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EXECUTIVE SUMMARY

Bureau of Energy Efficiency (BEE) appointed Feedback Ventures Private Limited as the
executing agency for brick cluster of Varanasi under BEE's SME programme. Under this
project, the executing agency carried out studies in the brick cluster of Varanasi. Out of a
total of 229 brick kilns, study was conducted in 67 units. Preliminary audits were
undertaken in all the 67 units whereas detailed energy audits were conducted in 22 of
these units.

Based on the energy audits, the executing agency submitted their report to BEE in form of
a cluster manual with recommendations for energy conservation & savings potentials in
the brick sector. The recommendations made in the cluster manual are listed below:

® Process Change from straight line to Zigzag Firing

e Adoption of best practices in Coal Charging/ Feeding
¢ Induced Draft Fan

e Vertical Shaft Brick Kiln

¢ Hoffman Kiln

e Manufacture of Perforated Bricks

Total investment, debt equity ratio for financing the project, monetary saving, Internal rate
of return (IRR), Net present value (NPV),Debt service coverage ratio (DSCR), Return on
investment (ROI) etc. for implementing energy efficient project are furnished in Table

below:
S.No Particular Unit Value
1 Project cost % (in lakh) 1.72
2 Coal saving tonne/year 46.5
3 Monetary benefit % (in lakh) 2.32
4 Debit equity ratio ratio 3:1
5 Simple payback period months 9
6 NPV X (in lakh) 3.41
7 IRR %age 91.74
8 ROl %age 50.13
9 DSCR ratio 4.07
10 Procurement and implementation schedule week 12

The projected profitability and financial indicators shows that the project will be able to
earn profit from inception and project is financially viable and technically feasible.



ABOUT BEE’S SME PROGRAM

The mission of the SME Programme is to improve the overall energy efficiency of Small
and Medium Enterprises. In quantitative terms, there is a general lack of record keeping
with respect to energy consumption and energy saving opportunities within these
Industries. The BEE’s SME Programme intends to enhance the energy efficiency
awareness by funding/subsidizing need based studies in SME clusters and giving energy
conservation recommendations. For addressing the specific problems of these SMEs and
enhancing energy efficiency in the clusters, BEE will be focusing on energy efficiency,
energy conservation and technology up gradation through studies and pilot projects in
these SME clusters.

The SME program also intends to undertake capacity building of local service providers
and entrepreneurs/ managers of these SMEs in order to train them for setting up the
energy efficient projects.



Induced Draft Fan in Brick Industry

1 INTRODUCTION
1.1 Brief about the SME cluster
About SME cluster

The Brick cluster selected under BEE’s SME programme is located in Varanasi district. In
Varanasi brick cluster, there are approximately 226 (Two hundred and twenty six)
registered brick kilns operation within the greater Varanasi district. Out of these around
40% units are either closed or not in operation. These brick kilns have been classified into
following clusters within the district:

. Haruhua . Munari

. Sarnath . Rameshwar
. Sindhora Road . Badagaon

. Rohania

Existing production process and technology

Although there are many brick production technologies existent but almost all the brick
kilns in entire Varanasi cluster are of the traditional coal fired fixed chimney Bull’'s Trench
Kilns (BTK) type, with fixed natural draft chimneys except a few kilns which are operating
using induced draft fans for better airflow in the firing/ cooling zone.

Brick Production Process

While the principles of brick manufacture in BTK’s is fairly consistent, individual units may
and sometimes do depart from these basics to fit their particular requirements, raw
materials and mode of operations. The essential steps in brick making are shown in the
diagram below.

Shaping or
Moudling of
green bricks

Firing and Brick
cooling Extraction

Soil
Preperation

Figure 1.1 Process flow chart of typical brick kiln process

The first three steps of the brick making process usually start around about 20-40 days
before the actual firing of the kiln. This is done to build up a decent stockpile of dried green
bricks for continuous operation of the brick kiln. The firing up process of the brick kiln
takes 10-20 days to make the kiln reach its appropriate temperature for the bricks to
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solidify and acquire its pre requisite fired brick attributes. The entire process is continual
and once the firing is initiated, very rarely is the kiln operation course halted.

Clay Winning and Soil preparation

Clay is usually dug from the local vicinity of the brick kiln. The clay is then processed as to
be free from gravel, lime and other bio wastes/ matter. This soil once excavated is then
watered and left over a period of 8 — 12 hours for weathering and processing. After aging
the moistened soil is kneaded/ pugged as required.

Moulding / Brick formation

The Plastic clay after been through the previous process is then moulded into the required
brick shape and size with its makers mark using a metal/ wooden / PVC mould.

Brick Drying

Once the clay has been formed into the pre required green brick shape, it is then left out in
the sun to dry and reduce its moisture content. Fast drying on extremely hot days may
lead to creation of cracks in the green brick which is undesirable. Therefore to minimize
crack creation and quick moisture loss, the drying process takes place over a period of 8 -
12 days with the bricks left out in the Sun. The bricks are usually laid out in stacks with a
horizontal vertical alignment as to maximize usage of space and Sun light.

Firing and cooling

The firing and cooling is done in the Bull's Trench Kiln (BTK). Relative to combustion
zone within the kiln, the trench can be divided into cooling, firing and pre heating zones.
The cooling zone is the upstream region in which the fired brick extraction takes place.
This area is also vital in the mechanics of the brick kiln functionality as it allows cool air to
flow into the combustion zone. The cool air while flowing through the fired brick
arrangement cools the brick arrangement while at the same time gaining heat from the
previous lines of fired bricks.

