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Lr. No. GM/L&D/Faculty Service /Prog.No.788-1/2019 Date: 03.07.2019

To

Dr. S. Gomathinayagam,

Technical Advisory,

Sustainable Global Energy Transition,
Chennai.

Sir,
Sub: L&DC-Programme on “Solar Power Technologies and Development” —

Faculty Services — Requested.
sokokkk

GREETINGS from Learning & Development Centre, NLC India Ltd., Neyveli.

A Two-day Training Programme on “Solar Power Technologies and Development”
is organized at L&DC, NLC India Ltd., Neyveli from 17.07.2019 to 18.07.2019 as per the

details below:

Topic : Solar Power Technologies and Development
Date :17.07.2019 to 18.07.2019.

For whom : EXECUTIVES

Time : 09:30 AM to 05:30PM

As confirmed over phone, we are happy to invite you to conduct the above
programme as per the following terms:

1. Faculty Honorarium: RYJP- plus 18% GST per day.

2. Travel Expense: Conveyance will be arranged by NLCIL.

Hence, it is requésted to confirm the programme. Also, kindly note that your
accommodation has been arranged at NLCIL Guest House, Block-25, Neyveli-607 803
(Phone No.04142-252 222).

An early reply will help us in organizing the programme effectively.

Yours faithfully,
For NLC India Limited.,

-

L= il
Dy. General Manager / L&D.
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To

Dr. S. Gomathinayagam,

Technical Advisory,

Sustainable Global Energy Transition,
Chennai.

Sir,
Sub: L&DC-Programme on “Renewable Energy Scenario by 2030 and 2050 in

India” — Faculty Services — Requested.
seokskoskok

GREETINGS from Learning & Development Centre, NLC India Ltd., Neyveli.

A Two-day Training Programme on “Renewable Energy Scenario by 2030 and
2050 in India” is organized at L&DC, NLC India Ltd., Neyveli from 12.06.2019 to
13.06.2019 as per the details below:

Topic : Renewable Energy Scenario by 2030 and 2050 in India
Date - :12.06.2019 to 13.06.2019.

For whom : EXECUTIVES

Time :09:30 AM to 05:30PM

As confirmed over phone, we are happy to invite you to conduct the above
programme as per the following terms:

1. Faculty Honorarium: Rs.— plus 18% GST per day.

2. Travel Expense: Conveyance will be arranged by NLCIL.

Hence, it is requested to confirm the programme. Also, kindly note that your
accommodation has been arranged at NLCIL Guest House, Block-25, Neyveli-607 803
(Phone No.04142-252 222).

An early reply will help us in organizing the programme effectively.

Yours faithfully,
For NLC India Limited.,

\\/ J “’%’4\6"

‘Dy. General Manager / L&D.
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To

Dr. S. Gomathinayagam,

Technical Advisory,

Sustainable Global Energy Transition,
Chennai.

Sir,
Sub: L&DC-Programme on “Roof Top Solar Power Development in India-Policy Option

Priorities” — Faculty Services — Requested.
sskokoksk

GREETINGS from Learning & Development Centre, NLC India Ltd., Neyveli.

A one day Training Programme on “Roof Top Solar Power Development in India-

Policy, Option & Priorities” is organized at L& DC, NLC India Ltd., Neyveli on 07.08.2019 as

per the details below:
Topic : Roof Top Solar Power Development in India-Policy, Option& Priorities
Date : 07.08.2019.
For whom : EXECUTIVES
Time  :09:30 AM to 05:30PM

As confirmed over phone, we are happy to invite you to conduct the above programme as
per the following terms:

1. Faculty Honorarium: Rs. @) plus 18% GST per day.

2. Travel Expénse: Conveyance will be arranged by NLCIL.

Hence, it is requested to confirm the programme. Also, kindly note that your
accommodation has been arranged at NLCIL Guest House, Block-25, Neyveli-607 803
(Phone No.04142-252 222).

An early reply will help us in organizing the programme effectively.

Yours faithfully,
For NLC India Limited.,

6 «%/1/24 /\'t

General Manager / L&D
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Lr.No.NTPL/HR/1200/Training/2019/265 Date: 19.08.2019

To

Dr. S.Gomathinayagam.

Technical Advisory,

Sustainable Global Energy Transition,
Chennai.

Sir,

Sub: NTPL- HR- Training Programme “Renewable Energy
Scenario by 2030 and 2050 in India” -Faculty Service-
Requested -Reg.

-000-

Greetings from NLC Tamilnadu Power Limited, Tuticorin.

A two-day training programme “Renewable Energy Scenario by
2030 and 2050 in India” is organized at NTPL, Tuticorin from
30-08-2019 to 31-08-2019 as per the details below:

Topic - Renewable Energy Scenario by 2030 and 2050 in India

Date : 30-08-2019 to 31-08-2019

For Whom: Executives

Time : 09:30 hrs. to 17:30 hrs.

GSTIN : 33AACCN3238N1ZD

As confirmed over phone, we are happy to invite you to conduct
the above programme as per the following terms.

Faculty Honorarium: Rs- - per plus 18% GST per day.

Travelling Charges: Conveyance will arranged by NTPL.

Hence, it is requested to confirm the programme. Also, kindly note
that your accommodation has been arranged at NTPL Guest House

An early reply will help us in organizing the programme effectively.

Yours faithfully
For NLC Tamilnadu Powgr Ltd.
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Lr. No. GM/L&D/Faculty Service /Prog.No.785-2/2019 Date: 03.08.2019

To

Dr. S. Gomathinayagam,

Technical Advisory,

Sustainable Global Energy Transition,
Chennai.

Sir, :
Sub: L&DC-Programme on “Renewable Energy Scenario by 2030 and 2050 in

India” — Faculty Services — Requested.
skeskokoksk

GREETINGS from Learning & Development Centre, NLC India Ltd., Neyveli.

A Two-day Training Programme on “Renewable Energy Scenario by 2030 and
2050 in India” is organized at L&DC, NLC India Ltd., Neyveli from 08.08.2019 to
09.08.2019 as per the details below:

Topic : Renewable Energy Scenario by 2030 and 2050 in India
Date : 08.08.2019 to 09.08.2019

For whom : EXECUTIVES

Time : 09:30 AM to 05:30PM

As confirmed over phone, we are happy to invite you to conduct the above
programme as per the following terms:

1. Faculty Honorarium: Rs.- plus 18% GST per day.

2. Travel Expense: Conveyance will be arranged by NLCIL.

Hence, it is requested to confirm the programme. Also, kindly note that your
accommodation has been arranged at NLCIL Guest House, Block-25, Neyveli-607 803
(Phone No.04142-252 222). |

An early reply will help us in organizing the programme effectively.

Yours faithfully,
For NLC India Limited.,

General Manager / L&D.
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RENEWABLE ENERGY SCENARIO
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A freelance Technical Adviser (Wind & Solar Energy, Structures &
Foundations)
Former Director General, National Institute of Wind Energy,
Chennai, India

Email: sgetgoms@gmail.com
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Renewable Energy Scenario by 2030 and 2050 in India

Compiled by Dr.S.Gomathinayagam , Former DG/NIWE and Technical
Advisory

E-mail : sgetgoms@agmail.com

General

Berlin Energy Transistion Dialogue, April 9-11, 2019, BETD-2019, has
demonstrated that as per the Fig.1., in the last 20 years globally alternate energy
, mostly renewables has increased from a level of 18% to 25% . Use of electricity
for vehicles ( mobility ) has increased in the rest of the world from 17% to 20%.
In short the deployment of wind energy based electricity generation has increased
10 times and the solar electricity by over 25 times.
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Fig.1. Global Energy Transition Status ( IRENA — Global report 2019)

However if one looks at the atmospheric air pollution with higher levels of CO,
the current status is illustrated in Fig.2. In the atmospheric air 60% (CO; ) needs
to be reduced, for which almost 86% electricity generation should be using
renewable sources ,and 66% electricity usage in terms of energy should be
renewably generated green electricity. This essentially means 50% of energy used
in the world should be electricity and that too generation of electricity should be



without any atmospheric air pollution.
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Fig.2. Electricity Generation from Renewables and their growth variations
(IRENA , Global Report on Energy Transformation, 2019)

Today’s electricity Generation stagnates still at 20% (Fig.2. and Fig.3) in which
renewable contribution is quite good at 25%. While generation from solar energy
seems to be fast tracking there is need to push the matured wind generated power
to higher rates of growth. Globally even though 6 million (60 Lakhs) electrically
operated vehicles are operational, India is yet to kick start the EV2030 targets.
Applications of alternate energy as well as electricity should be increased in
heating and cooling needs of the community as well as industry. There should be
increased use of hydrogen as fuel and hydrogen generation should using
renewable sources of energy.

