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Table 3-2. Primary Distillation Capacity by Refinery (million tonnes/year)

Company |  Refinery | State Yr Est. | 1999-00 | 2000-01 | 2001-02 | 2002-03 | 2003-04
Indian Oil Corporation, Ltd.
Barauni Bihar 1964 3.3 3.3 4.2 4.2 6.0
Digboi Assam 1901 0.7 0.7 0.7 0.7 0.7
Gujarat Gujarat 1965 9.5 12.5 13.7 13.7 13.7
Guwahati Assam 1962 1.0 1.0 1.0 1.0 1.0
Haldia West Bengal 1975 4.6 4.6 4.6 4.6 4.6
Mathura Uttar Pradesh 1982 75 7.5 8.0 8.0 8.0
Panipat Haryana 1998 6.0 6.0 6.0 6.0 6.0
Hindustan Petroleum Corporation, Ltd.
Mumbai Maharashtra 1954 55 5.5 55 5.5 5.5
Visakh Andhra Pradesh 1957 4.5 7.5 7.5 75 75
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 1.0
Bharat Petroleum Corporation, Ltd.
| Mumbai | Maharashtra | 1955 | 69| 69|  6.9] 69 90
Bongaigaon Refining & Petrochemicals Ltd. (IOCL Group Company)
| Bongaigaon | Assam | 1974 24| 24| 24 24| 24
Kochi Refineries Ltd. (subsidiary of BPCL from 2001)
| Ambalamugal | Kerala | 193] 75| 75| 75| 75] 75
Numaligarh Refinery Ltd. (subsidiary of BPCL from 2001)
| Numaligarh | Assam | 1999 | | 30| 30] 30| 30
Mangalore Refinery & Petrochemicals, Ltd. (subsidiary of ONGC from 2003)
| Mangalore | Karnataka | 1996 | 3.7 | 9.7 | 9.7 | 9.7 | 9.7
Reliance Industries, Ltd.
Jamnagar Gujarat 1999 22.5 27.0 27.0 27.0 27.0
ONGC
Tatipaka Andhra Pradesh 2001 - - 0.1 0.1 0.1
National Total 924 111.9 114.6 114.6 119.0

Source: India Ministry of Petroleum & Natural Gas, 2004; company websites.

Note: Figures shown are licensed design capacities based on design crude types.
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Table 3-3. Secondary Processing Units in Indian Refineries

Crude Catalytic | Delayed | Hydro- Catalytic Secondary/Primary
Distillation | Cracking | Coking cracking | Reforming

RPL, Jamnagar 27.0 9.0 6.8 59%
IOCL, Baurauni 6.0 1.3 1.1 40%
IOCL, Panipat 6.0 0.7 1.7 40%
IOCL, Mathura 8.0 1.2 1.2 30%
MRPL, Mangalore 9.7 2.2 23%
IOCL, Gujarat 12.0 15 1.2 23%
BPCL, Mumbai 6.9 1.0 14%
HPCL, Visakh 75 1.0 13%
KRL, Ambalamugal 7.5 1.0 13%
CPCL, Manali 6.5 0.6 9%
HPCL, Mumbai 55 0.4 7%
IOCL, Digboi 0.7

IOCL, Guwahati 1.0

IOCL, Haldia 4.6

CPCL, Cauvery

Basin 10

BPPL, Bongaigaon 24

NRL, Numaligarh 3.0

ONGC, Tatipakam 0.1

Note: Shaded cells indicate the presence of the unit or process; capacities are given only for the largest
refineries. The Secondary/Primary calculation excludes reforming capacity.
Source: GOI, 2002; I0C

Despite the relative lack of cracking and upgrading units, Indian refiners produce a fairly
light slate of products. For less sophisticated refineries, producing such a slate of
products would require processing of more expensive light crudes. In contrast, the
Reliance refinery, which accounts for nearly a quarter of Indian refining capacity, has a
high level of cracking and upgrading capacity, allowing it considerable flexibility to
optimize its slate of imported crudes and to process heavier, less expensive crudes. In
2002/03, light distillate production accounted for 22% of output (on a throughput basis),
while middle distillates totaled nearly 50%. Heavy products (fuel oil, coke, bitumen, etc.)
constituted the remaining 21% of products. Aggregate refinery fuel use and losses have
increased over the years as refinery throughput has expanded and new upgrading units
have been brought on line (see Table 3-4). Expansion of secondary cracking capacity at
the less complex refineries would be necessary, however, to expand the ability of Indian
refineries to process less expensive heavy, higher-sulfur grades of crude oil, to meet the
pattern of Indian domestic demand.

Most Indian refineries are located in or near coastal areas in order to facilitate the receipt
of imported and offshore crude oil (see Figure 3-2 Error! Reference source not found.).
A number of long-distance product pipelines distribute products to other regions.

Because of the stagnation of Indian domestic crude oil production—at about 33 mmt
since 1990--the expansion of the refining system since then has increased reliance on
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crude oil imports, much of which come from the Middle East. In 2002-03, 73% of the
crude processed in Indian refineries was imported, up from 40% in 1990 (see Table 3-5).

Table 3-4. Refinery Throughput and Output (million tonnes per year)

1995- | 1996- | 1997- | 1998- | 1999- | 2000- 2001- 2002-
96 97 98 99 00 01 02 03

Throughput 58.74 | 62.87 | 65.17 | 68.54 | 85.96 103.44 107.27 | 112.56
Output:

LPG 1.54 1.60 1.67 1.72 49 4.09 4.78 4,90
Motor Gasoline 4.46 4,70 4.85 5.57 6.23 8.07 9.70 10.36
Naphtha 5.98 6.12 6.10 6.08 8.17 9.91 9.18 9.65
Kerosene 5.27 6.24 6.70 5.34 5.74 8.71 9.68 10.03
Jet Kerosene 2.13 212 2.15 2.29 2.29 251 2.60 3.05
High-speed Diesel 20.66 | 22.20 | 23.35 | 26.72 | 34.79 39.02 39.77 40.11
Light Diesel 1.35 1.29 1.25 1.34 1.62 1.48 1.70 2.08
Fuel Oil 9.58 | 10.30 | 11.08 | 11.03 | 11.35 11.39 12.23 12.17
Lubricants 0.63 0.62 0.59 0.59 0.73 0.68 0.65 0.68
Petroleum Coke 0.26 0.25 0.28 0.29 0.47 2.47 2.78 2.66
Bitumen 2.03 2.28 2.16 242 2.49 2.72 2.56 2.94
Paraffin Wax 0.04 0.03 0.03 0.04 0.05 0.05 0.05 0.04
Other Waxes 0.06 0.06 0.05 0.06 0.07 0.06 0.04 0.00
Others 1.09 1.20 1.06 1.06 2.93 4.44 4.29 5.46
Total 55.08 | 59.01 | 61.31 | 64.54 | 79.41 95.61 100.00 | 104.14
Refinery Fuel & Loss 3.66 3.86 3.86 3.99 6.55 7.83 7.27 8.42
% Throughput 6.2% | 6.1% | 59% | 58% | 7.6% 7.6% 6.8% 7.5%

Source: India Ministry of Petroleum & Natural Gas, 2004.

Table 3-5. India Crude Production and Oil Trade (million tonnes)

Crude Net Crude Crude Import Net Product

Production Imports Dependency* Imports
1990-91 33.02 20.70 40% 6.01
1991-92 30.35 23.99 47% 6.51
1992-93 26.95 29.25 55% 7.56
1993-94 27.03 30.82 57% 8.04
1994-95 32.24 27.35 48% 10.70
1995-96 35.17 27.34 47% 16.90
1996-97 32.90 33.91 54% 17.10
1997-98 33.86 34.49 53% 20.59
1998-99 32.72 39.81 58% 23.05
1999-00 31.95 57.81 67% 15.86
2000-01 3243 74.10 72% 0.90
2001-02 32.03 78.71 73% (3.50)
2002-03 33.04 81.99 73% (3.55)

*as a percentage of refinery throughput

Source: India Ministry of Petroleum & Natural Gas, 2004.
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Figure 3-2. India Refinery Distribution
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The increase in refining capacity has made India virtually self-sufficient in the supply of
refined products; indeed, India became a net product exporter (motor gasoline and diesel)
in 2001 and is expected to maintain this status in the near term.