The combustion zone is the area where the firing of bricks takes place. To achieve the
desired/ required properties of fired bricks the green bricks in this zone are subjected to
temperatures of 800 — 1080 degree Celsius. Holes are made in lines on the top layer of
the brick arrangement through which coal is fed in regular intervals into the combustion
zone. To minimize heat losses during feeding, these holes are covered with metallic lids.
Coal feeding of a line within the combustion zone may take anywhere from 3 to 6 hours
depending on the draft and temperature of the Pre heating line.

The pre-heating zone is located downstream to the combustion zone. Sufficiently dried
green bricks are brought over from the Pathai (brick moulding area) and systematically

2
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stacked within this zone. This stacking arrangement is then covered with a top layer of fly
ash (3 — 6 inches) to offer insulation and minimize heat losses. The hot air/gases coming
from the combustion zone flow through these lines of bricks further reducing their moisture
and heating these bricks. A hole connected to the chimney is opened at a suitable
location downstream to allow for maximum heating of bricks in the pre heat zone before it
is discharged through the chimney. The difference in temperature between the hot air in
the chimney and the cold ambient air creates a draft which sucks in air from the cooling
zone.

Brick Extraction

The extraction of bricks takes place in the beyond the cooling zone of the brick kiln. As the
brick firing and cooling is a continuous process the brick discharge takes place daily in
tandem with the position of the firing/cooling of the lines.

Energy usage pattern

Bull's Trench Kiln is the only technology existent in the Varanasi brick cluster and coal is
the main source of energy in this kind of technology. Majority of these kilns are using only
coal as fuel however a few kilns are also using sawdust/ wood along with coal for firing of
bricks. The consumption of other fuels is negligible as compared to the overall
consumption of coal in the operation and energy usage of kilns in this cluster. Most of
these units use a combination of coal types depending upon its availability and market
price.

1.2 Energy performance in existing situation
1.2.1 Fuel and electricity consumption

The main fuel used for energy in brick industry is Coal. A few units within the cluster also
use sawdust/ wood along with coal for the firing of bricks. However the energy usage of
these fuel sources is negligible as compared to the overall consumption of coal in the
operation and energy usage in brick kilns. Electricity is not used in the brick making
process, although it is used for lighting purpose in the night in a few units. A typical unit in
this cluster consumes approximately 558 tonne of Coal annually.

1.2.2 Average production

The brick production in a typical kiln depends upon firstly the size of the brick kiln and
secondly the number of rounds completed within the season. The brick industry operates
for around 7-8 months in a year (November to May) but it is highly dependent on the
weather conditions. Cloudy or rainy conditions interrupt the process of brick making. On
an average a typical unit in this Varanasi brick cluster produces 31 Lakh bricks per annum.
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1.2.3 Specific fuel consumption

Typically the energy consumption of brick manufacturing units is presented in terms of
tons of fuel consumed for firing one lakh bricks. This method of representation however is
inaccurate in comparing the performance of brick kilns as:

e |t does not account for the varying range of fired brick weight between units in the
cluster

e Does not account for the difference in weight/dimensions of half bricks and full
bricks

e |t does not account for the quality/source of coal being used for the firing of bricks.

Therefore by calculating the specific energy consumption required for firing of one
kilogram of fired brick, the performance and energy consumption of the brick kilns within
the cluster can be accurately documented using this approach. The Specific Energy
Consumption in this cluster is 1.1-1.5 MJ/kg of fired brick.

1.3 Identification of technology/equipment

The existing technology being used in this cluster is mainly the traditional coal fired fixed
chimney Bull’s Trench Kilns (BTK), with fixed natural draft chimneys. This main reason for
the need of technology up gradation is that the existing technology a high coal consuming
process. As per the results of the energy audits done in the cluster, a typical BTK
consumes around 18 tonne of coal for producing one lakh of bricks, which is very high
compared to the other technology available.

1.3.1 Description of technology/equipment

A BTK is an oval or circular shaped brick kiln with its chimney usually in the centre. The
trench is connected to the chimney by means of evenly spaced chambers along the
trench. The outer wall has exit points for loading & Unloading of bricks. The firing &
cooling process in a BTK comprises of three zones: i) Pre-heating zone, ii) firing/
combustion zone, iii) cooling zone.

e Pre-heating zone is the area which is stacked with green bricks and utilizes the hot
air coming from the firing zone for drying the green bricks by absorbing the
moisture present in it.

e Firing zone is the actual area where the firing takes place. In a straight line firing
process, bricks are fired one line at a time at a temperature of around 900°C -
1000°C. The temperature is maintained by continuous feeding of coal at regular
intervals until the bricks get ready. Once one line of brick is ready, its holes are
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closed and the firing is moved forward to the next line towards the pre-heating
zone.

e Cooling zone is the area where the firing has already taken place and the bricks
are kept for cooling before they are unloaded from the kiln. Since bricks are fired at
a very high temperature, they take few days to cool down. Cooling time is lesser in
the winter season compared to the summers due to the difference in the ambient
temperature.

