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1. Introduction

As is the case for many developing countries, Insliaurrently faced with the daunting
task of decoupling economic growth from energy nsty in order to ensure a
sustainable future. However, due to the presencéeaher, energy efficient technologies
and renewable energy sources, India can both devék infrastructure to meet its

energy and industrial demands and ensure sustajiail-carbon growth.

In spite of an impressive economic growth rate%a fger year average in the late 2000s)
and high levels of industrial growth, over 600 moitl Indians have no access to
electricity and limited access to other clean, modeels. The consumption of electricity
per capita in India (639 kwh) is amongst the lowsstthe world This low energy
availability contributes to the low Human Developmhdndex of India thus, it is
imperative that energy supply and access (to iddadi consumers as well as industry) be

incorporated into a national development strategy.

This section of the report focuses on industrial government efforts directed towards
lower-carbon emissions and improving energy efficie in three energy intensive

industrial segments in India, namely:

» Steel Industry

e Chemicals Industry
0 Inorganic chemicals
0 Petrochemicals
o Fertilizers

* Cement Industry



2. Steel Industry

2.1. Introduction

The iron and steel sector is currently growingratanual rate of over 7% and accounts
for nearly 10% of the country’s GGemissions. Due to the relative inefficiency of the
majority of industrial units and perceived increase demand in the near future, it is
imperative that the industry curtails its emissidhough adoption of energy efficient

technologies and practices (Sreenivasamurthy, 2009)

Currently, three opportunities are being exploedrthance energy efficiency and reduce
carbon emissions (Sreenivasamurthy, 2009):

1. Increase the efficiency of existing and new plants
2. Divert investment and funds from inefficient coasleddirect reduced iron (DRI)
processes to blast furnace basic oxygen furnaceB@F) processes.

3. Create incentives for efficient steel use.

The high levels of growth experienced by the irad ateel industry can be attributed to a
surge in demand for steel to be used in the infrestre, housing and manufacturing
segments, all of which are expanding at rapid kev8teel making capacity in India is
expected to increase from 56.1 Mt in 2007 to 78t5riv010. Furthermore, in order to
satisfy forecast demand, the India Ministry of $tees announced the implementation of
plans for a capacity increase to 243 Mt per yeaP®30, involving total investments of
approximately USD 1.1 billion (IEA, 2009)

Despite the high levels of industrial growth in tinen and steel industry, only 10% of
steel produced in India is exported with the resingp used for projects in India.
Furthermore, India remained a net importer of stéeting the 2005-2007 period
(Sreenivasamurthy, 2009).



2.2. Industry Structure

With regards to energy efficiency and £@®missions intensity levels, primary steel
production in India is still 50-75% behind the OE@Rerage, the main reasons for the
difference being small plant sizes, the emergerficen@ll-scale coal-based DRI units
with capacities ranging from 0.03 to 0.3 millioy #nd a large contribution from old,

inefficient public sector units. The breakdown ééed production sources in India is

outlined infigure 1(Sreenivasamurthy, 2009)
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Figure 1: Steel industry structure, India (2007)

As the figure above indicates, public coal-basedB8H process accounted for 32% of
crude steel production in India in 2007 with ové&03small units across the country.
Natural-gas based DRI, which emits less,Ci® not expected to increase its share in

India due to fuel availability and price constraigsreenivasamurthy, 2009).

Coal-based DRI processes, in spite of their infficy, require significantly lower
capital investments and exploit the local advantafgeheaper, low-grade raw materials.

Thus, firms in India continue to invest in theseogasses while ignoring newer



technologies proven to be more environmentallyanable and energy efficient, due to
the higher investment costs and lower rates ofrmetihe performance differences
between different primary crude steel-making rowtss provided in graphical form in

figure 2(Sreenivasamurthy, 2009).
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Figure 2: Primary steel-making performance comparisn with OECD countries (2006)

2.3. Low-Carbon Initiatives - India

Different policy instruments are available to realithe three measures set forth in the
beginning of the section including: Clean Developm&lechanism (CDM) credits,
carbon taxes, incremental carbon emissions taxdsadministered product standards.
However, the high growth rate of coal-based DREpsses (an alarming 15% per annum)
indicates that current approaches to a low-carhduaré in the steel industry are not

appropriate (Sreenivasamurthy, 2009).



In order to mitigate C® emissions and implement energy efficient processes

technologies, government intervention with regaadéinancial incentives and penalties
is paramount. Unfortunately, the Indian governmeemains somewhat lax in
incorporating the aforementioned options into accete policy. This is largely due to
growing national demand for steel and the needapid development of infrastructure to

fuel India’s growth (Sreenivasamurthy, 2009).

Because manufacturing and use of steel is a relgtirkesource intensive and socio-
economically complex enterprise, any governmenici@sd concerning COabatement
mechanisms and cleaner technology implementaticst provide a holistic consideration

of both production and consumption techniques (8vasamurthy, 2009).

In order to construct policies relevant to the lstegustry in India, it is important to
differentiate between policies focusing on spediichnologies alone and project-based
incentives. The former serves to help promote $igembatement projects, while leaving
the overall sectoral emissions unchecked. For el@ripe existing CDM design aims to
reduce marginal emissions but fails to limit thentooued proliferation of inefficient,

small coal-fired DRI units (Sreenivasamurthy, 2009)

Conversely, rather than focusing on the implemenatf specific efficient technologies
(as mentioned above), providing project-based itnees for the entire plant reduces the
chance of investing in suboptimal processes ortpd@es (even though they may be
employing efficient processes in a section of tlamf) and allows for a more transparent
framework regarding COabatement in the Indian steel industry (Sreenivasthy,
2009).

Figure 3 and figure 4 emphasize the need to develop a substantive loaenapolicy

based on four main mechanisms (Sreenivasamurti®g)20



. 2020 Business As Usual (BAU) Uses projected trends in industrial growth to
estimate future C@ emissions without implementation of clean, efintie
technologies and the accompanying policy framework

2020 energy efficiency- achieves the objective of reducing overall erorss
however this is undesirable from an economic petspe as it allows for the
continued widespread use of inefficient coal-bd3Bd processes.

. 2020 + process shift Diverts investments towards efficient BF-BOF qasses
while limiting the proliferation of DRI processeBhis results in lower emissions
than the BAU scenario and allows for progressiwuctons in CQ emissions
over time due to the widespread use of more effigheocesses.

. 2020 + 10% substitution — Encourages more efficient material use and
substitution of steel for less-carbon intensive anats. This can achieve
noteworthy reductions in GQemissions and effectively reduces the amount of

steel that needs to be produced annually.
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Figure 4: Production levels possible from climate glicies in the Indian steel sector

Both the energy efficiency and process shift meidmas can results in significant GO
emissions reductions relative to the BAU scenaowéver, the former does not promote
modernization of entire industrial units, which vaudeliver maximum climate benefits.
Similarly, under the energy efficiency scenaric thefficient coal-based DRI process
would continue to contribute a disproportionatelyher share of sectoral emissions (39%
of total emissions) than output (30% of total prctitin) which further emphasizes the

economic and environmental unattractiveness ofsttesario (Sreenivasamurthy, 2009).

In order to address the need for reduction in, €@issions in the iron and steel industry,

the Indian Ministry of Steel provided several kegahanisms, namely (MoS, 2010):



Charter on Corporate Responsibility for Environment Protection (CREP)

Developed by the Indian Ministry of Environment afdrests (MoEF) and the Central
Pollution Control Board (CPCB) in association witie Ministry of Steel, the CREP
initiative aims to reduce environmental pollutionyater consumption, energy
consumption and introduce proper solid and hazareaste management systems as per

mutually agreed targets.

Clean Development Mechanism (CDM) under Kyoto Protool

In order to encourage the use and implementatiotieain and efficient technologies in
the iron and steel sector, the Ministry of Steletptigh the National CDM Authority in

the MoEF is instituting a carbon credit systemmm#aentive to reduce emissions.

So far, 127 projects throughout India amountin@ t@duction of 99 million tC& have
been identified and approved by the National Cl&eavelopment Mechanism. The

mechanism identified projects in both the privaid public sectors.

UNDP-Global Environment Facility (GEF) Steel Projed

The Ministry of Steel, in collaboration with the itkd Nations Development Programme,
developed this scheme in order to facilitate ditfusof energy efficient, low-carbon

technologies in steel re-rolling mills in the caynto bring down energy consumption,
improve productivity and cost effectiveness togethéh a reduction in Green House

Gas (GHG) emissions.

Currently, 34 model units have been identified with units commissioning efficient

technology packages.



NEDO Model Projects

The National Industrial Technology Development @igation (NEDO) in collaboration
with the Ministry of Steel, is encouraging the immplentation of energy efficient,
environmentally friendly technologies known as Mioeject in different steel plants in
India. The Ministry of Steel facilitates their ingphentation with financial assistance

provided by the government of Japan.

Currently, the TATA Steel Corporation has commissid one project (with another
underway). Similarly, during the 2008-2009 periad,model project involving the
introduction of a sinter cooler waste heat recov&grstem at the Visakhapatnam Steel
Plant of the RINL corporation was approved. Thggmbis currently being implemented.

Asia-Pacific Partnership on Clean development and Inate (APPCDC)

The APPCDC mechanism involves seven countries (Alist China, Canada, India,
Japan, the United States and South Korea) and gaalarily with promoting energy-

efficient measures through supply of technologyif@apent/funds in various sectors of
the economy including the iron and steel sectomdiia, the APPCDC is co-ordinated by
the MoEF. The Steel Task Force represents theesitenf the Indian Steel industry, with

the Ministry of Steel represented as the co-chair.

Under this mechanism, the Steel Task Force assdnableexpert team led by NEDO,
Japan to carry out a performance analysis of thi@a plants in India to assess the level
of implementation of energy efficient environmehtdfiendly technologies and identify
any barrier/bottlenecks present. During the 200892@eriod, two steel plants were
investigated namely, TATA Steel Ltd. and the Visaatnam Steel Plant (VSP).



Due to problems related to availability and risprgces of natural gas, coal is expected to
remain the primary energy source/reductant for eding iron ore into iron and steel

products (Sreenivasamurthy, 2009).

Though DRI processes are known to be highly inieffi; their use in steel production

incurs significantly lower capital costs and allofes the use of cheaper high ash non-
coking coal (35-40% ash content) and low qualipniore. Furthermore, DRI processes
require little in terms of skilled labour and thogerations can be managed with cheaper,

unskilled labour (Sreenivasamurthy, 2009).

Though the BF-BOF process (as an alternate stelihghaoute to the DRI process)
represents higher levels of production efficiertbgir implementation in the Indian steel
industry remains relatively low due mainly to themaller plant sizes. This makes the
process inherently less productive and techno-aoaadly impractical for retro-fitting
using the latest energy efficient technologies. udiothere is a large presence of BF-
BOF public sector units (32% of the total), these &nancially inefficient due to
governmental controls, political patronage, bureaiic delays and consequent lack of

competition (Sreenivasamurthy, 2009).

2.4. Best Available Technologies —Steel Industry

In this section, a summary of the best availabt@rielogies being currently implemented
in the steel industry are presented along with sasdéies regarding the specific plants in

which they are installed and the energy and coghga associated with their use.

2.4.1. Sinter Plant Heat Recovery

During the process of converting iron ore into ieomd steel products, a sintering stage is
required whereby iron ore fines, other iron-begmvastes and coke dust are blended and

combusted. The temperatures (typically below thédtingepoint of the feed products)

10



present in the sinter plant act to fuse the fimés coarse lumps which are then charged
into a blast furnace. The main purpose of the smdgorocess is to enable the use of iron
fines and convert these tiny particles into 2.5lemps that can be transferred to the blast

furnace and ultimately, converted into steel.
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Figure 5: Sinter plant schematic (no heat recoveryjAPPCDC et al, 2007)

Heat recovery at the sinter plant is a means fpraving the efficiency of sinter making.
Typically, the recovered heat is used to preheatctimbustion air for the burners and to
generate high-pressure stream which can then lietagen through electricity turbines.
This reduces the use of fossil fuels to heat the ore in the blast furnace and reduces
electricity consumption. Both of these represerings in operating costs and allow for a

more energy efficient process (APPCDC et al, 2007).
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Sintering plant

Cooler

Figure 6: Sinter plant schematic (recovery of exhast heat from cooler) (APPCDC et al, 2007)

In India, sinter plant heat recovery systems haenbmplemented in several industrial
units including the Bhilai Steel Plant (BSP) whishcurrently the largest steel plant in
India with production levels of 3.153 Mt/year oést and a specific energy consumption
level of 6.72 GCal per tonne of crude steel produ@dcal/tcs). The trend in specific

energy consumption from 2003 — 2008 is providefigure 7below (SAIL, 2009).

6.9

6.86
6.85 6.84
6.82

6.8 .79

6.75
6.72

6.7
6.65
2003-04 2004-05 2005-06 2006-07 2007-08

Figure 7: Specific energy consumption at the BhilaSteel Plant from 2003 - 2008

As part of a modernization and expansion planB8@ has been approved by the Steel
Authority of India Ltd (SAIL) to increase its anduzapacity to 7 Mt of crude steel. In

addition to the installation of a new blast furnaitee BSP is implementing a new sinter
cooler with a waste heat recovery system for haemgeneration attached. As of 2009,

the project is currently under implementation (SA2009).
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In 2009, RINL/VIZAG (Rashtirya Ispat Nigam Limited/isakhapatnam Steel Plant)
commissioned a sinter cooler waste heat recovesiesy from JP Steel Plantech., a
Japanese firm offering consulting services to teelmaking industry. The contract was
awarded under NEDO as an international model prdgcincreasing efficient use of
energy. The recovery system captures heat froniréheore cooling process that would
otherwise have been wasted. The system is cap&blenerating approximately 20 MW
of power, the equivalent to an annual reductiorlbf,000 tCQ. The project is being
implemented at the Visakhapatnam Steel Plant inSta¢e of Andhra Pradesh over a
three-year period concluding in 2011 (Steel Pldant2609).

2.4.2. Coke Oven Battery

The use of coke (solid carbon) is an integral pérthe steelmaking process. Coke is
produced from metallurgical grade coals and is usqutovide the carbon to remove the
oxygen from the iron ore and the heat to produckkemnaron in the blast furnace. Coke is
also an important contributor to the optimizatioh dast furnace performance and
represents more than 50% of an integrated steetgakiant's total energy use

(APPCDC et al, 2007).

