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EXECUTIVE SUMMARY

Petroleum Conservation Research Association (PCRA) is the executing BEE _ SME
program for Jorhat Tea Cluster, supported by Bureau of Energy Efficiency (BEE) with an
overall objective of improving the energy efficiency in cluster units.

Jorhat cluster is one of the largest tea clusters in India; accordingly this cluster was
chosen for energy efficiency improvements by implementing energy efficient
measures/technologies, so as to facilitate maximum replication in other tea clusters in
India. The main energy forms used in the cluster units are grid electricity, Natural gas,
coal, and Diesel oil mainly to provide power during off 1 grid period.

The tea factories of Jorhat Cluster uses either Natural Gas or Coal as the source for
thermal energy requirement, and for electrical energy requirement, grid power is used. In
case of failure in the power supply from the grid, DG sets fuelled by diesel oil is used to
meet the requirement of electrical energy in the tea factories.

During the audit period, it was found that the average speed of the waste air coming out
of enclosed type of withering trough is 10.68 m/s. The waste air from the withering
trough does not only have speed but also is dense, as it carries along with it the
moisture of the tea leaves. The potentiality of the kinetic energy of this moisture laden
waste air coming out of the withering trough is estimated as 2394 kWh/ m? per year per
tea factory, which opens up the avenue for utilisation of this waste air to generate power
through installation of wind turbine. Thus based on this audit finding, an innovative pilot
project was executed at GORUNGA TEA FACTORY, where the wind turbine was installed
and successfully commissioned to re T generate power from the waste air of the enclosed
type of withering trough. This is probably for the first time in the history of Tea Industry, at
least in this region and has thus opened up the opportunity to harness power from both
waste air of withering trough and naturally available solar energy through installation of
solar i aero generator hybrid power system in the tea factories. The adoption of this
technology will help the tea factories to generate power from renewable sources, for which
this technology, unlike other energy efficient technologies recommended for this Cluster, is
eligible for grant from MNRE, which is rupees one lakh per kW generation.

This bankable DPR found eligible for grant from MNRE has been prepared, for a 3 kW
capacity solar i aero generator hybrid power system with a back i up power supply for 14
hours.The key indicators of the DPR including the Project cost, debt equity ratio,
monetary benefit and other necessary parameters are given in table below;

Vi



S.No Particular Unit Value

1 Project cagbnsidering MNRE subsidy) “in lakh 2.88
2 Electricity Regeneration MWh/year 18.9
3 Monetary benefit per year “in lakh 1.41
4 Simple payback period Years 204
5 NPV “in lakh 2.53
6 IRR %age 33.80
7 ROI %age 26.47
8 DSCR Ratio 2.06
9 CQRedudbn Tonne /Annun 19.47
10 Procurement & Implementation schedule Weeks 8

The projected profitability and cash flow statements indicate that the project

implementation will be financially viable and technically feasible solution for
Jorhat Tea cluster.
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ABOUT BEEGS SME PROGRAM

Bureau of Energy Efficiency (BEE) is implementing a BEE-SME Programme to improve

the energy performance in 25 selected SMEs clusters. Gujarat Dairy Cluster is one of

t hem. The BEE6s SME Progr amme dffinigneyawienesso enhanc
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 SMEs clusters.

Major activities in the BEE -SME program are furnished below:
Activity 1: Energy use and technology audit

The energy use technology studies would provide information on technology status, best
operating practices, gaps in skills and knowledge on energy conservation opportunities,
energy saving potential and new energy efficient technologies, etc for each of the sub
sector in SMEs.

Activity 2: Capacity building of stake holders in cluster on energy efficiency

In most of the cases SME entrepreneurs are dependent on the locally available
technologies, service providers for various reasons. To address this issue BEE has also
undertaken capacity building of local service providers and entrepreneurs/ Managers of
SMEs on energy efficiency improvement in their units as well as clusters. The local
service providers will be trained in order to be able to provide the local services in setting
up of energy efficiency projects in the clusters

Activity 3: Implementation of energy efficiency measures

To implement the technology up-gradation project in the clusters, BEE has proposed to
prepare the technology based detailed project reports (DPRs) for a minimum of five
technologies in three capacities for each technology.

Activity 4: Facilitation of innovative financing mechanisms for implementation of
energy efficiency projects

The objective of this activity is to facilitate the uptake of energy efficiency measures
through innovative financing mechanisms without creating market distortion.

viii



Solar i Aero Generator Hybrid Power System (3 kW)

1 INTRODUCTION
1.1 Brief about Jorhat Tea Cluster

About Jorhat Tea Cluster

This SME cluster chosen for BEEOGs SME cl
tea factories located in the erstwhile undivided Jorhat district of upper Assam that is
presently comprised of Jorhat and Golaghat districts. The Jorhat Tea Cluster has about
150 tea factories. Majority of these tea factories have their own plantations, while the tea
factories not having their own plantations depends on the tea gardens that does not
have tea factories. The tea factories having their own plantation are owned either by
group companies like APPL, Williamson & Magor, etc or by families having ownership
through inheritance. These tea factories were mostly established during pre
independence period. Whereas the tea factories which does not have their own

pl antation were established aft eorandlsecond at

generation entrepreneurs.
Existing Production Process:

The tea factories under Jorhat Tea cluster produces mainly produces CTC (Cut, tear and
curl) and Orthodox type of tea. For the production of CTC type of tea the green tea
leaves are shredded and then cut, tear and curled in the CTC (cutting, tearing and
curling) machine. Whereas for the production of orthodox tea the green tea leaves are
twisted through continuous circular motion of the rollers of the rolling machine. But for
both these types of tea being manufactured in this cluster, the tea leaves are dried in
dryers to remove the moisture before the made tea is finally sorted and packed. The
drying process is the most energy intensive and to carry out the drying, the tea factories
of this cluster use either coal or natural gas as fuel.

The pictorial representation of the tea manufacturing process that is being presently
followed in Jorhat Tea Cluster is depicted in ANNEXURE 1.

Withering:

The green tea leaves plucked from the garden are first withered to remove the surface
moisture and partially the internal moisture. Withering promotes the dissipation of heat
generated due to continuous respiration. The withering process which takes about 10
hours on an average, reduces the moisture content of green leaves to 55% in case of
orthodox tea and to 70% in case of CTC tea production.

In Jorhat tea Cluster two types of withering process is being adopted by the tea
factories. The first is the fAOpen Trough

ik i 1
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Solar i Aero Generator Hybrid Power System (3 kW)

Witheringbo. | the ated @ver the witketing troaigh és kept open and the air
from the withering fan passes from the bottom of the withering trough and released to
the environment through the tea leaves. In the second case, the area over the withering
trough is enclosed and the air from the withering fan is released to the environment
through a single outlet after being passed through the tea leaves.

CTC:

In this process the withered tea leaves are shredded in the rotor i vane and then cut
torn and curled in the CTC machine. During this process the enzymes of the tea leaves
are released in the rotor i vane and the curling of the tea leaves initiates the
fermentation process. Most of the juice that comes out of the tea leaves during
shredding in the rotor i vane is evaporated due to friction in the CTC machine, for which
the moisture content in the tea leaves after CTC is reduced from 70 % to 55 %.

Rolling:

This process after withering is adopted by tea factories to produce orthodox type of tea.
The chemical compounds of the tea leaves are released to initiate oxidation in the
fermentation process. Rolling twist the leaves and at the same time, breaks the leaf to
release enzymes for oxidation.

Fermentation:

This is the least energy intensive step in the entire tea manufacturing process. During
the fermentation process the tea leaves are left for oxidation, to which there occurs
notable chemical as well as physical change. The color of the tea leaves is changed to
reddish brown. The flavor and liquor of the tea leaves is attained in this stage.

Drying:

The fermented tea particles are dried or fired to arrest the fermentation and to reduce
the moisture to about 3%. Clean and odorless hot air is passed through the fermented
tea particles in dryers.

The temperature of the hot air varies between 90° i 160°C depending on the type of
dryer. Drying or firing is a thermal energy intensive operation that also consumes
electrical energy to drive blowers and dryers.

Drying is a critical process that decides the final product quality of black tea. Two types
of dryers are used in the tea industry: - Endless Chain type (ECP) dryer or Fluidized Bed
Dryer (FBD).

ik i 2
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Solar i Aero Generator Hybrid Power System (3 kW)

In the ECP dryer, tea particles are spread over continuously moving chain 1 type trays
through which hot air flows. The trays move from top to bottom while the hot air is blown
from the bottom. The temperature of hot air is about 90°. The ECP dryer has an
advantage to dry both leafy grades and powered grades. In the FBD, tea particles are
pneumatically fluidized by hot air at 140 i 160°C. Uniform drying is ensured in FBD and
better quality tea could be produced. This is also more energy efficient method
compared to ECP dryers with less mechanical controls.

1.2 Energy Performance in Existing Situation
1.2.1 Energy Consumption Profile

For the purpose of tea processing, both electrical as well as thermal energy are required.
In the tea factories of Jorhat Tea Cluster, the electrical energy requirement is fulfilled by
electrical power available through grid whereas the main source of thermal energy is
either coal or Natural Gas.

The summary of the annual energy consumption in different production capacities of the
tea factories of this cluster that uses coal as the thermal energy source as revealed
during the energy audit is given in Table 7 1 below;

Tablel: Annual Energy Consumption of Tea factories using coal
, Up to 500 MT 50081500 MT Above 1500 M
Parameter Unit

of made tea  of made tea of made tea
Annual electrical energy consumpt  kWh 221197.4 688252.¢ 862896.¢
Annual coal consumption MT 390.64 1107.21 1457.65
Annual HSD consumption KL 27.66 88.69 136.43
Total Annual Energy consumption | MCal 2, 034, 50 5, 869, 31! 7,923, 60:
Total Annual Energy consumption | Kloe 222.5 646.1 866.6

unit of the different capacity
Average annudhde Tea production MT 450 1000 1900

And the summary of the annual energy consumption of the tea factories of this cluster
that uses NG as the thermal energy source is given in Table i 2 below;

Table2: Annual Energy Consumption of Tea factories using Natural Gas

Up to 500 M~ 50081500 MT Above 1500 M

Parameter Unit of made tea of madetea  of made tea
Annual electrical energy consumpt, kWh 234896. 656332. 805998.
Annual NG consumption Scum 21660: 431594. 629896.
Annual HSD consumption KL 30 92 145
Total Annual Energy consumption | MCal 2,581, 39 5, 627, 75 8, 190, 16

ik i 3
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Solar i Aero Generator Hybrid Power System (3 kW)
Up to 500 M~ 50081500 MT Above 1500 M

FEICILEE — of madetea of madetea  of made tea
UIEL ATALEL S 0 SRR EIa e 258.1 562.¢ 819.C
unit of the different capacity
Average annual Made Tea product MT 480 960 210C

1.2.2 Average Production

Tea factories are agro based industries, and the operation of the tea factories depends
on the availability of the tea leaves in the tea gardens. The tea factories depends on
either their own in 7 house production of green tea leaves or on green tea leaves
plucked from tea gardens without factories or both. The peak production season for tea
factories in Jorhat Cluster starts with the beginning of spring, i.e, from the month of
March 1 April and lasts till the end of autumn or beginning of winter, i.e., till the month of
October i November. During this period most of the tea factories run on round the clock
basis as the green tea leaves cannot be stored. The tea factories remain non 1
operational for about two to three months in a year between the months of December to
March. The average tea production in the tea factories of Jorhat Cluster where Energy
Audits were carried out is about1002 tonnes of made tea per annum.