Petroleum product demand is heavy concentrated on middle distillates (see Table 3-6.
India Oil Consumption) In 2002/03, middle distillates (kerosene and diesel) accounted
for 49% of consumption, down from 59% in 1990/91. In contrast, motor gasoline, a
major transport fuel in many countries, accounted for only 7% of consumption in
2002/03. In contrast, gasoline accounted for 35% of oil consumption in Australia, 16% in
China and Japan, and 15% in Thailand in 1999 (GOl, 2002)

Consumption of LPG and naphtha has recorded the fastest growth since 1990. LPG is a
major home cooking fuel, and remains subsidized by the government. Naphtha is a major
petrochemical and fertilizer sector feedstock, and consumption jumped in the late 1990s
with the completion of several large petrochemical plants. In the 12 years to 2002/03, oil
demand grew at an average 5.4% per year, but this fell to 3% after 2000/01 owing to the
slowdown of the economy, improved transportation infrastructure and the introduction of
more efficiency vehicles (GOI, 2002).
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Table 3-6. India Oil Consumption

Sales AAlI
Million tonnes 1990-91 1995-96 1998-99 1999-00 2000-01 2001-02 2002-03 90-02
LPG 2.42 3.92 5.35 6.42 7.02 7.73 8.34 10.9%
Motor Gasoline 3.55 4.68 5.51 591 6.61 7.01 757 6.5%
Naphtha/NGL 3.45 415 9.22 10.89 11.68 11.76 11.47 10.5%
Kerosene 8.42 9.93 12.24 11.90 11.31 10.43 10.39 1.8%
Jet Kerosene 1.68 2.08 2.11 2.20 2.25 2.26 227 2.6%
g:g?{;fpeed 2114 3226 3722 3930 3796 3655 3656 /7
Light Diesel 151 1.31 1.28 1.51 1.40 1.59 206 2.7%
Fuel Qil 8.99 11.16 12.51 12.45 12.65 12.98 12.64 2.9%
Lubricants 0.89 0.96 1.10 1.24 1.04 1.14 1.25 2.9%
Petroleum Coke 0.29 0.32 0.39 0.33 0.45 1.80 034 1.2%
Bitumen 1.58 2.01 2.41 2.88 2.71 2.58 299 54%
Paraffin Wax 0.07 0.08 0.04 0.05 0.04 0.05 0.04 -4.4%
Other Waxes -
0.05 0.06 0.08 0.09 0.06 0.05 0.01 10.2%

Others 1.02 1.92 1.11 1.92 4.89 452 750 18.1%
Total 55.04 74.83 90.56 97.09 100.07 100.43 103.42 5.4%
Consumption Pattern

1990-91 1995-96 1998-99 1999-00 2000-01 2001-02 2002-03
LPG 4% 5% 6% 7% 7% 8% 8%
Motor Gasoline 6% 6% 6% 6% 7% 7% 7%
Naphtha 6% 6% 10% 11% 12% 12% 11%
Kerosene 15% 13% 14% 12% 11% 10% 10%
Jet Kerosene 3% 3% 2% 2% 2% 2% 2%
g:g?{;fpeed 38%  43%  41%  40%  38%  36%  35%
Light Diesel 3% 2% 1% 2% 1% 2% 2%
Fuel Qil 16% 15% 14% 13% 13% 13% 12%
Lubricants 2% 1% 1% 1% 1% 1% 1%
Petroleum Coke 1% 0% 0% 0% 0% 2% 0%
Bitumen 3% 3% 3% 3% 3% 3% 3%
Paraffin Wax 0% 0% 0% 0% 0% 0% 0%
Other Waxes 0% 0% 0% 0% 0% 0% 0%
Others 2% 3% 1% 2% 5% 4% 7%
Total 100% 100% 100% 100% 100% 100% 100%

Source: India Ministry of Petroleum & Natural Gas, 2004.

3.2.2 Refining Industry Energy Consumption

Total energy consumption in Indian refineries in 2002/03 was about 337 PJ, or about 3 PJ
per million tonnes of crude oil throughput' (see Figure 3-3). In the ten years since

! These figures exclude externally purchased electricity. In 2000/01, external purchases
of electricity for the entire Mineral Qil and Petroleum sector (including upstream and

3-8



1992/03, refinery throughput rose 110%, while energy consumption rose nearly 180%,
leading to a 32% increase in energy consumption per unit of crude processed. This
increase in unit consumption was due in part to the installation of more energy intensive
processing units such as diesel hydrodesulfurizers after 1997 to improve the quality of
Indian transport fuels. After 1997, primary distillation capacity began to grow rapidly as
well, and the commissioning and “shake-down” of these new units, along with the
construction of new ancillary equipment such as hydrogen production units in support of
the hydrodesulfurizers contributed to the increase in unit fuel consumption as well.

Figure 3-3. Energy Consumption in Indian Refineries
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Source: India Ministry of Petroleum & Natural Gas, 2004.

Energy consumption per unit of input, however, is a misleading indicator of the energy
performance of refineries as it does not account for differences in complexities, output
slates, or type of crude processed. A simple topping unit, for example, will always have a
lower specific energy consumption than a complex refineries—sometimes one-fourth as
much—but may not be able to produce blended gasoline or to remove sulfur from final
products. In India, the energy performance of refineries is expressed in terms of specific
energy consumption, measured as million BTUs per barrel per Energy Factor
(MTBU/BBL/NRGF). This unit, commonly referred to as MBN, was developed by the
Centre for High Technology (sponsored by the Ministry of Petroleum & Natural Gas) to
provide a comparable basis to compare energy performance of refineries of different
configurations by accounting for the throughput of secondary units. Although the MBN is

downstream) was about 6% of total power usage. Separate figures for refining alone are
not available at this time (CEA, 2001).



currently being revised based on new process unit benchmarking data from Engineers
India Ltd. (EIL), the current unit remains the basis of refinery reporting (with the
exception of the Reliance refinery, which employs the Shell Benchmark and Energy
Intensity Index, or EIl). Table 3-7 shows selected series from reporting refineries,
demonstrating a general trend towards improved energy performance of refineries over a
period when higher energy intensive secondary processing units were being added.

Table 3-7. Energy Performance of Indian Refineries (MBTU/BBL/NRGF)

1999-00 2000-01 2001-02 2002-03 2003-04 Notes

Indian Oil Corporation, Ltd. 116.0

Baurauni 137.0 1354 146.1 136.8  03/04 to August
133.0 Ell

Digboi ~170

Gujarat 110.4 107.3 105.6 104.5

Guwabhati

Haldia

Mathura 135.9 121.7 111.6

Panipat 171.0 127.0 110.0 105.0 102.0

Hindustan Petroleum

Corporation, Ltd.

Mumbai 125.5 120.4
Visakh 1215 132.2

Chennai Petroleum
Corporation, Ltd.
Manali 124.5 128.1 118.9 118.7
revised
Cauvery Basin 211.6 200.5 157.9 calculations in
2002-03

Bharat Petroleum
Corporation, Ltd.
Mumbai

Bongaigaon Refining &
Petrochemicals Ltd.
Bongaigaon 149.9 132.2 128.7

Kochi Refineries Ltd.
Ambalamugal 128.3 124.0 123.4 123.0

Numaligarh Refinery Ltd.
Numaligarh

Mangalore Refinery &
Petrochemicals, Ltd.
Mangalore 102.8 109.4 98.6

Reliance Industries, Ltd.
Jamnagar 95.6 93.9 88.7 Shell
Benchmarking
64 Ell

Note: Ell is the Energy Intensity Index.
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Figure 3-4Error! Reference source not found. displays the historical MBN of the entire
sector to 2002/03. In that year (excluding the Reliance refinery), Cauvery Basin refinery
reported the highest MBN at 157.9, while Mangalore Refinery was lowest, at 98.6,
compared to the national average of 118.

Figure 3-4. Specific Energy Consumption in Indian Refineries
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The Reliance refinery is India’s most energy efficient. In terms of the Energy Intensity
Index12 Reliance ranks in the top 5% of worldwide refineries, with an EIl of 64 in 2002,
and it ranked highest of all participating refineries in the Shell Benchmark of energy and
loss performance (Bokare, n.d.).

Figures 3-5 shows the ranking of selected Indian refineries in terms of their MBN rating
(excluding the Reliance refinery, which does not report an MBN index). Based on an

2 The Solomon Ell is a unit-by-unit benchmarking methodology that adjusts the unit consumption
coefficients for some units based on feedstock or operational parameters. For example, distillation energy
coefficients are a base consumption per barrel plus a coefficient times the crude gravity. Catalytic cracking
energy coefficients are computed from a base plus a function of coke deposited on the catalyst.
Hydrocracking energy consumption is calculated from the severity. Cat reforming is calculated as a
function of the RON of the output. The Solomon study of 1994 resulted in an average worldwide EIl of 92
for participating refineries, ranging from a low of 62 to a high of 165. The standard is set at 100 (EC,
2003).
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index of 100", this ranking shows that the majority of Indian refineries have a substantial
potential for overall efficiency improvement.

Figure 3-5. MBN of Selected Indian Refineries, 2002/03
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The government supported a Study on Energy Benchmarking and Targeting of PSU
(Public Sector Undertakings) Refineries to identify areas in which energy efficiency
improvements could be made. The results of the study are shown in Table 3-8. In some
technologies, the surveyed refineries met or exceeded benchmarks, while the gap for
some refineries exceeded 100% in the case of vacuum distillation, naphtha splitters, fluid
catalytic cracking, and propane deasphalting. The study indicated that overall there was at
least a 20% potential for improvement in the PSU refineries in terms of process unit
operations, and 15-43% improvement possible in the steam and power systems (Prasad,
n.d.)

3 Assumed calculation basis, based on parallels with EII.
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Table 3-8. Benchmark and Actual Consumption of Process Units

Unit Benchmark | Actual (1994/95) Efficiency Gap
(BTU/BBL) vs Benchmark
Crude distillation 73,600- 74,640-123,900 0-68%
78,650 ’ '
Vacuum distillation 65,330 86,200-198,400 32-204%
Crude/Vacuum integrated 88,000-
unit 109,000 104,900-155,700 0-77%
Naphtha splitter 102,150 102,660-236,740 0-132%
FCC (with coke) 250,400 256,675-505,000 3-102%
Delayed coker 316,710 370,100-421,140 17-33%
Aromatics recovery 505,840 654,175 29%
Hydrocracker (once- | ¢, 394 433,300 65%
through)
Hydrogen 66,930 87-387-110,850 31-66%
Propane Deasphalting 261,640 454,380-573,255 74-119%

Note: The figures in this table were compiled by the Centre for High Technology, developers of
the Indian MBN measure, and thus use the same units—BTUs—as the MBN index.
Source: Prasad, n.d.

