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Customized Energy Solutions

»  Customized Energy Solutions (Customized) started as an electric energy
consulting company in 1998 to provide wholesale market services to load
Interests

» Company has over 110 staff members located in Philadelphia
(headquarters), Massachusetts, Indiana, Texas, New York, California,
and India

» Diverse staff

« Varied educational backgrounds including business administration,
finance, electrical engineering, and law

- Varied backgrounds focused on regulatory compliance, retail services,
transmission, generation, demand response, operations, and planning
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Customized Energy Solutions Vafag” "™
Chalin

Evaluation Implementation Communication Participation Operations
»Evaluate > Selection of >Fully Operational >Facilitate »Provide
Technologies Suppliers SCADA system participation In active
ISO/RTO management
»Evaluate > Site Selection »Communication on markets through 24
Economics as little as 4 _ _ hour
. >Interconnection second basis >Assist Clients operations
»Transmission in Buying and center
Studies » Partner with Selling energy, _ _
engineers to capacity, »Bid to Bill
commission project ancillary
services and
REC

Customized Energy Solutions Provides a Full suite of Services to

Project Developers
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Agenda

* Project Description
« Excel Modelling
» Excel Results
* Porting Excel based model to Homer
 Homer Modelling
* Homer Results

 Conclusions
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Project Description

* Island in India
- Peak Demand: 35 MW
» Off Peak : 19 MW
 Installed Capacity: 65 MW (all diesel)
» Diesel transportation by boats
* Installed Solar: 5 MW
» Goal reduce the cost of diesel

« Feasibility of ESS for Smoothing Solar Output
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Spreadsheet Model

* Ramp Analysis
- State of Charge Modelling
« Manually curtailed generation
* One of the three generators for reserves taken off line
*  Minute by Minute Optimization modelling
*  Model to use storage
* Ramp-up Threshold 1000 KW
* Ramp-down Threshold 1000 KW
¢ Minimum SOC 10%
* Maximum SOC 90%

* No load analysis
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Typical Daily Solar Plant Output Pattern (kW)

INdSt:¥ ¥T0C T uer
INd6¢:v vT0C € uer
INDET:¥ ¥TI0Z T uer
A INdLS-E YTI0ZC uer

INdTt-E tTI0ZC uer
INdS¢-E ¥TI0Z T uer
INd60-€ tT0ZC uer
INdES ¢ YTI0ZC uer
INdLEC YTIOEZC uer
INdTZ:Z +T0C T uer
INdS0-Z +T0C T uer
INd6T-T +¥T0C T uer
INdEE-T ¥T0C T uer
INdLT-T ¥TOC T uer
INdTO-T +T0Z T uer
INdST:ZT T0T € uer
INd6Z:ZT TT0T € uer
INDET-CT ¥TOT € uer
INYLS:TT ¥TOC T uer
INYTITTT ¥T0C C uer
INYST:TT ¥YT0C T uer
INY60:TT ¥YTOC Z uer
INVES:0T ¥T0C T uer
INVLEOT ¥TOC T uer
= - INVYTZ-0T 102 T uer
INVYS0:0T 102 ¢ uer
INvet-6 +10C € uer
- INVEE:6 ¥TI0C T uer
INVLT:6 ¥TI0Z Z uer
INVTO0:6 ¥TI0ZZ uer
INYST:8 +10Z T uer
INYe<Z:8 +10Z T uer

/ INYET:8 +10Z T uer
‘LW INYLS:L ¥TOZ T uer

Analyze - Simplify - Implement

INYTY:L ¥T0Z T uer

INYSZ:L ¥T0Z T uer
INY60:L ¥T0Z T uer
INY05:9 +10Z T uer

INYYE:9 ¥T0Z T uer
INY8T:9 +10Z T uer
INYZ0:9 +10Z T uer

Solar Output Pattern (kW)

6,000
5,000

4,000
2,000
1,000

Z 3,000

£
o)
=
-
e e
"
)
o
~
E
o)
=
)
L~
1
n
o
S
C)
O
-
=
~
o
<
<
o
n
~
o
n
™
N




Customized \\'
Energy Solutions ™

Solar plant output (kW) with & without ESS

For 2 hours Solar Plant Output (kW) With and Without ESS
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ESS: 3000 kW, 1 Hr. 1-min Ramp tolerance = 100 kW, 5-min Ramp Tolerance 1000 kW
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thout ESS

= 1-min Ramps with ESS

th and wi

Ramps w

== 1- min Ramps without ESS
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thout ESS

