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Overview

Simulation and optimization software

e Off-grid or grid-connected generating systems S
* Possible load: ma . erim T. ‘/\..l-_---.--..,
* AC h 4

‘ PV

whandy 1 Pump l
-
* H, for external use l —phtna;?lr

 Pumped water

* Possible components: AC e
* Renewable sources: PV, Wind, Hydro '“;‘E’,?;'fr;’f;‘;;‘fr A Load /
* Storage: -d-@ inverter) t DC grid
* Lead-acid, Li-ion or other types of batteries ﬁd Q
« Pumped Hydro Storage (PHS) FuelCell+ a Backup
* Hydrogen: Electrolyzer — H, tank — fuel cell Electrol. Battery Generator

* Fossil fuel generators
Sell / Buy electricity to the AC grid
Sell H, generated by electrolyzer (Green H,)



Simulation

* Each combination of components and
control strategies is simulated during:

* 1 typical year (steps from 1 min. to 1 h)

* All the system lifetime (25 years typically),
considering anual changes in:

* Electricity price (buy / sell to the AC grid)
* Sell generated green H, price

* PV, wind resources

* PV, wind, hydro generation

* Battery capacity

e O&M for PV or Wind

aimulation and optimization:

(@ Simulation ofthe 1styear and extrapolate results

o
[

MULTIPERIOD SIMULATION AND OPTIMIZATION OPTIONS:

Show in the simulation during one year:

@) Aerage year

O vear number: 1

Annual increase in electricity and He price: [ Fixed
(it fixed, same values as price inflations of LOAD/AC GRID)

AC grid Electricity: Purchase: 3 % Sell: 3 %

H2 sald: 3 %
Annual increase in load consumption: I:‘ Fixed
AC 1 % pc. 1 %

He 1 % Water 1 EA

Annual decrease in generation

PV Tstyear , other years:
‘Wind Turbines: %
Hydro Turhines El%

Battery end of it when capacity raduction oi |20 %

Annual variation over sWerage in resources: I:‘ Mo change

Annual O&M for P and Wind T. []Fixed

Year

Obtain random wvalues for

Obtain random values for

Purch.E.
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(_JMultiperiod: simulate all the years of the system lifetime (

PURCHASE E. price inc.

YWEars)

| Average (%) Std. dev. (%)

Iradiation variation over ave ~ | Average (%): Std. dev. (%) El

Annual increase in prices and load (%) / Variation over average in resources (%) / O&M PV - WT (%):

SellHz
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Optimization

° Mono_o bjective: Econamic optimizatian:
o . . . kin. NPT
. Mlnlmlze NPC (Off—grld or grld-connected Systems tO () Minimize Met Present Cost (MPC), usually for oft-grid systams and high load on-grid > m:: ;(;S:aCkperiDd
Suppply Ioad). Max. IRR savings vs AC only
(@ Maximize Met Present Value (NPY), usually for low load or no-load on-grid systems b
* Also option of minimization of LCOH or minimization @ Max. NPV
of payback-time or maximization of IRR savings Shin Lo
compared to system of only AC grid (OMax Cap F. min LCOE
O Max. IRR
* Maximize NPV (grid-connected power generating i Payeeh e
systems)
* Also option of minimization of LCOE or LCOH or Cap.
Factor and LCOE or maximization of IRR or
minimization of payback-time.
* Multi-objective:
LR — ) —— [v] Display only non-darmin.
e NPC - COZ emissions (@ Cost- COZ Emis. () Triple % cwar min NEC, ann

° NPC _ Unmet Ioad () Cost-Unmetload () Another Ma non-dorm -

* NPC - CO, emissions - Unmet load



Optimization

* The software simulates and evaluates all the posible combinations of
components and control strategies — obtains the optimal one
(lowest NPC or highest NPV or lowes LCOE or lowest LCOH or...)

