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Overview

Simulation and optimization software
Off-grid or grid-connected generating systems
Low load systems or high load systems

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

Possible components:
* Renewable sources: PV, Wind, Hydro, TEG
* Storage:
* Lead-acid, Li-ion or other types of batteries
 Pumped Hydro Storage (PHS)
* Electrolyzer — H, tank — fuel cell
* Fossil fuel generators (can be used for back-up)

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

* Mono-objective:

Economic optimization:
(@) Min. NPC

. o« e . _ . s
IVI inimize N PC (Off grl d or grl d conn eCted (@ Minimize MNet Prasent Cost (NPC), usually for oft-grid systems and high load on-grid > () Min. LCOH
systems to suppply load). - ——

() Mex. IRR savings ws AC anly

L4 AISO Opt|0n Of m|n|mization Of LCOH or () Maximize Met Present Walua (NPY), usually for low load or no-load on-grid systems >
minimization of payback-time or maximization of P
H H hdin. LCOH
IRR savings compared to system of only AC grid Vo o i LCOE
. . . e, IRF
* Maximize NPV (grid-connected power Min. Payback period

generating 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:

* NPC- CO, emissions
[v] Display only non-domin.

e NPC-Unmet load (@ Cost- CO2 Ermis. () Triple % over min. NEC 300

() Cost-Unmetload () Another

* NPC - CO, emissions - Unmet load

be. non-dorm.; L




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

CONTROL STRATEGY AND WARIABLES TO OFTIMIZE

Global strategy:

L] = -
* For off-grid systems: ® Load Following
. (O Cycle Charging Continue up to SOC stp
°
Load following O Tey Both
° CyC|e Cha rgl ng Yariables to optimize relative to the global strategy:
. Frhin_gen Pmin_FC HZTAMK st
°
Control variables - i >
S0Cstp_gen S0Cstn_FC [ ]50Cmin
Feritical_gen Prritical FC Flirn_charge

* For grid-connected power generating

systems: Energy arbitrage
. o o . ENERGY ARBITRAGE: System with batteries and grid connected
¢ FIX / Optl mize max. eIECtrICIty pr|Ce tO Cha rge [ ]Batteries are charged by the AC grid /f discharged if (also for Elvzer-» HZ)

batteries and min. electricity price to [ (sell price)

dISCharge batterles -> Optlmal Storage Dptimize strateqy of grid-conneted batteries:

management @ 3variables: X1(dif), X2(%), X3(%).  XTmin[0.029 | max [0.3251 | &Kivh
i AISO for PHS () 2 variables: price E. min. and masx.  Min.> DO008 Maxe 03615 £/dwh
* AISO for green HZ generatlon [«] Batteries can inject electricity to the AC grid

[ ]1 day atlow SOC-> charge batteryy

_ _ Baftteries availability
[ ]when hatteries are off compensate autadisch.



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
e Electricity buy Price
* H2 sell Price
e Backup generator fuel Price

* Change in components prices to calculate
replacing costs

Loan
Corporate Taxes

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

ECONOMIC DATA:

Nominal interest rate (capital cost). |4 %,
(nominal discount rate)

Annual inflation rate (O8M..): |2 % 1.36 %
In LCOE { LCOH include real disc. rate in Energy
In maximize NPY systems use Inf. sell /H2

Annual real discount ratel (34):

Study period (system lifetime): |25 vears

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

Currency |Euro (€) v

Installation cost and wariable initial cost: _300 £ Fix + 2 % of initial cost

VI >i =
Corporate taxes (%) |0 If in ayfear costs>incomes, taxes=0 that year
Negative taxes accumulate and are offset later when taxes >0

Loan (constant gquata, French system):

Amount of loan: |100 %

of the initial cost of investment

Loan Interest |7 %

Duration of loan: |25 Yaars




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.

