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Electricity Market Operation in India

DISCOMs Traders
Retails/large

consumers CPPs

State Gens.

e )
Long Medium Short Term Open Access

Term Term Bilateral Collective Day Ahead  Contingency

Market Market Transaction Transaction Transaction Transaction
12-25 Yr 3months - j

3 month Day Ahead After Clearance On the day of

-3 Years head h Y
ahea ahead of PX operation
Schedules G PXIL

System operation
Injections/drawals
adjustment

Balancing Market ( Ul )

( Real Time Operation )
Naran Pindoriya, IITGN




Motivation: ABT

Charges of
Deviation (COD)

Payment for
deviations from
schedule

Capacity Charges Variable Charges

Fixed costs comprising of interest Energy charge

on loan and working capital,
return on equity, 0&M expenses, charged as per the

insurance, taxes and depreciation fuel consumption

Dependent on the
Dependent on the schedule of the day
availability of the plant and not on the
actual generation

Dependent on
system frequency

New schedule
comes into
application

Generators
declare
capability

Distributors
submit
requisition

Participants
can revise
schedules

RLDCs prepare
schedules

/

RLDCs communicate
respective shares to
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Motivation: Ul/Charges of Deviation

[0 Known as Unscheduled Interchange (Ul) Charges till 17t Feb 2014
[1 Varies inversely with system frequency

Ul Rate (Previous) vs Frequency
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Power Scenario in India
. . Waste to Power,
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Power from Renewable Energy Sources
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RE based power generation :
~ 20% growth in last 5 years

Wind energy (21,132 MW) continues
to dominate - 67 % of total RE

Solar power : 2,647 MW

Technology-wise Renewable Energy Installed capacity (MW)
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Wind and Solar Energy Sources

100"
1
-
INDIA >
a5 Wind Power Density Map at 50 m agl
b=30"
30°=
25
25"
20"
20°=
Bay of Bengal
=15"
. Wind Power Density W/ Sq.m
Arabian sea $
Andaman ma'm
0-100
&%, <200 ;
- i el q I 200-250 d
. 100
10" N 250-300
I 300400 .
[ 400-500 W
‘&
-
#“"*. CENTRE FOR WIND ENERGY TECHNOLOGY
7))
e« Indian Ocean ’g/)} CHENNAI - 600 100
] C-WET February 2010 s
§ L L) I L) T I
70 75" 80" 85" 90* 05*

Naran Pindoriya, IITGN

« Kavaratti

"(
. % Port Blair

QA
J

Average annual sum (2005-2010)

<1250 1400

1550

1700

1850 2000 2150> kWh/m2

0 100 200 km



Cumulative Capacity Addition of Solar Power

NSM Phase - I, Batch - 1, Projects under Gujarat Solar Policy
A

NSM Phase - I, Batch - 2, Solar REC based P'urojects
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Sr. Installc?d
No. States Capacity
(MW)
1 |Andhra Pradesh 131.84
2 |Arunachal Pradesh | 0.0025
3 |Chhattisgarh 71
4 |Delhi 5.15
5 |Goa&UT | 8.66
| 16 |Gujarat 916.4
7 |Haryana 10.3
8 |Jharkhand 16
9 |Karnataka 31
10 |Kerela 0.025
11 |Madhya Pradesh | 347.17] |
| 12 |Maharashtra | 249.25! |
13 |Odisha 30.5
14 Punjab | 16.85
115 |Rajasthan | 7301 |
16 Tamil Nadu 98.36
17 |Uttarakhand 5.05
18 |Uttar Pradesh 21.075
19 West Bengal 7.05
Total 2631.88




Promoting the adoption of RE Energy
resources by encouraging private security
concerns

sector investment and mandating
the use of RE generation

India ranks 4t and 6 globally as the largest
importer of oil, and of petroleum products and
LNG, respectively. The increased use of indigenous
renewable resources is expected to reduce India’s
dependence on expensive imported fossil fuels.

