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The ENPOWEREDO project aims to foster efficient,
with increased renewable energy sources (RES) penetration. Moreover, it aims to provide

local communities with preliminary equipment installation and tools for economic and social

development, through sustainable energy systems. To achieve these goals, the installations

must be deployed at the four demo sites across the EU and India. This report D7.2(a) reports

on the preliminary equipment (commercial) installations of the four demo sites. More

specifically, technical details about the newly installed commercial equipment and

infrastructure are provided, including their capacity and ratings, an analytical deployment plan

and next steps, and finally the utilization and business plans (when applicable).

Ghoramara Island is located approx. 92 km south of Kolkata, in the Sundarban of the Bay of
Bengal. The island comprises five different villages. The nearest mainland is Kakdwip which
is approximately 5 km away and takes around 1 hour through diesel operated boats. Around
3000 residents are staying there, living in more than 1100 houses. Utility grid is not available
on the Island. In this deliverable, the technical details of the new infrastructure, photos of the
installations, the timeline and the information related to the deployment of the 160 kW
microgrid system that is going to be installed, are presented. Out of the total 160 kW,150 kW
concern solar PV and 10 kW wind energy. Along with the renewable generation, a battery
energy storage system is used. Additionally, electric three wheelers, solar high-mast light, e-
boat, smart meter, charging station with local PV and BESS, wind turbine, remote monitoring
unit and load limiter are being installed.

Kanheigola, Nola and Ranipada are small Villages/hamlets in Harichadanpur-Tehsil
reserve forest in Keonjhar District of Odisha State, India. It is located 54 km towards South
from District headquarters Keonjhar and 180 km from state capital Bhubaneswar. At present,
these villages are not connected to the main utility grid. A total of 77 kWp (Kanheigola- 30
kWp, Nola -25kWp and Ranipada- 22 kWp) solar PV installations are supplying approximately
1000 villagers, living in 306 households. These solar PV installations are completely isolated
and were commissioned by the Odisha Renewable Energy Development Agency in 2017-
2018. In this deliverable, the technical details of the new infrastructure upgrades, photos of
the installations, the timeline and the information related to the deployment are presented. The
proposed site is upgraded with various available energy sources such as solar PV (30 kWp),
Biomass (10 kW), Biogas (10 kW) and Battery storage (180 kWh) which improve the living
standards of the community.

Regarding the demo site of Kythnos island, it consists of two separate sites, Kythnos power
system and Gaidouromandra microgrid. In the context of RE-EMPOWERED project, both
Kythnos sites are considered already developed demo sites in terms of infrastructure. Thus,
commercial preliminary equipment installation concerns mostly communications and data
handling equipment as well as the installation of instruments for measuring environmental
conditions. In this deliverable, all the preliminary equipment that has been installed at both
parts of Kythnos demosite,t o be ready to accommod@&spresented.e pr oj e

Concerning the site of Bornholm Island the existing infrastructure is highly developed with a
high penetration of renewable energy resources. As a preparation for the ecoTools developed
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in the context of RE-EMPOWERED, communication devices for the demand side
management have been installed. Data integration from the heat plant has been carried out
and is ready for integration with the ecoTools.

Keywords:

Local Energy Systems, Bornholm, Kythnos, Ghoramara, Keonjhar, commercial equipment,
communication protocols, environmental sensors, configuration, deployment, microgrid,
electric three-wheeler, smart metering, charging station, remote monitoring system, biomass,
biogas, electric vehicle, battery storage
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1 Introduction

1.1 Purpose and Scope of the document

The report D7.2(a) mainly deals with the preliminary/commercial equipment installation at the
four demo sites, leveraging on the deployment plan of D7.1 [1] . In each demo site, different
types of commercial equipment are installed, based on the particularities of each case. For
each demo, a general description is provided along with an overview Single Line Diagram
(SLD) of the system. For each piece of equipment or installation, a general description is
presented highlighting its purpose and necessity for the project, including detailed technical
information, photographs of the progress of works and their current status, time plan and next
steps. In addition, deployment plan, utilization plan and business plan are reported for each
preliminary installation, where applicable, taking into consideration the specific characteristics
of the site and equipment. Furthermore, a summary of the completed works and main
achievements for each demo-site is presented. The contribution of the partners in order to
achieve this outcome is also described.

1.2 Structure of the document
This document is structured as follows:

Section 2 describes the preliminary equipment installation at Ghoramara Island, West Bengal
in India and the details of each equipment that is being installed are provided: 160kwW
Microgrid, electric three wheelers, solar high mast, smart meter, load limiter, electric boat,
wind turbine, charging station and remote monitoring system.

Section 3 describes the preliminary equipment installation at Keonjhar, Orissa in India and the
details of each equipment that is being installed are provided: solar PV, biogas, biomass,
battery storage, battery management system, smart meter, streetlight, electric three wheelers
and charging facility.

Section 4 describes the preliminary equipment installation at Kythnos demo site, Greece and
the details of each equipment that has been installed are provided: ethernet gateway, data
logger, energy meter, temperature sensor, wind measurement sensors, pyranometer, modular
I/0O adapter and software.

Section 5 describes the preliminary equipment installation at Bornholm Island, Denmark and
the details of each equipment that has been installed are provided: DSM-Intelligent heat
control (loT), new SCADA server and SQL database and electric heater.

Section 6 contains the conclusions that provide a final report on the progress of the
preliminary works for each demo site.
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2 Demo Site 1- Ghoramara Island
2.1 Introduction

Ghoramara Island is located approx. 92 kilometers south of Kolkata, in the Sundarbans of the
Bay of Bengal. The nearest mainland is Kakdwip which is approximately 5 km away and takes
around 1 hour to reach with diesel operated boats. This island is roughly five square kilometers
in area with a population of 3,000 residents (1100 houses) as of 2016. Out of the whole
population, 50% belong to the Indian SC category, and 20-30% belong to the minority group.
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Figure 1: Ghoramara location

Details of beneficiaries including the local agencies / authorities:

1 Around 3000 residents and over 1100 houses.

9 Two primary schools, one higher secondary school (420 students), and a primary
health care center are present on the island.

1 A few shops (around 30 in number) are located in the central area of the island near
to the schools.

I The administration of the entire island is carried out by an elected Gram-panchayat
system.

The existing assets are as described below:

9 Utility grid is not available on the island.

T A 3kW wind turbine was installed near Ghoramara school, but the system was
damaged during cyclone AMFAN which makes it inoperative. The wind turbine is
shown in Figure 2.
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Figure 2: 3kW wind turbine (inoperative)

9 A few discrete solar panels are found on the roof-top of individual houses and shops
which are mostly used for mobile charging and powering of LED lamps (one/two in
numbers using home lighting solution). The roof-top-solar-panels are shown in Figure

Figure 3: Solar Panel in the rooftop

9 Around 100 streetlights with solar panels, as shown in Figure 4, were also found
which are now inoperative.

D7.2a: Report on preliminary equipment installation [14]



Figure 4: Streetlight (inoperative)

The following infrastructure is available at Ghoramara island:

T

1

=

One high school and two primary schools are available where around 420 students are
studying.

One health care center is also present on the island to provide medical facilities to the
residents.

The main source of income is agriculture (mainly betel leaves, and rice) in which 85-
90% of people are involved, and the remaining people are dependent on fishing.

Two rice-cum-hauler meals are present in the island which are run by diesel engine.
Four e-rickshaws (three wheelers) are presently running on the island to meet the
requirements of residents. The charging is done through a diesel generator which is
neither economical nor an environmentally friendly approach.

In the subsequent section, the new infrastructure installations in the frame of RE-
EMPOWERED are presented.

2.2

Overview and single line diagram of the local energy system including
ecoTools

As a part of the RE-EMPOWERED project, a 160kW plant is going to be installed on the
Ghoramara Island. Figure 5 provides an overview of the ecoTools and other infrastructure in

D7.2a: Report on preliminary equipment installation [15]
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a Single Line Diagram (SLD) as it relates to the RE-EMPOWERED demonstrations on

Ghoramara.
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Figure 5: SLD of the Ghoramara Energy System

2.3  AC microgrid # 1 (IT KGP)

2.3.1 General Description

A 160 kW microgrid system is going to be installed on Ghoramara Island. Of which 150kW will
be solar PV, and 10 kW wind generation.

Silicon Monocrystalline Technology based solar modules having capacity equal or greater
than 500 Wp will be used for the 120-kW local grid system at Ghoramara Island. This is an
islanded microgrid system. However, the capacity, technical specification and the model no.
of each module connected with an individual SMB/SMU should be the same. The proposed
solar PV plant shall have a capacity of 120kW (at AC side) along with their associated
equipment. The capacity of the Plant shall be determined accordingly (120 kW + Losses which
will be 150kWp) at the dc side. The DC side PV power should be taken as 150kWp. The
number of PV panels can be calculated accordingly.
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2.3.2 Technical information

Specifications of Solar PV Modules and related information are given below in the Table 1:

SPECIFICATIONS SS540144HCMP
MONO PERC Half cut Solar Cell

Electrical Characteristics

Open Circuit Voltage (Voc) 49.62V

Optimum Operating Voltage (Vmp) 41.67V

Short Circuit Current (Isc) 13.87 A

Optimum Operating Current (Imp) 12.96 A

Power at STC (Pmax) 540 W

Fill Factor 78%

Maximum System Voltage 1500 VDC

Operating Conditions -40°C to +85°C at 85% RH

Module Efficiency (n) % 20.93 %

Temp. Coefficient (a/Bly) % 0.015% / 0.260% / -0.318%

NOCT (Average) 50.20°C

Mechanical Characteristics

Weight 27.75Kg

Module Dimension (L) X (W) X (D) 2277 x 1133 x35 £1mm

Mounting Hole (Oblong) 8 X 10£0.5 mm

Mounting Hole CTC distance - vertical 1256 £1 mm, 18561 mm

Mounting Hole from corner 210.5%1 mm, 510.51 mm

Junction Box Cable Length 350mm each

Mounting Hole CTC distance - horizontal 1085 £1mm

Table 1 Specification of Solar PV Modules

On 27th September the inspection of the Solar PV panels was performed at Sova Solar Plant,
Durgapur by IIT KGP. 5% of the overall Solar PV modules that are going to be used in our
plant were tested. We are using a total of 280 Solar PV panels for the 150kWp.
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Figure 7: PV module testing

Specifications of Inverter are given below in the Table 2:
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GUARANTEED TECHNICAL PARTICULAR

[MODEL NO: HBD-480-150K-3P

B. SOLAR CHARGE CONTROLLER (SCC)

150KVA/480V/3P

1 |Grid Voltage Sync. Range

1 |Charge Controller Type/Topology MPPT/Buck Type
2 [PV Nominal Capacity 150000 Wp
3 |No of MPPT Channels 3
4 |PV Peak Capacity 150000 Wp
5 [Max. Open Circuit PV Volts (Voc) 950 Volts
6 |MPPT Voltage Range 560-850 Volts
8  |[Max SCC Output 294 Amps
9 [Peak Charging Efficienc 294 %
. SOLAR INVERTER

1 [No of Phases 3PN
2 |Nominal Battery Voltage 480 Volts
3 [Nominal Output Voltage/ Frequency 400/ 50 Volts/ Hz
4 |Nominal KVA Capacity 150000 VA
5 |Rated output Amps/Phase 173.0 Amps
6 |Peak Efficiency ( with inbuilt Tx. ) 294 %
7 |Load Power Factor 0.8
8 |Over Loads: 60 sec/ 30 sec/ 5 sec 101-110%/111-125%/126- 150%
9 |Auto Bypass Feature Provided
10 [Parallel Operation with Grid/ DG Provided
11 |Power Export to Grid Facility Provided

Provided

400V (+10% & -20%) VAC

2 |Grid Frequency Sync Range

50Hz (+5% & -5%) Hz

PV Side: Reverse Polarity, Surge Protection (MOV)

3 |Max Grid Import Power 150000 VA
E. PROTECTIONS

Battery Side: Reverse Polarity, Over/ Under Voltage, Current Limit

Grid Side: Over/ under Voltage, Over/ Under Frequency, Surge Protection (MOV)

Load Side: Overloads, Short circuit,Surge Protection (MOV)

TERS

System Protection: Over Temierature

‘Battely Side: Voltage. Current. Battery State
PV Side: Vo Charger O/P Amps. Power.,
Grid Side: Phase Voltage. Frequency. Power. Power Factor

Load Side: Voltage & Current. Frequency, Power, Export kWh.