* |rradiation, wind speed and tempertaure can be:

* Hourly values downloaded from 3 different databases (PVGIS, NASA,
RENEWABLES NINJA)

e Obtained synthetically from monthly average data
* Imported the whole year, in steps from 1 min.to 1h

* Water for hydro in hourly or monthly average values

* Hourly values converted to minute values using autorregresive
functions



Purchase / sell electricity to AC gri

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

 Different prices for purchase and
sell electricity

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

Period P2 Price: |0.12 Period P5 Price:

Hourly Periods:

Today month

Petiod P3 Price:  |0.08 Petiod PE Price:
[ ] [ ]
* Hourly periods also for maximum
u y p u o-1h 1-2h 2-3h 34k 4-5h 5-fh 6-7h 7-h f-ah 8-10h 10-11h 11-12h
I I T I T I T Y A I e B R B R N P R

Power available from / to the AC

L 2
WINTER periods distribution: i Graph _ O X
O-1h 1-2h 2-3h 3-4h 4-5t

R T G ) I B

Price of the electricity PURCHASED from AC grid

. . 12-13h 13-14h 14-15h 15-16h 16-1 0155
° O t f t t t Pz | [Pz <] [Pz o] [P3 <] [P
ptions 10r net metering / ne ER
[ ] L[] 0.14
billing
0.13
g 0125
'; 012
g— 0.115
. . £ 0
Selfconsumption and MNet Mettering: ® o
Prmax (i) Cost of Fower [£/kWA) 01
Mo net metterin ~ 0.095
Periad P |100
Brfﬂ Met betering, Twear rolling credit u”ﬂg:
fetedle Met hMetering, na ralling credit 0.8
Period P3

Met Billing, 1 year rolling credit

) - Met Billing, no rolling credit
Period P4 {100 15
er?o - 1 et Metering, 1 i=1=18 PERIODS - .
Period P MNet Metering, PERIODS
0 - b

I e T v N PP S i r Purchase price: Average 0.109 /kwh; Mex 0,15 £/kWh; Min: 0.08 &/kWh Days display
Period 6 (.

oK




Irradiation

* Irradiation 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

e Concentrating PV (CPV) can be
considered (direct irradiation)

V| SOLAR RESOURCE

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

Locate onmap | Update coord

Data source

(@) Monthly Average (_) Import from File

[l ceneration of PV gen. (MW) normalized to 1 MWp 1 ~
(equivalent to irradiance kW/m2 x PR)

Get data from local DB

Download hourly date

[|Fixed albeda

Download NASA manthly data .
[]optimize FA/#1 panals slope du

Optimal Slope#T

Steps
Hour (kWh/m2)

Minutes- 1 per row (tilt surf. in kwj

#1: PV panels slope (%) , P panels Azimuth (4): El
35 0

Ground Reflectance

Minutes- each hour in 1 row (tilt, in kW,

Irpan All. || Gr.

ring the optimization of the system

Horiz Tilt

Import

'm2)

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

Irradliation

Irradiation

av. horiz.s. av filts.

PV Tracking System: | No Tracking «| Otuglordan

(OErbsetal

Factar F(l) for the back albeda (@) Collares-Fereira & Rabl (_ Graham
Jemueny &9 itz (bifacial modules) (Durusoy 2020y |03
Februray 4,55 KiWh/m? s )
MONTHLY AVERAGE DAILY IRRADIATION, HORIZ. / TILTED SURF. ummer:
harch 5.45 kiwh/m2 Official hour advances:
Apil 5 62 kiviym2 6 h to solar hour
My 5.8 k'Wh/m2 5 Eomlday
of month
June 512 kiwWhim?2 4
2
Juby 6.28 kiym2 3 Tocay 26 |
of month
August 5£.99 k\Wh/m?2 2
September 533 kiWh/m?2 1 Winter:
Official hour advances:
October 413 Kiwh/m2 0
: M J J A htu solar hour
Mavember 317 Kivvh/m2 MONTH
December

SHADOWS

Scale factar (x by

“ariahility minutes: correlation factor: Sld dewv.

nr
V' Graph

Wim2

2.6 Kih/m2

Daily Average Irradiation (Horiz. Surf.): 4.21 kihim2
Total Annual Iradiation (Horiz. Surd):  1538.83 kivh/m2

Force Elc\oudy consecutive days (only difuse irradiation) in month

Daily Awverage Irradiation (Tilt Surf.):
Total Annual Irradiation (Tik Surt)
Back surface of the modules:

Update minutes

4.85 kwwh/m2
177098 Kivh/m?2

161.95 kih/m2

[ n = Cranh in ctanc nf cn Evnnrt tilkar Evnnrt hariz
- a X
Irradiance
1,200
1,100
1.000
900
800
700
600
500
400
300
200
100
11 -6
D
Days display