* If too many combinations -> optimization time can be too high,
inadmissible — Use Genetic Algorithms metaheuristic technique —
optimize in reasonable time



Control strategies

* For off-grid systems:
* Load following
* Cycle charging
* Control variables

* Energy arbitraje: For grid-connected
power generating systems

* Fix / optimize max. electricity price to
charge batteries and min. electricity price
to discharge batteries -> optimal storage
management

* Also for PHS
* Also for green H, generation

* Frequency containment reserve (FCR)
service

CONTROL STRATEGY ANDWARIABLES TO OFTIMIZE

Global strategy:

(@ Load Following

(") Cycle Charging Continue up to S0C stp
(O Try Both

Yariables to optimize relative to the global strateqy:

Frnir_gen Frrin_FC HETAMNE st
F1_gen F1_FC Fz
S0Cstp_gen S0Cstp_FC [ ]s0CHmin
Feritical_gen Foritical_FC Flim_charge

ENERGY ARBITRAGE: System with batteries and grid connected
Batt. charged by the AC grid J{ discharged if: (also for Ebvzer-> H2) [ ]Elyzer. full load

Frice E<= Eﬁfk\r\r‘h Ji Price Ex= E,.-'kWh []D0-% [«](Compare with Sell price’

[ ] Optimize strategy of grid-conneted batteries:

Bafteries can inject electricity ta the AC grid
[ ]1 day atlow SOC-> charge battery with AC grid

) i Bafteries awvailakility
[ ]'hen batteries are off compensate autodisch.

[ ]FCR fuse 1 min time step) FCR Data



Economic and financial data

Default currency (€) can be changed to S or
any other

Nominal interest rate
Annual general inflation rate for O&M, etc.

Annual specific inflation rates for:
* Electricity sell Price
* Electricity buy Price
e H2 sell Price
* Backup generator fuel Price
* Change in components prices to calculate
replacing costs
Corporate Taxes
Loan
Capacity market expected incomes

After simulating — calculation of NPC/NPV,
LCOE, IRR, payback time... for each
combination

ECOMOMIC DATA:

Mominal interest rate (capital cost): %

(nominal discount rate)
Snns) il ien peie (Ui ; % In LCOE ¢/ LCOH include real disc. rate in Energy
In maximize NP systems use Inf. sell f HE

' itetirne):| 25 ears
Study period (system fetime): 25| [ 1in max. NPV, LCOE calculated with Esell+Eload
[«] &tthe end of the study period consider the residual cost of the components

Currency |Euro (€) [v] Discounted Payback period
R

Consider loan: [_|for payback [ |for IRR

Installation cost and wariahle initial cost: E ME Fix + % of initial cost

Itin avear costs¥incomes, taxes=0 that vear

Annual real discount ratel (2]
49%

Corporate taxes (%)
Megative taxes accumulate and are offset later when taxes >0

Loan (canstant guota, French system):

Amount of loan: |[100 %

of the initial cost of investment

Loan Interest. |7 %
Duration of loan: |25 years
[ ] Capacity Market



Capacity market data

CAPACITY MARKET :

Inthe 1st calumn you must enter the price of the Capacity market far the different vears (refarred to its wear).

In the rest of columns wou must enter the de-rating factor of the different technologies. Ohtain randam walues far Frice Capacity hMarket b

»:hours of duration of battery 1 %" hours af duration of battery 3 Average: (100 Std. dev.: (10
& hours of duration of FHS 1 " hours of duration of PHS 4 From year: 1 w | Toyear: |25 W

Y'ear Frice /MW PV Wind(2:) Hydro(®:)  Diesel(2s)  F.C(%) Bat_x_h(*2) Bat_¥_h(¥%) PHS_*_h(¥% PFHS_¥_h(* ~

1 10000 ] 10 45 30 80 10 a0 10 0

2 10000 5 10 a5 80 80 10 90 10 a0

3 10000 5 10 a5 80 80 10 90 10 a0

4 10000 R 10 a5 80 80 10 90 10 a0

R 10000 R 10 a5 80 80 10 90 10 a0

B 10000 ] 10 a5 80 80 10 30 10 a0

7 10000 ] 10 a5 80 80 10 30 10 a0

8 10000 5 10 a5 80 80 10 30 10 a0

q 10000 ] 10 45 30 80 10 a0 10 0

10 10000 5 10 a5 80 80 10 90 10 a0

" 10000 5 10 a5 80 80 10 90 10 a0

12 10000 5 10 g5 qn a0 10 g0 10 q0




Load and Resources

* AC, DC, H2 and water pumping load can be defined in monthly average hourly vales
or it can be imported in several minutes or hourly basis.
* Irradiation, wind speed and tempertaure can be:
* Hourly values downloaded from 3 different databases (PVGIS, NASA, RENEWABLES NINJA)
* Obtained synthetically from monthly average data
* Imported the whole year, in steps from 1 min.to 1 h.
* Import PV / wind generation in steps from 1 min.to 1 h.

e Water for hydro in hourly or monthly average values
* Hourly values converted to minute values using autorregresive functions

* Wind and/or PV generation from a real wind turbine / PV in hourly or minutes steps
can be imported and used as input for the wind turbines / PV generation.

