of carbon emissions by sectors in the USA is given as
27% for transportation, 25% for electricity generation, and 24%
for industry, production, raw materials and binders. While natural
substances increase the cost of using raw materials, a decrease in
emissions has been observed.’*% Of the total GHG components,
about one-third of CO, emissions are reported to come from the
industrial sectors, emitting 2370 TJ of CO,, which is 43% of the
total. Depending on the type of fuel used, it is estimated that
about 0.9-1.0 tons of CO, is emitted per ton of clinker and 0.65-
0.92tons of CO, is emitted from 1ton of cement production.®2"38

Ready-Mixed Concrete Plant Greenhouse Gas Emissions

The elements that affect GHG in ready-mixed concrete produc-
tion are cement, aggregate, water, chemical, and auxiliary addi-
tives, and the component that causes the highest emission
is cement. For the production of 1 ton of clinker, approximately
0.9-1 ton of CO, emission occurs. Emissions also occur during
the transportation of aggregates and binders. As the transpor-
tation distance increases, vehicle fuel consumption and exhaust
emissions also increase.®® Greenhouse gases generated in the
production of ready-mixed concrete are produced during the
preparation and transportation of compositions such as lime-
stone, gravel and sand, aggregate and water for use.*® Emissions
can be reduced by reducing the energy and resource use during
the preparation and transportation of the product, which is con-
crete that has not yet hardened and has not been transported
to the construction site using a mixer.* Since CO, emissions in
ready-mixed concrete plants are calculated in terms of energy
consumption per unit of material produced, examples of reducing
the carbon footprint of concrete and concrete structures depend
on the use of raw materials. For example, emissions during the
production of Portland cement were found to be higher than
the use of ecofriendly other materials.*? In this sense, ground-
granulated blast furnace slag, a by-product of the steel industry,
causes minimum carbon emissions when used as fly ash addi-
tive. In addition, when environmentally friendly recycled materials
are selected for concrete use and when reduction in water use is
emphasized with innovative approaches, emission amounts are
also reduced.**** The production and use of ready-mixed con-
crete in the construction industry and the steel and cement used
as building materials consume approximately 40% of all energy
and 1% of transportation and shipping costs.?>*® Preventing the
pollution of natural resources and new approaches to energy use
are important components that reduce the carbon footprint.

Carbon Footprint Management

Framework setting, data collection, collaboration with stakehold-
ers, statistical evaluations, calculations and reporting are essen-
tial in carbon footprint management. Calculations are based
on the consumption amount according to the sectors and the
carbon emission factor according to the relevant IPCC calcula-
tion data. Various improvements to reduce the carbon footprint
have become mandatory for both a sustainable economy and a

sustainable environment. When determining the carbon foot-
print, enterprises should determine the assessment of risks and
measures to be taken in the light of statistical data to determine
environmental impacts. Regular controls should be carried out in
all business units, processes should be monitored, staff should
be trained, all expenses of the enterprises should be audited, and
energy reduction measures should be investigated.*¢ The envi-
ronmental problems arising from ready-mixed concrete plants
were evaluated by classifying them as the amount and types of
energy used, solid waste management, air, water, soil pollution
emission amounts and types, and fossil fuels used. By evaluat-
ing and reducing these impacts, environmental risks will also be
reduced.*” Technological developments play an important role
in the calculation and reduction of carbon emissions for a sus-
tainable environment in the production and transportation of
concrete and cement. Material quality in cement and concrete
production with the zero carbon principle, design and features
for architects and engineers, use and post-use disposal and recy-
cling processes are a whole evaluated as.?? Sanctions and regula-
tions should be managed by governments to control sustainable
practices. The use of alternative cement and concrete products
should be encouraged by following developments and innova-
tions, and practices such as accelerated carbon capture should
be implemented to ensure long-term sustainability. A significant
amount of waste is generated in ready-mixed concrete plants
every year. In the management of these wastes, crushing and
screening the hardened concrete returned to the plant and recy-
cling it for use as aggregates would be a positive environmen-
tal approach. In 1 study, it was found that concrete with recycled
aggregates in Brazil has economically favorable conditions.*®

By using recycled concrete, resource reduction and indirect emis-
sion reduction can be achieved. The part of concrete waste that
can be recycled consists of 70% aggregate. The remaining 30% is
non-recyclable paste (a combination of cementitious materials,
water, partially hydrated cement, or pozzolanic reacted products).
A system can be installed that can recover quality aggregates by
washing the cement paste with fresh or gray water generated
during washing.

