Low Carbon Green Technologies for Off
Grid Power Generation using Renewable
Energy for Developing Economies to
Energize Dispersed Communities




ENERGY CRISIS- AREALITY

GREEN HOUSE GAS EMISSIONS
CLIMATE CHANGE
GLOBAL WARMING

DEPLETING FOSSIL FUELS (OIL TO
VANISH IN 40 YEARS)




EMISSION STATUS



MANAGEMENT COPENHAGEN

The International Energy Agency’s 3
450 Scenario proposes to reduce | #‘*
energy-related carbon dioxide  da b

_emissions to 450 parts per million
by 2030. This level is forecast to limit
global warming to a rise of just 2°C.
Under the proposal, carbon dioxide emissions
must decline by 13.8 billion tonnes compared
to current projected increases

Cuttina alobal emissions e | CUITENt DOliCiES are pursued
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- Share of world pop.

Cost 2010-2030

2007 emissions 6.1bn tonnes

Population

United
States

1,327m

2007 emissions 5.7bn tonnes
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Population 306m |

20% |

Share of world CO»2

Share of world pop. 5%

21%  Share of world CO2

Per capita CO2

20% |

4.6 tonnes

Per capita CO> 18.7 tonnes

$2,437bn

Cost 2010-2030  $2,395bn




EMISSION DATA(2010)

Country

India
China
USA
World

Population
(Millions)

1220
1352
311

6903

Per Capita CO2 Total CO2 emissions
Emissions (Tons/annum)
(Tons/capita/

annum)

1.12 1366

5.34 7222

18.65 5801

4.49 30967



WORLD ENERGY SUPPLY (TW)
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Annual Greenhouse Gas Emissions by Sector

Industrial 16.8%

processes

Power stations
21.3%

Transportation fuels

14.0% Waste disposal

and treatment
3.4%

Agricultural

Land use and
byproducts

biomass burning

12.5% 10.0%

Fossil fuel retrieval, 39 10.3% Residential, commercial,
processing, and distribution 11.3% and other sources

29.5% 40.0% 62.0%

20.6%

1.1%
8 4%, 4 8% 1.5%
2.3%
19.2% 91% 5 .a0 6.6% 59%
12.9% S 18.1% 26.0%
Carbon Dioxide Methane Nitrous Oxide

(7 2% of total) {18% of total) (9% of total)



CLASSIFICATION
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Cens per kwh
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Cost of different energy sources in Canada

$0.07 to $0.12 per kWh for wind power generation
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FUEL SHARE IN ELEC. GENERATION

| R Y A V4 T A

O Other Renewables
2.4%

B Hydroelectric Conventional
7.1%

O Nuclear
19.3%

48.9%

O Natural Gas

20.0% B Petroleum

1.6%



WORLD INSTALLED CAPACITY
(3262 GW OR 3262000 MW)
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World Renewable Energy 2005

[ ] Large hydro
58.23%

I Geothermal elec
0.72%

[l Solar heat 6.83%

B Small hydro 5.12% [ |Wind power 4.58% [ |Biomass elec

3.42%

[] Photovoltaic 0.42% [l Other elec** 0.05% [Jj Biomass heat*

[ ] Geothermal heat
2.17%

[ | Biodiesel fuel
1.21%

17.08%

[ ]| Bioethanol fuel
0.16%




Share in World Electricity

(Generation
Asia Pacific Japan
(-Japan) 7% Nort_h
21 - America
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Renewable Energy, end of 2006 (GW)

9.1

% g.s 2'7

0.3

770

* GWth
** billion litersfyear

O Large hydropower

B Biormass heating *

O Zolar callectors for hot
weaterheating (glazed) ™

O%ind turhines

B Small hydropower

O Biormass power

B Ethanol production ™

O Geotherrmal heating *

B Geathermal power

B Biodiesel production™

O Salar PV, grid connected

O Solar P, off-grid

B Concentrating salar

therrmal power (CSF)
B Ocean (tidal) power







Region-wise Electricity Generation
(Total: 15,432 Tera Watt Hrs.[TWh])
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Per Capita Electricity Consumption
(World: 2548 KWh)




World Electricity Scenario

* IN 2000, GLOBALLY 15430 TWH OF
ELECTRICITY WAS PRODUCED

* PER CAPITA ELECTRICITY
CONSUMPTION OF 2548 KW

« BY 2020, ELECTRICAL POWER
GENERATION IS EXPECTED TO BE
25,500 TWH




TOP COUNTRIES IN

INSTALLED CAPACITY
US 795 GW
China 294 GW
Japan 229 GW
Russia 203 GW
India/ Canada 160/111 GW




Role of Scientists and Engineers

MAKE:
« Conventional Energy Sustainable
&

« Renewable Energy Available



Special features of RE

Non Portable except Bio Energy to some extent
Generation must be at location of source

Solar Energy Is uniformly spread

Wind and Hydro are location specific

Bio Is more uniformly spread, of different types

Technology must be economical, viable,
acceptable, maintainable and user-friendly (for
non techno savvy customers)



HIGH GROWTH RATE

CHINA & INDIA HAVE THE HIGHEST GROWTH
RATE OF INSTALLED CAPACITY IN POWER
SECTOR

Energy mix in both India and China is carbon-
Intensive with locally available cheap coal being
the primary source

India’s Energy use is 5™ largest in the world
Concern of Increased emission 1S REAL
What is the solution?