India is unique in spite of high population , to remain in the top 5 countries of the
world in electricity production and consumption. (Fig.3 and Fig.4)
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Fig.3. Fossil fuel usage need curtailment of growth rate.
( Ref The Hindu, International Energy Agency, IEA, 2018)
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Fig.4. Significant higher rate of growth of renewable energy in India
( Ref The Hindu, International Energy Agency, IEA, 2018)

From Fig.3 it is easy to infer that world over in spite of dominance of fossil fuel
(coal, oil and gas) in electricity generation their growth rates are reducing



significantly with the higher penetration of renewable energy. The highest growth
rates of renewables is happening at 11% world’s highest level both in India and
China ( Fig.4) . Among the 16 defined Sustainable Development Goals- SDG ,
the seventh is SDG.7. Affordable and Clean energy, will influence more than 12

of the 16 SDG as shown in Fig. 5.

Goal 1: Ho Poverty

airns o reduce poverty in all its dimensions, and
by ensuring universal access to afordable anergy
sarvices, S0G T aims at raising lving standards

Goal 3: Good Health and Well-being
which sesks to prevantabla deaths and provide
actess to quality essertial health cane sarvices,
medicines and vaccines which relles on enamy

Goal 5: Gender Equality

which aims to aliminate all forms of vislence and other
typas of exploltation of all women and girls as womean's
safaty as wall as the cana econormy for which womean
ané responsible are dapendent on actess o anergy

Goal 8: Decent Work and Economic Growth
wiiich Sesks to Sustain per capita econamic growth.

Al sactors that corribute to economic growth are
Intrirsically dapendent on aoctess o anergy

Goal 10: Reduced Inequalities
by aiming to ensure universal access to
afiordable modern anengy Services

Goal 12: Sustainable Consumption

and Production
by airfing 1o inGréass the share of renswable
anergies and intrease anangy eficiency

Goal 2: Zero Hunpger

that ains o and all forms of malnutrition, and
provision of safe, nutritious and sufficient foad
o ewaryons as the agricutbure sactor and food
supply chain k= dependent an energy

Goal 4: Guality Education

which aims to ansure that all lsamers acquing
the knowladge and skills nesded to promobs
sustairable devalopmant is influanced

by provision of sources of anangy

Goal 6: Clean Water and Sanitation
which seaks o universal access 1o safe and
affordable drinking water for all and ansurs
mGcass o adequabe and equitable sanitation
mnd hygiena for all rely on enengy

Goal 8: Industry, Innovation

and Infrastructure

which aims to upgrade infrastructure 1o maks
industries sustainable, increass resource-usa
afficiancy and adopt clean and ervironmantalhy
sound technologies and Industdal processes

Goal 11: Sustainable Cities

and Communities

which aims at providing actess o safe, affondabla,
accassible and sustairable infrastrocture

and amenities. which are dependent on

chéan and affordable sowces of energy

Goal 13: Climate Action

by increasing the share of renewable enamgies

and increase energy efficiency, it alms o promote
mechanisms for raising capacity for afective climabe
change-related planning and managemeant

Fig. 5. ( Sustainable Development Goals- SDG)
( Ref. SDX India Index 2018 NITI Ayuog )
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Fig.6. Energy Transition is now inclusive of economy, earth and the society
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Fig.7. Electricity Generation and usage of Energy for transport/mobility
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Fig.8 Energy Usage : Industries and Buildings

(IRENA Global Energy Transformation Road Map 2019, report ) advocates in
electricity generation Wind, Solar, Biofuel/Energy and other alternate forms of
energy should become main stream. Eletricity transmission and distribution ,
smart metering, electricity conservation and storage should have better
augmented strong infrastructure. Transport vehicles, industries and buildings
should use directly as well as as electricity generated from renewables, with a
clear focus on energy efficiency too.

Indian Renewable Energy Scenario/Status:




January 2018 | Energy Next ||

Two major main stream renewable energy technologies have matured quite
well viz. Wind Energy and Solar (SPV) energy specially photovoltaic roof top as
well as mega super power plants. The intermittency of variable grid connected
renewable energy from these two sources are also getting forecasting and
scheduling with practical levels of accuracy thus achieving the grid parity through
reverse and competitive bidding of unit price of electricity. Even wind solar
hybrid farms are also slowly finding its due position.
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Ministry of New & Renewable Energy

Programme/Scheme wise Physical Progress in 2019-20 & Cumulative upto
April, 2019

Cumulative
FY-2018-19 Achievements
Sector Target ,ZA\C():lhgi;avement (April (as on
30.04.2019)
I. GRID-INTERACTIVE POWER (CAPACITIES IN MWDp)
Wind Power 4000.00 189.92 35815.88
Solar Power - Ground Mounted  7500.00 445.55 26829.87
Solar Power - Roof Top 1000.00 52.95 1849.34
Small Hydro Power 50.00 1.00 4594.15
?ég;”ai?e ) Cogeneration) 150.00  28.00 9131.50
Biomass (non-
bagasse) Cogeneration)/Captive 100.00 0.00 674.81
Power
Waste to Power 2.00 0.00 138.30
Total 12802.00 717.42 79033.85
Il. OFF-GRID/ CAPTIVE POWER (CAPACITIES IN MWekeq
Waste to Energy 10.00 0.00 178.73
2;‘;:';?:; 1.00  0.00 163.37
SPV Systems 400.00 0.73 916.34
Total 411.00 0.73 1258.44
I1l. OTHER RENEWABLE ENERGY SYSTEMS
Biogass Plants 86900.00 0.00 25561.00

While off-grid as well as grid tied applications of roof top solar is having slow
growth and the small wind is yet to become competitive. However, they will soon
find their market when distributed RE systems get more acceptance in the society,
specially with the need for electric vehicle charging or battery swapping stations.



In line with the Global Energy Transition , Electricity generation, Electrical
efficiency and needs and storage , Transportation or mobility sector, and finally
heating, cooling/ventilation are the four prioritized areas. Of course in a few
countries sustainability needs also has forced adoption of some cross sector
coupling in energy transition.



Table 9: India’s REmap overview

I I I Y ] .. [

Total Installed power generation capacity Erz
Renewable capacity GW 55 261 523
Hydropower (excl. pumped hydro) GW 37 43 rli
Wind G 14 146 187
Biofuels (solid, liquid, gaseous) G 3 1 28
Solar PV G 1 48 196
= CsP G o 0 T
g Geothermal G o O 2
= Marine, other G 0 0 o
! g Off-grid and rural renewables (solar, wind, biogas) GW a1 o 21
- Mon-renewable capacity GW ne 4 233
‘g § Total electricity generation TWH 946 3463 1527
& Renewable generation Twh 136 625 1223
o Hydropower TWwh 104 147 246
B Wind TWh A 345 47
lg Biofuels (solid, liquid, gaseous) TWh 10 35 105
Solar PV TWh 1 a2 30
CsP TWh o 0 28
Geothermal wh o O (=]
Marine, cther wh L] 0 o
Off-grid and rural renewables TWh 0 =] 47
Mon-renewable generation TWh 810 2835 2304
Total direct uses of energy Rl 13055 27567 25256
Direct uses of renewable energy 2 6639 7638 5966
-E Solar thermal - Buildings (2] & 7 510
€  Solar thermal - Industry FJ o 1 13
g E Geothermal {Buildings and Industry) P 9 9 19
] Bioenergy (traditional) - Buildings P 4063 4259 (4]
g ﬁ Bioenergy {modern) - Buildings 2l 1364 1485 2967
_'ll! E Bioenergy - Industry 2t 1196 1813 2319
g & Mon-renewable - Buildings FJ 1023 4740 4740
- Mon-renewable - Industry 21 516 14553 13514
E Mon-renewable - BRCO Fd 278 636 636
Total fuel consumption =1} 214 578 3351
i Liguid biofuels P 8 109 468
w B comventional biogasoline pJ ] 19 85
1l Advanced biogasoline pJ o ] 7
E Biodiesel (conventional and aovanced) 2] T 89 346
Biomethane P o O o
Mon-renewable fuels Fd 2205 5609 2883

