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QUICK GUIDE — HYBRID CALCULATION WITH SOLAR & STORAGE

Purpose:

The purpose of this quick guide is to help you evaluate
the financial feasibility of a HYBRID system with a Solar
PV plant connected to an external grid, delivering
power to the owner’s demand with time varying pricing
and optional investing in a storage. The use of cost
functions is demonstrated, including optimization of
the plant size and storage size.
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1. REQUIREMENTS

The steps in this quick guide require windPRO 3.5 or
newer with license to the SOLAR PV module, METEO and
HYBRID module. However, this exercise can also be
based on a PV production time series imported into a
METEO object, which will not require the SOLAR PV
module.

Optional shortcut:

As a “shortcut” the sample project for this quick guide
can be downloaded here:

& Operation Environment & Visual Solar System integration Tools Settings & Help
windPRO Samples s’a Supportpage €3] Teamviewer support ﬁ Send error report .

s

If you decide to use the sample project “Hybrid Quick
guide” you can skip to section 4.

2. OVERVIEW

Calculating the financial feasibility of a hybrid plant
requires the following information:

Data: Stored in:

Electricity prices Meteo object

Electricity demand Meteo object

Power production

e Wind Meteo object or PARK calculation
or
e Solar Meteo object or SOLAR-PV

Cost of energy HYBRID module

Optional: Tax and tariffs | HYBRID module
Optional: Financing HYBRID module
Optional: Storage HYBRID module

This quick guide walks you through the import of the
necessary data and setting up the calculation.
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QUICK GUIDE — HYBRID SIMPLE EXAMPLE

3 ) M E T E O O BJ E CT W | T H P R | C E S @ Meteorological Data (Default Meteo data description (12))

Position Layers Guide Purpose | Data |Graphics Statistics Shear Report Description

T

Files/folders (must have exact same structure, f different structured files, add more import ffters)

= m 0 DK_1_Spotprice_2018-mar.21.6¢
. . 1 .
Start by inserting a y*= Meteo object on the

3
5
&
L E
map: G g
ap | Time zone for measurements: 'Same as in the project properties: (UTC+01:00) Brusse -
<%> é: Structure of the files (import filter):
baizH Il ][ Avodetect |[ Load ][ sae |
The exact geographical location is not relevant 5
° Set all selected columns to:  [Ignore -] Subtype -] unit B
in thls quick guide, % Time stamps are logged in: Beginning of a period B seconds @ Use text-to-number [ Text
= Line with header Header field separator  First line with data  Data field separator Additional
{ 1 Tab - 2 Tab - |[None
H . " Column | Header First data Channel | Type Sub type Unit Height
The Meteo WlndOW Opens' 1 HourUTC 2021-03-11T23:00:00+00:00 Time stamp - Date&Tim = y-m-d h:m
2 HourDK. 2021-03-12T00:00:00 M
3 elspotprices__SpotPriceEUR__DK1 17,61 Electricity P1 - Mean - g/Mwh - 1.00
@ Meteorological Dsta (Defauit Meteo dats description (18]) o x

Meteo object - getting started

INTRO' The Meteo object is an advanced "data container” and data screening/analysis 1ol for meteorological data,
specifically focused on wind speed and direction data for wind energy calculation purposes

/A Meteo object shall only include data from one position (one measurement mast or one "model” point), preferably
iwith data for more heights a g |. to utilize the strong features for wind profile analyses.

(Comparing data from more positions (masts) or substituting (patching) data for a specific mast are done in the

hietot ansiyser which wikes back tn data o the relevant HE TEO oects With these settings, go to the Data Setup tab and add
D =] “Electricity Price” signal and (Re)load all data:

N ava" Import logger data files or ASCII time series and setup import filter

Tip: Set the height to 1 m, instead of 0 m.

| GO statistics @ Meteorological Data (Default Meteo data description (1))

Get data from histogram or weibull data

Position Layers Guide Purpose|Data |Graphics Statistics Shear Report Description

SR—— || 5| Name Height [m] Data type Displm. height  First data Last data
"| Fetch meteo data through a web AP1 S 1.0 - | other/unknown - 0.0/m 0.0 months
% Time series
c 60 Onfine 2 Adivate Lack existing time series from Deviation from standard time [min] | 0
- o Doseesbie senerEID s £ | column | Required signal gased on Signal name | Low limit | High limit
g i Electricity Price - ;_SpotPriceEUR__DK1 Electricity Price
L vind data and getting d: 2 ES Cloud cover
[ Demand
a Power
ez | £
1 & Meteo D be exported by clicking 'Export’ in the Dal Solar irradiation
g Solar irradiation (direct)
A Solar irradiation (diffuse)
(]
=i
3
Select “GO time series”: g
Now point out a file with hourly electricity prices for at Going to the Graphics tab, it is possible to view the data

least one year. Prices must be in EUR/MWh. If not, it is by different aggregations.
possible to scale from other currency by a scaling factor o e
through the recalibration features in the METEO object. PO e Gt st D roghen Sus S S Do