* Wind turbines with 16 power vs wind speed curves, one for each wind direction
sector (from 02 to 337.52 in steps of 22.52) can be defined. This way the wind
generation will depend not only on the wind speed but also on the wind direction.



urchase / sell electricity to AC gri

» Different prices for purchase

and sell electricity

* Fixed values or hourly, imported
or by periods (TOU, RTP)

* Hourly periods also for
maximum Power available from

/ to the AC grid
Options for net metering / net

billing

Period F1
Feriod P2
Feriod P3
Feriod F4
Feriod F5

Feriod P&

Cost of Power ([£/kMA

I

oK

Selt-consumption and MNet Mettering:

HOURLY PRICE OF THE ELECTRICITY PURCHASED FROM THE AC GRID

Hourly Price Data (£/kWh)

(O Hourly, all days the same

(O Fram file (8760 haurly values) Impor hourly Frice 1= Draw
(@ Hourly Periods

Hourly Periods:

Number of Hourly Periods: 3 ~| @ O Mon

(O Hourly (from file)

Summer calendar.

From day month

Today

Period P1 Price:  |0.15 Period P4 Price:

Period P2 Price: |0.12 Period P5 Price:

oy Perind P3 Price:  [0.08

Period Fb Price:

SUMMER: periods distrilbaution:
0-1h 1-2h 2-3h 3-4h 4-5h 5-6h 6-7h 7-Bh 6-9h 310k 10-11h 12k

R T O 2 ) e 2 )
12-13h  13-14h  14-16h  15-16h 16-17h  17-1Bh  18-18h  18-20h  20-21h  21-22h  22-23h  23-24h

WINTER periods distribution:
O-1h 1-2h 2-3h 3-4h 4-5t

R T G ) I B

¥ Graph

Price of the electricity PURCHASED from AC grid

12-13h  13-14h  14-16h  15-16h 161 0.155

P 015
0145
014
0135
013
0.125
012
0115
011
0.105

Price per kWh

Mo net metterin

A 0.095

Met betering, Twear rolling credit
Met bMetering, no rolling credit
Met Billing, 1 year rolling credit
Met Billing, no rolling credit

Met bMetering, 1year. PERIODS

0.09
0085
0.08

<

r Purchase price: Average 0.109 /kwh; Mex 0,15 £/kWh; Min: 0.08 &/kWh

3 41 51

Days display




Irradiation

* |rradiation over any surface,
fixed (tilt, azimuth) or 1 or 2
axis tracking

* PV generator can be divided
in two zones with different
tilt and azimuth.

* Irradaition over the back
surface is calculated — PV
bifacial modules can be
considered

 CPV can be considered
(direct irradiation)

V| SOLAR RESOURCE

Latitude (%) (+N. -5)
Longitude (%) (+E. W)

Locate onmap | Update coord

Data source

Get data frorm local DB & Y emels e ) ‘ 7Y el Al (5 El
35 0

Download hourky data Ground Peflectance

Fixed albedo Irpan All. || Gr.
Dutimal Slope#T | [T] Optimize PA#1 panels slope during the aptimization of the system

Download NASA manthly data

Steps

(@) Monthly Average (_) Import from File Hour (kKiWh/m2) Horiz Tilt

[l ceneration of PV gen. (MW) normalized to 1 MWp 1 | Minutes- each hourin 1 row (tilt, in kW)
(equivalent to irradiance kW/m2 x PR)

Import

Minutes- 1 per row (tilt surf. in kW/m2)

Data Source for Monthly Average Daily Irradiation: Radiation Horizontal Surface (kWh/m2) -~ Calculation Method for Hourly Iradiation:

Irradliation
av. horiz. s.

January
Februrey
arch

April

[EN

June

Juby
August
September
Octoher

Mowember

December

SHADOWS

Scale factar (x by

“ariahility minutes: correlation factor: Sld dewv.