Svstem level: Mode of Operation. Active Faults

2. INDICATIONS/ AUXILIARY

Indications: Mains On. Alarm. Buzzer Mute.

User Keypad for Settings Change.

MCB in PV. Grid. Battery & Load Path

1  |Degree Of Protection IP-20

2 |Data Port (RS485/RS 232) Optional (Available on Request)
3 |Remote Monitoring Optional through GPRS based Modem
4 [Cooling Method Temp Controlled Force Cooling
5 |Operating Temperature 0-50 degrees (without Derating)
6 [Humidity Max. 95% Non-Condensing
7 |Altitude 1000m above sea level

8 |Housing Sheet Metal, Tower Type

9 [Cable Entry Bottom

10__|Cable Termination Type Bus Bar Type with ring type lugs
11 |Terminal Sizes (PV/ Battery/ Grid/ Load) M6 /M6 / M6 / M6

Table 2 Specification of Inverter
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Specification of the Batteries are given below in Table 3:

Sl. Nos. Particulars Of Battery
1 Manufacturer's Name & Address Racily Udyog, 147, Nilgunj Road, Hind Ceramic Compound, Belgharia Kolkata-700056
2 Brand Spark
3 Battery Type Lead Acid Tubular Gel VRLA Battery
4 Manufacturers Model No SPTG 600
5 Battery Rating at C10 600 AH at C10 with end voltage @ 1.75VPC
6 Cell Dimensions [-281 W-181, H-432 (all in mm)+3%
7 Weight of Cell 37Kg +5%
8 No Of Cells per Module 4 (8V each Module)
9 No Of Module per system 6 (8V X 6 Nos. =48V System)
10 Battery Bank Dimension For each 48V Bank L=860mm, W=435mm, H=1600mm. Tolerance + 3%
11 | Weight of Battery Bank With Fabricated MS Module=949Kg+5%
Product Details
12 | AH Efficiency More than 90%
13 | WH Efficiency more than 80%
14 | Self Discharge/month at 27 degree C 3% of rated capacity
15 Max period of Storage 6 months from the date of manufacturing
16 | Operational Temperature Minus 20 degree C to 55 degree C, but recommended 10 degree C to 35 degree C
17 Container Materials Fire Retardant Polypropylene co-polymer
18 | Type Of Separators Micro porous poly-ethylene with absorbent glass mat
19 | Type Of Postive Plate Tubular
20 Type Of Negative Plate Flat pasted
21 Material of Tray Mild Steel coated with acid resistant powder coating
22 Inter cell connection Bolted with Brass insert
23 Allowable voltage ripple < 2% of the RMS value
24 Type of Connectors Lead coated insulated copper strips
25 | Cycle life of Battery at 27 degree C 3000 cycles for 50% DOD; 1600-1800 cycles for 80% DOD
26 | Maximum Depth of Discharge Max 80% at 27 degree C
27 | Boost Charge at2.30VPC 8 hrs from 0-90% SOC or 10hrs from 0-100% SOC
Charge Regime Batteries shall be charged in constant potential mode with stipulated current limit
28 | Float Charging Voltage 2.23-2.25VPC at 27 degree C
29 | Boost Charging Voltage 2.30-2.35 VPC at 27 degree C
30 | Current Limit 60 amps minimum to 120 amps maximum
31 | Voltage Compensation For every 1 degree raise in temperature reduce the float voltage by 0.003VPC
Applicable Standard
32 | Batteries Conforms to As per Bureau of Indian Standards (BIS) 1S-15549-2005

Table 3 Specification of Battery

2.3.3 Current Status of Installation

Soil testing of Ghoramara site was done on 4™ March, 2023.
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Fencing work of the Ghoramara Island is almost completed. Foundation structure for Solar PV
modules is completed. There are total 68 foundation structures which are used for Module
Mounting Structure of our Solar PV System. Some photos are shown below.

Figure 9.Fehcmg work
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Figure 11: Foundation structure of the Solar PV module

The below photographs show the work going on for the control room. These photos were
captured in the month of September 2023, while the control room has now been almost
completed.
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Figure 12: Control room work

We have already installed our Solar High-mast light on 3 September at the market area of
Ghoramara Island. It is working properly during the evening and night time.

Figure 13: High-mast Light
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Distribution line survey was done in the Ghoramara Island during 6"-10" September for finding
the exact location of Main Feeder Pillar (MFP) and Distribution Feeder Pillar (DFP). The
number of MFP and DFP was also calculated for the 650 houses and the requirement of cable
length was also measured.

Control room base roof casting was done on 25" September and final roof casting was done
on 15" September.

D7.2a: Report on preliminary equipment installation [24]
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Figure 15: Control Room Base roof casting
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2.3.4 Deployment Plan and Next Steps

Sl | scheduled activities Original Time
No. plan
ON-SITE PREPARATION & FENCING

The plant area is identified
adjacent to the school, and a

% Completed Current Status

ON-SITE PREPARATION 4t April-30t

11 boundary is given through wire
' & FENCING September CHAIN-LINK fencing. One side of
the boundary is kept open to
bring the materials inside.
20t November Due to the control room and PV
Fencing Work At installation, one side of CHAIN-
1.2 L2 i 30 o .
(remaining part) LINK fencing is kept open which
November .
will be completed by November.
2 Field Measurement 4th-5t Apri It was completed in April 23.
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Layout Finalization & A4M_150 April It was done in the month of April
Approval 23.
4 CONSTRUCTION OF CONTROL ROOM
41 Phase 1 (Level (-)1.6 mtr. | 28" August-1st Completed in the month of
' To (+) 0.0 mtr.) September September.
Phase 2 (Level (+) 0.0 2nd_24th "
4.2 mtr. TO (+) 2.0 mtr.) September Done on 25" September 23.
25th
Phase 3 (Level (+) 2.0 _ath h
4.3 mtr. TO (+) 5.7 mtr.) September-6 Done on 15" October 23.
October
Roof Slab & Beam th_ath h
4.4 (Concrete Casting Work) 7th-8th October Done on 15" October 23.
Outside plastering is
completed.
45 Phase 4 (Miscellaneous 5th-10th 65 Inside plastering work is going
' Finishing Work) December on.
Miscellaneous work is going on, it
will be completed in December.
5 ERECTION OF MODULE MOUNTING STRUCTURE
Module  Mounting  Structure
ERECTION OF MODULE (MMS) is already made at the
MOUNTING 241 May-15t factory location. It will be brought
5.1 | STRUCTURE for 140 ) . .
KWp ground-based December to the_: plant area for mstqllanon.
installation Erection of MMS will be
completed by 20t December 23.
Erecting of MMS for . . .
10kWp PV panels on the | 24 May-15® MMS is ready. It will be installed
5.2 roofton of the control December on the rooftop of the control room
P by 20 Dece mber 6 2 3.
room
Construction of MMS 68 nos. of foundation columns for
foundation columns (for 24t May-5th . . .
6 140 kWp PV installation on the
140 kWp PV on the October )
ground have been built.
ground)
o5th_ogth 308 numbers of PV Panel was
7 Supply of PV Modules delivered to site on 30"
September o
September 623.
8 Installation of PV | 28t October-3m Not Started. Expected to start
Modules December from 2" week of Dece mb e r 6
9 Supply and Installation of Inverters
25th-28th It will be supplied by 20t
9.1 | Supply of Inverters September November 623.
It will be done after the installation
of SMB. SMB will be used in
. 5th-gth place of AJB for monitoring each
9.2 | Installation of Inverters : :
December string power. We shall provide
the SMB rate by 8N
Dece mber 62 3.
10 SUPPLY AND INSTALLATION OF BATTERY BANK
51h_7th .
10.1 | Supply of Battery Bank December Wilbedone by Dece
As of now, we have to consider
. SMB, so we are planning to send
th_1 2th '
10.2 Installation  of  Battery 8h-12 the Battery Bank in 15t week of
Bank December N
December 623. It
December 623.
11 SUPPLY AND INSTALLATION OF BOS OF PV POWER PLANT
11.1 Supply of BOS of PV | 10% October- Will be done by 1t week of
) Power Plant 12t December December 623
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28" October-6t Will be done by 2 week of

11.2 | Installation of BOS

December December 623
12 AC/DC Cabling work of 7th-14th Will be done by 1t week of
PV Power Plant December December 623
13 Final Termination & Load Test (AT LOW LOAD)
th_1 5th
13.1 | Final Termination 127-15 Willbe doneby 15" D e c e mb €
December
i th_1 7th
13.2 Load Test using Dummy 150-17 Willbe doneby 15" D e c e mb €
Load December
14 COMPLETION AND DEMONSTRATION OF DISTRIBUTION SYSTEM
A survey is already done for the
Finalization of 4 April-28 distribution line. Finalization of
14.1 Distribution line BOQ September BOQ is under process. AGNI has

proposed to submit it by 7%
November 623.

Will start from 2" week of
November 623 and

i i i th _
14.2 Supply of Distribution 28" October

i th
Line BOQ 15% December complete by Decé
0,
14.3 Completion of | 5" November- %Ofceép?::)ede t? %ezcc;mplete by
"~ | Distribution Line 26" December ’

Januaryd24.
Partial by Decert
completion of the work. (Subject
to the supply of Load Limiters/s)

Load Test of Distribution | 5% November-

14.4 Line 31st December

Running of the complete
system and handing
over of the power plant
(160 kW plant with
distribution line for 650
houses)

15 By2dweek of Febr

Table 4: Deployment Planning with Timeline

Upcoming works are also listed below:
1 Completion and demonstration of the distribution lines.
1 Completion of the deployment activities for commercial equipment within February
2024.
1 Establishment of the connection between the ecoTools.
Simulation and real time simulation of the 160kW system.
9 Analysis of the overall system parameters and correlation between the original and the
simulation system.
1 Compensate for the power quality issues with STATCOM.

=

2.3.5 Utilization Plan

The solar power plant will be used to provide electricity to 1100 houses from 6pm to 10 pm
during the day.

Measures will be taken to make the power plant self-sustainable. Battery needs to be changed
after five years which is a major concern.

2.3.6 Business Plan

Income (per year): Rs. 50 will be collected from each house which generates earnings of 6.6
Lakhs per year.
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Expenditure (per year): (i) Two people will be employed with designation as Supervisor (Rs
15000/- per month) and a technical person (Rs 10000/- per month). Both will supervise various
assets of the project and will be collecting tariffs from individuals. (ii) 2 Lakhs is estimated to
be used for various maintenance activities of the solar power plant.

Total expenditure in a year is 5 Lakhs

Revenue generation (per year): 1.6 Lakhs per year

2.4 Electric three wheelers (CMERI)

2.4.1 General Description

Electric three-wheelers, also known as e-rickshaws or e-auto rickshaws, have gained
significant popularity in India due to their environmental benefits and cost-effectiveness. These
vehicles are primarily used for short-distance transportation (last mile connectivity) in urban

and suburban areas. Considering their widespread use, two (2) electric three wheelers will be
deployed at Ghoramara Island. Presently, the local people in Ghoramara are using pedal
operated rickshaws and trolley-vans for carrying passengers and goods on the Island. The
electric three wheelers are modified and customized in such a way that it can be easily
converted to carry only goods when passengers are fewer passengers and vice versa. The
vehiclebdbs power tr adambe usedfar pagspatatiendf passengerk @ax i t
6 persons) and goods within the island.

2.4.2 Technical information

The major technical specification of the electric three wheelers is provided below.
1 Vehicle type: Fully electric, battery operated, motor driven

1 Type of cabin: Modular type (such that seating arrangements and canopy can be
easily removed whenever there is a need to carry goods

1 Maximum seating capacity: 7 persons including driver

1 Goods carrying capacity: 500 kg

1 Vehicle Speed at Full load: 25 kmph

1 Gradeability at Full load: 30 degrees

1 Run distance at Full charge of battery: 100 km (at full load)

1 Motor type: Brushless DC type (BLDC)

1 Motor output power: 1200 W

9 Battery: Lithium-lon battery, 48V, 100 AH capacity

1 Vehicle lighting system: LED based

1 Glass windshield with motorized wiper: Available

1 Reverse gear facility: Available

2.4.3 Current Status of Installation

The following figures (Figure 17 to Figure 20) show the electric three-wheeler with custom
seating arrangement and canopy. Both the seating arrangement and canopy can be easily
removed in the need of carrying goods.
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Figure 17: Electric three-wheeler converted into an electric loader to transport goods (seating arrangement and
canopy removed).

Figure 18: Electric three-wheeler with modular seating arrangement and canopy for carrying passengers.
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Figure 19 Electric three wheelers connection

Figure 20: Electric three-wheeler powertrain upgraded to 2 kW BLDC motor with matching controller to carry max
500 kg payloads.