3.3 Future Development of the Refining Industry
3.3.1 Ongoing Changes

One of the largest challenges to the Indian refining sector is the requirement to improve
fuel quality, particularly of motor gasoline and diesel. During the 9th Plan period,
refineries invested about US$2.5 billion in secondary processing equipment and other
measures to bring gasoline and diesel up to the BIS 2000 standards, equivalent to Euro |
specifications. Of the US$2.5 billion, US$1.5 billion alone was expended on the
construction of 9 diesel hydrodesulfurization (DHDS) units in 9 refineries (Gol 2003).
These investments allowed the:

e Elimination of lead from gasoline
Increase in gasoline octane to 88 RON
Reduction in gasoline sulfur from 2000 ppm to 1000 ppm (500 max in 4 cities)
Reduction in diesel sulfur from 10,000 ppm to 2500 ppm (500 ppm in 4 cities)
Increase in diesel cetane number to 48
Reduction of benzene content of gasoline to 5% vol max (3% vol max in 4 cities)

The Auto Fuel Policy adopted by the Government of India in 2002 set further targets for
reductions in sulfur content, improvement in quality, and new constraints on aromatics,
benzene and olefin content in gasoline (Table 3-9). The roadmap for quality
improvements includes the adoption of Bharat Stage 1l standards nationally from 1 April
2005 and the Euro Il standards nationally from 1 April 2010. In Delhi, Mumbali,
Kolkata, Chennai, Bangalore, Hyderabad, Ahmedabad, Pune, Surat, Kanpur and Agra,
the Bharat Stage Il standards already went into effect in 2000-2001 (Delhi, Mumbai,
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Kokata and Chennai) and 2003. In these cities, Euro Il standards will take effect in 2005
and Euro 1V standards in 2010.

Table 3-9. Upcoming Transport Fuel Quality Requirements

Gasoline:

Bharat Stage 1l Euro 111 Euro IV
RON 88 91 91
Sulfur 500 ppm 150 ppm 50 ppm
Benzene 5% (3% April 2005) 1% 1%
Aromatics 42% max 35% max
Olefins 21% max 21% max
Oxygenates n.a. 2.7wt% max 2. 7wt% max
Diesel:
Cetane number 48 51 51
Sulfur 500 ppm 350 ppm 50 ppm

By 2010, refiners will be required to reduce sulfur by up to 95-98% below current
allowable levels, in face of expected increases in imports of high-sulfur crude. The
government estimates that existing refiners will have needed to invest about US$3.2
billion to achieve the Bharat Stage Il standards for the country, and a further US$2.1
billion to reach Euro 111 standards. A further US$2.1 billion would be needed to move to
Euro IV standards (GOI, 2002).

The difficulties of refiners to meet these new quality standards differ in terms of location,
existing technology base, crude quality, and current margins. The incremental costs of
producing Bharat Stage Il gasoline is estimated to range from US$0.04 to US$0.23 per
gallon, and US$0.05 to US$0.32 per gallon to achieve Euro 111 levels. Bharat Stage Il
diesel may increase costs by US$0.02 to US$0.27 per gallon, and US$0.03 to US$0.33
per gallon for Euro Il standards (GOI, 2002).

Increasing product quality alone is likely to have substantial energy impacts on refiners.
Raising product quality will primarily rely on investment in additional processing units,
including light naphtha isomerization, diesel hydrotreating, diesel hydrodesulfurization,
naphtha hydrotreating, benzene extraction, mercaptan extraction, alkylation,
hydrocracking, continuous catalytic reforming, fluid catalytic cracking (including resid
fluid catalytic cracking), and FCC and reformate splitters, depending on the original
configuration of the refinery. (GOI, 2002; Acharya, 2003). All of these processes increase
the energy intensity of processing. As a result, refiners are likely to see their aggregate
energy consumption per unit of throughput rise further, as happened after 1998.

3.3.2 Potential for Energy Efficiency Improvements

As part of the plan for the refining sector in the 10th Five-year Plan, the government has
encouraged domestic refineries to benchmark their energy performance to best
international levels in order to provide a guidepost for their energy efficiency gains.
Internal benchmarking (MBN) has been used extensively in Indian refineries, but now
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that the sector has been delicensed and opened up for foreign investment, crude and
product imports and exports have been liberalized, and distortions on domestic product
prices lifted with the abolition of the Administered Pricing System (APS), Indian
refineries now face direct international competition. External benchmarking based on Ell,
Shell, or other processes would allow Indian refiners to measure their performance
against their international peers and allow more transparent comparisons internationally.

Higher oil prices, government incentives and penalties under the APS to reduce fuel use
and hydrocarbon losses, and the need to improve competitiveness led to series of energy
audits and the development of energy conservation (“EnCon”) projects in refineries
throughout the 1990s. Table 3-10 summarizes the range of efficiency opportunities in
petroleum refineries (Worrell and Galitsky, forthcoming), and the investment programs
of the Indian refineries in the late 1990s and early 2000s contained a number of the
elements as noted on the chart. Despite the higher specific energy consumption in the
refineries owing to the installation of energy-intensive processing units in the late 1990s,
refineries were able reduce their MBN, which takes into account the configuration
changes over this period. Two examples are presented; in both cases, investment
measured resulted in the savings of 0.6-1% of total fuel use and loss in the refinery.
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Table 3-10. Energy Efficiency Opportunities in Petroleum Refineries

Process

Energy Management

Cogeneration

Gas Expansion
Turbines

Cogeneration

Gasification

Flare Gas Recovery

Power Recovery

Boilers

Steam Distribution

Process Integration

Process Heaters

Distillation

Hydrogen

Management

Motors

Lighting

Other Opportunities

Desalting

Cbu

X

VDU

Hydrotreater

Cat.Reformer

x| X

FCC

XXX

Hydrocracker

Coker

Visbreaker

XXX X[ X|X|X]|X| High-Temperature

X XXX | X

Alkylation

XX XXX XXX | X

Hydrogen

X

X

Utilities

XX XX XX XX XX XX

X

X

X|X| XX

X

X

XX XX XX XX XX | X

XX XX XX XX XX | X

XX XX XX XX XX | X

X

XX XXX XXX XXX X

X

X

Note: “X” indicates that relevant energy fficiency measures are possible in these areas. Lighting and boilers, used throughout refineries,

are all included under Utilities.

Source: Worrell and Galitsky, forthcoming.
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3.3.2.1 Haldia Refinery

Haldia is a 4.6 mmt refinery, part of the Indian Oil Corporation chain. In 2002/03, it
processed 4.06 million tonnes of crude. It is a cracking refinery, with fluid catalytic
cracking (FCC) and catalytic reforming as its main process units.

As a result of the installation of diesel hydrodesulfurization, FCC, microcrystalline wax
unit, and catalytic isodewaxing unit, specific energy consumption of both electricity and
thermal energy rose. Electricity use jumped from 53.5 kWh/tonne in 2000/01 to 57.14
kWh/tonne in 2002/03. Thermal energy rose from 0.77 million kcal/tonne in 2000/01 to
0.94 mmkcal/tonne in 2001/02. However, as a result of the refinery’s EnCon projects,
thermal energy consumption fell in 2002/03 to 0.88 million kcal/tonne.

The refinery oversees and manages energy consumption through a Energy Conservation
and Technical Audit Cell and develop proposals for improving energy efficiency in
process units, the thermal power station, heaters, heat exchangers and other areas, and the
cell works as well to reduce leaks and increase insulation effectiveness. The refinery
benchmarks its performance on a international best practices basis and implements
projects that are economical and feasible (BEE, 2003).

Recently implemented projects that led to the reduction in the specific consumption of
thermal energy in 2002/03 included:
e Preheat recovery though crude distillation unit heat (CDU) integration using pinch
technology
Fuel savings through use of soaker technology in the visbreaker
Pinch technology in the solvent dewaxing unit
Fuel savings in the CDU through improved refractory coating
Power savings through use of supercritical extraction for separation of solvent in
propane deasphalting unit
e Power savings through motor replacements
e Fuel savings from high-efficiency furnace installation in the hydrofinishing unit
e Fuel savings from selection of gas turbine in new power plant.

The refinery’s action plan is to reduce energy consumption further through a variety of
schemes currently planned or under implementation. The refinery estimates total
investment of about US$800,000 will result in savings of about 3720 tonnes of refinery
fuel, equivalent to about 1% of the total thermal energy consumption in 2002/03. These
measures include:
e Replacement of motors with turbo driver in cooling system pump
e Replacement of insulation in the steam header
e Recovery of medium-pressure steam condensate in the naphtha stabilizer reboiler
in the CDU
e Replacement of old air compressors with high-efficiency centrifugal air
COMPpressors
e Installation of steam trap in steam tracing line
e Pinch modification of kerosene hydrodesulfurization unit
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e Improved insulation in the catalytic reformer
e Improved insulation in the tank farm

3.3.2.2 Mathura Refinery

Mathura has a rated crude distillation capacity of 8.0 million tonnes and is part of the
Indian Oil Corporation system. It is a cracking refinery containing both an FCC and a
hydrocracker, in addition to visbreaking, bitumen, and sulfur recovery units. Units
designed for improving product quality include the catalytic reformer and a diesel
hydrodesulfurization unit.

