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NRC Micro-grid Testing and Training Facility

Pilot Scale
(~140 kW)
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Selected Study — Whale Cove, Nunavut

Remote community in northern Canada ered
selected: Whale Cove, Nunavut Resolute g
) . Arctic8ay @ @ Pond Inlet
« Use Case 1: ‘Island Mode” without @ Orée River
renewables — Diesel Only. Qigtaruaq
- .t . e
‘ . Kugluktuk @ Gjoa Pangnirtung
« Use Case 2: ‘Island Mode’ with O hopink "
renewables and energy storage. ® Naujaat -
gy g Neusat e ©
&I.. o, o @ Kimmirut
. . ’ . ‘oral Harbour
* Use Case 3: 'Grid Connected Mode’ with e i
renewables and energy storage.
© prviat
Qulliq Energy Cor_poration (QEC) partial service area map
NATIONAL RESEARCH COUNCIL CANADA /I/lodelon_ showing Whale Cove (QEC. 2018) 000



Micro-grid Integrated System Model

A

dieselGene...

A

Diesel Generator

Whale Cove

L\:/Iax 1EIectrlcaI Load for Whale 402 KW
(0)V/<}

Max Capacity (DD 60 + D3412)? NPl

, , 5
Max C_)peratmg Point (80% max 496 KW
capacity)?

96 kW

216 kw
9.6%
$1.28 /kWh

1(QEC, 2017), ?Based on combined capacity of DD 60 + D3412 =
620 kW, with a maximum operating point of up to 80% of the
combined rated capacity (620*80% = 496 kW), 3Defined for DD60
operating alone, “Capacity for renewables defined as the max load
for Whale Cove (402 kW) minus the combined min loading for DD
60 and D3412 (620*30% = 186 kW): 402 kW — 186 kW = 216 kW.

NATIONAL RESEARCH COUNCIL CANADA /I/lodelan_

Multiple diesel generators modeled as one

generator with extended capacity

Fuel Consumption (L/hr) vs Power (kW)

100

90 y =0.3329x - 2.5439 .
= g0 R? = 0.9881
>
= 70
c
2 60
2
g 50
2 40 ® DD Series 60
c
o 30
O Cat C3412
@ 20 .
>
& 10 Cat C3406
0
0 100 200 300 400 500
Power (kW)

Fuel consumption (L/hr) vs Power (kW): Correlation
based on actual generator curves (Das, 2017)



Micro-grid Integrated System Model

Rated CHP electrical /
thermal power capacity?
Fuel consumption?

Electrical efficiency?
Fuel cost (see below)

1 (Volter, 2019)

40 kW, / 100
KW,

40 kg / hr
20 %
$0.78 / kg

NATIONAL RESEARCH COUNCIL CANADA
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Combined Heat & Power (CHP) Generator

CHP-based electricity generation was estimated at
$0.78 CDN per kWh based on:

Delivered cost of $300 / ton of wood pellets
(Wood, 2019),

$362 / ton shipping costs to Whale Cove from
NEAS terminal in Valleyfield, QC (NEAS, 2018),
Estimated $5 / ton for storage,

5% federal goods and services tax (CRA, 2019),
Nunavut minimum wage labor cost of $13 / hr
(GOC, 2019) with estimated 6 hr / day operational
support requirements.

Q00



Micro-grid Integrated System Model

=
Photovolta..
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Solar Photovoltaics (PVs)

« 176 kW PV Output Data supplied
as a variable input (from NREL
PVWatts® Calculator)

176 kW PV Installation - Estimated Power Gen. for Whale Cove (full year)
—— PV Power

200

100

PV Output [kW]
=

50

[

o 50 100 150 200 250 300 350
Time [days]

DC PV Power Estimates for Whale Cove (NREL, 2019)

/I/lodelon_

oad_ext

Whale Cove Load Profile

» Real world load profile scaled to max
load of ~ 402 kW for Whale Cove
(from OId Crow, Yukon)

500

400

300

Electric Load [kwW]
w

100

o —— Load Profile

o 50 100 150 200 250 300 350
Time [days]

Scaled Jan-Dec 2015 load profile from Old Crow,
Yukon (ATCO Electric Yukon, 2015)

000 -



Micro-grid Integrated System Model

| Energy Storage System B» Manitoba Electric Grid
» Based on commercial battery tested at wognoed * Modeled as an ideal grid (constant voltage
the NRC Vancouver Battery test facilities and frequency).
» Based on actual case study performed to
2 connect the Manitoba Electric Grid to multiple

N CEl CHEEE LD AL Nunavut communities (Karanasios, 2016).