2.4.4 Deployment plan and next step

The necessary modifications and customizations have been completed. Field testing has also
been completed.

2.4.5 Utilization Plan

The modular electric three wheelers can be utilized as electric loaders for carrying goods or
electric rickshaws for carrying passengers. The residents of Ghoramara can utilize the electric
three wheelers for transportation of goods and passengers within the island.
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2.4.6 Business Plan

It is proposed the electric three wheelers to be handed over to the Ghoramara energy
community group for its operation and maintenance. The community group can further sub-
lease (on a daily/monthly rent basis) the two electric three wheelers to drivers/operators for its
regular operation.

It is expected that the transportation using electric three-wheeler will be mostly linked with the
operation and timings of the ferry boat. Currently, the ferry boat operates 4 round trips per
day; accordingly, the electric three wheelers are expected to run 8 round trips per day for
carrying passengers and goods to and from jetty. So, it is expected around Rs. 600-700/- per
day can be earned by the operator; out of which Rs. 40-50/- can be spent charging the onboard
battery. So, on an average, Rs. 300-350/- can be considered as a renting charge per day from
each of the electric three wheelers.

2.5 Solar Powered High-mast System (CMERI)

2.5.1 General Description

A stand-alone Solar PV White- LED High Mast Light consisting of white LED luminary of 4*40
Watt (LED + Driver) along with solar PV modules and battery is deployed at Ghoramara Island.
The standalone high mast system operates the load from dusk to dawn to provide adequate
light in the main marketplace (community center) of the island.

2.5.2 Technical information

Sl. ltem Minimum Technical Requirements
No.
1. PV Module 1 Polycrystalline Solar Photovoltaic module of rating of 200 Wp x
4 nos
2. Charge controller 1 MPPT charge controller having four stage charging facilities i.e
/Electronics Bulk, Absorption, Float and Equalization

1 Necessary protection against polarity reversal of PV array and
battery, Over Current, Short Circuit, Deep Discharge, Input
Surge Voltage, Blocking diode protection against battery
nighttime leakage through PV Module

1 System has automatic dusk-dawn circuit for switching on/off the
high mast light without manual intervention

3. LED Light White Light Emitting Diode (W-LED) 4x 40 Watt (LED +Driver)

Battery

==

Lithium Ferro Phosphate batteries of capacity 12V, 120 Ah x
4 nos @ C/10, maximum depth of discharge 90%

Hot dip galvanized mast of 9 meter Long, polygonal

Raising mast shaft in Single section

Suitable for basic wind speed 50 m/sec (180 Km/ Hr) or higher
Luminaries' carriage to install 4 nos. Luminaries, Solar Panels
& battery on the top of the mast

6. Stainless steel 1  Wire rope of Grade AISI 316 grades, with two ropes

wire rope continuing 6 mm diameter and minimum braking load capacity
2400 kg x 2.

5. Pole

= =4 =4 =4
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cycle

7. Raising and 1 Manual pulley system
Lowering
lighting mast
8. Decorative 1 1500x900x900 MM (minimum)
Pedestal
9. Autonomy 1 3 days or Minimum 24 operating hours
10. | Average duty 71 Dusk to dawn (auto dimming to 50% after 10 PM)

Table 5 Major technical specifications of the solar high mast system

2.5.3 Current Status of installations

The below image shows the solar high mast system installed at the main market place. This
system operates on dusk to dawn mode with automatic switch on and off, without human
intervention. The high mast solar lighting system is in operation since September 03, 2023.

Figure 21: (top) High mast solar lighting system installed at main marketplace of Ghoramara Island and (bottom)
The high mast system is in operation at evening.
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2.5.4 Deployment and Next Plan
Installation and commissioning were completed on September 03, 2023.

2.5.5 Utilization Plan

The high mast solar lighting system provides light in the marketplace (main commercial area)
where most of the residents assemble in the evening for their daily needs and community
engagement.

2.5.6 Business Plan

Since this lighting system provides adequate lighting in the marketplace (main commercial
area) from dusk to dawn, it is expected to extend the current business hours until 9 PM in the
evening.

2.6 Conventional smart meters (CMERI)

2.6.1 General Description

The smart energy meter, also known as a smart meter, is an advanced version of a traditional
electricity meter that measures and records the consumption of electrical energy in real-time.
Here, the smart meters are equipped with MODBUS TCP/IP protocol that runs on Ethernet to
transmit real time energy consumption data to other ecoTools (such as ecoMicrogrid). In
addition to measurement and billing of household energy consumption, it facilitates remote
monitoring and remote control of energy consumption. Through ethernet communication, the
smart meter receives command regarding energy threshold data. Once the energy
consumption exceeds the predefined threshold limit, the smart meter actuates the relay to cut-
off the load associated with it. This facilitates in keeping a check on the exploitation of energy
by any user (considering limited availability of RES energy in Indian demo sites) and provides
a fair distribution of energy amongst consumers.

2.6.2 Technical information

For Ghoramara Island, a total of 5 (five) smart meters are planned to be installed. The
commercial smart meters are Techno meters make prepaid energy meter (model no TMCB-
012). Since the meters do not have the energy threshold limit setting feature; it is customized
and configured to set the energy threshold limit. Each meter has a rating of 2 kVA which can
cater power for up to 20 households. The other major technical parameters are mentioned
below in Table 6

SI. No. | Item description Parameters/Values
1 Meter type Prepaid energy meter
2 Power Rating 2.0 kVA
3 Rated voltage 240v +20% to 7 40%
4 Rated current Basic current 10amps, maximum current
60amps
Frequency 50hz £5%
Power factor 0.5 lag- unity-0.866 lead
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Maximum continuous current

600% of ib

Minimum starting current in % of
base current

0.4% of ib

Accuracy class

Class 1.0

10

Parameters to be read with Modbus
RS485

Eb kwh

Dg kwh

Relay status

Frequency

Voltage

Current

Pf

Kw load

Kva load

Eb loads setting

Eb tariff setting

Balance amount

Daily charge setting

No of overload check
Overload delay between two attempts
Overload check time in second

11

Parameters to be write with Modbus
RS485

EB max loads setting

Eb tariff setting

Recharge amount

Daily charge deduction setting
No of overload check
Overload delay between two attempts
Overload check time in second
Meter id setting

Force Relay off

Force Relay on

Force Relay default

12

Communication

RS 485/LoRa

Table 6 Major technical specifications of commercial smart meters (Techno meters TMCB-012)

The following Figure 22 shows the typical connection diagram for interfacing of smart meter
with ecoMicrogrid tool via ethernet communication. Here, a Modbus gateway (Wave share
make, Model - RS485 TO ETH (B)) is used to convert RS485 to ethernet communication. The
12V DC power required for operation of Modbus gateway is provided using a power supply
module.

Network
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Figure 22: Connection diagram for interfacing smart meter with ecoMicrogrid tool via ethernet communication
using Modbus gateway.
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Procedures to set energy threshold limit utilizing prepaid feature of the meter:

It has been decided to deploy 05 (five) commercial smart meters at Ghoramara Island, and a
cluster of 20 households will be catered from each smart meter. Now, considering 75W of
average power consumption for each house, then the total power consumption for the 20
households will be 75W*20 =1.5 kW. Now, it is proposed to allow 5 hours of energy per day
and the cycle will start from 8:00 AM onwards. Hence total power consumption for the single
day will be 1.5kW * 5 hr =7.5 kWh. Hence the daily balance recharge amount of INR 75.00
(7.5*10 for 7.5 units energy @ INR 10/kWh) needs to be done in morning to implement the
daily energy threshold of 7.5 kWh. The following section further describes the steps to be
implemented by ecoMicrogrid tool for ensuring energy threshold limit.

At 8:00 AM the ecoMicrogrid should send the BALANCE RECHARGE command followed by
DEFAULT RELAY command for allowing the meter to run for 1 hour. At 9:00AM, the
ecoMicrogrid sends the RELAY OFF command to Cut-off the relay forcefully to stop the power
supply at load side. Again at 5:00 PM the DEFAULT RELAY command has been sent by
ecoMicrogrid to start supplying the power. At 9:00 PM ecoMicrogrid is required to stop the
relay forcefully by sending the same command which was sent in the morning 9:00AM. At the
end balance needs to be checked by sending the BALANCE CLEAR command. The following
tables (Table 7 to Table 9) detail the steps to be followed to utilize the prepaid balance feature
for commercial energy meters to implement energy threshold functionality.

Steps | Command Numeric | Hex Command ( For | Hex Command ( For 5)':]”3
No. Description Value the meter of ID- AA) | the meter of ID- 01) Fact
or
NA
1 Balance recharge at INR AA 06 00 B5 4B 00 01 06 00 B5 4B 00
morning 8:00 AM 75.00 B7 07 AE DC
Default meter relay
setting (Meter will
2 run according to the NA AA 06 00 BB 00 00 0106 00BB 0000 F9 | NA
existed balance, at EO 34 EF
8:00AM)
After 1 hr (At 9:00
3 AM) Meter needs to | AA 06 00 BA 00 01 01 06 00 BA 0001 69 | NA
stop forcefully 70 34 EF
Default meter relay
setting (Meter will
4 run according to the NA AA 06 00 BB 00 00 0106 00BB 0000 F9 | NA
existed balance, at EO 34 EF
5:00 PM)
Meter needs to stop
5 forcefully at (9:00 NA AA 06 00 BA 00 01 01 06 00 BA 00 01 69 NA
70 34 EF
PM)
Remaining Balance
needs to clear at the
6 end of the operation | NA 2? '(:)g 00 BF 00 00 gé 06 00 BF 00 00 B8 NA
for that day

Table 7 Steps to be followed for using commercial meters (Prepaid balance feature for energy threshold limit)
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?tep Command Numeri | Hex Command (For Hex Command (For the | Divisio
No Description c Value | the meter of ID- AA) meter of ID- 01) n
. Factor
100
1 Read balance NA AA 03 000A 0001 BD | 0103000A0001A4
D3 08
AA 03 0003 0001 010300030001 74 NA
2 Read Relay Status | NA 6D D1 0A
3 Read applied NA AA 03 00 1F 00 01 AC | 01 03 00 1F 00 01 B5
output load 17 cC 1000
AA 06 00 CC 00 0050 | 01 06 00 CC 00 00 49
4 Overload Clear NA oF E5 NA
5 Turn on meter relay NA AA 06 00B9000041 | 0106 00B9 000058
forcefully F4 2F NA
Table 8 Steps to be followed for maintenance/ debugging
?tep Command Numeric | Hex Command (For Hex Command (For Divisi
No Description Value the meter of ID- AA) the meter of ID- 01) on
' Factor
Total Energy
1 consumption NA ,1A1A 0300010001cCC (c):%AOE, 00 01 00 01 D5 1000
(KWH)/Energy
AA 03 00 1B 0001 ED 0103001B 0001 F4 | 10
2 Frequency NA
D6 0D
10
3 Voltage NA AA03001C00015C | 0103001C 000145
17 CcC
1000
4 Current NA AA03001D00010D [ 0103001D 0001 14
D7 ocC
AA03001E0001FD | 0103001E0001E4
5 Power Factor NA D7 oC 100
AA 03 00 1F 00 01 AC | 0103 00 1F 00 01 B5
6 KW Load NA 17 cc 1000
1000
7 KVA Load NA AA03002000019C | 01030020000185
1B Co
1000
8 KVAR Load NA AA0300210001CD | 010300210001D4
DB 00
100
9 Read set terrif NA AA 03000700012C | 01030007 000135
10 CB
Read threshold AA 0300050001 8D |01030005000194 | 100
10 NA
load DO 0B

2.6.3 Current Status of installation

Table 9 Parameters to be read from the meter

Figure 23 shows the arrangement of smart meter and Modbus gateway converter along with

DC power supply housed inside an IP67 protected enclosure.
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Figure 23: Arrangement of smart meter and Modbus gateway converter along with DC power supply.

2.6.4 Deployment and Next Plan

5 (Five) commercial smart meters are ready to be deployed at Ghoramara demo site. It is
required to be configured (at field) and deployed once the solar PV microgrid installation and
other infrastructures such as communication network, ecoMicrogrid tool etc are ready. It is
expected to be deployed by February 2024.

2.6.5 Utilization Plan

Out of the 5 smart meters, 4 will be used to cater daytime loads such as school building,
commercial loads including battery charging station. The rest one will be utilized to monitor
the electricity consumption for a cluster of 20 households.

