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OUTLINE

THREE Motivations
Half of Indian Homes Dark
Half gets unreliable power from bankrupt electric utilities
Ditto All Rural and Poor South Asia and Africa

THREE Drivers from Literature Review
Rurality , Poverty, Inefficiency
THREE Technologies with Demand Analysis
Fossil-grid, SPV -grid, Off -grid SPV
FOUR Research Questions
Which is cheaper, subsidy free, threshold incomes today; and
subsidy free by 20207
Village Case Study
THREE Phases of Case Study
THREE Methods of Funding




OFF GRID KEROSENE LIGHTING IN RURAL HOUSEHOLD
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THE COMMERCIAL FAILURE OF INDIAN
UTILITIES
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Fossiu -GRID) ELECTRICITY!'Y CRISIS: IN' | NDIA

Low Access
Electricity - 55% of total and 80 million homes

Technically Unstable
Low reliability, poor quality

Financially Bankrupt
Bankrupt Utilities $6 -10 Bn Losses annually (MOP, 2009)

Economic Drag on the Nation
Economy-wide losses up to 6% GDP (Wartsila , 2009)



Supply of subsidies do not match the high

demand of subsides
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POVERTY , RURALITY AND LACK OF ELECTRICITY IN INDIA AND AFRICA

O Millions of People Without Electricity

. Millions of People Relying on Biomass

Source: WEO 2002, IEA




DRUDGERYY OF WATER: LIETING (:: WHY NOT SOLAR: PUMPING




WHICH! IS CHEAPER:, SUBSIDYY FREE,, DOMINANT 1'?

Conventional Rural Fossil -grid

Dominant _monopoly , preferred by the Indian  Government

Alternative  Solar Photovoltaic (Off -grid SPV )

Advanced, modular, portable considered a fringe technology

Large SPVs connected to large grid (SPV -grid)



FOUR: RESEARCH 1 QUESTIONS

Q1. Is off-grid SPV electricity cheaper than grid electricity for the
rural poor in India?

Q2. Can off-grid SPV electricity or grid electricity be subsidy free
for the rural poorin India?

Q3. What are the break -even incomes for the grid to be cheaper
than off -grid SPV ?

Q4. Can this break -even income and consumption be reached for
the electricity grid to be competitive or subsidy free by 20207



CoSsT AND DEMAND MODELS ESTIMATED
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FIRST RESEARCH QUESTION

Q1. Is off-grid SPV electricity cheaper than grid electricity for
the rural poor in India? Rurality and Cost

LACr= Pg+ ADCr

Step 2:

| AFCr=ADCr Average SPV Cost Ps

Pg \'/(\

. AVCg = Pg

.= Pw-on /(1-Ls%)
Pa :

Qr in kWh/month
v _

Qr*= 30 kWh




WHOLESALE ELECTRICITYY PRICES IN! I NDIA

Market energy prices - Two Approved Pw-On in North -
‘ Utility Through Power Power East-West (NEW)
In C/kWh Bilateral Traders Exchanges and South Regions
Source All Off- NEW Southern
Month Period Hours Peak Peak Total IEX PXIL Region Region
13 months
Average Aug 20(18 15 18 15 16 16 17 12 16
in 0
c/kWh Aug 2009

Source: Central Electricity Regulatory Commission (CERC 2009) $ 1=45 Indian Rupees (Rs.)



GRID VS. SPV T ECHNOLOGIES : COST DRIVERS
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ASSUMPTIONS IN Q1

Q1. Cost Analysis: Is off-grid SPV electricity cheaper than grid
electricity for the rural poor in India?