Back




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

getmp.qm (Fl1e |Mzo |alzn [m20 |Jf22 |M;Da” (°C)
oy Jlzz alzz |slee lolzo |w[1e |olis
« Accurate models for all the components ”Emp'tmlfelmde'h 2 Jo 1| 1 H‘ || --| 'gm.
Tmean==Tfloat life mport hourly file Hour
¢ AdVa nced agelng battery mOdeIS, for Float life reduces 50% for every oC increase {= T Graph
lead-acid and for Li-ion [AAcycle Ife dependsonT | Data
. . . [v] capacity depends on T Data
* Inverter and inverter-charger efficiency —
Lead-acid Aging battery model Li-ion Aging battery model

dependant on output power

()wang et al., 2011 (LiFeP04)

* Variable consumption and efficiency for P A R
backup generator, electrolyzer and fuel e e )
cell

Inv-Ch20MW

88 \

80
72

— Elec1-. Consumption(kW) and Efficiency(%HHV) § 64
z 70 < S s
= z
= B o 48
S 0768 60 = 2
= 50 & 1]
% 0.512 40 = -
73] 30 8
5 16
& 0256 20
< 10 © 0 10 20 30 40 50 60 70 80 90 100
wi 0 0 OUTPUT POWER (% OF RATED)
LLi

0 0002 0004 0006 0008 001 0012 0.014 0.016
H2 OUTPUT MASS FLOW (kg/h)



Optimization results

Combinations sorted from best to worst
(or best of each generation of the GA)

Results table can be saved in Excel file

Simulation of each combination (can be
saved in Excel file)

General report of each combination
Costs report of each combination

A Project: DA\PROYECTOS IHOGA 3.4-10-12-2022\1.hoga

Project Data DataBase Report Visual Help License Updates

«f LOAD { AC GRID
RESOURCES
+ SOLAR
WIND
HYDRO
COMPOMNENTS
~ PV MODULES
WIND TURE
HYDRO TURE
+ BATTERIES
« INVERTERS
+f AC GENERATOR

H2 (F.C.-Elyzen)

+ CHARGE BAT

AC Voltage

PRE-SIZING

Energy starage: El days autan.

[(Itdax bat parallel-> Cr min

DMaxPV maod. parallel -> P min
Wax Wind T. parallel -> P min.

[ tax AC Gen. parallel > Pmin

HDl and Jobs
Sensitivity Analysis

Probahility Analysis

48 CALCULATE

] REPORT

GENERALDATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 54. Time: 17"

26,624 320
26,112 289 =
25 600 256 E
=
5
25,088 24 §
w
24,576 192 8
o
24,064 160
23552
1 2 3 4 5 3 7 B 9 10
GENERATIONS
[ Show diagram

Gen Total Cost (NPCYAUI Emission (kqCO2ar) Unmet(khAn)  Unmet(%

1 23506 312.84 0 0 INF 144 8549
2 23999 342.61 0 0 INF BB 87.22
3 24246.1 134 0 1] 35 96 100
q 248151 316.66 0 0 INF 99 8878
5 25401.8 135.83 0 0 INF 44 9918
[ 254383 134 0 0 INF 96 100
7 258976 197.91 0 0 INF 115 96.06
8 26036.1 209.56 0 0 INF B3 9481
9 264928 132.94 0 0 INF BB 99.27

<

0.9045 §
0.9235
0.933
0.9549
0.9775
0.9789
0.9966
1.0019
1.0198

D.aut Cniwh)/(Ppv+Pw)(W) Ren(®s) LCOEAUDKWH) Simulate Report

SIMULATE.
SIMULATE..
SIMULATE..
SIMULATE..
SIMULATE..
SIMULATE .
SIMULATE .
SIMULATE .