Based on IREMA estimates



ANNEX A:

Technelogy cost and performance data in 2030
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Figure 7: Electricity Generation Mix

Source Ref Ack: NITI Aayug —IEE Japan Energising India report 2017 —

Installed Capacity (GW)

Coal | Gas - | Nuclear | Hydro | Biomass+| Small | Wind | Solar [Waste to| Total
CCGT Cogen | Hydio Electricity|

High RE | 539 | 832 45 105 20 30 | 551|807 4 (2184
Med RE | 539 | 83 45 105 23 20 | 293|449 4 1561
lowRE | 539 | 83 45 105 11 15 | 222 | 243 4 1267

Table 1: Total installed capacity (national) of RE and other
technologies for each scenario

The tables below shows the annual energy generation in TWh /yr and the percentage share of

each technology in the annual generation:

Annuval Energy Generation (TWh/yr)

Coal | Gas - | Nuclear | Hydro |Biomass+ | Small [WWind | Selar |Waste to | Total
CCGT Cogen_ [ Hydro Electricity

High RE | 2537 O 356 | 273 & 0 ]1325[1512 1 6010
Med RE |3704] O 356 | 278 14 0 | 733|891 2 5079
lowRE |4088| O 356 | 278 19 0 | 564 [479 715790

Share in Annual Generation

Coal | Gas-_ | Nuclear | Hydro | Biomass+ | Small | Wind | Solar |Waste to| Total

CCGT Cogen | Hydro Electricity
High RE | 42% | 0% &% 4% 0% 1% | 22% | 25% | O% |100%
MedRE | &61% | 1% &% 5% 0% 1% 12% | 15% | O% | 100%
lowRE |&7% | 4% &% 5% 0% 1% 9% | 8% 0% | 100%

Table 2: Annual energy generation in TWh/yr and the percentage
share of each technology in the annual generation

Source Ref Ack: NITI Aayug —IEE Japan Energising India report 2017 —
Riche Gupta



Transport Fuel Electricity/Hydrogen/FuelCell:

Unmindful of pollution, we keep using petrol, diesel in railways trains, lorries,
busses, and cars. In FY 2017, 81% oil has been imported which is 22.6% foreign
exchange apart from paid pollution of atmosphere and environment.

B =]

W Power

W Other transformation
MW industry

W Transport

W Residential

W Agriculture

S

[, y
2015 2020 2025 2030 2035 2040 2045 2050

Transport sector CO2 emissions projected to increase by about
60% from 2015 to 2050

Courtesy &Ack: Santhosh Kodikula,
Berlin, 2016

Sensing this danger ahead, Government of India has launched two programmes,
firstly the National Electric Mobility Mission Plan — NEMMP-2020 and
following that Faster Adaptation and Manufacturing of Electric Vehicles FAME
-2030 . With these two schemes if implemented rigorously, by 2030 all vehicles
would go electric, in four phases technology development, EV-market demand
creation, model prototypes,and battary charging/swapping infrastructure. If the
later development is by renewables distributed with solar and wind energy, it will
be the best option for inclusive growth of economy. TESLA charger can charge
in 8 minutes and the EV can cover a distance of 200kM. While American TESLA
focusses on fast charging, TOYOTA car company has advanced in fuel cell
technology, since generation of hydrogen can be done by many ways with
renewables as well.
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Current Transport Share of Renewable Energy Use

Industry; 10,20%
_Other; 5,00%

Electric Plants;
28,60% 4

_Transport;
3,50%

____ Combined heat &
Power Plants; 2,70%

“\_Heat Plants; 0,40%

Residential/Comm.
& Public, 49.40%

Globally about 93% of the transport sector is (still) driven by oil,

with biofuels accounting for 2% and natural gas 1% of transport fuel
http://wds.iea.org/wds/pdf/R

Source: IEA, Renewables Information (2015 edition)

Ack: Heather Allen , Berlin 2016

BEV, BHEV (hybrid) powered vehicles use only battery as a main source,
fast charging technology for long distance travel before next charge is now
available , but stations for charging are not enough. This is why India is far behind
EV30 targets, in spite India stands 5" in passenger car/vehicles.

Eco-car as easy as conventional car

” : According to NEDC :

Introduce in Europe in UK, Dk and Germany follow-up by other countries.
Select regions where we can ensure quick & efficient service with customer follow-up

Advanceditechnology fulfilling/customeriexpectations

TOYOTA

Courtesy & Ack. Dr.M.Desaeger, Berlin 2015

Cost of establishing battery charging /swapping stations will be less than that of
a normal petrol bunk. Car travel sharing is common in USA and Europe, even
though it is yet o be popular in India. Yet, OLA, UBER like IoT services are
getting accepted in tier one cities and probably in some big towns as well. Mobile
APP based selectable multi-owned cars ( instead of single or self owned) are yet



to be operational in India, if that picks up BEV proliferation on the roads can
happen.

16+ 15.0

- L LY
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Installation Costin Lac (INR)
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0.3

T
Level 1 Level 2 DC Fast
Tyoe of Charging station

Level 1 charger of 1.5kW, Level 2 charger of 6.6kW
and DC fast charger of 50kW capacity.

Courtesy and Ack: Saad Alam, IEX workshop 1T, Kanpur 2018
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On a single ticket multi-modal public transport is certainly viable but yet to be
implemented in Indian metro,MRTS,Electric train, MTC Buses. Indian Railways
through it’s REMC (railway Energy Management Company) is now spending
26500 crores of rupees for energy or fossil fuel, it has planned to fast track railway
electrification also by doubling the number of electric locomotive engines from
4400 to 9400 in 5 years there by reducing the energy expenditure to 16000 crores.



Alternate Transport Renewable Fuel (Electricity&Biofuels) :

Electricity Generation in energy penetration with renewables in India has reached
10% already, but even globally only 3.5% of electricity is directly used as
transport fuel.

Renewables output

(% of total power generated
in tha country, Apr-Oct)
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142 15 175 20.1
% of total installed power capacity

Fig.1. 10% Renewable Energy in India FY19
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Fig.2 1G,2G,3G Biofuel Production process ( IRENA report 2016)



Very little progress has been made in electric vehicle usage in spite of mamooth
efforts by Government of India. Apart from fuel cell powered or battery powered
vehicles, in a agriculturally based country like India bio-fuels equivalent to fossil
fuel replacement is highly important. Basic 1-G first generation bio-fuel is
generated from food waste, bio-gas/ bio-diesel. From non-edible seeds, starch,
forest vegetation wastes second generation 2-G bio fuel such as ethanol (slightly
costly) is prepared, which can be blended with petrol. From algae or using
municipal solid wastes 3-G bio-fuel can be made with exclusive industrial process

(Fig.2).

Now, India permits blending of fraction of ethanol, with petrol, thereby reducing
COzin air.

Waste is wealth , from such soild wastes we can prepare (biogas, methane) , by
a process of fermentation and biomethanisation. Liquid bio fuel such as
(methanol), ( dimethyl ether — DME) can be stored. Since this is alternate to
petrol, reduces foreign exchange,and can also be used occationally for elctricity
generation for battary charging, for easy method of hydrogen generation for use
in fuel cell powered vehicles.

This type of SME, MSMEs for manufacturing distributed energy modules , cross
sector coupled renewable energy in rural areas. In turn will pave way for more
exploitation of Electric vehicles in India.