Module Configuration 1251P « Estimated cost to install transmission lines:
Max SOC 80 % $900 Million, with $40 Million diesel savings
Min SOC 20 % estimated per year.

Discharge C-Rate (20-80%

sSOC 2C Manitoba Grid Connection

Charge C-Rate (20-80% SOC) 2C
Pack Configuration 98S1P
Total Pack Energy Capacity 42.2 kWh Grid Selling Rate? $0.02949 / kwWh

Pack Voltage?! 352V }(Karanasios, 2016), 2(Hydro Manitoba, 2021) — May vary
slightly, as this rate applies for < 100 kW systems.

Grid Purchase Rate for QEC? $0.13 / kWh

NATIONAL RESEARCH COUNCIL CANADA /I/I.Odelan_ o0



Micro-grid Integrated System Model

NATIONAL RESEARCH COUNCIL CANADA

Transformers / Inverters

« Transformers and inverters
were characterized using linear
efficiency-based models.

 For this study, all efficiencies
were assumed to be 95% and
96% for transformers and
inverters, respectively.

/I/lodelon_

A f

A—
microgridiana..

Microgrid Control / Economy

The Microgrid Modelica
library includes a micro-grid
controller ‘MicroGridControl’,
which contains the control
rules for each controllable
micro-grid component that is
applicable to each use case
The library also includes an
‘Economy’ model that
computes the operating cost
for each power source.



Model Validation — Use Case 1 - Diesel Only
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Power [kW]
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Model Results — Use Case 1 - Diesel Only
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Diesel Fuel [000s of L]
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Totals: Diesel 609 K Litres, Diesel Cost $2192 K, CO2e 1644 tons
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Model Validation — Use Case 1 - Diesel Only

s00 Total Energy Gen = 1895 MWh, Total C Load = 1713 MWh
Im— | pt. Datal! | Sim. Data3 wol |

3 Load
1732 K 1713K o
§ electricGrid —— 1910 K 1895 K ]

Power [kW]
~
8

8,, iks 1479 1644 )
o ;' Cost
F Totals: Diesel 609 K Litres, Diesel Cost $2192 K, CO2e 1644 tons
batery 1(QEC, 2017) and (ITR, 2019), 2Calculated %0
—— /-\ independently in Excel using scaled load .
HH / data file (ATCO Electric Yukon, 2015), g
S — 3Results calculated from model / g 0
Photovals... b simulation, Based on load (kwh) at $1.28 / g
""""" A kWh (present day averaged cost). Em
« Baseline for other use cases =
o —— Diesel Fuel

Time [days]
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Model Validation — Use Case 2 — Island Mode

“ o
“
= = TZ_480
CHPGener
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Rule Based Simulation:

* For reliability, the diesel generator was not
permitted to operate below 30% of its rated
capacity, with the CHP system and PVs
meeting the remaining demand.

 Batteries were directed to discharge
(supply) power when a shortfall was
detected, and to charge power when there
was a surplus (up to a maximum 2C charge
/ discharge rate).

P, = Min Diesel (96kW) + CHP (40 kW)
+ PV power — Load

o0 ::



Model Validation — Use Case 2 - Island Mode

a0 Power Balance: Power Supplied (from all sources) vs Demand
E
microgr?Mana... 400
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Model Validation — Use Case 2 - Island Mode

dieselGene okEE o §
o 4 BN
[ =
——
m
Ve
battery
1 1 1]
[ I 1 1] =
L1 1 ]
L1 1 1 ] ~
A IMverer
Photovalta...
. + t
= = TZ_480
CHPGener..

load_ext

NATIONAL RESEARCH COUNCIL CANADA

/I/lodelon_

Power [kW]

500

400

200

100
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Total Energy Gen = 6.6 MWh, Total Consumer Load = 6.04 MWh

—— Load

—— Diesel Min

Battery
PV

CHP
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Time [days]

Test: Day O - Winter
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Model Validation — Use Case 2 — Island Mode

e Ty = . Tt o on -
Case 1 Case 2 - patrary
@l py
I ..
216K 168K § | .
Glcate e 774K 68K ‘
i e Microgrid: Diesel 1.68 K Litres, CHP fuel 0.96 K, CO2e 4.53 tons , _Microgrid Operations Cost $6.81 K, Diessl $6.06 K, CHP $0.74 K

