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Overview (I)

Simulation and optimization software
Off-grid or grid-connected systems

Possible load:
e AC
e DC
e H, for external use
e Pumped water

Possible components:
 Renewable sources: PV, Wind, Hydro
» Storage:
e Lead-acid and li-ion batteries
e Pumped Hydro Storage (PHS)
 Electrolyzer — H, tank — fuel cell
e Backup generators
 Electrolyzer — H, tank — fuel cell

Sell / Buy electricity to the AC grid
Sell H, generated by electrolyzer (Green H,)
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Simulation

e Each combination of components and Sitnulation and optimizstion
ContrOI Strateg|es |S S|mUIatEd dunng: (@ Simulation ofthe 1styear and extrapolate results

—
| ]

() Multiperiod: simulate all the years of the system lifetime { 2h YEars)

° 1 typ i Ca I yea r (Ste pS fro m 1 m i n ‘ to 1 h ) MULTIPERIOD SIMULATION AND OPTIMIZATION OPTIONS:

Obtain random values for PURCHASEE. priceinc. | Average (%) Std. dev. (%)

Show in the simulation during one ysar Obtain random walues for Irracistion variation over ave ~ | AVErage (%): Std. dev. (%): El

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

[ ) Al | th e Syste m | ifeti me (2 5 yea rs typ i ca I Iy)’ et | Year PuchE.  SelE SellH2  IhoAC  hoDC meHZ oW Imad  Wind | OMP. OMW.

~

1 3 3 3 0 i} 0 i} 0 i} 1 2
CO n S i d e ri n g a n u a | C h a n ge S i n : Annusl increase in electricity and H2 price: [C]Fixed z ! : : ! ! ! ! 0 v ! 2
(itfixed, same values as price inflations of LOADJAC GRID) 3 3 3 3 1 1 1 1 0 o 1 z
[ . 4 AC grid Electricity: Purchase: 3 % Sell: |3 % 4 3 3 3 1 1 1 1 0 o 1 2z
» Electricity price (buy / sell to the AC grid) S F BN R o T P P Pt
. 3 3 3 3 1 1 1 1 0 o 1 2
L G e n e ra te d g re e n H 2 p rI Ce Annual increase in load consurmption: [JFixed 7 3 3 3 1 1 1 1 0 0 1 2
Aol . oC -~ 8 3 3 3 1 1 1 1 0 0 1 2
.
* PV, wind resources e [ e wee [ EE S RS B R
10 3 3 3 1 1 1 1 0 o 1 2
. .
[ ] PV d hyd g t Annual decrease in generation; " 3 3 3 1 1 1 1 0 il 1 2
’ WI n ’ ro e n e ra I O n PV 1styear , other years: 12 3 3 3 1 1 1 1 0 0 1 2
M 5 13 3 3 3 1 1 1 1 0 o 1 2
* Batte ry CapaCIty e /D 14 3 3 3 1 1 1 1 0 o 1 2
Fvere Turanes EI% 15 3 3 3 1 1 1 1 0 i 1 4
.
e O&M for PV or Wind
Battery end of lite when capacity reduction of |20 % 1 ’ ’ ’ ! ! ! ! ! ! ! ¢
Annusl varistion over sveragein resources: [ Ma change v ’ ’ ’ T ! 1 ! ! ' ! ¢
Annual Q&M for PY and Wind T.: |:|F\xed 10 ’ : : ! ! ! ! ! v ! z
14 3 3 3 1 1 1 1 0 o 1 2



Optimization (I)

o M OnO'O bjeCtiVe : Economic optimization:
PY M | N | m ize N PC (Off_grld or grid_co nn ected (O Minimize Met Present Cost (NPC), usually for off-grid systems and high load on-grid
SyStemS to Su ppply |Oad) (@) Maximize Net PrasentValue (NPV), usually for low load or no-load on-grid systems '@'MW'NW
e Maximize NPV (grid-connected power _ O Min LCOE

generating systems)

e Multi-objective:

* NPC- COZ emissions ®C COE Ermi ) Triol [v] Display only non-darnin.
e NPC-U t load - ost s = pe 2 oevar min. NPC. 300
- Unmet 16a () Cost-Unmetload () Another _
bdax. non-dam.:

* NPC - CO, emissions - Unmet load



Optimization (Il)

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

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



Control strategies

COMTROL STRATEGY ANDYARIABLES TO OFTIMIZE

Global strategy:
(@ Load Following

i For Off—grid Syste ms: -:::;:J Cycle Charging [«]Continue up to S30C stp
* Load following Ty Both

Yariables to optimize relative to the global strategy:

e Cycle charging Prmin_gen Prmin_FC HaTANKsta
F1_gen F1_FC FZ

e Control variables S0Cstp_gen s0Csp FC  []S0Cmin
Foritical_gen Poritical_FC Flim_charge

* E n e rgy a rbltraje : For grld-co nn ECtEd ENERGY ARBITRAGE: System with batteries and grid connected
power generatl ng SyStemS [ ]Batteries are charged by the AC grid /f discharged if [«](also for Elyzer-» HZ)

e Fix / optimize max. electricity price to (Sl price)
charge batteries and min. electricity price  E4optimize strategy of grid-conneted batteries:

to discharge batteries -> optimal storage @ 3variables: X1(lf). X2(%). X3(24).  XTmin[0.029 | max. [0.3251 | éwh
ma nagement () 2 variables: price E. min. and masx.  Min.> DO008 Maxe 03615 £/dwh
° AlSO for PHS [v] Batteries can inject electricity to the AC grid

. [ ]1 day atlow SOC-> charge batteryy
d AlSO for generatlng green H2 [ ]when hatteries are off compensate autadisch.

Batteries awvailahility



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

H2 sell Price

Backup generator fuel Price

Change in components prices to calculate
replacing costs

Loan
Corporate Taxes
After simulating -> calculation of NPC/NPV,

LCOE, IRR for each combination

ECOMOMIC DATA:

Maominal interest rate (capital cost): %,

(hominal discount rate) Annual real discount ratel (%)

Annual inflation rate (O&M..): o 19%

In LCOE JLCOH include real disc. rate in Energy
Stuchy period (system Iifetimej: YEArs [ ]In maximize NPY systems use Inf sellf H2

[«] Atthe end of the study period consider the residual cost of the components

Currency |Euro (€] w
Installation cost and wariable initial cost: D ME Fix + % of initial cost

e EI [ ]lfin ayvear costs>incomes, taxes=0thatyear
[ |Megative taxes accumulate and are offset later when taxes >0

Loan (constant quota, French system):

Arnount of loan: (100 %%

of the initial cost of investment

Loan Interest. |7 %

Duration of loan: |25 Years




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:
e Hourly values downloaded from 3 different databases (PVGIS, NASA, RENEWABLES NINJA)
e Obtained synthetically from monthly average data
e Imported the whole year, in steps from 1 min. to 1 h.
e 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.

e 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.



Purchase / sell electricity to AC gri

e Different prices for purchase

and sell electricity

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

* Hourly periods also for
maximum Power available from

/ to the AC grid

([
billing
Pz () Cost of Power £/
Period P1 [100
Feriod P2
Feriod P3
Period P4
Period P5
Period Ph D

OK

Options for net metering / net

Selfconsumption and MNet kettering:

HOURLY PRICE OF THE ELECTRICITY PURCHASED FROM THE AC GRID
Hourly Price Data (£/kiwh)
(O Hourly, all days the same
(O From file (3780 hourly values)
(@ Hourly Periods

Import houtly Price

1= Draw

Hourly Periods:
Quly —eriade. Number of Hourly Periods: |3 v @)

(O Mon-F

(O Hourly (from file)

