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1. INTRODUCTION



Introduction to Homer Pro

Homer Pro software allows to modelize and simulate energy system with a variety of technologies and configurations. It is extremely populat in the
off-grid sector and often used by consultant, developers and organization to size and optimize the system components and simulate key technical
and financial parameters to use during different types of assessment.

Brief history =  Basic components: controller, generator, PV, wind, storage, converter, hydrokinetic,
grid

- Te;h'nical and economic optimisation tool f?f microgrids =  Advanced modules: biomass, hydro, CHP, advanced load, advanced grid, hydrogen,

=  QOriginally developed in NREL by Dr. Peter Lilienthal advanced storage, multi-year, MATLAB Link

=  Commercialised in 2009 under Homer Energy LLC
» Different configurations: autonomous such as AC/DC-coupled, diesel as backup or
Characteristics baseload (fuel save type), grid-connected projects

= Library: large build-in library of components but one can import components using a
=  On-paid basis fy-1arg y . . . <

data sheet
= Basic module and advanced modules purchased
separately " Projects: For new systems (greenfield) or retrofitting existing systems (brownfield)
= There are options for individual PC or concurrent license
=  The basic support given is ~3 days or acquiring premium =  Results: Graphs, tables, techno-economic KPIs (COE, NPC, RE fraction, autonomy, etc)

support gives 24-h guarantee time S o
= Optimisation indicators: By default Homer minimises the net present cost (NPC) of the

project
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2. FUNDAMENTALS OF SIZING AND
OPTIMIZATION



Fundamentals of sizing and optimisation

It is essential to have the Prepare well the inputs: It is very important to
optimisation objective _ understanding the results:
clear * Demand profile
(current and future) * Indicators
* Costs * Graphs

. RE resources

e Otherinputs

T
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Optimisation objective

Examples of objectives:
Fundamental decision, before starting: 1. Economic indicators
What is the optimisation objective that e Minimise LCOE
mostly matters for this specific project? e Minimise CAPEX

* Minimise OPEX
2. Technical indicators

Why?

: - * Maximise resilience,
To avoid under- or over-sizing the plants, «  Maximise autonomy

resulting to mismatch between demand «  Maximise RE fraction

and generation » Eliminate capacity shortage or sacrifice some kWh in
order to minimise CAPEX

3. Environmental indicators

e Minimise emissions
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Optimisation objective

What does it depend on?

1. Financing mechanisms:
*  Grants can allow oversizing,
. Equity/debt may require minimising CAPEX,
*  Results-based finance (RBF) may require maximum energy sold from year 1
: Green funds may require 0 emissions

2. Tariffs:
. Cost reflective versus uniform/regulated.
*  Some regulators may “force” developers to sell all energy immediately with modular systems and then
upgrade to follow demand.
* Arethey revised periodically or are they fixed for the rest of the lifetime?

3. Otherregulations:
. Service level allowed/require.
. Does the operator allow for diesel off?

4. Demand uncertainty:
*  Abrownfield project that can have already a load profile and growth estimation
*  Agreenfield project is more uncertain

5. Location:
. Remoteness and difficulty to access
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3. INPUTS



Inputs

Load Profile

1. Theload in Homer is not the demand but the generation, so distribution losses should be considered: 5% for
Low Voltage or transformer losses for Medium Voltage lines

We should consider an utilization factor for the demand (example: 85%)

There are “by default” profiles that can be used when no information is provided

Hour variations can be applied; should be minimal for residential load profiles (5% variability)
Homer allows different weekday and weekend load profiles

There is the option to consider future growth in the multi-year advanced module

N o Uk W

Loads can be selected as AC or DC.

Excel for load analysis.
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Inputs

Costs

1. Capital and replacement unit costs for each component
2. For hybrid mini-grids:
e System fixed capital costs (USD)
* PV (USD/kWp)
*  Hydro Turbine (USD/turbine)
e Converter (USD/kW)
e Batteries (USD/unit)
*  Controller (USD)
*  Generator (USD/kW)
All costs should be under the same conditions (EXW, DDP, installed costs...)

4. Diesel costs on site
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Inputs

Operational expenses per component

1. System fixed O&M costs (USD/year): salaries, insurances, admin costs, etc..

2. PV generator (USD/kWp/year): minimum, including module cleaning, usually done by O&M
staff

Hydro generators (USD/yr): small, related to greasing and replacement of bearings.