==5-min Ramps with ESS

INd9t ¥ ¥TOCT9 uer

INdTE:¥* ¥TOCT9 uer

INd9T-¥* ¥TOCT9 uer

INdTO-¥* ¥TOCT9 uer

INd91-€ ¥TOCT9 uer

INdTE-€ ¥TOCT9 uer
- INd9T:€ +*T0C 9 uer
INdTO-€ ¥TOCT9 uer
INd9¥:C ¥TOCT9 uer
INdTE-C ¥T0CT9 uer
INd9T-C ¥TOCT9 uer
INdTO-C ¥TOCT9 uer
INd9TT ¥TOCT9 uer
INdTE-T ¥T0CT9 uer
INd9T-T ¥TOCT9 uer
INdTO-T ¥T0OCT9 uer
INd9T-CT ¥10C 9 uer
INdTE-CT ¥10C 9 uer
INd9T-CT ¥10C 9 uer
INdTO-CT ¥10C 9 uer
INYI¥-TT ¥10C 9 uer
INYTE-TT ¥10C 9 uer
INYIT-TT ¥10C 9 uer
INYTO-TT ¥10C 9 uer
INY9¥-0T ¥10C 9 uer
INYTE-OT ¥10C 9 uer
INY9T-0T ¥10C 9 uer
INYTO-0T ¥10C 9 uer

Analyze - Simplify - Implement

LI il R N B R B B |

th and w

B 8 8 8 8 8 R
~N o ~ N o~ o ~
N N N N N

Ramps w

1,500

M

1,250

1,000

750

500

250 -

INY91-6
INVYTE-6
INY9T-6
INYTO-6
INY91-8
INY6C-8
INYHT-8
INY6S-£L
INY YL
INY6C-£L
INYFT-L
INY65-9
INYT1-9
INY6<¢C-9
INYHT-9

rrrrirrrrr i T

0
=
&
n
i

1029
1029
1029
1029
1029
1029
1029
1029
1029
1029
1029
1029
1029
1029
1029
1029

uer
uer
uer
uer
uer
uer
uer
uer
uer
uer
uer
uer
uer
uer
uer
uer

ESS: 3000 kW, 1 Hr. 1-min Ramp tolerance = 100 kW, 5-min Ramp Tolerance 1000 kW

-
o)
!
-
e e
"
)
-
~
=
o)
!
o)
L~
1
n
Q
)
®
O
e
R =
~
o
<
<
o
n
~
o
n
™
N




Summary — Li lon

Ramps with 3 MW, 1 Hr ESS

# of 1-min interval ramps

Customized
Energy Solutions

Key Takeaways

N

Ramp Range (kW) | W/oESS With ESS ESS reduces number of 1-minute
0to 500 32,537 36,997 interval ramps above 100 kW from

500 to 1000 2,893 91
1000 to 1500 1,108 32 12’046 tO 317
1500 to 2000 423 8 ESS reduces number of 5-minute
2000t0 2508 129 2 interval ramps above 100 kW from
2500 to 3000 31 0
3000 to 3500 6 0 4’294 tO 323
3500 to 4000 . 0 - ESS also reduces the magnitude of

Total 37,130 37,130
ramps

# of 5-min interval ramps

* Annual equivalent of full DOD cycles

Ramp Range (kW) | W/o ESS With ESS
0to 500 28730 36,487 are Only 121 hence the battery will
500 to 1000 4,106 320 last for lon g
1000 to 1500 2,057 190
1500 to 2000 1,147 88
2000 to 2500 634 27 Annual Diesel Savings (INR Crores) 1.68
2500 to 3000 314 11 Annual Diesel Consumption Savings (Liter) 2,95,592
3000 to 3500 114 4 Return on Capital 10%
3500 to 4000 27 3
4000 to 4500 1 0 Return = Annual Diesel Savings (INR Crores)
Total 37,130 37,130 55 Capex (INR Crores)

Analyze - Simplify - Implement
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Summary — Advanced Lead Acid ez 85

Ramps with 3 MW, 1 Hr ESS Key Takeaways
 ESS reduces number of 1-minute

Ramp Range (kW) | W/o ESS With ESS .