Summer calendar. Period P1 Price:  |0.15 Period P4 Price
e Elei7 wE Period P2 Price: 012 Period P Price:
ToE enth Period P3 Price:  |0.08 Period F6 Price:
SUMMER periods distribution!
0-1h 1-2h 2-3h 3-4h 4-5h 5-6h 6-7h 7-8h 6-h 310k 10-11h 12k
P
12-13h 13-14h 14-15h 16-16h 16-17h 17-18h 18-18h 18-20h 20-21h 21-22h 22-23h 23-24h

WINTER petiods distribution
0-1h 1-2h 2-3h 3-4h 4-51

D T G ) P )

12-13h  1314h  141Bh  16-16h 161 0.155

P 015
0145
014
0.135
013
0.125
012
0115
011
0.105

¥ Graph

Price of the electricity PURCHASED from AC grid

Price per kWh

ot 0.095

Met betering, Twear rolling credi
Met Metering, no rolling credit
Met Billing, 1 wear rolling credit
Met Billing, no rolling credit

Met Metering, 1 vear, PERIODS

0.09
0085
0.08

1" n n

<

re Purchase price: Average 0.109 £/kwh; Mex 0,18 £/KWh; Min: 0.08 £/kWh

41 51

Days display




Irradiation

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

e 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

e CPV can be considered
(direct irradiation)

) SOLAR RESOURCE

Latitude (%) (+M,.-5)
Longitucle (2) (+E, W)

Locate on map | Upclate coord.

Data source

- O X
Get data from local DB S P el Ellee () ; 1P [Penel (gl (B D
35 0 -
Download hourly data e Feles e
[ Fixed albedsa Impor All. || Gr.

Download NASA manthly data
¥ Optimal Slope#1 [ Optimize PV#1 panels slope during the optimization of the system

Steps

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

["ceneration of FV gen. (MW} normalized to 1 MWp 1 ~| Minutes- each hour in 1 row (tilt, in K

(equivalent to

irradiance kW/m2 x PR) Import

Minutes- 1 per row (tilt surf. in kv

Data Source for Monthly Average Day Iradiation: Radiation Horizontal Surface (kWh/m2) | Calculation Method for Hourly Iradiation:

Irracliation
av. hotiz. &

January
Februray
harch
Al

ey

June

Juby
August
September
October

MNovember

December

SHADOWS

Scale factor (x by)

“arighility minutes: correlation factor: sld dewv.
Calrulatn

nr

Irral?;lannn PV Tracking System: | No Tracking o OLiu & Jordan OFErbsetal
aw tilts.
Factor F(1) for the back albedo (@) Collares-Peraira & Rabl (_) Graham
STty {hifacial modules) (Durusoy 2020); 033
455 kiwwhim2 5 .
MONTHLY AVERAGE DAILY IRRADIATION, HORIZ. | TILTED SURF. ummer:
545 kiwh/m2 Official hour advances:
562 Kih/ma2 6 htu solar hour
5.8 Kih/m? 5 From day
of month
.12 kiwhfm?2 4
2
£ 28 Kithjm? 3 Today % |
of month
£.99 kivvhim2 2
£.33 kivhfm2 1 Winter:
Official hour advances:

413 kiwhfm?2 0

M J J A htu solar hour
317 Kevhfm?2 MONTH
2.6 kivh/m2

. Force El:\oudy consecutive days (only difuse irradiation) in month
Daily Average Iradiation (Haoriz. Sud): 4.21 kKWhim2 Daily Average Irradiation (Tilt Suf):  4.85 Kwhim2
Total Annual Irradistion (Haoriz. Sud):  1538.83 kiwh/m2 Tatal Annual liradiation (Tilt Surf.) 177098 k\Wh/m2