Irractj.;;ﬁtlnn PV Tracking System: | No Tracking v O tu & Jordan Oerbs etal
awv. tilts.
Factar F(l) for the back albeda (@) Collares-Fereira & Rabl (_ Graham
3.13 kivh/m2 (bifacial modules) (Durusoy 2020y |03
4.55 kWh/m2 5 .
MONTHLY AVERAGE DAILY IRRADIATION, HORIZ. / TILTED SURF. ummer:
5.45 kiwh/m2 Official hour advances:
5.62 kWh/m2 6 h to solar hour
5 8 Kih/m? 5 A
of month
B.12 kiWhim2 4
2
£.28 Kiviim? 3 Tocay |2 |
of month
.99 kiWh/m2 2
5.33 kihim2 1 Winter:
Official hour advances:

4.13 kivwh/mz2 0

Mood 0 A h to solar hour
317 Kvh/m MONTH
2.6 ki'h/m2

. Force Elc\oudy consecutive days (only difuse irradiation) in month
Daily Average Irradiation (Horiz. Surf.): 4.21 kihim2 Daily Awverage Irradiation (Tilt Suf):  4.85 KWhim2
Total Annual Iradiation (Horiz. Surd):  1538.83 kivh/m2 Tatal Annual liradistion (Tilt Sur.) 177098 kiWh/m?2

Back surface ofthe modules:  181.95 kiMvh/m2

Update minutes

ny [ n = Cranh in ctanc nf cn __ I Evnnrt tilkar Evnnrt hariz
V[ Graph - [m] X
Irradiance

1,200

1,100

1.000
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o 700
£
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11 -6
< ;
Days display
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Wind speed

* Monthly average converted
to hourly and minute basis

* Or download or import
hourly or minute basis data

A WIND RESOURCE

Latitucle (2 (+M. -5) : Get data from local DB

Longitude (%) (+E. “W)

Dowenloac hourly data
Locate on map | Update coord Download NASA Monthly data

Data source

Anemormeter Height

m

Monthly Average Data:
(@ Manthly Average Speed

(O Night speed, Amplitude, F Factor and Hour max speed

Surface Roughness

Ste'ﬂs Class ! ~ Length 0.03 m
@ Monthly Average O Import data file (in més) 10urj Mo ced el Irnport Agricultural open area without fences
[ Generation of wind turb. (M) normalized to 1 My rated p. Minutes-1 per row ne!ih\_ar hedges and with very dispersed
" buildings. Only sroothly rounded hills
hput Data
hdonth A wind (my's) ~
JANUARY 65 &, 8p. (/s
FEBRUARY 7z Jan b5
MARCH 54 Feh: 7.2 o
APRIL 6.8 bdar: 5.8 014
MAY 46 Apr B8 013
c
JUNE 5.2 ey 4.6 EE 0.12
Juy 45 Jun:B.2 s om
AUGUST 5.1 Jul 46 “‘é‘ 0.1
SEPTEMEER B3 . il
Aug: 5.1 £ pos
OCTOBER 71 . 2
Sep b3 2 o017
NOVEMBER 5.3 &
P DECEMBER 56 Oer 7 3 0
’ MNow: B.9 = 005
o
Dec: 6.6 g e
v 0.03
; . 0.02
Hourly wind sp. datal - Shape factor (n) |2 Carrelation factor
pe factr e 001
Calculation of wind speed for each minute: std. dew. m/fs Lpdate min 0
0 5 10 15 20 25 30
Wind speed (m/s)
Force El congecutivie days with wind < més in ranth
I= Graphinstepsof |60~ min Expont A, yoor (mfs Infa time of calm wind
Lle Calm is considered
Scaled Averags Snesd (mfs Forrm factor of the wind speed serial: 2 < m.i'S
Scaled Averags Spesd (m/s)
Scale by (x b
by B.0R V' Graph - a X
WIND SPEED
20
18
16
%
12
£
8
6
4
2
0
January
‘ >
Days display

Back




Models for components

Accurate models for all the components

Advanced ageing battery models, for lead-
acid and for Li-ion

Inverter and inverter-charger efficiency
dependant on output power

Variable consumption and efficiency for
backup generator, electrolyzer and fuel
cell

Elyzer10MW-. Consum ption{MW) and Efficiency{%HHV)

=

= 70 =
z 8192 60 T
= 6144 2l 2
= a0 £
> 4.096 30 2
5 2048 20 =
o “ 10 5
Ui 0 0

LLI

0 002 004 006 008 DA 012 014 016
H2 QUTPUT MASS FLOW (t/h)

Mominal HZ mass flow = 0166 th; It is needed at least 1.5 MY to generate H2

(%)