As was the case with the Haldia refinery, the Mathura refinery experienced higher energy
consumption as a result of the installation of the energy-intensive secondary processing
units for product quality. In 2000/01, fuel use and loss equaled 4.82% of throughput and
rose to 6.56% of throughput in 2002/03. The MBN, however, fell during those years from
135.9to 111.6 (BEE, 2003).

The refinery manages energy conservation projects through an Energy Conservation Cell,
which monitors energy consumption on a daily basis. The Cell has implemented a range
of energy conservation projects, including:
e Preheating of air in furnances
Optimization of heat exchangers
Installation of high-efficiency burners
Fuel savings through use of low-pressure gas that was otherwise flared
Loss reduction through control and monitoring of flares
Use of soaker technology in the visbreaker
Installation of advance process control
Installation of gas turbines for power generation/heat recovery steam generation
Heat integration among units
Use of high-efficiency pumps
Use of low pressure steam in vacuum unit and reformer
Insulation improvement

In 2002/03 alone, a series of projects, including optimization of steam to carbon ratio in
the hydrogen unit, use of secondary seals in gasoline/naphtha tanks, installation of
efficient centrifugal compressors, and routing of hydrogen rich gas from the reformer to
the hydrogen unit achieved savings of 3447 equivalent tonnes of refinery fuel, equivalent
to about 0.6% of total fuel and loss in 2002/03.

Among the conservation and efficiency projects the refinery has planned for the near

term include the revamp of the atmospheric and vacuum unit at a cost of about US$9.5
million, resulting in a fuel savings of about 20,000 equivalent-tonnes of fuel per year.
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Since 1990, the policy has been changed as the government came to realize that
efficiency and competitiveness were suffering under numerous regulatory burdens. This
led to the relaxation of many of the constraints previously imposed on the textile sector.
Licensing requirements were removed in the early 1990s by the Statement of Industrial
Policy and the Textile Development and Regulation Order. In 1995, India signed the
General Agreement of Tariffs and Trade (GATT) bringing its liberalization policies to an
international level. The Agreement on Textiles and Clothing abolished all quota
restrictions on trade in textiles and clothing in January 2005. Dismantling the quota
regime represents both an opportunity for developing countries to expand exports, and a
threat, because quotas will no longer guarantee markets and even the domestic market
will be open to competition. In this context, the textile industry in India is going to face
increasing competition, mostly coming from China.

5.3.2 Potential for Energy Efficiency Improvement

The textile industry is one of the longest industrial chains in manufacturing industry and
is characterized by production of diverse outputs. This fragmentation and heterogeneity
make it difficult to classify industrial practices and to compare Indian practices with
international norms. Products are numerous and depend on the type of fibers used, the
density and quality of the thread, the colors and the process being operated.

5.3.2.1 Spinning

Existing textile spinning units in India can be segregated into three types, i.e.
conventional, modern and semi-modern. Conventional units have conventional machines
where the production rate is low and the fluff or dust liberation from the process is within
tolerable limits. Modern units have high speed machines and higher production rates with
increased fluff and dust generation. Semi-modern units are units which fall between
modern and conventional (ADB, 1998).

5.3.2.2 Weaving

Powerlooms produce nearly 60% of the fabric output. Less than 1% of all powerlooms
are shuttleless, and, in the organized mill sector, less than 6% are shuttleless looms.
These levels are much lower than those of several developed and developing countries,
which have seen a high replacement rate of old looms with modern shuttleless looms;
more than 80% of looms in Taiwan, Korea and the U.S. are shuttleless. Even in Pakistan,
62% of looms are shuttleless, indicating how important that country regards
modernization of its weaving sector (Carver, 2004).

5.3.2.3 Wet processing

The processing industry is decentralized and is marked by hand processing units,
independent units and the composite mill sector. Indian processing industry has deployed
low-end technology with few technology upgrade initiatives.



The Asian Regional Research Program in Energy, Environment and Climate
(ARRPEEC) has been working at assessing the energy saving potential in the Indian
textile industry. They assessed average energy use in the textile industry and found that
energy consumption varies from 3 to 3.5 kWh of electricity per kilogram of yarn in a
modernized spinning mill. In the case of weaving, it varies from 2.9 to 3.1 kWh per meter
of fabric. For knitting units, the energy consumption stands at 0.09 to 0.2 kwWh per kg of
fabric. In the case of dyeing it is 0.04 to 0.15 kWh per kg of fabric. Steam consumption in
a fabric dyeing unit may vary from 4 to 9 kg of steam per kg of fabric'> (Swaminathan
and Rudramoorthy, 2004).

Measures for improvement in energy efficiency have been adopted by some large-scale
mills. However, Small and Medium Industries (SMI), which form the backbone of the
Indian economy, continue to use older technologies. The awareness level of energy
conservation remains poor among the SMIs. ARRPEEC estimated that SMIs have a
potential to save 15 to 20% of their energy consumption.

5.3.3 Categories of Energy Efficiency Improvement

The three major factors for energy conservation in the textile industry are high capacity
utilization, fine tuning of equipment and technology upgradation

Energy-efficiency Improvement Options Identified (ADB, 1998; ARRPEEC, 2003):

Spinning Unit

- Installation of automatic power factor correction system with capacitors

- Replacement of old energy-inefficient transformers with energy-efficient ones

- Replacement of energy-inefficient motors with energy-efficient ones (for ring frames
and open end spinning machines)

- Installation of photocells for speed frames;

- Installation of synthetic flat belts for spinning ring frames;

- Installation of energy-efficient lighting system (in place of conventional lighting)

- Installation of energy-efficient fans for humidification plants

- AC variable frequency drive for fans of humidification plants

- Diesel engine operated captive power plant

Weaving Unit

- Conversion of VV-belt drives to flat belt drives;

- Replacement of standard motors with energy-efficient ones

- Installation of energy-efficient lighting system (in place of conventional lighting)
- Installation of energy-efficient fans for humidification plants

- Use of electronic ballast in place of conventional electromagnetic chokes.

1> The factory which consumes less steam is employing a soft flow dyeing machine, a relatively new
technology.



Wet Processing Unit

- Replace conventional rapid jet dyeing machine with low liquor ratio jet dyeing
machine

- Replace steam dryer with RF dryer for dyeing yarn

- Replace inefficient boilers with coal-fired water tube boiler with bag-filter

- Replace ordinary submersible pump with an energy-efficient one

- Additional fourth effect caustic recovery plant

- Naphtha-based gas turbine with waste heat recovery boiler (cogeneration)

- Monitoring for heat recovery potentials

- Recovery and reuse of waste water in fabric dyeing

A summary of the economic analysis of energy-efficiency improvement options

identified by a study done by the Asian Bank for Development for a typical spinning unit
and a typical composite mill are given in Table 5-3.
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Table 5-3. Economic Analysis of Energy Efficiency Improvement Options

E Effici | t Opti Investment Energy Sa}virz)%so pay bg(?k

ner iciency Improvemen ions . in' eriod in
9y y Imp P in 000 US $|GWhiyear | ¢ P years

Spinning Unit

Replacement of old energy-inefficient transformers with energy- 42 0.39 28 15

efficient ones (two 1250 kVA, two 1000 kVA transformers)

Replacement of energy-inefficient motors with energy-efficient 25 0.34 24 1.1

ones for ring frames and open end spinning machines

Ring frame: 18.5 kW—10 motors

Open end spinning machine: 22 kW—11 motors;

15 kW—11 motors

Installation of energy-efficient lighting system—replacement of 11 0.15 10 1.1

conventional copper ballast and tube lights with electronic ballast

and energy-efficient tube lights. Replacement of 1172 tube lights

and chokes with 880 energy-efficient tube lights and 440 chokes

Installation of energy-efficient fans for humidification plants 67 0.48 34 2.0

(along with energy-efficient motors of appropriate capacity).

Replacement of 28 fans (265 kW motors); present fan efficiency—|

45%; improved fan efficiency—68%

IAC variable frequency drive for fans of humidification plants— 31 0.15 10 3.0

total 28 drives

Investment for long term measure

Diesel engine operated captive power plant) 2,182 - 522 4.2

TOTAL 2,383 150 | 643 3.7

Composite Mills

Replacement of energy-inefficient motors with energy-efficient 35 0.38 27 1.3

ones for humidification plants Total number=48; Rating=15 MW

Installation of energy-efficient lighting system—replacement of 14 0.71 51 -

conventional copper ballast chokes and tube lights with electronic

ballast chokes and energy-efficient tube lights. Replacement of

3000 conventional tube lights and chokes with 1130 energy-

efficient tube lights and 565 electronic chokes

Installation of energy-efficient fans for humidification plants 2 0.82 58 -

(along with energy-efficient motors of appropriate capacity). Total

48 fans with 340.5 kW power consumption; present fan

efficiency—45%; improved fan efficiency—68%

Low liquor ratio jet dyeing machine 17 0.16 21 -

Energy-efficient RF dryer 120 1.35 166 -

Fourth effect caustic recovery plant 22 - 38 -

Energy-efficient submersible pump 10 0.05 4 2.6

Investment for long term measure -

Energy-efficient coal-fired water tube boiler with bag-filter 611 - 98 6.3

Naphtha-fired gas turbine with waste heat recovery boiler 26,184 - 4,077| 6.4

TOTAL 27,016 35 |4539| 6.0

Source: ADB, 1998 and ARRPEEC, 2003. Note: kVA: kilo Volt Amps
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5.4 Scenarios of Future Energy Use
5.4.1 Future Trends in Textile Production

At the end of 2004, the Agreement on Textiles and Clothing (ATC) will expire and
quotas on textiles and clothing will no longer be used to govern international trade. The
main drawback of the Indian textile industry is its excess capacity, lower productivity of
labor and machines, lack of modernization and technological upgradation, increase of
input, particularly the key raw materials, and lack of adequate working capital (ADB,
1998).