SIMULATE.. REPORT -

>

~

COMPONENTS: PY modules a3i12-3chott AZ1100 (100 Wp_dc): 4s.x dp. (100% PVv#1: slope B0 azimuth 0% / Batteries OPZ3-HawkerTVE-5 (390 Ah): 245 x1p. /1 x
AC Gen. Diesel 1.9kvA 1.9 VA Bat Inverter STECA: XPC 1600-48 of 1600 VA // Rectif. included in bi-di inverter /f P bat charge controller. STECA: TAROM 440 of 40

Ad Unmetload = 0 % 4 Total Cost (NPC) = 23506 AUD (0.9 AUD/KMh)

STRATEGY: CYCLE CHARGING, continue up to S0Cstn. P1gen: INF. Prain_gen: 570, Poriical_gen: INF. S0C min.: 20 %

See best

Save Excel table




Optimization results
simulation

Hourly simulation

Houtly values separately  Monthly and Annual Average Power

tonthly Energy Annual Energy  Hydrogen

Simulation of 1 year, all the years the same.

AC Generator Water load /PHS  MULTIFPERIOD

Banthl Power | Manthly Eneray | AnnualEneray | Hydrogen-detaled | A Generatordetaled | Waterload | MULTIPERIDD
HOURLY POWER DURING THE YEAR (kW), ENERGY IN (kWh)
Total Load PV Generator Wind Turbines
04, ' Y ' 2401 teet
02 1
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8000
Hydro Turbine / TEG AC Generator Expott
0.0 L
0.02: 0.2
0 0
01,000 2,000 3,000 4,000 5,0006,000 7,000 8,000 0 1,0002,000 3,000 4,000 5,000 6,000 7,000 8,000 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000
Fuel Cell Electrolyzer Energy (HHV of H2) in H2 tank. end of the month
ol 8 8 & & & @8
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 0
Battery bank Charge Battery bank Discharge Energy in Battery bank

0
1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 0

nmet load (by the standalone system)

1,002,000 3,000 4,000 5,000 6,000 7,000 8,000

Purchased from AC grid

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 §,000

Sold to AC giid

1,300
20,000
1,200 a 19.000 Total Load
\ — Unmet Load 1.000 2.000 3.000 4.000 5.000 6.000 7.000 8.000 0__1.000 2.000 3.000 4.000 5.000 6.000 7.000 8.000 0__1.000 2.000 3.000 4.000 5.000 6.000 7.000 8.000
= 1100 j} 18,000 — Disch. Batt
Z 1.000 jJ La 17,000 == Charge Batt. Haurly simulation ~ Hourly values separately | Monthly and Annual Average Powsr  Monthly Energy | Annual Energy | Hydrogen | AC Generator| Weterlod/PHS | MULTIPERIOD
E 900 16.000 . - j;\? Gen MONTHLY WATER LOAD, PUMPED AND TURB. (dam3). WATER STORED IN TANK AT THE END OF EACH MONTH
hod ] 15,000 £ 80 2
i CE —50C g B = = 5
4 £ 60 =
£ 800 14,000 3 ) u i
< = 40 =
£ ] 13,000 e 2 <
— 12,000 2 LA 2}
= . w 0 0=
= 600 | 11.000 z 1 2 3 4 5 6 Mot 7 8 9 10 1 12
o~ o
w
< 500 10,000 ': [ WaterLoad M Water Pumped 8 Viater Turbined _— Water in tank at the end of the month
=X
§ 4004 s.000 MONTHLY ENERGY OF WATER LOAD, PUMPED AND TURB. (MWh). WATER STORED IN TANK AT THE END OF EACH MONTH -
8,000
w ' g 2 ] - 0
= 300 7.000 = l l 8 5
2 5.000 e = e
1 . B 4 £
5,000 & 0o 22
100 3 g
4.000 ° 1 2 3 4 5 Mot 8 9 10 1 12 *
0
11711 1211 1311 Hourly Water Load (dam3) Hourly Water Pumped (+) fturb. (-) (dam3) Hourly Water Stored in Tank (dam3)
Legend Hourly simulation  Hourly values separately Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydiogen  AC Generator Waterload /PHS MULTIPERIOD :g
- 40
< > |: MONTHLY H2 CONSUMPTION AND PRODUCTION (t). H2 STORED IN TANK OR SOLD AT THE END OF EACH MONTH Il‘H 20
F—— See Over  Day 0.0t6 S: = 0 2000 4000 6000 8000 °3 2,000 4,000 6000 8,000
Batter bank Discharge Plim Charge e Legend = 2212 o2 § Hourly Energy of Water Pumped (+) fturb. () (MWh) Hourly Energy of Water Stored in Tank (MWh)
- BATTERY ENERGY (wh) 8 on 0 8 "
O O [] E. to supply by bat. Electrolyzer s0C £ om b E
2 £ 5
D [] E- max. disch batt E. H2 tank (HHY H2) =1 D P1 £ oos LRI o
S0C limits £ 0.004 004 5 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
Battery bank Charge Fuel Cell ] P critical Gen. 0.002 002 &
[] Export Energy Cap. Max. Y .
O E.to supply FC F critical Fuel Cell ) 1 2 3 4 5 8 9 10 11 12
Unmeat Load e E max FC S0C setpoint Gen. Month
D =1 " ure- . D S0C setpaint FC ¥ O H2 load @ H2 produced by Electrolyzer ¥ @ H2 consumed by Fuel Cell (from Tank)
E boughtta ACgrid || Prmax P ¥ @ H2 consumed by Fuel Cell (extemal H2) ¥ == H2 stored in tank / sold at the end of the month
‘Water Pum
P AC Generator EsoldtoACond | | Pmax )
[ Pmesx. input Inverter [ P mex. Gen H2 TANK setpoint (HHY H2) S0C (0-1) T.full charge MONTHLY ENERGY PRODUCED BY FUEL CELL AND CONSUMED BY ELECTROLYZER (MWh)
" 12
1
Simulation step (min.): |5 ~ Back Sawe data: Save Simulation Data Sawve Prob. g 08
=
COMPOMNENTS: PY generator of 1600 Wp_dc (100% PAV#1: slope 602, azimuth 02). 1 x AC Generator of 1900 W, Battery bank of 16720 Wh. Bat. Inverter of 1600 WA 5 06
3 04
STRATEGY: CYCLE CHARGING. continue up to SOCstp. Plgen: INF'W. Pmin_gen: 570 %. Pcritical_gen: 10000000000 . SOC min.: 20 . 02