EFFICIENCY

T

I =ie 18 |Fl1a a0 |Alzn [Mizo | Jfez |M;Da” (°C)
1.
(eg) Jez |alzz |slz2 |ofeo |mj18 |Dfts |

Except Schiffer model, consider Trnart hourh file @Mon.
Tmean==Tfloat life IMPOrERBUTHTE () Hour
Float life reduces 50% for every oC increase {= T Graph
Cycle life dependson T Data
Capacity depends on T Data
Lead-acid Aging battery model Li-ion Aging battery model

()wang et al., 2011 (LiFeP04)

() Grot et al., 2015 (LiFeP04)

() saxena et al., 2016 (LiCo02) Parameters
() Full equivalent cycles

(@) Rainflow (cycle counting)

Inv-Ch20MW
88 \
80
72
64
56
48
40
32
2
16
o 1 20 3 40 5 6 7 8 % 100

OUTPUT POWER (% OF RATED)



Optimization results

Mono-objective optimization. Total No. of cases evaluated: 540. Time: 36"

.o .o
Combinations sorted from best to worst » i
(or best of each generation of the GA) : .
=
L[] L[] . . E 2 IE
Simulation of each combination ®
L] L]
General report of each combination S —
Solution # (sorted from best to worst)
L
Costs report of each combination N
Mo, Total NPY (M£) Emission (KCO2Ax Unmet{GWhan)  IRR(3) Investrment(ME) LCOEEMR W) Report Costs
1 88.373 217 1] 1R.R3 gk i .. :REPORT... COSTS...
z 87618 217 0 1641 gh.E2b 007 SIMULATE.. REPORT... COSTS..
3 87.452 219 1] 163 86.875 00707 SIMULATE.. REPORT... COSTS...
4 86.723 219 1] 16149 avh 00712 SIMULATE.. REPORT... COSTS..
[ 86.52 2.21 1] 16.07 a8.76 00718 SIMULATE.. REPORT... COSTS...
b 85.972 217 1] 1617 86875 00712 SIMULATE.. REPORT... COSTS...
7 85.573 2.21 1] 14.94 49.375 00725 SIMULATE.. REPORT... COSTS...
] 85.35 1.84 1] 16.54 725 00653 SIMULATE.. REPORT... COSTS...
g 85.215 2.23 1] 14.81 90625 00731 SIMULATE.. REPORT... COSTS...
£ >

COMPONENTS: P gen: P10 (10 Myl B (100% PV#T: slope 352 azimuth 0% // Batteries Batbhh (5 kAR 15, Tp. 4 3%Wind Turb, WindT1 (2 MW at 14 mis) /f
Inverter Inv-ChShWy of 5 WA Y Unmet load = 0 % /f Total Net Present Value (NPY) = 86 373 ME. IRR = 155%

STRATEGY: There is no load consumption -» no control strateqy related to the load consumption supply. SOC min.: 10 % Control variables for for grid-connected
batteries: charge batt. (anly fram renewable. not from grid) it price of E_ (sell) is lower than 0 £/kWh; disch. batt. (load + injecting ta the grid) if price E. (sell) higher than 0.11
EfkiWh

See hest Save Exceltahle



Optimization results

Hourly simulation

304
254

Hourly values separately Monthly and Annual Average Power

Monthly Energy  Annual Energy  Hydrogen

Sim. multiperiod, shown year 1. PV: 100%;C bat: 100%;WT: 100%;SOC 1st day: 100%;Water tank 1st day: 40dam3.

264
244
224
204
18
16
144
124
104
]
54
e
24
od
[“Legend
<

POWER (M) /H2 Tank /AVATER tank (MWh}

1"

POWER CONSUMED OR SUPPLIED (MW)

O« O
|

[ Export Energy
Unmet Load

‘Water Pump
[] Pmax input Inverter

Simulation step (min). 15

Batter bank Discharge
[J E-to supply by bat
[] E max disch. bt

Battery bank Charge
0

Wind Turb

AC Generator
[ P max. Gen

w Simulalion multiperiod year:| 1

Electrolyzer
E.H2tank (HHVH2) []R
Fuel Cell

E to supply FC

E. max FC
E bought to AC grid Prrax
E sold to AC grid Pmax

~ Back

AC Generator  Water load /PHS  MULTIPERIOD

55
S ————— 5 Total Load
— Unmet Load
= Disch. Batt
45 == Charge Batt
. = Wind T.
*E PV
£ — Sell E to grid
355 — soC
]
i
3z
w
25 &
E
I,I 2 Z
n
i r “ A 15
1
P} 05
31
>
= [Jseecver  Daysdisplay
Plim Charge nergy price Legend [ Prices ref. tayear
p2 BATTERY ENERGY (Mwh)
S0C
P1