----- Diesel Fuel - MG
----- Diesel Fuel - Diesel only
CHP Fuel

—— Total MG

————— Diesel MG

----- Diesel only
CHP

[ 4
°

o

-
n

Photovolta... load_ext

IS

Be I

T2_480

w

™
o
Cost [000s of §]

o
o
~

CHPGener

Fuel [Diesel: 000s of L, CHP: 000s of kg]

o
o
)

00 02 04 06 08 10 00 02 0.4 0%
Time [days] Time [days]

Test: Day 0 - Winter

NATIONAL RESEARCH COUNCIL CANADA /I/I.odelan_



Model Validation — Use Case 2 - Island Mode

T1_208
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100
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load_ext

—-100
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Total Energy Gen = 3.59 MWh, Total Consumer Load = 3.35 MWh

No curtailment

Diesel MG
—— Diesel Min

0.0

0.2 0.4 0.6 0.8 1.0
Time [days]
Test: Day 220 - Summer 000 -



Model Validation — Use Case 2 - Island Mode

NATIONAL RESEARCH COUNCIL CANADA
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Rule Based Simulation:

 If power supplied > demand and available battery capacity,
CHP and PV outputs were curtailed.

500

400

300

200

Power [kw]

100

=100

Total Energy Gen = 3.65 MWh, Total Consumer Load = 3,35 MWh

_____ PV With curtailment

CHP
----- Diesel MG
—— Diesel Min

0.0 0.2 0.4 0.6 08 1.0
Time [days]

Test: Day 220 - Summer



Model Validation — Use Case 2 — Island Mode

T2_480

CHPGener

load_ext
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Rule Based Simulation:

« Early in the day, when there is
a shortfall, the battery is fully
discharged from its starting
point (50% SOC).

* When there is more surplus

power available, the battery
charges up to its max SOC
(80%), after which point,
excess PV must be curtailed.

« Once PV output begins to

decrease and Pnet <0, the
battery discharges.

P,or = Min Diesel (96kW) + €HPL46-4H)

+ PV power — Load

Test: Day 220 - Summer

Power [kW]

Battery energy [kWh]

500

400

300

200

1001

]
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~
=]

-
=]

o

Total Energy Gen = 3.65 MWh, Total Consumer Load = 3.35 MWh

With curtailment

***** Diesel MG
—— Diesel Min

0.0 0.2 04 06 08 10
Time [days]
Battery
Charge
Capacity
SOC limits
|
1
|
|
|
\
1 I . I
0.0 0.2 04 0.6 08 1.0
Time [days]
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Model Results — Use Case 2 - Island Mode

Power (kw)

NATIONAL RESEARCH COUNCIL CANADA

Operational Strategies — Seasonal Curtailment:
» Determined the ~ days each year where CHP and PV curtailment might be beneficial.

» Re-ran simulations to compare full curtailment (no CHP plus PV curtailment) versus

seasonal curtailment (curtailment when Pnet > 0, ~Days 50-300).

Net Minimum Power Generation (Min Diesel (30%) + CHP + PV - Load)

100

50

=)

[
1a "
-50 |
-100
-150 No curtailment
—200
— P_zero
250 —— Netl Power (kW)
0 50 100 150 200 250 300 350
Time [days]
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500

300

200

100

-100

Total Energy Gen = 1884 MWh, Total Consumer Load = 1713 MWh

— Load
----- Battery

With curtailment

CHP
----- Diesel MG
—— Diesel Min

0 50 100 150 200 250 300 350
Time [days]

20



Model Results — Use Case 2 - Island Mode

Operational Strategies — Seasonal Curtailment:

» Determined the ~ days each year where CHP and PV curtailment might be beneficial.

Re-ran simulations to compare full curtailment (no CHP plus PV curtailment) versus

seasonal curtailment (curtailment when Pnet > 0, ~Days 50-300).