Month

¥ 0 Energy generated by Fuel Cell ¥ @ Energy consumed by Electrolyzer




Optimization results

Q‘. Preview
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iHOGA software. Report.

Project: Pr1.hoga. Solution # 1
DC Voltage: 48 V. AC: 230 V.

COMPONENTS:
PV mod. aSi12-Schott: ASI00, 4x4x100 Wp. P total = 1.6 kWp (100% PV#1)

Batt. OPZS-Hawker TLS-3, 24x1x180 Ah. E total = 8 64 kWh (1.4 d aut) POWER (kW)
Without Wind Turbines

Without Hydro Turbine

1 x AC Gen. Gasoline 0.5kVA, 1x500 VA

Without Fuel Cell

Without Electrolyzer

Inverter STECA: XPC 1600-48, 1600W

PV Battery charge controller STECA: TAROM 440 of 40 A

Without battery charger

PV GEN
CONTROL STRATEGY:

IF THE POWER PRODUCED BY THE RENEWABLE SOURCES IS HIGHER THAN LOAD: CHARGE
The Batteries are charged with the spare power from renewable

IF THE POWER PRODUCED BY THE RENEWABLE SOURCES IS LESS THAN LOAD: DISCHARGE
The power not supplied to meet the load will be supplied by the Batteries (if they cannot supply the whole, the rest will
be supplied by the AC Generator).

AC Generator Minimum Power - 150 W

When power to be supplied by AC Gen. is < Peritical_gen = 0 W, AC gen. runs at full pawer (without excess), charging
the Batt. (this hour and the next hours) until 20 % SOC is reached

LOAD FOLLOWING. SOC min. batteries = 20 %

COSTS:

Initial Investment: 7231.9 € Loan: 80 %, int. 7% in 10 years. annual quota: §23.7 €. Cost AC gen. fuel, 1st. year: 43 €
NPC OF THE SYSTEM (25 years lifetime): (comparing to only AC grid, 1499kWh/yr, NPC=9929.7 €)

Total System Costs (NPC): 149716 € Levelized cost of enargy: 061 €/kWh

Distribution of NPC:

PV Generator Costs (NPC): 2889.7 €
Battery bank Costs (NPC) 6485.7 €

AC Generator Costs (NPC): 329 €
Auxiliary Compenents Costs (NPC): 653.8 €
Inverter Costs (NPC): 3159.3 €

AC Generator Fuel Costs (NPC): 122.4 €
Installation+financing (NPC): 1331 7€

NPC / NPV (€)