How does it work?
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(Source Ack: Magnus-Hoglund, Berlin 2016)

Unlike natural gas, biogas can be generated close to the end-consumers. The production of biomethane from residual materials and waste avoids
Farmers can also sell biogas to open up a further source of income for competition with food production in the use of materials.

(Ref Source Ack: Renewables made in Germany, 2016 )



Solar Thermal:

Solar Photo Voltaic (SPV) uses light energy fraction of sun’s abundant Energy,
even today India imports most of solar cells from Europe, China and USA. India
being tropical country the solar heat energy can be very efficiently used in many
ways leading with indigenous technology. Direct use of sun’s heat for cloth
drying, grain and coal drying is more than straight forward. Concentrated solar
thermal, CST-collectors as shown below can focus heat energy to point or line
concentrators and heat water as super heated steam through metallic pipes and
can be used for several applications, by storing heat energy, or using the same for
heating, cooling, desalination and for even electricity generation purposes.

line concentrators
\
N\

Steam at

350 - 550 °C
80 - 120'par *

/ Sunight
# 7 Secondary

Reflector
Fresnel Reflector
Absorber Tube

point concentrators

Receiver

N \ Scheme of a Mini Solar Thermal Power Plan

Water or
other media ...,

Helium at

+ Heating

Dish/Engine System

Fig. 1. CST* Concentrated Solar thermal application
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Fig. 2. CST* Concentrated Solar thermal application with storage
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Fig. 5. Flat Mirrors with single axis tracking for power and water
(flat mirrors —CSP KGSL-Coimbatore — single Axis tracking sun’s

movement)



Fig. 6. CSP* Concentrated Solar thermal for power generation
(ABD,TNAU,CBE-Dual axis tracking installation)
( ABD-TNAU coimbatore : Dual axis tracking of sun’s movement)

Figure 3-32: PS 10 central receiver solar tower facility near Sevilla, Spain (Abengoa Solar). In
the background the PS20 facility can be seen under construction

Fig. 7. Concentrated Solar thermal tower liquid salt used for heat transfer
and storage( Sources Ack. Renewables made in Germany, 2016 and Web-
resources )



Just like multi-purpose hydro-electric power houses (flood control, irrigation, and
power generation), several multi-purpoe engineering research with solar thermal
Is possible to be done leading with indigenous knowhow and technology for ,
power, drinking water from sea water, electric car battery charging /or battary
swapping station establishment, as well as industrial pre heating and air
conditioning.

NLCIL has a corporate social responsibility programme which is highly focussed
on sustainable technologies, for aforestation, drinking water management, waste
to energy, environmental protection, mitigation and counter efforts for carbon
emission from power generation, renewable energy expolitation, green
technology adoptation, skill development, human resource development,
Inclusive economic, earth saving environmentally benign development.

All forms of renewable energy adoption at kW level, local domestic residential
level, MW level plants, will certainly grow the India’s multi-cultural corporate
communiity ( township) net-zero energy community with the national mission
of Zero-defect and Zero-effect PSU.
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General
Recalling definitions of power ( in this case we deal with electrical power) we

have the following :

e Power (P): the rate of energy conversion measured in Watts

* Voltage (V): the potential difference in electrical charge between two

points measured in Volts

o Current (I): the flow of electrons in a circuit/wire between two points

measured in Amperes

e Resistance (R): the opposition to the flow of electrical current in the
material through which it is passing measured in Ohms

e Energy (E): refers to the capacity for work i.e. the power used over
time, measured in Watt hours

The following equations show the relationship between the above parameters:

Power = Volts x Current Watts

Volts = Power + Current Volts

Current = Power =+ Volts Amperes

Resistance = Volts + Current Ohms

Energy = Power x Time Watt-Hours

Growth of Solar electricity in the world in the last two decades has been quite
significant and is by over 25 times (IRENA RE30 Road map report 2019). Solar
(SPV) energy specially photovoltaic roof top as well as mega super power plants.
The intermittency of variable grid connected renewable energy from these two
sources are also getting forecasting and scheduling with practical levels of
accuracy thus achieving the grid parity through reverse and competitive bidding
of unit price of electricity.

17 109 300 355 360 Accelerate solar depioyment by
Annual solar PV reinforcing existing policy and market
additions support.

GW/yr GW/yr GW/yr GW/yr GW/yr Progess



India’s Solar deployment and development progress has also been exponential in
growth. While off-grid as well as grid tied applications of roof top solar is having
slow growth owing to frequent policy drift in different states and lack of
awareness of the advantages easiness of solar power technology adoption by
societies, ground mounted MW/GW plants are growing very fast. However, they
will soon find their market when distributed RE systems and with Solar based
rural micro-grids, get more acceptance in the society, specially with the need for
electric vehicle charging or battery swapping stations.

Programme/Scheme wise Physical Progress in India
2019-20 & Cumulative upto April, 2019

Cumulative
FY-2018-19 Achievements
Sector Achievement (in MW installed
Target (April 2019) as on 30.04.2019)/
in GW 2022
I. GRID-INTERACTIVE POWER (CAPACITIES IN MWp)
Solar Power - Ground Mounted  7500.00 445.55 26829.87 /60GW
Solar Power - Roof Top 1000.00 52.95 1849.34 /40GW
II. OFF-GRID/ CAPTIVE POWER (CAPACITIES IN MWk,
SPV Systems 400.00 0.73 916.34

Source : www.mnre.gov.in

In this short two day training programme we will cover the basics of electricity
generation using Solar technology and visit through case studies the past, present
and possible future development specially in India with due reference to the
global Solar Technology developments.

Solar Energy and Solar Power:

The term solar energy refers to heat and light radiation from the sun on the earth’s
atmosphere. The following picture shows what is energy fraction that reaches the
earth.


http://www.mnre.gov.in/
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Fig.1 Solar Irradiation and Earth’s atmosphere

Out of 365 days in a year , our country India is blessed with almost 300 days of
sun shine in many parts of India. Depending on land use and land cover there is
an enormous potential of solar Energy in the country , approximately over
700GW. However , solar power technologies can tap this solar resource using
appropriate technology and site specific adaptations.
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Fig.2 The composition of long wave and short wave of solar radiation
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The two major Solar Power technologies that can be harnessed is using
Solar Photo Voltaic (SPV) and Solar Thermal (STh) and it is important to note
that the former uses light energy ( works better in cold dry clean bright sun light
in the atmospheres like Ladak, in the Himalayas, than hot tropical desserts like
that in Rajesthan) , while the later uses heat energy ( will work extended hours
beyond day time with latent heat in the atmosphere ) . The energy conversion
and capture systems by human designs have varied efficiencies from one form to
other form. But for generating electricity solar power technologies using SPV
may have lower efficiency but also has lower investment and maintenance costs
when compared to STh. That is the reason the SPV technology is more popular
globally. The amount of solar energy available (irradiance or insolation ) at a
particular location of the earth depends on the latitude, earth’s tilt and time of the
year. The average insolation is known as irradiance and is measured in
Watts/sq.m. The Indian Solar Atlas in GIS ( Geographic Information System)
format is relased by NIWE, National Institute of Wind Energy (web site:
niwe.res.in) 1n a GIS format and can be viewed in “SWurja” mobile app
downloadable freely in play store in Android mobiles. Measured irradiation is
disseminated in three forms GHI (Global horizontal irradiation) , DNI ( Direct
normal irradiation ) and DHI (Diffused Horizontal Irradiation) as shown in
Fig. 3 and Fig.4



o

Fig.3 Types of Measured irradiation on earth’s surface

The Solar Radiation Resource Assessment (SRRA) division of NIWE , Chennai
has established a network of high quality measurement stations (Fig.4)

Flg 4 Sensors ofa typlcal SRRA station

spread across India, and has published a well validated accurate Solar Atlas for
India , the GHI map which is widely used for SPV solar power plants is given in
Fig.5
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Fig. 5 The Indian Solar Atlas of SRRA/NIWE (GHI)

SPV: Solar Photo Voltaic Power Technology:

Solar Photo Voltaic (SPV) uses light energy fraction of sun’s abundant Energy,
even today India imports most of solar cells from Europe, China and USA. The
term photovoltaic means electricity from the sun. Photovoltaic technology is
used to convert light energy into electrical energy. This technology has been
developed on the basis that some semiconductor materials such as silicon
generate voltage and current when exposed to light. A thin wafer consisting of
an ultra-thin layer of N-type silicon on top of a thicker layer of P-type silicon
(where N — Negative and P — Positive) will have an electrical field where these
two materials are in contact, called the P-N junction. When sunlight strikes the
surface of the wafer, it causes the electrical field to provide momentum and



direction to light-stimulated electrons, resulting in a flow of electrical current to
any electrical load connected. Fig.6 below illustrates this principle.
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Fig.6. Photons of sun’s radiation trigger free electrons

A simple home Solar system will have cells in series to form modules with
higher voltage and as per the need the modules to form strings in series or
arrays with parallel strings
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Fig.7. Single line Diagram of domestic grid tied Solar Power system (IFC,2015)



Photovoltaics (PV) or solar cells are the
building blocks of solar panels, They are

made of semiconductor materials as described g
in Unit 2. They convert sunlight into direct
current (DC) electricity.