1.3.2 Role in process

The Combustion zone is the area where firing of bricks takes place. To achieve the
desired properties of fired bricks the green bricks in this zone are heated at a temperature
between 800-1000 degree Celsius. Holes are made in lines on the top layer of the brick
arrangement through which coal is fed in regular intervals into the combustion zone. To
minimize heat losses during feeding, these holes are covered with metallic lids. Coal
feeding of a line within the combustion zone may take anywhere from 3 to 6 hours
depending on the draft and temperature of the Pre heating line.

1.4 Benchmarking for existing specific energy consumption

The baseline data has been established based in the energy audits conducted in a total
number of 69 brick kilns out of which 47 were preliminary audits and 22 were detailed
audits. These units were identified after conducting a meeting in November 2009 with the
brick kilns owners with the cooperation of Int Nirmata Parishad, the local brick makers
association in Varanasi.

1.4.1 Design and operating parameters /specification

BTK has a circular or oval kiln circuit. The bricks to be fired are arranged in column
setting. The fire is progressively moved round the kiln through the brick setting. Before
entering the brick-firing zone, the air is preheated by exchanging heat with hot-fired bricks
in the brick-cooling zone. Brick firing takes place in a narrow brick-firing zone; in which,
coal is added manually from the holes provided in the roof of the kiln. The combustion
products (hot flue gases) pass over the green bricks resulting in drying and preheating of
bricks in the brick-preheating zone. The fire travel takes place in the direction of the
airflow. Cooled fired bricks are removed from the brick cooling zone, while fresh green
bricks are added in front of the brick preheating zone. A chimney stack provides the
necessary draft. The below figure depicts the structure of a BTK.
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Figure 1.2 Typical structure of BTK
1.4.2 Operating efficiency analysis

To determine the Energy use and technical study, individual units were identified within
different clusters in Varanasi district. It is integral to target different clusters as it accounts
for deviations in soil properties, sourcing of raw materials, fuel, and variations in
manufacturing and housekeeping operations. The overall step by step methodology
followed for Energy use and technical study is as below:

|dentification

of units for Information Technology Proposals for

Preliminary Detailed
Study Study

Gap Energy
Assessment Conservation

preliminary workshop for
and detailed brick users
study

Figure 1.3 Energy auditing methodology

Preliminary energy study
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The preliminary study is the first stage in conducting an energy and technology
assessment of the brick manufacturing units in the cluster. The aim of the preliminary
study is collecting information relating to kiln operating and energy use to get an overview
of energy sources, raw materials, processes involved, etc of the units within the cluster.
Preliminary energy studies were conducted at 47 brick manufacturing units in the Varanasi
cluster and the time taken for each study was 45 - 90 minutes.

Detailed energy study

Detailed energy studies are conducted to get an in depth break up of energy usage of
each of the associated processes in the operation of brick kilns. It covers the
quintessential steps in preliminary study and provides a thorough analysis of the kiln
functioning. Since coal is the main source of fuel used, there are some guidelines which
need to be maintained while analyzing and measuring the coal consumption of the unit.

Location of Combustion zone

The combustion/ firing zone should be in/along the straight position. If the fire is in the
curved portion of the kiln the rate of fire travel is higher and therefore it adversely affects
the accuracy of the results.

Regular loading of kiln during the study period

Ensure that the kiln has sufficient quantity of dry bricks (either already loaded or available
for loading) and labor for loading of the kiln during the course of the trials.

Weekly off-day should not fall during the Study duration

The kiln firing operation is a continuous process, taking place 24 hours, 7 days a week.
The associated loading / unloading, moulding process workers are given a weekly day off.
It is necessary to ensure the weekly off day does not fall during the study duration as it
may affect the firing of the kiln.

Bad Weather

As the brick manufacturing operation in BTKs is open to weather, the precision of detailed
study is affected by adverse weather conditions (rain, wind, storms, etc).

1.4.3 Specific fuel and electricity consumption

Based on the data collected from 69 units where the energy audits were conducted, the
average specific fuel consumption in a typical brick kiln is being calculated to be 558 tonne
of Coal for producing 31 Lakh of bricks annually.

Electricity is not being consumed in operational process in a brick kiln; however it is used
in some of the units for lighting purpose in the night for the coal feeders.
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1.5 Barriers for adoption of proposed technology/equipments
1.5.1 Technological Barrier

e There is a definitive void in development and existing facilities for Research and
Development in this sector. Institutes in the past have been integral in facilitating
technology transfers and improvement in the brick manufacturing cluster all over
India, However there is need for continuous Research and Development
associated processes (Green brick moulding) other than the thermal firing/cooling
to encounter the problems whenever they may arise. Providing Technical support
to this industry is the key to keep them abreast with international best practices in
brick making.

e Majority of the kiln owners have a closed outlook, choosing to look at only the
immediate future rather than long term benefits and improvements. There is a fairly
dominant mindset of working it till it breaks and an unwillingness to look at
repercussions of kiln operations in terms of land degradation, energy conservation
and pollution control.