S0C limits

P critical Gen_
Cap. Max_
P criical Fuel Cell
S0C setpoint (

S50C setpoint FC

H2 TANK setpaint (HHY H2) S0C(0-1) | Toul

Save Simulation Data

COMPONEMNTS: PY generator of 10 Miwp_dc (100%6 PV#1: slope 262 azimuth 02).ind turbines of 30 My, Battery bank of 5 Myvh. Bat. Inverter of 5 MyA,

STRATEGY: There is no load consumption - no contral strategy related to the lnad consumption supply. SOG min.: 10 %. Control variables for grid-connected batteries: charge
fram grid} if price of E. (sell) is lower than 0.07284 €/kih; disch. (load + injecting ta the grid) if price E. higher than 0.14508 £/kih

Hourly simulation

Hourly velues seperately  Monthly and Annusl Average Power

Hourly sirmulation

Hourly values separately  Monthly and Annual Average Power

Monthly Energy  Annual Energy  Hydrogen-detailed  AC Generator-detailed  Waterload

HOURLY POWER DURING THE YEAR (MW), ENERGY IN (MWh)

MULTIPERIOD

Haurly simulation

Water (dam3)

ergy (GWh)

Hourly values separately  Monthly and Annual Average Power

ctallioad PV Generator Wind Turbines
4
30
e 2
10
0 2,000 4,000 6,000 8,000 %% 2,000 4000 6,000 5,000
Hydro Turbine AC Generator
0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 5000 8,000
Fuel Cell Electrolyzer Energy (HHV of H2) in H2 tank, end of the month
0 0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0
Battery bank Charge Battery bank Discharge Energy in Battery bank
1T
Lkl "I :
2 2
0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
0 0
0 i 2
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2000 4,000 6,000 8,000

Morthly Energy  Annual Energy  Hychogen

AC Generator Waterload /PHS  MULTIPERIOD

MONTHLY WATER LOAD, PUMPED AND TURB. (dam3). WATER STORED IN TANK AT THE END OF EACH MONTH

L.

MONTHLY H2 CONSUMPTION AND PRODUCTION (t). H2 STORED IN TANK OR SOLD AT THE END OF EACH MONTH

Mornthly Energy  Annual Energy  Hydrogen  AC Generator Water load / PHS  MULTIPERIOD

Hydrogen mass (t)

Month

120 1.200
100 1,000
80 800

600

42 400

20 200
0 0

] ' = 800 £
600 =
400 8
200 5
s
0 =
3 4 5 8 9 10 1 12
Month
[ Water Load W Water Pumped B Water Turbined — Water in tank at the end of the month
MONTHLY ENERGY OF WATER LOAD, PUMPED AND TURB. (GWh). WATER STORED IN TANK AT THE END OF EACH MONTH -
B . 01 %
008 x
006 £
- 004 =
002 &
0 =
W
4 5 8 9 10 1 2
Month
= Hourly Water Pumped (+) fturb. () (dam3) Hourly Water Stored in Tank (dam3)
= 800
K 600
Z 400
= 200
£
= 0
= 0 2,000 4,000 6,000 0 2,000 4000 6,000 8,000
B Hourly Energy of Water Pumped (+) /turb. () (MWh) Hourly Energy of Water Stored in Tank (MWh)
% 100
o~
- — 50
0
00 0 2,000 4,000 6,000 0 2,000 4,000 6,000 8,000

W O H2 load

~ B H2 consumed by Fuel Cell (extemal H2)

@ H2 praduced by Electrolyzer

@ H2 consumed by Fuel Cell (from Tank)

[ == H2 stored in tank / sold at the end of the month

Energy (GWh)
-

Month

MONTHLY ENERGY PRODUCED BY FUEL CELL AND CONSUMED BY ELECTROLYZER (GWh)

[ @ Eneray generated by Fuel Cell ¥ B Energy consumed by Electrolyzer

Save Simulation Data

Save Prob. Data.



Optimization results

I Preview - X
@ E M| @ ww | I D EH| KL of3 b M

NPC / NPV (M€)

iHOGA software. Report.