In practice a typical silicon PV cell produces
voltage of 0.5 - 0.6 DC under open-circult,
no-icad conditions. The current {and power)
output of a PV cell depends on (ts efficiancy
and size (surface area), and is proportional to
the intensity of sunlight striking the surface
of the cell. For example, under peak sunlight
conditions a typical commercial PV call with

a surface area of 160cm?® will produce about
2 watts peak power. Image &: Typical Sokar Cell

Groups of PV celis are elactrically configured into modulas/panels which can be connected
into arrays to achieve desired power and voltage outputs. Photovoltaic modules consist of
PV cell circuits sealed in an environmentally protective laminate, while panels include one
or more PV modules assembled as a pre-wired, field-installable unit. A photovoltaic array
Is the complate power-generating unit, consisting of any number of PV modules and panels.

Generator

Fig.8. Single Solar cell-string-array integrated as Solar Generator



Charge Controller

Fig.9. Solar Power off-grid domestic system with battery (1-3 kW solar system )

lanuary 2018 | Energy Next 1
Fig.10 Mega watt or Utility scale Solar Power Plant System ( 100s MW )
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Fig.11 Design Components of Megawatt Solar Power Plants

STh: Solar Thermal Power Technology:

Solar thermal systems operate when radiation/heat from the sun is directed to a
device which captures and concentrates the heat to a carrying media (air or
water). The fluid gains heat from the pipes/fins installed within the system and
delivers it through an outlet either as warm or hot. Fig.12 below illustrates the
concept using water as the medium.



India being tropical country the solar heat energy can be very efficiently used in
many ways leading with indigenous technology. Direct use of sun’s heat for cloth
drying, grain and coal drying is more than straight forward. Concentrated solar
thermal, CST-collectors as shown below can focus heat energy to point or line
concentrators and heat water as super heated steam through metallic pipes and
can be used for several applications, by storing heat energy, or using the same for
heating, cooling, desalination and for even electricity generation purposes.

line concentrators paint concanirators

Scheme of a Mini ISa!ar Thermal Power Plant

Water o
other media
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Fig.12. CST* Concentrated Solar thermal application
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Fig.13. CST* Concentrated Solar thermal application with storage



Fig.16 Flat Mirrors with single axis tracking for power and water
(flat mirrors —CSP KGSL-Coimbatore — single Axis tracking sun’s
movement)



Fig.17 CSP* Concentrated Solar thermal for power generation
(ABD,TNAU,CBE-Dual axis tracking installation)( ABD-TNAU
coimbatore : Dual axis tracking of sun’s movement

Figurs 3-32. PO 10 cenlral iecalver solar inwner facility near Devika, Spain (Absngoa Solar), n
i bachground the FE20 faciity can be seen undar construclion

Fig.18. Concentrated Solar thermal tower liquid salt used for heat transfer
and storage( Sources Ack. Renewables made in Germany, 2016 and Web-
resources )



Sizing Calculations SPV-Case Study-1 :
Stand-alone offgrid Roof top system with battery

Design a stand alone SPV roof top (no shade ) for the following house hold
electrical appliances located in Neyveli Township area

2 CFL bulbs 10W, 15W 5 hours /day
5 Fans 60W 4
Airconditioner 1500W 3
Refrigerator 225W 24

Water heater  1000W 1

LED TV 100W 4

Other Plant component performance:
90% for temperature losses ( generation decreases at higher temperatures)

85% for battery losses
97% for wiring losses
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Series Connection of Batteries

In this connection the positive terminal of one battery is connected to the negative
terminal of the second battery thus the remaining two terminals of the batteries are left
loose to be connected to the load as indicated by 1 and 2 below.

When batteries are connected in series the
voltages add up.

As indicated in the diagram above Battery A
and Battery B are connected in series, the
output voltage at the positive terminal (1) of
battery A and the negative terminal (2) of
Battery B is given by adding the voltages:

12 + 12 = 24 Volis

Battery A: 12V Battery B: 12V

. /

Parallel Connection of Batteries

In this connection the positive terminal of one battery is connected to the positive
terminal of the second battery thus the batteries are connected together and the load is
connected at points indicated by 3 and 4 below.

When batteries are conneacted in parallel the
voltage remains the same but their capacity is
doubled.

This mieans that the systam will last twice as
much as compared to using a single battery. As
indicated in the diagram above Battery C and
Battery D are connected in parallel, the output
voltage at the negative terminal (3) and the
positive terminal (4) is the same at 12 volts,
Battery C: Battery D: Hawever, the capacity adds up and is given by
1V A1004R 12v/1004R adding the Individual capacities:

, AN 100 + 100 = 200 Ampere - hours




Ground mounted Grid connected SPV Plant SMW -Case Study-2
Trail sizing with PVSYST ( only screen shots for information)
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Case Studies of Miscellaneous Applications

Solar Photovoltaic (PV) Systems:

Solar PV systems directly convert sunlight into electricity. There are two types of solar PV
systems exists. Standalone or off-grid PV systems and grid connected or on-grid PV systems.
Standalone systems are generally smaller in size and distributed.

Examples aof Standalone PV systems: solar water pumping system, street lighting, riral micro
grid and solar home system

F ™
Surface ’
Water
Surface and Submersible Pumps Pump
. IMPELLER
* Solar pumps are rated according to the voltage of Figure 20
electricity that should be supplied. A 12 Volt pump is A A
a small one, 24 volt is more the norm, while 48 Volts
and upwards will require more power and might pump -~ ~
e Wat Submersible
* In most cases these solar water pumps come with ‘;\Lc::\er
specifications of vertical lift or head. P
* The manufacturer or distributor will usually specify IS?;E;LER
what is required; it is important to always refer to
product manuals when operating these pumps.
* DC water pumps in general use one-third to one-half ‘
the energy of conventional AC (alternating current)
PAMALERS- MOTOR
Figure 21
o _d
Surface Water Pump System Submersible Water Pump System
o P - ¥ ; Images 18 &19:
Exomples of
surfoce and
submersible

waler pumps
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How to Specify Vertical Lift

TOTAL LIFT = Drowdown + Siaiic Loval -+ Wall fo Basin + Tank Heighl
What DOES NOT mather-

= Daypth of submersion

= Size of sioroge fank
* Horzontol distance

TOTAL DYMAMIC LIFT = TOTAL LIFT + PIPE FRICTION LOSS

Interactive Sessions and Experience sharing of Best Practices :

Final Word : The short compilation has been indicative of Solar Power
Technology and Developments based on public domain information and
personal experience. Solar Power development is still evaolving in every
stage

starting from more efficient cell development,

cost effective inverter and charge controllers,

industrial internet of things (IloT) for large plant monitoring,

lighter and stronger Module mounting systems,

tracking systems, and waterless cleaning systems,

printable flexible solar cells, robotic cleaning systems,

Faster erection and installation detailing,

remote monitoring and string wise/panel level fault fixing

SCADA monitoring systems,

accurate forecasting system along with grid friendliness and so on... .

The ground mounted utility class MW/GW plants the key element of success
is the detail engineering and execution of EPC including project management
covering land use land cover and environmental permissions.