010 500 12537 36981 interval ramps above 100 kW from
500 to 1000 2,893 98 121046 tO 374
e | B ESS reduces number of 5-minute

0 -
2000 to 2500 e 1 interval ramps above 100 kW from
2500 to 3000 31 0 4.294 to 376
.y y 0 ESS also reduces the magnitude of
3500 to 4000 3 0
Total 37,130 37,130 ram pS

# of 5-min interval ramps

Annual equivalent of full DOD cycles
are only 119 hence the battery will

Ramp Range (kW) | W/o ESS With ESS
0to 500 28,730 36,377 last for |ong
500 to 1000 4,106 377
000 to 1500 2057 226 Annual Diesel Savings (INR Crores) 1.68
1500 to 2000 1,147 106
20000 2500 . > Annual Diesel Consumption Savings (Liter) 2,95,592
2500 to 3000 314 6 Return on Capital 21%
3000 to 3500 114 4
3500 to 4000 27 2 Return = Annual Diesel Savings (INR Crores)
4000 to 4500 1 0 ESS Capex (INR Crores)
Total 37,130 37,130

Analyze - Simplify - Implement
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Homer Model

* Add components
- Generators
* Diesel
« Solar PV (Import Solar Data)
- Battery
* Load
* Project Constraints

« Sensitivities

215.875.9440 / info@ces-ltd.com / www.ces-ltd.com Analyze - Simplify - Implement
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Homer Modelling
m ELECTRIC LOAD Q wne st

AC DC
Chat15 Load LA Baﬁery January Profile Daily Profile Seasonal Profile
m Hour Load (kW) |~ 20000 20001
1 8000000 | |3 10000 3
= 0067
2 8,000.000 5000
Cofetter 3 2000000 0 0 T T T T T T T T T T
o S o9 4 & A &Y 0 & & & d
4 8000000 — A A P EI LTI TS o0 Ld
5 9,000,000 Yearly Profile

18
7 11,000.000
> 12
E 8 11,000.000 6
|

PV 10 11,000000 + 1 %0 180 270 365

M Metric Baseline Scaled
-

Average (kWh/d) 271,000 271,000

Time Step Size: 60 minutes

N/ Average (kW) 11,291, 11,291
Random Variabilty g Peak (W) 16000 16,000
Day-to-day (%) Load Factor N N

Timestep (%):

= AN o
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Results

Export... Column Choices... Sensitivity Cases: Left Click on sensitivity case to see optimization cases.
Sensitivity Architecture
Operating Reserve VAo g PV 7 Chat15 7 PhBay v HPH1 ? LA Battery Converter ¥ Dispatch ¥ COE 7 NF
(%) (kW) (kW) &
10.00 A ®E & & & P2 50000 15000 8,000 5,000 8 500 cC $0.368 $269
15.00 A ™ o G & & §7) 50000 15000 8,000 5,000 20 500 cC $0.372  $272
20.00 A ™ & & & P 50000 15000 8,000 5,000 20 500 cC $0.400 $292
5.00 A W o o & & PP 50000 15000 8,000 5,000 20 500 cC $0.367 $268
< | I
Export... Optimization Cases: Left Double Click on simulation to examine details.
Architecture
PV Chat15 PhBa HPH1 Conveﬂer COE NPC Operating cos
N AL g ' y"'tf' ?LABattery? | Dispatch ¥ Y Y J
(kW) (kW) $) (%)
A ™ g 5 & & P 50000 15000 8000 5000 8 500 cc $0.368 $269,762,600 $36,427,440
VNE. A & pZ 5.000.0 15,000 8,000 4 500 cC $0.399  $292,351,500 $39,479,650

o & & P 50000 15000 5000 4 500 e $0.400 $292,564,600 $39,508,430

215.875.9440 / info@ces-ltd.com / www.ces-ltd.com Analyze - Simplify - Implement
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Simulation Results

x

System Architecture: Generic flat plate PV (5000 kW) Hired Power House | (5000 kW) Cycle Charging Total NPC: 69,762,624
Chattam (15000 kW) Lead Acid (2 strings) Levelized COE: $0.368

Phoenix Bay (8000 kW) System Converter (500 kW) Operating Cost: 36,427,435

Cost Summary = Cash Flow  Electrical Fuel Summary Chattam Phoenix Bay Hired Power House | Lead Acid Generic flat plate PV System Converter Emissions

Cost Type $160,000,000 -
$140,000,000 |
(® Net Present $120,000,000 -
O Annualized $100,000,000
$80,000,000 -
60,000,000 -
Categorize $
$40,000,000 -
(® By Component $20,000,000
40 T
O By Cost Type Generic flat plate PV Chattam Phoenix Bay  Hired Power House | Lead Acid Converter
l Compare... Component Capital ($) Replac 0&M ($) Fuel () Salvage ($) Total ($)
Generic flat plate PV $0.00 $0.00 $37,006,416.00 $0.00 $0.00  $37,006,416.00
Chattam $0.00 $0.00 $17.432,242.00 $122,220,000.00 $0.00 $139,652,240.00
Phoenix Bay $0.00 $0.00 $7,559,967.00 $33,736,072.00 $0.00  $41,296,040.00
Hired Power House | $0.00 $0.00 $5,509,885.00 $46,172,840.00 $0.00  $51,682,720.00
Lead Acid $2,800.00 $0.00 $592.10 $0.00 $0.00 $3,392.10
Converter $150,000.00 $0.00 $0.00 £0.00 ($28,231.00) £121,769.00
System $152,800.00 $0.00 $67,509,104.00 $202,128,896.00 ($28,231.00) $269,762,560.00