2.6.6 Business Plan
Not Applicable
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2.7 Auto disconnection arrangement under overloading (Load Limiter) (11SC
Bangalore)

2.7.1 General Description

The Load Limiter (also known as Load Limit Switch) is used to restrict output load beyond a
set limit by means of switching off the output AC supply. This device is necessary in order to
avoid overconsumption of stored electricity. One such device will be placed at each of the
houses in the Ghoramara island. This device is to be connected between the incoming AC
supply to the houses and the user's load.

2.7.2 Technical information

The Load Limiter continuously monitors the output AC current drawn by the loads connected

to the house. If the AC current drawn is found to be greater than a preset value at any instant,

the Load Limiter turns off the output AC supply for about 5 seconds with a beep sound, alerting

the users of an overload.

After this stipulated delay, automatically, the Load Limiter retries to connect the user load by
switching on the output AC supply. I n thi,s situ.
then the output AC supply will sustain. On the other hand, if the overload condition persists,

then the output will be turned off again for another 5 seconds and this cycle will continue for 3

times. After 3 retries, it will enter into a long sleep delay of about 60 seconds. Afterward, Load

Limiter will retry to connect the load after every 60 seconds until the overload condition is

removed.
Parameter Condition Value Unit
Input AC supply input range - 180 - 250 WVAC
Vin = 170VAC 25
Input supply current without load Vin = 230VAC 34 mA
Vin = 255VAC 38
Vin = 170VAC 0.42
Supply input power without load Vin = 230VAC 0.76 W
Vin = 255VAC 0.90
Maximum Load Capacity 230VAC input 300 W
Adjustable load range SW step 15 - 300 W
QOverload retry delay - 5+10% Sec
Overload retry count If overload sustained 3 -
Sustained overload retry delay Beyond 3 refries 60 £10% Sec
Heavy load retry delay - 60 £10% Sec
Qverload indication - Short beep -
Sustain overload indication Beyond 3 retries Long beep -
Heavy load indication beep - Long beep -

Table 10 Load Limiter Datasheet

2.7.3 Current Status of Installations

The prototype has been tested successfully at IIT KGP. The test results are satisfactory. The
load limiter switches are yet to be procured from the vendor (AGNI Green Power Ltd.).
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Figure 24: Load limiter box with internal circuitry

2.7.4 Deployment and Next Plan

These devices will be installed by the vendor during the deployment of the distribution line.
The load limiter will be deployed to the demo site by M30 (December 2023).

2.7.5 Utilization Plan

The load limiter is an essential device that limits the power to each connected house to ensure
excess consumption of electricity is avoided.

2.7.6 Business Plan

Not Applicable
2.8 e-boat (CMERI)

2.8.1 General Description

A solar powered electric boat at Ghoramara island will be deployed and demonstrated. The
boat can carry a maximum of 16 passengers and 2 crew members. Currently, the residents of
Ghoramara Island commute to Sagar Island (which is the main administrative block were most
of the offices are located) via Kakdwip using fossil fuel (diesel) operated boats. In this way,
apart from resulting significant environmental pollution, also takes longer time to travel (more
than 2 hours due to a one-stop journey). The solar boat is planned to be deployed to serve
the route Ghoramara -Sagar Island. It is expected to perform one round trip journey per day
using onboard 3 kWp solar panel and 24 kWh of battery. Once the battery energy gets
depleted, it will be charged from the shore battery charging station. The solar powered electric
boat planned to be operated during calm weather conditions (i.e., November to March of a
calendar year) mainly to promote ecofriendly river transportation and other emergency
purposes.

2.8.2 Technical information

The major technical specification of the solar powered electric boat is provided below.
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Main design parameters:

Type : Twin hull Catamaran type
Length :9.0m
Breadth :3.0m
Depth :1.0m
Lightship draft :0.45m
Loaded draft :0.55m
Speed (Cruise) : 6.0 knots
Speed (Max) : 7.0 knots
Main engines : 2 X 8 kW Electric outboard motors (Marine grade)
Propulsion Solar Panels : 3.0 kWp (Flexible Monocrystalline)
Passenger Capacity : 16 + 2 crew members
Max load capacity : 2.5 tons
Propulsion Battery Capacity : 2 X 12 kWh LiFePo4 battery

Construction: The vessel is a FRP catamaran boat with FRP cross i structure of adequate
strength to withstand the usage condition of deployment site.

Subdivision: The vessel hull is subdivided into watertight compartments by means of
transverse watertight bulkheads for keeping battery bank and other accessories.

Trim and Stability: The vessel has adequate intact and damage stability, in all normal
conditions of loading.

Coating: Marine grade Isophthalic gel coat for the exterior coating to the hull and Anti- fouling
paint to prevent the fouling in the hull

Decks: The main deck is transversely framed with no camber and no sheer. It is a sandwich
core construction. The coach roof is sufficiently cambered to allow easy drainage of rainwater.
The coach roof is adequately strengthened to support the weight of the solar panels and their
accessories.

Mast: A mast is provided forward on the coach roof for fitting the navigational lights.
Hull Openings, Hatches & Manholes: Each compartment within the hull has watertight
hatches/manholes of standard dimensions as per inland vessel rule. All doors are of adequate

sill height complying with statutory requirements.

Mooring Arrangement: Cleats of suitable size and quantity are provided on the deck.
Mooring lines made of synthetic fiber of adequate breaking strength are provided.

Steering Gear: Electric steering mechanism
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Life Saving Appliances: Lifesaving appliances such as lifebuoys, lifejackets etc are provided
in accordance with inland vessel rules of statutory authorities of West Bengal

Navigation Lights, Shapes and Sound Signals: Navigation Lights, Shapes and Sound
signals are provided in accordance with the rule requirements.

Propulsion Motors: The vessel is equipped with 2 nos of 8 kW DC electric motor (Outboard).
The electric motor is air cooled, reliable, lightweight and small with high efficiency.

Remote Control: The propulsion motors are operated by remote control from the wheelhouse,
capable of changing the rpm and direction of rotation.

Solar Panels: Fl exi bl e monocrystalline (efficiency O 16

coach roof for generating electric power from the sun. The total capacity of the solar PV
modules is 3 kWp.

Battery Bank with Battery Management System (BMS): Two battery banks along with
battery management system (BMS) having rated capacity of 12 kWh, 48V each (i.e., 2x12
kwh) lithium-iron phosphate type batteries suitable for marine application are provided to meet
the energy deficiency in cloudy conditions. The battery banks are placed in battery
compartment within each demi hull. The BMS has safety and protection features including
overvoltage protection, overcurrent protection etc.

Charging System: In addition to charging from onboard 3 kWp solar panel, AC and DC
charging ports are also provided.

Endurance: The boat runs continuously for a minimum of 3 hours at 6 knots speed on battery
bank alone without solar support.

2.8.3 Current Status of Installations

This is a model of solar power electric boat designed. This is under fabrication. The model of
the solar powered electric boat is provided below.
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Figure 25: Solar powered Electric Boat for Ghoramara Island.

2.8.4 Deployment and next plan

The boat has been fabricated. Approval from the statutory authorities (IRS and IWT Kolkata)
for registration is in progress. The boat is expected to be deployed by December 2023.

2.8.5 Utilization Plan

The solar powered electric boat will mainly be utilized for emergency requirements of the
people of the Ghoramara Island. However, it is also planned to be utilized to ferry
passengers to and from Ghoramara and Sagar Island. Since Sagar Island is the main
administrative place and approx 10-15 passengers per day travel to Sagar Island for
administrative, banking, medical treatment and other reasons.

2.8.6 Business Plan

The solar powered electric boat will be utilized mainly during emergency requirements of the
residents of Ghoramara and to promote ecofriendly water transportation.

Further, the present route of transportation from the Ghoramara to Sagar Island (which is the
main place for administrative activities, banks, medical treatment etc) is via Kakdwip jetty.
The main reason is that there are only a limited number of passengers (usually 10-15
passengers per day) traveling to and from Ghoramara and Sagar Island.

Considering 15 passengers' capacity in solar powered electric boat and assuming Rs.20/- is
the fare amount per trip per person, it is expected to generate revenue of Rs. 600/- per
round trip per day. Initially, it is planned to operate the boat in one round trip per day; later
on, it will be increased to 2 round trip operations per day, depending upon the demand of the
people. For one round trip operation, the energy generated from on-board 3 kWp solar panel
is sufficient to charge the onboard battery. The boat will be directly managed and controlled
by the Ghoramara energy community society. Revenue generation (per year): 1.5 Lakhs per
year.
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2.9 Charging station with local PV and BESS (VNIT)

2.9.1 General Description

PV fed BESS assisted charging stations arrangement to provide the charging facility
for light electric vehicle, such as three-wheeler and electric boat, at an accessible
location in Ghoramara Island. Where each vehicle can be charged for 5-7 hrs. On daily
basis from evening 5pm onwards.

2.9.2 Technical information

VNIT must deliver 1.5 kW rated conventional chargers for electric vehicles of 3
numbers at Ghoramara and 2 numbers of the same at Khoenjhar. In Ghoramara there
is no electric power supply, therefore it is needed to provide the power supply to

Chargers.

Parameter Rating

Type AC

Power (kW) 3.3 Peak

Input Voltage (V) 230

Input Current (A) 15

Features QR Code Scanner/ RF id

Protection IP65/67 wall & pole mount enclosure

Table 11 AC Charger specifications

Parameter Rating

Type Off Grid Solar with Charge controller in
built.

Power (kVA) 125

Output Voltage (V) 230

Power Factor >0.9

Output Current (A) >44

Input Voltage (V) 120 (90-140) DC

Table 12 Single Phase Inverter specifications

Parameter Rating

Type VRLA

Cell Specification 2V, 600Ah

Output Voltage (V) 120 (90-140)

Capacity (Ah) 600

DOD (%) 50

Battery Energy 72kWh

Cell Configuration 60S1P

Autonomy 1

Table 13 Battery Storage System specifications
Parameter Rating |
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Rated Power (kWp) 15kw

Output Voltage Range (V) 125-370

Type of Panel Mono Crystalline
Max Power of Panel (W) 545

Max Voltage of Panel (V) 42

Max Current of Panel (A) 12.4

No. of Panels 24(6S4P)

Table 14 PV Array specifications

2.9.3 Current Status of Installation

33kw  DeChagye?  L5kw
g AC Chargers / On Board Charger

\i

Single Phase
Off Grid Inverter

“‘fc.u" Ahore & =
Figure 26: Layout for PV fed Charging Station at Ghoramara

Note: There is a slight change in the schematic of the charging station. In place of independent
infrastructure of charging station to reduce the cost of installation within the budget, two strings
of 7.5kW each and 72kWh battery bank is being integrated with the main micro-grid. Chargers
will receive the supply from the distribution line.

2.9.4 Deployment plan and next step

The multiple tender process has been executed and each resulted in the quoted higher cost
of the is order is in process deployment is expected to be completed by the end of December
2023.

Once the deployment is over, a temperature regulated charger developed at VNIT Nagpur is
to be deployed as a test charger with features such as temperature regulation to enhance the
battery life of the vehicle. Laboratory prototype of Temperature regulated charger is ready and
under test. Once tests are completed it will be deployed as product in Ghoramara.
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Figure 27 Temperature Regulated Charger

2.9.5 Utilization Plan

VNIT will deliver 1.5 kW rated conventional chargers for electric vehicles of 3 numbers at
Ghoramara.

2.9.6 Business Plan

For charging, each unit will be costing around Rs.25/-. It is assumed that 5 units will be
required to charge a three-wheeler which may require Rs.125/- per charge. As per the latest
information available, there are five three wheelers running in the island. Including two loaders,
it will be total seven in numbers. The charging station is designed to provide 36 units of charge
in a day, out of which, 15 units at day time and 21 units at night time.

2.10 Wind Turbines (CMERI)

2.10.1 General Description

The Ghoramara Island in West Bengal has a reasonably good average wind speed ranging
from 4.6 to 5.6 m/s. As can been seen in the attached wind profile (see Figure 28), the annual
average wind speed map @ 20 m height at Ghoramara has about 5.2 m/s. Considering this,
two (2) numbers of Horizontal axis small wind turbines of rated output power of 5 kW each
along with all its accessories such as generator, charge controller, dump load etc are planned
to be installed at Ghoramara demo site. The charge controller of wind turbine generates high
voltage output (180-200 V dc), and this is again fed through a DC-DC converter to charge the
high voltage batteries of the solar PV microgrid. The wind turbine will be installed on a 20-
meter cyclone resilient hybrid tower structure (Truss + monopole combination).
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Figure 28: Average wind profile at Ghoramara Island, West Bengal at height of 20 m.