1.2.3 Specific Fuel Consumption & Specific Electricity Consumption

Similar to any other type of industry, the specific energy consumption in the tea factories
of this cluster also depends on the scale of production, which has been evaluated during
the energy audit. Thus keeping this into consideration, the tea factories of this cluster is
broadly divided into three groups and the specific energy consumption is evaluated
separately.

In this context it is noteworthy to mention that bifurcation of the tea factories base on
production is specific to this report only and there is no official notification by any
authorized bodies in this regard. The specific energy consumption by the tea factories is
given in Table i 3 below;

Table3: Specific energy consumption of tea factories

Type of tea factory kWh/ kg of Kgs of coall/ k¢ Liters ofHSD/ Scum of NG/ k
made tea of made tea | kg of made te  of made tea

Large tea factory 0.55 0.72 0.07 0.32
Medium tea factory 0.65 0.82 0.08 0.39
Small tea factory 0.85 1.02 0.09 0.51

ik i 4
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Solar i Aero Generator Hybrid Power System (3 kW)

1.3 Identification of Technology/ Equipment:
1.3.1 Present Withering Method:

Withering is the first and the foremost step in tea manufacture. The process of withering
involves blowing of air through the freshly plucked tea leaves to evaporate the moisture
content in the tea leaves so as to bring about physical as well as chemical change in the
tea leaves for subsequent processing stages. For the purpose of withering, two types of
withering trough are used in the tea factories of Jorhat Cluster, namely, open trough and
enclosed trough.

In open trough withering, the tea leaves are spread over a perforated bed and air is
blown from the bottom to the top through the tea leaves. This makes the tea leaves in
the bottom layer to wither first. So to wither the tea leaves in the top layer, the fan is
rotated in the reverse direction and the air is sucked from the top.

Reversal of an flow by motor; reversal is inefficient

\ /
VALK S LT LT L LA AT LT

—
Alr low DK
—

Fan Heater

Figurel: Open Trough Withering

In case of enclosed trough withering, the tea leaves are spread over the perforated bed
are enclosed by raising the sides of the withering trough and using a cover on the top of
the bed. This is designed to create a plenum chamber on top of the leaf bed as well. In
this case the fan is always made to blow air only in the forward direction and air can be
made to pass either from top to the bottom or from bottom to the top with damper and
shutter control at the air entry and exit points respectively without reversing the direction
of the fan.

Reversal of air llow theough leal bed using doors

==

~,

N
Heatet Swing doot open

..... 77 777777 Swing door shut

Figure 2: Enclosed Trough Withering
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Solar i Aero Generator Hybrid Power System (3 kW)

Unlike in case of open trough, in enclosed trough withering, the moisture laden dense
waste air coming out of the withering trough is channelized through single outlet. During
the energy audit phase it was found that the average speed of the waste air coming out
of the enclosed type of withering trough is 10.68 m/s, as detailed in Table 4 is sufficient
to operate an aero generator.

The technical feasibility of operation of aero i generator through utilization of the waste
air coming out from the enclosed type of withering trough can be further optimized if the
naturally available solar energy can be harnessed. For this reason the installation of
solar i aero generator hybrid power system has been suggested for implementation in the
tea factories of Jorhat Tea Cluster.

1.3.2 Role of Withering in Tea Manufacturing Process

During the process of withering both physical as well as chemical changes are bought
about in the tea leaves, which are very important in determining the quality of the tea.
The physical change in withering is brought about in the form of loss of moisture and
making the tea leaves flaccid. On the chemical front, there occurs bio i chemical
changes in the tea leaves during withering so that further processing of the tea leaves
can be initiated. The essence of good withering is high hygrometric temperature
difference and low dry bulb temperature. Also there should be uniform distribution of air
through the tea leaves so that the tea leaves both in the upper layer as well as the
bottom layer gets withered simultaneously. But in open trough withering it is difficult to
get uniform distribution of air resulting is non 7 uniform withering. This difficulty can be
overcome in enclosed trough withering. For this reason enclosed trough withering is
increasingly being adopted by the tea factories of this cluster.

1.4 Baseline establishment:

This proposed technology will harness naturally available solar energy and waste air
from the enclosed type of withering trough to generate power. Thus the prime baseline
parameters considered for evaluation of the techno 7 economic feasibility of this
technology is as tabulated in Table 4 below

Table 4: Baseline Parameters
S. No. Parameters Baseline
1. | Solar Radiation Naturally Availal
2. | Wind Waste air available from enc
type of withering trou
3. | Availability of both waste air and solar radiation for reg 25Qdays in a ye
4. | Awilability of wastefesm witheriqger day 10 hours per d

> 6
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Solar i Aero Generator Hybrid Power System (3 kW)

S. No. Parameters Baseline
5. | Availability of ommgiste amnd neolar radiation 30days in a ye
6. | Number of withering fans in each withering trough 02 numbel
7. | Rated capacity of the withering fan motor 7.5hp
8. | Type of withering trough Enclosed typ

The other baseline parameters that are considered are detailed in ANNEXURE 2.
1.4.1 Baseline from the Existing System

The electrical energy consumption required for blowing air through the green tea leaves
for the purpose of withering depends on the following parameters;

a Withering fan size.

a Withering fan type.

a Rated capacity of the motor associated with the withering fan.
a Total Hours of operation of the withering fan.
u Volume flow rate of the withering air required.

The moisture laden air that moves out from the withering fan has kinetic energy that is
imparted by the withering fans. To calculate the kinetic energy of the moving air (i.e.,

wind), it is considered that i tt hhi acsk nae scsr ofisDsO . s e cA
this air parcel sweeps the turbine blades with ¢
air parcel as AMO, the kinetic energy i s express
Kinetic Energy = Yo * M* V2

= Y * Density * Volume * V2

= Y * Density * A * D * /2

I f time ATO is taken by this air parcel (of thic
Thickness, D = V*T

Thus,

Kinetic energy = Y * Density * A * T * /3

And,

Power of the wind Y% * Density * A * V°

Wind Power Density, which represents the power of the wind per unit cross sectional
area of the air is given as below;

Wind Power Density = Y * Density * V?

ik i 7
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Solar i Aero Generator Hybrid Power System (3 kW)
Now, if the density of the moisture laden waste air is considered as 1.30 kg/ m® and the
velocity of the waste air is taken as 9.54 m/s, then applying the above formula the
potential wind power density is calculated as 564 Watt/ m?.

Thus considering the density of the moisture laden waste air as 1.30 kg/ m®, and based
on the data regarding the speed of the waste air that was collected during the energy
audit, in the existing scenario the potential Wind Power Density of the tea factories
having enclosed withering trough is as tabulated in Table 5 below;

Table 5: Average speed and corresponding Wind Power Density of the tea
factories
Tea Fgcto_ry with enclosed Average speed of the waste air (m/ s Wind Power Densil
withering trough (Watt/ m2)
Factory 1 9.54 564
Factory 2 8.71 430
Factory 3 10.03 656
Factory 4 12.55 1285
Factory 5 8.76 437
Factory 6 10.48 748
Fadory 7 9.91 633
Factory 8 14.03 1795
Factory 9 11.26 928
Factory 10 12.86 1382
Factory 11 9.45 549
Average Speed of the Wasten/sir 10.68
Average Wind Power Densfagt/ fh 855
Potentiality of Power Generation From V&g /Adn 2394

The technical justification for installation of this technology is to harness this waste air
potentiality of 2394 kwh/ m? due to operation of enclosed type of withering trough for 10
hours per day and for 280 days in a year. This is apart from the naturally available solar

energy.
1.4.2 Design and Operation Parameters

To remove the moisture during withering, air is blown through the green tea leaves by
means of axial fans. In absence of any standard norms with regard to the number of
withering fans per withering trough, the tea factories of this Cluster has either one or two
numbers of withering fans in a withering trough depending on various parameters, viz.,
size of the withering trough, type of fan blade used (i.e., cast aluminum, or FRP), horse
power of the withering fan motor. Due to absence of any standard norms, this report is
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prepared on the basis that each withering trough has 02 (two) numbers of withering fans
with each fan being powered by 5.63 kW induction motor.

Again withering being the first process after the green leaves reaches the factory for
processing is very important from the quality point of view. The quantity of moisture that
is required to be removed from the tea leaves is not only dependent on the weather but
also on the type (whether CTC or Orthodox) and quality that is required to be produced.
Thus the batch time for withering varies from 10 hours to 14 hours. But during the
preparation of this report a conservative approach has been adopted for which the batch
time for withering has been considered as 10 hours.

1.4.3 Specific Electricity Consumption during Withering:

The specific electricity consumption in withering for tea factories are calculated on the
following basis;

Electricity Consumption during withering (kWh)

Sp. Electricity Consumption =
Amount of Made Tea Produced (kg)

As given above, the specific electricity consumption by the tea factories of Jorhat Tea
Cluster is 0.50 kWh per kg of made tea. Out of this average kWh consumption of
electrical energy, withering consumes about 0.13 kWh of electrical energy.