4. Converter (USD/kW/year): low capacity converters do not have any important O&M costs
however high-capacity ones do and are usually quoted from the manufacturer, but can be
included in the battery component (example: TESLA)

5. Batteries (USD/unit/year): O&M costs depend on technology;
*  Valve-regulated Lead-acid (GEL, OPzV) =0,
*  Open-valved Lead-acid = add distilled water
e Lithium-ion is according to manufacturer.

6. Back-up Generator (USD/hour of operation): Cost of scheduled maintenance (oil, filters,
overhauls...). It does not include fuel cost — this is computed separately
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Inputs

Resources - Solar radiation and renewable energy (wind, hydro, etc)

Solar Radiation

Sources: NREL, NASA, PVGIS-SARAH
PVGIS
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Inputs

Resources - Temperature

Why consider temperature?

= PV module performance varies depending on temperature, it can be seen in the
technical specification of the modules.

= The temperature can be selected by different sources such as PVGIS or databases
included in HOMER
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Inputs

Financials
Input Definition Example
Discount rate Discount rate used to annualize costs 12,5%
Inflation rate ~ Inflation rate of the country, used to 7%
' estimate future costs |
Project lifetime Economic lifetime of project 15 years
Capacity shortage penalty Penalty for each kWh failed to supply 5 USD/kWh/year
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Inputs

Constraints

Input

Maximum anual capacity shortage
Minimum renewable fraction
Load in current time step

Annual peak load

Solar power load

Wind power load

e _
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Definition

Maximum percentage of total demand
allowed to not be met by the system

Minimum the fraction of the energy
delivered to the load that originated
from renewable power sources

The spare capacity reserved to serve a
sudden increase of the load, in each
time step

The spare capacity reserved to serve a
sudden increase of the annual peak
load, in each time step

The spare capacity reserved to serve
the load assuming a sudden decrease
of the PV array output

The spare capacity reserved to serve
the load assuming a sudden decrease
of the wind output

Example

0% (by default)

0% (by default)

10% (by default)
Not common in residential grids

0% (by default)
Not common in residential grids

80% (by default)
Common where clouding effect occurs

50% (by default)
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Inputs

System components

AC DC
CAT-100 Electric Load #1

1. Select the components that characterize your desired system

*)
)

2. Input technical parameters and costing for each componet
250,09 kwh,/d
25.98 kW peak

HelioScope Converter TkWh LI

O

3. Configure the system

Figure. configuration schematic

Controller Generator PV~ Wind Storage Converter Custom “oiler  Hydro Feformer Eleciolyzer —ooroocn Hydrokinetic  Grid  Thermal Load
Turbine Tan Controller

Figure. Potential components
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Potential
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configurations

| SCHEMATIC | SCHEMATIC SCHEMATIC

:| AC ) DC AC DC
[% E'“‘”%‘“f’ "l Gen Electric Load #1| TeslaP
Q) | = | g

176.84 kWh/d T

14.37 kW peak 5051 70 kWh/d

Converter 1kWh LA 39078 kW peak
a )‘_, Can30{ Converter

..
DC Coupled AC Coupled

Exa mple Abbreviation: PV

PV ! Name: ' Generic flat plate PV

AC DC
Electric Load #1
17684 kWhyd
14.37 kW peak
Converter 1kWh L&

Hybrid Coupled

Remove

Copy To Library

Properties - -, Cost Sizing
| Name: Generic fiat plate PV | Capacity Capital Replacement o&m HOMER Optimizer™
Abbreviation: PV (kw) ($) ($/year) # Search Space
Panel Type: Flat plate 1 1,100.00 1,000.00 10.00 kw
| Rated Capacity (kW): 550 Lifetime More... '?80
| Temperature Coefficient: -0.5 time (years): 200
| Operating Temperature (*C): 47 220
| Efficiency (%): 13 360
Manufacturer: Generic g 450 7] )
www.homerenergy.com - Site Specific Input Electrical Bus
‘ :‘::.;a ic PV system. Derating Factor (%): @ ‘ * AC DC ’

The information contained in these documents is confidential, privileged and only for the information of the intended recipient and may not be used, published or redistributed