Coke production is achieved via a battery of lavgens (coke oven battery) consisting of
vertical chambers separated by heating flues.dmptiocess, coal is heated in an oxygen-
deficient atmosphere to drive off the hydrocarbamntent of the coal, leaving the
remaining carbon as the coke product (APPCDC &04l7).

Figure 8: Coke oven battery (APPCDC et al, 2007)
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Most of the integrated steel plants in India westaklished in the 1960s and 1970s.
Many of these plants underwent expansion and matgion over the decades however;
the pollution control facilities provided were aithenore at process requirements rather
than controlling pollution. There were no emissidischarge standards for coke
manufacturing units until 1995, except for CO emoiss limits (3 kg/t CQ and stack
emissions standard (50 mg/Rmhowever, in 1996, the government of India insitL
new standards for coke manufacturing units, outginseveral environmentally friendly
technologies including concentric top chargingngiacharging and a non-recovery type

oven complex.

In spite of significant advances being made indbetrol of emissions from cokemaking
units, Indian steel industries are facing greatfialifties in achieving government set
standards. Due to the absence of locally availabke oven designers, a model battery

meeting all the standards has yet to be built.

Regarding the treatment of effluents from the colaat, all steel plants do have a means
to treat effluents and liquid waste from their pwotion processes, however, the majority

of these do not function efficiently enough to miet standards of ammonia and cyanide.
In order to improve efficiency and reduce £@missions, the Indian steel industries

outlined several key points where assistance wbeldequired:

* Modern and improved design of battery machines

« Self-sealing leak proof oven doors and their maiabee practices
* Hydrojet/other suitable floor and frame cleanersrat benches

* Improved askania control system

* Pushing and charging emissions control system

* Modern quenching tower with required facilities

» Facilities for smooth and efficient running of BQuIants

In order to improve the quality of the treated wéfht, studies were conducted using

samples from all SAIL integrated steel plants. Tdd®oratory studies demonstrated that
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using a treatment process known as electrochemmnzhphotocatalytic treatment reduced
total dissolved solids by 25%, total suspendeddsoby 65% and COD (Chemical
Oxygen Demand) by 40%. Furthermore, significantuotidns in organic toxic
constituents were also observed (MoS, 2009).

Under the modernization and expansion plan of t8&,Ba new 7-metre tall coke oven
battery consisting of 67 ovens with dry quenchiagilities and a by-product plant with
an HS recovery unit is being installed (APPCDC et 802).

2.4.3. Blast Furnaces for Ironmaking

In the mid-1980s and early 1990s, India’s steelgty underwent rapid modernization
in order to phase out pollution prone and energgnsive facilities and enhance
productivity. One of the major steps was the phageof inefficient Open Hearth
Furnaces (OHF) and steel-forming facilities (milones). However, not much
improvement was envisaged in the iron making urfsnilarly, due to absence of
concrete environmental standards in those days,nmaoth emphasis was given to
pollution control facilities (APPCDC et al, 2007).

Ironmaking is the process of reducing iron orei@solkidized iron) into the final iron
metal through the removal of oxygen. The most commuethod of producing iron
(accounting for more than 90% of world productiamjolves a unit known as a blast
furnace which is a shaft furnace containing a blenlom ore as lumps, sinter, pellets or
briquettes along with a fluxing agent (usually Istane) that produced molten iron. The
heat for the process is provided by the exotheramergy from the burning of coke,
which is passed through the bed (APPCDC et al, 2007
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Figure 9: Blast furnace (APPCDC et al, 2007)

In addition to high noise pollution levels in thast house and the air pre-heater, there is
also a high level of CQemissions from the stock house and during theingpgf the hot
metals. This is due primarily due ineffective dasacuation systems in the stock house.
Modern and efficient dust control systems need d¢ontade available to Indian steel
industries in order to ensure the smooth functigrohexisting systems (APPCDC et al,
2007).

Several areas where assistance would be requinedidentified by the Ministry of Steel
(APPCDC 2007):

e Appropriate dust evacuation/ suppression systems.

« Modern and efficient Gas Cleaning Plant (GCP) vatiiop Pressure Recovery
Turbine (TRT) to recover waste heat.

e Alternative use and handling of BF slag.

* Use of dust and sludge
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The following diagram indicates possible areasafoern (regarding fugitive

and noise pollution sources) in a Blast FurnaceR@BC 2007).
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Figure 10: Potential areas of concern from blast ftnace

In order to improve energy efficiency and reduce, @issions during the ironmaking

process, the following energy saving equipment prattices were identified by the
Indian steel industry (APPCDC 2007).

* Improve BF efficiency by replacing a portion of eoky injecting pulverized or

using natural gas or oil

» Recover thermal energy in BF exhaust gas

o The main unit used to recover thermal energy isTibp Gas Recover

Turbine. Currently, TRTs are used mainly in lowguotion steel plants

in India. Suitable technology would be required sicale-up the TRT

design for application in the larger Indian stdahps

* Increase thermal efficiency by using BF exhaustagafiel

o Currently no suitable technologies are being imgetad in India.

* Increase fuel efficiency and reduce emissions byraving BF charge

distribution.
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3. Chemicals and Petrochemicals Industry

3.1. Introduction to Chemicals Industry - India

Global sales of chemicals in 2005 were estimated %D 1.75 trillion with the USA
representing the largest share of 22% (USD 38@b)lifollowed by Japan and China
(10%, USD 194 billion and 9%, USD 163 billion resfpeely (ExIm Bank, 2007).

Due to the broad nature of the term, chemicalsdaveled into the following sub-

segments (ExIm Bank, 2007):

* Basic chemicatsorganic and inorganic chemicals, bulk petrochaisicplastic
resins, synthetic rubber, man-made fibers, dyegpadents and printing inks;

e Specialty chemicalsLow-volume but high-value compounds such as paint
adhesives, electronic chemicals, water managembainicals, flavours and
fragrances, rubber processing additives, papertiaésli industrial cleaners,
sealants, coatings and catalysts;

» Agricultural chemicalscrop protection chemicals such as pesticides;

* Large-volume chemicals such as drugs, pharmac&utarad fertilizers. These
industries are large enough that they are typicadlyy included in the chemicals

industry, but as individual industries themselves.

The chemicals industry is one of the oldest indndith estimated annual sales of USD
30 billion. With regards to the volume of productiondia is the third largest producer in
the Asia-Pacific region (behind Japan and China).India, the chemicals industry

represents about 13% of total manufacturing oudipidt 5% of total exports (ExIm Bank,

2007).

The State of Gujarat contributes the largest shaith, a 54% share in Indian chemical
production and a 59% share in petrochemical preasiucOther major states producing
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basic chemicals include Maharashtra (9%), Tamil Né&P6) and Uttar Pradesh (6%).
Similarly the top petrochemical producing statedndia are Maharashtra (18%), West
Bengal (12%), Uttar Pradesh (4%) and Tamil Nadu)(3%

In order to boost production and reduce relianceanports, the Indian chemical industry
has been receiving significant Foreign Direct et (FDI) inflows amounting to a
total of USD 2.2 billion or 6% of total FDI into éhcountry (ExIm Bank, 2007).

3.1.1 Challenges faced by the Indian Chemicals Indtry

In spite of high growth levels since its inceptidine chemicals industry in India is still
hampered by numerous factors as it tries to bea@mmaternational, competitor in global
markets. These factors serve to hinder the growtheoindustry and include (ExIm Bank,
2007):

High prices of basic feedstock

The cost of the basic raw materials required fagngical production can account for
anywhere between 30 and 60% of total productiotsctssually, natural gas or crude oil
is used as feedstock for chemical production amnd,timanufacturing costs are highly

dependant on fluctuations in oil prices.

SSl reservation/fragmented nature of the industry

The increasing number of small-scale units beingistracted contributes to the
fragmented structure of the Indian chemicals ingusthe installed capacity of these
units is much lower than the global average thu#ingu them at a competitive

disadvantage.
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Low R&D levels

Current levels of R&D investments in the chemidaldustry amount to approximately
0.3% of total annual sales. Potential areas fengthening R&D include: improvements

in manufacturing processes to reduce productiots@xl new product development.

Low level of ICT interface

The application of information technology in theeaticals industry is relatively low due
to the small-scale nature of the majority of thanté. Possible areas of application for
Information and Communications Technology (ICT)lute: equipment design, chemical
engineering, process simulation and R&D. This cemicantly reduce process and

product development time.

Low level of brand development

Most Indian chemicals producers, with the exceptiba few of the larger ones, will sell
their product as generic products in global markétgs lack of branding reduces the

competitiveness and international demand for Ingiaalucts

Low level of common infrastructure

Both the chemicals and petrochemicals industry irequertain basic infrastructure
facilities in the process and supply chains. Cutyemdividual units create specialized,
on-site facilities often leading to duplication efforts and investment. This could be
solved by constructing units in clusters, therelpwang for sharing of common

infrastructure.
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Environmental regulations

In order to continue operating in India, chemidatustries must comply with numerous
environmental and process management safety reapdaiVhile these can easily be met
by firms manufacturing large amounts of a singlergital, the situation becomes more

complex for firms manufacturing several differehemicals in a single plant.

3.2 Cleaner Production Initiatives — Chemicals Sert

The chemicals sector in India consists primarilysofall and medium-scale enterprises
(SMEs). In total, SMEs account for approximately%®®f total production. The

advantages of SMEs over large-scale productionttatethey require less in terms of
initial capital investments and promote quick jobation. However, the disadvantages of

SMEs are more numerous, including (Saxena, n.d):

* Very small scale of operations which, in a capitdénsive industry, results in
higher production costs per unit

* Fragmented industry and low levels of collaboratetween individual producers
resulting in inconsistencies in product quality diee a lack of coordinated
research and development

e Scarcity of knowledge of hazardous chemicals aruhrtieal knowledge and
financial resources

« Many smaller plants operate at lower-than-maximwasfple capacity. Typical
India plants operate at a capacity utilization &%/ compared to western

countries, where the utilization stands betweenr8b90%

Furthermore, power consumption in Indian chemidah{s is high compared to western
countries. This can be attributed primarily to tblsolete, inefficient technologies
currently in use which lead to higher consumptidrraav materials and higher waste

generation. Currently, SMEs in the chemical industend to avoid significant
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investments in pollution control systems due to riba-productive expense, scarcity of
land and lack of adequate knowledge regarding dharstages of implementing resource-

efficient, cleaner technology (Saxena, n.d).

The persistence of Small-Scale Industrial Units banattributed to their approximate
capital investments of $100,000 and mean annues gatnovers of $300,000. However,
when taking into account the fact that the avei®8eunit employs 23 persons including
17 workers, this indicates the labour-intensiveirebf the manufacturing operations.
The State of Gujarat is amongst the most industedlin India. The state is a major
producer of a variety of chemical products inclgdithemicals and petrochemicals
including petroleum products, polymers, fertilizedyes and dye intermediates, drugs
and pharmaceuticals, pesticides, edible and indusiils, synthetic resins, paints and
inks and numerous specialty organic and inorgariengcals. In total, chemicals
production in Gujarat accounts for over 20% of lteiational production. The dye and
dye intermediate sector of the chemical industréiarat is dominated by the small and
medium enterprises. Together, they produce more4b&o of Indian dyestuff production
and more than 60% of Indian exports of dyestufitiR@2002).

3.2.1 Development and Promotion of Clean Technology

The grant-in-aid scheme on the promotion of cleamnology in India was initiated in
1994 with the following objectives (MoEF, 2010):

1. Development and promotion of cleaner technologies

2. Development of tools and techniques for pollutioevention

3. Formulation of sustainable development strategies
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However, there are numerous barriers to the pramotif clean technology in India
including (MoEF, 2010):

* Proprietary, patented technologies
* Vendors can extract large premiums in the absehceropetitive substitutes
» Lack of capacity in terms of financial institutioable to deal with proposals for

switching existing production facilities with clesgchnologies.

Waste Minimization

In order to curb C@emissions and encourage resource efficiency aahel production
in SMEs, the Ministry of Environment and Forestdlioed a policy statement for
pollution abatement, emphasizing on the prevergaspects of pollution abatement and
promotion of technical inputs to reduce industpallution. One of the simplest strategies
deals with minimizing waste generation during prtéhn by adopting production
techniques that are cleaner in nature and can dqged easily without disturbing existing

production processes and unit operations (MoEFQR01

The main activities to be undertaken between théEMand the SMEs in question
include (MoEF, 2010):

1. Identification of the industrial sectors, which kathe possibility of reducing the
waste generated within the existing operation, itegadto conservation of
resources

2. ldentification of clusters of small and mediums Iscadustries and the units
willing to adopt the waste minimization approach

3. Profile the sector/cluster/units giving the infotitoa on the raw material
consumption, waste generation including the exgstireatment and disposal
methods.

4. Feasibility study of implementing the waste miniation schemes for selected

sectors/clusters/units.
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5. Demonstration of the waste minimization in one asrenunits through actual
implementation of the waste minimization optioniisons

6. Conducting workshops for entrepreneurs bringingtbeatsalient features of waste
minimization measures that can be adopted/repticate

The waste minimization policy of the MoEF also imbts the introduction of sector-
specific Waste Minimization Circles (WMC) wherebysSIS can benefit through co-
operation. Currently, 118 WMCs have been estaldishell industrial sectors and over
600 SMEs. The aggregate environmental benefitscaded with implementation of
WMCs (in percentage terms), estimated by the Nati®noductivity Council (NPC), are
as follows (MoEF, 2010):

* Reduction in water consumption: 10 — 35%

* Reduction in electricity consumption: 15 — 20%

* Reduction in fossil fuel consumption: 10 — 20%

* Reduction in raw material and chemical consumptid20%

* Reduction in wastewater generation: 10 — 30%

* Reduction in solid waste generation: 5 — 20%

3.3. Low-Carbon initiatives in different sectors ahe

Indian chemicals industry

Due to the heterogeneous nature of the chemicdissiry, it is necessary to adopt a
chemical-specific approach in order to determiree c¢hrrent state and future outlook of
the Indian chemical industry as a whole. Theresawen major sectors comprising the

Indian chemical industry:

1. Petrochemicals
2. Inorganic chemicals

3. Organic chemicals
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Fine and specialty chemicals
Bulk drugs
Agrochemicals

N o g A

Paints and dyes

The overall aim of this section of the report isprovide a detailed overview regarding
the low-carbon initiatives of each industry subseeclt is important to note that, due to
the scarcity of reliable data, the information cdeg may not be homogenous across
each sector. As previously mentioned, this secfauses on three energy intensive
sectors in the chemicals industry: Inorganic chaisi¢consisting of caustic soda and
soda ash production), Petrochemicals (with focusherrefining industry) and fertilizers
(with focus on nitrogenous fertilizer productioniindia).