15 Barriers for Adoption of Solar i Aero Generator Hybrid Power System
1.5.1 Technological Barrier

u Due to absence of any scientifically designed operator training program, the
operation and maintenance protocols for optimum utilization of thermal energy
equipment are not followed.

a Though withering after drying is the most energy intensive process during tea
manufacturing consuming both electrical as well as thermal energy, yet the

awareness level in making these process energy efficient needs enhancement.

a Majority of the unités entrepreneuris
depth technical expertise and knowledge on energy efficiency, and are
dependent on local technology suppliers or service companies, who normally rely
on established and commonly used technology. The lack of technical know i
how has made it difficult for the factory owners to identify the most effective

technical measures.
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15.2

153

Most of units in Jorhat tea cluster have been established several years ago when
energy efficiency was not important issue for the operation of a plant. They are
operating with outdated technology and low i end technologies.

As majority of the entrepreneurs in cluster are not aware of the energy losses in
the plant, there may be a strong feeling that the energy efficiency initiatives in
manufacturing facility can have a cascading effect of failure in critical production
areas directly or indirectly connected if the intended performance of the replaced/
retrofitted equipment falls below design values

There is a strong feeling in the tea factory entrepreneurs that, energy efficiency
initiatives are difficult and they do not wish to take the risks such as business
interruption due to production loss vis-a-vis the drive to save energy. These can
however be overcome by motivating them to attend the awareness programs and
use the detailed report on the benefits of the measures identified and cost benefit
analysis. Further, sourcing of expertise on maintenance service provider or
training by the equipment supplier will definitely overcome the barriers.

Financial Barriers

The cost of new technology is high. There is inadequate data on return on
investment from energy saving alone. This creates barriers to financial decision
making for acquisition of new technology.

Banks, although willing to lend to the sector are unable to take decisions about
lending in the absence of information about techno economic feasibility of energy
saving equipment.

Skilled Manpower

Skilled manpower is locally available to run the machines available in Jorhat
Cluster. However, there is hardly any innovation regarding energy usage by the
workers in these enterprises and the production process remains traditional. This
is one of the lacunae of the Jorhat Tea Cluster.

Specialized training with local service providers for better operation and
maintenance of equipments, importance of the energy and its use will create
awareness amongst workforce. These programs should be organized with
equipment suppliers.
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154

i

Barriers Specific towards adoption of this technology

Solar i aero generator hybrid power system, though a proven technology
approved by MNRE for clean power generation but in case of the tea factories
the waste air from enclosed withering trough instead of natural air will be used for
generation of power from wind. As this is for the first time in the history of tea
industry in Assam, so the acceptance by the industry may require some time as
the initial capital involvement is moderately high.

This technology can be implemented only tea factories having enclosed type of
withering trough. And in tea factories having open type of withering trough the
implementation of this technology will not be possible.
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2 PROPOSED TECHNOLOGY FOR RENEWABLE POWER GENERATION

2.1 Detailed description of the proposed system
2.1.1 Description of technology

The solar T aero generator hybrid power system will harness the naturally available solar
energy as well as convert the kinetic energy of the waste air coming out of the enclosed
type of withering trough to generate electrical power. This is an integrated system having

the following
0] Solar Panel to harness naturally available solar energy
u Aero Generator to harness the waste air from the withering trough.

The solar panel that will be installed in this hybrid system will be similar to the normally
available solar photovoltaic panels of 175 W (24 V). The proposed system will harness
the Power generated from both the sources and would be able to discharge power of
3kW for 24 hours from the battery bank. The Aero generator will provide power for 10
hours and at mean time the solar generator will charge the battery bank which will
provide backup for rest 14 hours.

Hybrid Power Systems
Combine multiple scources to deliver non-intermittent
electric poweer

N e—

NG m 4_- -1
i
A

Gernarator

A or  Lesad
Fequlat hon amd LR i

5 N 8
Battery bhank
0297220 1Tm

Figure 3: Hybrid power System
2.1.2 Operation of the aero generator

The hybrid Aero generator system will be able to discharge power of 3kW for 24 hours
for the period of 250 days and 10 hours for 30 days when solar radiations are in
available from the Battery bank. Aero generators are devices that convert the kinetic
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energy of the wind into mechanical energy of the rotating shaft which is then converted
into electrical energy by a generator attached with the rotating shaft.

The efficiency of the aero generator is given by the following equation;

Mechanical Power in turbine shaft Electrical Power generated
— ) C—— —_—
Power of the wind Mechanical power in turbine shaft

= Mechanical Efficiency X Electrical Efficiency

The Mechanical efficiency of the aero generator is governed by Betz Law, which states
that at the maximum 59% of the wind energy can be converted into mechanical energy
of the rotating shaft attached with the wind turbine.

Again considering the efficiency of converting the mechanical energy of the rotating shaft
into electrical energy through the generator as 85%, the maximum achievable energy
that can be converted into electrical energy in the aero generator is 50.15 % of the
energy of the wind striking the fan blades of the aero generator.

In this particular case, the wind striking the blades of the aero generator is not natural
wind, but is produced by the withering fans. For this the overall efficiency in this
particular case is as given by the following equation;

Power generated from the aero generator
Overall Efficiency = = mmrmmmm e
Power required in producing the wind

In the demo project that was carried out, the aero generator was operational by the
waste air generated from two withering fans with each fan being powered by 5.63 kW
capacity motor is required. Hence, for this system to be operational, the power required
to produce the wind is 11.26 kW (5.63 kW multiplied by 2), thus the overall efficiency of
the aero generator of this hybrid system works out to be 17.76%.

2.1.3 Equipment specification

In absence of any standard norms regarding the number of withering troughs required
for a particular production capacity and also due to absence of any standard norms
defining the layout of the withering troughs in the tea factories, this DPR is prepared
considering a single unit of solar i aero generator hybrid power system of 3 kW capacity.

This solar i aero generator hybrid power system is designed to provide power for 24
hours when the withering fans are operational considering that the average hours of
operation of withering fan is 10 hours per day. And during the period when solar energy

Y13 L 13
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is not available with the withering fans being only operational, this system will provide
power for only 10 hours in a day. This is an integrated system, and a single unit of this
system comprises of the following components:

u 18 numbers of 175 W (24 V) solar photovoltaic panels to harness naturally
available solar energy.

a 1 set of 3 kW capacity aero i generator control system to harness waste air.
0] 1 set of 3 kW capacity controller

u Connectors

a Battery bank to provide back i up power supply for 14 hours.

The detailed specification of the aero generating system is given in ANNEXURE 4.
2.1.4 Suitability or integration with existing process

In this proposed technology, the waste air from the withering trough and naturally
available solar energy will be utilized to produce electrical energy, so this technology in
no way affects the tea manufacturing process, as this waste air is otherwise released to
the environment without any utilization. Also the power that will be produced from the
wind turbine will be delivered in the right quality in terms of voltage, amperage and
frequency for which this produced power can be utilized for partial fulfilment of the
electrical energy requirement during the tea manufacturing process. Thus this proposed
technology can be suitably integrated into the existing process of tea manufacturing in
the Jorhat Tea Cluster.

2.1.5 Superiority of solar i aero generator hybrid power system:

During the periods of the year when the factory is operative, this proposed technology
will harness power both from the waste air by the aero i generator and from the solar
radiation by the solar panel simultaneously, which will not only charge up the battery
bank to provide back i up power supply for about 14 hours but will also be able to meet
process power requirement for the time period of operation of the withering process. As
withering process continues for about 10 hours in a day, so during these periods of the
year the proposed technology will provide electrical power for about 24 hours a day. And
for the periods of the year when the factory is not operative, though the aero 1 generator
cannot be functional, yet solar radiation can be harnessed through the solar panels for
charging the battery bank and back i up power supply from the battery bank can be
obtained for about 14 hours in a day.

> 14
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This proposed technology can generate power irrespective of the operation of the factory
but only subject to the availability of either waste air or solar radiation or both.

2.1.6 Availability of the technology:

Though power generation from waste air is introduced for the first time in the tea
factories of Jorhat Tea Cluster, but the generation of power using solar i aero generator
hybrid power system is as established technology and is easily available under the
promotional steps taken up by even by MNRE to generate off i grid power.

2.1.7 Service Providers

The technology suppliers are locally available at Guwahati but for the Scope of the
technology in the SME cluster service providers from Kolkata has been taking interest in
the technology.

2.1.8 Terms of sales

Services will provide the turnkey consultancy for installation and commissioning of the
equipments procured, with equipment warranty from Service provider. Rest terms of
sales provided in annexure 8.

2.1.9 Process down Time during Implementation:

With the experience of existing system being installed at a Tea Factory, the installation
and commissioning of this equipment will require about 04 days and this technology can
be installed without disturbing the tea manufacturing process. Thus installation and
commissioning of this technology can be done at any time of the year and there is no
process down time during implementation.

2.2 Life Cycle Assessment:

The life of the solar i aero generator hybrid power system can safely be taken as 10
years.

Y13 L 15
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3 ECONOMIC BENFITS DUE TO THE PROPOSED TECHNOLOGY

The economic benefits as stated above are calculated for a single unit of solar i aero

generator hybrid power system. During calculation of the economic benefits from
installation of this solar i aero generator hybrid power system, it is considered that the
solar energy will be available naturally and the wind required to operate the aero 1
generator will be available from two numbers of withering fans, each powered by motors
of 5.63 kW, 960 rpm motor and operating at 90 % loading.

3.1 Technical Benefits
3.1.1 Fuel Savings per Year

Though generation of renewable energy through installation of this system will help save
the HSD consumption due to reduced load on the DG set, yet the exact amount of
savings in HSD is not evaluated, mainly for the reasons due to lack of proper data
regarding electrical energy produced from the burning of HSD in the DG.

3.1.2 Electrical Power Generation per year

The growth of the tea leaves starts from the Spring and lasts till the end of Autumn. The
tea factories thus remains operational from the months of March 7 April to October i
November, i.e., during the periods when the unit starts operating as first rainfall of the
year takes place in the area in which this cluster is located. Power will be generated both
from the aero 7 generator and the solar panel during the periods when the factory is
operational, and thus the proposed system will generate power for 24 hours during the
periods when the factory is operational for the period of 250 days. During the periods
when solar radiations are not available the system will charge the battery bank that will
easily deliver power for 10 hours a day for 30 days. The total electrical power
regeneration from this proposed system is as detailed in Table i 6 below;

Table 6: Electrical Power Regeneration by the proposed technology
Availability of No. of days per year kWh generated/ kWh geerated/
day year
Both waste air and solar energy 250 72 18000
Onlywaste amnd nd&solar energy 30 30 900
Total Power Generated Per 1890(

3.2 Monetary Benefits
For the purpose of calculating the monetary benefits, the cost of electricity per kWh is
7.45 is considered that is Based on this energy price, the monetary benefits that can be
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achieved through the installation of solari aero generator hybrid power system to generate
power are given in Table 7 below; the system will save about ~ 1.41 lakh per year.