Outputs

Optimisation is done by minimising net present cost (USD):
= |sthe present value of all system costs

Levelized cost of energy (USD/kWh):

= |tis the net present cost over total energy produced over the project lifetime

= |tis an indicator used to compare different electrification options to supply the same amount
of energy

Operating costs (USD/year):
= |tis the annualised costs of operation
= |t does not consider capital costs

Renewable energy fraction (%):

= Corresponds to the total renewable energy production over total load served
Autonomy (days):

= |sthe days of autonomy offered by the batteries in case there is no source of generation

Excess Electricity (% or kWh):

= Corresponds to the energy produced but not consumed by the system. (i.e. PV curtailment)

T —
N These system parameters are complemented by the results obtained for each component.
tt a TL??;’ Amblental i.e. for a diesel generator, Homer will provide Operational hours, fuel consumption, generation, etc.
~
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4. OUTPUTS



Outputs

Optimization Results ized @)
Export... Lot Double Click on 3 particul 0 sas ite detaiied Simulation Resul ) Categorized (®) Overall
Architecture Cost
, CAT-100 ; Converter . NPC COE Operating cost Initial capital Ren Frac Total Fuel Cap Short Ci
4] HelioSc CEG_eBrick Dispatch
&% B P Heioscope ¥ "y ¥ CEGebrick ¥ )" ¥ Dipatcn ¥ @V (0 @V T 0T OT TGPV VO Ty ¥y OV
[E‘ ¥ o 1.70 80.0 26 90.0 LF §798,977  $0.965 $29,634 $533,554 86.0 4,705 0 0 |
= "o 80.0 27 LF $800,131  $0.966 $29,300 $537,701 86.8 4435 0
= W E 153 80.0 26 LF $802,053  §| Simulation Results
= ¥ E 1.70 80.0 28 LF $802,185  §( Year: 1] System Architecture: CEGASA eBick 180 PRO (26.0 strings)
HelioScope (1.70 ) System Converter (30.0 kW)
: L E 153 800 27 IF §803,783 § CAT-100kVA-50Hz-PP (80.0 kW) HOMER Load Following Operating Cost
= "3 P 800 29 LF 8804635  §| system Converter Emissions |
“ o R E 153 80.0 28 LF g Cost Summary Cash Flow Compare Economics | Electrical | Fuel Summary CAT-100kVA-50Hz-PP Renewable Penetration CEGASA eBick 180 PRO  HelioScope j
" ’ [4:] E 1.70 B0.0 30 LF s Production KWhiyr | % Consumption kWh/yr | % Quantity KWh/yr | %
CAT-100kVA-50Hz-PP | 1740 129 AC Primary Load 71,482 100 Excess Electricity 54872 406
T Pis 800 i LF $ HelioScope 133547 987 DC Primary Load 0 Unmet Electric Load 0 0 |
= e P s 80.0 30 LF § Total 135287 100 Deferrable Load 0 Capacity Shortage 0 0 |
Total 71,482 100 |
Quantity Value ' Units |
Renewable Fraction 976 % |
Max. Renew. Penetration 1204 % I
Monthly Electric Production
W HelioScope 16
M CAT-100 "
12
10
2
4
2
0
Jan Feb Mar Apr May Jun Jul Sep Oct Nov Dec
Create Proposal Time SeriesPiot (%) Other...
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Outputs