NAPCC - promoting the

Government Climate d di daoti
support change understanding, adaption
and mitigation of climate
Key drivers change, energy efficiency
and resource conservation
of renewable
Ample opportunities for the :
establishment of land- ene rg.y n
based RE generation as well lnd|a :
. Increasing
as for offshore wind farms Vast cost
untapped competitive
60000 potential ness of RE
sooop | 18500 50000 technology
40000
3 | Distributed
5 30000 electricity
20000 - demand

10000 -

RE is distributed and scalable resource,
making it well suited to meet the need
for power in remote areas, which lack
grid and road infrastructure

Solar
1 Installed Capacity

Wind
B Potential

Biomass + Bagasse
Cogen

Small Hydro

Naran Pindoriya, IITGN



Power Distribution Network of IITGN-VGEC Campus

Supply From Utility
(Torrent Power Ltd.)
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Pyranometer and Irradiance sensors
with module temperature sensor

gyranometey

Ambient temperature
sensor

Installed by gple

NTT Facilities, li€§apan | o
Total 64 PV modulés (Thin-film, CIS) e B PV Inverter (REFUsol 010K)

PV module
Manufacturer : Solar Frontier, Japan
Type . CIS (SF150-L) Data logger (Solar-Log 200)
Nominal value 1150 W, ool

Condition: AM1.5 25" C
2,50 250

(http://www.solar-frontier.com)
210 |1000W/m? 79V, 19A
2.00 200

800W/m?

150 A
600W/m? : \ g
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Installation conditions
Inclined angle : 25°
Orientation : South

Current[A]
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Voltage [V]

Installed in January 2012
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10 kW, Solar PV (Thin-film, CIS) System
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Solar PV Profile over a day

Date Time Pac |Energy| Pdc |Vdc| Vac | Sollrr | Tmp | Tmp | DaySumlrr
W) | (Wh) | (W) | (V) |(Vph)| (W/m2) | Mod | Amb | (Wh/m2)
24.02.13|13:35:00 9246 | 39500 | 9373 | 628 | 248 1009 57 | 29 3998
24.02.13|13:30:00 /9323 | 38700 | 9449|628 | 249 1018 57 | 29 3923
24.02.13|13:25:00[9328| 37900 [9453| 627 | 249 1022 57 | 29 3846
24.02.13|13:20:00 (9321 | 37200 [9450| 627 | 249 1021 57 | 29 3770
24.02.13|13:15:00 /9402 | 36400 | 9531|628 | 248 1031 55 | 29 3694
24.02.13|13:10:00 /9471 35600 | 9599|630 | 249 1035 55 | 29 3616
24.02.13|13:05:00 | 9545| 34800 | 9674|630 | 250 1046 57 | 28 3538
24.02.13|13:00:00 /9432 34000 | 9558|628 | 249 1037 58 | 28 3460
24.02.13|12:55:00 /9450 33200 | 9579|628 | 248 1043 58 | 29 3382
24.02.13|12:50:00 /9533 | 32400 | 9667|632 | 248 1042 55 | 28 3305
24.02.13|12:45:00 /9537 | 31700 | 9674 | 634 | 247 1040 54 | 28 3226
24.02.13|12:40:00 | 9554 | 30900 | 9702 | 634 | 247 1042 54 | 28 3148
24.02.13|12:35:00 /9568 30100 |9712| 636 | 248 1041 54 | 28 3069
24.02.13|12:30:00 | 9485| 29300 | 9627 | 637 | 247 1032 54 | 28 2990
24.02.13|12:25:00 /9522 28500 | 9679 | 640 | 247 1034 53 | 28 2912
24.02.13|12:20:00 /9403 | 27700 | 9545|637 | 247 1024 54 | 27 2834
24.02.13|12:15:00 /9481 | 26900 | 9621 | 636 | 247 1037 55 | 27 2756
24.02.13|12:10:00 |9288| 26400 | 9427|634 | 246 1018 55 | 27 2679
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10 kW, Solar PV (Thin-film, CIS) System
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10 kW, Solar PV (Thin-film, CIS) System

Rain started in June month
in 2013 whereas it was

= started in July in 2012

2000

m 2012 m2013 =2014

1600 -+

1200 +

800 1
400 -
0 b L L L

Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec

Generation (kWh)

It has been observed that winter season is most favorable weather condition
for solar PV power generation

* Energy generation in March month is the highest across the year

The performance in rainy season (July-Sept) is so much intermittent which
essentially drops the total power generation in this season