Yet, major reasons for lack of capacity addition in roof top development is
mainly policy uncertainty and lack of awareness to multi-purpose sustainable
technologies and socio-political will to proactively adapt solar power
technologies coupled with electric vehicles and solar DC applications.

Additional reading Bibiliography in pdf form

1. Solar Electricity Handbook 2017 Edition

. IFC-report on Utility scale Solar Power plants , 2015

Solar thermal and Photo voltaic field engineers training course 2012,
TERI

4. Installation and O&M of Solar SPV based microgrid systems , 2016
Solar PV standardised training Manual — SNA Zimbabwe, 2009
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ROOF TOP SOLAR POWER DEVELOPMENT IN INDIA-POLICY OPTION PRIORITIES
(An internet and web resource edited compilation, not for sale )

Dr.S.Gomathinayagam , Independent Technical Advisory
Email: sgetgoms@gmail.com

Abstract

Roof Top Solar (RTS) power development in India had a fast track capacity
addition of 52MW , in the last financial year 2018-19 in India. The target of
40GW by 2022 is still a long way to go with cumulative achievement pegged at
a bare minimum of 4.3GW. This one day accelerated course is aimed at Engineers
and technicians to have a first hand practical “DIY” ( Do It Yourself) knowledge
on schemes and best practices combined with benefits of going solar. The
outcome at the end of the day is focused on enabling the participant identify the
various list of policy and schemes available for roof top PV in India. The content
covers also the explanation of the construction , commissioning and operation of
Roof Top Solar Plants. In addition to enabling the participants to have an
overview of offgrid/ongrid/and grid interactive with or without battery in the
RoofTopSystems (RTS) , briefly covers the aspects of micro and mini grids’ role
and immediately needed focus on distributed electricity generation in India.

1. Introduction to Solar roof top PV

Roof Top Solar (RTS) power development involves exploitation of enormous
energy in the solar radiation (direct, inclined and reflected as well as diffused)
falling on the built-up roof space , through photovoltaic or solar thermal energy
capture technologies.

Out of 365 days in a year , our country India is blessed with almost 300 days of
sun shine in many parts of India. Depending on land use and land cover there is
an enormous potential of solar Energy in the country , approximately over
700GW. However , solar power technologies need to tap this solar resource using
appropriate technology and site specific adaptations.


mailto:sgetgoms@gmail.com
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Fig.1 The composition of long wave and short wave of solar radiation

The two major Solar Power technologies that can be harnessed is using
Solar Photo Voltaic (SPV) and Solar Thermal (STh) and it is important to note
that the former uses light energy ( works better in cold dry clean bright sun light
in the atmospheres like Ladak, Leh, in the Himalayas, than hot tropical desserts
like that in Rajesthan) , while the later can use heat energy ( will work extended
hours beyond day time with latent heat in the atmosphere )( Fig.2). For
generating electricity solar power technologies using SPV  may have lower
efficiency but also has lower investment and maintenance costs when compared
to STh. That is the reason the SPV technology is more popular globally. The
amount of solar energy available (irradiance or insolation ) at a particular location
of the earth depends on the latitude, earth’s tilt and time of the year. The average
insolation is known as irradiance(Fig.3) and is measured in Watts/sq.m. The
Indian Solar Atlas in GIS ( Geographic Information System) format is relased by
NIWE, National Institute of Wind Energy (web site: niwe.res.in) in a GIS format
and can be viewed in “SWurja” mobile app downloadable freely in play store in
Android mobiles.
o

SOLAR POWER TECHNOLOGY SPVESTh

STh

1 & e

Fig.2 Commonly used two Roof Top solar technologies (SPV- light or STh-heat)
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Fig.3 Types of Measured irradiation on earth’s surface

The solar irradiation ( light energy ) falls on a solar photo voltaic panel kept on
the roof, the energized photons trigger free electrons in the P-N junctions of
Silicon material which are streamlined through a conductor carrying the direct
current which is then combined in series and parallel to generate electricity at a
operational voltage and current. Thus the panels generate DC power which can
be used to charge a battery or used through a inverter as converted AC power to
run the usual domestic electrical appliances . There are four types of solar roof
top (Fig.4)

Fig.4 Components of Roof Top Solar system

It can be a stand alone offgrid system ( charging a battery and usable as
DC/AC powered appliances without/with an inverter). It can be grid tied
saving transmission losses (T&D) being used where it is produced. It can be
grid interactive ( with a battery storage of adequate capacity) , excess energy
after using energy or charging in the house, will be exported to gird. It can
be grid fall back ( it’s like solar UPS) coupled with storage. The growth of



roof top development in India is rather slow when compared to the higher-
growth rate of the ground based plants installed capacity crossing 30GW.

Solar Rooftop Capacity Consumer Segments
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Fig.5 Growth and prediction for the future of Roof Top solar developments

In this one day tour of the roof top solar systems we will see the concept to
commissioning with policy promotions from time to time to reach the roof
top target of 40GW at 2022 in India.

. Solar energy policies in India ,International Solar Alliance

The Solar energy development policies have always been proactive in the
solar power development in India, with the announcement of National Solar
Mission, and spate of subsidies ( through central financial assistance CFA,
performance based awards, enabling banks to finance the roof top systems )
and market development and cost reduction through competitive bidding.
India is proud to have a global organization International Solar Alliance (ISA)
involving over 120 countries around the world mostly those with excellent
solar irradiation , with it’s head quarters in NewDelhi, India.

The Roof Top Solar (RTS) policies in India can be classified into two
categories one based on financial subsidy based, and the other, technology &
tariff based. The policy interpretation and implementation have been quite
unclear and has some of the RTS developers interested while others had got
discouraged by the processes and policy swings from time to time in every
state as power being concurrent subject of the centre and states in India.

An excellent statewise policy perspective for residential (R), commercial(C)
and commercial&Industrial (C&I) RTS can be read in
https://www.itsmysun.com/solar-state-wise-policy/



https://www.itsmysun.com/solar-state-wise-policy/

Policies of Financial Sops :

Central Financial Assistance of 30% on the CAPEX ( Capital Expenditure )
has subsidy being implemented through state nodal Agencies (SNAs). In
addition to the CFA some states have their own stated subsidies to promote
RTS deployment. However one should note any subsidy driven programme
the motivation is limited to getting the government subsidy but quality and
performance suffers. Again, the subsidy is always limited by the budget
allocation and hence not available to every interested investor. There are also
other business models to attract RTS investors/developers called RESCO
model , i.e Renewable Energy Supply Companies which can lease your roof
and operate




Year - wise target (MW)

2021-22
B Total 40,000 MW ;
M Year

2017-18
2016-17 N
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Realizirg our immense RTS potential and the ambitious targets, MNRE had launched Grid
Connected Rooftop and Small Solar Power Plant Programme with incressed budget of
75,000 Crore (T50 billion) for rooftop selar photovaltaic (RTS) projects up to 2019-20

Under this programme, RTS capacity In the commercial and industrial sectors to be developed
without any subsidy support. RTS plants on rooftops and vacant area of bulldings in residential/
social/ institutional/ Government! PSU sectors would be developed based on subsidy/ incantive
as follows:

a. For rooftops and vacant areas of buildings In residential! social/ institutional sectors,
capital subsidy at the rate of upto 30% of project cost or benchmark cost whichever is
lower for General Category States and upto 70% of project cost or bench mark cost
whichever is lower for Special Category States/lslands

b, Forrooftops and vacantareas of buildings in Government/ PSU sectors, financial incantive at
the following rates:

Achievement vis-a-vis Incentives for General | Incentives for Special

Target Allocation Category States Category States/UTs

80% and above within 2 ey I .

| san kel e HW«.?H-W 745,000/~ per kW |

m%nﬁw 50%. ¥11,250/- per kW 727,000/- per kW

Bilnw Sﬂ% :Iala-yud :un‘miulmhg up - _ : = = S|
6 the beyond sancimed peribd T 7,500/~ per kW T18,000/- per kW _1

=  Special Category States/lslands: Morth Eastern States including Sikkim, Uttarakhand,
Himachal Pradesh, Jammu & Kashmir and Lakshadweep, Andaman & Micobar Islands

. General Category States: All other States/UTs not covered under spacial states,

*  Residential buildings: All types of residential buildings, including group housing:

*»  Social sector buildings: Community centers, welfare homes, old age homes,
orphanages, common service centers, comman workshop for artisans ar craftsman,

tacilities used for the community. Trusts/NGONoluntary organizations/ training institutes,
any othar establishmants for commeon public use, ete.