There is a shift toward the use of more capital intensive rather than labor intensive
technology. Power costs are rising with more automation and higher running speeds for
machines. Additionally, the production is getting more segmented, as the number of
composite mills is declining in favor of separate units that are specialized in their domain.
Many state of the art technology weaving units have come up in the past 5 years, based
on air jet technology. These units are export oriented.

The total textile exports increased from $8.53 billion during 1995-96 to $12.10 billion
during 2000-01, far from the target of $20.17 billion of the Ninth Plan (Planning
Commission, 2002). The GOI considers that large investments in weaving, knitting,
processing and apparel are necessary to successfully compete on cost and quality
parameters in the international market. The Government of India created a Technology
Upgradation Fund (TUF) in 1999 for a 5-year subsidy with interest to phase out outdated
technologies and replace them with scaled up alternatives to meet the modernization
needs of ailing textile units. This involves modernization assistance at advantageous
interest rates. As of 31 March 2003, the Technology Upgradation Fund received 2,092
applications with projected costs of US $3,448 million and a loan requirement of US
$1,978 million. More than 87% of these projects have been sanctioned with a loan
accounting for a total of US $1,305 million*®. Upgradation of the process of spinning and
composite mills received the highest share, 29% and 28% respectively (Power Loom
Development and Export Promotion Council, 2003)."’

5.4.2 Future Trends in Energy Efficiency

Energy consumption patterns vary for different types of units and different types of
products. One of the most important steps towards energy savings is to establish
machine-wise and unit-wise energy consumption norms referred to as “energy labels”.
They display optimal and achievable level of thermal and electrical energy use per unit of
product and help companies assess energy consumption before making a buying decision.
Textile Research Associations (TRAS) have been set up by the Textile Ministry to carry
out research and render consultancy services (quality management services - 1ISO-9001)
to industry on various aspects of textile technology with emphasis on reducing cost,

16 Exchange rate as of 8" October 2004 from reserve bank of India (45.83 INR/USD)
7 The processing of fibers received 16%, followed by weaving & knitting with 14%, and the garment
sector a little less than 4% (the remaining 9% were accorded to other categories)
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improving quality and durability, reducing pollution, conserving energy, utilizing waste,
adopting new technology, improving technology, etc. ATIRA, BTRA, SITRA, and
NITRA™ are four main TRAs which have collaborated to produce benchmarks and
standards for energy efficiency that local industry can consult. They have published
several reports on improvement possibilities. They also regularly conduct energy audits
in textile mills and have created databases condensing the information related to specific
energy consumption (SITRA).

5.4.3 Summary and Conclusions

The textile industry is very fragmented and energy consumption can appear to be a minor
factor at the plant level, however, the total consumption of the sector is considerable (3%
of total industry). 80% of the textile sector is composed of small and medium industries
making the implementation of energy conservation measures more challenging to be
diffused. Initiatives have been undertaken to inform industries on energy saving measures
through the development of norms, reports and audit. Theses initiatives should be
furthermore fostered and diffused to contractors. The textile sector in India faces new
challenges. The expiration of the ATC will intensify the competition leading to a shift
towards more capital-intensive machinery. Electric energy consumption is expected to
continue to rise over time due to increasing automation and higher running speeds for
machines. However, the gain in productivity due to increasing mechanization will
certainly overhaul the increase of electrical energy requirement. A smaller increase of
energy will be required compared to the large amount of output that will be produced per
unit of energy consummed. New developments also augment opportunities to spur energy
conservation at the plant level. The textile sector being such a diverse industry, data
collection is a challenging task. A more in-depth study to collect information on energy
consumption by process and by different types of plants and a comparison with
developed countries and developing counties like China would be an instructive future
study. Futhermore, since the Technology Upgradation Fund has been implemented and
with the expiration of the ATC, it would be useful to assess the changes in the progress of
the sector.
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6. Chlor-Alkali

The chlor-alkali industry consists of the production of three inorganic chemicals: caustic
soda (NaOH), chlorine (Cl;) and soda ash (Na,COs). Caustic soda and chlorine are
produced simultaneously while soda ash is produced during a different process. Hence,
this chapter on chlor-alkali is divided in two parts; the first part discusses potential energy
savings in the production of caustic soda and chlorine, and the second part focuses on
potential energy savings in the production of soda ash.

6.1 Caustic Soda and Chlorine
6.1.1 Caustic Soda and Chlorine Production Processes

The production process consists of applying a direct electric current to a solution called
brine made of common salt dissolved in water. Chlorine is produced and collected at the
negative electrode, called the cathode, and sodium hydroxide solution, also called caustic
soda, and hydrogen are produced and collected at the anode, the positively charged
electrode.

The inputs are primarily salt and water; acids and chemical precipitants used to remove
impurities in the input brine or output chlorine/caustic soda; and cooling agents for
liquefying and purifying the chlorine gas produced. The process requires a large amount
of electricity for the electrolysis of brine.

Three processes are currently used to produce these products worldwide: diaphragm cell,
mercury cell and membrane cell electrolysis. The oldest process is the diaphragm
process. Diaphragms made of asbestos and fibrous fluorocarbon polymer separate the
two parts of an electrolytic cell. The diaphragm process was superseded by the mercury
cell method. In the mercury process, flowing mercury acts as cathode. In a membrane
cell, the anode and the cathode are separated by an ion conducting membrane. The
membrane cell process is a more recent technology; it has inherent ecological advantages
over the two older processes as it does not use mercury or asbestos, and it is the most
energy efficient process.

Caustic soda, chlorine and hydrochloric acid are basic chemicals and are used by many
industries. Caustic soda finds application in various fields like manufacture of viscose
yarn, pulp and paper, newsprint, staple fiber, aluminum, cotton, textiles, soaps, detergent,
dyestuffs, drugs and pharmaceuticals, petroleum refining, etc. Chlorine is used as a
disinfectant, in water treatment, pharmaceuticals, in PVC and vinyl production, etc.

6.1.2 Caustic Soda and Chlorine Production in India
6.1.2.1 Caustic Soda and Chlorine Industry Characteristics

The caustic soda industry in India is approximately 65 years old. There are 40 major
caustic soda plants with an average plant size of 150 tons per day (TPD), which is
relatively small compared to sizes found in developed countries (500 TPD). Five large-
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scale caustic soda units have been commissioned since 1997. During the last 8 years,
caustic soda has increased at an average annual growth of 4%. The production of Caustic
Soda during the year 2003-2004 was 1,741 thousands of metric tons.

The production of caustic soda is associated with chlorine. This inevitable co-production
has been an issue for the chlor-alkali industry. Both products are used for very different
end uses with differing market dynamics and it is only by rare chance that demand for the
two coincides. The synthesis of PVC, which uses chlorine as an input, is a major driver of
chlor-alkali production in most European countries and in the US. Contrary to this
tendency in industrialized countries, the Indian chlor-alkali industry is driven by the
demand for caustic soda, and chlorine is considered a by-product.

Figure 6-1. Process-wise share of installed capacity of caustic soda
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Source: AMAL, website 2004.

Over the last 8 years, India has undergone a major change in its process to produce
caustic soda and chlorine. In 1996, the majority of the installed capacity used the mercury
process (56%). Today India produces 71% of its caustic soda through the membrane
process, and 29% through the mercury process. However, unlike most developed
countries where mercury cells have been given a specified period to close down, no such
timeframe has been stipulated by the Indian government (CSE, 2002). Error! Reference
source not found. shows the distribution of installed capacity for different processes in
India over the last 8 years.

6.1.2.2 Energy Consumption

The raw material necessary in the production of caustic soda consisting of salt and water
is abundant and inexpensive. Conversely, the electrical energy required to process salt
into caustic soda and chlorine is expensive and occasionally unreliable. Energy costs
represent 50 to 65% of the total cost of production (Pramanik, 2002).



Table 6-1 shows the final energy consumption in GJ per tonne of caustic soda during
different production phases. The electrolysis phase is the most energy intensive. The
process necessitates large quantities of direct current (DC) electric power that is usually
obtained from a high voltage source of alternative current through a rectifier and involves
energy losses. The mercury cell has a higher decomposition voltage and therefore
requires more power than the diaphragm and membrane cells. However, the thermal
energy requirement is null in the mercury process as the caustic soda solution formed is
highly concentrated (50%). The diaphragm process results in a caustic soda solution with
a much lower concentration of around 10%, and thermal energy is needed to evaporate
and concentrate the solution to 50%. The membrane cells produce a solution of about 30-
35%, requiring less thermal energy. However, the additional thermal energy requirement
is not always necessary as highly concentrated caustic soda need not always be produced.

Table 6-1. Specific Energy Consumption for Manufacturing Caustic Soda Lye*

Diaphragm | Mercury | Membrane

(1994) (1999) (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 evaporation 942 148
Total 4067 3300 2848
total in GJ/t of NaOH 14.64 11.88 10.25
Source: TERL.