Table 7: Monetary benefits from the proposed technology

Particulars Quantity Saved Rate () Amount in Saved per annum
Fuel NIL Not Applicak NIL
Electricity 1890kWh 7.45 per kW 14080t
Total saving in energy cost 14080t

3.3 Social Benefits:
3.3.1 Improvement in Working Environment in the Tea Factory

Due to installation of this system the emergency system, viz., security lighting, etc.
requiring electrical energy will not be dependent either on grid power or on Diesel Gen
set, thus helping towards fulfillment of the emergency requirement round the clock. This
will help towards building a secure and improved working environment as this system is
more reliable than grid power.

3.3.2 Improvement in the Skill of the Worker

Technical skills of persons will definitely be improved. As the training will be provided by
equipment suppliers which improve the technical skills of manpower required for
operating of the equipment and also the technology implementation will create
awareness among the workforce about energy efficiency and energy saving

34 Environmental Benefits
3.4.1 Reduction in Effluent Gases

As the withering process do not emit any effluent gases, so the application of this
technology will not have any impact on the reduction of effluent gases.

3.4.2 Reduction in GHG emission such as CO2, NOx, etc.

It is estimated that the proposed technology will generate 18900 kWh of power per year
by utilization of the waste air from the withering trough and naturally available solar
radiation. This being a clean source of power generation, the estimated reduction in CO,
emission due to the adoption of this technology will be 19467 kg of CO, per installation.
The reduction in the CO, emission is evaluated by considering that 1 kWh of clean
power generation will reduce CO, emission by 1.03 kg.
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4 IMPLEMENTATION OF THE PROPOSED TECHNOLOGY
4.1 Cost of Technology:

The capital expenditure that will be required for the installation and commissioning of this
technology is as detailed in Table 8 below;

Table 8: Capital expenditure for the proposed technology
Particulars Rating Quantity Amount,

Solar Panel (Including Bracket) 175 W (24 18 Nos

3 kW Wind Turbine Control System 1 Self

Controller 3kW 1 Sei e
Connector As reqirec

Battery Bank with 14 hours back up 22MO0
Subi Total ) 56900
VAT/ CST @4% ( 22600
Total Value fok@/ System 58760(

4.2 Arrangement of Fund
4.2.1 Financial Assistance

For the Implementation of this project in Tea factory financial assistance is being
provided both by Ministry of Micro, Small and Medium Enterprises, Government of India
and MNRE, Government of India. The amount of financial assistance provided by each
of these two ministries is as discussed below;

a) Assistance from MoMSME, Government of India:
This ministry of Government of India provides a capital subsidy of 25% of the total
project cost. The capital subsidy from the Ministry of Micro, Small and Medium
Enterprises works out to be ~ 146900.
b) Central Financial Assistance from MNRE, Government of India:
This being a renewable project, so this project is eligible for financial assistance from
MNRE. As per the available schemes under this Ministry, the Central Financial
Assistance is 100000 per kW of electrical energy generation through solar i aero
generator hybrid power system. This proposed technology has a generation capacity of
3 kW of electrical energy. Thus the Central Financial Assistance available from MNRE
for this proposed technology is ~ 300000.
c) Financial Assistance Considered:
From the above discussion in paragraph 4.2.1a and 4.2.1b above, it is found that the
subsidy from MNRE is higher than that from the MOMSME, so the financial assistance
from the MNRE is considered.

Y13 L 18

CoRstave 1l



Solar i Aero Generator Hybrid Power System (3 kW)

Of the above financial assistance provided by the two Ministries, the financial assistance
that will be received by the tea factories for implementation of this technology is from
MNRE. For this the financial assistance that will be received by the tea factories for the
implementation of this technology is considered as ~ 300000.

422 Entrepreneursod Contribution

The entrepreneur requires contributing 25% of the total capital investment and this
amount to ~ 72000.

4.2.3 Loan Amount

The balance capital requirement of 75% will be arranged by means of loans refinanced
by Small Industries Development Bank of India through any of the scheduled
commercial banks. Thus the loan amount will be ~ 216000.

4.2.4 Terms and Conditions of the Loan
The terms and conditions of the loan with regard to the financial aspect of the loan are;

u Interest rate of the loan is @10% per annum on a reducing balance basis, which
is SIDBIlIO&6s interest rate for energy efficien

4.3 Financial Indicators

The financial indicators for this proposed technology is calculated on the following basis;
a For calculating the financial indicators, the subsidy from MNRE is taken into

consideration.

a To arrive at a more competitive evaluation, the rise in the energy price is not
taken into consideration, as monetary value of the savings is directly proportional
to the energy price.

a The cost of maintenance and operation is taken as 2% of the capital cost of the
solar i aero generator with a yearly increase @5%.

4.3.1. Cash flow analysis

Profitability and cash flow statements have been worked out for a period of 8 years. The
project is expected to achieve monthly savings of ~ 1.41 lakhs based on the assumptions
as mentioned above.

Considering the above assumptions, the net cash accrual starts with ~ 0.98 lakh in the
first year of operation and to ~ 4.90 lakh at the end of eighth year of operation.

4.3.2. Simple payback period

The Simple Payback period is about 2.04 years or about 21 months
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4.3.3. Net Present Value (NPV)
The Net present value of the investment at 10% works out to be ~ 2.53 lakh.
4.3.4. Internal rate of return (IRR)

The after tax IRR of the project works out to be 33.80%. 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 26.47%. Financial
indicator of proposed technology is furnished in Table 9 below:

Table 9: Financial indicators of proposed technology/equipment
SN Scenario IRR NPV ROI DSCR
1 Normal 33.80% 2.53 26.47% 2.06

4.4 Sensitivity analysis
Sensitivity analysis to assess the cushioning affect of this energy efficient device is
carried out in the following two scenarios;

a) Optimistic Scenario: Under this scenario the financial projections are evaluated
on the basis of 5% increase in the savings of electricity.

b) Pessimistic Scenario: Under this scenario the financial projections are
evaluated on the basis of 5% decrease in the savings of electricity.

The results of the sensitivity analysis as carried out based on the above two scenario is
given in Table 10 as below;

Table 10: Sensitivity Analysis

Particulars IRR NP\( in lakh) ROI DSCR
Normal 33.80% 2.53 26.47% 2.06
5% increase in savings 36.1%%0 2.80 26.67% 2.16
5% decrease in fuel savings 31.43% 2.26 26.24% 1.95
4.5 Procurement and implementation schedule:

The procurement and implementation schedule is given in Annexure 6.
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Annexure 1: Process Flow Diagram
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Annexure 2: Energy audit data used for baseline establishment
S. No. Parameter Unit Value
1 | Average Production of made tea in cluster MT/Year 1002
2 Average Electricalieo consumption in cluster kwh/ Year 49800
3 Average Natural Gas Consumption in cluster SCUM/ Year 53600
4. | Specific Electrical Energy Consumption in the clusi kWh /kg of made t 0.50
5 Specific Thermal Energy Consumption in the clust¢ kcal / kgf made te: 3.86
6 | Type of Withering Trough closec
7 Type of withering fan blade FRP
8 Size of Withering Fan blade Inch 48
9 Rated capacity of the withering motor h. p. 7.5
10 | Number of withering fan used to power a single wii Number 03
" ﬁ;ﬁg&;}ge speed of the waste air coming out from er m/s 10.6¢
12 | Average operating days of withering Days/ Year 280
13 | Hours of withering carried per day Hours/ Day 10
14 | Average operating days of the system only on sola Days/ Yar 50
L5 | e o Hous/Day |
16 I:C?I:l;se?]fe Eg)\//vieszr hs;r%zlgsi\éallable from the system w Hours/ Day 14
17 | Cost of Eleatal Energy for the tea factories conside ./ kWh 7.45
18 | Average annual potential power generation from w kWh/ i3V year 2394
3K i
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Annexure 3: Detailed technology assessment report

S. No. Parameter Unit Value
1 Capacity of the salaero generator hybrid power system kw 3
2 Battery badkup Hours 14
3 'FI)'(CJJ\'[;(IE relei/(;ttrelz(;n p.)ower generation from thieasotagenerator hybrid KWh/ Year 1890(
4 Cost of electrical power considered I kWh 7.45
5 Total electrical power generated ‘inlaki Year| 1.41
6 Cost fothe project “Inlakh 5.88
7 (-) MNRESubsidy “inlakh 3.0
8 Cost of implementation “inlakh 2.88
9 Pay back Years 2.04
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Annexure 4: Specification of Aero Generator

PARTICULARS UNIT SPECIFICATION
Model No. W 1000
Motor Model MWHO10
Blade Diameter M 32
Rotated Speed Rpm 400
Rated Wind Speed m/s 8
Rated Power W 1000
Maximum Power W 1500
Output Voltage \% 48
Start up wind speed m/s 3
Operated Wind Speed m/s 371 25
Security Wind speed m/s 40
Height of Tower m 6
Weight of Top Section Kg 83
Controller Parameter 48V 60A
Tower Pole Mm 75.4
REF Battery 4 Nos. of 12 V 150A
20 D Container Sets 50
40 D Container Sets 110
Supply power for Ice box, washer, TV, lighting, electri

chargr, air condition
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Annexure 5: Detailed Financial Calculation & Analysis for Financial Indicators