3.4. Inorganic chemicals

The production of inorganic chemicals in India 8D 2.5 billion per year industry and
covers basic products such as soda ash, caustg slldrine, sulphuric acid etc. These
are then used as reactants or intermediates iprgduction of detergents, glass, soap,
fertilizer, alkalis etc (EMT-India, n.d).

Within the inorganic chemicals industry, the latga#sectors are soda ash, caustic soda,
liquid chlorine and carbon black production. Togetlihese represent the fastest growing
segments of the chemicals industry in India sinwependence with average annual
growth rates approximated at 9% compared to ansinglaverage of 6% per annum.

Figure 15describes graphically the growth trends from 19989 (EMT-India, n.d).
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Figure 11: Growth trends in inorganic chemicals praluction

From the graph provided above, it is apparent tthatsoda ash, caustic soda and liquid
chlorine industries represent an important segroktite Indian chemical industry. These
three chemicals are classified as chlor-alkali.

3.4.1. Caustic Soda Production in India

3.4.1.1. Industrial Processes and Technologies

Caustic soda and chlorine are produced simultamgoua process known as chlor-alkali
electrolysis. The main process involves the elégdi® of an aqueous solution of sodium

chloride (NaCl) in water via the following reacti¢@athaye et al, 2005):

2NaCl+2H,0 — Cl, +H, + 2NaOH
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The caustic soda produced in the above reactiortteam be used as a strong chemical
base in the manufacture of pulp and paper, textlesking water, soaps and detergents.
Similarly, chlorine can be further used as a sdifen dry cleaning, in agrochemicals,
pharmaceuticals, household cleaning products andgt nmportantly, as a water

purification chemical (Sathaye et al, 2005).

The electrolysis process can be carried out usiregetdifferent techniques (Sathaye et al,
2005):

* Mercury cell process:Involves the reduction of sodium ions to sodiumaheia
a mercury electrode. The sodium then reacts witiemta form sodium hydroxide.
Due to the highly toxic nature of mercury, the reddeakages poses a significant
health and safety hazard.

» Diaphragm cell process:Uses a steel cathode and a diaphragm typically raaide
asbestos fibres to prevent a reaction betweenathgtic soda product and chlorine
from occurring. The electrolysis results in theduration of diluted caustic brine
which must then be concentrated to 50% caustic aodahe salt removed. This
requires the application of heat (via an evapoeatirocess) whereby three tonnes
of steam per tonne of sodium hydroxide are requiféds represents a significant

energy cost to the company.

 Membrane cell process:Similar to the diaphragm process, the membrane cell
process uses a special synthetic membrane knowafasn to allow the flow of
Na' ions into the cathode chamber where they react ytiroxide ions (OH
from the water to produce NaOH. Similarly, the meame prevents reactions
between chlorine and hydroxide ions from occurrigis process requires the
lowest consumption of electrical energy in the odthand anode and the steam
needed to concentrate the caustic soda is lessoti@tonne per tonne of NaOH,
approximately three times less than in the diaphragll process.
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3.4.1.2. Current Status — Indian Caustic Soda lhgus

Due to the lower energy costs, the membrane cellgss is preferable to the diaphragm
process from a low-carbon perspective. Over thedmht years, the Indian chlor-alkali
industry has undergone a major shift to increaseuie of the membrane cell process. In
1996, 56% of installed capacity for caustic sodadpction used the mercury process. By
2004, 71% of caustic soda was produced through mamebprocesses with only 29%
being produced using mercury processes. Thesestamedprovided graphically figure

12 (Sathaye et al, 2005).
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Figure 12: Process-wise share of installed capacitf caustic soda

Energy costs associated with caustic soda produtyioically represent 50-65% of the
total costs of production. Conversely, the raw mal® (salt and water) required to
produce caustic soda are abundant and relativekpensive. Thus, in order to ensure a
low-carbon future for the chlor-alkali industryetfiocus should be on energy efficiency

as opposed to resource efficiency (Sathaye ebab)2

Both the membrane and diaphragm cell processesreeguergy input on two fronts:
providing the DC power to the electrodes and priogdhe thermal energy to evaporate
the water to obtain the concentrated caustic soodupt. The diaphragm process results
in a caustic soda solution with a concentrationl@% after which thermal energy is

needed to concentrate the solution to 50%. The memebcells produce a solution of

28



about 30 — 35% concentration thus; less energgqgaired to increase the concentration
to 50%. Conversely, the mercury cell requires nedeetrical energy than the diaphragm
and membrane cells however; the thermal energyireagant is zero as the product is
already at the required purity of 50% (Sathayd,e2@05).

Diaphragm (1994) Mercury (1999) Membrane (1999)
Power Consumption [kWh/t
of NaOH]
DC Power 2561 2833 2342
AC/DC Losses 107 160 104
Auxiliary 457 307 254
Thermal ~ energy for 942 148
evaporation
Total Energy requirement 4067 3300 2848
Total in GJ/t NaOH 14.64 11.88 10.25

Table 1: Specific energy consumption for manufactung caustic soda

As the table above indicates, membrane cell tedgyotequires the lowest amount of
energy per tonne of NaOH produced, even when Ihathihermal energy for evaporation
and the power consumption are taken into accdtigtire 13below shows the trends in

specific electricity consumption from 1990 — 20®&imilarly, the trends in thermal

energy consumption is indicated figure 14 Due to the shift towards membrane cell
technology, the Indian chlor-alkali industry hagerenced overall energy savings of
10% over the decade (Sathaye et al, 2005).
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Figure 13: Evolution of average electricity consumiion in Indian chlor-alkali industry
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Figure 14: Evolution of average thermal energy consnption in the Indian chlor-alkali industry
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In terms of specific energy consumption, the Ind@&ror-alkali industry compares
favourably when compared with the U.S and westarroge where mercury processes
are still primarily used (note, safety standardshiese countries are more stringent thus,
the risk of leakages and human exposure to mearagryninimal). In the U.S, the average
specific energy consumption in the chlor-alkali ustty amounted to 19.23 GJit
compared to the 10.74 GJ/t NaOH achieved by the&tndhlor-alkali industry in 2000.
This is largely due to the fact that 75% of tot@lH production in the U.S comes from
diaphragm cells as opposed to India where the myajof total production (71%) came

from membrane cell processes (Sathaye et al, 2005).

India Best practice new plant in IndiaBest Practice New Plant in the BU
(1999) (2002-2003) (2000)

Mercury cell 11.88 11.21

Membrane cell 10.25 8.91 8.1

Table 2: Comparison of specific energy consumptiofGJ/t NaOH]

Throughout the entire electrolysis process, only th& energy supplied to the system is
converted into the enthalpy of the products. Trst i converted into heat transferred to
the surroundings. This represents a significarg insenergy efficiency and implies that,
theoretically, the entire process can be made tawbee as efficient. Though this
maximum efficiency cannot realistically be achievdtere are numerous techniques and

practices available to increase energy efficiel@attjaye et al, 2005):

3.4.1.3. Best Available Technologies and PracticesCaustic Soda
Production

Adoption of membrane technology

The energy savings associated with membrane cleligspcompared to mercury plants

amount to 1.3 GJ/t NaOH produced. Thus, by reptamiercury plants (about 29% of the
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total in 2004) with membrane cell plants, the Imd@nlor-alkali could incur significant

reductions in operating costs.

Installation of advanced cell controls

Implementation of advanced instrumentation systeoth as short-circuit elimination,
anode control and protection devices result in cedyower requirements. The range of
power savings available by these means is abow\tGt. While installation costs vary
depending on the desired control system, a numbplaats in India have realized the

potential energy savings and installed various aded instrumentation systems.

Revamping of electrical systems

Replacing old generation mercury rectifiers (whides two electrodes suspended in a
pool of liquid mercury to convert AC current intoCDcurrent) with newer generation
silicon rectifier allows for much higher AC/DC cargion efficiency thereby reducing

transformer losses and increasing electrical efficy.

Effective utilization of hydrogen as a fuel

Because hydrogen gas is produced as a by-produogdtaustic soda production, it can
be captured and subsequently used as a fuel iit@peaver co-generation. Similarly, the
fuel can be used to provide the energy requirezl’aporate the caustic soda to obtain the
final concentrated product. The use of the hydrogas by-product can account for

almost 35% of the total fuel requirement for thedarction of caustic soda.
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New technology — oxygen depolarized cathodes

Over the past few decades, membrane cell techndiagybeen optimized to such an
extent that no further reductions in energy intgnéiom process modifications are

envisioned. However, a novel technology currentlythe research/pre-implementation
stage involves replacing the hydrogen evolving addis in the classical membrane cells
by oxygen depolarizing cathodes. This can redueec#il voltage and correspondingly,
the energy consumption by up to 30% (Sathaye é0&l5). This amounts to substantial
electricity savings of around 440 -540 kWh/t of stw soda produced and thermal
energy savings of 1.5 — 2.0 GJ/t NaOH. The ODC @augr involves diffusing oxygen

gas through the cathode and avoids the producfittydrogen gas. Replacement of the
hydrogen evolving cathode with an oxygen-consundathode results in a theoretical

voltage drop of 0.9V. The ODS chemical reactioasgollows (Moussallem et al, 2008):

O, +4NaCl+2H,0 - 2Cl, + 4NaOH

Currently, ODC has not received widespread attantiadhe Indian chlor-alkali industry
due to the efficiency of the membrane-cell techgglmstalled in most plants (Sathaye et
al, 2005).

3.4.1.4. Case Study — Shriram Alkali and Chemica{Sujarat, India

The Shriram Alkali and Chemicals Plant (SAC) lodaite the state of Gujarat in India is
a 62,500 tonne per year plant that implements -sfiatiee-art membrane technologies

along with five integrated captive co-generatioants (SAC, 2006).
The unit, which has been in operation since 199@ufatures a variety of products

including: caustic soda lye (62,500 t/y), causticlas flakes (33,000 t/y), chlorine gas
(54,000 tly), hydrochloric acid (12,000 t/y) anddhygen gas (1560 t/y) (SAC, 2006).
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The membrane cell technology used in the plant pvagided by M/S Asahi Chemicals
Industries, a Japanese company when the plant amsnissioned in 1996. Since its
inception, there have been numerous initiativesettuce specific energy consumption
(SAC, 2006):

Reduction in specific power consumption for caustida production

Typically, specific power consumption in a caustaxa production unit increases over
time due to ageing of the membrane and cell ufiliss increases the cell voltage and can
typically be attributed to (SAC, 2006):

* Deposition of calcium and magnesium present in féed brine (in minute
guantities) on the membrane which increases thistaese of the membrane,
increasing cell voltage and consequently, powesgoiption.

* Reduction in active area due to patch welding enniembrane. Patch welding is
done to stop pin-hole leakages in and out of thenbrane however; this increases

the voltage drop and power consumption in the unit.

In India, the industry norm for increasing speciiewer consumption due to ageing is
about 40 kWh/Mt NaOH per year however, by implermgntefficient technologies
procured from Japan (including switching from fatagrculation technology to natural
circulation zero gap technology ) allowed for auetibn in specific power consumption
of 101 KWh/MT NaOH between 1997 and 206&ure 15below compares the specific
energy consumption of the SAC plant with industoyms during the 1997-2006 period
(SAC, 2006).
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Figure 15: Specific power consumption trends in th&AC plant (1999-2005)

Similarly, due to the energy efficiency initiativesid the high levels of technology
implementation, the plant has also seen a decreagbermal energy consumption
(Figure 16 and overall water consumptiofiglure 17. (SAC, 2006)
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Figure 16: Reduction in thermal energy consumption2001-2006
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During the 2003-2006 period, the unit achieved! tedaings amounting to INR 1053 lacs
(USD 2.2 million) with an initial investment of INR594 lacs (USD 3.4 million) (SAC,
2006).

In order to harness the energy savings capacitth@fhydrogen gas by-product, four
high-capacity (220 Nrthr) hydrogen compressors were installed during1i9@7-1998
period. These compressors are able to compressdsmlifrom a pressure of 0.2 kgfcm
to a storage pressure of 150 kgfciim 2005, a more energy efficient compressor aith
rated capacity of 440 Nithr was installed resulting in specific power cangtion
reducing from 4080 kWh/day to 3144 kWh/day. Therbgen gas is used either in the
flaker plant as a furnace oil fuel substitute, asw& material for producing hydrochloric
acid or it is stored and sold to other manufacturdrhe installation of the new
compressors incurred an initial investment of INRI&cs (USD 148,000) with annual
savings amounting to INR 16 lacs (USD 34,000). (SA@6)
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3.4.2 Soda ash production in India

3.4.2.1. Introduction — Indian Soda Ash Industry

While caustic soda and chlorine are both produndgtie same reaction, the production of
soda ash involves reacting trona (the principal fooen which soda as is made) with
water. However, synthetic processes (such as tiayp@rocess) are more common,

accounting for more than 75% of world productioatttaye et al, 2005).

The Solvay process is a sequence of reactions lighveodium carbonate (soda ash) is
produced. Though the reaction mechanism itselfiidyf intricate (involving four main
steps), the overall reaction to produce sodiumaraate from brine (as a source of NaCl)

and limestone (as a source of Cal® as follows (EMT-India, n.d):

2NaCl+CaCQ, - Na,CQ, +CaCll,

The Indian soda ash industry is fairly small andhly concentrated, with three
enterprises accounting for almost 80% of total capaMost plants are located in
Gujarat due to the high availability of raw matéiésalt, limestone, coke, water) and
power. In total, the Indian soda ash industry csisspf six units with an average
production capacity of 1000 tonnes/day. Out of $he plants, three are based on the
standard Solvay process, one uses the modifiedaqrocess (also known as the dual
process) and the two remaining units use the Akgdide process (Sathaye et al, 2005)..