INDIAN ENERGY SCENE
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Indian Power scene

As on March 2010, installed generation capacity
was 159,398 MW

9585MW was added in 2009-10 alone.

Thermal- 64.28%,
Hydro- 23.13%,
Nuclear 2.88%

Renewables- 9.7%% .



-To meet Energy deficit an estimated 35,000
MW is produced by diesel generator causing
emission

To bridge the gaps following ambitious
targets are set in conventional power:

11th Plan- 78700 MW
12th Plan- 83000 MW and
13th plan - 100000 MW
Mostly from Coal?.
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RURAL ELECTRIFICATION IN
INDIA

MINISTRY OF POWER SANCTIONED
5/3 PROJECTS IN 27 STATES

Electrification of of 1,18,499 unelectrified
villages

Augment Electrification of 3,54,967
Villages

RE can be the key through DDG



Fund for Generation and RE

 Fund includes for Small Hydro and RE

« $60b sanctioned for generation for rural
sector



INDIA’S RENEWABLE POTENTIAL &
ACHIEVEMENTS (Oct.09)

PARTICULARS POTENTIAL ACHIEVEMENT
Solar 20MW/sg.m 6MW
Waste to Energy 27/00MW 6 /MW
Cogen-bagasse 5000MW 1241MW
WIND 50,000 MW 11000MW
SMALL HYDRO 15,000 MW 2558MW
BIOMASS POWER 21,000 MW 820 MW

Total

15542MW




GRID CONNECTEDRENEWABLE POTENTIAL

IN INDIA

Source Capacty (MW) Annual generation
(Billian KWh)

wind 1,00,000 219
Smal Hydro 15,000 46
Bagasse 5000 263
Biomass 16,881 8872
Large Hydo (incl Bhutan) | 1,00,000 5256
Waste to Energy 5000 2628
Solar (PV+Thenmal) 4,00,000 900
Geothermal 10,000 70
Total 6,62,881 2049
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Off Grid Renewable

Biomass/Cogen 182MW
Biomass Gassifier 108MWeq
Waste to Energy 38MWeq

Solar PV/Str.lights 2.39MWp
Aerogen/Hybrid 0.89 MW
Remote Village Electrification 4297Villages +

1156 Hamlets
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SOME REALITIES

2b PEOPLE IN THE WORLD DO NOT HAVE
ACCESS TO GRID ELECTRICITY

DISTRIBUTED DECENTRALISED GENERATION
(DDG) HAS COME TO CENTER STAGE

INDIA IS INVESTING $250b FOR DDG FOR
RURAL ELECTRIFICATION USING ALTERNATE
ENERGY

ROOF TOP, BASEMENT, BACKYARD POWER
Nl I\I\I'I'C‘I\III\Y FRUC




* |n India alone nearly half of the over
billon population are deprived of this
valuable asset despite massive rural
electrification plans.

* In most of the electrified villages not
only the connected households are a
fraction of the total but power is
gvailable on an average of 4 hours per

ay.

* This is not acceptable if ‘electricity to
all’ is the motto with all ensured 24x7
power.



Need of Off-Grid

Bulk of the above targeted population lives in rural
and remote regions

Here supply through grid is not always the best
solution,

Off grid power generation and distribution using RE
attractive.

In Canada too there is large dispersed population in
Northern regions whose electricity needs have to be
met by traditional or modern methods. Here too RE
may become handy dependant on available local
source.



Micro Grid

* A peculiar feature of power supply in many
developing countries is its erratic and
unreliable nature due to load shedding.

 Many consumers resort to standby inverters

or diesel driven generating systems adding to
emissions.

 RE and storage systems with micro-grid
iInterface may transform such unreliable
supply to a healthy 24 X7 system.



Canada- India initiatives:

- Symposium at Ryerson University, Toronto jointly
with IEEE Toronto section during July 2008 on
“Alternate Energy and Global Synergy”

« Indo- Canada Workshop on “Electricity Generation
Using Renewable Energy” at lIT Delhi during
October, 2009

« Back to back with this workshop an International
conference on ‘Research Policy for Sustainable
Energy’ was organized by Indian National Academy
of Engineering, in New Delhi.



Canada Vs India

* International Council of Academies of Engineering
and Technological Sciences (CAETS) comprising
26 National Academies of Engineering includes
Engineering Academies of India and Canada

* It has brought out a Working Group report in
Sept.2010

« on “Deployment of Low Emission Technologies for
Electric Power Generation in response to Climate
Change”.



CAETS Recommendations

 Recommends international collaboration of
engineers, technologists and scientists in the
crucial matter of providing the world with
secure low- emission electricity at the lowest
possible cost.

 Recommends research leading to technical
breakthroughs and cost reductions in
renewable energy and new technology for
electricity distribution networks to optimize
systems to handle fluctuating renewable
sources and loads.