2 A Time Series: Plot... l l Scatter Plot... I l Delta Plot... l l Table... l l Export... I |t
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S
Simulation Results

System Architecture: Generic flat plate PV (5000 kW) Hired Power House | (5000 kW) Cycle Charging Total NPC: 69,762,624
Chattam (15000 kW) Lead Acid (2 strings) Levelized COE: $0.368
I Phoenix Bay (8000 kW) System Converter (500 kW) Operating Cost: 36,427,435 I

Cost Summary Cash Flow Electrical

Fuel Summary = Chattam Phoenix Bay Hired Power House |

Lead Acid Generic flat plate PV System Converter Emissions

Diesel v

Value

Units

Quantity

Total Fuel Consumed 27,309,981.00 L
74,830.41
3,117.93

Avg Fuel per Day
Avg Fuel per Hour

L/day
L/hour

Fuel Consumption

gz |
%: . T T T T T T T T T T T T bl basb i b )
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 1 90 180 270 365
11,000.00
1g; -9 Production kWh/yr % Consumption kWh/yr % Quantity kWhiyr %
é 2 Generic flat plate PV 7,963,030 7.69 AC Primary Load 98,915,008 100.0 Excess Electricity 4,653,800.0 4.5
431: X Chattam 63,173,000 61 DC Primary Load 0 0.0 Unmet Electric Load 0.0 0.0
0040 ] : ' ' : : Phoenix Bay 12,580,794  12.15 Total 98,915,008 100.0 Capacity Shortage 0.0 0.0 g
Jan Feb Mar Apr May Jun Hired Power House | 19,852,000 19.17 )
3t
Total 103,568,824 100 Quantity Value
A . ;
Renewable Fraction 33
Max. Renew. Penetration 61.0 6’
2
W Chat15 14000
W HPH1 12000
M PhBay 10000
mpv 8000
ES
6000 -
ler
4000 {
2000
0+
January  February March April May June July August  September October November December
A Time Series: Plot... ] l Scatter Plot... I l Delta Plot.. ] l Table... ] [ Export...
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Simulation Results

AC Primary Load

Hourly | Monthly | Profile | DMap | Histogram | CDF | DC |

Date: 1/31/2006 6:00:00 AM . [+ Sum
Values: Difference

18000
16000
14000
12000
10000
8000
6000
4000
2000
0

Global Solar
Generic flat plate PV Sol.
Generic flat plate PV Sol:
Generic flat plate PV Anc
Generic flat plate PV Inci
Generic flat plate PV Pov
Jac Primary Load
[Iac Primary Load Served
] Chattam Power Qutput
[ ] chattam Operating Statt
] Chattam Fuel
] Phoenix Bay Power Outp
[ ][] Phoenix Bay Operating <
] Phoenix Bay Fuel
[ ][] Hired Power House | Po
] Hired Power House | Op
[ | [] Hired Power House | Fue
B [ ][ ] Total Electrical Load Sen
| Il Renewable Penetration
B [ ][ ] Excess Electrical Product
B [ ][] Unmet Electrical Load
B [ ][ ] Total Renewable Power (
- E] E] Inverter Power Input
. E] E] Inverter Power Output
[ | D D Rectifier Power Input
B [ ][ ] Rectifier Power Qutput

B [ /[ ]Lead Acid Maximum Che
[ I T R U I W PR D PO
< >

H
RkOoooooo

AC Primary Load (kW)

[

~
=
..,"'Z?

14000

s e

6000
4000

l'l-l|l)_l_ll'illl..1.lll““'l”'hl.lll.h
I

Hired Power House | Operating Status

P L N
3 3 o
~ ~ \l‘b

N
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Conclusions

« Spreadsheet model was labor intensive for the same
output

 Limited by the results that we could see
 Limited by the optimization that we can do

* However, it helps with good grasp of the concept

 Homer modelling
* Robust and Easy to use
» Ability to model various scenarios

« Ability to view the operations scenarios through
various color coded charts, graphs etc.

215.875.9440 / info@ces-ltd.com / www.ces-ltd.com Analyze - Simplify - Implement
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