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Abstract— Waste Heat Recovery (WHR) is a
most researchable technology, but until now
WHR uptake has been limited except in China. As
starting as, the 1980s, Japanese companies
introduce spearheaded WHR power systems in the
cement industry. In Current situation, there are a
range of commercially proven and mature WHR
power systems ranging from classic Rankine-
cycle steam-based installations to Organic
Rankine Cycle (ORC) and Kalina cycle WHR
power systems. In the world currently over 850
WHR power installations in the world. China is
the leading country in the WHR installations of—
739, followed by India (26 WHR installations)
and Japan (24 installations) Regulatory measures
and lower capital costs have been key factors
behind China’s success in mainstreaming WHR
technology. Initially, WHR development in China
by incentives such as tax breaks and Clean
Development Mechanism (CDM) revenues for
emissions reductions from clean energy projects.
In 2011, a national energy efficiency regulation
mandated WHR on all new clinker lines
constructed after January 2011. These drivers
were reinforced when multiple Chinese WHR
suppliers entered the market, lowering WHR
capital and installation costs by adopting domestic
components and design capability, which
developed the technology for the Chinese market.
Keywords: WHR, ORC,CDM

Introduction

Cement is the world’s most widely used
construction material. Cement is the binding
material that is mixed with an aggregate such as
sand or gravel and water to form concrete. Over
three tons of concrete are produced each year per
person for the entire global population, making it
the most widely used manufactured product in the
world. Twice as much concrete is used around the
globe than the total of all other building materials
combined, including wood, steel, plastic and
aluminum, and for most purposes, none of these

other materials can replace concrete in terms of
effectiveness, price or performance.

The preference for concrete as a building material
stems from low manufacturing cost, and the fact
that it can be produced locally from widely
available raw materials; it is moldable; it has high
compressive strength.
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Waste Heat Recovery in the Cement Process

Waste heat recovery power systems used for
cement kilns operate on the Rankine Cycle.9 This
thermodynamic cycle is the basis for conventional
thermal power generating stations and consists of a
heat source (boiler) that converts a liquid working
fluid to high-pressure vapor (steam, in a power
station) that is then expanded through a turbo
generator producing power. Low-pressure vapor
exhausted from the turbo generator is condensed
back to a liquid state, with condensate from the
condenser returned to the boiler feed water pump
to continue the cycle. Waste heat recovery systems
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consist of heat exchangers or heat recovery steam
generators (HRSGs) that transfer heat from the
exhaust gases to the working fluid inside, turbines,
electric generators, condensers, and a working
fluid cooling system. Three primary waste heat
recovery power generation systems are available,
differentiated by the type of working fluid (Gibbon
2013, EPA 2012, CII 2009), as follows: Steam
Rankine Cycle (SRC) — The most commonly used
Rankine cycle system for waste heat recovery
power generation uses water as the working fluid
and involves generating steam in a waste heat
boiler, which then drives a steam turbine. Steam
turbines are one of the oldest and most versatile
power generation technologies in use. As shown in
Figure 4, in the steam waste heat recovery steam
cycle, the working fluid—water—is first pumped
to elevated pressure before entering a waste heat
recovery boiler.

The water is vaporized into high-pressure steam by
the hot exhaust from the process and then
expanded to lower temperature and pressure in a
turbine, generating mechanical power that drives
an electric generator. The low-pressure steam is
then exhausted to a condenser at vacuum
conditions, where the expanded vapor is
condensed to low-pressure liquid and returned to
the feed water pump and boiler. Steam cycles are
by far the most common waste heat recovery
systems in operation in cement plants, and
generally reflect the following:
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Organic Rankine Cycles (ORC) — Other types of
working fluids with better generation efficiencies
at lower heat source temperatures are used in
organic Rankine cycle (ORC) systems. The ORCs
typically use a high molecular mass organic
working fluid such as butane or pentane that has a
lower boiling point, higher vapor pressure, higher
molecular mass, and higher mass flow compared
to water. Together, these features enable higher
turbine efficiencies than those offered by a steam
system.

The ORC systems can be utilized for waste heat
sources as low as 150° C (300° F), whereas steam
systems are limited to heat sources greater than
260° C (500° F). The ORC systems are typically
designed with two heat transfer stages. The first
stage transfers heat from the waste gases to an
intermediate heat transfer fluid (e.g., thermal
transfer oil). The second stage transfers heat from
the intermediate heat transfer fluid to the organic
working fluid. The ORCs have commonly been
used to generate power in geothermal power
plants, and more recently, in pipeline compressor
heat recovery applications in the United States.