University of Zaragoza (Spain), with the colaboration of SISENER Ingenieros
Project: 1.mho. Solution # 1
DC Voltage: 1 kV. AC: 20 kV.

COMPONENTS:

PV gen. PV10, 6x10 MWp._ P tatal = 60 MWp (100% PV#1) POWER (MW)
Batt. BataMWh, 1x1x5 kAh_ E total = 0.005 GWh (0 d_aut)
3 Wind T. WindT1, 3x2 MW (@14m/s). P_ total 6 MW
Without Hydro Turbine
Without AC Generator ¥

Without Fuel Cell
Without Electrolyzer

Inverter Inv-Ch5MW , MW ) BATTERIES

Wr

CONTROL STRATEGY:

THERE IS NO LOAD CONSUMPTION -> NO CONTROL STRATEGIES RELATED TO THE LOAD CONSUMPTION
SUPPLY

ENERGY BALANCE DURING 1 YEAR ({GWhlyear):

SOC min. batteries = 10 % Overall Load Energy: 0 GWh/yr. From Renewable: 0%

Unmet load: 0 GWhiyr (0 % load)

E. Purchased from AC grid: 0 GWh/yr

Export Energy: 105.363 GWh/yr

E. sold to AC grid: 98.028 GWh/yr

Energy delivered by PV generator: 85.81 GWh/yr
Energy delivered by Wind Turbines: 18.261 GWhiyr
Energy delivered by Hydro Turbine: 0 GWh/yr
Energy delivered by AC Generator: 0 GWh/yr
Energy delivered by Fuel Cell: 0 GWhiyr

Initial Investment: 85 M€. Loan: 100 %, int. 7% in 25 years, annual quota: 7.294 M€, E::;g :}‘Er‘;:ém;;z;;t&ighﬂ”gzs GWhiyr
Energy discharged by Batteries: 1.279 GWhiyr

CONTROL STRATEGY FOR CHARGE/DICHARGE (load + injecting to the grid) OF GRID-CONNECTED
BATTERIES:

Max._ electricity price (sell) for charging: (only from renewable) 0 €/kWh: Min. electr. price for discharging: 0.11 €/kWh.

ECONOMIC CALCULATIONS:

NPV OF THE SYSTEM (25 years lifetime) (Incomes +, expenses -)-

Total Net Present Value (NPV): 88 373 ME. Internal Rate of Return (IRR): 15.53 %. LCOE : 0.0635 €/kWh OTHER RESULTS:
Distribution of NPV:

PV Generator (NPV): -68.54 M€

Battery bank (NPV): -2.462 M€

Wind turbines (NPV): -8.207 M€

Inverter (NPV): -0.694 ME

Buy/Sell. Bought Energy (NPV): 0 M€. Sold Energy: Electrical E. (NPV): 185.276 ME. H2 (NPV): 0 ME.
Installation+financing (NPV): -17M€

Batteries Lifetime: 10.71 years

Hours eq. of AC Generator operation: 0 h/yr
Hours of Electrolyzer operation: 0 hfyr
Hours of Fuel Cell operation: 0 hiyr

Total CO2 emissions: 2.17ktCO2/yr

H2 sold in one year: 0t H2/yr

ENERGY BALANCE DURING 1 YEAR (GWhiyear)

[y -




Optimization

results

Project: 1.mho. Solution # 1

Distribution of Incomes {+) and costs {-), NPV, during the years. RED: acqu. costs, replac. costs and incomes for final sale.

BLUE: O&M. Currency: M&.

Total NPV: 88.37 3 M, IRR =15.5 %. Inversion cost: 85 M€. Loan of 100 %, int. 7% in 25 yr., quota: 7.294 M€iyr.

TOTAL MNPV BB.373 M€
4

2

0
024 6 810 13 16 19 22 25

Total Cost of PV Generator (NPV): -58.54 M€
u

0246810 13 16 19 22 25
Total Cost of Hydro (NPV): 0 ME

0246 810 13 16 19 22 25
Total Cost of Inverter (NPV): -0.694 WE

0
02 I |
0.4

0246810 13 16 19 22 25
Total Cost of Electrolyzer (MPV): 0 ME

0246810 13 16 19 22 25
Total Cost of H2 Tank (MPV): 0 ME

024681 13 16 19 22 28
Total Cost of External Fuel for FC (MPV) 0 M€

0246 810 13 16 19 22 25
Total Incomes of E sold to AC grid (NPY). 185.276 M€
101 Mi———