Description Curtailed | Seasonally
P (full year) Curtailed
Total Energy
Generated (MWh) L Y
Diesel Fuel (L) 544 K 506 K
CHP Fuel (kg) 110K
CO,, (tons) 1470 1365
Cost (CDN$) 1969 K 1920 K

/I/lodelan_

NATIONAL RESEARCH COUNCIL CANADA

Diesel-
Only Use

Case 1

1895

609 K

1644
2192 K

Power [kw]

500

400

300

200

100

-100

Total Energy Gen = 1884 MWh, Total Consumer Load = 1713 MWh

— Load
~~~~~ Battery

With curtailment

CHP
----- Diesel MG
—— Diesel Min

0 50 100 150 200 250 300 350
Time [days]



Model Results — Use Case 2 — Island Mode

Design Considerations — PV Installation Size:
« Simulations were re-run with PV scaled from 0.1 to 1.0 x the original PV installation size.
» These runs were performed with curtailment (without CHP and with excess PV curtailed).

» Although costs decreased with increasing PV size, at some point, the amount of additional
power that can be effectively used (versus curtailed) starts to decrease.

) PV Sizing - Cost Comparison )
=PV X0:1. N0 CHP 1 xbatt 2 Total Operating Cost (CDNS$) vs Scaled PV Size

PV * 0.2 NO CHP 1xbatt w7
2000 { PV * 0.3 NO CHP 1xbatt 7
~— PV * 0.4 NO CHP 1xbatt

g

PV * 0.5 NO CHP 1xbatt
PV * 0.6 NO CHP 1xbatt

PV + 0.7 NO CHP 1xbatt g 2100
= 1500 1 PV + 0.8 NO CHP 1xbatt 8
:'_' PV * 0.9 NO CHP 1xbatt 9

° PV +1.0 NO CHP 1xbatt g 2000
" == PV *+1.0 NO CHP with 20xbatt ]
=4 == PV * 0.0 with CHP 10xbatt -
8 1000 == PV* 1.0 with CHP 1100xbatt H

:- | ---- Diesel Only ‘;’n 1900
a £
S i
o &
o

500 1 O 1800

1700

0.00.1 0.2 0.3 0405 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

Scaled from Original PV Size (X.X * 176 kw)
0 50 100 150 200 250 300 350

Time [days
[days] ——Total Operating Cost (CDNS) Linear Decrease
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Model Results — Use Case 2 — Island Mode

Operational / Design Strategies — Battery Size:
 In addition to previous runs, the Microgrid was run with CHP and energy storage only (PV output = 0 kW).

» As with PV simulations, there was substantial surplus power that needed to be curtailed to maintain balance,
implying that the battery was largely undersized for this installation.

+ To evaluate further, multiple simulations were run with PV only, CHP only, and with both PV / CHP combined
to determine the battery size that eliminated the need for curtailment.

PV Sizing - Cost Comparison ) PV Sizing - Diesel Fuel Comparison
PV * 1.0 NO CHFP with 20xbatt - PV * 1.0 NO CHP with 20xbatt
PV * 0.0 with CHP 10xbatt ’," 600 1 == PV * 0.0 with CHP 10xbatt
20001 — PV * 1.0 with CHP 1100xbatt "” - —— PV * 1.0 with CHP 1100xbatt

PV + 1.0 with CHP Operated Seasonally 20xbatt == PV * 1.0 with CHP Operated Seasonally 20xbatt
-==: Diesel Only 500 | - Diesel only

7 1500 | T o .
5 s ~
3 8 - -
o S 300 | - - 7
S, 1000 S e ———
- - L T
§ 3 T
3 2 200 e
L P
500 1 £ P
# 100 =
/ ;"f’/
ol , /
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Time [days] Time [days]
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Model Results — Use Case 2 - Island Mode

Economic Assessment:

NATIONAL RESEARCH COUNCIL CANADA

Looked at the investment cost of each
micro-grid component versus savings.

For PV systems, the cost of $2.85 (CDN$) /
Wac was used to include inverter costs
(NREL, 2017).

For the battery system, $509 (CDN$) / kWh

was used, which includes battery
management and inverter costs (NREL,
2019a).

The total cost for the 40 kw CHP generator
unit was ~ $290K (or, $7.25 (CDN$) / Wac)
(Volter, 2016).

/I/lodelon_

Operating Cost C,G?E Annual Savings | Installation | Break
. Emissions | |
(000's SCDN) (tons) (000's SCDN) | (000's SCDN) | Even (yrs)