The ORC systems have been widely used to
generate power from biomass systems in Europe.
A few ORC systems have been installed on
cement kilns.10 The ORC’s specific features
include the following (Turboden 2012, Holcim
2011, Ormat 2012, Gibbon 2013):

e Can recover heat from gases at lower
temperatures than is possible with conventional
steam systems, enabling ORCs to utilize all
recoverable heat from the air cooler

e Operate with condensing systems above
atmospheric pressure, reducing risk of air leakage
into the system and eliminating the need for a de-
aerator

* Not susceptible to freezing

» Because ORCs operate at relatively low
pressure, they can operate unattended and fully
automated in many locations depending on local
regulations

e The organic fluid properties result in the
working fluid remaining dry (no partial
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condensation) throughout the turbine, avoiding
blade erosion

» Can utilize air-cooled condensers without
negatively impacting performance

* Lower-speed (rpm) ORC turbine allows
generator direct drive without the need for and
inefficiency of a reduction gear

* ORC equipment (turbines, piping, condensers,
heat exchanger surface) is typically smaller than
that required for steam systems, and the turbine
generally consists of fewer stages
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The Kalina Cycle is another Rankine cycle that
uses a binary mixture of water and ammonia as the
working fluid, which allows for a more efficient
energy extraction from the heat source. The Kalina
cycle takes advantage of the ability of ammonia-
water mixtures to utilize variable and lower
temperature heat sources. The Kalina cycle has an
operating temperature range that can accept waste
heat at temperatures of 95° C (200° F) to 535° C
(1,000° F) and is claimed to be 15 to 25 percent

more efficient than ORCs at the same temperature
level.

The Kalina cycle is in market introduction, with a
total of nine operating systems in diverse
industries such as steel and refining, and in
geothermal power plants where the hot fluid is
very often a liquid below 150 °C (300 °F).11
Kalina cycle systems are now being piloted in the
cement industry.12 Key features of the Kalina
cycle include the following (Gibbon 2013, Mirolli
2012)

Generator

Heated Brine Cooled Brine

Production Well

Injection Well
Current Status of Cement Industry

India’s economy is the third largest by GDP in
terms of purchasing power parity but, with a very
large population, it ranks only 165th in GDP per
capita terms. India is the second most populous
country in the world after China, and also second
to China in cement production. Gradual economic
decentralization since the early 1990s has allowed
a more diverse market economy to develop, one
that is increasingly driven by an educated and
business-minded middle class. Increased variation
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has reduced India’s dependency on agriculture,
now about 50 percent of national income.
Manufacturing represents more than 25 percent of
output. Housing accounts for 64 percent of Indian
cement consumption; infrastructure, 17 percent;
commercial, 13 percent; and industrial 6.0 percent
(ICR 2013). Today, the Indian cement industry is
enormous, second only to China in terms of
installed capacity; the industry has grown rapidly
over the past 20 years—cement production has
more than quadrupled from around 50 Mt per year
in 1992 to over 240 Mt per year in 2012. Although
the Indian cement industry includes some
multinational cement giants like Holcim,
Heidelberg and Lafarge, which have interests in
Indian companies, the industry is broadly
indigenous.

In 2011, Ultratech Cement, the country’s largest
firm in terms of cement capacity, held around 16
percent of the domestic market; ACC (50 percent-
owned by Holcim) and Ambuja (50 percent-owned
by Holcim) have 11 percent and 9.0 percent shares
respectively. Many of the remaining dozen top
players are Indian and are (in order of diminishing
market share); Jaiprakash Associates (7.0 percent),
India Cements Ltd (5.0 percent), Shree Cements
(4.0 percent), Century Textiles and Industries (3.5
percent), Madras Cements (3.5 percent), Lafarge
(3.5 percent), Birla Cement (2.8 percent), Kesoram
Industries (2.8 percent) and Binani Cement (2.8
percent). Among these companies, the top 12
cement firms have around 70 percent of the
domestic market. Around 100 smaller players
produce and grind cement on a wide range of
scales but are often confined to small areas. As of
the end of 2012, the Indian cement industry
consisted of 146 integrated plants and 55 grinding
plants (Edwards 2013a, ICR 2013).