Additionally, a 2.5 kW locally manufactured small wind turbine (LMSWT) designed and
developed by ICCS-NTUA researchers and fabricated by CSIR-CMERI as part of RE-
EMPOWERED project is planned to be installed at Ghoramara Island. This LMSWT is
electrically interfaced with DC-DC section of ecoConverter unit to charge the high voltage
battery associated with it. These LMSWTs can produce electricity at a low cost and with a
short downtime, as they can be maintained and repaired locally in the case of failures.

2.10.2 Technical information

The following tables provide the technical specifications of the 5 kW wind turbine system and
the 2.5 kW LMSWT system.

Sl. Item Specifications/parameters

No.

1 Wind turbine type 1 Horizontal Axis

2 Rated power 1 5 kW at wind speed of 11 m/s

3 Cut in wind speed T 35mis

4 Survival wind speed 1 55m/s

5 Blade material 1 Reinforced Composites

6 Generator 1 Permanent magnet-based alternator

7 Controller 1 Advanced microcontroller based PWM Controller with high

output DC voltage in the range of 180-220 V

Inbuilt protection for overvoltage, over speed etc.

Panel display of parameters like voltage, current, power,
cumulative kWh etc.

8 Safety system 1 Braking arrangement beyond survival wind speed

1 Over speed controller with dump load

= =4
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9 Remote monitoring 1 RS 485 communication port with interfacing device
system
10 Tower information 1 The wind turbine will be installed on a 20-meter hybrid
tower structure (Truss + monopole combination)
Table 15 Technical specifications of 5 kW wind turbine system
Sl. Item Specifications/parameters
No.
1. System information 1 Manufacturer: Locally manufactured at NTUA and CMERI
1 Description of the construction: 4.34m rotor diameter,
Horizontal axis three blade wooden rotor, Constant pitch
angle, Passive gravity furling tail system
1 Type: Variable speed machine, Coreless axial flux
permanent magnet generator, Double rotor single stator
configuration
1 Nominal Power: 3kW @ 10m/s
2 Communication 1 Ethernet
Protocol
3 Measurement 1 Real power, Apparent power, Reactive power, Energy,
Parameters Current, Voltage, Grid frequency, Power Factor
4 Control Parameters 1 Active power limitation as function of grid frequency
5 Frequency of data T 1 min
measurement
6 Charge controller 1 RE-EMPOWERED developed ecoConverter
interface
7 Tower information 1 Monopole (tilt tower installation)

Table 16 Specifications of 2.5 kW LMSWT system

2.10.3 Current Status of Installations

The following figures show the 5-kW wind turbine system to be installed at Ghoramara demo
site. In case of bad weather forecasting, the wind turbines can be brought down using simply
chain/pulley arrangement and the blades cannot be removed.
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Figure 29: 5 kW wind turbine system to be installed at Ghoramara.
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Figure 30: Wind resilient hybrid support structure for installing 5 kW wind turbine system (top) during normal
operating condition and (bottom) during contingencies.

Figure 31: LMSWT installed at Gaidouromantra/Kythnos demo site in Greece.
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2.10.4 Deployment and Next Plan

The procurement of 5 kW wind turbine is in progress. The hybrid support structure has been
designed and developed. This entire 5 kW wind turbine system along with its accessories and
hybrid structure will be installed at Ghoramara by December 2023.

On the other hand, the design for 2.5 kW LMSWT is ready with ICCS-NTUA team. The NTUA
research team along with students has already installed one 2.5 kW locally developed small
wind turbine at Gaidouromantra/Kythnos demo site in December 2022, as part of this project.
A similar wind turbine will be developed at CSIR-CMERI with the support form NTUA team
during the planned workshop in February 2024, and the system is planned to be installed in
March 2024.

2.10.5 Utilization Plan

Considering the wind profile of Ghoramara where average wind velocity lies in the range of
4.5-5.0 m/s, the estimated annual energy generation from 2 nos of 5 kW wind turbine system
and one 2.5 kW locally developed wind turbine system (i.e., total 12.5 kW system) is 16000 i
17500 kWh; which implies approx. 40-45 kWh per day. This wind energy, which is a
complementary of solar PV energy (which is only available in daytime) will be utilized to
provide electricity for the basic household needs (such as light) of Ghoramara people.

2.10.6 Business Plan

There is no specific business plan for wind turbine systems; however, the usual tariff will be
charged from the consumers.

2.11 Remote Monitoring System (IITD)

2.11.1 General Description

A remote monitoring system for a solar microgrid is a solution designed to efficiently manage
the performance of solar PV modules, particularly one that includes multiple solar strings and
smart energy meters. This system for a solar microgrid integrates advanced technology and
software to remotely monitor and manage various aspects of the microgrid's operation. It
encompasses two critical components: the Solar String Monitoring Box (SMB) and the Smart
Energy Meter (ecoDR tool), both of which work together to provide real-time data and facilitate
fault detection, energy consumption monitoring, and overall system performance analysis.
This system is a vital tool for the sustainable management of solar energy systems.

Here is a general description of such a remote monitoring system:

1. Solar String Monitoring Box: The Solar String Monitoring Box is a device specifically
designed for monitoring individual solar strings within the microgrid. Its key functions include:

a. String-Level Data Collection: The box collects real-time data from each solar string,
including voltage, current, temperature, and power output. This data is crucial for assessing
the performance of individual strings and identifying potential issues.

b. Data Transmission: Data collected by the monitoring box is transmitted securely to a central
monitoring station. This allows for remote access and analysis by system operators and
maintenance personnel.
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c. Historical Data Logging: The system retains historical data for each solar string, enabling
trend analysis and performance comparison over time. This data is valuable for predictive
maintenance and system optimization.

2. ecoDR tool: The ecoDR tool, developed by CSIR-CMERI Durgapur is another integral
component of the remote monitoring system. Its primary functions include:

a. Energy Consumption Monitoring: The smart meter measures and records the energy
consumption of the microgrid, providing real-time data on electricity usage by connected loads.

b. Data Communication: Like the Solar String Monitoring Box, the smart meter communicates
data to the central monitoring station or cloud platform. This data includes energy consumption
trends, demand patterns, and load profiles.

2.11.2 Technical information

String Monitoring Unit functionality

The String Monitoring Unit specially measures electrical values (string currents, system
voltage and power) of the PV generator within a PV system. The DC side of a photovoltaic
system (PV system) can be monitored, and faults can be detected and corrected early on.
For instance:

contamination with poll en, dust or soot

weat her influences such as stor m,

A

A

A installation errors,
A manufacturing errors,
A

t heft and vandal i sm.

The measuring boards have a Modbus interface for control purposes and for exporting data.
There are four possible variants that in terms of the number of channels available for
measuring electrical values and the measuring range. This measuring board has 8, 12, 16 and
24 inputs for measuring string currents up to 25 A and the system voltage.

2.11.3 Current Status of Installations

Fig. shows String Monitoring Unit 1225, this measuring board has 12 inputs for measuring
string currents up to 25 A and the system voltage. The interconnections between individual
photovoltaic modules (PV strings) go to the inputs (1 to 12). This makes it possible to measure
the currents of the individual strings. is the Output for the total current on the common
terminal. The system voltage of the PV generator (strings of the PV system) is measured via
the input U+ (positive voltage). The DIP switches on the String Monitoring Units are used to
configure the protocol and the bus settings.
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Front side of the String Monitoring Unit 1225
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Fig. 2: Device overview — front side of the String Monitoring Unit 1225

1...12  Inputs for measuring string INF mA Analoginput 0 ... 20 mA for
currents current signal

lour Output for total current on INFV Analoginput 0 ... 10V for
common terminal voltage signal

U+ Input for measuring system INO ... IN3 Digital inputs
voltage across all strings

DIP DIP switches for setting the R5485 Bus interface, duplicated
communication parameters and connected through

internally

FT100 Input for temperature sensor ~ V,, Power supply
(PT100 in three-wire (22 . 27V DC)
connection)

Figure:32 Proposed SMB with 12 inputs for measuring electrical value (Source: www.meteocontrol.com)

Remote monitoring system for a solar microgrid with SMB and smart energy meter:

Solar PV Modules
R i w2 ot

()

ecoPlatform ]-—-l ecoMicrogrid |

GPRS network

Solar monitor box(SMB) >
Smart meter with loT device

Figure:33 10T enabled monitoring systems

2.11.4 Deployment and Next Plan
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We have finalized the hardware for the Solar String Monitoring Box (SMB) with the datalogger.
Once the installation of the finalized components at the Indian demo sites is completed, we
can initiate the ordering process, which is expected to take just one or two weeks. We are in
regular communication with our supplier and recently conducted a meeting on Saturday,
September 16th. To streamline the process and save time, we are conducting preliminary

ray EMPOWERInG
n Gommunities
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tests and preparations at lIT Delhi on IIT Delhi expenditure. Once the demo sites are fully
equipped with all the necessary components, we will replicate this setup accordingly.
On September 4, 2023, we conducted a site visit to Ghoramara Island. During the visit, we
observed that the foundation work for the Solar PV structure and control room is currently in
progress. According to the information provided by Prof. Suman Maiti, the Ghoramara Demo
site leader, the installation process is expected to be completed by December,2023.

Considering the progress at the Keonjhar demo site, where most components are already
installed, IIT Delhi is planning the installation of these remote monitoring systems first and
subsequently replicating the setup at Ghoramara Island. To facilitate this, we are planning a
visit to the Keonjhar demo site. The exact date for this visit will be determined after discussions
with Prof. Srinivas Karanki, the Keonjhar demo site leader. The installation and integration of
SMB and communication cable with 22 Solar strings and 5 smart meters at Ghoramara Island
will be completed in January 2024.

IoT based systems at IIT Delhi (in progress):

The initial phase of our 10T system implementation involves the integration of IoT components
with a single solar panel, along with other relevant measuring instruments such as a
Pyranometer, wind speed sensor, and wind direction sensor, all of which are located at
micromodel lab, IIT Delhi. This integrated system will provide real-time data on key parameters
including irradiance (instantaneous value), tilt angle, wind speed (ranging from 0 to 250 km/hr),
and wind direction (ranging from 0 to 360 degrees). Once we successfully demonstrate the
feasibility of this concept at IIT Delhi, our plan is to replicate the system at both the Ghoramara
and Keonjhar demo sites. Throughout this process, we will adhere to the standard
communication protocol recommended by the ecoTool developers to ensure seamless
integration and data exchange within the 10T network.

Measuring
Solar PV Instruments(SoIar Data | [loT ] Cloud |, Work
module | power, Irradiance, = logger system server station
Wind speed and

direction etc.)

Figure 34 Block diagram of an loT based monitoring systems for single solar PV module
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Thermopile Pyranometer Wind Speed and direction Sensor (Threecup)

Data logger
with USB port

i : i
T ‘y % 4 ; bik b i
Figure:35 The single solar PV with data logger and measuring instruments

To facilitate this, we are planning a visit to the Keonjhar demo site. The exact date for this visit
will be determined after discussions with Prof. Srinivas Karanki, the Keonjhar demo site leader.

2.11.5 Utilization Plan

The Solar String Monitoring Box (SMB) and the Smart Energy Meter (ecoDR tool) provide
real-time data and facilitate fault detection, energy consumption monitoring, and overall
system performance analysis.

2.11.6 Business Plan
Not Applicable.

2.12 Main Achievements

1 Construction of the control room of the 160kW system is almost completed.

1 Electric three wheelers are being developed and the trial run is carried out at CMERI.

9 Solar high-mast is already installed and working in the market area of the island.

1 Conventional smart meter is also developed. The integration of other components
inside the enclosure is ongoing.

1 The hardware of SMB with datalogger for Indian demo sites is finalized. The
experimental setup at IIT Delhi is ready.
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2.13 Contributions Per Partner

Name of the Contributors Allotted work

IIT KGP IIT KGP is developing 160 kW microgrid
system which consist of 150kWp Solar PV
and 10kW wind along with 600 Ah battery
system. Also, the distribution line work for
the overall island will be done.

CMERI They are contributing to the development of
the electric three wheelers, solar power high-
mast light, conventional smart meter, e-boat
and wind turbine.