Diesel Only 21927K 1644 0 0 0.00
PVOuly (176 EW)| 2168 K 1625 4K 716 298
PVOuly 176 KW) [ 1969 K 1470 23K 5231 235
OWCe W 1951k | 1456 | 241K | 9312 | 3.6
Seasonal Ops
Tty | 1920K | 1365 [ 2K | 8131 | 299
CHF Only +
ome | 209K | 112 [ 153K | 5048 [ 330
Full PY+ CHP +
ooge | 17S4K | 1114 | 408K | 244194 | 5985
Seasonal Ops with
g | 1784K | 1114 | 408K | 12212 | 299
o0




Model Validation — Use Case 3 — Grid Connected

e | * Use Case 3 represents grid-connected operation of
|Z: { ] the micro-grid (including the diesel generator, CHP
riogtine. e e generator, PVs, battery ESS, and a connection to the

_ Manitoba electric grid).
% 8,&, Jske * The definition of net power (P, is the same as in Use
-l - Case 2.
Pnor = Min Diesel (96kW) + CHP (40 kW)
—— o + PV power — Load
H-HH 7  The original battery size (42.2 kWh) was used as the
. e — grid connection will provide an alternate load (for P, =
--------- , 7 0) and source (for P,., < 0) for the micro-grid.
_“I-l% B  In both cases, the grid will only engage once available
battery capacity (charge or discharge) has been used.

NATIONAL RESEARCH COUNCIL CANADA /I/lodelan_ o0



Model Validation — Use Case 3 - Grid Connected
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Model Validation — Use Case 3 - Grid Connected

500 Total Energy Gen = 4.21 MWAh, Total Consumer Load = 3.35 MWh
$ [ .
/\/\ - 3 """ Grid
|:_ —— Load i
icrogridMana... :
rigisine. | Y —_ a0l Battery No CHP curtailment
— PV
[ ¢ ] .
E_ = l CHP
dieselGene 2 (111 @ (111 — 3004 Diesel MG
-hd - S
— =
[ z = 200
i Invere... g
battery °
o
S : 100
1 1 1 1
L1 1 1 ] ~ [
A imverer i S
Photovolta... load_ext ,:“‘ \___\ T N .
---------- 0 RS T N e ————p—= A 75 fresbennn T2 220
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CHPGener —-100 . . . T T T
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Model Validation — Use Case 3 - Grid Connected

500 Total Energy Gen = 3.25 MWh, Total Consumer Load = 3.35 MWh
| Pl e T e e I P Grid
—_ —— Load . .
microgrldMana’W.”””j % - — 4004 —___ Battery WI t h C H P C U rta.l I m ent
A A e PV
1
= 300 | .
Teselene obE it N Diesel MG
v\ + SI g
i =
— =
E‘ - ~ 200
4 o
p— fvere . E
o
[ 1 1 11 100 4
( 1 1 11 =
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CHPGener - ~100—575 0.2 0.4 0.6 0.8 1.0
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Model Results — Use Case 3 — Grid Connected

Test: Day 0 - Winter

P Casel | Case 2 | Case 3

68/ 66/ 37/
(MWh) 6.04 604  6.04
216K 1.68K 0.70K
~ 09K 096K
585 453  1.90
- ~ 38000
774K 68K 379K
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Model Results — Use Case 3 - Grid Connected

500 Total Energy Gen = 4.21 MWh, Total Consumer Load = 3.35 MWh

400 1 ----- Battery .
..... PV No CHP curtailment
CHP

Test: Day 220 - Summer 0| Diesel MG

Casel | Case?2 | Case 3a | Case 3b 100 e
3.71/ 3.65/ 421/ 3.25/
Load (MWh) 3.35 3.35 3.35 3.35 ol e

117K 0.89K  0.70 0.70

200

Power [kW]

co (tons) 3 17 2 41 1 90 1 90 500 Total Energy Gen = 3.25 MWh, Total Consumer Load = 3.35 MWh
2e : : : Bt AR Grid
Grid Cost [ toad
- = -10.70 7020 w0l . atte . .
CDN$ e I i With CHP curtailment
Total Cost cHP
CDN$ 429K 332K 340K 273K I Diesel MG
z
E 200
3
e
100
ol
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Model Results — Use Case 3 — Grid Connected

Economic Assessment: G’pEl"‘:llillg Cost El':l:ig.:i:[lﬁ .-llllll.l:'.llsu'.lﬁllgﬁ Illsf.'.lll.'.llitr[l Break-
) (000's SCDN) (tons) (000's SCDN) | (000's SCDN) | even (vrs)
* As expected, Use _Case 3 with seagonal edon | 22K | 1638 > > >
operations greatly improves operational oo Cane3
savings compared to Use Case 1 (diesel Seasonal Opswith| 1784 K | 1114 408K 12212 | 299
