Emerging Technologies in the Cement Industry

The cement industry has made significant advancements in the manufacturing technology over the
years, resulting in improved efficiency, increased quality, and reduced environmental impact.
Emerging technologies offer significant potential for further improvements in efficiency, sustainability,
and social responsibility.

Some of the emerging technology trends are:
Sustainable Practices

The cement industry is increasingly adopting sustainable practices to reduce waste, conserve natural
resources, and promote social responsibility which are essential to reduce the environmental impact
of the industry known for its significant energy consumption and carbon dioxide emissions. The key
sustainable practices adopted in the manufacture of cement are:

a) Energy Efficiency and Process Optimization
» Modern cement plants equipped with advanced automation systems & continuous Emission
Monitoring Systems (CEMS) are being increasingly adopted.

» Design innovations, based on computational fluid dynamics (CFD) studies, reducing the
overall pressure drop in preheater system to as low as ~300 mmWC offers tremendous
electrical and thermal energy efficiency improvement opportunities.

» Adapting to latest generation coolers for new plants and retrofitting the existing coolers, offers
significant potential for electrical and thermal energy saving. The total heat loss of latest
generation clinker coolers are reported <100 kcal/ kg clinker with recuperation efficiency of
75-78%.

» Highly energy efficient grinding technologies like High Pressure Grinding Rolls (HPGR),
Vertical Roller Mills (VRMs) and Ball Mill with Roll Press (BMRP) for raw materials, fuel &
cement grinding requirements.

Several improvements made in design and operation of mills and other equipment in the
grinding circuits resulted in reduced energy consumption and improved reliability.

b) Alternative Fuels & Raw Materials

Another significant advancement is the use of alternative fuels and raw materials. The cement
industry is one of the largest consumers of energy globally and is responsible for a significant portion
of greenhouse gas emissions.

» The use of alternative fuels, such as waste materials, biomass, and municipal solid waste,
can reduce the dependence on fossil fuels, reduce greenhouse gas emissions, and improve
energy efficiency.

» The use of alternative fuels has been made possible by advancements in technology,
including the development of specialized equipment for handling and processing these fuels.

» The use of alternative fuels also has economic benefits of reducing the overall cost of energy
and providing opportunities for waste reduction, recycling, reducing the reliance on fossil fuels
and mitigating the environmental impact.

» Cement production traditionally relies on limestone as a primary raw material. The industry
explores various alternative raw materials, such as industrial by-products and wastes. This
includes materials like fly ash, blast furnace slag, and other such materials, which can partially
or completely replace traditional raw materials.

c) Circular Economy Practices

Adopting circular economy principles involves minimizing waste generation and maximizing the reuse
and recycling of alternative cementitious materials, which are used as partial or complete
replacements for traditional Portland cement in concrete production.

These materials offer the potential to reduce the environmental impact of concrete production,
improve performance characteristics, and utilize industrial by-products or waste materials effectively.

These materials include use of geopolymers, fly ash, ground granulated blast furnace slag (GGBS),
calcined clays, rice husk and metakaolin which have the potential to reduce the carbon footprint of
concrete. Additionally, the recycling of concrete through processes like crushing and reusing as
recycled concrete aggregate supports a circular economy approach.



d) Carbon Capture, Utilization, and Storage (CCUS)
» Carbon capture, utilization, and storage (CCUS) technology, having significant potential to
reduce greenhouse gas emissions which captures CO2 emissions from cement production
and stores them underground or uses them in other industrial processes.

» Using this technology, cement players capture emitted CO2 and can either pursue carbon-
cured concrete (one of the few already available utilization options that locks in CO2 in the
end product) or store carbon in former oil and gas fields.

e) Water Conservation and Recycling

Sustainable water management practices include optimizing water usage in the production process,
adopting use of closed-loop systems, water recycling & reuse systems and implementing
technologies to minimize water consumption.

f)  Green Building Certifications and Sustainable Product Development

Cement manufacturers are actively pursuing green building certifications such as LEED (Leadership
in Energy and Environmental Design) or BREEAM (Building Research Establishment Environmental
Assessment Method). The certifications recognize environmentally sustainable construction practices
and products. Cement producers are also investing in the development of sustainable cement and
concrete formulations with lower carbon footprints and improved performance.

Adopting these sustainable practices in cement manufacture is not only essential for reducing the
environmental impact but also aligns with global efforts to achieve a more sustainable and low-carbon
future.

Integration of Renewable Energy in Cement Manufacture

Integrating renewable energy into cement production is crucial for reducing the environmental impact
and increasing sustainability by following ways:

a) On-site Renewable Energy Generation

Solar Power: Solar power is a clean and sustainable source that contributes to reducing reliance on
the grid electricity. Installing solar panels on the rooftops of cement plants or on adjacent unused land
and floating solar panels on exhausted mine pits are increasingly used to generate electricity to meet
a portion of the energy needs.