*sodium hydroxide in aqueous solution with a concentration of 48,5%

Table 6-42 shows the specific final energy consumption in GJ per ton of caustic soda
produced over the last 20 years. As can be observed, major progress in energy
consumption per unit of caustic soda product has been achieved over this period. This has
been the result of various technological improvements within each type of technology
and other factors such as larger sized units.

Table 6-2. Caustic Soda Specific Energy Consumption (in GJ/t of NaOH)

| 1982| 1992 | 1994| 1999
Diaphragm
Final energy 21.25 14.04 14.64 -
Primary energy 53.92 35.62 37.14
Mercury
Final energy 13.16 15.55 12.36 11.88
Primary energy 39.48 46.66 37.07 35.64
Membrane
Final energy - 11.65 10.64 10.25
Primary energy 30.85 29.69
Source: TERI
Note: Primary electricity calculated using an electricity conversion efficiency of
33%.
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During the last 10 years, production has shifted to membrane cell technology. This shift,
combined with technology improvements in mercury and membrane cell processes and
energy conservation programs intended to reduce auxiliary and rectifiers’ energy
consumption, has resulted in an estimated overall energy savings of more than 10%
(Table 6-3).

Table 6-3. Evolution of Indian Average Specific Energy Consumption
Average consumption| 1990-91) 1994-95| 1999-00
KWhit 3,351 3,130 2,977

GJ/t 12.06 11.27, 10.74
Source: GOI, Ministry of Environment and forests and Teri.

This compares favorably with US specific energy consumption of about 16.8 GJ/t
(Worrell et al., 2000)

Since electricity is the most important form of energy required in the process of caustic
soda production, we have also indicated the specific primary energy requirement. The
primary energy includes the energy necessary to produce electricity. Almost all of the
energy requirement for the mercury process is electricity, which worsens its specific
primary energy consumption compared to the other processes.

6.1.3 Future Development of the Caustic Soda and Chlorine Industry
6.1.3.1 Ongoing Changes in the Caustic Soda and Chlorine Industry

As mentioned earlier, the Indian domestic market is driven by the demand for caustic
soda rather than the demand for chlorine. Because of the inevitable co-production of both
products, European and North American markets are characterized by caustic soda
surpluses. As India needs and imports this product, it is argued that excess production
from abroad is dumped in India. In contrast, chlorine is a very hazardous product which
is very dangerous to transport, meaning that export of chlorine from India to the rest of
the world is difficult.

This report focuses on analysis of energy consumption in the chlor-alkali industry.
However, it is worth noting that this sector is plagued with serious environmental issues.
The mercury cell technology, besides consuming excessive power also causes mercury
pollution. Some mercury is lost from the process to air and water and shows up in
products and wastes.

6.1.3.2 Potential for Energy Efficiency Improvement

The type of process used in the production of caustic soda has a significant impact on the
quantity of energy used. In that regard, India performs favorably compared to most of the
industrialized countries. The geographic distribution of caustic soda processes differs
noticeably worldwide. In Western Europe, the mercury cell process is still largely used,
representing 55% of installed capacity, diaphragm cell process represents 22% and
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membrane cell process only 20%. In the US, diaphragm cell process predominates with
75%, and in Japan, it is the membrane cell process that covers 90% of installed capacity
(IPPC, 2001). India went from 37% of membrane cell capacity installed in 1996 to 71%
in 2004 and as a consequence has significantly lower specific energy consumption. As
seen earlier, the average specific energy consumption per tonne of caustic soda in India
using mercury cells is about 11.88 GJ/t and about 10.25 GJ/t when using the membrane
cells (Table 6-4).

Table 6-4. Comparison of Specific Energy Consumption across
Technology (GJ/t NaOH)

India | Best Practice Best Practice
(1999) | New Plant India New Plant EU
(2002-03) (2000)
Mercury cell 11.88 - 11.21
Membrane cell 10.25 8.91* 8.1

Source: TERI; IPPC, 2001, Indian Rayon Ltd.

Note: Including energy used for the evaporation process to concentrate caustic soda solution
to 50%.

* We estimated the evaporation energy requirement for a 50% solution according to TERI’s

average data for membrane cell technology, conf Table 6-1.

In 2003, Indian Rayon Industries Ltd (IRIL) received the chlor-alkali National Energy
Conservation Award from the Bureau of Energy Efficiency for its energy conservation
performance. The plant commissioned in 1997 has a very low specific energy
consumption of 8.91 GJ/t. The technology and principal items are supplied by the
German company Krupp Uhde with engineering from Uhde India Ltd. Energy
consumption represents 60% of its production cost. During the 2002-03 fiscal year, the
plant invested Rs 9.5 million, which resulted in an annual savings of Rs 9.3 million in the
first year. The world best practice for new plants is a plant sold by Uhde and installed in
Germany; it has an electricity consumption of 2,250 kWh/t or 8.1 GJ/t of NaOH.

6.1.3.3 Categories of Energy Efficiency Improvement

Energy is used both as electricity and as heat. About half of the energy expended is
converted into the enthalpy of the products. The rest is converted into heat transferred to
the air in the building and the products, which have to be cooled (IPCC, 2001). Energy
savings are possible by redistributing the excess heat where it is necessary. Insulation of
the cells and salt dissolvers reduce the need for ventilation of the cell room and increase
the amount of heat transferable.

Adoption of membrane technology: energy savings by adopting membrane cell plants
compared to mercury are about 1.3 GJ per ton of NaOH produced. Plus, the additional
thermal energy requirement for the membrane process is not constantly necessary, as
concentration of caustic soda is not always needed.

Installation of Advanced Cell Controls: Advanced instrumentation systems such as
short circuit elimination, anode control and protection devices help to operate the cells at



minimum gap, thereby reducing power requirements. The range of power savings
obtained by these means is above 75 kWh/t. The cost of installating such control systems
depends upon the intended version (i.e. automatic, semi-automatic) and age of the plant
(i.e. in the case of older cells, with fixed covers and a large number of anodes, cost of
modification is very high). Realizing its importance as a potential energy saver, a few
plants in the country have installed such advanced instrumentation systems and many
others are intending to adopt them.

Conversion From Rubber Lined To Bare Bottom Configuration: Even today, many
of the plants are still equipped with rubber lined cells, and hence there is scope for energy
savings through their conversion to bare bottom orientation which will reduce millivolt
drops and bus losses. This will reduce the cathodic mV drop to the tune of 40%.

Revamping Of Electrical Systems: Rectifier equipment is an important element on
which power consumption depends. An old generation mercury-arc rectifier, if it exists,
could be replaced with a newer generation silicon rectifier, which offers much better AC-
DC conversion efficiency. Installation of correct capacity rectifiers is essential, as under-
utilization of its capacity reduces transformer losses.

Effective Utilization Of Hydrogen As Fuel: Hydrogen gas is produced as a by-product
of caustic soda; it can be captured and used as a fuel in on-site power co-generation. The
heat can be used for the evaporation of caustic soda and for the preparation of the brine.
Moreover hydrogen is clean fuel. The use of by-product hydrogen gas can substitute up
to 35% of the total fuel requirement in a caustic fusion plant.

Adoption Of Energy Efficient Chlorine Handling Systems: Considerable energy
savings can be achieved by revamping chlorine compressors, refrigeration systems and
avoiding inefficient capacity control practices such as hot gas bypass.

Other Alternatives: Alternatives other than those discussed above for energy savings in
the chlor-alkali industry are wide ranging, and other methods that can be used effectively
are listed below:

- Brine recycling up to 40% for retention of thermal energy.

- Direct hot lye pumping to concentrator plant for heat saving.

- Minimization of exposed surface area of clarifiers and lagging of the same for surface
loss reduction.

- Modifications in brine pumping system to reduce the pumping power.

- Application of modern flat belts in place of conventional V-belts to reduce transmission
losses.

- Application of energy savers in drives with varying duty and machine side capacity
controls.

- Application of variables speed drives for energy efficient capacity control in varying
duty fans and pumps.

- Effective insulation of pipelines carrying hot cell liquor at 85°C from the cells to the
evaporators to save about 0.3 tonne of steam per tonne of caustic soda.

- Controlling the water addition in the filters to save steam.



6.1.4 Scenarios of Future Energy Use
6.1.4.1 Future Trends In Caustic Soda And Chlorine Production

The change of technology to membrane cells in India is expected to continue. Table 6-3
shows the projected new development of caustic soda capacity for 2005. Two companies
are expected to switch a total of 105 kt of their current mercury cell capacity to
membrane cell technology. This exchange, plus new capacity will increase membrane
cell technology capacity by 258 kt, reaching a new share of 78%.

Table 6-3. New Caustic Soda Capacity Production Development for 2005
(Mt per year)

Mercury Membrane

Current Capacity 628,913 1,545,380
Bihar Caustic & Chemicals Ltd -54,750 82,125
DCM Shriram Consolidated Ltd -50,735 73,000
Kanoria Chemicals & Industries Ltd 0 40,150
The Andhra Sugars Ltd 0 54,750
The Travancore Cochin Chemicals 0 8,250
Ltd

Estimation of 2005 capacity 523,428 1,803,655
Share 22% 78%

Source: Amai 2004.