. 20xBatt
only) and Use Case 2 seasonal operations. - C“ ; Goid oot
. . SeLase
* With Full CHP curtailment (no CHP), even Seasomal Opswith| 1098 K | 696 | 1004k | cCost+ | 225
more savings can be realized since the cost Grid §13.1K
of CHP power is greater than the cost of Use Case 3 Full Grid Instal
grid power. Curtailmentwith | 1083 K | 696 1109 K Cost+ | 225
. . s . . Grid
« However, due to high initial investment, it i S

Note that the breakeven value of 22.50 years for the grid-connected case
was computed as the installation cost ($900M) divided by diesel savings
across multiple Nunavut communities ($40M) (Konstantinos, 2016).

will take much longer to recoup costs.
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Optimization — Use Case 3 — Grid Connected

Optimization Assessment: 500 _Yotal Energy Gen = 2.71 MWh, Total Consumer Load = 6.04 MWh
« In addition to the rule-based simulation, | 7 f""d""‘"er
. . . . — oa
optimization tools are also available forthe 40! Battery
Modelon Microgrid library usingthe | PV
Optimica Compiler Toolkit. wol T Diesel MG
» A cost optimization was performed for Use g W
Case 3, with the objective function and = e
. . ~ 200 p T
constraints defined below: g S and / L]
" 2 AT T e e rd “‘/\\‘ ,_\/‘,\‘ ]
f d(total cost(t)) + (d(Ppart)? + d(Pgieser)? + d(Peyp)?)dt 100 4 e L
Jt; r “h
total cost(t) = costyyiq(t) + costajeser(t) + costeyp(f) rr" ."“..
Pyqte: Battery Power 0 T - ‘ e
Pyieser: Diesel Power
Peyp: CHP Power -100 | I | I ‘ |
0.0 0.2 0.4 0.6 0.8 1.0

Phieser = 96 kW (minloading) Time [days]
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Optimization — Use Case 3 — Grid Connected

Optimization Assessment:

 |n addition to the rule-based simulation,
optimization tools are also available for the
Modelon Microgrid library using the
Optimica Compiler Toolkit.

» A cost optimization was performed for Use
Case 3, with the objective function and
constraints defined below: .

ty
f d(total cost(t)) + (d(Ppart)? + d(Pgieser)? + d(Peyp)?)dt
o tl

total cost(t) = costyyiq(t) + costajeser(t) + costeyp(f)
Pyqte: Battery Power
Pyieser: Diesel Power
Beyp: CHP Power
Pieser = 96 kWh (min loading)
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Optimization — Use Case 3 — Grid Connected

Optimization Assessment:

* In addition to the rule-based simulation,
optimization tools are also available for the
Modelon Microgrid library using the

Optimica Compiler Toolkit.

A cost optimization was performed for Use
Case 3, with the objective function and

constraints defined below: .

ty
f d(total cost(t)) + (d(Ppart)? + d(Pgieser)? + d(Peyp)?)dt
o tl

total cost(t) = costyyiq(t) + costajeser(t) + costeyp(f)

Pyqiet Battery Power
Pyieser: Diesel Power

Beyp: CHP Power

Pyieser = 96 kW (min loading)
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Optimization — Use Case 3 — Grid Connected

Battery 42.2 kWh

.
S

Optimization Assessment: Rule-based simulation

w
o

« In addition to the rule-based simulation, g |
optimization tools are also available for the B :‘ ‘:
Modelon Microgrid library using the B ,‘l |
Optimica Compiler Toolkit. .' |
A cost optimization was performed for Use z T ——
Case 3, with the objective function and o " " ime tdays)
constraints defined below: . _ _ Battery 42.2 kwh
f:f d(total cost(t)) + (d(Ppare)? + d(Pyieser)? + d(Poyp)2)dt C Optimization results
Je : e
total cost(t) = costyya(t) + costaiaser(t) + costeyp(t) %m e — ’ \\\
ST /AN
Pyiocer: Diesel Power i 20 , / \
Peyp: CHP Power ol | L J
Paiecer = 96 kWh (min loading) - = o m B o il
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