1.5.2 Financial Barrier

The greater part of the entrepreneurs in the brick community cites lack of financial support
and access to credit from financial institutions. Due to the current technology of the brick
manufacturing process; i.e. its dependence on weather conditions, constant relocations
and its modulus operandi, financial institutions are hesitant to offer a line of credit to
interested and progressive kiln owners. Such is the disposition of the brick manufacturing
process in this cluster; any major technology upheavals are almost always at a high cost
measure, making it inaccessible to be owners without suitable financial interventions

1.5.3 Manpower Skill

Varanasi brick cluster faces shortage of trained manpower at every level. There is a void
of competent consultants and qualified masons for planning & supervision of Kkiln
improvements and kiln construction/renovations respectively. The current state of process
technology is such that there are no formal training options available to the managers and
coal feeders.

1.5.4 Other losses (if any)

Labour problem: Brick industry is a labour intensive industry and major labour force
working in Varanasi brick sector come from the neighborhood states of Bihar, Jharkhand.
The labour force goes back to their native places at the end of the season and their return
to these brick kilns in the next season depends upon the financial deals given to them.
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Since there is no certainty about the labour coming back to the same kilns next season,
labour remains a huge problem in the brick sector.
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2 TECHNOLOGY OPTION FOR ENERGY EFFICIENCY IMPROVEMENTS
2.1 Detailed description of technology selected
2.1.1 Description of technology

A High Draft kiln with Induced Fan has several similarities with the Habla kiln. This kiln is
divided into 24 chambers by providing temporary partition walls with green bricks. The wall
of each chamber runs along the width of the gallery except one end, wherein a space of
60 to 65 cm is left for communication to the next chamber. Draft is created by an induced
draft fan with a 15/20 hp motor for proper combustion of fuel. Depending on the design
capacity of a kiln, a chamber can hold 7,500 to 15,000 bricks. Normally two chambers are
burnt per day and output of 15,000 to 30,000 bricks per day can be obtained. When
brought to full firing, the kiln operates on a draft of 50 mm water gauge.

2.1.2 Technology specification

Table 2.1 Equipment Speciation
S.No Description Unit Details

Technical Specifications

1 Model - CAT- M-32
2 Capacity m3/hr 20000
3 Pressure mm Water gauge 150
4 Working Temperature oCc 100-150
5 BHP hp 15.91
6 Motor hp 20
7 Fan speed rpm 1440
8 Impeller size mm 812
9 Full load torque kg-m 7.91
10 Impeller value kg.m? 10.68
1 | MOC - M S IS 2062
12 | Casingin mm 3.15
10
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S.No Description Unit Details
13 Impeller BP/B/S 6/5/3.15
14 Drive stand top plate mm 10
15 | Side plate mm 3.15
16 | Base Frame - ISMC 125x40
17 Inlet Damper -- Multi vane
18 | Quantity - 06
19 | Construction - SISW
20 | Bearing - 22214 EK
21 Pedestal - SN- 514
22 | FanPulley - B4-200
23 | Motor Pulley - B4- 200
24 | Design - Backward curved
25 | Orientation - Pl confirm

Table 1.2 Fuel Consumption

Particular Unit Value
Coal consumption per lakh Bricks tonne 18
Coal consumption per lakh Bricks after adoption of Zigzag Firing tonne 16.5
Annual Coal Consumption tonne 5115
Coal saved in a year tonne 46.5
Cost of coal savings (in lakh) 2.32
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2.1.3 Suitability or integration with existing process

A kiln with high draft using an Induced Draft Fan (ID Fan) is quiet suitable in brick sector
since it can be installed in an existing BTK (with natural draft) by making few modification
in the kiln without disturbing the main structure of the kiln. Few reasons for selecting the ID
fan technology are:

e Induced High Draft within the kiln increases the length of preheating zone and
decreases the size of cooling zone, allowing for faster operation of kiln

¢ Increases Flue Gas heat recovery hence increasing the pre heating capacity of the
kiln

e Reduction in coal consumption and structural losses due to better propagation of
fire travel within the combustion zone.

2.1.4 Superiority over existing technology

A high draft BTK using ID Fan is much more efficient than a normal BTK (with natural
draft) in summer season when the ambient temperature is quiet similar to the temperature
of flue gases inside the chimney. The reduced temperature gradient between the chimney
flue-gases and ambient air, results in significant loss of pressure and slow propagation of
fire travel within the kiln heating zones. The ID Fan increases the draft inside the firing
zone ensures substantial exhaust gases draft within the kiln operational zones.

2.1.5 Availability of technology

Apart from brick industry, Induced Draft Fan is vastly used equipment in various industries
like pharmaceutical, cement etc. during various processes. The technology is widely
available and lots of manufacturers supply their product to these industries including the
brick industry.

2.1.6 Source of technology
2.1.7 Service/technology providers

Aircon System is the service provider for this technology. They have the experience of Id
Fan implementation in brick kilns and provided consultancy & implementation support for
either BTK that is already in operation or establishing a new Kkiln.

2.1.8 Terms and condition of sales

Aircon System, after implementation of technology will be guarantee against any material
and poor workmanship defect a period of 12 months from the date of commissioning
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2.1.9 Process down time during implementation

The installation of ID Fan can be done in the off season period (July — October) when the
brick kilns are not operative. Thus implementation of this technology will not affect the
process.

2.2 Life cycle assessment and risks analysis

In case ID fan implementation it will continue to work up to 10 years under proper
maintains .No need to any further huge modification after one time installation, in case of
risk analysis there is a need of proper maintains and timely oiling.

2.3 Suitable unit/plant for implementation of proposed technology

A brick kiln with a capacity of 7 to 10 lakh bricks per round is ideally suitable for adopting
Induced Draft Fan.