Financial Cost (MPV):initial payment + annual quotas: -85 M€
u

5

0246810 13 16 19 22 28
Total Cost of Wind Turbines group (MPV): -8.207 M€
0 w
5 I
AL NN LEn N R e " T
0 2 46 810 13 16 19 22 25
Total Cost of AC Generator (NPV): 0 M€

024681 13 16 19 22 25
Total Cost of Batteries Bank (MPV). -2.462 M€

’ | -
AL BAR R AR MR T T T
0246 810 13 16 19 22 25
Total Cost of Fuel Cell (NPV): 0 M€

-

0246810 13 16 19 22 25
Total Costof AC Gen. Fuel (WNPY) 0 M€

024681 13 16 19 22 25
Total Cost of E purchased from AC grid (NPV): 0 M€

0246 810 13 16 19 22 25
Total Incomes of H2 sold (NPV): 0 M€



Other featu

* Sensitivity analysis

* Probability analysis

wind Solar Load Interest and Inflation (general or electicity cost) AC gen. fuel inflation Components cost

SENSITIVITY ANALYSIS OF ANNUAL INTEREST (1) AND INFLATION (g) RATES

(Fg) 1: Case base: Interest: 7%: Inflation Electricity cost: (purchase and sell inflations shown in LOAD/AC GRID)

Inflation refers to

(lF-g) 2:  Interest % Inflation: (O General inflation

Electricity inflation (Purchase and Sell price inflation) {in base case shown walues of buy price inflation y sell price inflation)

{-q) 3: Interest % Inflation:

A Probabilistic analysis of variability of load, irradiation, wind speed and/or water flow (or fuel price inflation)

() DO NOT PERFORM PROBABILITY ANALYSIS (@ PERFORM PROBABILITY ANALYSIS

Number of series to analyze each combination of components and control strategy- Siepping) wl e C=
(@ Confidence level (%)

mex enorcitheamean () |5 |

(O Relative standard error lower than (%) El

Analyze variability of the average value of iradiation

IBBADIATION AVERAGE WALUE

Monts Carla simulation with stopping rule

Analyze variability of the average value of load

Mean: 495 kiwh/m2/day

£
Standard Deviation Wihmziday | 2 2
Mean = 4958, Std. Dev. = 0206 KWhym2/day & 1
&
Mesdimurn = 5.77. Min. = 4 36 kiteh/m@/day 0 Y r .
Hourl bility i th *
purly variabilityin the seri=s Average Irrad. (kWh/mz2/day)

Std. deviation fortemperature

Analyze variability of the average value of water flow

[] Analyze variability of the average value of wind speed [ Analyze variability of the average value of fuel price inflation. Average (%):

WIND SPEED AYERAGE YALUE
Mesn: 755 m/s

AVERAGE FUEL PRICE INFL{SUP 5%

3 Mean: 5 % z 15
Standard Deviation 2 = 1
Standard Deviation: =
Mean = 7.547, Std. Dew. = 0.206 m/s 1 s 05
Mean=4.982, Std. dev. = 0.476 3% o
Maimurm =8.24, Min. = B.82 mjs 0 0
Hourl bi h 7 75 8 Maximum = 8.2, Min. = 359 % 4 5 6
ourly variability in the series Average wind speed (mis) - . N Average fuel price infl.(%)
Std. deviation for temperature: Haurly variability in the serles:lzl %
[ Consider ion b the iabl Correlation data
In the simulation. show the case obtained with the following data:
Load: Irradiation Wind speed Fuelinflation
[Aerage Average | [Average ~| [Average |
[[Jinthe case ofthe simulation, include hourly varisbility
In the probability analysis report. in the last two charts, show the probability distribution of;
[Hours running AC Genertor fhiyr) | [Annusl cast ot fuel of AG Generator (rurrencyhn) ]
[Jwhen clicking at any cell of the results table, do not update results
[CJvhen clicking on simulation buttan, da nat consider the characteristic cases Each year different mean value

OK




More info

* https://ihoga.unizar.es/en/

e User manual:
https://ihoga.unizar.es/Desc/MHOGA User manual.pdf

* Getting started guide:
https://ihoga.unizar.es/Desc/GETTING STARTED MHOGA.pdf



https://ihoga.unizar.es/en/
https://ihoga.unizar.es/Desc/MHOGA_User_manual.pdf
https://ihoga.unizar.es/Desc/GETTING_STARTED_MHOGA.pdf

Thank you!
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