Naran Pindoriya, IITGN ‘
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10 kW, Solar PV (Multicrystalline Silicon) System %%%
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Total 44 PV modules (Multicrystalline Silicon) > 5
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PV module A
Manufacturer : Jain Photovoltaic
Type :J] - M660
Nominal Value . 230 Wp 1= V Characteristics under different iradiance at 25° C & AM 1.5
(http://wwwi.jains.com/Solar/jain%20jyot/Mod s e w’mz\
els%20-%2010%20t0%20230%20watt.htm) 7 oW ~_\ P ax 230 Wp
Installation conditions L8 — \\\\\ Vipp | 3026V
Inclined angle :21° £ —wewa |\ Lnpp 7.55A
Orientation : South ) \\\\\\\\ v 36,35
Installed in February 2012 ' .\ : = S 1.5
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R
10 kW, Solar PV (Multicrystalline Silicon) Rooftop System %5%

*****

40

30

20

Electricity Generation (kWh)

10

0

5/1/2012 0:00
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Operational failure sometimes happened
because of unstable distribution grid conditions
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10 kW, Solar PV (Multicrystalline Silicon) System é%
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* Energy generation in March month is the highest across the year

* The performance in rainy season (July-Sept) is so much intermittent which
essentially drops the total power generation in this season
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Steady state
operational
analysis

SOLAR PV
INTEGRATION

Anti-islanding
protection and
risk assessment

Impact
investigation




The Impact Investigation Exercise

Supply From Utility
(Torrent Power Ltd.)

a ™\
—_— $5-99 *Cable Modeling eVoltage/Current
‘ sLoad Modeling eIntermittent SPVs Profile
sLoad Pattern c eLosses
eCompensation
o s @ O O O cop.pank *SPV Data Loggers «Loa dpvari ation *Energy statistics
E3 F G5 s S3 . *SPV Impact
e«Unbalancing
' O
DB1-2 DB2-8
!J(s) ® ao ap a2 am as| as
’ B-10 C:11 D12 BH-14 16
SPV-1
_las S1-13 H.15
B oo ‘ a7 as)| @ |
K17 $2:18 L1 Lighting Air Iilr?agslg Electronic
e SPV-3 Conditioners Loads
Motors
I,_LE o ToAC Distribution Box 4% I 82% | 9% 5%
o 50 | 8% | 6% 3%
sev2 <) R 6% bo7s% 4% 11%
2% | e5% 10% 13%
25% | 57% 8% 10%
8% I 2% 7% 12%
5% | 88% | 6% 1%
9% I 78% 8% 5%
6% | 74% 5% 15%
25% \_ 54% 11% 10%

Kalpesh Joshi and N.M. Pindoriya, “Impact Investigation of Rooftop Solar PV System: A Case Study in India,” 2012 3rd IEEE PES
. . Innovative Smart Grid Technologies Europe (ISGT Europe), Berlin, October 14-17,2012, pp. 1-8.
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The Impact Investigation Exercise

Winter
off-peak

B Case 1 80 k

» Base case study

» Balance load, without capacitor
compensation and solar PV
generation

=l Case 2

» With capacitor compensation

e Balance load, without solar PV
generation

Summer
peak

= Case 3

Seasonal performance

» With solar PV generation

« Balance load, without capacitor = Winter off-peak ® Summer off-pealc  Winto o oy ! sak
compensation 1.40

Source Current Profile in pu

1.20

=l Case 4

f 1.00
» With capacitor compensation &

solar PV generation 0.80

e Balance load
0.60

=1 Case 5 - 0.40

e Unbalance load 0.20

e With capacitor compensation &

solar PV generation 0.00

-0.20

Naran Pindoriya, [ITGN -0.40




The Impact Investigation Exercise

Node Voltage {p.u.)

1.01
Case 1

1.00
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Node Voltage (p.u.)
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Technical issues in solar PV integration with utility distribution grid

Voltage Protection  IEELLLT:]
Flicker protection

Waveform Nuisance
Distortion Tripping
Reconnect
THD after
disturbance
Frequency
and Power .
Factor Grounding
Correction

IEEE Recommended Practice for Utility Interface of PV systems, IEEE Standard 929-2000
Naran Pindoriya, IITGN



Power Quality Constraints

Response to Abnormal Voltages THD <5% of fundamental frequency

RMS voltagesqat PCC | Maximum frip time Odd harmonics | Limit % | Even harmonics | Limit %
V <50% 6 cycles (0.12 sec) Al gk 1 Sl gt o
50% <V <88% 6 cycles (0.12 sec) 1;”" e ;2 lj)th_ G {(') 3
88% <V <110% Normal operation =T 57 : 5 ~
. g 17 21 <1.5 18 22 <0.375
110% <V <137% 120 cycles (2.4 sec) 5ard — a37d 06 54t a4t 015
137% <V 6 cycles (0.12 sec) ' = — ' —