13
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3 ECONOMIC BENEFITS FROM NEW ENERGY EFFICIENT TECHNOLOGY
3.1 Technical benefits
3.1.1 Fuel saving

At present majority of the brick manufacturing units operate with Natural draft within their
chimneys. During the extreme hot summer season (March-June); the ambient air
temperature is relatively similar to the temperature of the flue gases within the chimney.
Due to the reduced temperature gradient between the chimney flue-gases and ambient
air, there is a significant loss of pressure and slow propagation of fire travel within the kiln
heating zones.

Installation of a Low HP Fan powered by an outside motor inside the chimney to increase
the draft inside the firing zone ensures substantial exhaust gases draft within the kiln
operational zones. Savings in a typical unit by installation of Induced Draft Fan are
tabulated below:

Table 3.1 Energy savings per year

S.No Particular Unit Value
1 Coal consumption in existing technology tonne/year 558
2 Coal consumption in new technology tonne/year 511.5
3 Calorific value of coal (assumed) kJ/kg 23000
4 Coal saving tonne/year 46.5
5 Energy Savings tera Joule/year 1.07

A Bull's Trench Kilns with natural draught is not dependent on electricity for any part of its
operations; therefore electricity savings through installation of Induced Draft Fan cannot
be quantified in this case.

3.1.2 Improvement in product quality

Implementation of ID Fan utilizes the fuel to its maximum value and the fire travels in such
a manner that it heats up the green bricks at equal temperature. A resultant of which is
max high quality of bricks being produced as compared to the natural Draft.
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3.1.3 Increase in production

Installation of Induced Draft Fan in the kiln will result in increase of draught and hence
reducing the chances of bricks being over burnt or broken. The overall result will be a
improved quality of bricks and over all ID Fan increases the production capacity of the kiln.

3.1.4 Reduction in raw material consumption

As described earlier, during the summer season; the ambient air temperature is relatively
similar to the temperature of the flue gases within the chimney. This causes loss of
pressure and slow propagation of fire travel within the kiln heating zones and hence
effects the production of bricks. ID Fan increases draught and results in normalizing the
operations in the kiln.

3.1.5 Reduction in other losses

Installation of Induced Draft Fan will result in reduction of the waste bricks produced due
to under heating or overheating during the firing process. This will indirectly result in
reduction in raw material consumption.

3.2 Monetary benefits

Monetary savings in a typical unit after installation of ID Fan has been estimated around
%2.32 lakh. This figure has been arrived based on the annual coal savings in a typical unit
multiplied by average rate of coal per tonne.

3.3  Social benefits
3.3.1 Improvement in working environment

Induced High Draft within the kiln increases the length of preheating zone and decreases
the size of cooling zone, allowing for faster operation of kiln Increases Flue Gas heat
recovery hence increasing the pre heating capacity of the kiln reduction in coal
consumption and structural losses due to better propagation of fire travel within the
combustion zone.

3.3.2 Improvement in skill

Intervention of any new technology in any process/ industry requires improvement in skill
set of workers so as to run the process efficiently. The same applies in the case of High
Draught Kiln with Induced Draft Fan.
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34 Environmental benefits
3.4.1 Reduction in effluent generation

During the initial firing rounds at the start of the season, there is usually 30% wastage in
manufactured brick product and it is around 5% at the end of the season. This wasted
brick products is largely made up of broken, overheated or melted bricks which are barrier
for efficient market sale. Implementation of ID Fan utilizes the fuel to its maximum value
due to complete combustion of fuel results in reduction of these wastes to minimum.

3.4.2 Reduction in GHG emission such as CO,, NOx, etc

There are significant reductions to be achieved in Green House Gas emission by adoption
of ID Fan. Reduction in coal consumption translates into GHG reductions roughly to the
order of 95.8 tonne of CO, per Terajoule on calorific value of coal. And proposed
technology reduces the 102.5 tonne of CO, and can be implement the CDM (Clean
Development Mechanism).The other benefits include, decrease in particulate pollution
levels in kiln and surrounding area.

3.4.3 Reduction in other emissions like SOx

Due to and less fuel requirement and max combustion of fuel as compare to natural draft it
capture maximum emission product in comparison to other brick kilns.
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4 IMPLEMENTATION OF NEW ENERGY EFFICIENT TECHNOLOGY
41 Cost of technology implementation
4.1.1 Cost of technology

The costs of equipments that will be required for Implementation for ID FAN are provided in
Table 4.1 below:

Table 4.1 Cost of equipment
S.No.. Particulars Cost

1 Cost of Induced Draft Fan % 1,00,000

4.1.2 Other costs

Table 4.2 Cost of civil work and consultancy

S.NO. Particulars Cost
1. Cost of civil work % 21,500/-
2. Cost of Consultancy and installation < 50,000/
Total | Seventy one thousand only/- % 71,000/-

4.2 Arrangements of funds

The Japan International Cooperation Agency (JICA) has extended a Line of Credit to
Small Industries Development Bank of India (SIDBI) for financing Energy Saving projects
in Micro, Small and Medium Enterprises (MSMEs) Sector. The project is expected to
encourage MSME units to undertake energy saving investments in plant & machinery /
production process to reduce energy consumption, enhance energy efficiency, reduceCO2
emissions and improve the profitability in the long

The financial parameters for assistance under the scheme are given in Table 4.3 below:
Table 4.3 Financial parameters

Parameter Norms

Minimum Assistance % 10 lakh
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Minimum promoters contribution 25% for existing units
Debt Equity Ratio Maximum 251
Interest Rate The interest rate is based on internal risk rating within the

band given below :
_ Fixed rate : 9.50 - 10.0% p.a.