Weighted Cost of Capital
Debt and Equity 14%
Discount Factor for Levelizing 14%

Depreciation,Life
Grid 4% , 25 years
SPV 4%, 25 years

O&M Expenses
5% of capital investment for Grid and 5 % escalation
0.5% for SPV, 5 % escalation

Tax Rate 0%



AVERAGE DISTRIBUTION COST
(USC/KWH)

c//lkWh
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LAC R COST CURVES GRID
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LAC R (GRID COST) AND Ps (SPV C 0sT)
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AVERAGE ELECTRICITY COST OF

| NEFFICIENT

Average Cost $/kWh

Grid peak
load capacity Grid
Qc LACr
Y2 KW 0.31
1 kw 0.45
2 kW 0.72

SPV
Ps

0.38

0.38

0.38

RURAL LIGHTING

Total Qty
kWh/month

Qs=Qr
:Qr *

30

30

30

Total Cost in $/month

Rural Grid
TCr =
Qr *LACr

9.3

13.5

21.5

SPV
TCs = Qs*Ps

11.4

11.4

11.4



GRID) ELECTRICITY!I'Y INDIAY VS. M ODERN' SOLAR: POWER

Health Camp

R
Solar powered Laptop, Fan, Light Tea & Snack.Stal

» ]
I

old BPL lady enjoving the fresh
' eleClric connection at home

Modern Solar lantern, LED, TV and fan can

Indian Government Target for all 23 million use 1/3 kWh/day

poor by 2012 1 kWh/day (2*100W*5hrs)

Source: Website of the Ministry of Power, Government of India Source: JABA case study (Kar 2010)



EFFICIENT APPLIANCES FOR MINIMUM RURAL DOMESTIC NEEDS

Appliances Power

ratings

(Watt)
CFL 10
Cell phone 3
Small TV 40

and Fan

Number
of
devices

Total Power and Energy

Monthly electricity need Qs/Qr

SPV capacity required with 20%

capacity factor

Total Hours/da Total
Power y kWh/day
(Watt)
20 5 0.100
3 2 0.006
40 5 0.200
61 0.306
9.18 kWh

0.306/24/20% = 0.062 kW= 62Wp

Equivalent
inefficient
kwWh/day

2*40W *5h= 0.4
0.006
2*60W*5h=0.6

1.006

30.18 kWh

1.006/24/20%=
210Wp



AVERAGE COST OF ELECTRICITY FOR RURAL USE

Uses pemonthA  |nefficient appliances Efficient appliances gfzgfgx Costs
30 kWh/month (1) 9 kWh/month (2) TCs or TCr
Formula LACr* 9
usedd  18+800 Qc/30 18+800*Qc/9 Ps *g
Technqlog c/kWh c/kWh $/month
Capacity
Rural V2 kW 31 62 62%9=5.6
grid
LACr  1kw 45 106 106*9=9.5
Off-grid 38 38 38*9 =3.4

SPV Ps
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Cost in cents/kWh

Total Average Costs of Fossil-grid,
SPV-grid, and Off-grid SPV

Emission tax @
4 cents/kWh

ADCr @ 30

kWh/m

rural grid T&D
loss @ 35%

H Indian
wholesale

Fossil-Grid  SPV Grid  Mini-Grid  Off-Grid grid/SPV price

SPV SPV



CoOST IS ONE SIDE OF THE MARKET

Rural grid cost is high and may or may /not be cheaper than SPV
depending on efficiency.

Less efficient  -cheap grid, more efficient - expensive grid.

Off grid renewables might fit well with rural low income and
conservative lifestyle as we will see next.

Need demand equation to answer these questions.



SECOND RESEARCH QUESTION

Q2. Can off-grid SPV electricity or grid electricity be subsidy free
for the rural poor in India?

Q3. What is the Threshold Income

A
Pr ..
A SPV Price Line
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Using Indian village data representing rural and poor economies



ASSUMPTION AND DATA OF THE SAMPLE

VILLAGE

LOCATION OF ORISSA
IN INDIA

PAKISTAN

ARABIANSEA & .~  BAYOFBENGAL

The JABA villages in Orissa: rural poverty in Indian
electrified villages

Average income in 2008 same as rural Indian average of
close to $90/month.

Electrified in mid 1970s while 50% Orissa villages, 80%
population in Orissa, and 70% eastern India have no
electricity.

All use kerosene as a lighting fuel.

The electricity equivalent of kerosene is computed based
on the lumen output of a 5W incandescent bulb.



Eco Development with
Alternative technology,
Local resources and SKill
in Orissa