A Graph

1,200
1,100
1,000
200
800
To0
G500
500
400
300
200

Wim2

100

Back surface ofthe modules:  181.95 kiwh/m2

Update minutes

= Granh in ctanc nf cn __ I Evnnrt tilkar Evnnrt hariz

- [m] x

Irradlance

11 .61

— Agzin slope 35°

L
Devys displey




Wind speed

 Monthly average converted
to hourly and minute basis

e Or download or import
hourly or minute basis data

A WIND RESOURCE

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

Longitude i) (+E. W) Anemometer Height

Dowenloac hourly data

m
Locate on map | Update coord Download NASA Monthly data

Data source

Monthly Average Data:
(@ Manthly Average Speed

O Might speed, Amplitude, F Factor and Hour max spesd

Surface Roughness

Steps Class ! | Length 0.03 m

@ Monthly Average O Import data file (in m/s)
[] Generation of wind turh. (k) normalized to 1 MW rated p

Hourg
' Minutes-each hourin 1 row Irmport
kinutes-1 per row

Agricultural open areawithout fences
neither hedges and with very dispersed
buildings. Only smoothly rounded hills

Input Data
hdonth A wind (my's) ~
JANUARY 6.5 A s, (s
FEBRUARY 7z Jan b5
MARCH 5.8 Feh: 7.2 E :g
APRIL 6.8 har: 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 ‘; 0.1
SEPTEMBER 53 A o =
ug: 5.1 £ 008
OCTOBER 21 o e
ep: 6.3 007
NOVEMBER 5.3 &
P DECEMBER 56 Oer 7 3 0
’ MNow: B.9 = 005
o
Dec: B & £ U
hd 0.03
. ) ’ 0.02
Hourly wind sp. data Shape factor () |2 Carrelation factor,
% p p (6] 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)
Farce El consecutive days with wind < mys in month
1= Graphinstepsof |60~ min. Expont Av. year (mfs Infa time of calm wind
L Calm is considered
Form factor of the wind speed serial: 2 < m.i'S
Scale by (x by) Scaled Average Speed (m/fs) — - _
B.05 A Graph - [w] *®
WIND SPEED
20
18
16
14
12
E o
8
i h
4
2|
o
January
< > i ]
Days displen



Models for components

e 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

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

Elyzer10MW-. Consumption{MW) and Efficiency(%HHV)

=

= 705
z 8192 60 T
TG4 2l 2
= 40 =
2 4.09 30 2
S 2.048 20 2
o - 10
Ui 0 0

LLI

0 002 004 006 008 01 012 014 016
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

Temp. e |Flie Meo (a0 Mz |afez |M;Daﬂ (°C)
t.
0 Jez |ajzz |slzz |ofen |18 |D[1a |

Except Schiffer model, consider Trmert o file @ Mon.
Tmean>==Tfloat life Impart Roury Tie () Hour
Float life reduces 50% for every oC increase 1= T Graph
Cycle life dependson T Data
Capacity depends on T Data
Lead-acid Aging battery model Li-ion Aging battery model

(O wang et al., 2011 (LiFeP04)

(O Grat et al., 2015 (LiFeP04)

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

(@ Rainflow (cycle counting)

Inv-Ch20MW
88 \
80
72
B4
56
48
40
32
24
16
0 10 20 30 40 50 50 70 80 90 100

OUTPUT POWER (% OF RATED)



Optimization results

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

[ ] [ ]
e Combinations sorted from best to worst
w =
. . . . g‘ 87 .
e Simulation of each combination :
kel o
. . 86 3
e General report of each combination
. . 1 2 3 4 5 6 7 8 9 10
e Costs report of each combination Soluon # sond fom bost 1o worst)
DShowdiagram
Mo, Total NPV (ME) Emizsion (KICO24y UnmetiGwhier)  IRBREE)  Investment(bE) LCOEEAMh) Simulate Report Costs
1 88.373 217 i] 1653 G5 REPORT... COSTS...
2 87.618 217 i] 16541 8h.625 0.07 SIMULATE.. REPORT... COSTS...
3 87452 219 i] 163 86.87R 0.0707 SIMULATE.. REPORT... COSTS...
4 86.723 219 1] 15149 A7 5 00712 SIMULATE.. REPORT... COSTS .
[ 86.52 2.21 i] 1607 86.75 00718 SIMULATE.. REPORT... COSTS...
B 85.972 217 i] 1817 86.87E 00712 SIMULATE.. REPORT... COSTS...
7 85.573 2.21 1] 14.94 09.375 00725 SIMULATE.. REPORT... COSTS..
il 8535 184 1] 16 R4 72h 0063 SIMULATE.. REPORT... COSTS .
9 85215 2.23 i] 14.81 90.625 00731 SIMULATE.. REPORT... COSTS...
£ >