The dual process uses ammonia, carbon dioxide ané ko produce soda ash and
ammonium chloride (NECI), which can subsequently be used as a fertilidérs
process supplants the production of Gafthich is typically treated as a waste product
with ammonium chloride which has a higher comméreaue. The Akso dry lime
process uses dry lime instead of lime milk for amraarecovery and is considered a

state-of-the-art technology for soda ash produdi@athaye et al, 2005).
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In India, 40% of the soda ash produced is consuoyetthe detergents industry, 20% by
the glass industry, 16% in the production of sodindustry and the rest in the chemicals
industry (Sathaye et al, 2005).

Table 3 below compares the energy requirement®if the Solvay and Dual processes
with respect to the different stages in the prodmcscheme. Though the dry lime process
is not included in the comparison, the main adwgmtés that the raw materials
requirement is reduced due to the use of dry limstead of lime milk resulting in

significant energy savings (Sathaye et al, 2005).

Solvay Process Dual Process
Manufacturing Thermal Electrical| Total || Thermal Electrical || Total
Limestone calcination 4.2 0.1 43 - - -
Salt purification 0.4 0 0.4 0.4 0 0.4
Calcination —of  sodium , 5 0.1 43 | 42 0.1 4.3
bicarbonate
Crys_tall|_zat|on, drying ang 4 01 43 49 01 43
purification
Ammonia recovery 25 0 2.5 - - -
Maanacture of ammonium ) i i 07 07
chloride
Utlites ~ ~and  genera) ; , 0.7 11 | 04 1.2 16
requirement
TOTAL 15.9 1 16.9 9.2 2.1 11.3

Table 3: Specific final energy consumption, Solvagrocess vs. Dual process (1994)
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One of the major issues facing the soda ash ingusindia is that most of the units are
located in the western region (specifically, thatestof Gujarat) which offers the

advantage of being in close proximity to necessawy materials and services but the
disadvantage of being far from consumers. Furthegngince soda-ash is a high-volume,

low-cost commodity, the transportation costs wilhsequently be quite high (EMT-India,
n.d).

In India, the Solvay process accounts for 62% t#ltoroduction capacity with the state-
of-the-art dry lime process and dual process adouyiior 34% and 4%, respectively.
The total capacity and type of process used in eathe six major soda ash production
plants is provided itable 4(Sathaye et al, 2005)

. . Capacity
Company Location Established Process 000 Uy | %
Tata Chemicals Guijarat 1948 Standard Solvay 875 33
Saurashtra Chemicals Ltd. Guijarat 1960 Standanch@ol | 650 25
GHCL Guijarat 1988 Dry Lime 525 20
Nirma Ltd. Guijarat 1998 Dry Lime 365 14
Tuticorin Alkalis Tamil Nadu 1982 Dual 115 4
DCW Ltd. Guijarat 1939 Standard Solvay 96 4

Table 4: India soda ash plant characteristics

The average specific energy consumption associatibdsoda ash production in India
amounts to 13.6 GJ/t MaO;. Currently, the dry lime process being implemenatd

Nirma Ltd. in Gujarat represents the best pradticedia (with an average consumption
of 11.3 GJ/t NgCOzs). The best available technology in the EU resulis specific energy

consumption of 10.8 GJ/t MaO; whereas in the U.S, the average specific consompti
is 8.5 GJ/t NgCOs (though this low figure can be attributed to tlaetfthat soda ash

production in the U.S comes from the natural preagsreacting trona ore with water,
which is inherently less energy intensive) (Sathetyal, 2005).
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3.4.2.2. Best Available Technologies and Practic&€oda Ash Industry

Implementing the most efficient technologies andcpices available to the Indian soda
ash industry could incur potential energy savingsld amount to as much as 17%
(Sathaye et al, 2005).

Implementation of cogeneration technologies

In order to recover ammonia in the Solvay prockEsge amounts of low-pressure steam
must be injected directly into the process (ste&pmsng). Significant energy savings
could be incurred if steam pressure is reduced iset of turbo-generators while
generating electricity which could then be use@wlsre in the process. Because all the
steam leaving the turbines is used in the protggial efficiencies stand at about 90%.
Implementation of this steam cogeneration techniwpreincur energy savings of almost
30%.

Heat recovery

Heat can be recovered primarily by optimizing egefigxes of different thermal levels
contained in the gas and liquid streams in thege®cThis energy can then be used to
preheat different streams such as:
 Raw brine entering the brine purification step. unmf heat improves the
purification efficiency.

 Raw water used for lime milk production.
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Energy minimization

Energy use can also be optimized by implementiegdhowing techniques:

» Appropriate raw material choice and careful contbthe burning of limestone
thereby reducing the required primary energy.

* Process control improvements through the instalatf a distributed control
system (DCS). The process involves applying a daegal force to the crude
bicarbonate before calcination thereby decreasmgvater content and reducing
the energy required for decomposition.

* Appropriate energy control of stand-by machinery
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3.5. Petrochemicals sector

3.5.1 Introduction — Indian Refining Industry

This section focuses primarily on the refining stagf the petrochemicals industry as
opposed to the mining/extraction stage. This alldarsthe focus to be kept on the

chemicals sector and not the mining sector.

Refining is the process by which crude olil is tfansed into a variety of petrochemical
products (such as gas, diesel and asphalt). The wsed in the refining industry, known
as refineries, consist of a number of parallel aedal processes that range from being
very simple to very complex, though industrial ttenindicate increasing levels of
complexity due to increasing demand for higher-ifpdinal products (Sathaye et al,
2005).

The first stage of refining is common to all praes (regardless of complexity) and
involves distilling the crude oil into its basic mponents (primarily long chain
hydrocarbons) which are then sent for further cosive in the more complex refineries.
These secondary conversion processes generallyhes@al or catalytic cracking to
further convert/refine the oil streams from thetidegion unit. One of the most important
secondary stages involves the catalytic reformarchvconverts the heavy naphtha from
the crude distillation unit into gasoline (Sathayel, 2005).
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am of the vasownit operations involved in

producing different types of petrochemical produdisese vary primarily based on the

length of their carbon chains and their boiling pemature. For example, chains of length

C, to G have an average boiling po

liquefied natural gas (LNG) whereas

int of 20°C and make he groduct known as

longer chaidg € Cro) have an average boiling

point of 600°C and make up the product known akdilevhich is used as fuel for ships,

factories and central heating (EMT-India, n.d).
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In India, primary distillation capacity has expaddapidly in recent years. The industry
grew from a refining capacity of 67.5 million torsnduring the 1998/1999 fiscal year, to
119 million tonnes during the 2003/2004 fiscal year increase of almost 75% in five
years. In 2004, there were 19 refineries operatmgndia owned among five major
corporate groups, the largest of which is the Indig corporation. In spite of high levels
of growth, the Indian refining industry remainsatglely simple with the average primary
upgrading capacity to crude distillation ratio Galsnown as the cracking-to-distillation
ratio) amounting to less than 40% for most largdidn refineries. The U.S has an
average cracking-to-distillation ratio of 56%. QGamtly, the only Indian refineries that

meet the U.S average are the new large Reliancgp@umynefineries (Goyal, 2006).

Table 5andtable 6indicate the primary distillation capacity and @egary processing
units by refinery respectively (Sathaye et al, 2005
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Company Refinery State Est. 1999-20(Q 2000-2001 122002 | 2002-2003| 2003-2004
Indian Qil Corporation Ltd.
Barauni Bihar 1964 3.3 3.3 4.2 4.2 6
Digboi Assam 1901 0.7 0.7 0.7 0.7 0.7
Gujarat Gujarat 1965 9.5 125 13.7 13.7 13.7
Guwahati Assam 1962 1 1 1 1 1
Haldia West Bengal 1975 4.6 4.6 4.6 4.6 4.6
Mathura Uttar Pradesh 1982 7.5 8 8 8 8
Panipat Haryana 1998 6 6 6 6 6
Hindustan Petroleum Corporation Ltd.
Mumbai Maharashtra 1954 55 5.5 5.5 55 5.5
Visakh Andhra Pradesh 1957 4.5 7.5 7.5 7.5 7.5
Chennai Petroleum Corporation Ltd. (Subsidiary of IOCL from 2001)
Manali Chennai 1969 6.5 6.5 6.5 6.5 6.5
Cauvery Basin Tamil Nadu 1993 0.5 0.5 0.5 0.5 1
Bharat Petroleum Corporation Ltd.
| Mumbai | Maharashtra 1955 | 6.9 6.9 6.9 6.9 9
Bongaignon Refining & Petrochemicals Ltd. ( subsidiry of IOCL)
| Bongaignon | Assam 1974 | 24 2.4 2.4 2.4 2.4
Kochi Refineries Ltd. ( subsidiary of BPCL)
| Ambalamugal | Kerala 1963 | 75 75 75 75 75
Numaligarh Refinery Ltd. (subsidiary of BPCL from 2001)
| Numaligarh | Assam 1999 | 0 3 3 3 3
Mangalore Refinery & Petrochemicals Ltd. (Subsidaryof ONGC from 2003)
| Mangalore | Karnataka 1996 | 3.7 9.7 9.7 9.7 9.7
Reliance Industries Ltd.
| Jamnagar | Guijarat 1999 | 225 27 27 27 27
ONGC
| Tatipaka | AndhraPradesh | 2001| 0 0 0.1 0.1 0.1
NATIONAL TOTAL _ 92.6 112.6 114.7 114.7 119.1

Table 5: Primary distillation capacity by refinery (million tonnes/year)
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Crude Catalytic Delayed . Catalytic Secondary/Primary
Distillation Cracking Cooking Hyrdocracking Reforming [%]
RPL, Jamnagar, 27.0 9.0 6.8 59
I0CL, . 6.0 1.3 11 40
Barauni
I0CL, 6.0 0.7 1.7 40
Panipat
IOCL, Mathura| 8.0 1.2 1.2 30
MRPL, 9.7 2.2 23
Mangalore
IOCL,
Gujarat 12.0 15 1.2
BPCL,
Mumbai 6.9 1.0
HPCL,
Visakh 7.5 1.0
KRL,
Ambalamugal 75 1.0
CPCL,
Manali 6.5 06
HPCL.
Mumbai 55 0.4

Table 6: Secondary processing units in Indian refiaries (million tonnes/year)

Due to the lack of cracking and upgrading unit® thajority of Indian refineries are
unable to process heavy crude oil into lighter gtetmg of shorter carbon chains)
products. These less sophisticated refineries ajlgicequire more expensive, light
crudes to produce light products. Conversely, te&aRce refinery, which accounts for
nearly one-quarter of total India refining capacibhas a high level of cracking and
upgrading capacity thereby allowing it to procesavier, less expensive crudes (EMT-
India, n.d).

During the 2002/2003 fiscal year, total energy congtion in Indian refineries amounted
to 337 PJ (337 x 18J) or 3 PJ per million tonnes of crude oil thropigh From 1992 to
2003, refinery throughput rose nearly 110% whilergg consumption rose 180%. This

signifies an increase in energy intensity over XBeyear period and can be attributed to
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the installation of more energy intensive procassinits to improve the quality of Indian

transport fuels (Sathaye et al, 2005).

The trend in energy consumption (total and per ohitrude oil throughput) for the

Indian refining industry is provided figure 19(Sathaye et al, 2005).
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Figure 19: Energy consumption in Indian refineries(1984-2003)

In order to reduce the energy intensity of theniafj industry, the Indian government
supported a study of Energy Benchmarking and Texgeif public sector refineries. The
purpose of the study was to identify areas in wigicbrgy efficiency improvements could
be made. The study indicated that there was a 28&npal for improvement in public
sector refineries in terms of process unit openatiand a 15-43% improvement possible

in steam and power systems (EMT-India, n.d).

In order to remain globally competitive, the refigi sector is instituting major policy
changes in terms of energy and resource efficiembg. results of the reform package,
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along with expected high growth in all economic tees; is expected to show a
compound annual growth of about 7% (MNGP, 2009).

Under these future demand and production scenaaimsjt 27 million tonnes per annum
additional refining capacity is planned to comeumgler the Public Sector Undertakings
(PSUs). Similarly, under the EOU (Export-Orienteait) category, an expected 29
million tonne per annum capacity has been appr¢k&tr-india, n.d).

In total, an additional refining capacity of 110llion tonnes per annum is planned for
implementation from 2008-2014, excluding EOUs. Timd require an investment of
over USD 22 billion in order to obtain the necegstachnology and equipment. By
increasing production capacity in this manner, #mergy intensity of the industry
inadvertently increases as well (Radhakrishna, RO0& rise in energy consumption in
Indian refineries (as indicated in figure 22) cam ddtributed to four main reasons in
addition to the overall increases in productionazaty (Sathaye et al, 2005):

« Tightened product specifications requiring increlgecessing
» Shift from heavy fuel oils to cleaner transportlfue

* Higher hydrogen requirement

Thelndia Hydrocarbon Vision 202%leveloped by the Ministry of Petroluem and Ndtura
Gas, lays down the technology and policy frameworkan expected processing capacity
of 363 million tonnes per year by 2025. This wdhuire total investments amounting to
USD 60 billion plus 10% for the expansion of rethiefrastructure (Goyal, 2006).
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Company Year 2001 actual 2020 Vision
Indian Qil Corp,, Ltd. 35.0 124.5
Hindustan Petroleum Corp., Ltd. 10.0 22.5
Bharat Petroleum Corp., Ltd. 6.0 34.0
Chennai Petroleum Corp., Ltd. 7.0 9.5
Kochi Refinery Ltd. 7.5 135
Mangalore Ref. & Petrochem. Ltd. 9.0 9.0
Bongaignon Ref. & Petrochem Ltd. 14 3.0
Numaligarh Refiniery Ltd. 3.0 3.0
Reliance Industries Ltd. 30.0 50.0
Essar Oil - 18.0
Others (Private) - 17.0
Greenfield (GOI) - 30.0
TOTAL 108.9 334.0

Table 7: Hydrocarbon vision: refining capacity [million tonnes/year]

In order to implement the hydrocarbon vision, Indieeds to add approximately 240
million tonnes per year of new refining capacitgnr 2005 — 2025 — an average of 12
million tonnes every year. Greenfield projects tiegjabout five years from the concept
to commissioning stage. As statedtable 7 these Greenfield projects will have an

average production capacity of 30.0 million tonpesyear (Goyal, 2006).