BATTERIES

[ INSTALLATION+FINANCI

AC GENERATOR
AC GEN. FUEL

ENERGY BALANCE DURING 1 YEAR (kWh/year):

Overall Load Energy: 14986 kWh/yr. From Renewable: 99.7%
Unmet load: 1.3 kWhfyr (0.09 % load)

E. Purchased from AC grid: 0 kWh/yr

Export Energy: 190.6 K\Wh/yr

E. sold to AC grid: 0 kWhiyr

Energy delivered by PV generator- 21686 kWh/yr
Energy delivered by Wind Turbines: 0 kWhyr
Energy delivered by Hydro Turbine: 0 kWh/yr
Energy delivered by AC Generator: 3 kWh/yr
Energy delivered by Fuel Cell: 0 kK'Wh/yr

Energy at Electrolyzer: 0 kWhiyr

Energy charged by Batteries: 1076.9 kWh/yr
Energy discharged by Batteries: 921.4 kWhiyr

OTHER RESULTS:

Batteries Lifetime: 11.36 years

Hours eq. of AC Generator operation: 20.15 hfyr

Hours of Electrolyzer operation: 0 hiyr

Hours of Fuel Cell operation: 0 hfyr

Total CO2 emissions: 104.77kgCO2fyr. Emissions of AC generator (due to consumption of 3.071 litredyr): 9.52 kgCO2fyr
H2 sold in one year: 0 kg H2/yr

Human Development Index (HDI): 0.5257. Jobs created during system lifetime: 0.0048

ENERGY BALANCE DURING 1 YEAR (kWhiyear)

] )




[ ) [ ] [ ]
Project: Pri.hoga. Solution # 1
Distribution of costs (+) and incomes (-), NPC, during the years. RED: acquisition costs, replac. costs and incomes for
sales. BLUE: O&M. Currency: €.
Total Cost (NPC): 14971.6 € (0.51 € kWh). Initial cost of investment: 7231.9 €. Loan of 80 %, int. 7% in 10 yr., quota: 823.7 €/yr.
TOTAL COST (NPC): 149716 € Financial Cost (NPC): initial payment +annual quotas: 81276 €
2,000 1,500
1,000 II 1,000
ol m ....____I.I..I oo
-1,000 LR RAEN R EE LE e T T 0
0246 810 13 16 19 22 25 0246 81 13 16 19 22 25
Total Cost of PV Generator (NPC): 2880.7 € Total Costof Wind Turbines group (NPC): 0 €
1,000 0
(1P e et et et et ————————————————— T T
0246 810 13 16 19 22 25 024 6 810 13 16 19 22 25
Total Cost of Hydro (MPC). 0 € Total Cost of AC Generator (WPC): 329 €
200
0 100
RSN L n s e sy e 0B ———
024 6 810 13 16 19 22 25 0246810 13 16 19 22 25
Total Cost of Inverter (NPC): 3159.3 € Total Costof Batteries Bank (NPC): 6485.7 €
1,000 I I I 2,000 I
0 | 0 I l__.
AR A L R N S B R S AR R LR R L B L S S
0246 810 13 16 19 22 25 0246810 13 16 19 22 25
Total Cost of Electrolyzer (NPC): 0 € Total Cost of Fuel Cell (NPC): 0 €
0 0
|AARLAARE A R nan T T T T T T T T T T T T
0246 810 13 16 19 22 25 0024 6 810 13 16 19 22 25
Total CostofH2 Tank (NPC). 0 € Total Costof AC Gen. Fuel (NPC) 1224 €
0 4
2
R LN LN LN L o e e T T 0
00246810 13 16 19 22 25 024 6810 13 16 19 22 25
Total Cost of External Fuel for FC (MPC) 0 € Total Cost of E purchased from AC grid (NPC). 0 €
0 0
0245810 13 16 19 22 25 024661 13 16 19 22 25
Total Incomes of E sold to AC grid (WPV). 0 € Total Incomes of H2 sold (NPC)Y 0 €
1 1




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/iHOGA User manual.pdf

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



https://ihoga.unizar.es/en/
https://ihoga.unizar.es/Desc/iHOGA_User_manual.pdf
https://ihoga.unizar.es/Desc/GETTING_STARTED_iHOGA.pdf

Thank you!
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