In addition, gray water from aggregate reclamation, dust sup-
pression, or other cleaning processes, such as washing the inner
surfaces of mixer drums and mixer truck wheels, can be used for
beneficial environmental management. Carbon and water foot-
prints can be reduced through environmental approaches, many
of which are based on energy and resource recovery. It is impor-
tant to take the necessary measures for a sustainable environ-
ment. Since energy is the most important parameter in concrete
plants, the use of waste heat as an alternative energy source,
implementation of innovative CO, capture and storage tech-
nologies, sequestration of CO, by increasing biological absorp-
tion capacity in forests and soils, and the use of blended cement
by reducing the clinker/cement ratio should be expanded. Other
important measures include increasing the use of renewable
energy sources or nuclear energy and the use of alternative raw
materials including fly ash, slag, gypsum, anhydrite, and fluorite
using non-carbonated calcium raw materials.®>*#%° The produc-
tion and environmental impacts of ready-mixed concrete used
in housing and infrastructure works in urban areas in Latin
America and the Caribbean were examined, and it was deter-
mined that 716 tons of material was used for the production
of 2 604 862 m? of ready-mixed concrete, of which 99.1% were
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primary raw materials and 0.9% were secondary raw materials. It
was observed that 5.36 tons (~78.6%) of the material used here
was aggregate and the emission value was ~19.5% of the total
Equivalent CO, eq. It was found that by using recycled aggre-
gates instead of Portland cement used in this process, a saving
of 20% in the use of raw materials can be achieved to ensure sus-
tainability in building materials.?'

MATERIALS AND METHODS

The ready-mixed concrete batching plant, whose carbon foot-
print is calculated, has a total area of 17 855 square meter, 953
square meter closed. There are 33 employees in the facility, and
the number of workers may increase seasonally depending on
the increase in workload. A total of 116 000 m? of ready-mixed
concrete was produced at the facility in 2021. For this produc-
tion, raw materials were transported, electricity and water were
consumed, coal was used in the facility for heating purposes, and
the concrete produced was delivered to the buyer in transmixers.
The activities that cause carbon footprint formation as a result
of the ready-mixed concrete production activity can be counted
as transportation, electricity consumption, water consumption,
and facility heating. All vehicles in the facility use diesel fuel, and
coal is used as the fuel for heating purposes. All data used in this
study are taken from the company’s records. Consumption data
for 2021 are given in Table 3, the site plan of the ready-mixed
concrete plant is given in Figure 2, and the flowchart is given in
Figure 3.

According to the workflow of the plant, ready aggregate is dis-
charged into the bunker with the help of construction machinery,
and this material is conveyed to the washing and screening point

Table 3. Consumption of Concrete Plant Data

Consumption Data Quantity (Per Year)

Diesel fuel (L) 329 629
Solid fuel (lignite coal) (kg) 10 000
Water (L) 22 791 200
Electricity (kW) 703 112.92

Ready-Mix Concrete Production Set-up Plan

@® Bunker
Chemical Tank
(Ready Mix Concrete @ | | Belt Conveyor
Admixtures) .

L~ Cement Silos

(

A

\\ NN
Cement Silos Q e

@ Emission Source

Figure 2. Ready-mixed concrete production site plan.
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Figure 3. Ready-mixed concrete production work flowchart.

with the help of conveyor belts and from there to the stockyard.
Meanwhile, the washed sand prepared in the plant is also dis-
charged into the bunker with the help of construction machin-
ery. In addition, with the help of moving belts, the material in the
bunker is conveyed to the mixing boiler with the help of the water
pump in the water tank and the cement augers in the cement
silos. All materials coming to the mixing boiler are mixed in the
desired proportions in this boiler. The ready-mixed concrete
produced is filled into mixer vehicles from the filling point. Mixer
vehicles returning to the plant at the end of the working day are
washed with water in the inclined area in the first step of the set-
tling pool. The wastewater coming out of this pool is transferred
to the second pool with the help of a pipe, and the water waiting
here is allowed to settle. The water remaining on the surface is
taken to the next pool and sent to the water tank with the help
of a pump. All of the wastewater generated as a result of wash-
ing the mixers is reused within the system, preventing waste
generation.