Time Global Solar  Generic flat plate PV Solar Altitude Generic flat plate PV Solar Azimuth Generic flat plate PV Angle of Incidence  Generic flat plate PV Incident Solar Generic fle
. - wm2 & i IS Kwfm2 [
Simulation Results : 1oL/ 0000 0 C E =) C
01/01/2067 01:00 L) o 0 0
Year: System Architecture: System Converter (90.0 kW) 01/01/200702:00 ° [} 20 [}
01/01/2007 03:00 ) o ) o
HelioScope (1.70) HOMER Load Following $0.9649 01/01/2007 04:00 0 0 0 0
CATAD0KVA-50H2-9 (00Kt : [ — : z .
CEGASA eBick 180 PRO (26.0 strings) . e B P pan e
- 01/01/200709:00  0.3009585 2126683 e 0.430686
Emissions 01/01/2007 10:00  0.4060584 3031359 147581 05731848
. . 2 v J 9 9 " 01/01/200711:00  0.4305572 3447496 25.00558 0.5705404
Cost Summary Cash Flow Compare Economics  Electrical Fuel Summary CAT-100kVA-50Hz-PP  Renewable Penetration CEGASA eBick 180 PRO  HelioScope  System Converter o o A 5 s 1. o
01/01/2007 13:00  0.3644338 32.02761 30.21134 0.4537437
Production KWhAyT | % Consumption KWh/yT | % Quantity KWhiyr | % 01/01/200714:00  0.268351 5317 114128 a3150724
01/01/200715:00 01331851 17.30319 53.79440 0137903
CAT-100kVA-50Hz-PP = 1,740 129 AC Primary Load 71,482 100 Excess Electricity 54872 406 01/01/200716:00 0.007337877 77281 67.16826 0.007165843
01/01/2007 17:00 [} o ) o
HelioScope 133,547 987 DC Primary Load 0 0 Unmet Electric Load 0 0 01/01/2007 18:00 ° o %0 o
Total 135287 100 Deferrable Load 0 0 Capacity Shortage 0 0 55"”7’"‘”;:: E » E
Total 71,482 100 01/01/2007 21:00 o 0 E 0
01/01/2007 22:00 [ 0 % 0
Quantity Value | Units 01/01/2007 23:00 0 0 50 0
01/02/2007 00:00 o o 0 o
Renewable Fraction 976 % 01/02/200701:00 o o 0 o
Max. Renew. Penetration 1,204 % smmm : : : :
01/02/2007 04:00 ] 0 50 0
01/02/2007 05:00 L o 0 0
01/02/200706:00 0.001224504 o 0 o
ooz/m070700  oanm 2576578 7170048 032388
01/02/200708:00 02730811 1412138 s.10487 0575795
01/02/20070%:00 04207058 23.25064 4521075 07330343
01/02/200710:00 05328033 053783 3350755 08607365
Monthly Electric Production
M HelioScope 16 . .
mor 1 .csv file with 8760 rows,
12
o iding hourl Its of th
" providing hourly results of the
= ‘ Multiyear... . .
. Seter simulation for year 1.
2 Deita Plot...
0 Table...
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Export...
Export time series results to a file
Create Proposal Time Series Plot | (%) ome
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5. ADVANCED SIMULATIONS



Advanced Simulations - The multi-year module

It simulates the system performance and behavior for each year of the project lifetime, taking into consideration the
evolution in time of some key parameters.

The module applies a linear multiplier for future values on the value of year 1
corresponding to:

Multi-Year Variable Details

Diesel: Fuel Price {

= System fixed O&M costs tea 2
. Year ] Multiplier
= PV degradation : e i
. . 8 |1.14868566764928
= Diesel fuel price 0 [T
) 10 |1.19500256862231
= Electric load N Cpst—
12 {1.24337430839465
. 13 {1.26824179456255
Multl_v&ar [npuu 14 :‘1.2936066304538
EnablE 15 51.31947876306287 3
. . . 16 11.34586833832413
Project lifetime {years): = 15 = |1.37278570509061
18 [1.40024141919242
System Fixed O&M Cost Can300: Degradation Dieszl: Fuel Price Electric Load #1: Scaled Ave 2 142824624757 627
20 {1as68111725278
(%fyear): | 5 Years | (3%6/year): | 0.5 Years || (%6/fyear): | 3 Years || (3/year): | 5 Years ‘
OK Cancel

- -
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Advanced Simulations - The

Navigate
through the
years of
simulations
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Emissions

System Architecture:

HelioScope (1.70)
‘CAT-100kVA-50Hz-PP (80.0 kW)
‘CEGASA eBick 180 PRO (26.0 strings)

System Converter (90.0 kW)
HOMER Load Following

Cost Summary Cash Flow Compare Economics Electrical Fuel Summary (CAT-100kVA-50Hz-PP  Renewable Penetration CEGASA eBick 180 PRO  HelioScope System Converter

Production kWhfyr | %
CAT-100kVA-50Hz-PP | 1,740 129
HelioScope 133547 987
Total 135,287 100
M HelioScope 16
W CAT-100 14
12
10
£
6
4
2
0
Jan Feb
Create Proposal