Source : Gol notification on SPV 2017, MNRE Gol



SPV plants under both metering technology options , viz. net meter and gross
meter can be the choice of RESCO model. To ensure faster growth of RTS
the Government also set targets for development and those interested PSUs
/Govt. Institutions are provided incentive based on % deployment meeting the
target.

Policies Based on technology/tariff

The net-metering policy had been very attractive in reducing the electricity
bills of individual consumers and the meter is bi-directional and records both
export of power to grid and import of power from the grid and the consumer
is allowed to pay only the positive net consumption ( import > export ) . In
most states the consumer may not be able get payment beyond certain % load
demand ( export < import ), at the rates of tariff approved by state-regulatory
commissions. Alternatively,

the gross metering provides for RTS investors who lease roof area on rent and
export excess power to grid based on a mutually agreed PPA with the roof
owner and utility. Most of the DISCOMs being in financial stress owing to
free electricity for farmers, and lack of efficient proactive implementation of
revenue e-billing process and electricity theft in some cases, the fear of loss of
DISCOM profitability in the long run, RTS approvals with net-meters are
having a indirect resistance for effective implementation.

Current trends of not offsetting captive generations directly against
consumption, and charging the consumers at normal tariffs and paying for
exported energy at regulatory approved rates will certainly extend the concept
of gross metering to individuals which will hamper the growth of the RTS
sector.



3. Concept and Construction of Solar roof top PV,

If one understands that photons from the solar irradiation falling on solar
panels generates electricity , then the concept of RTS is as simple as a plug
and play type of system integration of various components, with panels
installed on the roof in a shade free ( minimum shaded) area. There are two
configurations of construction of RTS one is stand alone and the other is grid

tied.
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Grid-tied or grid interactive (DG-set or battery bank)) Roof top Solar system

While the grid tied system will stop functioning even during day time if there is
a power cut, the grid interactive will continue functioning with auxiliary DG set



or battery storage of adequate hours of operation. Regarding construction, all that
is needed is a structural support system which is anchored to the roof to hold the
solar panels against the sun to generate electricity. In most of the roof the uplift
pressure on the panels induced by kinetic energy of wind can be easily designed
by proper sizing of the steel pole embedded in the heavier weight of concrete
pedestal or freely kept reinforced concrete frame work. In the electrical side the
positive and negative poles of solar panels should be safely combined and then
wired through a charge controller , isolator, and DC-AC inverter with islanding
switch to the grid interface which are housed indoors through the metering
system.

4. Step by step procedure of commissioning, operation of Solar roof top PV
The step by step procedure in sequence have to be meticulously followed
for commissioning and successful operation of a Roof Top Solar (RTS) PV
system.

(1)  Solar insolation hours( irradiation in a given time, kWhs/sq.m/day ) on
the roof (@ minimum of 1000watts/sq.m for 1 hour @ 25 deg. Temp)

(1)  Available shade free area at the desired tilt and azimuth of solar panel
(90-100 sq.ft per kWp depending on efficiency and brand of panel)

(111)  Electrical load designed to be met with solar generation

(iv) Type of roof top Solar system and choice of solar cell and technology

(v)  String size of solar panels in series and in parallel to have desired DC

kWhs

(vi)  Checking the Roof strength and designing module mounting system

fixures

(vii) Charge controller and string monitoring in case of battery storage



(viii) Design sizing of invertor capacity with adequate DC:AC ratio

(ix) System integration of various components with safe isolators both at
DC level and AC level along with islanding feature of RTS PV
system.( to avoid electric shock to technicians attending repair in the

distribution line after a line off condition.)

(x)  Implementation of DC level meters and Utility meters ( uni directional

or bi-directional as per the design case)

For a complete design of components and RTS PV-system please use

https://teda.in/spv-simulation-tools/

5. Operation and maintenance aspects of Solar roof top PV
Roof Top Solar (RTS) projects which are domestic or residential
applications, it is fairly maintenance free, except for cleaning the solar panels
and checking for all the wired connections in the RTS PV system. Specially
safe earthing of the system is also essential. In the case of RTS of MW
capapcity institutional projects, we may have to employ a few skill-trained
teams of unskilled as well as engineers and technicians to monitor the strings
of SPV panels for physical hot spots, damage to wired connections, proper
inspection of structural support systems and their bolted and grouted joints for
any possible cracks leading to roof leakages etc. The system may be also
closely monitored with SCADA kind of sensor based IloT ( Industrial internet
of Things) . In some rare cases robotic cleaning of modules may be resorted

to.


https://teda.in/spv-simulation-tools/

6. Current challenges and outlook for India,
Roof Top Solar (RTS) power development has clear case of set targets for
each state of India, challenges are policy implementation including central

and state financial assistance initiatives.
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The outlook for RTS which has just completed 10% of the target set for 2022
40GW, but the focus on PSUs, Government Institutions, commercial business

model (RESCO , CAPEX, OPEX ) companies, Commerce and industrial



(C&l), individuals/residential uses is likely steer growth in the rest of years

before 2022.

Various factors have contributed to this slow growth including:
« Timely disbursement of subsidies
o Low residential electricity tariffs
e Availability of finance

o The difficulty of the process and the lack of timely approvals of net metering
applications

e Lack of consumer awareness

s Policy uncertainty
e Bureaucratic hassles
¢ Limited support from loss-making discoms that fear revenue leakage.

Recently, the Government of India announced Phase 1 of the Grid Connected
Rooftop Solar Programme.,

In the second phase, the governmentis
offering a 20- 40% financial subsidy to
residential consumers for new rooftop Rooftop solar can be a

solar installations ranging between 3- win-win solution for both
10kW, including user-clusters such as consumers and discoms

housing societies.'? This financial support . ) 1
should accelerate residential rooftop solar while reducing Indian

installations, reliance on imported

Rooftop solar is a win-win solution for fossil fuels.

consumers and discoms.

Source: IEEFA-India_Vast-Potential-of-Rooftop-Solar-In-India, 2019

7. Cost of roof top solar and different subsidiary schemes in India
Roof Top Solar (RTS) costs have been revised time to time revised by the

Ministry, by notifying benchmark costs for dispersal of incentives as a %. For



various schemes of RTS. While the announcement is always clearly stated for

special status states which are yet to start building systems in their state.
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For Grid Connected RTS PV systems

In continuation to this Ministry’s OM no. 318/

38/2018-GCRT dated 15" June 2018, the

undersigned is directed to say that benchmark costs for Grid Connected Rooftop Solar Power

Plants for the Year 2019-20 will be as under:-

cost (Rs/'Wp

Benchmark ,|Ben::hmark cost (Rs/Wp)

other thanlincludes North Eastern States, Hilly

for Special category States which

Above 100 kW and upto 500 kW 45

Capacity Special States of Uttarakhand, Himachal
Category Krudesh, J&K and UTs of Andaman &
States ‘icobar Island and Lakshadweep
Above 1 kW and upto 10 kW 54 39
Above 10 kW and upto 100 kW 48 53
50




Source MNRE notification for RTS PV systems , 2019

The commercial pricing of the grid connected roof top systems are likely to
be confidential and is likely to vary with vendor and the RTS PV system’s
add on features and performance. One typical table of costing seems to
indicate as you scale up the installed capacity the prices are falling per kWp.

Cost per kW in 1000s of INR
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Just like any other appliance, you will get products with varying costs in the
market for Solar PV as well. But then just like any other appliance, you have to
be aware of the quality of the product so that your expectations are matched with
the product’s performance. Tier 1 manufacturers (the ones listed above on this
page) would be expensive, but their products will perform better over a longer
period, whereas the cheaper ones may not perform so well over time. The
benchmark costs of Solar PV rooftop “Grid Connected” system has varied
between Rs 75,000/kWp and Rs 1,00,000/kWp in the last few years. In fact, if
you check the prices right now, the quotations that you would get would vary
between Rs 60,000/kWp and Rs 90,000/kWp (for decent quality systems).