RESULTS AND DISCUSSION

Based on the consumption data of the ready-mixed concrete
plant, calculations were made using the tier 1 method formulas
specified in the IPCC report. While making the calculations, the
calorific values of the emission factors given separately for each
record in the IPCC report were taken as the basis. Emission fac-
tors determined by Department for Food, Environment and Rural
Affairs (DEFRA) were used in the carbon footprint calculation for
electricity consumption and water consumption. While calcu-
lating the carbon footprint for fossil fuels, the GWPs of CH, and
diazot monoxide (N,O) emissions resulting from the combustion
process are calculated by converting them into CO, equivalent,
which has the largest proportion among GHGs. The carbon emis-
sion amounts obtained as a result of the calculations are given in
Table 4.

According to the calculation results, it was found that the total
CO, equivalent emission caused by consumption amounts was 1
038 396 tons of CO,,. Of this total emission, 98.383% (1 021 604
tons CO,,) is CO, emission, 0149% (1551 tons CO,,) is CH, emis-
sion, and 1.468% (15 242 tons CO,,) is N,O emission (Figure 4).

How the total amount of emissions is proportioned to the con-
sumption data is also shown graphically in Figure 5. When the
total CO, equivalent emission is evaluated according to the
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Table 4. Ready-Mixed Concrete Plant Greenhouse Gas Emissions

Emissions Quantities (tCO,,)
CO, emission

Diesel 871.746
Lignite 12.019
Electricity 134.442
Water 3.396
CH, emission

Diesel 0.964
Lignite 0.025
Electricity 0.562
Water 0.000
N,O emission

Diesel 14.223
Lignite 0.055
Electricity 0.963
Water 0000
Total 1038.396

consumption sources of the ready-mixed concrete batching
plant, it can be seen that diesel fuel consumption (886 933
tons CO,,) has the highest emission rate of 85.414% and water
consumption (3396 tons CO,,) has the lowest emission rate of
0.327%.

How the consumption ratios for specific gases are calculated is
also shown graphically in Figures 6-8.

When all calculations are analyzed, CO, and N,O were found
to be the gases with the highest and lowest emission rates,
respectively, while diesel fuels were found to have the highest

N0
% 1.468

B/ ™~

Co.
% 98.383
Figure 4. Distribution of total CO, equivalent emissions by gases. CH,,

methane; CO,, carbon dioxide; N,O, diazot monoxide.

Water
% 0.327

Liemi
% 1.165

Diesel
% 85.414

Figure 5. Distribution of total carbon dioxide equivalent emissions by
sources consumed.

Water
% 0.332

CO, Emussions

Lignite
% 1.176 \ Flectrici
% 13.160

% 85.331

Figure 6. Distribution of carbon dioxide (CO,) emissions according to
the resources consumed.

CH; Emissions

Diesel
% 62.122

Lignite
% 1.611

Figure 7. Distribution of methane (CH,) emissions by sources consumed.

Electiicity
% 6.320

N,O Emissions

Lignite
% 0.363 \

Diesel
% 93.317

Figure 8. Distribution of diazot monoxide (N,O) emissions according to
the resources consumed.

contribution to carbon emissions when evaluated on the basis of
consumed resources.

CONCLUSIONS

The production of concrete, ready-mixed concrete, and cement,
which are the main components of housing and infrastructure,
roads, water and wastewater systems, and all kinds of buildings
and structures, emit a significant proportion of GHGs emitted
worldwide. Sustainable construction and sustainable economy
should be targeted for carbon reduction through innovative tech-
nology and advancements in the ready-mixed concrete sector. In
order to reduce the carbon footprint, energy efficiency should
be increased, waste heat recovery should be maximized, waste
should be utilized, and alternative raw materials should be used
by reducing the use of Portland cement. Governments should

NanoEra 2023 3(1): 8-15 | doi: 10.5152/NanoEra.2023.1233774
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also introduce new regulations and standards for cement-based
materials. Innovative solutions in the use of cement-based con-
crete and zero carbon understanding should be supported on
behalf of humanity.
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