Name of the Technology SOLAR AERO GENERATOR
Rated Capacity 3 kW
Details Unit Value Basis
Installed Capacity kw 3
No of working days Days 280
Prgposed Investment
Solar aero generator complete " (in lakh) 5.88
Civil Work " (in lakh) 0.00
Erection & Commissioning " (in lakh) 0.00
Investment with&RC " (in lakh) 5.88
() MNRE subsidy " (in lakh) 3.00
Total Investment " ( n lakh) 2.88
Financing pattern
Own Funds (Equity) " (in lakh) 0.72| Feasibility Study
Loan Funds (Term Loan) " (in lakh) 2.16| Feasibility Study
Loan Tenure Years 5.00| Assumed
Moratorium Period Months 6.00] Assumed
Repayment Period Months 6600 | Assumed
Interest Rate %age 10.00% SIDBI Lending rate
Estimation of Costs
O & M Costs % on Plant & Equ 2.00| Feasibility Study
Annual Escalation %age 5.00| Feasibility Study
Estimation of Revenue
Electricity Saving through generation kKWitYear 18900
Cost of electricity I KWh 7.45
St. line Depreciation %age 5.28| Indian Companies Aqg
IT Depreciation %age 80.00| Income Tax Rules
Income Tax %age 33.99 Income Tax
Estimation of Interest on Term Loan " (in lakh)
Years Opening Balance Repayment Closing Balance Interest
1 2.1¢ 0.17 2.04 0.2f
2 2.04 0.24 1.8( 0.1¢
3 1.8( 0.37 1.4¢ 0.17
4 1.4¢ 0.4¢ 1.0( 0.13
5 1.0( 0.64 0.3¢ 0.07
6 0.3¢ 0.3¢ 0.0( 0.0
2.16
WDV Depreciation " (in lakh)
Particulars / years 1 2
Plantand Machinery
Cost 2.88 0.58
Depreciation 2.30 0.46
WDV 0.58 0.12
3K i
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Projected Profitability " (in lakh)
Particulars / Years 2 3 4 5 6 7 8
Electricity generation | 1.41 1.41 1.41 1.41 141 1.41] 1.41] 1.41
Total Revenue (A) 1.41 1.41 1.41 1.41 141 141141 141
Expenses
O & M Expenses 0.06 0.06 0.06 0.07 0.07] 0.07| 0.08| 0.08
Total Expenses (B) 0.06 0.06 0.06 0.07 0.07, 0.07| 0.08| 0.08
PBDIT (AB) 1.35 1.35 1.34 1.34 1.34] 1.33] 1.33] 1.33
Interest 0.25 0.19 0.17 0.13 0.07, 0.01) 0.00] 0.00
PBDT 1.10 1.15 1.18 1.22 126/ 1.32| 1.33] 1.33
Depreciation 0.15 0.15 0.15 0.15 0.15/ 0.15| 0.15| 0.15
PBT 0.95 1.00 1.02 1.06 1.11) 1.17| 1.18] 1.17
Income tax 0.00 0.24 0.40 0.41 0.43| 0.45]| 0.45| 0.5
Profit after tax (PAT) 0.95 0.77 0.62 0.65 0.68] 0.72| 0.73] 0.72

Computation of Tax

" (in lakh)
Particulars / Years 1 2 3 4 5 6 7 8

Profit before tax 095 1.00 1.02] 106 1.11] 117| 118 117

Add: Book depreciation 0.15/ 0.15] 0.15] 0.15| 0.15| 0.15| 0.15] 0.15
Less: WDV depreciation 2.30] 0.46 - - - - - -

Taxable Profit (1.20) 0.69] 1.18] 1.22] 1.26] 1.32] 1.33 1.33
Income Tax - 0.24] 0.40] 0.41] 0.43] 0.45] 0.45 0.45
Projected Balance Sheet

" (In lakh)
Particulars / Years 1 2 3 4 5 6 7 8

Share Capital (D) 0.72] 0.72| 0.72] 0.72| 0.72] 0.72] 0.72] 0.72
Reserves & Surplus (E) 0.95 1.71] 2.34] 2.99| 3.67] 4.39] 5.12| 5384

Term Loans (F) 2.04] 1.80] 1.48] 1.00, 0.36/ 0.00f 000| 0.00

Total Liabilities (D)+(E)+(F) | 3.71] 4.23] 454 4.71] 475 5.11| 584 6.56
Assets 1 2 3 4 5 6 7 8

Gross Fixed Assets 2.88| 2.88] 2.88] 2.88] 2.88] 2.883] 2.88 2.88
Less Accm. Depreciation 0.15 0.30] 046 0.61] 0.76] 0.91] 1.06] 1.22
Net Fixed Assets 2.73] 258| 242 227 212 197 1.82| 1.66

Cash & Bank Balance 0.98 1.66] 2.12| 2.44| 2.63] 3.15| 4.02] 4.90

TOTAL ASSETS 3.71| 4.23]| 454 4.71] 4.75 5.11] 5.84] 6.56
Net Worth 1.67 243 3.06] 3.71] 4.39] 5.11| 5.84| 6.56
Debt Equity Ratio 2.83] 250/ 2.06] 1.39) 0.50, 0.00f 0.00] 0.00
Projected Cash Flow

" (In lakh)
Particulars / Years 0 1 2 3 4 5 6 7 8

Sources

Share Capital 0.72 - - - - - - - -

Term Loan 2.16
Profit After tax 0.95| 0.77] 0.62| 0.65| 0.68| 0.72| 0.73] 0.72
Depreciation 0.15] 0.15] 0.15] 0.15] 0.15] 0.15] 0.15] 0.15

Total Sources 2.88/ 1.10] 0.92| 0.78/ 0.80] 0.83] 0.87| 0.88/ 0.88

CORSIAvY 1l
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Application
Capital Expenditure 2.88
Repayment Of Loan -10.12| 0.24) 0.32] 0.48 0.64| 0.36/ 0.00] 0.00
Total Application 2.88| 0.12| 0.24| 0.32] 0.48] 0.64| 0.36] 0.00[ 0.00
Net Surplus -10.98 0.68 0.46/ 0.32] 0.19] 0.51] 0.88] 0.88
Add: Opening Balance - -| 098] 1.66] 2.12| 2.44| 2.63| 3.15| 4.02
Closing Balance -10.98] 1.66| 212 244 2.63| 3.15| 4.02] 4.90
IRR " (In lakh)
Particulars / months 0 1 2 3 4 5 6 7 8
Profit after Tax 0.95 0.77] 0.62| 0.65] 0.68| 0.72] 0.73| 0.72
Depreciation 0.15/ 0.15| 0.15] 0.15/ 0.15] 0.15] 0.15 0.15
Interest on Term Loan 0.25| 0.19] 0.17] 0.13] 0.07] 0.01 - -
Cash outflow (2.88) - - - - - - -
Net Cash flow (2.88) 1.35| 1.11] 0.94, 0.93] 0.91] 0.88| 0.88] 0.88
IRR(% age) 33.80¢
NPV’ (in lakh) 2.53
Break Even Point " (in lakh)
Particulars / Years 1 2 3 4 5 6 7 8
Variable Expenses
Oper. & Maintenance Ex{
(7%%) 0.04| 0.05| 0.05] 0.05/ 0.05/ 0.06/ 0.06/ 0.06
Sub Total(G) 0.04 0.05 0.05 0.05| 0.05| 0.06] 0.06] 0.06
Fixed Expenses
Oper. & Maintenance Exf 0.01] 0.02] 0.02] 0.02] 0.02] 0.02] 0.02] 0.02
Interest on Term Loan 0.25/ 0.19] 0.17/ 0.13] 0.07] 0.01] 0.00| 0.00
Depreciation (H) 0.15| 0.5/ 0.15| 0.15] 0.15 0.15| 0.15| 0.15
Sub Total (I) 0.42 0.36 0.34 0.29| 0.24| 0.18] 0.17| 0.17
Sales (J) 141 141 141 141 141 141 141 1.41
Contribution (K) 1.36 1.36 1.36 1.36| 1.36] 1.35] 1.35| 1.35
Break Even Point (L99%/I| 30.53¢ 26.449 24.709 21.719 17.949 13.389 12.699 12.79¢
Cash Break Even{id)% | 19.399 15.28¢ 13.529 10.52¢ 6.729 2.149 1.439 1.509
Break Even Sales (J)*(L)| 0.43] 0.37, 0.35/ 0.31] 0.25] 0.19] 0.18] 0.18
Return on Investment " (In lakh)
Paticulars / Years 1 2 3 4 5 6 7 8 | Total
Net Profit Before Taxes 0.95 1.00] 1.02| 1.06] 1.11)1.17] 1.18| 1.17| 8.68
Net Worth 1.67| 2.43| 3.06| 3.71| 4.39| 5.11| 5.84| 6.56| 32.78
26.4%
Debt Service Coverage Ratio " (in lakh)
Particulars / Years 1 2 3 4 5 6 7 8 |Total
Cash Inflow
Profit after Tax 0.95| 0.77] 0.62| 0.65| 0.68| 0.72| 0.73] 0.72| 4.39
Depreciation 0.15| 0.15| 0.15| 0.15] 0.15/ 0.15| 0.15] 0.15] 0.91
Interest on Term Loan 0.25| 0.19/ 0.17| 0.13] 0.07| 0.01] 0.00] 0.00{ 0.82
Total (M) 1.35/ 1.11] 0.94] 0.93] 0.91] 0.88] 0.88] 0.88] 6.13

CORSIAvY 1l
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DEBT

Interest on Term Loan 0.25| 0.19| 0.17f 0.13] 0.07| 0.01] 0.00] 0.00] 0.82
Repayment of Term Loan | 0.12] 0.24| 0.32| 0.48] 0.64| 0.36] 0.00] 0.00] 2.16
Total (N) 0.37] 0.43] 0.49| 0.61] 0.71] 0.37] 0.00/ 0.00] 2.98
DSCR (M/N) 0.25| 0.19] 0.17] 0.13] 0.07| 0.01] 0.00] 0.00] 0.82
Average DSCR 2.06

CoRstave 1l
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Annexure 6: Procurement and implementation schedule

No. Days
Activity Details 2 4 6 38 10 13 15
1 | Civil works
2. | Fitnent of Equipments
3. | Trial Operation
4. | Training to staff

The total days for installation and commissioning of the equipments will take 45 days,
out of which 30 days will take for the arrival of the equipment in the tea factory after
placement of the order. After the arrival of the equipment the installation and
commissioning break i up is as detailed;

a 2 days is considered for necessary documentation for service contract as per the
conditions in the order and also verification of the specification as mentioned in the
purchase order with that of the materials actually received.

a After formulation of the necessary documentation and after satisfaction regarding
the material, the site selection will be done jointly along with the equipment supplier by
the management representative of the tea factory. On the selected site necessary civil
foundation and construction work will be carried out by the supplier in co i ordination
with the factory personals. This is estimated to take 6 days after completion of activity 1.

a The fitment of equipments will take 4 days after the completion of the civil works.

a After completion of the installation, the equipment supplier will commission the
equipment and as per the terms and conditions of MNRE, the equipment supplier will
give a trial run for 3 days, i.e., 72 hours.

a Training to the staff will be provided simultaneously after activity till completion of
the trial run.