Islanding Condition
Islanding scenario in Indian conditions:

Islanding detection time Quality Factor (61025
10 eycles (0.2 sec) or less 50 % mismatch in P Voltage Threshold 80% <V <110%
‘ Load p.f. <0.95 (lead or lag) Frequency Threshold 47.5 Hz <f <50.5 Hz
QF <25 Active Power Threshold | -17.36% {% <56.25%
2 seconds Load p.f. >0.95 (lead or lag) | | Reactive Power Threshold | -27% < 3% <4.925%
Total Harmonic Distortion THD <4.92%

Naran Pindoriya, IITGN



Risk Assessment of Unintentional Islanding Exercise

Winter - Nonworking days

What is Unintentional Islanding ???

Process of elimination and identification of
probable scenarios for unintended islanding

Permissible 9 10 11 12 13 14 15 16

deviations :
Allowable Time of Day
mismatch

Offpeak - Nonworking days
13

14 -

balance
check
with

DPF

Most Probable Days and Time of Day
(ToD) for formation of island

9 10 11 12 13 14 15 16
Time of Day
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Goals for successful grid integration

Detection of islanding and disconnection of the PV system from the
utility, regardless of the initial state of the system, perturbations,
composition of the load

Detection of islanding which is sufficiently fast to guarantee safety and

safeguard the reliability and integrity of the utility and PV systems

Disconnection of the PV system only when islanding is actually
occurring (no nuisance trips)

Naran Pindoriya, IITGN




Anti-Islanding Protection

P APHAQ
—_— <+
PCC G
Chopper 3 ;;C y = : Three
o - B el e
inverter :
S i source
circuit ) ) B I
Three phase Relay
transformer and
Ploa d+1CJIoa q circuit
breaker
v Yy
Linear and
non-linear
loads
AQ

OF

AQ>0 AQ<0 ov |~} _~luv
Over Under — 8 e

AP >0 AP <0
Under Over

AP

frequency frequency

voltage voltage 2 4
relay relay UF

relay relay

S Non-detection Zone
Naran Pindoriya, IITGN



Anti-Islanding Protection

Three-Phase
Inverter

e Y\ J?\ < o & o—rol
C—:E i i i [~ | VP b T e P
OC. | |~ Me le PN N

Power T
? 3‘1‘[—_ RLC Load

Grid

Input

220V, 50 Hz,
3-Phase Supply

30 kVA BS5Three-Phase B3 Filter B6 B4ct—ti—to B2 3-Phase Bl
Inverter Transformer subsystem Circuit
(Two Windings) | Breaker

| [T

Non-linear load Three-Phase
Parallel RLC Load

-
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Anti-Islanding Protection

Real time digital simulation

" DSO

T \mum\\!ﬂ!\\\\\ “Ws

current waveforms ——» Waveform_Curent  PCC current Curent_PCC

SM_Master_Subsystem ; SS_Slave_Subsystem -

OPAL-RT
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Unbalance Distribution Network Operations
with PV Generation

Unbalance Distribution 35.::2%:‘:,2':.?3" () orion ()
Networks under Study ' Q’; Trnstomers (X
soucaNode-1
]| | | | | | ] I

ITEN-VEEGC Neftwork - Cr. (es)(7e) (o5 (ma](s7) | L3
An underground cable-fed " | cap. Bank
actual spot network in DB1-2 DB2-8
India with 3 roof-top PV |J a | P TR T

lant -l i
p an S ' l B 10] [C 11J[D 12] [BH-14] [J-16]

21 Node Network, 400 V,
small & spot network l [ "'] ( "'] H-15 H

K-17 !l =\
(o) -~
GH-21 I_‘ RPV-3
L-20 \ =\
Spot load at CI[JE!
X-Y X:pPremise name \:{'{ﬂ)
Y: Node number RPV-2
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Unbalance Distribution Network Operations
with PV Generation (IITGN-VGEC)