COMPONENTS: P gan: P10 (10 Mwplx B (100% PY#1: slope 352, azimuth 0) /7 Batteries BatShiwh (B kAh): 1500 Tp. 7 3 Wind Turb. WindT1 (2 MWW at 14 mfs) /f
Irverter In-Chakvy of & WVA ff Unmetload = 0 % f Tatal Net Present Value (NPV) = 88.373 ME, IRR = 15.5%.

STRATEGY: There is no load consumption -> no control stratedy related to the load consumption supphy. S0C min. 10 %. Control variables for for grid-connected
hatteries: charge batt. (only from renewakble, notfrom grid) if price of E. (sell) is lower than 0 £/kYWh; disch. batt. (load + injecting to the grid) if price E. (sell) higher than 0.11
£k

See best Save Exceltable



Mouhy sinwlation  Hourly valoss sepersisly , Enorg

Al Eneey  Hy

HOURLY POWER DURNG THE YEAR (MW), ENERGY IN (M)
Total Load P amarier
&
»
(] [ [ & ?’a
"
] 2000 4000 6000 #1000 ue 2008 4,000 6,000 500
Hydro Tustine AL Gesarator
% . e
% '
] ] 2
0
o
L] 2000 4000 &000 2000 L] 2000 4,000 6,000 8000 ] 2000 4,000 £.000 8000
Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generalor Waterload / PHS  MULTIPERIOD Fosl Col Electrclysat Energy (M of H2) in 12 tank. end of Ba month
Sim. multiperiod, shown year 1. PV: 100%;C bat: 100%;WT: 100%;SOC 1st day: 100%;Water tank 1st day: 40dam3. ‘ 5 o
304 55
28 Total Load () 2000 4,000 6000 ADN0 ° 2000 4000 6000 80N [)
= 26 — Unmet Load
z = Disch. Batt. Bamery bank Charge Battery banik Discharge Eneegy i Bamary bk
E — Charge Batt
= 221 _ — Wind T
& £ PV
o= 20 B
& s — 8ell E to grid 2000 4,000 5,000 o 2000 4,000 6000 8000
= 184 = - soc
= 15 b | Linat boadd (Ey The stsndalons syste=) Purchated frem AC grid Seld ta AC grd
z 2 |
5 14 w | R 0
o~ >
= &
£ 104 E [ 2,000 4000 6000 5,000 ] 2000 4000 5000 800 000 4000 6000 B0
£ 8 o Hossty simulzion separeiely by 3 Montty Engeqy  AnnualEnssgy  Hydiogen  AC Goneestor Wateriond /FHS  MULTIPERIOD
o
E | MONTHLY WATER LOAD, PUMPED AND TURB. (dam3) WATER STORED IN TANK AT THE END OF EACH MONTH
= 2,000 800 =
o 4 ,;r 2500 §
21 5 2om w2
0 T 1500 w 5
1,000 o
§ s, 200 §
1 g 1 " 12 2
>
Maonth
POWER CONSUMED OR SUPPLIED (M) ey e [see OVE’D Deays dizplay [ Water Load I Water Fumoed B Water Tubined — Water in Lank f the end of the monih |
: Plim Charge Legend Prices ref.to year 0
]
EatetbarRnicch Sics BATTERY ENERGY (Mwh) MONTHLY ENERGY OF WATER LOAD, PUMPED AND TURB. (GWh) WATER STORED IN TANK AT THE END OF EACH MONTH =,
O 0O [ E 1o supply by bett Electrolyzer P2 soc = 4 GiE
O [] E. s disch. batt E.HZtank (HHV HZ) [ R P1 S0C imi ?, o 008 x
imits = oo 3
[ Export E Battery bank Charge Fuel Cell P critical Gen. Can. M ? 85 . — oo £
xport Ener 5