Y5 UF 29
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Annexure 7: Details of Technology Service Provider

S.

No.

Name of Service Addres Contact Person and No.

Provider

Radiant Energy Sern\ 2nd floor, Lahkar Commercic Deba Prasad Hazarika
(Authorized agent of Complex, (opposite Police | 098640 92040
M/s HITA Technolog Reserve); Emaildebaphazarika@gmail.con

(P) Ltd) A T Road; Guwahati 781001

Wind Turbine Syster 478, 13th main, Koramanga Telephon&1-8025539873

(P) Ltd 3rd block, Bangalore, , Karn: WebSitehttp://www.wtswind.com
India 560034 E-mal: Send Email to Wind Turbir

Systems (P), Ltd.

Trueskill Energen (P #125, 1st Main, Domlur 2nd | e Telephone:91 80 4125
Ltd Stage, , Bangalore, Karnatak 6925
India 60071 . Web
Sitehttp://www.energen.hbiz
o E-mail:Send Email to

Trueskill Energen Byt

Tachometric Control S. No. 50/10/12, Post. Narhe e Telephone: 9120
Pune, Maharashtra India 417 24391385
o FAX+012024391179
. Web
Site:http://www.tachometric.com
o E-mailSend Email to

Tachometric Controls
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Annexure 8: Quotations or Techno-commercial bids for new technology/equipment

A=

HiTA

Monday, April 11, 2011
To,
M/s Radiant Energy Services,
2" floor, Lahkar Commercial Complex,
A. T. Road, Guwahati - 781 001.

Kind Attn : Mr. Hazarika.

Ref: Your enguiry,

Dear Sir,

This has reference to your mail for the enquiry of solar lighting system. We appreciate your
interest for HITA make Solar System and thank you for your enquiry.

We take the pleasure to inform you that we, M/s. HITA TECHNOLOGY PVT. LTD, the
manufacturer of HITA make UPS Systems ranging 0.5KVA to 800KVA and SOLAR HYBRID
SYSTEMS from 100 WATT to 25 MW, operating in India since 1997 are responsible for all
kinds of activities and after sales service in SAARC countries - India, Sri Lanka, Nepal,
Bangladesh, Bhutan and Mayanmar for the entire range of products from HiTA.. As a
mark of our quality, we have the privilege of being the first solar company in India to receive
the ISO 9001 accreditation.

Please find enclosed the bill of materials, system layout, Price Schedule and terms of supply
for your kind perusal. We sincerely hope that you will find our offer is in line with your
requirements.
Thanking you.

Yours faithfully,
For HiTA Technology Pvt Ltd.

Arun Das Ghosh.
Managing Director.
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2 KW SOLAR _HYBRID SYSTEM - OFF-GRID POWER SYSTEM :-
SOLAR PANEL
(Include Braket) (1 gi\\/N) ORGS
1 KW Wind
2 KW | Turbine
Control System 1SET |
Controller 2 KW 1SET |
' Connector As Required | 2,75,000.00
BATTERY BACKUP FOR 14 HRS BACKUP | 1,40,000.00
SUB TOTAL (A):-|  4,15,000.00
VAT / CST @ 4% | 16,600.00
TOTAL VALUE FOR 2 KW SYSTEM . 4,31,600.00

3 KW SOLAR HYBRID SYSTEM - OFF-GRID POWER SYSTEM :-
SOLAR PANEL | 175 W
(Include Braket) | ( 22\/ ) 8PC3
2 KW Wind
3 KW | Turbine
Control System 1SET |
Controller 3 KW 1 SET |
| Connector As Required 3,45,000.00
BATTERY BACKUP FOR 14 HRS BACKUP 2,20,000.00
SUB TOTAL (A):-|  5,65,000.00
VAT / CST @ 4% | 22,600.00
TOTAL VALUE FOR 3 KW SYSTEM ~ 5,87,600.00

S KW SOLAR HYBRID SYSTEM - OFF-GRID POWER SYSTENM :-

SOLAR PANEL
(Include Braket) (1 ;i\‘,N) 16.PCS
2 KW Wind
5 KW | Turbine
Control System 1SET |
Controller 5 KW 1SET |
 |Connector | | AsRequired  5,55,000.00
BATTERY BACKUP FOR 14 HRS BACKUP | 3,85,000.00
SUB TOTAL (A):-  9,40,000.00
VAT / CST @ 4% | 37,600.00
TOTAL VALUE FOR 5 KW SYSTEM 9,77.600.00

<

HiTA
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2. PV Module
1) Power @ 175W
2)Measurement @ 1580*808*45mm
3)Open circuit voltage © 43.6v
4)Max Power : 35.71v

S)Short Circuit Current © 5.5A

6) Connection instruction

Commercial Terms & conditions: -
1 Price: Price quoted above is the basic price of the equipment F.O.R
Destination.

[

Packing & Forwarding : Above quoted price are inclusive of Packing, Forwarding and

other expenses.

3 Sales Tax: 4% VAT ! CST will charge extra without “C” form.

4 Installation & Above quoted prices are inclusive of Installation, Supervision
Commissioning of Erection & Commissioning. The lifting, shifting, civil job &
Charge : cable laying is not our scope of supply.

5 Delivery : Delivery With in 3 to 6 weeks after receipt of technically and

commercially clear purchase order.

6 Warranty : 24 months from the date of Installation/Commissioning

including battery.

7 Payment Terms : 50% Advance along with the order and rest 50% with in 7

days from the date satisfactory receipts of the material at site.

& Other Charges : Octroi, Entry Tax will be charged extra at actual, in case it is

applicable. Road permit to be provided by you if applicable.

9 Validity : Validity 30 days from the date of this offer.

We hope the above is in line with your requirement, however, please contact us for further
queries and / or clarifications if any.

Thanking you, assuring you of our best of services and looking forward to your valued order at
an carly date, we remain,

Yours faithfully,
For Hita Technology Pvt. Lid
Subhrajit Nandy

09903995781
Asst. Manager - Logistic
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Annexure 9: MNRE Subsidy Document

The Project has been found Eligible to fetch subsidy of * 1lakh per kW generated (given
at page no. 47and table at annexure ii of the document).

No. 23/1/2009/SWES
Government of India
Ministry of New and Renewable Energy
Small Wind Energy and Hybrid Systems Programme

Block No. 14, C.G.O. Complex,
Lodi Road, New Delhi- 110 001

Dated: 16.04.2010
To

Head, State Nodal Department /
State Nodal Agencies (SNA's) /
Other concerned Implementing Agencies

Sub: Modified scheme for the programme on “"Small Wind Energy and Hybrid
Systems{SWES)” during 2010-11 and 2011-12-reg.

| am directed to convey the sanction of the President of India for mplementation of
the programme cn “Small Wind Energy and Hybrid Systems” during the last two years of
the 11% Plan i.e. years 2010-11 and 2011-12. The detaded guidelines for implementation of
the programme are given as Annexure - |
2.0 Objective

The objective of the programme on “Small Wind Energy and Hybnd Systems” is to
develop technology and promots applicatons of water pumping windmills and
asrogenerators/wind-solar hybrd systems.
3.0 Programme Activities

The programme will support the following actvities:

v

Financial support for setbng up water pumping wind mills and asrcgenerators/wind
solar hybrid systems,

Field trials & performance evaluation,

Grid connected SWES on demonstration basis.

Research & Development.

Yvyy

40 Implementation

4.1  Various activities of programme on "Small Wind Energy and Hybnd Systems™
will be implemented in association with the State Nodal Agencies (SNAs). manufacturers of
SWESs, R&D/ academic/ autonomous insttutions, NGOs, Gowt. undertakings, and user
organizations. The programme on wind solar hybrid systems s afso aimed o be
implemented in market mode through active invoivement of manufacturers of SWESs

5.0 Targets
Following annual targets for the years 2010-11 and 2011-12 have been fixed:

34



Solar i Aero Generator Hybrid Power System (3 kW)

3.1 Physical: Water pumping windmils — 25 nos.
Aerogeneratorwind-solar hybnd systems - 500 kW

3.2 Financial: Budget Estimate: Rs. 5.00 crones.
6.0 Central Financial Assistance {CFA) and Release of funds

Central Financial Assistance [CFA) will b= provided under the programme as per
details given in Annexure - Il and funds will be released a= per Annexure - [l

7.0 Manitoring Arrangements

i} Maonitoring of project mplementation wil b= camed out through review meetings,
field wisits, ete. by MMRE.

i) Performance monitoring will also be camied out through SMNAs  and
manufacturers. They are advised to sef wp suitable monitoring arangements to
closely monitor implermentation of the programme, perfomance of the systems
msialled, and to send reports to MNRE, as per detads given in para 13.0 of
Annexure-|.

i MMRE may also sponsor independent stwdy on ewaluation of the systems
msialled under the programme for which financial support may b= provided on
case o case basis from the budget allocation under the scheme .

8.0 Demonstration Projects in N-E, J&K areas

25 SWES projects will be taken up in special areas in N-E including Sikkim and JEK
including Leh and Laddakh having capacity in the range of 10 kW on demonstration basis
with higher financial support. If required, suitable consultant wil be engaged for prepanng
Detaded Project Repaort for implementation of these projects.

9.0 Other Activities -

91 \Various organizations will be inwolked In organizing awareness, Faining,
demeonstration, seminars/workshops sunvey/assessment studies, preparation of DFRs for
mini-grid concept ete. Further, Ministry may also direcfly sponsor Training & awareness
programme through selected nsfitutions.

92 GPRZ/SCADABroad-bandiother such technologies based system will be taken up
for minforing of the SWES systems on demonstration basis at five locabions

93 Demonstration projects of SWES will be taken up in a gnd-connected mode/mini-grid
concept o understand the viabdity and technical consirants/remedial actions ste. of these
systems in grid-connected mods.

10.0 The proposals for CFA will be considered based on technical viability and availabdity
of funds within owerall targets for the programme. The decision of the Secretary, MNRE will
be final & binding in this regard.

This issues in exercise of the powers delegated to the Ministries and with the concurrence
of IFD. MNRE wide their diary no. IFD-2380-02 dated 23.02.2010
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Yours faithfully,
-sd-

(Dilip Nigam)
Director

Copy for information and necessary action to:

1.

.

O@NOOMK N

The Principal Director of Audit, Scientfic Departments. DGACR Building, |.P. Estate,
New Deini— 110 DO2.