However, the sector is characterized by a low capacity utilization (68% in 2002-03),
resulting from cheap imports. The domestic industry has to face high electricity prices.
Current electricity tariffs in India are close to 8-9 cents per kWh, compared to power
tariff levels of 5 cents per kWh, in the US for example (US EIA, 2004). As energy
consumption represents 50-65% of total cost of production, the government protects the
domestic industry with duties of 30% on imported caustic soda.

Technology improvement is dependent on imports, as the country is not equipped to
produce the membrane technology indigenously. To support cleaner and energy efficient
technologies, the government has recently brought down the customs duty on
components of membrane cell technology used in the caustic soda industry from 15% to
5%. These factors should encourage further changeover of technology to the membrane
process.

In the past few years, chlorine has become important as a principal intermediate material
in the manufacture of PVC. About 11 per cent of the chlorine production is consumed by
the PVVC sector. In recent years India has also started to export a substantial quantity of
chlorine based products, which will help improve the industry’s profitability.



6.1.5 Future Trends In Energy Efficiency

New developments in the production of caustic soda are expected to emerge on the
market in the near future. The current technology based on cell membrane process is a
mature technology, from which no significant energy savings can result from further
development without a change in the fundamental approach to chlor-alkali electrolysis. A
new technology called Oxygen Depolarized Cathodes (ODC) is currently developed with
substantial potential energy savings of around 440-530 kWh per ton of caustic soda (1.5
to 2 GJ final energy/t NaOH) (IPPC, 2000). The new approach consists in diffusing
oxygen gas through the cathode and avoids the production of hydrogen. When the
hydrogen-evolving cathode is replaced by an oxygen-consuming cathode, the voltage of
the cell could be reduced, in principle, by about 0.9 V (IPPC, 2000). The standard
chemical reaction and the new ODC reaction are represented under the following
equation:

Standard chemical reaction: 2H,0 + 2NaCl —> 2NaOH + H, + ClI,
ODC chemical reaction: O, + 2H,0 + 4NaCl — 4NaOH + 2Cl,

In the second equation, as no hydrogen is formed, the cell voltage is lower and so is the
power consumption. Energy savings of nearly 30% are expected.

In Europe, a new plant using the ODC technology has been built in Germany at
Brunsbdttel through a program of cooperation between Bayer AG, UHDENORA, a joint
venture between UHDE, Dortmund, Germany, and De Nora, Milan, Italy, and De Nora
North America. However this plant is using hydrochloric acid (HCI) as input instead of
salt (NaCl) which results in the production of chlorine only. In the US, collaboration
between Dow Chemical and Los Alamos National Laboratory with financial help from
the Office of Industrial Technologies (OIT) is working on the possibility of the ODC
technology transfer to industries with co-production of caustic soda and chlorine with
considerable energy savings.

6.2 Soda Ash
6.2.1 Soda Ash Production Processes

Sodium carbonate or soda ash can either be obtained through a process by reacting trona
(the principal ore from which soda ash is made) with water, or it can be produced by the
Solvay process referred to as the synthetic process. Soda ash is then produced by reacting
an ammoniacal brine with carbon dioxide to produce bicarbonate, which is then
calcinated to produce sodium carbonate. About 25% of the world’s production is
produced from natural sodium and 75 % through the synthetic process (IPPC, 2000).

Soda ash is mostly used in the production of glass, chemical, soaps and detergents, paper
and paper pulp production, and water treatment.

6-8



6.2.2 Soda Ash Production in India
6.2.2.1 Soda Ash Industry Characteristics

The Indian soda ash industry is highly concentrated with three players accounting for
nearly 80% of the total installed capacity. Plants are mostly located in Gujarat to take
advantage of the availability of inputs like salt, limestone, coke, water, chemical
compounds and power. Soda ash in India is not obtained as a naturally occurring product
as is the case in the US for example, but is produced through a synthetic manufacturing
process. Soda ash is produced by a total of 6 units with an average size of 1000 TPD. Out
of the six plants, three are based on the standard Solvay process, one unit uses the
modified Solvay process or dual process and the two other units use the Akzo dry lime
process. The dual process produces soda ash in co-production with ammonium chloride,
which is used as a fertilizer. The dry lime process uses dry lime instead of lime milk for
ammonia recovery. This last process is considered as the state of the art technology.

In India, around 40%of the soda ash produced is consumed by the detergents industry,
20% by glass, 16% by sodium silicate, and the remainder is consumed by the chemical
industry (Financial Express, 1999).

6.2.2.2 Energy Consumption

The energy needs for the production of soda ash take on different forms: electrical,
thermal and mechanical energy and feedstocks. Coke is used as a source of carbon
dioxide in the soda ash production during the limestone calcination.

Two types of soda ash are produced: “light soda ash” with a specific weight of about 500
kg/m* and “dense soda ash” of about 1000 kg/m* (IPPC, 2004). Light soda is directly
used in the detergent sector and certain chemical intermediates. The remainder is
transformed by crystallization after drying to produce dense soda mainly used in the glass
industry. This extra step requires further energy. Table 6-4 shows the energy
requirements at different stages in the production of soda ash for the standard Solvay
process and the dual process. Unfortunately, this level of detail is not available for the dry
lime process. However, the basic advantage of the use of dry lime instead of milk lime is
a better steam balance and the reduction in the raw material inputs, resulting in energy
savings. The consumption of steam and lime is much lower as compared to other
processes (India Infoline, 2002).

Table 6-4. Specific Final Energy Consumption in Different Sections in a
Soda Ash Plant (1994)
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(GJ/t) Solvay Process Dual Process
Manufacturing Thermal | Electrical | Total | Thermal | Electrical | Total
Limestone Calcination 4.2 0.1 4.3 - - -
Salt purification 0.4 0 0.5 0.4 0 0.5
Calcination of sodium bicarbonate 4.2 0.1 4.3 4.2 0.1 4.3
Crystallization, drying and purification 4.2 0.1 4.3 4.2 0.1 4.3
Ammonia recovery 2.5 0 2.5 - - -
Manufacture of ammonia chloride - - - - 0.7 -
Utilities and general requirements 0.4 0.7 1.1 0.4 1.2 1.6
Total 15.9 1.1 17.0 9.2 2.2 114

Source: TERI, 1999.

6.2.3 Future Development of the Soda Ash Industry
6.2.3.1 Ongoing Changes in the Soda Ash Industry

Demand for soda ash is mainly affected by the demand from glass industry. Demand has
decreased due to the fall in demand for container glass. Bottles made of container glass
are being replaced with PET (Polyethylene Terephthalate) bottles; this has affected the
demand for soda ash and driven up the demand for chlorine.

One of the main specific problems of the soda ash industry in India is that most of the
units are located in the western region, which has the advantage of being in close
proximity to the raw material source but far from consumers. Since soda ash is a high
volume low cost commodity, costs of transportation are very high. This leaves other
markets like the eastern and the northern regions vulnerable to imports. Further, being a
high-power consuming product, Indian producers are always at a disadvantage compared
to their foreign counterparts.

6.2.3.2 Potential for Energy Efficiency Improvement

Table 6-5 shows the detail of the soda ash industry plants in India. 34% of the total
production capacity consists of the state of the art dry lime process, 4% the dual process
and 62% the standard Solvay process.

Table 6-5. India Soda Ash Plants Characteristics

. Capacit
Company Location | Year Process 000 t?y 3(/) %
Tata Chemicals Gujarat 1948 | Standard Solvay 875 | 33%
Saurashtra Chemicals Ltd. | Gujarat 1960 | Standard Solvay 650 | 25%
GHCL Gujarat 1988 | Dry lime 525 | 20%
Nirma Ltd Gujarat 1998 | Dry lime 365 | 14%
Tuticorin Alkalis Tamil Nadu | 1982 | Dual/ Modified 115 | 4%
Dcw Limited Gujarat 1939 | Standard Solvay 9% | 4%
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India’s average specific energy consumption is about 13.6 GJ/t (Pramanik, 2002) (Table
6-6). The EU best available technology has a specific energy consumption of about 10.8
GJ/t according to the recent study from EU IPPC. The US specific energy consumption is
very low since most of its industry uses the natural process, which is much less energy
intensive.

Table 6-6. Specific energy Consumption of Soda Ash, GJ/ton

EU _ India Best
usS* best practice India Practice
Nirma Ltd
Energy use 8.5 10.8 13.6 11.3

Source: Energetics , EU IPPC, Teri and Nirma Ltd.
* Energy use in Manaufacture of Soda Ash from Trona Ore (1997)

Potentials for energy savings in the soda ash industry in India are about 17%. Even
though India possesses some of the best technology available, potential savings remain
large and would require revamping the oldest plants. Nirma Ltd represents the best
technology available in India, its specific energy consumption comes close to the EU best
practice.

6.2.3.3 Categories of Energy Efficiency Improvement

Energy needs for the production of soda ash take on different forms: electrical, thermal
and mechanical energies.

Cogeneration: (IPPC, 2004).The Solvay process requires a large amount of steam, a big
part of which is used as low pressure steam, injected directly into the process for the
recovery of ammonia (steam stripping). Energy savings can be realized by reducing
steam pressure in a set of turbo-generators while generating electricity. This electricity is
produced with a "cogeneration” of steam, with an excellent efficiency (about 90%)
because all the steam leaving the turbines is used in the process. In comparison, the same
quantity of energy will be generated, in a classical power station, with a much lower
efficiency (about 30%) because of the lost released steam. Comparison of the primary
energy needs of a co-generation unit (based on gas) - for a soda ash plant - with that
required for the separate production of steam and electricity (by a classical power station
for electricity and boilers for steam), shows that it is possible to achieve 30% savings
with co-generation.