VNIT They are contributing to the development of
charging station with Solar PV and Battery.
l1Sc They are contributing to the development of

the auto disconnection arrangement under

overloading (load limiter) along with IIT KGP

and the vendor (AGNI Green Power Ltd.)
IITD They are contributing to the development of

the remote monitoring system.
Table 17 Contributions for Ghoramara Island demo site.
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3 Demo site 2- Keonjhar

3.1 Introduction

Kanheigola, Nola and Ranipada are small Villages/hamlets in Harichadanpur-Tehsil reserve
forest in Keonjhar District of Odisha State, India. They are located 54 km towards South from
District headquarters Keonjhar and 180 km from state capital Bhubaneswar. At present these
villages are not connected to the main utility grid. The proposed site is ideal as a test bed and
demonstration site as it already has some basic renewable energy facilities. These will be
upgraded and coupled with various available energy vectors to improve the living standards
of the community. A total of 77 kWp Solar PV installations are being supplied to approximately
1000 villagers, living in 306 households, installed by OREDA in 2017-18.

Every house in these villages is provided with 100 W for meeting the basic facilities like 2 tube
lights and fan only during nighttime (6 PM to 10 PM).

Kanheigola

Keonjhar

Odisha

Figure 36: Location of Keonjhar

Existing infrastructure:

1 A total of 77 kWp (Kanheigola- 30 kWp, Nola -25kWp and Ranipada- 22 kWp)
Solar PV installations

1 One high school and one primary school are available run by Tribal/Social
Welfare Department.

1 One sub center of primary health care center is also present in these villages
to provide initial medical facility to the residents.

1 The main source of income is agriculture (mainly rice) in which 80-90% of
people are involved. The water from downstream is the major source for
cultivation.

1 Three rice-cum-hauler meals are present which are run by a diesel engine
(consuming 6-7 liters of diesel per day per machine)

1 The government of Odisha started construction of roads from Harichandanpur
to these remote villages and the same is expected to be completed in another
6 months. Currently very few autos are used for transportation between these
villages and nearest Block head quarter (Harichandanpur).
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Hardware details:

Proposed hardware

facilities

A 50 kW microgrid
system

Electrical Vehicles
Smart Meters, with
Fuse
and MCCB/MCB

Solar Dimmable
Lights

Charging Facility, 2
Ports

bl

R R R

Figure 37 Existing Infrastructure

Capacity of the
proposed
hardware facilities

30 kWp PV + 10 kW (i)DC bus control and (ii) Advanced
Biomass+ 10 kW Energy Management System
Biogas (EMS)

Novelty

Customized to steep terrains
2 Nos

Special features: (i) Semi-integrated

configuration with retrofitting possibility
10 nos in existing LED streetlights (ii)
Configurable brightness of individual
light (10-100%) (iii) Higher energy
savings employing time specific dim
state i1 30% up to 10 PM and thereafter
10% (iv) Pet tolerance capability (iv)
Low False Alarm Rate

(i) SOC estimation, (ii) up to 3.0C/10
charging algorithm for CC/CV Normal
charging, (iii) Temperature regulated
1.5 kw, 48V fast charging
Table 18 Hardware details

10 nos
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The high-level aims:

1 Develop and demonstrate various energy vectors integration, by means of high
energy efficient converters and its control.

1 Implement a livelihood program to complement its off-grid systems in selected
remote villages, aiming to create support ecosystems to promote income-
generating energy uses in agriculture and small businesses.

1 Increase of population awareness and customer engagement, such that rural
to urban migration can be minimized.

3.2 Overview and single line diagram of the local energy systems including
ecoTools

The demo site of Keonjhar has an existing microgrid of 22 kWp, which primarily supplying
consumers during nighttime with limited capacity. As a part of the RE-EMPOWERED project,
the existing microgrid will be upgraded to another 50 kWp to support the commercial
applications in the demo site. Below Figure 38 provides an overview of the ecoTools and other
infrastructure as it relates to the RE-EMPOWERED demonstrations on Keonjhar.

b = - .
/smal_’t o
metering I

B system J

Smart Metering System

50 KW Commercially available hybrid system
(30 kWp PV + 10 kWp Bio-mass + 10 kWp Bio-gas
+ 180 KWh BESS)

Figure 38: Keonjhar Energy System
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Energy Mix Analysis:

Generation Side: -

PV Side: Battery Bank: Biomass: Biogas:
New System New System System
capaf:lty. - 30 kWp capa.(:lty. 180 kwh System capacity: - 10 kW capacity: -
Existing System Existing System 10 KW
Capacity: 22 kWP Capacity: 160 kWh

Husk available: 40 kg/day Cow Dung

Working Months: available: -

November to June - 8 300 Kg/ day

Months - Daily 5 to 6 hrs (150 Cows
Peak operational July to October- 4 Months - | are
time: - 5 hrs. / day. DoD: - 50% Daily 2 to 3 Hrs available,
(10AM i 3PM) Daily Husk Collection: 50 to | with an

60 Kgs if working for 5 average of 2

Hours. Kgs Cow

Fuel Requirement: 1.5to 2 | Dung

Kg/ kwh minimum)
Estimated peak Usable energy: - O/lp
generation: - 110 72kWh + 64 kWh O/p Generation: - 20 Generation:
(new) + 75 (Existing) | (After DoD & all kWh/day - 40
kWh/day. losses) kWh/day

Total Generation: - 150 kWh/day (minimum)
Units Consumed by Domestic Customers: 1 Unit per day; 75 Units
Units Available for Commercial Customers: 75 Units

Load Side: -
Total home load Tota! homg !oad Rice huller: - 3 nos. EV Charger: - 1.5

. details addition : _
details as of running for 4 hrs./day | kW running for 6
today: - 3.2 kw, | SXpected: - 3.2 kW. of 4 kW each hrs./da

Yoo " | (TV and Celling Fan) Jaay
Max energy/day: | Max energy/day: - 26 Rice huIIe.r _ EV Charggr e“e“?’y
- 26 KWh KWh consumption/day: - 50 | consumption/day: -

kWh 9 kWh

Table 19 Energy mix analysis

3.3 Solar PV with Distribution Network (IIT BBS)

3.3.1 General Description

A total 50 kWp microgrid system is installed in Keonjhar demo site. Out of which 30
kWp of solar PV and 10 kW of biomass and biogas energy each.

The proposed solar PV plant has a capacity of 30 kWp along with their associated
equipment. The capacity of the Plant shall be determined to attain a minimum of 30
kWp at the point of evacuation. Silicon monocrystalline 1 PERC Technology based
solar modules having capacity of 540 Wp is used for the project for 30 kWp Microgrid
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system. However, the make, capacity, technical specification and the model no. of
each module connected with an individual SMB/SMU should be the same.

The PV modules are according to the latest edition of the following IEC / equivalent
BIS Standards:

Sl Standards Description
No.

1. [ IEC: 61215/IS: 14286 Crystalline silicon terrestrial photovoltaic
modules T Design qualification and type
approval.

2. |IEC: 61730171 Part1 Photovoltaic (PV) module safety
qualification i Requirements for
construction.

3. | IEC: 617307 Part 2 Photovoltaic (PV) module safety
gualification T Requirements for testing.

4. | IEC: 61701/IS: 61701 Salt Mist Corrosion Testing of the module.

Table 20 Solar PV module IEC standards

3.3.2 Technical information

Solar PV module specification:

14 such modules are to be connected in series in a string and 4 such strings are connected
in parallel to form a 30 kWp solar PV plant.

Electrical Datai All data measured at STC

Name Adani Solar
Pmax (Wp) 540
Maximum voltage, Vmpp (V) 41.80
Maximum current, Impp (A) 12.93
Open circuit voltage, Voc (V) 49.32
Short circuit current, Isc (A) 13.71

Temperature Co-efficient (Tc) and permissible operating conditions

Tc of open circuit voltage (b) -0.28% /°C

Tc of short circuit current (U) 0.048% /°C

Tc of power (Y -0.37% /°C
Maximum system voltage 1500 V (IEC & UL)
NOCT 45°C = 2°C
Temperature range -40°C to + 85°C
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Mechanical Data

Length 2266 mm
Width 1133 mm
Height 35 mm
Weight 28.0 kg

Junction Box

IP68; Junction box

Cable and Connectors

300 mm length cable, MC4 compatible
connectors

Application Class

Class A (Safety class I1)

Superstrate

High transmittance ARC glass-3.2 mm

Cells

144 Half-cut mono-crystalline

P-type PERC monofacial solar cells;
Multi bus bar

Encapsulation

High volume resistivity and low MVTR

Substrate White Backsheet

Frame Anodized Frame

Design Mechanical load 3600 Pa-downward; 1600 Pa-upward
Safety Factor for Mechanical 1.5

load

Maximum series fuse rating 25 A

Table 21 Solar PV module specification

Hybrid inverter specification:

9 Hybrid inverter has ability to integrate input from solar modules, battery bank,
biomass plant, biogas plant, grid supply and output should be 415VAC (phase to

phase) @50Hz

1 There must be provision for AC coupling with grid tied inverter (max 20 kW).
1 Following components must be part of the hybrid PCU:

Solar Charge Controller:

a. MPPT type, capacity 30 kW

Single channel

®eoo

Hybrid Inverter:

Max allowable Voc =720 V
PV minimum voltage =264V
Peak charging efficiency 95%

a. Number of phase/connection type=3phase/4wire

®ooo

KVA

sa =

THD <=5%

Voltage regulation +-2%
Frequency regulation +-0.5%

Nominal input battery voltage 240VDC

Nominal output voltage 415VAC

Nominal output frequency 50Hz

Total nominal capacity & per phase nominal capacity = Minimum 40 kVA&13.3
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Biomass input:
a. Nominal input capacity 10kW
b. Input voltage range 415 +-10%
c. Input frequency range 50Hz+-10%

Biogas input:

a. Nominal input capacity 10kW

b. Input voltage range 415 +-10%

c. Input frequency range 50Hz+-10%

d. Hybrid Inverter has three stage charging profile for charging battery bank.
Maximum charging should not be more than C/5. Bulk charging should not cross
2.33V/Cell.

e. All system parameters should be readable through Modbus register.

Display:
a. Display type Graphical LCD
b. Display i.  Array- Voltage, Current, Power & Energy

Parameters i. Battery- Voltage, Current, Power, Energy &
charging, discharging status.

iii. Grid - Voltage, Current & Power

iv.  Output- Voltage, Current, Power & Energy

v.  Any other if required.

Web base RMS & Data-Logging: Ethernet based (RJ45)/ RS232/RS485 for RMS; Data-
logging for at least One Year @15 minutes intervals and can be retrieve as required locally
and remotely.

Environmental:

a. Operation Temperature 0°Ci 50°C
. Max. Relative humidity Must operate at 95%
C. Noise level @ 1 meter| <70dBA
(Considering UPF with full
load)
d. Cooling system Forced Air cooling/ Natural cooling.
Protection:
a. Under & Over Voltage Input, Output, PV Array & Battery
b. Reverse Polarity PV Array & Battery
C. Over Load & Short circuit | Output
d. Type-1l Surge Protection | Both Array & Wind
e. Isolation Switch All Inputs (PV, Battery, Biomass, Biogas) and Output
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3.3.3 Current Status of Installations

30Kw Solar PV is installed at the Keonjhar demo site which is shown in the below Figure 39.
Solar PV installation and their interconnection is completed.

Figure 39: Solar PV Installation

The control room construction is completed. Inverter and cables have been brought to the
site as shown in the Figure 40.

W G

N
K

Cables Inverter

Figure 40 Control room (completed) and Inverter (transferred on site)

3.3.4 Deployment Plan and Next Steps

MMS civil foundation for solar PV completed.

Control room construction completed.

Solar PV modules installation under progress.

STATCOM hybrid inverter and cables arrived at the demo site.
Fencing of the plant area.

Cabling and commissioning.

= =4 =4 4 -4 4

D7.2a: Report on preliminary equipment installation [63]



IENGE & TECKNOLOGT

3.3.5 Utilization Plan

Considering five hours of optimum operation (10 AM to 3 PM), the 30 kWp solar PV plant will
generate 110 units of energy per day. During the day, domestic consumption is less;
consequently, generated energy can be supplied to commercial loads such as rice hullers and
electric vehicle charging. The BESS will store surplus energy for nighttime users, primarily
residential consumers.

3.3.6 Business Plan

There are 75 houses and commerci al | oads in
per month (for 30 units), with a 10% annual increase. Commercial loads and additional
residential consumption (beyond 30 upseriurtitsvithp er

a 10% increment per unit per year. The collected revenue will be utilized for maintenance
purposes.

3.4 Biomass (lIT BBS)

3.4.1 General Description

The proposed Biomass plant has a capacity of 10 kWp along with their associated
equipment such as gasifier, filtration system, cooling system and engine.