Chief Executives/Directors of all the State Nodal Agencies/ Corporations/ other
Organizatons implementing the MNRE programmse

All Regonal Offices of the Ministry of New & Renewable Energy.

All the existing manufacturers of the SWESs

SPO to Secretary. MNRE

ASEFA /Al Advisors/JS (GSYJS(HK)

Dir (FYDir (DNYD=(GU)

Incdwidual files of 3 implementing agencies

Sanction folder

0. Guard fie

-sd-
(Dilip Nigam
Director
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Annexure |

Guidelines for Implementation of the Programme on “Small Wind Energy and Hylrid
Systems™

1.0 System Applications

The programme will support deployment of water pumping windmalls [wind pamps)
and small asrogensrators’ wind-solar hybrid systems for water pumping applications and
generation of eleciricity in off-grid mode, respectively. Grid connected wind solar hybnid
systems may also be taken up for demonstration purpose if state regulatory and other
related issues are favorable. GPRS! SCADAS Broad — band’ other such technology based
systems to be used for remote menitoring of SWES systems on demonsirations basis.

2.0 Eligible Users

All categories of wsers ncleding individeals, farmers, NGOs, Central [ State
Govermment agencies, lkocal bodies and Panchayats, Autonomous Institutions, Research

Cnganizations, Cooperative Societies, Corporate Bodies, Business Establishments, Banks,
etc. are ehigible for having the systems installed for ther use.

3.0 Technical Specifications
3.1 Water Pumping Windmills
Broad techmical specification and other defails of the water pumping windmills beng

promoted under the programme are given below. Howewver, other models can also be
considered based on their quality and performance.

Designs/ models | Broad technical | Estimated Suitability
specifications Water output
versus head
Direct drive windmill | Rotor dameter— 5 m 3000 Wters per | For  shalow  water
such as 12 PU 500 | Mos. of biades - 12 nowr at 7 meter | pumping  upto 15
and similar other | Tower helght -7 m head meier head
windmilis Pump diameter — 150 mm
Cut In wind speed —10 Emdr
Rated wind speed — 18 kmvhr
Gear Roior dlameter— 3.3 m 1000 Iters per | For desp wiell
wiridrmiills Mos. of pades — 18 how at 20 purrq::ing from 168
Tower height — 10 m meter head meter to B0 meter
Pump diameter — 50-100 mm head
Cut In wind spesd —& kmmr
Rated wind speed — 18 kmvhr
AV 55 Auroville | Rolor ameter— 57 m 4000 wters per | For shallow and
direct drive | MOS. of Diades — 24 how al 15 | deep well pumping
windmills Tower height — 5-23 m meter head upto 60 meter head
Pump diameter — 54-150 mm
Cut In wind speed —10 Emdr
Rated wind speed — 18 kmvhr
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3.2 Aerogenerators

The rated capacity of individual asrogenerators covered under the programme will
be up to a maamurm of 100kW, however, MNRE support for installation of asrogenerators
will be restricted to a maxmum total capacity of 10 KW (project capacity). Both imported &
indigenously manufacturediassembled asrogenerators are coversed under the programme.
The manufacturers will hawe to get their models empanelied with MMRE based on the
testing'cerification as per |EC 81400-2 and IEC &§1400-12-1 for Design requirement and
Power Performance and Safety function test as per the empanslment procedure evolved by
the Centre for Wind Energy technology (C-WET), Chennai. & defailed empansiment
procedure has been evolved by C-WWET in consultation with all the stakeholders and is
summarzed at Para §.2.

Cnly the MMRE empanelled models of the aercgenerators will be eligible for
financial support under the schame.

3.3 Hybrid Systems

Hybrid systems based on a combination of vanous renewable energy sources like
wind and solar photowoltaic are covered under the scheme. The hybrid systems will be
designed to meet the annual load requirement with optimum use of resources. The ated
capacity of individual aeregenerator eowered under the program will b= upto 3 maximem of
100kW, howsewer, MMRE support for installation of a Wind—5olar Hybrid system will be
restnicted to @ maximum capacity of S0k'W [systermn capacity). The wind component of the
hybrid systerm has to be at least 80% of the total capacity. As mentioned abowe, only the
MMRE empanelled models of the asrogenerators will be eligible to be used i Hybrnid
systams for financial support under the present scheme. The 5PV meodules to b= deployed
ungder the Programme should conform to the relevant IEC Standards. The SPV modules to
be deployed under the Programme should conform to the relevant IEC Standards.

4.0 Site Selection

Selection of suitable sites for installation of small wind energy and hybrid systems
will b= the responsibility of the implementing agency i.e. manufaciurers, State MNodal
Agencies (SMA) or any other such agency. The broad guidelines for site selection are given
below:

4.1 Water pumping windmills

(i} The site should be free from the obstacles like tall trees, high buldings, electric
transmission lines efc. within the radus of about 100 meters.

{ii}  The site should have annual average wind speed more than 10 kmph.

{iif ~The designs’ models of water pumping windmills should be selected in
accordance with their suitability for water table depths prevaling at the sites, as
given in para 3.0 of technical specification of the windmills.

{iw)  The foundations should be designed and constructed by faking inte consideration
the soil bearing capacity of the site. .

{w) Recharging capacity of bore well or open well should be around 30 m” e,

{wi) The windmills should be preferably mnstalled in chusters to enable effective repair
and maintenance services and to have betier demonstration effect
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{wii] The prowvision of a storage tank of suitable capacity should be mandatory fo
ensure supply of water during non-windy periods.

4.2 Aerogenerators! Wind-Solar Hybrid Systems

(i) The site should be free from the obstacles like tall trees, high buldings, electric
transmission lines etc. within the radius of about 100 meters.

{i) The site for installabon of aercgenerators should, preferably, hawe annual
average wind speed of about 15 kmph (417 mi's) or above, at 20 m height. The
wind speed at a particular site has to be obtained from C-WET or any other
apency using actual wind data collected by C-WET or by using standard software
programme like Wind Atlas ete. The user agency'manufacturer has to provide
latitude-longitude of the site and other parameters as needed for this purpose to
the verifying agency.

(i}  Wind and solar resowrces should be preferably of complimentary nature.

(]  The foundations should be designed and constructed by taking into consideration
the soil bearing capacity of the site.

(v} Generally asmogenserators should be avoided to be installed on the roof of a
building and if it is installed on the roof of any bulding, the load bearing capacity,
clearance/obstruction from the nearby buildings, electrical wires etc. and other
safety related aspects showld be carefully examned by technical personnel.

a0 Eligible Manufacturers! Suppliers
3.1 Water pumping windmills

The manufacturersisuppliers whose windmills conform to e broad technical
specifications, which hawe already been installed wnder this Ministry's programme, are
eligitde to manufacturer, supply and install the windmills. & list of swch manufacturers is
given in Annexure IV

3.2 Aerogenerators! Wind-Solar Hybrid Systems

Ministry has so far not been insisting for testing and cesification of the
aesrogenerators. The present procedure for empanelment mwolves fumishing of information
by the manufacturers about their company etc. through SMAs. |t has been felt that the
quality of systemns being manufactured, supplied and installed under the MNRE programme
is not of wery high standards and. therefore, a new method has been evoleed for

ermnpansiment of manufacturers’suppliers having quality products with Type Testing reports.
a list of swuch eligible manufacture will be issued by the Ministry from time to time.

6.0 Empanelment of manufacturers
6.1 Water Pumping Windrmills

The interested manufacturersisuppliers of water pumping windmills may provide
detailed information about their firm, produwct and test report by independent test agency.
confirming that the proposed design of the systems is in accordance with the broad
technical specifications and perfommance charactenstic, being claimed by themselves. They
miay submit their proposals to MNRE through SMAs providing all relevant details, as per the
format given in Annexure- V' for empaneiment with MNRE.
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6.2 Aerogenerators/Wind-5olar Hybrid Systems

CAMET in consuliation with manufaciurers has dewised 3 scheme for
ermpaneiment, which seeks information from manufacturers on registration certificate of
company showing legal identity of the company; adeguate manufacturing facility: 150 9001
requirements; simplified technical specification of the twbine; product manual covening
details of installation, maintenance, routine inspection and personnel safety etz mnamum
simplified design documents; detailed elecinical circuit diagrams; details of number of
installations and its performance as per the formats provided by C-WET. The manufactures
hawve to cbiain a vald Type Test report for every model. If 3 valid Type Test Report is not
already availabde with the manufaciurer, they will enter into an agreement for Type Testing
with C-WET or any other foreigniindian recognized laboratory as per the |EC stipulations.
In case the manufacture already has Type Test report form a recognized laboratory other
than C-WET, it need to be submitted to C-WET & get it endorsed by them.

Based on the evaluaton of the abowe details, the parbicular modsl of the
mianufacturer will be recommended by C-WET for empansiment In case a valid Type Test
report is not already available, a provisional empanelment will be granted mnitally for a
penod of one year, subject to the results of the Type Testing of machine by C-WET.
Projects having systems from empanelled manufaciures only will be eligible. Ministry will
issue such list from Gme to Gme.

The manufacturers are required to contact C-WET for empanelment under mtimation
to the Ministry.

6.2.1 Dealers of the manufacturers

The empanslizd manufacturers may also have ther dealers. The dealers will register
themselves with the State Modal Agency (SMA) of the state, they want to operate. They
may be regisiered with more than one state. The dealership letter from the main
mianufacturer with all its terms and condifions will be a pre-reguisite. The SHAs may evolve
a system to regsier 3 dealer of an MNRE empanelled manufacturer based on the
Guidelines mentioned abowve. The dealsrs must have necessary capability to take-up the
cperation, repairs & maintenance of the system. In this case, the operation, repair and
maintenance will be the responsiblity of man manufacturer throwgh their dealer. The main
rmanufacturer will submit an undertaking in this regard. MMRE empanelled manufacturers
will alsz b= deemed registered with all SMAs to operate in a particular state.  Ministry will
issue such list from Gme to Gme.