3.5.2. Best Available Technologies — Refining Indtry

The concept of well-to-wheel energy identifies #féiciency of producing crude oil,
stabilizing, pumping to the terminal, shipping ke trefinery, pumping again to ships or
trucks and finally, distributing the product toaittoutlets. For a vehicle with an average
rated consumption of 30 mpg and a “petroleum refjrand distribution efficiency” of
0.83, the actual lifecycle consumption of 25 mplgug, 17% of the original fuel from the
well is lost between the extraction phase and tbenant at which the fuel ignites in the
engine. More than half of these carbon losses odaung the refining stage (Spoor,
2008).
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Crude Distillation (CDU)

Fractional distillation aefude oil into light, medium or heavy streams

Vacuum Distillation (VDU)

Separation of the heaviest streams from crudelldigin into middle and heavy
fractions

Hydrotreater (NHT)

Desulfurization of naptha fofarening; desulfurization of middle distillations

Catalytic Reformer (CRU)

Production of high-octaatormate for gasoline blending from naphtha

h

'(:;l:;l((j;u) Catalytic  Cracket Conversion of vacuum unit gas oil to gases, gaaimgdiesel blendstocks
Conversion of vacuum unit gas oil to gasoline aiesel, improvement in diese
Hydrocracker -
quaility
Coker Conversion of heavy feedstocks to dieseldsttks, light products and coke
Visbreaker Reduction of heavy feedstock viscogityfdiel oil production

Alkylation/Polymerization

Combination of gas molézsito produce high-octane gasoline blending nelteri

Hydrogen Unit

Production of hydrogen from natural gas, naphthaytloer feedstocks for proce
unit use

5S

Gas Processing/Fractionation

Separation of gaamdy weight and removal of sulfur impurities

Table 8: Summary of major refining units

Table 8above summarizes the major unit operations inwbivethe petroleum refining

process (Sathaye et al,

2005).

In order to compare plant performance with currbest available technologies, a

benchmarking/gap analysis is performed wherebylhet's current C@emissions level

is compared with the same refinery (with the saeexfand product mix) but now built

according to thebest practicewith the most efficient technology. This allowseth

plant/sector to determine the maximum potentiaGbiG reductionsFigure 20presents

an approximation of actual global @@missions and potential best practice emissions

(Spoor, 2008).
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Figure 20: Comparison between actual C@emissions and best practice of CQemissions

The largest potential for GOemissions is through energy efficiency improvement
Typically, most refineries worldwide are inefficieaind produce 30%-100% more €&

compared to best practice units. By performing p gaalysis on each unit, a detailed
quantitative description can be compiled outlinihgw much of the emissions are
contributed through inefficient fuel usage, wronglftype, poor energy integration or

high usage of inefficient power, utilities and/grdnogen (Spoor, 2008).

Due to the complex nature of the refining industand the numerous unit operations
required to produce the desired product, reduci@ €missions is possible through

several different mechanisms (EMT-India, n.d):

* Energy management and control

* Energy recovery

e Steam generation and distribution

* Heat exchangers and process integration
* Process heaters

» Distillation

+ Hydrogen management and recovery
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These categories all pertain to the issue of eneffigiency and changing/upgrading

current processes to reduce the energy intensityeafefining process.

Energy management and control

There are numerous opportunities in the petroleafiming industry to reduce energy
consumption while maintaining or enhancing the paitity of the plant. Competitive
benchmarking data indicate that most petroleunmeeies can economically improve
energy efficiency by 10-20%. In addition to theueeld carbon footprint of of the plant

due to increased efficiency, the cost savings laesubstantial.

The major areas for energy efficiency improvemenat @tilities (accounts for 30% of

total energy use), fired heaters (20%), processmigdtion (15%), heat exchangers
(15%), motor and motor applications (10%) and otasras (10%). Of these areas,
optimization of utility use, heat exchangers amddiheaters offer the lowest investment

opportunities.

In addition, implementation of monitoring and prsse&ontrol systems in refineries play
an important role in energy management and redueimeggy use. Typical energy and
cost savings are around 5% or more for many in@distpplications of process control
systems. Modern control systems are often not\sdiesigned for energy efficiency, but
rather for improving productivity, product qualigynd the efficiency of a production line.
Application of advanced control systems can resultreduced downtime, reduced

maintenance costs, reduced processing time aneaised resource and energy efficiency.
Process control systems are available for virtualllyprocesses in the refinery, as well as

for management of refinery fuel gas, hydrogen ana site control. Below are examples

of process control systems:
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Refinery Wide Optimization: Involves total site energy monitoring and
exchange of energy streams between plants on Hiie. optimization system
includes the cogeneration unit, FCC power recoagiy optimum load allocation
of boilers as well as selection of steam turbineselectric motors to run
compressors.
Crude Distillation Unit: Since the crude distillation unit is the most egerg
intensive in the refining process, appropriate pssccontrol is imperative. The
CDU takes different crude oil feeds of varying casition and quality and distils
them to form the intermediary petroleum produchdvel technology provide by
Qualion NMR analyzers uses Nuclear Magnetic ResomdhNMR) to analyze
composition (a process taking approximately twoutes) and control the mix of
crudes entering the CDU (Qualion, 2006). The stauknology can also be used
to monitor product streams and thus, can act agsa@bfaick control loop to change
the crude oil composition entering the CDU basegmauct specifications. The
advantages of using this system in CDU units inelud

o Increased distillation-unit throughput

o Higher value product yields

o Improved performance of downstream units

0

Superior product quality with lower energy inputs

Fluid Catalytic Cracking Unit: Advanced FCC control systems are offered by
several companies including ABB, AspenTech, Hondlywesensys and Yokoga.
Typical cost savings vary between USD 0.02 — 0.40 lparrel of feed with
payback periods between six and eighteen months. gdiented Honeywell
multivariable controller, when implemented in anG@nit, yields the following
benefits:

o Reduced propane content in fuel gas by 60 percent

o Decreased butane content in propane stream byrééne

o Lowered Reid vapor pressure of naphtha by 35 peéerbgnreducing

amount of butane in the naphtha

o Decreased waste due to operative stabilizatiorspadifications control
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o Improved recycling of products from the naphthapper back to the
stripper

o Simplified knowledge transfer as in-house enginearsrked with
Honeywell technicians throughout implementationha new controller

* Hydrotreater: The SASOL (an energy and chemicals company) refimegouth
Africa installed a Multivariable Predictive ControgMPC) system on a
Hydrotreater at the plant. The purpose of the MR w improve product yield
while minimizing utility costs. Implementation di¢ MPC resulted in improved
gasoline and diesel yield, reduction of flaring,12% reduction in hydrogen
consumption and an 18% reduction in fuel consumpid the heater. The
payback period associated with installation of tM€C was two months.

Ultimately, the project resulted in improved yieldd energy efficiency.

Energy Recovery

Gas flares are widely used in refineries to elitenaaste gases that are not feasible for
recovery and transport. Their main purpose is &vemt is to act as a safety device to
prevent vessels or pipes from over-pressuring dueurtplanned upsets. When the
installed control system senses a pressure-build agertain unit, the gas is vented via a
pressure relief gas and burned. This represenignificant source of C®emissions
(Sathaye et al, 2005).

Emissions from flaring can be reduced by improvestess control equipment and new
flaring technology such as: gas-recovery systemigmition systems with low-pilot gas
consumption. Similarly, reduction of flaring can lehieved by improved recovery
systems, including installing new recovery compoessnd collection and storage tanks
(Sathaye et al, 2005).

The Reliance refinery in Jamnagar is currently weeld’'s 3¢ largest single refining
complex with a capacity of 1.24 million bbl/day. B®03, with assistance provide by
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Shell Global Solutions (Netherlands), the refineeduced the quantity of hydrocarbon
flaring from 53 to 10 tonnes/day. The complex ofesafour primary flare systems
(PCGA, n.d):

Main flare system (comprising high & low pressusaders)
Low Pressure flare system
Acid gas flare system

P wbd PR

Polypropylene plant flare system

Prior to the introduction of the flare recovery teys at the Jamnagar plant, daily flare
losses amounted to 45 tpd. Of this, approximatélypdl of hydrocarbon losses was being
emitted from the Rich Amine Flash Drums in Vacuums®il (VGO) hydrotreaters as
per design. Installation of a flare gas amine dixsoallowed for recovery and re-use of
these gases (PCGA, n.d).

Table 9presents the financial benefits associated withitistallation of the flare gas

recovery system (PCGA, n.d).

Units Before After
Average hydrocarbon flaring via stack 1r 2.2 0.4
Net recovery of hydrocarbon via compressor ° tiitr 0 1.8
Power consumption by compressors kw - 1.8
Fuel savings/annum Rs. Crores/annum 155
Cost of running compressor motors wijt
rated power capacity of 360 kW each '?-23. Crores/annum 1.4
Net benefit Rs. Crores/annum 14
Cost of the project Rs. Crores 10
Payback Period Months 8.6

Table 9: Flare gas recovery - financial benefits

Steam generation and distribution

Approximately 30% of all onsite energy use in refies stems from the use of steam.
Steam can be generated through waste heat rectreenyprocesses, cogeneration and

boilers. In most refineries, steam is generatednfral three sources. The refining
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industry uses steam for a variety of purposesnibst important being process heating,

drying or concentrating, steam cracking and datoh (Sathaye et al, 2005).

Boilers use a combustible fuel to vaporize inconfed water into high or low pressure

steam. As this represents increased , G€nissions, it is important that energy

consumption be optimized in the boilers. This candone using several mechanisms
(EMT-India, n.d):

Boiler feed water preparation The boiler feed water usually needs to be
pretreated prior to vaporization. The best avaddbthnology for water treatment
in this manner uses membranes. Known as reversesisnthis process uses a
semi-permeable membrane and high pressures to filee water. These are
reliable and cost-effective but require semi-anngéaning and periodic
replacement to maintain performance.

Improved process control By implementing oxygen and air intake airflow
monitors, it is possible to detect small leaks Itesy in reduced energy efficiency
in the boiler. In addition, using a combination@® and oxygen readings (from
the control system), it is possible to optimize thel/air mixture for high flame
temperatures thus yielding high energy efficieramels and low emissions.

Improve insulation: By using better-insulating materials with a loweeat
capacity, savings of 6-26% can be achieved. Fameilg by using ceramic fibres
as insulating material, the shell losses of a welintained boiler would be less
than 1%.

Proper maintenance By ensuring that all the boiler components arerapng at

peak performance, energy savings could be as Bidl0%.
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Heat exchangers and process integration

Fouling occurs in heat exchangers due to a depaositdup in units and piping. This

impedes heat transfer and requires the combustiadditional fuel (EMT-India, n.d).

Fouling is an important factor for efficiency losse the CDU (specifically, the crude
preheater is highly susceptible to fouling). Iditenalysis of a 100,000 bbl/day CDU
found an additional heating load of 13.0 MJ/barRéducing this heating load would
incur significant energy savings (EMT-India, n.d).

The process integration or pinch technology medmsirefers to the quantitative
analysis of “composite curves” of heating and augplstreams in a heat exchangers.
Proper design of heat exchangers using specifitienadtical techniques allows for a
heat exchange network design that optimizes thmesfiea of heat in the unit (EMT-India,

n.d).

Process heaters

Over 60% of all fuel used in the refinery is usadfurnaces and boilers. The average
thermal efficiency of furnaces is estimated at 0%. Accounting for unavoidable heat

losses, the theoretical maximum efficiency achiévad 92%. This suggests that a 10%
improvement in energy efficiency can be achievedubh improved furnace and boiler

design (EMT-India, n.d).
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3.6. Agrochemicals/fertilizer sector

3.6.1. Introduction — Indian Fertilizer Industry

Due to the importance of fertilizers in a largebyiaulture-based economy, the energy
efficiency and productivity associated with fesdr production is vital when taking
considering economic development and growth. Ta®ien focuses on the production
and efficiency trends associated with fertilizevgurction in India.

Currently, the fertilizer industry is one of thedast energy consumers in India with a
share of nearly 15% of total industrial energy eonption. Currently, there are two main
types of fertilizers produced in India; nitrogenddy and phosphatic (Ps). Of these,

nitrogenous fertilizer production is far more enengtensive, with a 90% share of total

fertilizer production energy consumption (EMT-Indmad).
In order to produce the raw material ammonia §NHeeded for the production of
nitrogenous fertilizers, a source of nitrogen)(Bnd hydrogen (b) is required. Hydrogen

gas can be obtained primarily via two processet{gya et al, 2005):

1. Stream reforming of natural gas or other light lngdrbons
2. Partial oxidation of heavy fuel oil or vacuum rasd

The steam reforming process involves methane gHsg) (@acting with water vapour to

form hydrogen gas and carbon dioxide via the foilgawo mechanisms:

CH,+H,0 - CO+3H,
CO+H,O0 - CQO,+H,

This is the most widely-used method and requirgsifscantly less energy per mole of
H, produced than the partial oxidation process, whschused for the gasification of
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heavier feedstocks such as residual oils or cohis process requires 40-50% more

energy but allows for more flexibility in the cheiof feedstocks (EMT-India, n.d).

In India, the phosphate required for the productdmphosphatic fertilizers is obtained
primarily through the import of rock phosphate autphur/phosphoric acid (EMT-India,
n.d). Because the production of nitrogenous fegrs is more energy intensive, the focus
of this section will be directed towards techno&sgand policies aimed at reducing £LO

emissions in the nitrogenous fertilizer industry.

In India, the major determining factors affectinge ttotal energy efficiency of the
nitrogenous fertilizer production process are: cépautilization, feedstocks, plant age
and technologyTable 10shows the changes in energy intensity from 199R2&EMT-
India, n.d).