Canada Vs India
Compare and Contrast

Population: Total Canada population of 35m equals
E?el I:o:al population of 3 Indian cities —Delhi, Mumbai,
olkota

Differing dispersed population

Per capita Energy and emissions

Large English knowing population

Large Indian Diaspora and Students in Canada
Commonwealth, democracy, Rule of Law
Recent event lIFA-Bondage

Editorial in Toronto Star for more India- Canada
Linkage

India-Canada Energy Forum set up in 2009



Challenge

How to translate well meaning policy to
action to impact people of both countries

Can we Initiate joint Project
Who will facilitate, support and Fund?
Are existing MOU effective?

Can we synergise ISTP,NSERC,OEC,DST,
MNRE, MOP, NEF?



INTEGRATED ENERGY POLICY-
PLANNING COMMISSION (AUG.2006)

« A National Energy Fund (NEF) must be set up with a
cess of 0.1% of turn over of all Energy producing
Companies

« NEF should commission and Fund R&D

 NEF could provide R&D funding in support of
applications, innovation of new ideas, fundamental
research to researchers in Institutions, Universities
and even individuals
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Policy of Govt. of India

Off-grid applications are major Indian renewable energy
priorities.

Such applications not only replace fossil fuels but also
make significant contribution to reduction in their
consumption.

Strength and potential of renewable energy lies In its
ability to generate power Iin decentralized and distributed
mode

It has the advantages of production at consumption
points and does away with land and environmental
related concerns and problems.

Ministry has put in place a policy framework for rapid
up-scaling of off-grid programmes in an inclusive mode.



 Rural electrification to meet unmet demand
through renewable energy is a priority by itself.

150 villages have been covered in last 2 years
through mini grid by rice-husk based
gasification systems in Bihar.

» The Ministry has plans to cover about 10,000
villages from biomass-based systems and over
1000 villages from solar power up to 2022.



* The Ministry would like to step up
renewable energy decentralized
applications to save a billion litre of
diesel/furnace oil/kerosene annually after
b years.

» Telecom towers and industrial power
generation are two focus areas to reduce
consumption of diesel.”



DIFFERING TECHNOLOGIES FOR

DEVELOPED & DEVELOPING
COUNTRIES

GRID CONNECTED AND OFF GRID
SYSTEMS

Each country may have different need
and scope.

Need- THINK GLOBAL, ACT LOCAL



TWO BASKETS IN POWER
GENERATION

* GRID FED SYSTEMS

— PREFERRED BY DEVELOPED
COUNTRIES

* OFF GRID SYSTEMS
— NEEDED BY DEVELOPING ECONOMIES

 TECHNOLOGIES MAY BE QUITE
DIFFERENT FOR THE ABOVE



AN INTEGRATED GENERAL
OFF-GRID ENERGY SYSTEM

« Conventional Sources
« Renewable Sources

» Storage Systems
 Loads



Conventional Sources

« Main Grid
e Diesel Generators



RENEWABLE SOURCES

« SMALL HYDRO

 WIND

 BIO ENERGY

« SOLAR

 Ocean, GEOTHERMAL (Minor player)



ENERGY STORAGE

HYDROGEN

FUEL CELLS
BATTERY

SUPER CAPACITOR
PUMP STORAGE
FLY WHEEL



LOADS

DOMESTIC:1- PHASE
COMMERCIAL: 1- PHASE
AGRICULTURE/IRRIGATION:

-3- PHASE
INDUSTRIAL- 3-PHASE



DOMESTIC LOADS

LIGHTING-CFL,LED, FLOURESCENT
HEATING
HVAC

MOTION-FANS,COMPRESSORS,
BLOWERES,PUMPS

ENTERTAINMENT,IT- TV, AUDIO-
VISUAL, PCs



COMMERCIAL (1-PHASE)

 LIGHTING

« HEATING

« HVAC

« ENTERTAINMENT
o |T

« MOTION




INDUSTRY-3-phase

 Flour Mills
» Cold Storage
 Small Industries



Agriculture

* Pumps
* |rrigation system



Technical classification of loads

Linear
Non-linear
Balanced
Unbalanced
Dynamic



GENERALIZED INTEGRATED OFF-GRID ENERGY SYSTRM

DIESEL T g —DOMESTIC
SOLAR— > 5 -
E ey HYBRID VEHICLES
i — |
WIND— . —| COMMERCIAL
HYDRO s #NDUSTRIAL |
| AGRICULTURE/
BIO ~ — > i
IRRIGATION |

STORAGE )

‘ ----- ' MICRO-GRID

ENERGY MANAGEMENT SYSTEM



DIFFERENT POSSIBLE
SCHEMES



Schemes

« Capacity: 5kW-1 MW
 Energize individual or community



One source, one load

Bio Energy: 1-ph/3-ph. Loads (Simple
controller

Small Hydro: 1- Ph/3-ph.loads
Controller: ELC & dump load
Wind : Controlled load as per wind speed

Solar: Controlled load as per solar
Insolation



A STAND ALONE WIND PLANT IN MONTANA




Hybrid Systems

Wind- Battery
Wind- Bio/Diesel
Wind-Solar
Wind-Hydro
Solar-Hydro-Bio
Solar- Battery




Scheme with Main Grid

Community electrified with main grid
Grid 1s weak with regular disconnections

Use the grid as micro-grid in island
operation

Connect RE sources to this micro-grid
Connect Storage systems to micro-grid



Scheme with Diesel Generators

Community electrified with main grid- Like
Kasabanica

Similar sites in India- Andaman Nicobar, Ladakh,
Lakshadweep, Bet Dwaraka

Diesel may continue as main source to create a
micro-grid

Use the grid as micro-grid in island operation
Connect RE sources to this micro-grid
Connect Storage systems to micro-grid

Conserve diesel




Micro grid and Smart grid

 |Isit like GOD!