3.4.2 Technical information

The System Specifications for 10 kW are as below for rice husk/wood chips as feed
stock including:

a. Gasifier of 20 kWp of the least following specifications 1
i. Specific biomass consumption of the plant approx. i 2 to 2.5 kg / kWh
electricity generated
ii. Integrated with -
1 Biomass feeding hopper
1 Reactor shells made of MS with thermal insulation.
1 Periodic Ash removal system with continuous operation
b. Filtration System of the least following specifications i
i. Cyclone separator
ii. Charcoal filter where the same Ash as a byproduct can be used for the tar
removal from the gas
iii. Fine cloth filters (washable filter cloth) for advanced cleaning of the gas
c. Cooling system of the least following specifications 1
I. 2 stage cooling of the gas with indirect type heat exchangers with cold water
as the cooling medium.
il. Having features to store and drain the condensate out from the gas
integrated with heat exchangers. (Minimum storing time of 7 to 8 hours
without affecting the plant operation).
iii. Cooling tower system (Induced draft type) for cooling of the circulating
water flowed through the heat exchangers.
d. 20 kVAe Gas Engine of the following least specifications

t

he

mo

n
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i. Spark injection combustion system

ii. Forced feed gear pump lubrication system

iii. Electronic governing system with dual control in the gas and air intake.
iv. Integrated with engine safety controller.

Gasifier specifications and associated equipment:

Components of the biomass power unit: Gasifier and auxiliaries, filters and cooling
arrangements, engine generator set.

Specifications:

Gasifier General

SN | Item Description

1 | Auxiliaries Water pumps, ash removal motors and
blower and these should consume ~2.5 to 3
kW power

2 Dimension/ Space required 600 to 700 sq ft excluding engine area

3 | Weight with refractory Depends upon Manuf act

4 | Various Parts of Gasifier: Hopper, Reactor, Crown gear arrangement,

Ash removal unit, Filters with water tank,
Blower, Gas Bypass chimney with valve,
Flaring unit, Control Panel

5. | Producer gas composition NA
Gasifier Technical

SN | Description Requirements

1 Gasifier Type (100% producer gas generator)

2 Capacity/ Output 10.0 kW

3 Assembly At the site

4 Starting Ignition Manual with external power with blower for about

15-20 min. till the engine takes over

5 Biomass Consumption 15 to 20 kg.hr approx.

6 Gasification Efficiency (%) NA

7 Temperature at Blower Outlet |4 0 -Q0%t+ /

8 Pressure at Blower Outlet 250 WG

9 Bulk Density of feedstock For rice husk (usually above 200 kg/m?3)

10 | Maximum Biomass 1.5 to 2 kg /kWh (according to condition of
Consumption (Kg/KWh) Biomass.)

Engine generator unit
SN | ltem Description

1 Producer Gas Engine-generator Set, P.F. 0.8, Self- 20 kVA approx.
Start SI Engine, 1500 RPM, Three Phase, 415 volts
Alternator with complete standard accessories (with

Battery).
2 Phase Three Phase (P.F. 7 0.8)
3 Number of Cylinder 4
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4 Start Self-start

5 Alternator AC alternator with 3 Phase
6 Voltage 415V

7 Frequency 50Hz

8 RPM 1,500

Table 22 Biomass power unit specifications

Additional Requirements

a. Biomass Control Panel of the following least specifications

I. Push button type ON/OFF switching of motors

ii. Protection devices for every motor

iii. Hooting arrangement for fault or critical motor runs
iv. Change over options for switching between 2 power sources (one from

inverter and other from Biomass).

b. Civil work for installation of the following least specifications
i. Platform to place the gasifier and other filtration and cooling equipment
ii. Underground water sump to store the circulating water (for the cooling

system).

iii. Water pumps for the Ash removal system.
iv. Corrugated sheet roofing for the section of gasifier, engine and control

panel.

v. Sufficient storage for the Biomass fuel should be provided

3.4.3 Current Status of Installations

Figure 41 shows some of the biomass equipment and cables that have arrived at the demo

site and gasifier civil construction work is in progress.
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Figure 41: Biomass equipmnt and gasifier civil foundation (ongoing)

3.4.4 Deployment Plan and Next Steps

1 Installation work will be completed by 30" December 2023.
1 Biomass civil construction work to be completed.
1 Installation of biomass plant.

3.4.5 Utilization Plan

Biomass energy (10 kW) will be primarily utilized to supply commercial loads in the
morning and evening periods when solar PV generation is not sufficient.

3.4.6 Business Plan

The gathered revenue will be used for manure collection and maintenance.
3.5 Biogas (lIT BBS)

3.5.1 General Description

The proposed biogas plant has a capacity of 10 kWp. The plant has mainly two parts:
a biogas production plant, which includes a digestor and biogas holder and a power
generation system, which consists of an engine and alternator.
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[A] Biogas production plant (for 1.0 tones/day of cattle dung)

Biogas generation capacity

25-30 m3/day

Type of digester

Semi underground with polymer fabric
hybrid 40 m3 external storage gas balloon

Size of the digester

2000 sq ft total area

Size of the biogas holder

40 m3

Pressure of the biogas holder

0.5 bar max pressure

Digester content mixing arrangement

Power: 0.75 hp Three Blade, Single Fan
MOC: AISI 1020 with protective paint or
AISI SS304

[B] Power generation system

Power output capacity

10 kW (gas engine based)

Engine power

20 kVA approx (4 cylinder)

Engine speed

1500 rpm

Engine type

Spark ignition (SI mode)

Alternator

20 kVA, three phase

Hydrogen sulphide filter system

Rated Capacity: 160-220m3 per day Gas
Input H2S rated: 100ppm Gas Output
H2S rated: 10ppm Filler Material: Iron
Shavings

Table 23 Biogas system specification
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3.5.3 Current Status of Installations

As shown in Figure 42, biogas digester civil foundation work is in progress.

2 ‘R,

Figure 42: Biogas digester foundation

3.5.4 Deployment Plan and Next Steps

1 Installation work will be completed by 30" December 2023.
Biogas equipment will arrive at the site soon.

Civil work to be completed.

Installation of the biogas plant.

= =4 =4

3.5.5 Utilization Plan

Biogas energy (10 kW) will be primarily utilized to supply commercial loads in the
morning and evening periods when solar PV generation is not sufficient.

3.5.6 Business Plan
The gathered revenue will be used for manure collection and maintenance.

3.6 Battery with BMS VRLA (lIT BBS)

3.6.1 General Description

180 kWh of battery energy storage system is installed to store the surplus energy in daytime
and can be used at night or when the load demand exceeds the total generation.
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3.6.2 Technical information

Battery Particulars

Name AMARA RAJA

Battery Type Maintenance Free Valve Regulated Lead Acid
(MF-VRLA)

Battery Rating 240V - 750 AHto 1.75 ECV @ C10 at 27°C

Manufacturers Cell Designation IP1021

No. of cells 120 No.s

Cell dimensions

(198.5 x 477 x 167.9) mm Approx.

Single cell weight

44.2 kg. Approx.

Battery bank dimensions

(5382 x 545 x 1383) mm Approx.

Battery bank weight

5976 Kg. Approx.

Charge Regime:

Batteries shall be charged in constant potential mode with Current Limit.

Float Charging Voltage

2.23 - 2.25 Volts per Cell @ 27°C

Boost charging voltage

2.30 - 2.32 Volts per Cell @ 27°C

Current Limit

75 Amps minimum to 150 Amps maximum.

Recommended Voltage
Compensation

For every 1°C rise in temperature reduce the float
voltage by 0.003VPC & vice versa, ensure the
extension of temperature sensor up to battery.

Product Details

AH efficiency

Above 95%

WH efficiency

Above 85%

Self-Discharge/Week

< 1% of rated capacity

Max. allowable Ambient Temp.
at
which cell can safely operate

60°C continuous and 70°C short time.

Recommended Max Period of
Storage

6 months from the date of dispatch before first
use and battery should be stored in a covered
area at 27°C.

Material of Container

Polypropylene co-polymer.

Type of separator

Highly absorbent Micro porous spun glass
matrix. (AGM)

Type of +ve & -ve plates

Flat pasted

Material of tray & color

Mild steel coated with acid resistant powder
coating.

Method of connection between
cells

Bolted

Voltage ripple allowable

<2% of the RMS. Value

Type of connectors

Lead coated Heavy duty copper strips
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Cycle Life of battery at 27°C 4000 cycles at 20% Depth of Discharge (DOD)
(or)

2000 cycles at 50% DOD (or)

1200 cycles at 80% DOD

Time required for Boost charge | 8 Hrs. for 90% State of Charge (SOC) (or) 16 hrs.
from fully discharged condition | for 100% SOC

at 27°C

Table 24 Battery specification

3.6.3 Current Status of Installations

HI-PERFORMANCE
VRLA

BATTERIES

Figure 43: Battery Stack

Battery stack arrived at the demo site.

3.6.4 Deployment Plan and Next Steps

1 Installation will be completed by 31 December 2023.
1 Installation of battery storage system.

3.6.5 Utilization Plan

180 kwh of BESS will be utilized to store surplus generated energy and supply the household
loads during the night hours and bad weather.

3.6.6 Business Plan

The collected revenue will be utilized for maintenance.
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3.7 Energy Management System (IIT BBS)

3.7.1 General Description
1 Controli

0 AC Inputs -

A Controlling of the Biomass and Biogas section should be provided separately in
their respective areas.

A The AC inputs to the hybrid inverter can be cut-off by MCB provided within the
inverter. Whereas the protections beyond the specified voltage and frequency
range should be incorporated within the hybrid inverter.

A The power limit of the AC input will be settable by the inverter manufacturer.

U Batteryi

A The charging voltages and max charging current will be settable by the HMI of the
inverter.

1 Remote Monitoring and Data Acquisition i

U Plant Level Data Monitoring i

A Display of electrical parameters in AC side such as Voltage, Current, frequency,
Power (kVA and kW), Energy (kWh), Power factor phase wise from the hybrid
inverter. Power at the output of each inverter, phase current, voltage, PF, MVAR,
MW, Frequency etc.

A Display of electrical parameters in DC side such as Voltage, Current, Power,
Energy, the hybrid inverter.

A Cumulative solar energy generation and solar power

U Data acquisition T

A The data of the electrical parameters (mentioned above) can be acquired by RS-
485 Modbus communication protocol.

A Plant based Remote Monitoring system must be compatible with data logger. The
other required accessories, hardware and compatible software shall have to be
provided as an integrated part of the system to monitor the real-time data through
the server. The Data logger shall continuously send data to the server.

3.7.2 Technical information

PTZ (Pan-Tilt-Zoom) outdoor camera covering the whole plant to be deployed with night vision
and central monit omonitorgfV.t hr ough 360 LED

The Plant based monitoring system have the provision of graphical representation of the
data shall include but not limited to the following:

Sl. ltem Description
No.
1. | Input data PV Power
PV Energy
2. | Output data Inverter Export Power
Inverter Export energy
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3.7.3 Current Status of Installations

{1 Installation will be completed by 30" November 2023

3.7.4 Deployment Plan and Next Steps

1 Implementation of the EMS.

3.7.5 Utilization Plan

Energy Management System will be utilized for efficiently harnessing and utilizing renewable
energy sources while intelligently managing loads to enhance energy efficiency, reduce costs,
and minimize environmental impacts.

3.7.6 Business Plan
NA.

3.8 Electric Vehicles (CMERI)

3.8.1 General Description

Electric three-wheelers, also known as e-rickshaws or e-auto rickshaws, have gained
significant popularity in India due to their environmental benefits and cost-effectiveness. These
vehicles are primarily used for short-distance transportation (last mile connectivity) in urban
and suburban areas. Considering their widespread use, two (02) numbers are electric three
wheelers will be deployed at Keonjhar demo site. The electric three-wheeler powertrain is
upgraded to a 2 kW BLDC motor with a matching controller and suitable rear axle to carry max
500 kg payloads to suit hilly regions at Keonjhar demo site. The vehicle can be utilized for
transportation of passengers (max 6 persons) and goods in the hilly regions at reduced speed.
Further, the electric three wheelers are modified and customized in such a way that it can be
easily converted to carry only goods when passengers are fewer passengers and vice versa.