Energy Prices for Industry

The primary fuel used for thermal energy in the
clinker kilns is coal (80 to 85 percent),
supplemented by about 14 percent pet coke and
minimal amounts of lignite. Alternative fuel usage
is very low in the Indian cement industry, but is
expected to grow over time. Alternative fuels used
include agricultural waste, tire chips, plastic and
polythene wastes, municipal solid waste and

textile waste. Rising energy prices strongly affect
plant profitability.

As an example, in 2012 Birla cement stated that
higher coal and freight prices caused a 24 percent
drop in profitability over 2011. At the same time,
Ultratech was threatened with a loss of coal
supplies by Coal India. The fuel situation
worsened in late 2012 as rising diesel prices
contributed to a sudden 15 percent freight cost
increase by the AIll India Motor Transport
Congress, which affected raw material movement
and coal supplies and product distribution
(Edwards 2013a).

Key Environmental / Energy Issues

The Indian cement industry’s estimated weighted
average energy consumption is 3.04 GJ/t clinker
thermal energy and 80 kWh/t cement electrical
energy. For years, the industry has focused on
improving energy efficiency in plant operations,
an ongoing process. It is expected that industry’s
average thermal energy consumption by the end of
the Twelfth Five Year Plan (during 2016-17) will
drop to about 2.97 GJ/t clinker and the average
electrical energy consumption will drop to 78
kWh/t cement. To date, the best thermal and
electrical energy consumption by the Indian
cement industry is about 2.79 GJ/t clinker and 67
kWh/t cement, comparable to the best reported
figures of 2.76 GJ/t clinker and 65 kWh/t cement
in a developed country such as Japan (Edwards
2013a).

The Indian Ministry of Power and Bureau of
Energy Efficiency (BEE) are implementing the
National Mission on Enhanced Energy Efficiency
(NMEEE) under the National Action Plan on
Climate Change (NAPCC). This mission has a
component which deals with market-based
mechanisms to improve the energy efficiency in
large energy-intensive industries and facilities by
certifying energy savings, which could be traded.

This scheme known as Perform, Achieve and
Trade (PAT) is expected to save about 10 million
tonnes of oil equivalent (mMtoe) by 2013-14.
Eight industrial sectors namely Power, Iron &
Steel, Fertilizer, Cement, Aluminum, Pulp &
Paper, Textile and Chlor-alkali have been included
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in this scheme where in about 700 industries
(known as designated consumers (DCs)) are
covered. In the ensuing PAT scheme, all the DCs
are required to achieve a reduction of Specific
Energy Consumption (SEC) from their baseline
SEC within 3 years’ time (2011-12 to 2013-14).
BEE is establishing the baseline SEC of each DC
as per the reported industry data from mandatory
reporting. DCs reducing SEC more than their
obligation,

Current Status of WHR

The first waste heat recovery power generation
system was installed by Kawasaki Plant Systems
(the engineering arm of Kawasaki Heavy
Industries) at an India Cement Ltd plant in 2004
and partially funded by the Japanese New Energy
and Industrial  Development  Organization
(NEDQO). Development activity picked up
substantially during 2010-2011 time frame as
Chinese suppliers became active in the Indian
market. There are now over 20 units installed
representing > 200 MW of capacity.18 The
remaining potential for WHR in India ranges from
500 to 900 MW19 based on estimated clinker
capacity at plants with capacity greater than 1 Mta.

The Cement Manufacturers’ Association has been
pressing the government to give renewable energy
status to waste heat recovery in India. The waste
heat recovery power generation market for the
Indian cement industry is served by domestic and
foreign suppliers, and joint ventures between
domestic and foreign suppliers: Transparent
Energy Systems Private Limited (TESPL) is a
domestic engineering and construction firm that
has developed and patented an in-house
technology for waste heat recovery systems for the
cement industry. TESPL also installs other
technologies such as the Ormat organic Rankine
cycle system it constructed at the Ultratech
Tadipatri plant (at the time an Andhra Pradesh
Cement Works facility).

Conclusion

Cement Industry being a power intensive industry,
one has to think in terms of energy optimisation
and savings. Waste Heat Recovery Power Plants,
contribute significantly, to the electrical energy

saving (to the tune of 25%). The reduction in CO2
emission, makes it environmental friendly.
Installation of the waste heat recovery plant has to
be tackled as a system approach, rather than
considering cement plant and WHRPP operations,
independently. The Waste Heat Recovery
Technology, as any other technology, is in an
incessant phase, and many more innovations, in
terms of equipment and applications, may be
expected in future.
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