India has commissioned a first of i1ts kind Renewable
Energy Based Smart Mini-Grid System at TERI
Retreat in Gurgaon.

"The country must have strong safeguards so that it
gets the best technology and also develops it
Indigenously", said Faroog Abdullah, Union
Minister of New and Renewable Energy .



"Renew
unrea
S

Smart mini-grid

able energy Is important as It reaches
chable areas," said Shri Sushilkumar
ninde, Union Minister of Power .

He saic

that smart mini-grids would be very

useful for stand-alone projects in villages

and 1naccessible areas.



What 1s Smart Mini-Grid
or Micro-Grid?

A Smart Mini-Grid (SMG), or Micro-Grid, Is an
Intelligent electricity distribution network,
operating at or below 11 KV, where the energy
demand is effectively and intelligently managed
by diverse range of Distributed Energy Resources
(DERSs) such as solar PV, micro-hydro power
plants, wind turbines, biomass, small conventional
generators such as diesel gensets etc in
combination with each other through smart control
techniques.



« Advanced sensing, communication and
control technologies are used in smart grids
for not only generation and transmission of
power but also distribution and utilization
of electricity in a more intelligent and
effective manner.



Such an application will not only foster the
effective inter-connection and utilization of
multiple renewable energy resources but
will also help in advancing access to energy
to the last mile in the most optimum way by
Improving the efficiency of the overall
system.



The Smart Mini-Grid system has a great
potential in large commercial and industrial
complexes, hospitals, shopping malls/
complexes, apartments, residential
complexes, educational institutions, remote
un-electrified as well as electrified locations
to ensure maximum flexibility, reliability
and safety.




Micro-Grid

This 1s the Technology to be developed
perfected ,generalized, integrated and
deployed

Hopefully through Canada- India
collaboration.

It 1s multi-disciplinary
All can contribute



SOME TECHNOLOGY ISSUES
&
INDIAN INITIATIVES



BIO ENERGY



Characteristics

Prime mover —Engine
Source- Bio fuel, Biomass, Biomass

Near constant speed- A 5% speed drop from
no load to full load

Governor control

1-ph. or 3- ph.

Varying load

Varying input power, Varying fuel intake
decided by output power



Biogas is an important renewable energy resource for
rural areas in India.

Produced by anaerobic digestion of biological wastes.

Environment friendly, clean, cheap and versatile fuel.

Generally comprise of 55-65 % methane, 35-45 % carbon
dioxide, 0.5-1.0 % hydrogen sulfide and traces of water

vapoulr.

Average calorific value of is 20 MJ/m3 (4713 kcal/ m3).



BIO ENERGY

Biomass. Bio gas driven turbines,
engines

Grid connected and stand alone
generating systems

Supply security
Pollution issues
Economics- Fuel price is dy



Bioconversion- Biochemical

route




BIOCONVERSION-
THERMOCHEMICAL ROUTE




Biogas like Liquefied Petroleum Gas (LPG) cannot
be liquefied under normal temperature and pressure.

Therefore use of biogas is limited nearby the biogas
plant.

India has a potential of generating 6.38 X 101% m3 of
biogas from 980 million tones of cattle dung
produced annually.

The heat value of this gas amounts to 1.3 X 1012 MJ.

In addition, 350 million tones of manure also
produced along with biogas.



Biogas Technology Status

Government of India has been running National
Biogas and Manure Management Program
(NBMMP)

100% Biogas engines are in operation in the
country.

95% methane to make it suitable to be used as a
transport fuel and for blending with natural gas
where the gas grid is available.

High density polyethylene (HDPE) based complete
and portable family size biogas plants suitable for
rural and semi urban area.



Other urban waste projects include:
* 1MW project based on cattle dung at Haebowal, Ludhiana;

0.50 MW project for generation of power from biogas at sewage
treatment plant at Surat, Gujarat;

* 150 kW pant for vegetable market and slaughter house waste at
Vijaywada.

* 300 kW project based on vegetable market waste under
commissioning at Chennai.

« 25 waste-to-energy projects with an aggregate capacity of about
30 MW from a variety of industrial wastes also been setup in
the country.



Ministry of New and Renewable Energy
Bilo-energy Technology Development Group

Biogas Programmes:

* Biogas Based Distributed/Grid Power Generation
Programme.

* Demonstration of Integrated Technology Package on
Biogas-Fertilizer Plants (BGFP) for Generation,
Purification/ Enrichment, Bottling and Piped Distribution
of Biogas.