Wind Power: Wind power is being used to supplement the energy requirements of cement
manufacturing processes. Wind turbines are installed on-site to harness wind energy and generate
electricity, wherever feasible.

b) Power Purchase Agreements (PPAs) with Renewable Energy Providers:

Cement manufacturers can enter into power purchase agreements with renewable energy providers.
This involves buying electricity generated from renewable sources, such as solar or wind farms. PPAs
can offer a reliable and often cost-effective way to source renewable energy.

Green Hydrogen

Green hydrogen is likely to gain traction as a potential fuel for the cement industry and is produced
through electrolysis, where water (H20) is split into hydrogen (Hz2) and oxygen (O2) using electricity.
The electricity used in this process is generated from renewable energy sources, such as solar, wind,
or hydropower. That ensures that the hydrogen produced is considered "green" or environment
friendly.

CEMEX, a leading cement company, has successfully deployed hydrogen-based technology in its
cement plants to reduce COz emissions. After a successful trial in Spain in 2019, all CEMEX cement
plants in Europe now use hydrogen as part of their fuel mix which is being extended to their other
global operations in Mexico, USA, South & Central America, Africa, and Asia.

Digitalization and Automation

One of the significant advancements in cement manufacturing technology is digitalization and
automation. Smart sensors and Internet of Things (I0T) devices are being extensively used to monitor
and optimize the performance of equipment and processes. There are several ways in which these
technologies are applied:

a) Real-Time Monitoring and Control

Smart sensors placed throughout the cement manufacturing process collect real-time data on various
parameters such as temperature, pressure, humidity, and chemical composition. The data is then
transmitted to a central system through 10T connectivity. Plant operators can monitor and control the
production process remotely and make adjustments as needed to optimize efficiency.



b) Predictive Maintenance

Smart sensors can monitor the condition of machinery and equipment in real-time. By analyzing data
trends, loT-enabled systems can predict when equipment is likely to fail or require maintenance. That
allows for proactive maintenance scheduling, reducing unplanned downtime and extending the
lifespan of machinery.

c) Energy Efficiency Optimization

The energy consumption at different stages of cement production is tracked through sensors. By
integrating loT, manufacturers can analyze the data to identify areas for energy efficiency
improvements.

d) Quality Control and Process Optimization

The quality of raw materials and the final product are continuously monitored through smart sensors.
lIoT integration enables real-time analysis and adjustments to the production process, to ensure
consistent product quality.

e) Environmental Monitoring and Emission Reduction

loT-enabled sensors can monitor emissions and environmental conditions in and around the cement
plant. The data helps in ensuring compliance with environmental regulations and enables the
implementation of strategies to minimize the environmental impact of the manufacturing process.

f) Supply Chain Visibility

IoT integration extends beyond the plant to the entire supply chain. Sensors can monitor the
transportation and storage of raw materials and finished products. The visibility helps in optimizing
logistics, reducing delays, and ensuring that the right materials are available when needed.

g) Data Analytics for Decision-Making

The vast amount of data collected by smart sensors is analyzed using advanced analytics and
machine learning algorithms. The data-driven approach provides insights into trends, patterns, and
potential areas for improvement, aiding decision-making at various levels within the organization.

h) Remote Diagnostics and Troubleshooting

loT-enabled sensors allow for remote diagnostics of equipment issues. Plant operators and
maintenance teams can troubleshoot problems and even perform some maintenance tasks remotely,
reducing the need for on-site interventions and minimizing downtime.

To ensure sustainable & continual improvement in the existing operation, and to extract the latent
potential available within the infrastructure, a state-of-the-art Industrial Big-Data service 'Online Plant
Analytics' (OPA) has been developed in-house, to support Cement Plants Operations &
Maintenance teams on a continuous basis.

Sustainable Supply Chain Management

Technologies such as blockchain, RFID, and other tracking systems are being extensively used to
enhance transparency and traceability by tracking the origin and journey of products and materials in
the cement supply chain.

Electric Cement Kilns are likely to emerge as a promising solution for reducing the carbon footprint
of cement production. These kilns utilize electricity from renewable sources to generate the high
temperatures required for clinker production. Pioneering companies like Coolbrook and VTT have
made significant strides in developing and commercializing their electric kiln technology. Coolbrook's
collaboration with industry giants like Cemex and UltraTech for its Roto Dynamic Heater ("RDH")
technology signifies a promising step towards sustainable clinker manufacturing.

Solar Reactor Technology: The Swiss firm Synhelion and Cemex have made substantial progress in
using concentrated solar radiation to produce clinker. While challenges remain, such as storing solar
energy for night-time use, a multi-source approach, combining solar, wind, grid, captive, waste heat
recovery (WHR), and hydropower where possible, promises a balanced solution for the power needs.

Conclusions

Cement manufacturers are compelled to adapt to these trends in order to remain competitive, foster
sustainability, and contribute to the development of a more resilient built environment. However, the
adoption of these emerging technologies will require significant investment and collaboration between
industry, researchers, and policymakers.
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