_ Floating rate : 9.75-10.5% p.a.

Security First charge over assets acquired under the scheme;
first/second charge over existing

assets and collateral security as may be deemed
necessary.

Asset coverage Minimum Asset Coverage should be 1.4: 1 for new units
and 1.3: 1 for existing units.

Repayment period Need based. Normally, the repayment period does not
extend beyond 7 years. However,

longer repayment period of more than 7 years can be
considered under the Line if considered necessary

4.3 Financial indicators

4.3.1 Cash flow analysis

Detail cash flow analysis for new proposed technology is given in Annexure—5.
4.3.2 Simple payback period

Payback period will be Less than 1 Years.

4.3.3 Net Present Value (NPV)

Net Present Value of new project would work out X 3.41 lakh.

4.3.4 Internal rate of return (IRR)

The after tax internal rate of return of the project works out to be 91.74 %. Thus the project
is financially viable.

4.3.5 Return on investment (ROI)

The average return on investment of the project activity works out at 50.13 %.
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Table 4.4 Financial indicator of proposed technology

Particulars Unit
Simple Pay Back period month
IRR %age
NPV % in lakh
ROI %age
DSCR ratio

4.4 Sensitivity analysis

Value

91.74
3.41
50.13
4.07

In different situation fuel saving may increase or decrease on the basis of this scenarios a

sensitivity analysis in realistic, pessimistic and optimistic has been carried out on the basis

of two scenarios as considers
Fuel saving increase by 10%
Fuel saving decrease by 10%

Table 4.5: Sensitivity analysis

Particulars DSCR IRR
Normal 4.07 91.74%
5% increase in fuel savings 4.26 96.84%
5% decrease in fuel savings 3.87 86.59%

ROI NPV
50.13% 3.41
50.60% 3.65
49.62% 3.16

Assuming all provision and resource input would be similar during economic analysis
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4.5 Procurement and implementation schedule

The installation of ID Fan can be done in the off season period (July — October) when the
brick kilns are not operative

1C I C 3 1 C 1FL0C
2 Weeks 4 Weeks ‘ 2 Weeks 1 Week ‘ 4 Weeks

Total 13
Weeks
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ANNEXURE
Annexure — 1: Energy audit reports used for establishing

The results of detail energy audit for 22 kilns with heat balance are given below:

Audit No. 1
Heat Balance
Particulars Unit Value %age
Sensible heat in Brick MJ 192 0.8
Energy in water vapour leaving the system MJ 751 il
Heat required for chemical reactions MJ 6494 28.2
Dry flue gas loss MJ 2027 8.8
Unaccounted (mainly structure + surface) MJ 13547.6 58.9
Total heat input MJ 23011 100
Total heat input MJ 23010.9
Kiln Efficiency %age - 315
Coal CV MJ 20.9
Specific Energy consumption M‘.J/Kg 1.20133
Brick
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Audit No. 2
Heat Balance
Particulars Unit Value %age
Sensible heat in Brick MJ 411 2.0
Energy in water vapour leaving the system MJ 1022 5.0
Heat required for chemical reactions MJ 6125 29.9
Dry flue gas loss MJ 1603 7.8
Unaccounted (mainly structure + surface) MJ 11318.3 55.3
Total heat input MJ 20480 100
Kiln Efficiency % age 34.9
Coal CV MJ 19.3
Specific Energy consumption MJ/kg Brick 1.13476
Audit No. 3
Heat Balance
Particulars Unit Value %age

Sensible heat in Brick MJ 223 1.7
Energy in water vapour leaving the system MJ 952 7.4
Heat required for chemical reactions MJ 3119 244
Dry flue gas loss MJ 620 4.8
Unaccounted (mainly structure + surface) MJ 7888.2 61.6
Total heat input MJ 12802 100
Kiln Efficiency MJ 31.8 %
Coal CV MJ 25.3
Specific Energy consumption MJ/kg Brick 1.39302
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Audit No. 4
Heat Balance
Particulars Unit Value %age
Sensible heat in Brick MJ 265 2.1
Energy in water vapour leaving the system MJ 1239 10.0
Heat required for chemical reactions MJ 3438 27.8
Dry flue gas loss MJ 987 8.0
Unaccounted (mainly structure + surface) MJ 6452.1 52.1
Total heat input MJ 12382 100
Kiln Efficiency % age 37.8
Coal CV MJ 23.1
Specific Energy consumption MJ/kg Brick 1.17193
Audit No. 5
Heat Balance
Particulars Unit Value %age

Sensible heat in Brick MJ 270 2.6
Energy in water vapour leaving the system MJ 748 7.3
Heat required for chemical reactions MJ 2966 29.0
Dry flue gas loss MJ 583 5.7
Unaccounted (mainly structure + surface) MJ 5647.3 55.3
Total heat input MJ 10214 100
Kiln Efficiency % age 36.4
Coal CV MJ 23.1
Specific Energy consumption MJ/kg Brick 1.12068
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Audit No. 6