* Establishment of Business Model for Demonstration of an
Integrated Technology Package for creation of smokeless
villages using biogas/ bio-energy systems and meeting ‘Life-
line Energy’ envisaged in ‘Integrated Energy Policy’




National Biogas and Manure Management
Programme (NBMMP)

NPBD/ NBMMP Launched in 1981.

Estimated potential of biogas plants: 120 lakh
Nos.

Cumulative Biogas plants installed: 41.7
lakh(34%0)

Envisaged Target for 11t Plan: 6.47 lakh p Iagnt
(14 lakh m

Installation in first two and half
years of the 11t Plan: 2.44 lakh plant (4.9 lakh m°)




» Launched in January, 2006.

» Projects completed: 20 No0s.(567.50 kW)
» Projects under Installation: 68 Nos. (549 kW)
» Total no. of projects sanctioned: 88 Nos.

» Total/ Aggregated capacity: About 1.16 MW
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Biomass-Grid fed, Indian Potential

Forest and agro Residues: 16,000MW
Sugar Mills, Bagasse Cogeneration: 5000MW
Total: 21,000 MW



Biomass Power, Cogeneration

« Current Potential from Agro/Forest \Waste-
16,000 MW



Biogas based Distributed/ Grid Power
Generation Programme

» Blogas Plant Capacity: 25 - 3000 cum/ day
» Power Generation Capacity: 3-250 KW
» Estimated Power Generation

from 25 cum Plant: 30KWhr per day (3KW)
» Estimated Power Generation

from 100 cum Plant: 120 KWhr per day (12 KW)
» Estimated No. of hours for meeting

Power Requirement from 25 cum Plant: 10 hrs.




Grid Fed Biomass Power

Biomass Gasifier based Grid Connected
Power projects with 100% producer gas
engines or

biomass based grid connected Boller-
Turbine-Generator (BTG) projects,

Preferably at tail end of grid and having a
decentralized distribution component.

Maximum capacity of each project : 2 MW



Biomass based off grid generation In
India

« Biomass Gasifier based Distributed / Off-grid
power programme for Rural Areas for
distributed power generation

* Applications: lighting, irrigation and other
commercial establishments.

* Project may preferably be set up following a
cluster approach.

« Biomass gasifier based captive power
generation in Rice Mills for meeting their
captive needs and surplus power fed into the
grid / distributed in local areas.



*A biomass gasifier system for power generation In
Village Garkha, of Bihar

egenerates electric power for eight hours/ day,

* providing popular alternative to an unreliable grid
supply.

* Electricity Is sold to businesses which previously
used diesel generators.

*Most of the biomass Is a local woody plant which
grows In water-logged areas where crops cannot be
grown.



Rice husk based biomass gasification
projects
I\?gt ajp by M/s Husk Power System, Patna, an

32 kW gasifier systems with 100% producer
gas engines

20 villages of West Champaran District of
Bihar

Providing off-grid power to rural areas of 500-
700 households through each system within a
radius of 1.5 kms.

The projects are being built, own and
operated based on a revenue model.



* One 11 kW Biomass Gasifier System
Installed by the a Community Centre
Trust,in Tamilnadu

« Commissioned and meeting unmet demand
of electricity of the village.

* One 40 kW Biomass Gasifier System for
electricity supply in the villages Kotwa
near, Allahabad, UP has been successfully
Installed.



Some Success Stories

« Biomass gasifier systems for electrification of 5
villages in Bihar by Decentralized Energy System
India Power (Kosi) Pvt. Ltd.

« QOperating for last two years as a viable business
model.

 Electricity is provided for 6-8 hours daily for
lighting application in the night and for 8-10 hours
for other commercial applications including water
pumping for irrigation purposes, micro-enterprises
etc.



Programme for 2010-11

* A physical target of 4 MW for decentralized
/ distributed power from biomass gasifiers
projects

6 MW grid interactive bio-power from
biomass gasifiers projects



BIOMASS BASED THERMAL PLANT
(20 MW)- HIRIYUR,KARNATAKA




BIO MASS BASED POWER
GENERATION (GRID FED)

BIOMASS 11kV
GASSIFIER GRID

INDUCTION/

GENERATOR

ENGINE TRANSFORMER
CONTROLLER




BIO MASS BASED POWER

GENERATION (GRID FED),

STEAM ROUTE

\4
BOILER

11kV

GR

INDUCTION/
GENERATOR
TURB'N TRANSFORMER
CONTROLLER

1D



BIO MASS BASED POWER
GENERATION -STAND ALONE

BIOMASS
GASSIFIER
INDUCTION/
GENERATOR
ENGINE
AVR/
CONTROLLER




INDUCTION/

GENERATOR

AVR/
CONTROLLER



Husk Power System of Bihar
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New 5-kW,1- ph. SEIG set-up




ELECTRONIC
CONTROLLER




SINGLE PHASE SEIG
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Fig.2 BLOCK DIAGRAM OF THE ELECTRONIC CONTROLLER FOR TSC



AutoSave trace and sstup to file

« ) Press to go Press to

) - s
~. AutoSave

Load voltage profile with controller, at sudden application and removal of
load, the upper wave form is load voltage and lower is load current
(voltage level is maintained constant in all dynamic situations)