Heat Recovery: (IPPC, 2004). The recovery of heat has been gradually improved
throughout the history of the process by optimizing energy fluxes of different thermal
levels contained in gas and liquids flowing through the process. Low-grade heat is used
to preheat different streams such as:

- raw brine entering the brine purification step to improve purification efficiency

- raw water used for milk of lime production

- boiler feed water

- mother liquor from the filtration to the recovery of ammonia by the distillation off

gas.
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Vacuum flashing of distillation liqguor may be used for producing low pressure steam
available for distillation and any evaporation units like salt production.

Energy minimization: (IPPC, 2004). The following techniques may be considered:

- careful control of the burning of limestone and a good choice of the raw materials
allow a reduction of the primary energy necessary for the operation

- improvement of process control by the installation of distributed control systems
(DCS) - reduction of water content of the crude bicarbonate by centrifugation
before calcination to minimize energy need for its decomposition

- back-pressure evaporation (e.g. calcium chloride liquors)

- energy management of stand-by machinery

- equipment lagging, steam trap control and elimination of energy losses

6.2.4 Scenarios of Future Energy Use
6.2.4.1 Future trends in Soda Ash production

No additional capacity of soda ash is expected in the near future. In 2001-02, customs
duty on soda ash was drastically reduced from 35% to 20%. This steep reduction in
customs duty has adversely affected indigenous manufacturers. Recently, the GOI
increased the customs duty back to 25% in order to protect domestic industry.

6.2.4.2 Future trends in energy efficiency

Potential energy savings in the soda ash industry are large, estimated at about 17%. The
sector is very concentrated; only six companies produce soda ash in India, which makes
the scope of the possible plants retrofit more focalized. However, the soda ash industry is
rarely perceived to be an energy intensive one, and hence inadequate attention is given to
its potential energy savings.

6.3 Summary and Conclusions

The chlor-alkali sector is a very energy intensive sector where energy represents
approximately 60% of total production cost. In a country like India, where the cost of
industrial electricity is high, industries using large quantities of electricity such as the
caustic soda industry have been focusing more attention on reducing energy
consumption. Hence some caustic soda companies are closely monitoring their energy
consumption, resulting in overall moderate specific energy consumption. Internationally,
India compares positively with a substantial share of membrane cell technology. Both
caustic soda and soda ash production have energy saving potentials of around 17%. The
main weakness in this sector seems to be its lack of indigenous technology equipment
production. For example, membrane cell equipment which needs to be changed every
three years must be imported. There is no indigenous producer. The potential
development of the caustic soda production through the new ODC technology is
gradually emerging in the market. India needs to take part in this future advancement.
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7. Summary and Next Steps

This report reviewed energy consumption and energy efficiency trends in five energy-
intensive industrial sectors in India -- fertilizers, textiles, chlor-alkali, cement, and
petroleum refining.

In each study sector, Indian industry has made strides towards reducing its energy
intensity. This has happened through the use of modern best available technologies in
new plants, upgradation and modernization of existing plants, and shift towards less
energy intensive processes. This improvement has come about due to stricter
environmental regulations as in the case of chlor-alkali production,® driven by economic
consideration as in the use of dry cement plants, and/or being caused by government
macro policy that is shifting fertilizer production towards increased use of natural gas. As
a consequence of these types of changes during the last decade, Indian industry has
acquired some of the best production technology, the Reliance refinery is a case in point.
Its energy intensity measured by the international EIl index is one of the lowest
worldwide. While there is room for improving the best available technology being
installed in India when compared to Europe, the marginal improvement to be made in
new plants is small.

At the same time, however, these industries continue to own older plants that operate
sub-par technologies with high specific energy consumption. In the case of each industry,
there appears to be a potential for improvement that ranges from 15% to 35%. Tapping
this potential will require the installation of new equipment, better management practices,
and an integrated systemic approach to the evaluation of energy use in a plant. In the
earlier chapters, we note the many industry-specific improvements that are being made
worldwide, which have the potential for reducing specific energy consumption in the
study sectors in India.

In industrialized countries, a recent assessment found that many policies, programs and
measures are being pursued in order to improve energy efficiency in industry (Table 7-1)
(Galitsky et al., 2004). The assessment found that all countries provide information
through a combination of audit or assessment reports, benchmarking, case studies, fact
sheets, reports and guidebooks, and tools and software on energy efficiency. Energy
management assistance is provided through the use of standardized energy management
systems, provision of energy awareness promotion materials, industry experts, training
programs and provision of some form of verification and validation assistance for
companies to help them to track and report energy use or GHG emissions reductions.
Financial assistance for energy-efficient technologies or through assessments is available
to industry in each of the countries examined. Target-setting, where companies or
industrial sectors determine a goal for energy-efficiency improvement is done through a
process of establishing visions and roadmaps as well as with negotiated agreements,
which provide the framework for reporting and undertaking actions to increase energy
efficiency. Awards and recognition provide positive publicity related to energy efficiency

19 Stricter environmental controls can also work the other way: the installation of hydrodesulfirizers to
produce low sulfur fuel increases the energy consumption of refineries.
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or GHG emission reduction achievements and can consist of logos, awards or articles in
the newspapers or newsletters. Energy efficiency standards, such as motor efficiency
standards, are used to specify mandatory minimum energy consumption levels for
specific types of equipment.

A key tool for achieving improved energy efficiency is to build capacity, train,
encourage, and/or mandate the benchmarking of energy consumption at the plant level.
Benchmarking will help plant owners to realize the level of their own specific energy
consumption relative to similar plants elsewhere in India and the world. A continual
reminder of the cost of energy consumption will serve a means to compel plant owners
and operators to take action, including adoption of energy management systems.
Benchmarking is not a new idea. It has been practiced in industry for some time now. Its
specific use for monitoring energy use at all levels, however, will strengthen its intent of
cost reduction, and provide environmental benefits.

The Indian government enacted the Energy Conservation Act, October 2001 which
became effective in March 2002. It set up the Bureau of Energy Efficiency. The Act calls
for the setting up of industry-specific task forces on energy conservation. In some sectors,
the BEE and others are already implementing benchmarking programs. The Bureau of
Energy Efficiency is currently leading the Indian Industry Programme for Energy
Conservation. The activities of this project related to the cement industry include
formation of a Cement Task Force, energy audits, identification of best practices, and
development of energy consumption norms (BEE, 2004). BEE has set up Task Groups
for textiles, cement, pulp and paper, fertilizer, chlor-alkali and aluminum sectors.
Industry members participate in this project to share information about best practices,
declare their voluntary targets and adopt benchmarks for their processes. A benchmarking
tool being developed through the Indo-German Energy Efficiency & Environment Project
will provide cement manufacturers with information regarding their relative energy
consumption level compared to their peers and to industry average (IGEEP, n.d.).

Once a facility has participated in a benchmarking exercise, it requires more detailed
information about the energy savings and costs of specific energy-efficiency
improvement measures that can be adopted. Information from the Indian case studies and
best practice examples, combined with international information on energy-efficiency
technology energy savings and costs, could be provided to Indian manufacturers in the
form of an energy management guide (similar to those produced by the U.S.
Environmental Protection Agency’s Energy Star Industry program) or could be integrated
into a benchmarking tool in order to provide projected savings for an individual plant
given the adoption of a chosen set of energy-efficient technologies and practices.

Similarly, various other activities identified in Table 7-1 could be implemented in
order to accelerate the improvement in industrial energy efficiency in the country.



Table 7-1. Industrial Energy Efficiency Policies, Programs, and Measures (Partial
List) in Selected Industrialized Countries and Selected Industrial Sectors in India

S g
. 2 8 zgk
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8 255585885 ¢S EE
L oo @O Z22Z2dhh D D
INFORMATION
Audit or Assessment Reports X X X[ X
Benchmarking X X X[ X X
Case Studies| X | X X X X[ XX X| X
Fact Sheets| X X X|X|X]| X
Reports and Guidebooks| X | X X X[ X[XX]X]X]|X| X
Tools and Software| X [ X | X [ X X X[ X X[ X
Websites| X [ X | X | X[ X[ X[ X[ X]|X|X|X|X| X
Working Groups X X XXX X X
Conferences and Trade Shows| X | X X[ X[X[X]|X]X X[ X
Demonstration: Commercial Technologies X X[ X[X]X XX
Demonstration: Emerging Technologies X XX X X X
ENERGY MANAGEMENT
Energy Management Systems X
Energy Awareness Promotion Materials] X | X | X X X X XXX
Industry Experts| X | X [ X [ X X X X[ X
Training| X [ X XX XXX X[X]X[X] X
Verification and Validation| X | X XXX X[ X X
FINANCIAL ASSISTANCE
Financial and other assistance] X [ X | X [ X | X[ X | X[ X | X[ X | X[ X ] X
Subsidized Assessments| X [ X | X [ X | X[ X | X[ X | X|[X X[ X
Tax Abatement for EE Technologies XX XXX XX X[X| X
TARGET-SETTING
Visions and Roadmaps| X | X XX X X
Negotiated Agreements| X X XX X[X]|X X[ X
AWARDS AND RECOGNITION
Public Recognition] X | X X XXX X X
ENERGY EFFICIENCY STANDARDS
Motor Efficiency Standards X
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