Year 93-94| 94-95 95-96 96-9f 97-98 98-99 9900 DO-(%%
GJit of total

fertilizer 49.06 | 44.07| 44.44 4474 43.06 41.00 37/15 3551 2034.
produced

Table 10: Energy intensity in fertilizer industry

As can be seen, the industry has seen a drop myyemgensity of approximately 30%
over the nine-year period. This can be primarityilaited to the elimination of the use of
coal as a feedstock over the period and a steanlgase in the use of natural gas. This

trend is outlined irfigure 21below (Sathaye et al, 2005).
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Figure 21: Energy consumption in the Indian fertilizer industry and production of nitrogenous

fertilizers

3.6.2. Best Available Technologies — Fertilizer Inastry

As mentioned earlier, one of the biggest drawbadsociated with nitrogenous fertilizer
production is the continued use of non-natural lg@sed plants. This results in higher

CO, emissions levels. If one considers only the natges-based plants operating in

India, these compare quite favourably with inteioval practices as shown irable 11
(Sathaye et al, 2005).

India . India World
Feedstock average Ind|a_ best improvement average World
(2003) | Practice | ential [06] | (1998) | P€St
Gas-based Ammonia 36.5 30.3 17 36.6 28
plants Urea 26.5 22.5 15 25.8 20.9
Naptha-based | Ammonia 39.9 34 15
plants Urea 29.1 24.3 16
Fuel oil-based Ammonia 58.4 47.9 18
plants Urea 40.5 31.3 23

Table 11: Specific energy consumption by feedstodkpe [GJ/t NH3]
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Most ammonia plants currently in operation congidour main unit operations (Sathaya
et al, 2005):

Steam methane reforming (desulphurization, refogysiift)
Purification (CQ removal, methanation, purification)

Ammonia synthesis (synthesis stage, refrigeraaomnonia recovery)

w0 NP

Utilities (steam, cooling, power, water)

There are three main stages in the fertilizer pcddo process where energy efficiency
improvements are possible from a technology petsfedhe steam reforming stage, the
CO, removal stage and the ammonia synthesis phasee 8iergy costs can account for
between 55 and 80% of total production costs inilifeer production, ensuring low

specific energy consumption in the process throaggptation of best technologies and

practices is crucial from a financial as well agisnmental perspective.

3.6.2.1. BAT - Steam methane reforming

The steam reforming phase (where fossil fuels areverted to H gas and Cg@) is the
most energy intensive operation in the processhwalso incurs the highest energy losses.
A first stage towards reducing energy intensity lddoe to replace coal, heavy fuel oil
and naphtha with natural gas (as mentioned befsie this has a lower carbon
footprint than the alternatives. In India, the aggr specific energy consumption in
ammonia production using natural gas as a feedstgk 36.5 GJ/t NEin 2001,
compared to 58.4 GJ/t NHising fuel oil and 39.9 GJ/t Nidsing naphtha (Sathaya et al,
2005).

Currently, the state-of-the-art in steam methariermeéng is the KRES proprietary heat
exchanger based technology manufactured by the KBRoration based in Houston,
Texas. The KRES (KBR Reforming Exchanger Systerohrtelogy consists of a fired
preheater, an autothermal reformer and a reformxafpanger. Autothermal reforming is

an alternative klproduction process that uses oxygen (Strait, 2008)
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The KRES technology takes the place of a conveatiprimary reformer by feeding
excess air, natural gas feed and steam to thehautodl reformer (ATR) and feed and
steam in parallel into the upper-end of a robudllsind-tube heat exchanger (KBR,
2010). The main concept behind the operation dfedl-eind-tube involves the transfer of
heat between the shell-side feed and the tubefsate The tube-side component of the
shell-and-tube heat exchanger consists of sevi@inumber depending on the extent of
heat transfer required) small-diameter tubes thHroubich the components to be heated
are passed. The tube-side components (initiallypbibtool down as they transfer heat to

the tube-side) flow around the tubes.

The tubes in the KBR reforming exchanger are opeteé and hang from a single tube
sheet at the inlet cold end to minimize expansi@mblems. In addition, they are packed
with a conventional reforming catalyst which fa@ates the reaction converting the fuel
to hydrogen gas and carbon monoxide. A schematibeoKBR reforming exchanger is
provided infigure 22(KBR, 2010)
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Figure 22: KBR Reforming Exchanger

A basic flow diagram outlining the main units iretreforming process is provided below

in figure 23 The first stage involves the mixing of the nalwas feedstock and process
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steam. This stream then flows in parallel to bbbt ATR and the heat exchanger. In the
ATR, the following exothermic reaction takes placgng the natural gas, the process

steam and the atmospheric air as an oxidant (Mal&®&tKenz, 2002):

4CH, +0, +2H,0 - 10H, +4CO+ Heat

The CO and K thus emerge as effluents from the ATR and enterstiell-side of the
KRES. The exothermic energy released during the Agd&tion manifests as heat and is
subsequently transferred to the natural gas/steamimthe tube-side. This, along with
the catalysts present in the tubes, pushes thetlerduc SMR reaction forward,
resulting in the conversion of CO to g@nd H via the use of steam and the conversion
of natural gas to pHand CO. Ultimately, Kl (the desired product to be used in NH
synthesis) and C{(a byproduct of the SMR reaction) emerge as theftmal products

of the SMR system (Malhotra & Kenz, 2002).

ATMOSPHERIC

AIR
PROCESS
STEAM
FEED
PREHEAT
NATURAL FEED
GAS DESULFURIZATION o] PREHEAT
AUTOTHERMAL
REFORMER
BFW STEAM (ATR)
TO COMPRESSION
-t HEAT —gk
AND SYNTHESIS RECOVERY
REFORMING

EXCHANGER
(KRES)

Figure 23: KRES flow scheme with reforming exchangein parallel with the autothermal reformer
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The use of the parallel ATR and KRES units alloasd significant reduction in the fuel

requirement of the process. Prior to the introducdf KRES technology in an SMR unit,

heat energy to drive the reforming reaction woulgténto be generated (in the form of
steam) in a waste heat reboiler downstream ofdfeemer (KBR, 2010).

The system’s proprietary design also avoid diréehg on the exchanger tubes thus
preventing hot spots from occurring and keeping@ss temperatures lower. In addition
to the emissions savings associated with using KREESnology over a conventional
SMR unit, the system also provides decreased tagith operating costs and greatly-

reduced plot space requirements (Strait, 2008).

Combining the KRES technology with KBR’s proprigtanryogenic purifier technology
allows for further purification of the exit streaamd adjusts the hydrogen to nitrogen
ratio to 3:1 (that is, the stoichiometric ratio weed for the formation of ammonia)
allowing for optimal use of both reactants. Thetays also accepts purge gas from
upstream, thereby eliminating the need for a sépgmarge gas recovery unit (and thus,
further reducing emissions). The purifier systemsists of (KBR, 2010):

» A feed/effluent exchanger, plate fin-type desigd aanstructed from aluminium

* A column that operates in the range of -170°C @0°Z with a built-in condenser
of shell and tube design

* A compact, low-speed expander that is typicallyediZor cool down and is

coupled to a generator brake.

The combined KRES and purifier technology providgnsicant cost savings and
increase operational efficiency. Furthermore, impatation of the technology results in
emissions reduction on two fronts (KBR, 2010):
» Direct — The operation of the system itself redu€€3 and NQ emissions
compared to conventional technologies
* Reduced energy requirements — Because fewer buanensecessary in the fired

heater, the process can be run at Ilower operatiegipératures
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Figure 24: KBR PURIFIER plus ammonia process combining KRES and Purifier technlogies
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3.6.2.2. BAT — ammonia synthesis loop

After the steam reforming phase, the hydrogen predus reacted with nitrogen gas via

the Haber process:

N, +3H, — 2NH,

The reaction is carried out at temperatures ran@iogm 300 - 550°C and pressures
ranging from 15-25 MPa over a catalyst bed comgjsbf magnetite, an iron oxide.
Typically, the process is carried out in four passath each passes yielding a 15%
conversion to ammonia. The unreacted gases areleécgfter each pass and ultimately,

an overall conversion of 98% can be achieved (KBR,0).

More than 150 KBR technology based ammonia plargtalled globally between 1960
and 1980 use a vertical synthesis converter witlngernal heat exchanger installed at
the top, as irfigure 25 Though these have been upgraded and revampee thar
construction, these plants still consume high enerdgen compared with later generation
plants. This can be attributed primarily to thetféltat waste heat in the ammonia
synthesis loop of these plants is recovered bygataing boiler feed water (BFW) rather
than by producing high pressure (HP) steam (Si2g@9).

In order to address this deficiency in energy edfficy, a new KBR proprietary ammonia

synthesis loop revamp technology can be implemetateghgrade plants to achieve high

grade heat recovery in their synthesis loop (Si2§09).
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Figure 25: Existing ammonia converter
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Figure 26: Upgraded ammonia converter
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In the non-upgraded scenario, the converted syexgjéiag the converter is at a relatively
low temperature of 320-360°C thus, the waste haahat be recovered by raising high
pressure steam. Producing HP steam in a synth@sisrequires the effluent syngas at
significantly higher temperature, preferably abd@&°C for economic heat recovery. By
adding a preheated BFW stream into the convehertegmperature of the product gas can
be raised to the required temperature, thus allpon waste heat recovery, as outlined
in figure 26 However, preheating BFW results in an increasemissions (if fossil fuels
are used) and reduces the energy efficiency gbtbeess (Singh, 2009).

Several novel energy-saving technologies have becermilable for the ammonia

synthesis including (Singh, 2009):

« Improved primary reformer furnace efficiency — @&, add combustion air
preheater

e Optimized process parameters — lower steam/carladio, rhigher front-end
pressure

* Higher per pass ammonia conversion — improved atewebasket or add
converter

* Energy efficient C@removal process

* Purge gas Hrecovery unit

* More efficient machines — compressors and steabmieidrivers

» Using gas turbine driver for machines

However, though producers have implemented the ebweasures into their production
processes, these retrofits of old plants still taimeet the energy efficiency levels of the
latest generation ammonia synthesis plants. Inrdodmcrease the energy efficiency and
encourage recovery of waste heat in the ammonithesis loop, KBR determined that
the converter outlet stream should be made availabl 425°C for economic heat

recovery to raise HP steam (Singh, 2009).
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In order to adequately raise HP steam in the amansgin-loop, KBR is offering a

proprietary technology to upgrade the existing lsgats loop to make the waste heat
available at higher thermodynamic grade and ené&blecovery as HP steam. The KBR
syn-loop revamp technology works by replacing tikésteng internal heat exchanger
bundle inside at the top of the converter with avrspecially engineered external
feed/effluent exchanger incorporated outside thenama converter. The entire synthesis

loop prior to revamp is provided belowfigure 27(Singh, 2009).
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Figure 27: Existing scheme for KBR syn-loop havingne converter only

After revamping the existing loop, the main syngesling feed stream will continue to
flow into the converter at the bottom and will dooe to maintain the temperature of the
pressure vessel. This stream exits the convertgarately without mixing with the
quench flow streams through a new nozzle, and witflowing over the catalyst bed
baskets. This cold gas stream is then preheatethannew “external feed/effluent
exchanger” and fed back to the converter. The fomiverted syngas from the last
catalyst bed will flow through the existing cenpipe and be collected through a new

nozzle on the converter top. This effluent gasseiie converter at high temperatures
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(approx. 425°C) and is subsequently fed to a nesteMaeat boiler, added downstream of
the converter, that will raise HP steam. These fizadions are outlined irfigure
28(Singh, 2009).
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Figure 28: Upgraded scheme for KBR syn-loop havingne converter only

The upgrade technology scheme enables generatimtreased quantities of HP steam
as additional low grade heat is recovered intoHResteam system. Implementation of
this technology into the synthesis stage of ammagnm@duction can reduce specific
energy consumption from 0.48 GCal/t Nk 0.30 GCal/t NBl From the plant owners
perspective, the KBR technology provides an oppartuto improve their profitability
through the following revamping target scenariaags, 2009):

* Save energy and reduce natural gas consumption

« Save specific energy/natural gas consumption andcueently increase

production capacity
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* Save natural gas consumption and avoid produatiss (i.e. maintain production
in periods of natural gas supply curtailments

In February 2010, KBR secured a contract from M&ectilizers and Chemicals Ltd.
(MFCL), an Indian corporation developing one of tHargest ammonia/urea
manufacturing facilities in the State of West Bdn@&e facility has a planned capacity
of 1.3 million tonnes per year and would requireeatimated capital investment of USD
1.1 billion. KBR will licence its Purifie™ ammonia technology for the plant which will
use coal bed methane as the primary feedstocku3é&ef coal bed methane as feedstock
in the ammonia synthesis process is a relatively @pplication that provides an
alternative to the use of natural gas in areas evicerl is abundant (Andhra Business
Bureau, 2010).

3.6.3. Implementation Level and Current Status — Idia

Over the past 30 years, due to major technologacliancements and better energy
management, the energy used to produce each tammibnia has declined by 30-50%.
In addition to the energy efficient technologiesd girocesses proposed above, some
plants in India have also realized considerablegngavings by increasing awareness at
all levels in the plant, monitoring energy consuimpiduring production and identifying
potential energy savings opportunities. For examgdlaing the 2001-02 fiscal year,
Rashtriya Chemicals and Fertilizers Ltd. (RCF) achd energy savings equivalent to Rs.
63 million (USD 1.35 million) by reducing its elecity consumption by 16,292 MWh
and natural gas use by 674,008 ffhis was achieved by using benchmarks and careful
audits to analyze primary energy users in the plardetailed description of the energy
efficiency measures and associated savings anaediihtable 12(Sathaye et al, 2005).
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Actual achievements of energy savin

per annum
Proiect Descriotion Power | Gas Total savings [Rs| Total initial investment
) P [MWh] | [10°m% | Million] [Rs. Million]
Ammonia |
Diverting of excess air in Ammonia V to Ammoniadrfoperating inert gas plant
) . 1980 7 0
thus shutting one air compressor
Cooling water line hooked up from nitric acid plaoboling water header
oS . : . 2659 10 0
facilitating closure of cooling tower in Ammonia |
Connecting grid air in ammonia storage thus stapgiim compressor in storag €03 0 0
area
Excess 4 data steam from synthesis section istdtvéo gasification section thus
. ) . 674 2 0
decreasing the steam import from grid
Ammonia V
Change over of Benfield pump from motor driversteam driven 11550 44 0
Total 16292 | 674 63 0

Table 12: Energy efficiency scheme in RCF Ltd., Trmbay (2001-02)
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One of the major difficulties facing the fertilizeector is the uncertainty surrounding raw
materials in India. Although natural gas is thef@med feedstock, low supply has forced
some natural gas-based units to use naphtha indbesishg the 2003-2004 fiscal year,
the RCF Trombay V unit produced only 8.1 kt of ifexr (5.3% capacity utilization) due
to non-availability of natural gas. Many plants @adapted to this scenario by installing
naphtha units for pre-forming to be able to opethte plant as a dual feedstock unit.
Table 13shows the feedstock distribution across ammoraatglin India (Sathaye et al,
2005).