CONSTANT POWER

ONE SOURCE

LOAD CONTROLLER

SMALL HYDRO

CONSTANT SPEED

CONSTANT POWER

USE OR DUMP SURPLUS POWER




HYDRO



TOP FIVE COUNTRIES IN
HYDRO BASED INSTALLED




BASINS/RIVERS | POTENTIAL AT PROBABLE
60% LOAD INSTALLED
FACTOR (MW) CAPACITY
(MW)
INDUS 19,988 33,832
GANGA 10,715 20,711
CENTRAL INDIAN 2,740 4,152
RIVERS
WEST-FLOWING 6,149 9,430
RIVERS
EAST-FLOWING 9,532 14,511
RIVERS
BRAHMAPUTRA 34,920 66,065




WORLD HYDRO CAPACITY

« WITH ABOUT 30000 MW INSTALLED
HYDRO CAPACITY BY THE YEAR 2005,
INDIA STANDS 6'7 IN THE LIST OF
WORLD’S TOP HYDRO-ELECTRICITY

GENERATING COUNTRIES

* INDIA HAS POTENTIAL TO BE IN THE

LEAD IF FULL HYDRO PO

EN

AL OF

NORTH-EASTERN RIVERS IS

EXPLOITED




SMALL HYDRO



Status..

-Hydro Power is 87% of Renewables
-In 2005, 18GW of Hydro Power added
-Hydro provides power in 160 countries

- Brazil, Canada, China, Russia, USA make up
more than 50% of Hydro production

- A 10 fold increase in Africa, 3 fold in Asia,
doubling in S. America expects In near future

- In Canada additional 11GW identified



Changing Role..

» Hydro technology has to improve-
environment performance, corrosion of
blades, materials, efficiency, operating
range, cost

* From smallest (3kW) to biggest (over
100MW), each has a footprint



New Role

« Small Hydro Plays an important role in
remote areas, community development,
multi purpose infrastructure- applicable to
both developed and developing countries.

» Large schemes will be environmentally
benign and support grid, industry and urban
sectors



Some Lead countries and
Theoretical Hydro Potential

(TWh/YT)
Congo (1397) Peru (1577)

Ethiopia(650) China(6083)
Canada(2216) India (2638)
Greenland(800) Indonesia(2147)
USA (4485) Japan(718)
Brazil (3040) Nepal(733)
Colombia(1000) Norway (563)
Russia(2295)




SMALL HYDRO- GRID CONNECTE

LARGE POTENTIAL IN INDIA, CHINA,
NEPAL, BHUTAN (200GW), LATIN
AMERICA, AND AFRICA (Ref. WEC)

Upto 25MW Station Capacity

In India 5718 sites with a Potential of

15,384MW identified-in Himalayas and 5
states In plains: 50% to be tapnad in navt
decade. >0

iy
700SHP set up with 2,558MW N

‘\ g



SCHEMATIC OF MINI HYDRO

SYSTEM

\ Q 11kV
P=Q H= CONST. GRID

H P

—)
b 11KV
Q <
HYDRO | TRANSFORMER
TURBINE

CAPACITOR



SMALL HYDRO PLANT (KR CANAL)
NEAR MANDYA,KAR,IND (750KW)




Small Hydro...

Turbine design- uncontrolled
Variable speed generator.
Power Electronic converter
Grid inter-phase

Micro grids



SMALL HYDRO-OFF GRID

Turbine Design

Pump as Turbine
Electronic load controller
New reliable generators for stand alone mode
Micro, pico hydro
Business Model
Vendor development
O&M







SYSTEM DESCRIPTION

TALL CHANNEL

COMPONENTE OF A TYDPICAL
MEDIUM EEAD HYDRO INSTALLATION
TEE GROSS HEAD () IS SHOWN
CPFOSITE.




PICO HYDRO SITES IN KARNATAKA, INDIA
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Canal Based Scheme in Punjab




STAND ALONE SYSTEMS

* These systems serve distributed generation
applications. The beneficiaries of the
systems include corporations, government
organizations, rural villages and isolated
communities.

o 1 KW, 5 KW, 10 KW, 15 KW, 25 KW
systems



SYSTEM DESCRIPTION

Weir

River/Stream

\ ., Channel

Fore bay

Penstock

Power

House



PARTS OF THE SYSTEM

- WEIR

- CHANNEL

- FOREBAY

- PENSTOCK

- POWER HOUSE

A) TURBINE

B) SELF EXCITED INDUCTION
GENERATOR

C) ELECTRONIC LOAD CONTROLLER



SCHEMATIC DIAGRAM

Turbine

Consumer Load

ELC and Dump Loa(

| —_—




SEIG WITH ELC FEEDING SINGLE PHASE LOAD

Voltage
Controller

¢
Ref
Gating
1. Voltage .+ Sl
Semor
SN
1, Feelback
1 Y 7
l J
e 25 =& \
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e i R 7S § .
<
B
Cmsumer L.oad A

Ekctomc Load
Caontroller (ELC)




A.SYSTEM DESCRIPTION
AND OPERATING

ttttt

PRINCIPLE Contd..