u g . ;y O Eto supply FC P critical Fuel Cell ap. Max. Hourly simulation  Hourly vadas separaisly  Manthly and Annual Auveenge Fower  Moshly Enargy  Annual Energy  Hydmgen  AC Generator Witer load [FHS  MULTIFERIOD Li]
v] Unmet Loal i LA
Wind Turb E max FC S0C setpaint ¢ 4 5 [ 7 [ 3 10 [l 12 =
Or E houghtto AC grid Prmax S0C setpoint FC MONTHLY H2 CONSUMPTION AND PRODUCTION (t). H2 STORED IN TANK OR SOLD AT THE END OF EACH MONTH Meorh
Water P - Hiurly Watier Stared in Tank (dam3)
S AC Generator E sold 10 AC rid [7] Praax L2 TN a2 e = 120 120 = e oo i)
- _ =
[ Privest input Ivertsr [ Pmex. Gen setpaint ) (i) U = m 1000 8 o
& . 400
= 5
£ 800 = 20
Simulation step (min): (15~ Simulalion multiperiod year:| 1 ~ Back Save data: Sawve Simulation Data. g &0 500 g 0 2,000 4080 &.000 8,000 ’ 0 2008 4000 £.000 8008
COMPONEMNTS: PY generator of 10 MWp_dc (100% PV#1: slope 262 azimuth 09). Wind turbines of 30 MWW, Battery bank of 5 Mwh. Bat. Inverter of 5 Mya, _:,_‘, 40 400 E 5 Houdy Energy of Water Pumped (+) b [ (MWWh) Hourly Enrgy of Water Sored in Tank (Wh)
2 w & 1 |I | I e [T
STRATEGY: There is no oad consumption - no contral strategy related ta the load consumption supply. SOC min: 10 %. Control variables for grid-connected batteries: charge B g = o i %
rom grid) if price of E. (sell) is lower than 0.07294 £/k\h; digch. (load + injecting 1o the grid) if price E. higher than 014508 £/kiWh 1 2 3 P 5 F 7 B F] 10 11 12 ; |I l h I 5
Manth [ ] 2000 4,000 5000 2000 o 2000 4000 5000 8,000
7 O H2 load = @ H2 produced by Electrolyzer * @ HZ consumed by Fusl Cel {from Tank) Sove o (Al v Savn Simulston Deta S o
& B HZ congumed by Fuel Cel {xtemal HZ) i = 3 tored in lank | gold at the end of the month
MONTHLY ENERGY PRODUCED BY FUEL CELL AND CONSLMED BY ELECTROLYZER (GWh)
7
[
24
=
o
s 3
&
2
1
L]
1 2 3 4 5 L] 7 8 8 0 1" 12
Month

B Energy generated by Fuel Cell # B Energy consumned by Elecirobyzer




Optimization results

I Preview - X
SEB® Q ww @F|ED0DEEH K1 of3 b M

NPC / NPV
iHOGA software. Report. (Me)

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

COMPONENT S:

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

Without Fuel Cell
Without Electralyzer

Inverter Inv-Ch5MW , 5MW p 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 GWhiyr
Export Energy: 105.363 GWhfyr
E. sold to AC grid: 98.028 GWh/yr
Energy delivered by PV generator: 85.81 GWhiyr
Energy delivered by Wind Turbines: 18.261 GWh/yr
Energy delivered by Hydro Turbine: 0 GWh/yr
Energy delivered by AC Generator: 0 GWhiyr
Energy delivered by Fuel Cell: 0 GWh/yr
Initial Investment: 85 M€. Loan: 100 %, int. 7% in 25 years. annual quota: 7.294 ME. Energy at Electolyzer: 0 GWhiyr