Consumption kWh/yr %

Quantity kWh/yr %
AC Primary Load 71,482 100 Excess Electricity 54872 406
DCPrimary Load 0 0 Unmet Electric Load 0 0
Deferrable Load 0 0 ‘Capacity Shortage V] 1]
Total 71482 100
Quantity Value | Units|
Renewable Fraction 976 %

Max. Renew. Penetration 1,204 %

Monthly Electric Production

multi-year module

[B{ MultiYearExportOptionsWindow - =) X
File: C\Users\

Time step: '® 60 Minutes Monthly =0 Yearly

Single year: 1

Time Series Plot

@ Export time series results to a file
Other .

\ 4

® Allyears*: Startyear | 2007 | \

|

*Every year-long HOMER simulation begins on Monday, January 1 (this actually happens in
2007 and 2018). For other years in the export data, the days of the week will not match the
calendar. Exported data also ignores leap years.

Cancel

Possibility to select different
formats for multi-year export:
- Hourly results

- Monthly

- Yearly




Advanced Simulations - The multi-year module

Electric Load #1: Scaled Average

It provides yearly values for relevant

S system/component parameters.

N Quantitative estimation throughtout the project
Demand for each year of o e lifetime of demand, generation sources, operational

operation of the project. . o

It evolves according to 2 1355 expenses, etc.

. . . 13 1553
multi-year multiplier

A B C D E F G
1 |Time AC Primary Load Served [Total Consumption/Sales Renewable fraction Excess electricity Excess electricity percent Maximum renewable penetration |
- 2 kwWh/year Wh/year % kWh/year % % |
Year 1 3 | 01/01/2007 00:00 63491.75 63491.75 0.993 62651.99198 0.467597 1319.768146
4 | 01/01/2008 00:Q0 67301.255 67301.255 0.99 57572.48378 0.431926 1236.348839
Year 2 5 | 01/01/2009 00:00 71428.21875 71428.21875 0.985 52356.14481 0.394474 1156.760943
Year 3 6 | 01/01/2010 00:00 75745.65775 75745.65775 0.976 47341.55852 0.357127 1083.190753
7 | 01/01/2011 00:Q0 79110.7205 79110.7205 0.965 43646.85934 0.3291594 1029.856214
8 | 01/01/2012 00:00 82066.2585 82666.2585 0.954 39878.3639 0.300474 978.662354
% | 01/01/2013 00:00 86412.27175 86412.27175 0.941 36178.61526 0.271743 929.683253
10 | 01/01/2014 00:q0 90285.2685 90285.2685 0.926 32628.91086 0.243901 883.57371
11| 01/01/2015 00:40 94348.7405 94348.7405 0.911 29138.16351 0.216395 839.600755
12 | 01/01/2016 00:40 98602.68775 98602.68775 0.892 25977.8928 0.190992 797.754794
- 13 | 01/01/2017 00:q0 98602.68775 98602.68775 0.89 25307.58486 0.186984 792.170511
14 | 01/01/2018 00:q0 98602.68775 98602.68775 0.887 24769.08918 0.183793 786.625317
15 | 01/01/2019 00:q0 98602.68775 98602.68775 0.885 24109.06694 0.179843 781.118%4
16 | 01/01/2020 00:q0 98602.68775 98602.68775 0.884 23378.87214 0.175361 775.651107
17 | 01/01/2021 00:q0 98602.68775 98602.68775 0.882 22762.06615 0.171521 770.22155
18 | 01/01/2022 00:q0 98602.68775 98602.68775 0.879 22224.25355 0.168182 764.829999
19 | 01/01/2023 00:q0 98602.68775 98602.68775 0.877 21578.80246 0.16412 759.476189
20| 01/01/2024 00:00 98602.68775 98602.68775 0.876 20917.72469 0.159966 754.159855
Y25 21| 01/01/2025 00:Q0 98602.68775 98602.68773 0.873 2032452315 0.156152 748.880736
End of the 22 | 01/01/2026 00:00 98602.68775 98602.68775 0.871 19727.32482 0.152249 743.638571
. 23
project o

[
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Advanced Simulations - The multi-year module

Homer Results
- Estimated Demand (kWh/year)

- Renewable fraction (%) Inform Project financial
- Diesel consumption (L/year) assesment and Tariff

- OPEX (USD/year) Calculations
- Estimated Sales (USD/year)
- Estimated CO2 emissions
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6. CASE STUDIES



Case Studies

1. Off-grid PV mini-grid
2. Off-grid Hydro + PV mini-grid
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Steps:

1.