If your connected load is 5 kW and you have enough space to install a 5 kWp
system, then it would cost roughly Rs 3,75,000. Typically a 1 kWp panel would
generate about 1300-1400 units of electricity per year (it will be more on days
with abundant light and less on days with low light). So a 5 kWp system would
offset about 6500 units from your electricity bill every year. If your average per
unit cost is Rs 7 then that works out to savings of Rs 45,500 per year. At Rs 7 per



unit, you will recover cost of project in 8 years (without subsidy) and in 5 years
(with 30% subsidy). If the cost per unit is more, then the cost recovery will be
faster. However, owing to the fear of revenue loss to DISCOMs uniform practice
of unit to unit generated and consumed is not going to be available in many states
in the implementation as the reverse bidding has brought down the price of solar
electricity as low as 2.44 paise per kWh. This will hamper the rate of growth of
this sector with reference to investors of RTS.

8. Manufacturing of solar cells and R&D,

Manufacturing of solar cells is a highly energy intensive process, specially using
semi conductor materials such as Silicon, cadmium, Teleroid .... and other
materials in different forms. Basic research involving development of new cost
effective affordable and easy to manufacture solar cell is not being carried out in
such rigor in this niche area specially in India. US, Japan, China and Europe,
Germany seem to lead these innovations. But make-in-India has raised several
manufacturers of solar modules using indigenous or imported solar cells. The
national renewable research laboratory of USA is involved in innovations in solar
basic cell research and development.

Please follow the latest updated link for more details :
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https://www.nrel.ecov/pv/assets/pdfs/pv-efficiency-chart.20181221.pdf

As per the data available on Wikipedia, top international brands based on capacity
of installation, and based on public information from the industry are:



https://www.nrel.gov/pv/assets/pdfs/pv-efficiency-chart.20181221.pdf
https://en.wikipedia.org/wiki/List_of_photovoltaics_companies

= First Solar (Malaysia)

= Trina (China)

= Canadian Solar (Canada)
= Sharp (Japan)

If you are looking for familiar brands (names) then you can look at the likes of:

=  Mitsubishi
= Panasonic
= Bosch

However, if you are looking for Subsidy on your solar PV installation, then you
will have to go for panels that are Made in India. Based on information from
MNRE (link), manufacturers/brands that lead the solar PV manufacturing market
are:

Vikram Solar

Waaree Solar

Goldi Green Technologies
Tata Power Solar

Please note that among the Indian brands, Vikram Solar is the only one that
appears in the global list on Wikipedia, and Waaree Solar has similar capacities.

Just like panels, there are multiple brands of Inverters (from various areas)
available in India. However, in case of inverters, your subsidy does not depend
on the make of the inverter; you can buy any inverter which meets MNRE
specifications and get subsidy.

Top international brands of solar inverter (available in India) are:

= SMA Solar
- ABB

= Schneider

= Fronius

= Huawei

Indian manufacturers of Inverters are also into manufacturing Solar Inverters, so
you can also get:

=  Su-kam
=  Luminous


http://mnre.gov.in/file-manager/UserFiles/information-sought-from-all-Solar-Cell-&-Module-manufacturers.pdf
https://en.wikipedia.org/wiki/List_of_photovoltaics_companies

While selecting an inverter, please make sure that the efficiency of the inverter
(to convert DC to AC) is high. International brands have energy efficiency as high
as 98%. Which means, almost all the DC energy that your PV panel generates
gets converted to useful AC energy.

Inverters these days also have in-built software solutions to manage and monitor
electricity generation from the solar panels. So. make sure that you get one that
has the capability. If you go for subsidy, then most of the basic requirements
(including the software) are covered in the requirements by MNRE.

Depending on the type of your connection, you also have to make sure that it is a
single phase inverter or three phase inverter.

A good heat sink along with use of electrolytic capacitors can make a good
inverter, almost a fit-and-forget kind of system which you need not worry about
for years.

Other accessories needed for a Solar PV Grid Connected system are:

= AJB (Array Junction Boxes) — for protection as there is no earthing.
» AC and DC distribution boxes — for protection as there is no earthing.
« DC Cables

While buying these, just make sure that you go for good brands like Havells,
Finolex, Polycab or any top Indian brand that makes products as per BIS
standards.There are over 9000 registered channel partners for system integration
services for RTS with varied levels of expertise and experience. The module
mounting structural systems have also become cost effective owing to the shift to
cold formed steel sections which are functionally light gauge but strong enough
to safely support solar panels subjected to wind induced uplift pressures, from
the earlier choice of heavier hot rolled steel sections for the support of RTS.

9. Micro and mini grid development for distributed generation

The micro and mini grid development and distributed electricity generation
would be the key area India needs to focus on in the years to come owing to
the vast potential of readily available roof top spaces spread across India with
abundant solar irradiation. In locations where 24x7 grid connected electricity
1s not possible owing to geographical or technical issues DC power for
clusters, of small homes are possible. Please follow the video link for an
excellent overview.

https://www.youtube.com/watch?v=DZoZBmS wIQ ( USEFUL DC HOME Cygni) .



https://www.youtube.com/watch?v=DZoZBmS_wIQ

A conceptual schematic of selar microgrid system



Installation, Operation & Maintenance of Solar PV Microgrid Systems

- A Handbook for Trainers

Rated Capacityat | o | | o | ¢ Length | Width | ‘veight
STC (Wp) e | S {(mm) (mm) (kg)
50Wp 304 | 28 [21.77| 1780 608 666 4.6
100Wp 611 | 557 |21.84| 1799 | 1152 666 .
200Wp 81 | 748 3265 2674 1486 082 155
250Wp 871 | 818 |37.55| 30.58 1630 082 1745
300Wp 874 | 805 | 451 | 37.28 1056 992 27

Storage Battery Inverter & Electronics

==
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__'

Charge Controller Solar Array Mounting Cables & Connectors
System

http://isolaralliance.org/docs/Microgrid-Trainers-Handbook.pdf

Battery storage — type and classifications

In a standalone PV system, baftery storage is required if electrical loads are required to
operate at night time, or during extended periods of cloudy or overcast weather when the PV
array by itself cannot supply enough power. The primary fimctions of a storage battery in a
PV system are:

(1) Energy Storage Capacify and Autononmy

({11} Voltage and Current Stabilization

(1if) Supply Surge Currents


http://isolaralliance.org/docs/Microgrid-Trainers-Handbook.pdf

In general electrical storage batteries are broadly classified as Primary and Secondary
Battenies. Pnimary batteries are not used in PV systems because they cannot be recharged. A
secondary baftery can store and deliver electrical energy. and can also be recharged by
passing a current through it in an opposite direction to the discharge current.

Flooded Electrolyte VRLA battery Lithium Ton battery
LA battery

The batteries that are commercially available and wiable for use in photovoltaic system
include:

+ Flooded Lead Acid Battenies

+ Valve Regulated Lead Acid (VRLA) Batteries
* Nickel Cadmium (NiCd)

+ Nickel metal Hydride (NiMH)

* Lithium Ion (Li-iomn)

10.Summary

Roof top Solar ( RTS) systems are of DIY- Do it Yourself category if they are in
small capacities ( 1-5kW) domestic, for both DC-home applications as well as
AC-Grid tied applications , if not in the township ( owing to tree coverage), at
your own houses, native districts, mining areas, and other open terraces or
neighboring village hamlets as part of CSR. PSU special allocation funding for
achieving roof top targets committed can be also a bonus revenue generating
stream. The expertise needed is system integration with suitable component
sizing and a certified electrician.In the case of larger RTS on institutional building
terraces more clear planning and designing the system components is required
along with trained technicians and engineers . Microgrids established with a team
of experts of NLCIL could become a commercially deliverable electricity
packaged products for villages or communities which want to be green and partly
off-load their demand from Ultility grids of the states.
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