@ . Bleckicty Prics MAN 176,01 00) Brugsel, Gopennagen, Msri, ars

A sample file is included with windPRO: B .
Location: \WindPRO Data\Standards\ {1
Filename: DK_1_Spotprice_2018-mar.21.txt 3w f \
This sample file contains hourly prices from the Danish i - |
DK-West electricity market in UTC time for January 2018 (- /
— March 2021. The file is TAB separated with header in s 7
line 1 and first data in line 2. i
R R R T R I R I T ,=,"_,
7] DK_1_Spotprice_2018-mar.21.txt - Motepad - O x
File Edit Format View Help . . .
HourUTC HourDK elspotprices_ SpotPriceEUR_DK1 ~ The diurnal view above shows how the prices are low at
2021-83-11T23:00:00+00: 00 2021-83-12T00:00:00 17,61 . . ) . )
2021-83-11722:00: 00+08: 88 2021-63-11T23:80: 60 12,13 night and midday, but high in the morning and late
2021-03-11T21:00:00+00:00 2021-03-11722:00:00 27,08
2021-03-11T20:00: 00+00: 69 2021-83-11T21:00:00 24,64 v afternoon on average.
Ln1, Col1 100% Windows (CRLF) UTF-8

Click OK and the price data is ready for use in HYBRID.
This info is used when setting up the import filter like
this:
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QUICK GUIDE — HYBRID SIMPLE EXAMPLE

4. METEO OBJECT WITH DEMAND

Similar as above, a DEMAND (or Consumption) data set
can be imported. An example can be found in the same
folder as before:

Location: \WindPRO Data\Standards\

Filename: 500MWh_DK_CommunityDemand_2018-20.txt

m 500MWh_DK_CommunityDemand_2018-20.xt - ... — [m] *
File Edit Format View Help

Date-time Demand (kW) "

01-81-2018 0o0:00 5@,81

01-81-2018 ol:ee 5@,53

01-81-2018 02:00 5@,93

01-81-2018 @3:00 53,14

01-81-2018 o4:0e 59,1@

o101 7818 Oc-a0 R7 Aa w7
Ln1, Col1 100%  Windows (CRLF) UTF-8

This demand time series is based on the measured
demand variations in Denmark, DK-West system with
500 MWh/year as average. The demand can be scaled in
HYBRID, so do not worry much about the size order. This
example data is TAB separated and in UTC time zone.

Now, do as for the Price time series, by creating a new
Meteo object and loading the data with signal type
“Consumption”. This is how the import setup shall look
for the consumption/demand import:

Line with header Header field separator ~ First line with data  Data field separator Additional

‘ Sub type ‘ unit
Time stamp ~ Date&Tim ~ d-m-y h:m 01/01/20
0.00 Demand (KW)_Mean 50.8 kw

Column ‘ Header ‘ First data | Channel ‘ Type ‘ Height | Name Converte

1 Date-time 01-01-2018 00:00
2 Demand (kW) 50,81 Demand  ~ Mean - kW

Again, set the height to 1 m, instead of 0 m, go to the
Data Setup tab and now add a “Consumption” signal and
(Re)load all data. Click Ok.

Now price and demand time series are available in two
Meteo object. Next, we need solar PV production data.

It is possible to import a solar PV production time series
created from another calculation tool into a Meteo
object. However, in this example we will use the SOLAR-
PV module in windPRO.

5. SOLAR-PV CALCULATION

For all details in a solar PV calculation setup, see Quick

guide for this purpose:

QUICK GUIDE — SOLAR PV ENERGY CALCULATION

Here just the headlines:
1: Insert a PV object
2: Design a PV plant

&

S00kW PV-plant

Just a simple square layout is fine for this example,
however there are several options to configure the plant
design. Please refer to the quick guide above.

3: Enter the Calculation setup

500kW PV-plant (2)

Area: EArea_ 1

- | E ‘ Update selected area |. ||_|

4: Download meteorological data from the EMD On-line
server at the specific location by clicking the Download
data button

. SOLAR PV [Photovoltaic AEP based on METEQ)

Main | Meteo Solar Data | Losses WTGs Obstacles Costs Output Description

Meteo data: For calculation Offset in minutes:
Solar irradiance |ERA5(T) Rectangular Grid_N5 ~ ‘ ‘ | Izlauto
Divide in direct/diffuse based on:

Model for transferring irradiance from

horizontal to inclined plane: Default value (°C):
Temperature [ERAS(T) Rectangular Grid_ns - | | 20.0]
Humidity (optional) |E—1—S‘ Rectangular Grid_N5 H Update data ‘
Scale calculation data

Output Interval

® Use all Use period  [30/12/1899 | |5'. 12/1899 Use last
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QUICK GUIDE — HYBRID SIMPLE EXAMPLE

It is important the three datasets (price, consumption,
production) have concurrency. The calculation period of
the solar pv production time series can be adjusted with
the period selector above.