Ic
A
Rotor
== Cc

CHz




TURBINE AND INDUCTION
GENERATOR ASSEMBLY




ELC AS A PRODUCT
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DETAILED VIEW OF
IGBT BASED ELC




== , Electronic Load Controller

T E—
TGISTOKD

DC Machine Drives
Dump Load



Test Data:
Effect of Sudden Change of
load of Load

Tels I i Stop k1 Pos: 1.640s CH4
-+
Coupling
B% Limit
SEI G vol TIR.Z
W

100kHz

"."lIll'tS.-"EII'-.-'
=+

o+

o h

Current
. Inwert

CH2 25.04 k1 2.50s CH2 .~ —12.04

CH3 2508 CHA 25.04 18—-mar—11 1603 g6, 3273Hz

Fig. SEIG Voltage, Current,, Main Load Current And Dump Load Current When Main Load Reduced To 25%
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WIND ENERGY
-VARIABLE SPEED, VARIABLE
POWER



WINDIEST REGIONS,
POTENTIAL

COASTAL REGIONS OF AMERICAS,
EUROPE, ASIA, AUSTRALIASIA

TOTAL RESOURCE IS VAST- ONE
ESTIMATE PUTS IT AS A MILLION GW

Even if only1% of area used with a low load factor
of 15-40%, wind potential correspond to total
capacity of all elec. Generating plants

Offshore resource HUGE- capable of supplying all
EU electricity without going further than 30km
offshore.



ATTRACTIVE WIND
REGIONS

Europe- North/West coasts, Mediteranean
Asla- East coast, some inland areas
Africa- North, Southwest coast

North America- Most coastal regions, some
mountainous central zones

S. America- Best Towards south



World Wind Energy - Total Installed Capacity (MW) and Prediction 1997-2010
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Introduction

Global Wind Capacity in 2007

Global Cumulative Installed Capacity (GW) 94.1

90

1995 1997 1999 2001 2003 2005 2007

Global cumulative installed capacity

» Total installed capacity by 2007:
« Annual increase in 2007:
» Average growth in last 8 years:

* Installed capacity in Canada:

Canada
2.0%
Portugal
2.3%

Rest of the world
11.9%

Germany
23.6%

Denmark
3.3%

Top 11 wind power countries in 2007

94GW
27%

25%
1,846 MW

143



Global Installed Wind Power
Capacity (MW),2009

Region Capacity
Africa, Middle East 865

Asia 39,610
Europe 76,267
Latin America 1274
North America 38,383
Pacific 2,221
Total 158,505




Installed Wind Power Capacity In

Asia (2009)
Country Capacity
China 25,805
India 10,926
Japan 2,056
Talwan 436
S. Korea 348
Phillippines 33
Total 39,610




Major Manufacturers supplying
Wind Machines in INDIA

Make Rating | Drive Speed Generator
(kW)

Enercon 800 Gearless |Variable |Sync.

GE Wind 1500 Gear Variable |DFIG

Suzlon 1500 Gear Fixed Async

\estas 1650 Gear Variable | Async

Global 2500 Gear Variable |Sync

Wind Power




INDIAN OCEAN

L
80

7o 5 &80 BS S0 ==
T T T T T .
INDIA L
WIND RESOURCKS IN 11 STATES AND 2 UNIUN T'ERRITORIES
AT S50m ABOVE GROUNID
Unir Win®
Scalkc 1Cm 60 Km
—f0
UTTARANCHAL
=]
ARRIAsEL
UTTAR PRADESH m
RAJASTHAN =
BIHAR
—ES
=
MADHYA PRADESH %
) y GUJARAT sENSiL
Fort
%{_0 = % l‘i‘
e £ _'1/2—/
ORISSA 4 - ™
K MAHARASHTRA =2
e
- ANDHRA PRADESH
ARABIAN SEa& BAY OF BENGAL
—ui5
14—
-
=
=
B
KARNATAEA =
¢ =
& s
s S
Edase = G
- et . - (=1
B - %
= - = —30
= = WIND POWER DENSITY CWFD) G T o
% gt %
200 - 250 s ‘:
- S0 - o0 -
~ — ET TS ) ‘z,
- T Q
B o







A VIEW OF WIND TURBINES-
CHITRADURGA ,KARNATAKA




Grid Interactive Wind Power

« Total Installed- 10,925MW (5™ Largest
after USA,Germany, Spain, China)

« Total Wind Potential- 49,000 MW

« Wind Equipment: Export upto
$1,400Millian to USA, China,Japan,
Australia, Brazil etc.

« Manufacturing: 60% indigenous-3000 MW
manufacturing capacity



Wind Turbines installed in Chitradurga, Karnataka



MODERN WIND TURBINES

 Early machines (20 Yrs. Ago)- 50-100kW,
15-20m dia

 Present trend-upto 2ZMW and above, 60-
/0m dia

 Offshore upto 5SMW and 110m.dia



Wind Energy Conversion

WES without using power converters

Up to 2.3 MW

Squirrel Cage
Induction Generator
Gearbox Capacitor Transformer Grid

Advantages

 Low manufacturing cost

* Robust, low maintenance cost
Drawbacks

« Low conversion efficiency

« Large fluctuation in output power

153



Wind Energy Conversion

Doubly fed induction generator with rotor converter

Up to 5 MW

ST/ 1L =
— | T VA

Reduced-capacity

converter Transformer Grid

Gearbox

Advantages
« Extended speed range
» High system efficiency and low cost because
» Decoupled active & reactive power control
 Enhanced dynamic performance
Drawbacks
* Limited grid-fault operation capability