. . : S N s g Energy charged by Batteries: 1.326 GWh/yr
Energy discharged by Batteries: 1.279 GWh/yr

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 lifatime) (Incomes +, expenses -)-

Total Net Present Value (NPV): 88.373 ME. Internal Rate of Retum (IRR): 15.53 %. LCOE : 0.0695 €/kWh OTHER RESULTS:
Distribution of NPV-

PV Generator (NPV): -68.54 ME

Battery bank (NPV): -2.462 M€

Wind turbines (NPV): -8.207 M€

Inverter (NPV): -0.694 M€

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

Batteries Lifetime: 10.71 years

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

Total CO2 emissions: 2.17ktCO2fyr

H2 sold in one year: 0t H2fyr

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): -68.54 M€
u

024681 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
AR R Ll i e

0246810 13
Total Cost of Electrolyzer (MNPV): 0 ME&

16 19 22 25

02 46810 13 16 19 22 25
Total Cost of HZ Tank (MPV): 0 ME

IU I2|4|Ei|81‘[1 I I1|3I I IWIGI I I1|9 2I2 2|5
Total Cost of External Fuel for FC (NPV) 0 M€

0246 810 13 16 19 22 26
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 (NPV). -8.207 M£

0 I
-5 I

0246810 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€

-

0 B -
1

0246810 13
Total Cost of Fuel Cell (NPV): 0 M€

16 19 22 25

024681 13 16 19 22 25
Total Costof AC Gen. Fuel (NPY) 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 HZ sold (NPV): 0 M€
|



Other featu

e Sensitivity analysis

* Probability analysis

Wind Saolar Load Interest and Inflation (general or electicity cost) ACgen. fuel inflation Components cost

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

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

(Fg) 2:  Interest l:l % Inflation:

Inflation refers to

(_) General inflation

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

{-q) 3: 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- Sy i mio Sl

(@ Confidence level (%)

Monts Carla simulation with stopping rule

() Relative standard error lower than (24)

Analyze variability of the average value of load

Analyze ility of the value of

|RBADIATION AVERAGE VALUE

Mean: 495 kiéth/m2/day z
Standard Deviatio Chhmzidey B
Mean = 4956, Std. De 206 kwhim2iday & 1
a
Maximum = 5.77, Min. = 4.35 K\Whim2/day 0
Hourly variability inthe series % 48 Z a2
. Average Irrad. (kWh/m2/day)
Stef devwaﬂonlor(emperature:l:l Kol

Analyze variability of the average value of water flow

Analyze variability of the average value of fuel price inflation. Average (%):

AVERAGE FUEL PRICE INFL(SUP. 5%

[“] Analyze variability of the average value of wind speed
WIND SPEED AVERAGE VALUE
tean: 7.55 m/s

3 Mean:§ % 2
Standard Deviation 2 E 1
Standard Deviation: |1 =
Mean =7 547, 5td. Dew. = 0.206 mjs 1 e 05
Mean= 4982, Std. dev. =0.476 % [
Maimurm =824, Min. = 6.82 mjs 0 0
Hourl bil h 7 75 8 Maimurm = 6.2, Min =358 % 4 5 6
iyt T s Seies Average wind speed (m/s) N Average fuel price infl.(%)
St daviation for temparaiurs Houryvariabiltyinthe serizs{0_ | %
[ Consider ion b the iabl Correlation data
In the simulation. show the case obtained with the following data:
Load: Irradiation wind speed Fuel inflation
[Aerage Average ~| [pverage ] [average |
[[Jinthe case ofthe simulation, include hourly varisbility
In the probability analysis report, in the last wo charts, show the probability distribution of:
[Hours running AC Genertor fhiyr) ~ | [Annual cost of uel of AC Generatar (curencyfyr) |
[JWhen clicking at any cell of the results table, da nat update results
[Jvhen clicking on simulation buttan, da nat consider the characteristic cases [Z]Each yar different mean value

oK




More info

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

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

e 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 youl!
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