7.0 Demonstration Projects in N-E, JEK areas

There is lob of potential and uility of Wind-selar hybnd systems in remote locations
such as districts on international borders, Morth-Eastem States including Sikkim, Jammu
& Kashmir incheding Leh & Laddakh  at wvariows instituSons/organizations  and
defence/para-military establishments in these areas. 25 SWES projects will be taken wp in

these areas. as special projects. having capacity in the range of 10 KW on demonstration
basis with Ceniral Financial Assistance @ Rs. 2.25 lakh [ kW. The balance cost ncluding

the cost towards transportation, installation, commissioning and distribution lines would be
bome by the concerned beneficiary organizations. If required, suitable Consultants may be

engaged for prepanng Detailed Project Report for implementation of these projects.
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8.0 Other Activities :

81 The SNAs, NGOs, technical organizations, Gowt. undertakings, manufaciurers and
user organizations eic. will be involved in organizng awareness, training, demonstration,
semmarsiworkshops survey assessment studies, preparation of DPRs for mini-grid concept
etc. Proposals in this regard will be considered for financial support on case to case basis.
Further, Ministry may also direclly sponsor training & awareness programme through
selected institutions.

Cin-line performance monitoring system

8.2 As perthe sdasting provisions, the project beneficianes and SMAs are to submit 3
penodic performance report of the systems. Howewver it is not being recewed wery
regularly. kit is desirable that GPRS or SCADA or Broad-band based system may be
inzorporated in every SWES system to access the generation data through PC or even on
a Mobile phone. 5§ existng SWES systems may be prowided with such systems on
dermcnstration basis with MMRE support. The CFA for this purpose may be decided on
case o case basis.

Grid-connected SWES systems

83 It has been decided to fake up demonstration projects of SWES in a gnd-
connectedmini-grd concept o understand the viabdity and technical constraintsiremedial
actions eto. of these systems in grid-connected mode. MMRE support for such projects may
be as per the provisions of the Technology Demonstration Scheme under the R&D Division
of the Ministry (50% cost sharing basis). A monitonng systemn as mentioned abowe may
also be a part of gnd-connected systems.

9.0  ‘Warranty

i} A wamanty for a minimum perod of two years from the date of installation of the
wind pumps, small asrogenerator systems and hybrid systems will be provided
by their respectve manufaciurers to the userSNAs agamst any manufacturng
defect and deficiencies in e design, engineering and materials of the
components used in the systemn.

(i}  The wamanty will be applicable on entire system mduding battenes, electronics,
mechanical supports st

i} Solar PY modules used in the hybrid sysiem will be warranied for a period of at
kzast 10 years from the date of nstallabon.

iwl  The beneficiary will be responsible for periodical cleaning of solar panels, water
topping of battenes, and cleaning of dustng of all electronic components and
cabling eic.

10.0 Repairs and Maintenance

i} The manufacturers/suppliers are required to provide “on-site” tramng to the
users in Q&M of the systems, and equip them to attend to the minor repair
themselves. (A certificate from the beneficiangSMAS implementing agency to this
effect shall be prowvided by the suppliermanufacheesr along with the
commissioning/completion report to the ministry)
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(i)} The beneficiary will award annual mamntenance coniract (AMC) of at least 3
years, afier the expiry of the wamanty period. i shall be mandatory on the part of
suppliermanufacturer to provide AMC for at least 3 years after wamanty penod at
a reasonable cost to the beneficiany.

i} MNecessary mamtenance spares for 3 years frouble-free operation will be supglied
by the respective manufachwers! supplers of the systems.

11.0 Scope of Supply

111 Water Pumping Windmills [Wind Pumips]

The scope of supply will cowesr the design, manufacture, besting, supply,
transportation, installation commissioning and perfomance monitoring of the complete
water pumping windmills (comprising rotor, transmission, secunty mechanism, pump.
tower, Gl delivery pipe of suitable diameter and length, mandatory spares for thres years
trouble free operation. as identified by the manufacturer before supply) and wser's tools &
tackles kit. The manufacturer/suppliers of water pumping windmills will also supply a copy
of a comprehensive manual to the user providing information on O&M and the
recommended Dos and Don'ts for trouble free operation of the system.

112 Aercgenerators and Wind-5olar Hybrid Systems

The scope of supply of asrogenerators’wind-solar hybrid systems will cover the
design of system-configuration, manufacture/supply. testing, ransporation, installation,
commissioning and performance mondorng of the complete system  comprising
aercgenerator, SPV modules, batteries, mwerters, control systems, tower, cables,
necessary  instrumentation for monitonng of the field perfomance stc. The
manufacturers’'suppher will also supply spares for three year trouble free cperation, user's
tools & tackles kit and a copy of comprehensive users manual providing information on
perforrnance data, power curve, O&M and recommended Dos and Don'ts for trouble free
operation of the systemn. It has been noted that the swppliers do not take care of repair’
maintenance of the systems. Both the partes should, therefore, make necessary prowvision
in the Contract at the time of award of work so that trouble free cperation of the system is
ensured. The critical spare parts like inverter card efc. must be supplied by manufacture at
the ime of commissioning so that unintermupted functioning of the system takes place.

Installation of Energy Meters

It has been noted that energy meter is installed only for the energy consumed from
the systems by the load iLe. after the storage system(Battery). This doss not gve the
information about the total energy generated by the system. It is thersfore decided that one
additional energy meter will b= installed which will measure the total energy generated by
the system.

Unigue [dentification Number [LIN)

It has been decided to introduce a Unique ldentification Mumber (LIM) to be put on
eyery asrogensrablor. Every manufacturer will have a UIN for every serogensrator having
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five alphabets and ten digits (e.g. UDMMAHMDDD1241209) as per following  structure to be
issued to every aerogenerator and clearly and visibly displayed by painting it vertically on
the pole of the aerogenerator.

First two alphabets  :© Indicating manufacturer"s name (viz. UD.UE)
Mext three alphabets : Indicating State's name whers it is nstalled (viz- Mah, Goa)
Mext four digits : Indicating serial number of the machine supplied by

the manufacturer starting with 001 (to begin with
effect from issue of this scheme)

Mext six digits . Indicating date of commissioning {day-month- year)

12.0 Submission of Proposals and Project Implementation

12.1 Water Pumping Windmills (Wind Pumps)

(i
{ii}
(i)

{iw]

Proposals for installation of water purnping windmills will be taken up on project-
to-project basis received from State Nodal Agencies [(SMAs).

Froposals must accompany commitment of SMAs [ each beneficiary for meeting
the remaining part of the project cost other than MNRE's CFA

The SMAs will submit proposals as per the format given at Annexure - Wi

After sanction of the projects by MMRE, the SMAs will complete the process of
awarding the work for manufacture, supply. installation and post installaton
services of water pumping windmills within 4 months from the date of sanction,
and submit the copy of work order (5] and acceptance of manufacturer (s) to
MMRE for release of first installment of CFRA.

During project implementation, the ShAs will enswre, through regular field wisits,
physical verification, and enforcing such terms and conditions that the quality-
standards are maintained by the manufacturersisuppliers during manufacturing.
supply, installation and handing owver of the systemn to beneficiaries.

The SMAs will obtain feedback on perfformancefunctioning of windmills regularly
threwgh their field visits, etc., and send the same to MNRE quartesty.

The SMAs will arange for immediate repar of the systemn, in the event of its
major break down, through manufachrers! suppliers.

The SMAs will ensure that the project s complsted with in @ months after placing
the work order (s) and acceptance by supplier (s).

12_2 Asrogensrators and Wind-5olar Hybrid Systems

iy

{ii}

{iii}

SMAs! manufacturers/bensficiaries may send bundied proposals  alongwith
Feasibility reports for deployment of the systern in a "Projgect Mode” for different
users such as Tribal Hostels. Primary Health Care Centers, Mursing homes
Folice Communication Centers, Anganwadis, Literacy Centers, Panchayall Raj
Institutions nduding private individuals & corporate sector etc. In a bundled
proposal, separate feashility reports hawve to be submitted for separate
projects/sites.

Froposals must accompany a written commitment of SMAs fother govermment
bodies/ each beneficiary for meeting the remaining part of the project cost other
than MMRE's CFA.

The manufacturers!SMNAs will get prepared a feasibility report prowviding
nformation as per Annexure — VIl and after verfying the suitability of the site
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(i)

and system based on site wisits considering the load requirements. The
manufacturers/SMAs will submit the proposals to MMRE along with feasibility

report.

The feasibility report will prowide all technical details of asrogenerator, solar PV
modules, batteries, inwerier, conirol systemn, cables and tower eic. and other
components covered wnder the project. In the case of battery shorage. only
tubadar plate lead acid batteries will b= permitied.

There could be following maodes of submiitting the proposal to MMNRE :

(A)

B

Implementation through Manufasturers

The manufacturers will identify suitable beneficiaries, prepare a bunded
proposal having a minimum cwemulative capacity of 30 EW and a minemum
number of 3 systems and submit io MNRE. Proposal with higher capacity
(30 KW or maore] with single beneficiary can also be considered. After
examining the proposal, the Mmistny will ssue an “in principle approval®
indicating the amount of subsidy for the project. The beneficiary in this
route will necessanly have to go for financing through banksfinancial
institutions for meeting fullpart of the cost of the project. The eligible
subsidy would be released after the concemed manufaciurer obians the
necessary documents reganding project  completion report a5 per
Annexure VIl and Project Monitoring report  for at least theee maonths
penod of the systern as per the format given at Annexure X from the
Bank/Financial Instirtion amnd subrmits the same to the Ministry. The
mianufacturer will also enswre submission of quarterly monitoring repaorts
as perthe Annexure X for at keast one year of the operation.

Implementation through SNAs

The State Nodal Agencies could also submiat proposals on a progect mode
to the Ministry (bundled proposal having a minimum cumulatve capaciy
of 30 kW and a minimuam number of 3 systems; proposal with higher
capacity (30 kW or more] with single beneficiary can also be considered).
In this case also, the Ministry would issue an approval in principle for the
aligivle subsidy. The =figible subsidy will be released to the SMNA for
cnward framsmission to the concemed beneficiary after commissioning of
the systern and receipt of the prescribed docwments regarding project
completion report as per Annexure Vil and Project Monitoring report for
at least three months period of the system as per the format given at
HAnnexure X . The SMA wall also ensure submission of guartery
monitoring reporis as per the Annexure [X for at least one year of the
operation. The stipulation contained in the earier scheme to provide work
crder by the State Modal Agencies based on a competitve tender
procedurs will not be required as the bensficianesibeneficiary nsttutions
will be free to select the system from the Iist of the empansisd
rmanufacturers following their own purchase procedure.

An administrative charges (@ 2% of CFA will be provided o SMAs at
thie time of final release.
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Constave 1l
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