Particulars
Sensible heat in Brick
Energy in water vapour leaving the system
Heat required for chemical reactions
Dry flue gas loss
Unaccounted (mainly structure + surface)
Total heat input
Kiln Efficiency
Coal CV
Specific Energy consumption

Audit No. 7

Particulars
Sensible heat in Brick
Energy in water vapour leaving the system
Heat required for chemical reactions
Dry flue gas loss
Unaccounted (mainly structure + surface)
Total heat input
Kiln Efficiency
Coal CV

Specific Energy consumption

Heat Balance
Unit
MJ
MJ
MJ
MJ
MJ
MJ
% age

MJ

MJ/kg Brick

Heat Balance
Unit
MJ
MJ
MJ
MJ
MJ
MJ
% age

MJ

MJ/kg Brick

Value %age
232 24
991 10.1
2378 24.2
2314 23.6
3908.6 39.8
9824 100
34.3
26.1
1.37874
Value %age
146 1.3
1432 12.8
2973 26.6
1943 174
4693.0 41.9
11188 100
394
21.2
1.25599 -
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Audit No. 8
Heat Balance
Particulars Unit Value %age
Sensible heat in Brick MJ 225 2.0
Energy in water vapour leaving the system MJ 971 8.8
Heat required for chemical reactions MJ 2945 26.7
Dry flue gas loss MJ 448 4.1
Unaccounted (mainly structure + surface) MJ 6429.8 58.4
Total heat input MJ 11018 100
Kiln Efficiency % age 35.5
Coal CV MJ 21.1
Specific Energy consumption MJ/kg Brick 1.26851
Audit No. 9
Heat Balance
Particulars Unit Value %age

Sensible heat in Brick MJ 809 33
Energy in water vapour leaving the system MJ 1105 4.5
Heat required for chemical reactions MJ 7545 30.8
Dry flue gas loss MJ 899 3.7
Unaccounted (mainly structure + surface) MJ 14176.0 57.8
Total heat input MJ 24534 100
Kiln Efficiency % age 35.3
Coal CV MJ 25.3
Specific Energy consumption MJ/kg Brick 1.10234

25

ENERGY IS LIFE

C&NSERVE IT



Induced Draft Fan in Brick Industry

Audit No. 10
Heat Balance
Particulars Unit Value %age
Sensible heat in Brick MJ 2123 9.0
Energy in water vapour leaving the system MJ 1323 5.6
Heat required for chemical reactions MJ 6216 26.3
Dry flue gas loss MJ 2305 9.8
Unaccounted (mainly structure + surface) MJ 11675.3 49.4
Total heat input MJ 23643 100
Kiln Efficiency % age 31.9
Coal CV MJ 21.1
Specific Energy consumption MJ/kg Brick 1.28942
Audit No. 11
Heat Balance
Particulars Unit Value %age

Sensible heat in Brick MJ 476 1.8
Energy in water vapour leaving the system MJ 1889 7.0
Heat required for chemical reactions MJ 6440 24.0
Dry flue gas loss MJ 921 3.4
Unaccounted (mainly structure + surface) MJ 17158.8 63.8
Total heat input MJ 26884 100
Kiln Efficiency % age 31.0
Coal CV MJ 25.1
Specific Energy consumption MJ/kg Brick 1.41533
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Audit No. 12
Heat Balance
Particulars Unit Value %age
Sensible heat in Brick MJ 532 1.7
Energy in water vapour leaving the system MJ 2223 7.2
Heat required for chemical reactions MJ 6623 21.5
Dry flue gas loss MJ 1731 5.6
Unaccounted (mainly structure + surface) MJ 19653.9 63.9
Total heat input MJ 30764 100
Kiln Efficiency % age 28.8
Coal CV MJ 25.6
Specific Energy consumption MJ/kg Brick 1.48124
Audit No. 13
Heat Balance
Particulars Unit Value %age

Sensible heat in Brick MJ 344 1.3
Energy in water vapour leaving the system MJ 1723 6.5
Heat required for chemical reactions MJ 5857 221
Dry flue gas loss MJ 928 3.5
Unaccounted (mainly structure + surface) MJ 17698.3 66.7
Total heat input MJ 26550 100
Kiln Efficiency % age 28.5
Coal CV MJ 212
Specific Energy consumption MJ/kg Brick 1.50578
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Audit No. 14
Heat Balance
Particulars Unit Value %age
Sensible heat in Brick MJ 269 2.2
Energy in water vapour leaving the system MJ 714 5.9
Heat required for chemical reactions MJ 2935 24.2
Dry flue gas loss MJ 419 3.4
Unaccounted (mainly structure + surface) MJ 7816.5 64.3
Total heat input MJ 12155 100
Kiln Efficiency % age 30.0
Coal CV MJ 18.8
Specific Energy consumption MJ/kg Brick 1.32041
Audit No. 15
Heat Balance
Particulars Unit Value %age