Daily peak demand — with and without PV generation

500 ______________________ _____+ _________ e Daily Max. Demand
= Difference in Max. < [  with PV
< Demand: 68.75kW ||| |4/l | " Daily Max. Demand
£ 400 without PV
o
: I
o
5
& 300
>
=
=200 oo oA LA R R A
©
(@]

| | | | | | |

-
Q
Q

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

maximum reduction in peak demand occurs in the months of February and March.
However, the year-round net reduction in peak demand is found to be 68.75 kW.
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Unbalance Distribution Network Operations

with PV Generation (IITGN-VGEC)

1

0.95

o
©

0.85

o
)

Severe effect

Daily average power factor

—W.ith PV Gen.
—Without PV Gen.

average power factor consistently
stays below 0.9 (lagging) during
the months of February, March
and partly April in the year 2012

in Winter
0.75 | 1 1 1 | 1 1 1 | | 1 |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
300 —\/\-—-\A /\/\/' 1
. 250 AU
. . [ =
« The drop in average power factor is < oo 7\ \ 0.8
shown expanded for a typical day x " \ 06 5
o L - A - 0.
(February 27, 2012). 2 150 Y '\/ 1 o~ \ 3
. . S \ o
The real power demand sinks during sun- g 100 Vi ' “toa4a §
shine hours due to real power injection £ 50 '-‘,' [N Kal &
-/ - \
from RPVs. Inverters of all RPVs are setto & . i~y V- fo2
operate at unity power factor. 0 22’ 6 8 10 12 14 16 18 20 22 24
-50 Time of Day (Hour) 0
=== Demand W/o PV Net Demand === Reactive Power == PF

Naran Pindoriya, IITGN



Renewable Energy Trading

Cost of electricity
through RE
generation Gener. - 12-15 Rs/kWh
@E atol‘s Solar PV for first 12 years
* 3-5 Rs/kWh for
next 13 years
Cost equivalent Cost for
¢ ti : “G N Solar Q-11 Rs/kWh for
o0 conventiona REE Thermal first 12 years
resources Attributes * 3 -4 Rs/kWh for
next 13 years
Unbundling of REC from Wind 3-5 Rs/kWh
electrical energy

REC Option <€

Feed-in-Tariff (FiT)

Electricity Green attributes
\l, Sale of electricity to
REC (Solar and obligated entities
v v non-solar) (DlSCOMS, CPPS,
Electricity Sale of electricity to OA consumers) at
sale at. opllgated entltles.at \l, preferenti al tariff
market price price < average price

Sale of REC at PXs
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Operational Framework for REC

@

o) O,

Issuance of REC

REC Purchase Agreement/Trading

Energy
Accounting

B s.oc B

& ___,

Application to issue REC

Electricity from Grid

©)

TR
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g o — ™
Open Access Users
>
—— —_ —
Discoms Other Obligated
———% Entities
o Captive Generators .

Confirmation of Energy Accounting

%

Compliance Reporting

Cluarterly Reporting

(©)

Redemption of REC

Manitoring Committee of
each State

Source: MNRE



Non-solar REC Trading

700,000 2500
mm MCV@PXIL === MCV@IEX  =w=MCP@IEX] ====MCP@PXIL
600,000 -
- 2000
T
@ 500,000 - :
g Floor price 1500
= - 1500 —~
£ 400,000 - 3
-— w
o x
£ 2
S 300,000 - <
2 0 - 1000 Q.
&) = s
W 200,000 - ~
o | |
© 100,000 -
“ I I I
| i = N I - " | -
0 " r 0

{,\q, NN NN J\q’\:\q' NN J\Q’{\Q’ OGN \rfb\:\'b\{r\'b WO N> D WD A AN A"‘\A"‘ R\s ‘\b‘\‘-'\b‘i\b‘
o S X O & 0K ) > O Q& 0 8 & N >
X “\&5“? 5"\*?’) o_,oQ o O % WO R \X\"’i\)‘\ 3"\*?’) a_,e;Q o’ O % W T R \‘{o* NG » © ‘-oe,Q o O

Forbearance Floor

Non-Solar Price Price
REC

(Rs/REC) 3300 1500
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Solar REC Trading

12000 16000
s MCV@PXIL === MCV@IEX  =#=MCP@IEX]] ====MCP@PXIL 14000
10000 - A
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., *g4
- - 12000
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- 8000 - | .
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= p - 10000
8
3 1
®? 6000 - - 8000
w
8 x
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%S 4000 - =
o | 3]
3 i 4000 S
2000 - | =1
I I - 2000
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Solar REC Price Price
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Thank You !
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