154



Wind Energy Conversion

Wind energy systems with full-power converters

Up to 5 MW
(PMSG)
g : N 1= |
— | T Al CQ > D
SCIG Full power
Gearbox WRSG Transformer Grid
PMSG converter
Advantages

« The generator fully decoupled from the grid

 Wide speed range

« Smooth grid connection

» Reactive power compensation

« Capability to meet the strict grid code
Drawbacks

* High system cost, reduces system efficiency

155



Wind Turbine Technology

Wind turbine size

Year Capacity (kW) Rotor Diameter (m)
1985 50 15

1989 300 30

1992 500 Sy

1994 600 46

1998 1,500 70

2003 3,000 90-104

2004 4,500-5,000 112-126

2007 6,000 P2

156



Wind Turbine Technology

Horizontal- and vertical-axis wind turbines

««—— Rotor Diameter |

General tor A

Nacelle

Tower —»

Rotor
blade

Gearbox V Generator

Horizontal-axis wind turbine (HAWT) Vertical-axis wind turbine (VAWT)

157



ANIM

SCHEMATIC OF A
CONSTANT SPEED WIND

11kV
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WIND BASED OFF GRID
HYBRID SYSTEMS



Wind Diesel/Bio Hybrid

‘ P1 GRID
‘ I Or LOAD
GENERATOR >
= f—
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P1+P2=Pd+P|
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Wind Battery Hybrid

GENERATOR

GRID
DC Bus P Or LOAD
Convertor Convertor
AC/DC DC/AC

Battery



WIND SOLAR HYBRID

1-10kW Installed in several locations In
India

Total 954 kW
Wind speed above 4 m/s tapped.
Technology yet to mature



Schematic diagram of the WECS using parallel operated PMSGs
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Mechanical power output of the wind turbine vs. generator speed for different wind speeds



Schematic diagram of wind hydro hybrid system using
PMSG and SCIG
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SOLAR (PV)

DOMESTIC/ COMMERCIAL
APPLICATIONS
!

BUILDINGS/ARCHITECTURE

PV PANELS- P
ECONOMICS,EFFICIEN L\

Converter Technology "“f‘\,{//
L] A'A 2 ==
Power Quality




Characteristics of Solar Cell

current

INSOLATION i1,i2,i3

11

13

Lower insolation

MAX. POWER
POINT

voltage



ROOF TOP SOLAR PANELS
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http://upload.wikimedia.org/wikipedia/commons/8/8e/Solar_panels_on_house_roof.jpg

PV System
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SOLAR
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NATIONAL SOLAR MISSION OF
INDIA

* India has vast solar energy potential-5000 trillian
KWh of energy is incident on Indian land

 Most parts get 4-7kWh/ sg.m/day

* Create policy framework for 20,000MW by2022
« 1000MW-2013

« 10,000MW-2017

« Create conditions of Solar Manufacturing
Capacity-Solar Thermal



Solar Mission...

* Promote off grid applications-1000MW by
2017, 2000MW by 2022

« Achieve 15 m Sg. m of Solar Thermal
collector area by 2017

* Deploy 20 m. solar lighting systems for
rural areas by2022



Solar Target by 2013

1000 MW Grid connected(33kV and above)
100MW Roof Top (LT/11kV)

200MW off grid

7 m Sg.m of Solar thermal collector
Financial outlay: $10 billian




GLOBAL SYNERGY

There is an Indian (Sanskrit) saying-

WHOLE WORLD IS A FAMILY (Vasudhaiva
Kutumbakam)

Developed countries expected to help in tech.
dev. for developing countries

BECAUSE UNDER ‘ENERGY CRISIS &
CLIMATE CHANGE” ALL WILL SWIM OR
SINK TOGETHER



Objectives of Indo- Canada
Projects

Study the nature of available sources and loads.

Develop suitable energy conversion systems from source to
load.

Stugy the performance of the above in individual and hybrid
mode.

Develop suitable controllers for the above.

Develop suitable unified (generalized) Energy Management
System to account for any types of source and load in any
combination as per site conditions.

Design and develop tailor-made systems for the identified
sites in India and Canada.

Install the demonstration units based on the above developed
technology in the identified sites.

Collect field data and make corrections as warranted



Indian Organisations

[IT Delhi(SS Murthy)

IIT Bombay (Anuradha Ganesh)
lIT, Punjab

lI1Sc.

Other Universities/Institutes - NIE Mysore ( Shekhar,
Shyam Sundar), Jain Univ. Bangalore (Vijay Kumar)

GE (Arvind Tiwari, Kannan)

CPRI, Bangalore ( Murugesan)

ERDA, Baroda (TP Govindan)

Emersons (Chandira Kumar)

STMicroelectronics, NOIDA, Delhi (Kaushik Saha)
Other possible Industries (Jyothi, Suzlon)

Govt. Agencies: MNRE,DST, MOP, REC, State agencies,
NGOs
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