2
3.
4

Setting parameters
Adding components
Results analysis

Export data
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Case Study 1 — Vanuatu, Malekula island, Rensarie College

Main inputs

Discount rate
Inflation rate
Project lifetime
Fixed CAPEX
Fixed O&M costs

Demand

Genset

Converter

PV

Batteries
Constrains

Controller
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Homer Training

12%

2,5%

20 years

261,264 USD

16,893.22 USD/year 2,5%/yr escalation

250,09kWh/day Y1 — increase 4.5%/yr base plus evolution of connections

85KVA, minimum part load 25%, CAPEX 450 USD/kW, Replacement 450 USD/kW, O&M 0, fuel price 1
USD/L, fuel scalation 2,5%/yr, AC Coupled, lifetime 12,000 hours

135kVA, parallel with AC generator, CAPEX 450 USD/kW, Replacement 450USD/kW O&M O, lifetime 12
years

153 kWp (Helioscope), CAPEX 1190 USD/kWp, Replacement 951,8USD/kWp, O&M 0, optimum slope and
azimuth, temperature effects considered, lifetime 25 years, anual degradation 0,7%, AC coupled.

293,76 kWh (34 Units), CAPEX 500 USD/kWh, Replacement 400USD/kWh, O&M 0, Minimum SOC 20%,
Voltage 48V, lifetime 12 years,

Mini RE fraction (60%), Maximum annual capacity shortage 0%,

Load Following, CAPEX O USD, O&M 0. lifetime 25 yrs, allow diesel-off operation, allow generators to
simulate simultaneously, allow system with generator capacity less than peak load



Case Study 2 — Vanuatu, Pentecost Island, Loltong — Hybrid (Hydro + PV) Mini-grid

Main inputs

Discount rate 12%

Inflation rate 2,5%

Project lifetime 20 years
Fixed CAPEX 162,000 USD

Fixed O&M costs 11,000 USD/year — 2,5%/yr escalation

Demand 71,39kWh/day Y3 —increase 4,5%/yr base after Y3, considering evolution of connections
Genset 15KVA, minimum part load 25%, CAPEX 700 USD/kW, Repalcement 700 USD/kWO&M 0, fuel price 2 USD/L,
fuel scalation 2,5%/yr, AC Coupled, lifetime 12,000 hours
Converter 15kVA, parallel with AC generator, CAPEX 450 USD/kW, O&M 0, lifetime 12 years
2,6 kWp Generic flat plate, CAPEX 1500 USD/kWp, Replacement 1,200 USD/kWp, O&M 0, optimum slope and
PV azimuth, temperature effects considered, lifetime 25 years, anual degradation 0,7%, AC coupled, derating

factor 80%

5 KW Generic, CAPEX 15,000 USD, Repalcement 15,000 USD, O&M 0, AC Coupled, lifetime 10 years, head

eI TUaIE 140m, Design flow rate 10 I/s, max and min flow rate 10 and 100%, Efficiency 51%.

33 kWh Generic Li-lon, CAPEX 650 USD/kWh, Replacement 500USD/kWh, O&M 0, Minimum SOC 10%, lifetime

Batteries 12 years,
Constrains Mini RE fraction (60%), Maximum annual capacity shortage 80%,
Controller Load Following, CAPEX O USD, O&M 0. lifetime 25 yrs, allow diesel-off operation, allow generators to simulate
- — simultaneously, allow system with generator capacity less than peak load
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Additional Contents

Links for further knowledge:

e Homer Pro User Manual:

https://www.homerenergy.com/products/pro/docs/latest/index.html

* Homer Pro official Youtube Channel: https://www.youtube.com/channel/UCgBJKc2nEalPoZeM7glxmFQ

* Webinar: Multi-Year Modeling Capability in HOMER Pro and HOMER Grid

https://microgridnews.com/multi-year-modeling-capability-in-homer-pro-and-homer-grid-how-does-it-help/
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