3.8.2 Technical information

The major technical specification of the electric three wheelers is provided below.
1 Vehicle type: Fully electric, battery operated, motor driven

1 Type of cabin: Modular type (such that seating arrangements and canopy can be
easily removed whenever there is a need to carry goods

1 Maximum seating capacity: 7 persons including driver

1 Goods carrying capacity: 500 kg

1 Vehicle Speed at Full load: 25 kmph

1 Gradeability at Full load: 30 degrees

1 Run distance at Full charge of battery: 100 km (at full load)

1 Motor type: Brushless DC type (BLDC)

1 Motor output power: 1200 W

9 Battery: Lithium-lon battery, 48V, 100 AH capacity

1 Vehicle lighting system: LED based

1 Glass windshield with motorized wiper: Available

1 Reverse gear facility: Available
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3.8.3 Current Status of Installations

The following figures (Figure 44 to Figure 47) show the electric three-wheeler with custom
seating arrangement and canopy. Both the seating arrangement and canopy can be easily
removable when there is a need to carry goods.

Figure 44: Electric three-wheeler converted into an electric loader to transport goods (seating arrangement and
canopy removed).

4 —— -

Figure 45: Electric three-wheeler with modular seating arrangement and canopy for carrying passengers.
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Figure 46 Three Wheelers Charging Connection

Figure 47: Electric three-wheeler powertrain upgraded to 2 kW BLDC motor with matching controller to carry max
500 kg payloads.

3.8.4 Deployment and Next Plan

The necessary modification and customization have been completed. Field testing has also
been completed. The electric three wheelers are planned to be deployed by December 2023
(M30) once the solar PV microgrid installation is complete and charging station is ready.

3.8.5 Utilization Plan

The modular electric three wheelers can be utilized as electric loaders for carrying goods or
electric rickshaws for carrying passengers. The residents of Ghoramara can utilize the electric
three wheelers for transportation of goods and passengers within the island.
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3.8.6 Business Plan

It is proposed the electric three wheelers will be handed over to the Keonjhar energy
community group for its operation and maintenance. The community group can further sub-
lease (on a daily/monthly rent basis) the two nos of electric three wheelers to drivers/operators
for its regular operation.

It is expected that around Rs. 500-600/- per day can be earned by the operator for carrying
passengers and goods; out of which Rs. 40-50/- can be spent charging the onboard battery.
So, on an average, Rs. 250-300/- can be considered as a rental charge per day for each of
the electric three wheelers.

3.9 Conventional Smart Meter (CMERI)

3.9.1 General Description

The smart energy meter, also known as a smart meter, is an advanced version of a traditional
electricity meter that measures and records the consumption of electrical energy in real-time.
Here, the smart meters are equipped with MODBUS TCP/IP protocol that runs on Ethernet to
transmit real time energy consumption data to other ecoTools (such as ecoMicrogrid). In
addition to measurement and billing of household energy consumption, it facilitates remote
monitoring and remote control of energy consumption. Through ethernet communication, the
smart meter receives command regarding energy threshold data. Once the energy
consumption exceeds the predefined threshold limit, the smart meter actuates the relay to cut-
off the load associated with it. This facilitates in keeping a check on the exploitation of energy
by any user (considering limited availability of RES energy in Indian demo sites) and provides
a fair distribution of energy amongst consumers.

3.9.2 Technical information

For Keonjhar demo site, a total of ten (10) smart meters are planned to be installed. The
commercial smart meters are Techno meters make prepaid energy meter (model no TMCB-
012). Since the meters do not have the energy threshold limit setting feature; it is customized
and configured to set the energy threshold limit. Each meter has a rating of 2 kVA and is
customized to cater for a maximum of 10 households or commercial loads. The other major
technical parameters are mentioned below in Table 25.

SlI. No. | Item description Parameters/Values
1 Meter type Prepaid energy meter
2 Power Rating 2.0 kVA
3 Rated voltage 240v +20% to 7 40%
4 Rated current Basic current 10amps, maximum current
60amps
5 Frequency 50hz £5%
6 Power factor 0.5 lag- unity-0.866 lead
7 Maximum continuous current 600% of ib
8 Minimum starting current in % of 0.4% of ib
base current
9 Accuracy class Class 1.0
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10 Parameters to be read with Modbus Eb kwh

RS485 Dg kwh

Relay status

Frequency

Voltage

Current

Pf

Kw load

Kva load

Eb loads setting

Eb tariff setting

Balance amount

Daily charge setting

No of overload check
Overload delay between two attempts
Overload check time in second

11 Parameters to be write with Modbus EB max loads setting

RS485 Eb tariff setting

Recharge amount

Daily charge deduction setting
No of overload check
Overload delay between two attempts
Overload check time in second
Meter id setting

Force Relay off

Force Relay on

Force Relay default

12 Communication RS 485/LoRa

Table 25 Major technical specifications of commercial smart meters (Techno meters TMCB-012)

The following Figure 48 shows the typical connection diagram for interfacing of smart meter
with ecoMicrogrid tool via ethernet communication. Here, a Modbus gateway (Wave-share
make, Model - RS485 TO ETH (B)) is used to convert RS485 to ethernet communication.
The 12V DC power required for operation of Modbus gateway is provided using a power
supply module.

Network
Infrastructure

AC Suppy
Vims 220V
lrms SAmp

| |
RJL Cave I I

- |

|

| |

LCAD
Greeps of
20 House

Figure 48: Connection diagram for interfacing smart meter with ecoMicrogrid tool via ethernet communication
using Modbus gateway.
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3.9.3 Current Status of Installations

Figure 49 shows the general arrangement of a distribution box consisting of smart meter.
Modbus gateway converter, DC power supply, bus bar and MCBs. The typical arrangement
of smart meter, Modbus gateway converter along with DC power supply is shown in Figure

50.
l' 640 mm !
e P
240 mm
R - R =
P —— Tl o)
Y5 60660606 ol “"[ | D
B B TECHNQ energy Meter
QReeeQQ
?@ e 51 LN NL
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Figure 49: General arrangement of distribution box consisting of smart meter, Modbus gateway converter, DC
power supply, bus bar and MCBs.

SN: -7895017,
MsY-04-2

Figure 50: Typical arrangement of smart meter and Modbus gateway converter along with DC power supply.
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3.9.4 Deployment and Next Plan

10 (Ten) nos of commercial smart meters are ready to be deployed at Keonjhar demo site. It
is required to be configured (at field) and deployed at once the solar PV microgrid installation
and other infrastructures such as communication network, ecoMicrogrid tool etc. are ready. It
is expected to be deployed by February 2024.

3.9.5 Utilization Plan

The 10 nos of smart meters will be utilized to monitor the electricity consumption for a cluster
of 8-10 households per smart meters and commercial loads.

3.9.6 Business Plan
Not applicable.

3.10 Solar Dimmable Lights (CMERI)

3.10.1 General Description

Solar powered dimmable streetlights are standalone outdoor lighting systems that utilize solar
energy to power LED (light-emitting diode) streetlights. These streetlights are equipped with
solar panels that capture sunlight during the day and convert it into electricity, which is stored
in batteries. During the night, the stored energy is used to power the LED lights, providing
illumination for village roads in Keonjhar demo sites. The solar streetlights are equipped with
sensors that automatically turn on the lights at dusk and turn them off at dawn without human
intervention, thereby conserving energy. The dimmable feature means that the brightness of
the lights can be adjusted based on specific requirements. The streetlights are equipped with
motion sensor, which offers full brightness for the first four hours and thereafter increase the
brightness to full capacity when motion is detected and dim down to a lower level when no
motion is detected, further saving energy. These streetlights are a sustainable and efficient
solution for outdoor lighting, offering significant advantages in terms of energy conservation,
cost-effectiveness, and environmental impact.

3.10.2 Technical information

For Keonjhar demo site, ten (10) nos of dimmable streetlights are planned to be installed. The
technical specifications of the dimmable streetlights are provided below.

Sl. Item Specifications/parameters
No.
1. Power output of PV 1 75Wp
module
2 Type of LED T 20 W white LED
3 Battery 1 LiFePO4, 12.8V, 30 Ah at STC
4 Autonomy 1 1day
5 Operation 1 Sensors for dusk to dawn (D2D)
6 Dimming feature 91 First 4 hours full brightness, then dimming to 30% of full
capacity
1 Reaches to full brightness once motion detected
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7 Protection 1 Protection against open circuits, accidental short circuits,
reverse polarity etc.
8 Batter box 1 Including in luminaire enclosure
9 IP protection T IP65
10 Mounting and 1 On existing electric poles with suitable brackets and angles
installation

Table 26 Technical specifications of solar powered dimmable streetlights

3.10.3 Current Status of Installations

Dimmable street lighting system specifications have been extracted and procurement is now
in progress. A typical figure of solar power dimmable street lighting system is shown below
Figure 51.

y/ /L4

v

Figure 51: Typical picture of solar power dimmable street lighting system.

3.10.4 Deployment and Next Plan
Procurement is in progress. Planned to be installed in December 2023.

3.10.5 Utilization Plan

These energy-efficient standalone dimmable streetlights offer a cost-effective and
environmentally friendly solution to address the need for better illumination while
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simultaneously conserving energy and resources. It contributes to the well-being, safety, and
overall development of rural communities in Keonjhar demo site.

3.10.6 Business Plan
Not applicable.

3.11 Charging facility, 2 ports (VNIT)

3.11.1 General Description

Two ac chargers each of 3.3kW are to be deployed in Keonjhar and three chargers are to be
deployed in Ghoramara to support the charging requirements of three wheelers/ loaders.

3.11.2 Technical information

PARAMETER SPECIFICATION SPECIFICATION
Model Series ROBIN ALBATROSS
Model Number GEG-ROB-3K3-BAC-1S-C GEG-ALB-3K3-BAC-3S-C
INPUT

. 3 Phase 400-415V AC@ 15A
Input Supply Single phase 230 VAC@ 16A @

Each Phase

Input Frequency

50Hz + 1.5 Hz

50Hz + 1.5 Hz

Input Wires

3 wires- L, N, PE

5wires - L1, L2, L3, N, PE

Battery back-up upto 1 hour for
the

Battery Backup
(Controller)

CSMS to synchronize data logs
for billing.

OUTPUT

No. Output 1 Socket 3 Sockets

Connector

Power Output 3.3kW Max. 3.3kW Max. per output

Output Connector
Type

IEC 60309 (3 Pin Female
Connector)

IEC 60309 (3 Pin Female
Connector)

USER INTERFACE

Display

20 x 4-character LCD / 4.3"TFT
LCD

20 X 4 - character LCD

SIM Slot

General size SIM card for GSM
connectivity

General size SIM card for GSM
connectivity

Push Button

Push button for Start /Stop
session

Push button for Start /Stop
session for each socket

LED Indication

Multicolor LED indication for
charging status

Multicolor LED indication for
charging status

COMMUNICATION

EVSE to Server

OCPP 1.6

OCPP 1.6

Cloud Connectivity

WiFi, 3G/4G

WiFi, 3G/4G
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User Authentication

RFID Enabled, Mobile App
(gOoME)

RFID Enabled, Mobile App
(goME)

SAFETY AND
PROTECTION

Safety Measures

Emergency Stop Button

Emergency Stop Button

Protection

Over voltage, under voltage,
over current, short

Over voltage, under voltage,
over current, short

circuit, surge protection, over
temperature, ground

fault, residual current

circuit, surge protection, over
temperature, ground

fault, residual current

MCB current
breaking rating

25A for a 16 Amp rated charger

25A for a 16 Amp rated
charger

Earth (ground) fault
protection

Leakage current < 30mA

Leakage current < 30mA

ENVIRONMENTAL

Operating
temperature

0°c to+ 55°C

0°c to+ 55°C

Operating Humidity

5 to 95% relative humidity, non-
condensing

5 to 95% relative humidity,
non-condensing

MECHANICAL
, . (H x W x D) 480mm x 250mm x | (H x W x D) 670mm x 333mm X
Dimensions
130mm 165mm
Material MS-CRCA MS-CRCA
Cooling Natural Air Cooled Natural Air Cooled
Net Weight 8 Kg 13 Kg
Mounting Type Wall Mount, Pole Mount Wall Mount, Pole Mount
IP rating IP 54 IP 54
COMPLIANCE &
CERTIFICATION
Standard AlS -138 AlS-138
Certification ARAI

Table 27 Technical information of charger
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3.11.3 Current Status of Installations

Charging facility specifications have been extracted and procurement is now in progress. A
typical figure of the charger to be deployed is shown below Figure 52.

Figure 52: Representation of the charger to be deployed

3.11.4 Deployment and Next Plan

These chargers will be deployed in Keonjhar by the end of December 2023.
Once the deployment is over, a temperature regulated charger is to be deployed as a test
charger with features such as temperature regulation to enhance the battery life of the vehicle.

Figure 53 : Charging Station diagram
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