1996 [%] 2003 [%]

Gas 47 41
Naphtha 27 31

Fuel oil 11 9

Coal 3 0

Ext. ammonia 5 5

Coke oven gas 1 0

Dual gas/naphtha 6 15

Table 13: Capacity of ammonia/urea plants

Though India has made impressive gains in redudivey energy intensity of the
nitrogenous fertilizer industry in the past two dees, there are still numerous obstacles
ahead including the total replacement of carboensive fuels with natural gas as
feedstock and the adoption of best-available telcynes for the energy intensive stages
in ammonia production (steam methane reforming amdnonia synthesis). In order to
ensure limited C@emissions due to the use of fuel oil/naphtha adst& natural gas, the
government and industries of India must developitalsle framework to develop the

infrastructure and use of natural gas in the feeilsector (Sathaye et al, 2005).
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4. Cement Industry

4.1. Introduction to cement industry

Cement acts as a bonding agent, holding partidleggregate together to form concrete
which is then used in buildings, roads etc. Thegss of large scale cement production is
highly energy intensive and involves the chemioaibustion of calcium carbonate
(limestone), silica, alumina, iron ore and smalloamts of other materials. The main
components of cement are clinker (produced by bgriimestone) and blended additives,
which are finely ground and used to produce differeement types (depending on the

percentage of the basic chemical components) (BDA9).

The production of Ordinary Portland Cement (the tmmmsmnmonly-used cement type)

involves several steps, each requiring varyingleweé energy (Sathaye et al, 2005). The
following section provides a brief description afcl step in the production process to
facilitate the subsequent discussion on energgieffcy and low-carbon technologies in

the cement industry.

4.1.1. Raw materials preparation

This stage involves primary and secondary crusbinipe quarried material (limestone,
marl and clays as well as other materials contgitire required proportions of calcium,
silicon, aluminium and iron oxides). This process typically carried out using
mechanical crushers and reduces the average dianoétethe materials from
approximately 120cm to between 1.2 and 8 cm. Tiergy consumption in this stage
accounts for a small fraction of overall primareiimal energy consumption (less than

5%) although it represents a large part of thd &&tricity consumption.
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4.1.2. Clinker production

The production of clinker (the solid material prodd in a cement kiln) is the most
energy intensive step in the process, accountimg8@86 of energy used in cement
production. The clinker is produced by burning tomie of materials, mainly limestone
(CaCQ), silicon oxides (Sig@), aluminium and iron oxides. There are two maiocess

used to produce clinker namely, the wet processlandry process:

Wet process

In the wet process, raw mix is fed into the kilntie form of slurry, a solid-liquid mix
with a water content ranging from 30 to 40%. Therrgl which is easy to blend and
homogenize is fed directly into the kiln, which,tive wet process, consists of a long tube
(usually up to 200m long and 6m in the diametegit®@ adequate time for the water to
evaporate). Due to the poor heat transfer in the Kne wet process is the least energy
efficient alternative to clinker production. Theeegy consumption in this process is the
highest (1300 -1600 kCal/kg clinker). In spite bé tenergy inefficiency of the process,
the wet process becomes indispensable when theahgtoccurring materials to be
processed have a moisture content of more than (&2f¢h as chalk and marl). A

simplified schematic of the process is providefignre 32(EMT-India).

slurry

calcining
sintering I drying

e —————

Figure 29: Principle of a basic wet-process kiln
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Dry process

In the dry process, the raw materials are drieel @ombined drying and grinding plant to
reduce the moisture content to below 1%. This [Fea®d by using kiln exhaust gases.
The ground raw mix is homogenized and blendedrigelailos after which it is fed into a

long dry kiln. This represents an improvement ower wet process in terms of energy
efficiency with average consumption levels amountin approximately 950 kCal/kg

clinker. However, numerous modifications and upggatb the dry process technology
can improve energy efficiency even further. Thisdiscussed in the best-available

technologies section (EMT-India).

4.1.3. Clinker cooling

The clinker cooling stage recovers up to 30% o lg/stem heat, preserves the ideal
product qualities and enables the cooled clinkdretéoransported by conveyors. There are
three main types of clinker coolers namely, reaptimg grate, planetary and rotary. The
air sent to the clinker to cool it increases in penmature due to heat transfer between the
ambient temperature air and hot (900°C for thepiocess) air. This is then directed to

the rotary kiln upstream where is nourishes fuahloostion (EMT-India).

4.2. Indian cement industry

The Indian cement industry is the second largestha world (behind China) and
comprises 130 large cement plants, 206 operatimy ceiment plants (consisting of 13
rotary kiln plants and 193 vertical shaft kiln piaras of 2006). The total installed
capacity and production in 2006 amounted to 18Qioniltons and 162 million tons
respectively (NCB, 2006).

Due to the importance of infrastructure in a grayveconomy like India’s, the cement

industry has experienced a rapid annual growthobh&1% between 1981 and 2003. In
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order to keep up with increasing levels of demamccément, the Indian cement industry
has been forced to increase production capacignsure maximum cement production

rates, as indicated figure 30(Sathaye et al, 2005).
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Figure 30: Annual cement capacity and production inndia, 1981-2003

4.3. Best Available Technologies - Cement Industry

Though dry processing represents a significant avgament over wet processing in terms
of energy efficiency, there are numerous techne®gresent that can be implemented at
various stages of the cement production procesgekalt in further energy savings. The
two stages where implementation of BAT’s resultshia largest reductions in energy

consumption are the grinding and the pyroprocessiage.

4.3.1. BAT — Grinding

One of the major technological breakthroughs ingheding process is the development
of Vertical Roller Mills (VRM). The use of VRMs igrinding is considered an energy

efficient alternative to the use of traditionalwlaechnology ball mills. Currently,
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approximately 60% of grinding installations worldigi are ball mills however; they
operate at fairly low capacities and low electriefficiency. Ball mills are cylindrical
steel shells with steel liners. These rotating druwrantain grinding material that move
around inside the tumbler and grind the feed imalker pieces. Typical installations also
include a separator to collect fine particles farttier processing and recycle coarse
particles back into the ball mill (NCB, 2006).

Implementation of VRM technology results in a 20430eduction in electrical energy
consumption as compared to the corresponding biflllsystem and provides a much
higher drying capacity. The basic principle of giem of VRMs involves grinding of
clinker and gypsum under a rotating table that gmssder large rollers. The ground
material is forced off the table by centrifugalderto an attached separator unit (similar
to the ball mill). FLSmidth, a Danish engineeriogmpany with offices in Chennai,
manufactures VRM technology known as the OK milhielh uses hydro-pneumatic
power to press its grinding rollers o the rotattagle. A schematic of the OK VRM is
provided infigure 31(FLSmidth, n.d).

Clinker, gypsum,
slag, additive

Finished product
Hot air .
o Cold air

drying

Discharge chute
for iron particles

To magnetic separator

1 OK mill

2 Dynamic separator
3 Bag filter

4 Fan

5 Magnetic separator

Figure 31: OK VRM arrangement
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A similar breakthrough in the cement industry heasuored due to the implementation of
High Pressure Grinding Rolls (HPGR). These are lyidsed in the Indian cement
industry (primarily as pregrinders for updating testing ball mill systems). HPGR
systems consist of a pair of counter-rotating rellene fixed and the other floating. The
feed materials (large clinker and gypsum particts)fed into the gap between the two
rolls and crushed via the mechanism of inter-plertireakage as shown figure 32
(Technomine, 2007).
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Figure 32: HPGR Schematic

There are currently several different modes of afpe@n in which HPGR can be applied
including open circuit, pre-treatment with circudat, pre-treatment with de-

agglomeration and recirculation and closed circBiich installations could achieve an
increase in grinding capacity of up to 200% andirggs/ in power consumption

amounting to between 30 and 40% as compared tiidrzal ball mills (NCB, 2006).

Currently, there are three main manufacturers o6RRechnology; Polysius, KDH and
Kdppern, all originating from Germany (Technomigep7).

A novel technique involving the use of HorizontadlRr Mill (Horomill) technology is
currently in development. Developed by Fives F@®&, Horomill technology involves
the use of an idle roller within a cylindrical sheith the shell being driven in rotation by

a gear motor. The grinding force is transmittedhi® roller by hydraulic cylinders. The
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material advances through the mill due to centafudgrce and adequate internals and is
ground between the roller and the shell, as indetatfigure 33(FivesFCB, 2009).
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Figure 33: Horomill grinding technology schematic

Scrapers

Implementation of Horomill technology can incurrsigcant energy savings compared to
the traditional ball mill designs (20 — 50%). Ftimore, the Horomill offers the highest
material flexibility on the market, allowing thearso not only to change product quality
within a short time frame (10-15 min) but allows ftexibility between different product
types and fineness:igure 34 compares energy savings associated with the Hdromi
design over ball mills with respect to differenbguct types (FivesFCB, 2009).
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Figure 34: Ball mill and Horomill: Specific energy comparison
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A recent development in efficient grinding techrgpés involves the use of high-

efficiency classifiers or separators. Classifiezpagate the finely ground particles from
the coarse particles. These large particles ayelext back into the mill to be reprocessed
while the fine particles are sent to the next stafjghe clinker production process.

Classifiers can be used in both the raw materialls(apstream of the kiln) and in the

finish grinding mill (downstream of the kiln) (Wali & Galitsky, 2008).

Standard classifiers typically show low separatafiiciencies resulting in recycling of
fine particles and extra power use in the grindimt. In high efficiency classifiers, the
material stays longer in the separator, leadingharper separation and thus reducing
overgrinding. The use of high efficiency classgieesults in significant electrical energy
savings amounting 8% of specific energy use (Wbé&dbalitsky, 2008).

4.3.2. BAT — Pyro-processing

One of the first major innovations to large scamplementation in the cement industry
was the use of precalciner/pre-heater technology p introduction of the feed material
into the kiln. In pre-calcination kilns, the heaiput is divided between two points;
primary fuel combustion occurs in the kiln burningne, and secondary burning takes
place in a special combustion chamber located l@twee rotary kiln and the pre-heater.
This secondary zone can consume up to 60% of theftel depending on how the kiln
is designed and operated. The energy used in twndary combustion chamber starts
the thermal decomposition of limestone to calciuvtide and carbon dioxide (calcination
process) (IEA, 2009).

Currently, the BAT in the cement industry is a gnpcess kiln with six-stage preheater
and precalciner technology. The use of multiplgesaallows for the processing of raw
material with low moisture content (less than 6%)n addition to reduced fuel

consumption, the use of precalciner/preheater tdolg in cement kilns reduces thermal
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NOx emissions (due to lower combustion temperaturethenpre-calciner) (Worrell &
Galitsky, 2008).

Precalciner technology can be implemented as afiteto existing plant structures.
Typically, the kiln, foundation and towers are usedhe new plant while coolers and
preheaters are replaced. The replacement of coslistgms may be necessary in a kiln
retrofit due to need for increased cooling capafcitylarger production volumes (Worrell
& Galitsky, 2008).

Average savings of new pre-calciners can amouB66MJ/ton of clinker produced with
installation costs ranging from USD 8.5/ton clinkerUSD 28/ton clinker. Due to the
increased production capacity, operating cost g@vare estimated at USD 1/ton clinker
(Worrell & Galitsky, 2008).

Several special precalcination systems have beeelaped as retrofits to existing
cement kilns. The Pyroclon®-RP technology produtsd KHD Humboldt Wedag,
Germany involves the intensive mixing of preheatas meal, fuel and combustion air,
occurring at a temperature of approximately 870TGese calciners are designed as

suspension tube calciners to ensure (KHD Humboldaen.d):

* An even distribution of raw meal, fuel and combmstiair across the entire
Pyroclon® section,

* Complete burn-out of the fuel

e Optimum heat transfer between fuel and raw meal,

» High calcination rate up to 95%.

Cement kilns without precalciner technology typigaxhibit calcination rates of up to

40%, thereby requiring the unreacted limestone ndetgo several passes before full
conversion to calcium oxide. This represents amesse in required thermal energy
across the system. A schematic of the KHD Pyrock&i®technology is provided in

figure 35(KHD Humbold Wedag, n.d).
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Figure 35: Pyroclon® precalcination unit setup

4.3.3. Other categories of energy efficiency impr@ament

In addition to the implementation of BAT’s as a meaf improving energy efficiency in
cement producing units, various techniques can ladsased to improve the energy and

materials efficiency of a plant and reduce carboissions.

4.3.3.1. On-site cogeneration

This process involves the use of waste heat fraemettit gases of preheaters and grate
coolers for on-site generation of electricity. Aeat analysis by the National Council for
Cement and Building Materials (NCB), found a poi@rfor generation of 3 — 5.5 MW in
20 surveyed cement plants and concluded that icedtent plants producing a total of 1
million tons per year, total cogeneration potengahbout 200 MW (Worrell & Galitsky,
2008).
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4.3.3.2. Use of blended cements

Blended cements are cement products consistingeiwient clinker (produced via the
techniques outlined above) inter-ground with bfaghace slag, fly ash from thermal
plants and other agents. The use of blended cemedtgxes the required amount of
clinker in the final cement product and thus reduogal energy use (Sathaye et al, 2005).

Blended cements are commonly used in Europe arglipeothe same quality of cement
while using less clinker, leading to reductionsemergy consumption, costs associated
with energy and emissions of greenhouse gasesuddef blended cements in the more
modern cement facilities in India was estimated 2o of total capacity in 2002. The
increased permeation of blended cements in theahtndement industry faces several
obstacles, most notably the distance between sowftblended cements and technical
limits (Sathaye et al, 2005).

In spite of this, the use of blended cements remaixiable option for improving energy
efficiency. Promotion of blended cements has bemmommended by the Bureau of
Energy Efficiency as a proposed energy policy fatid. A Natural Resources Canada
project in partnership with the Confederation afim Industries (CII) is focusing on the
introduction of the use of high-volume fly ash eithas a replacement for ordinary
Portland cement in concrete or by an increasedotisdended cements (Sathaye et al,
2005).