Sensible heat in Brick MJ 189 1.6
Energy in water vapour leaving the system MJ 811 6.7
Heat required for chemical reactions MJ 3372 27.9
Dry flue gas loss MJ 997 8.3
Unaccounted (mainly structure + surface) MJ 6703.2 55.5
Total heat input MJ 12071 100
Kiln Efficiency % age 34.7
Coal CV MJ 214
Specific Energy consumption MJ/kg Brick 1.15079
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Audit No. 16
Heat Balance
Particulars Unit Value %age
Sensible heat in Brick MJ 185 1.5
Energy in water vapour leaving the system MJ 1081 8.7
Heat required for chemical reactions MJ 2671 214
Dry flue gas loss MJ 2016 16.2
Unaccounted (mainly structure + surface) MJ 6516.5 52.3
Total heat input MJ 12470 100
Kiln Efficiency % age 30.1
Coal CV MJ 20.7
Specific Energy consumption MJ/kg Brick 1.50059
Audit No. 17
Heat Balance
Particulars Unit Value %age

Sensible heat in Brick MJ 177 1.7
Energy in water vapour leaving the system MJ 770 7.5
Heat required for chemical reactions MJ 2520 244
Dry flue gas loss MJ 277 2.7
Unaccounted (mainly structure + surface) MJ 6578.8 63.7
Total heat input MJ 10322 100
Kiln Efficiency % age 31.9
Coal CV MJ 25.2
Specific Energy consumption MJ/kg Brick 1.31676
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Audit No. 18

Particulars
Sensible heat in Brick
Energy in water vapour leaving the system
Heat required for chemical reactions
Dry flue gas loss
Unaccounted (mainly structure + surface)
Total heat input
Kiln Efficiency
Coal CV
Specific Energy consumption

Audit No. 19

Particulars
Sensible heat in Brick
Energy in water vapour leaving the system
Heat required for chemical reactions
Dry flue gas loss
Unaccounted (mainly structure + surface)
Total heat input
Kiln Efficiency
Coal CV

Specific Energy consumption

Heat Balance
Unit
MJ
MJ
MJ
MJ
MJ
MJ
% age

MJ

MJ/kg Brick

Heat Balance
Unit
MJ
MJ
MJ
MJ
MJ
MJ
% age

MJ

MJ/kg Brick

Value %age

427 1.9
2270 9.9
6200 27.0
3044 13.3
11018.7 48.0
22960 100
36.9

25.2

1.19035

Value %age

348 1.3
2630 10.0
6684 25.3
4205 15.9
12514.7 47.4
26382 100
4.8

20.9

1.3
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Audit No. 20
Heat Balance
Particulars Unit Value %age
Sensible heat in Brick MJ 485 1.6
Energy in water vapour leaving the system MJ 2394 7.7
Heat required for chemical reactions MJ 6213 20.0
Dry flue gas loss MJ 2324 7.5
Unaccounted (mainly structure + surface) MJ 19676.3 63.3
Total heat input MJ 31092 100
Kiln Efficiency % age 21.7
Coal CV MJ 25.2
Specific Energy consumption MJ/kg Brick 1.60866
Audit No. 21
Heat Balance
Particulars Unit Value %age

Sensible heat in Brick MJ 545 2.1
Energy in water vapour leaving the system MJ 1433 5.6
Heat required for chemical reactions MJ 5953 23.2
Dry flue gas loss MJ 996 3.9
Unaccounted (mainly structure + surface) MJ 16759.4 65.2
Total heat input MJ 25687 100
Kiln Efficiency % age 28.8
Coal CV MJ 2291
Specific Energy consumption MJ/kg Brick 1.37827
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Audit No. 22
Heat Balance
Particulars Unit Value %age
Sensible heat in Brick MJ 132 1.3
Energy in water vapour leaving the system MJ 1115 10.8
Heat required for chemical reactions MJ 3142 30.3
Dry flue gas loss MJ 620 6.0
Unaccounted (mainly structure + surface) MJ 5346.0 51.6
Total heat input MJ 10354 100
Kiln Efficiency % age - 411
Coal CV MJ 25.5
Specific Energy consumption MJ/kg Brick 1.12
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Annexure — 2: Process flow diagram

While the principles of brick manufacture in BTK’s is fairly consistent, individual units may
and sometimes do depart from these basics to fit their particular requirements, raw
materials and mode of operations. The essential steps in brick making are shown in the
diagram below.

Shaping or
Moudling of
green bricks

Firing and Brick
cooling Extraction

Winning and

Soil
Preperation

The first three steps of the brick making process usually start around about 20-40 days
before the actual firing of the kiln. This is done to build up a decent stockpile of dried green
bricks for continuous operation of the brick kiln. The firing up process of the brick kiln
takes 10-20 days to make the kiln reach its appropriate temperature for the bricks to
solidify and acquire its pre requisite fired brick attributes. The entire process is continual
and once the firing is initiated, very rarely is the kiln operation course halted
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Annexure — 3: Detailed technology assessment report

The brick kilns technology in the entire Varanasi cluster are of the traditional coal fired
fixed chimney Bull’s Trench Kilns (BTK) type, with fixed natural draft chimneys.

Proposed Technology Description:

At present majority of the brick manufacturing units operate with Natural draft within their
chimneys. During the extreme hot summer season (March- June); the ambient air
temperature is relatively similar to the temperature of the flue gases within the chimney.
Due to the reduced temperature gradient between the chimney flue-gases and ambient
air, there is a significant loss of pressure and slow propagation of fire travel within the kiln
heating zones. Installation of a Low hp Fan powered by an outside motor inside the
chimney to increase the draft inside the firing zone ensures substantial exhaust gases
draft within the kiln operational zones
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