4.3.4. BAT- Summary

Though the above section presents a comprehengweof best available technologies
in selected energy intensive areas of the cemeulugtion process, it is important to note
that the technologies present a small, but sigaiti¢in terms of potential energy savings)
subset of the variety of options available to ceim@oducers. Attention was focused
primarily on the grinding and pyroprocessing stagdsch consume large amounts of
electrical and thermal energy respectively.
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In order to outline the other options availableceanent producersable 14provides a
list of low, modern and global (best available)healogies available for each section in
the cement production proce3able 150n the following page, provides a more detailed

overview of efficient cement production technolagiand their associated savings,

payback periods and penetration-levels in Indiamisl (NCB, 2006).

Low Technology Plants

Modern Plants

Global Technalgy

Grinding Ball mills with/without| VRM’'s with dynamic| VRM’s Horomills  with
conventional classifier classifier dynamic classifier
Pyro- Wet Dry Dry
processing | Semi-dry « 5/6 stage * 6 stage preheater
Dry preheater + High efficiency
» 4 stage preheater * High efficiency cooler
+ Conventional cooler *  Multi channel burner
cooler *  Multi-channel » Co-processing 0
» Single channe burner waste derived fuels
burner * Co-generation o]
power
« Low NO,/SO,
emission
technologies
Blending Batch-blending silos Continuous blending silps  «  Continuous blending

and Storage

¢ Multi-chamber silos

« Dome silos

Packing Bag  Bag « Palletizing and shrink

and « Bulk wrapping

Despatch

Process Relay logic/hard wired/PLC « DDC « DDC

control * Fuzzy logic * Neurofuzzy  exper
expert system system

Plant size,| 300 - 1800 3000 - 6000 6000 - 12000

TPD

Table 14: Present status of technology
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Specific Specific Primary Simple Penetration in
Fuel Savings Electricity Energy Payback Indian cement
Energy Efficiency Technology or Measure Savings Savings Periods plants
GT/t cement | kWh't cement GJ/t cement years = of plants
Raw Materials Preparation
Raw meal (slurry) blending and homogenizing systems - 15-39 0.02-0.04 N/A
Fuel preparation: roller mills - 0.7-1.1 0.008 —0.012 N/A
Raw meal process control — vertical mall - 0.8-1.0 0.009-0.011 1 <10
Switch from pneumatic to efficient mechanical transport systems - 32 0.04 =10
Replace ball mills with high efficiency vertical roller mill (VRM) - 10.2-119 0.11-0.13 > 10 =20
(dry)
High efficiency classifiers/separators (dry) - 43-58 0.05-0.06 =10 =20
Clinker Production
Indirect firing 0.13-0.19 - 0.14-0.20 N/A
Kiln shell heat loss reduction 0.09-0.31 - 0.095 —0.327 1
Eftficient mill (kiln) drives - 08-32 0.009 —0.035 1
Use of waste-derived secondary fuels >0.5 - >0.53 1
Seal replacement 0.02 <1
Optinuzation of heat recovery/upgrade clinker grate cooler 0.06-0.12 -1.8-0.0 0.044-0.127 1-2 >20
Conversion to reciprocating grate cooler 0.23 -2.4 0.22 1-2
Energy management and process control systems 01-02 1.2=26 0.12-0.24 1-3 10-206
Kiln combustion system improvement 01-04 - 0.1-04 2-3 =20
Heat recovery for power generation (cogeneration) - 18 0.2 3
Installation or upgrade of a preheater to a preheater/precaleiner kiln 0.12-0.54 - 0.13-0.57 5 =20
Low-pressure drop cyclones for suspension preheaters - 05-35 0.01-0.04 =10 =20
Conversion of long dry kiln to multi-stage preheater 0.36 - 0.73 - 0.38-0.77 > 10
Conversion of long dry kiln to preheater/precalemer kiln 0.55-1.10 - 0.58-1.16 > 10
Improved refractories? =20

? Simple payback periods are calculated on the basis of energy savings alone. In reality many investments may be driven by other considerations than
energy efficiency (e.g. productivity. product quality). and will happen as part of the normal business cycle or expansion project. Under these conditions
the measure will have a lower payback period depending on plant-specific conditions.

? Expert systems.

" Energy savings are difficult to quantify. as they will strongly depend on the current lining choice and management (Worrell and Galitsky. 2004).

86




Specific Specific Primary Simple Penetration in
Energy Efficiency Technology or Measure Fuel Savings Electricity Energy Payback Indian cement
Savings Savings Period8 plants
GI/t cement | kWh't cement GJ/t cement years # of plants
Finish Grinding
Energy management and process control — grinding mills - 1.6 0.02 <1 10-209
Improved grinding media in ball mills - 1.8 0.02 8
High pressure roller press - 7-25 0.08-0.27 =10 10-20
High-cfficiency classifiers - 1.7-6.0 0.02-0.07 =10
General Plant-Wide Measures
Preventative maintenance 0.04 0-— 0.04-0.06 <1
High efficiency motors and drives - - 0.06 =
Adjustable or variable speed drives - 55-7 0.06—0.08 2-3
Optimization of compressed air systems - 0-2 0.02 <3
Efficient lighting - 0-0.5 0.01 N/A
Product Changes
Blended cement 1.21 -15 1,11 <1
Limestone Portland cement 0.30 3.0 0.35 <1
Low alkali cement 0.16—-0.4 - 0.17-0.42 <1
Reduced fineness of cement for selected uses - 0-14 0.15 <1
Use of steel slag in clinker (CemStar) (.16 - 0.17 <2

Table 15: Cement production energy efficiency techologies and measures: Energy savings, simple paylgeeriod and penetration in Indian cement

plants
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4.4. Indian Cement Industry Progress

In 1960, 94% of cement plants in India used wetess kilns however, though these
have gradually been phased out over the past 58.yen2003, 93% of kilns used the
more efficient dry process with the wet processy @dcounting for 5% of the total. In

addition to the energy use advantages of usingodrgess over wet process kilns, dry
process kilns also allow for higher capacities gwdduction rates. In India, the

capacities of dry process kilns range from 300 6 @@, 600-1200 tpd for semi-dry kilns

and 200-750 tpd for wet process kilns (NCB, 2006).

Table 16compares the average energy intensity of dry,skynand wet process kilns in
India in 1992 to the average of those used in 26@2the data shows, both thermal and
electrical energy required per unit of cement poadudeclined over the decade for all
three technologies. Overall, total final energysaamption per ton of cement produced in
India dropped from 3.6 to 3.1 GJ/t between 199220GP (NCB, 2006).

Thermal energy Electricity Share TOtgl . Final Primary
Year | Process production | energy | energy
kcal’lkg GJ/t kWh/t Gt
X % [Mt] PJ PJ
clinker cement | cement cement
Dry 829 2.89 113 0.41 82 44.4 146.33 201.01
Semi- 1944 320 | 116 042 | 2 1.1 401| 538
1992 | dry
Wet 1359 4.74 107 0.39 16 8.7 44.37 54.47
Total 54.2 194.71| 260.86
Dry 800 2.68 95 0.34 93 102.3 309.16 415.15
Semi-
911 3.05 95 0.34 2 2.2 7.47 9.75
2002 | dry
Wet 1300 4.36 90 0.32 5 5.5 25.73 31.13
Total 110 342.36| 456.03

Table 16: Energy use for cement production in India1992 and 2002

There have been significant improvements in theamaement industry over the past
four decades, as more efficient equipment and gr&agings management practices

have been adopted. Many of the technologies ancepses mentioned in the previous

88



section have been implemented in various plangeby contributing to the decrease in
energy intensity seen table 14. Figure 36andfigure 37 show the trends in electrical

and thermal energy consumption on a year by yesis baspectively along with the year
new technologies were introduced in the Indian cernmalustry (Sathaye et al, 2005).

VRMs & 3000 TPD KILNS
140 > LOW PR. PREHEATER &
130 4 f EXPERT SYSTEMS
1200 TPD 4-ST SP KILNSC -NS
120 T ROLLER PRESS & HIGH
1104 DRY PROCESS KILNS EFFICIENCY SEPERATORS
100 4 HIGH EFFICIENCY FANS, MECHANICA
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Figure 36: Electrical energy consumption trends, Idian cement industry
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Figure 37: Thermal energy consumption trends, India cement industry
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In spite of the impressive gains made by the Inagi@ment industry over the past five
decades in terms of energy efficiency improvemetitsre is still a relatively large

disparity between emissions and energy consumijeials in Indian cement production

units and the current world best practi€able 17provides average energy consumption
values by process for the average Indian cememtt mlampared to the current best
practice. In almost all cases, the average enesggumption value in Indian plants is
significantly higher than the best practice valmelicating a strong potential for energy

efficiency improvements in many plants (Sathayal e2005).

Process | Unit | India average ‘ World best practice
Raw materials preparation

Coal mill kwWhtt clinker 8 2.4
Crushing kWht clinker 2 1
Raw mill kWhtt clinker 28 27
Clinker production

Kiln & cooler Kcal/kg clinker 770 680
Kiln & cooler kWht clinker 28 22
Finish grinding

Cement mill kWht clinker 30 25
Miscellaneous

'[Lrjglrllg[eaf):rtation mining & kWh/t cement 1.6

Utilities: packing house kwWh/t cement 1.9 1.5
Utilities: misc. kWh/t cement 2 15
Total electric kwWh/t cement 95 77

Table 17: Average and best practice energy consumph values for Indian cement plants by process

According to India’s National Council for CementdaBuilding Materials: “some of the
cement plants by their pioneering efforts have ceduenergy consumption by 25-30%
by incorporating/retrofitting energy-efficient egment/systems during the last 7-8 years
giving them competitive advantage over others.tfi@nmore, sponsored energy audits of
about 50 cement plants in India have found savofgsp to 164 kcal/kg clinker and
kWh/t cement on average, leading to potential ceatsngs of Rs. 4.4 — 66.2 million
(USD 95,000 to 1.4 million) annually (Sathaye et28105).
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A key obstacle to wide scale implementation of laestilable technologies in the cement
industry is the wide technological spectrum pres@hibne end of the spectrum are old,
inefficient wet process plants, while at the otleed are new state-of-the-art plants
presently being constructed and implementing beatlable technologies. In between

these two extremes, are a large number of dry psoptants build between 1965 and
1990. These plants could not fully modernize orradg as new technologies became
apparent and thus, remained at intermediate tecgpdével. Though considered state-
of-the-art (or close to it) at the time of theirnstruction, recent advances in energy
efficient technologies has resulted in a significgap between the efficiencies of these
plants and modern plants. Conversely, wet procksggconstructed prior to 1965 have
all but been phased out due to their energy andimeiiciencies (NCB, 2006).

According to the NCB, retrofitting/upgrading thegwe-1990's plants to current
efficiency levels would result in (NCB, 2006):

* Increases in capacity: 25-30 MTPA

* Reductions in thermal energy consumption: 15-2Wkgalinker

* Reductions in cement production costs: 5-10% duwbtve initiatives
* Reductions in energy costs through co-processing:526

+ Reductions in C@emissions: 20%

According to the NCB, some of the major issuesngctas obstacles to increased

efficiency and production capacity in the Indiameat industry include (NCB, 2006):

Appropriate pre-blending facilities for raw matésia

* Fully automatic process control and monitoring Ifaes including auto samplers
and controls

* Appropriate co-processing technologies for useadandous and non-hazardous
wastes

» Interactive standard software expert packages focgss and operation control

with technical consultancy back-up
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* Energy efficient equipment for auxiliary/minor opgons

* Mechanized cement loading operations, palletiz&lmmk wrapping

* Bulk loading and transportation, pneumatic cemeamdport

* Low NO/SO, combustion systems and precalciners

« Standard for making composite cement so that glisth and other industrial
wastes (e.g. slag) are full used

» Co-generation of power through cost-effective wastat recovery system

* Horizontal roller mills for raw materials and cemegnnding

* Advanced computerized kiln control system basedrtficial intelligence.

4.5. Summary and future directions

If the Indian cement industry continues experiegognowth rates of 8%, total cement
production would climb to 425 million tonnes perydy 2020. Because the government
of India is expecting to undertake several massifrastructure projects over the coming
decades, cement production capacity must contmirectease to meet future demand. In
order to improve the state of India’s transportatiafrastructure, the government is
planning to construct 13,000 km of road for thedgol quadrilateral (Delhi-Mumbai-
Kolkata-Chennai). In addition cement will be neededthe Rural Road Scheme, rail
projects, construction of power plants, coastatgaural housing etc. It is reported that
almost 50 million homes and 24,500 km of new ro2@€0 km of expressway and 635
bridges need to be constructed (in addition t®@@2,km of single-lane highways that
need to be widened) in order to meet India’s grgwinpulation and transportation sector
(Sathaye et al, 2005).

The Bureau of Energy Efficiency is currently leaglthe Indian Industry Programme for

Energy Conservation, a voluntary program dedictdetie sharing of best practices. The
activities of this project related to the cememtustry include the formation of a Cement
Task Force, energy audits, identification of basicpces and the development of energy

consumption norms (Sathaye et al, 2005).
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A benchmarking tool being developed through theoisrman Energy Efficiency
Environment Project provide cement manufacturergh vinformation regarding their
relative consumption level compared to their pesid to industry averages (Sathaye et al,
2005).

The BEE recommends several policy-related item#énitneasing the energy efficiency of

the Indian cement industry including (Sathaye g2@05):

e Institutional reforms in which there is demonstdateommitment to energy
conservation by senior cement company management

« Establishment of a dedicated “energy managemelitvagthin a cement company
that includes a full-time energy manager with raguteporting, monitoring,
training and auditing responsibilities

» Establishment of realistic short-term and long-tdargets for reducing energy
consumption, accompanied by a budget for reactagargets

« Initiation of employee awareness programs to in@adllie plant operators and
foremen in energy efficiency activities

* Increased promotion of blended cements throughninas to manufacturers for
producing blended cements, education of cement uco@ss, awareness
campaigns for the general public, developing caiegbon schemes for blended
cements and promoting the use of blended cemelatrge construction project

through such mechanisms as government procurement.
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