5: When the desired settings are configured, close the
calculation window by clicking “Ok”.

6: Click “Update Results”. The results shown are
temporary.

7: Therefor, once the calculation is complete, click
“Create report”. The data created in this report will be
saved and later read by the HYBRID module.

Now we have all the needed data for the HYBRID setup.
6. IMPORT TIME SERIES TO HYBRID

Now start the HYBRID module from the System
integration tab:

Eile  Definiions ~ GeoData  Climate  Energy  Loads & Operation  Environment & Visual ~ Solar | | System integration

/
NERID m\‘,'xnlnagrlx Bl coic @ cGridcatslogue  Jf5 eGridtable | iy WTG catalogue

First part will be to load the different time series, in no
particular order:

e Add PV-Calculation
e Add Energy prices
e Add Demand

ﬂ»‘«dd PARK Calculation ‘ Add PV Calculation ‘” :‘ » Add Black Production | +... Add Energy Prices

|:' » Add Wind Production ‘ |

I » Add Demand

.. Add PV Production ‘ |"~ » Add Green Production | /

When clicking one of the “Add” buttons, we get to select
either a calculation or Meteo object containing the time
series corresponding to what you want to add:

L
Add | Calculation Name

PV Test Project 500 kW

Reduction [%] | Last Calculation Time Calculation Version

0.0 22/09/2022 15.13.08 3.6.353

Note: Degradation is not transferred from calculations, must be included as index in "Development” column.
*) Optional extra loss reduction; at present just simple reduction per time step.

After adding all three time series (Price, demand,
production), the list of loaded time series looks like this:

/0172017

/017208

g 8le

s ooy

Bonus information: Additional options in “Time Series” tab
(above table), but not necessary to complete this quick guide:
Reduction [%] @ Reduction %: a reduction can be set if some
9.0 losses are not included in production time
series. This just reduces each time step
production.

Development Development: An index can be selected to
0.5% degradation
No in-/decrease

2% Inflation

change annual production in time. Indices can
be freely defined. For Solar-PV production a
degradation og 0.5% is typically seen. This
index is predefined and should be selected
here. For Electricity prices, another predefined
index could be selected e.g. “2% inflation”.

Include in scaling Include in scaling: Decides if a demand or

v production time series is “allowed” to be

v

scaled, e.g., by the optimizer.

Micro Grid Micro Grid: The production can be placed
inside - inside or outside the microgrid. Likewise, the
inside -

demand can be places inside or outside the

microgrid:

If a production time series is inside the
microgrid, the plant costs (investment,
operation costs, financing etc.) is included in
the simulation. See how to specify later.

If a production time series is outside the
microgrid, power is purchased based on
specified prices, which can be based on the
loaded price time series or fixed.

If a demand time series is inside, there is no
income from demand in the simulation. But a
reference cost “All imported” is calculated for
comparison — and used in NPV calculation,
reports etc. as income named “Saved costs”.

If a demand time series is outside, there is an
income from “sale to demand” in the
simulation based on specified pricing.

Different production time series can be placed
inside as outside in same simulation.
However, all demands must be inside or
outside to reduce the complexity of the
output.
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7. COST OF PRODUCTION

Go to the “Cost and Lifetime tab”:

Setup Units External Grid / Import Cost Time Series Storage(s) | Cost and Lifetime | Finance Energy value

Data type Name Cost Model Operation Start Year

PV Production Solar PV - PV Test Project 500 Mo cost
— Edit cost functions —
No cost L
Solar-PV large > 100kW
Solar-PV medium < 100kW
Solar PV > 100kW

= First output year

Now jump to the field “No cost” and from the dropdown
choose “--Edit cost functions--". This opens the cost
function form. In the lower left corner you can add cost
models from 4 preset Solar PV categories:

| New ]
General L4 |_|
PV Projects ¥ Solar PV < 10KW
| = Solar PV < 100kW
Solar PV > 100kW
Solar PV > 100kW, Tracking [}

| Import Template

| Export Template

Choosing e.g “> 100kW” fills the table with cost function
values from a proprietary EMD study(2020):

category Costfuncton | g cost index

~ 0. DEVEX
Development 1.00 % of CAPEX
“ 1. CAPEX - pr. kW
Solar panels 230,00 EUR/IW
Inverters 5000 EUR/KW
Sub structures
Grid, internal
Grd, extemal
Installation
and purchase
Otherjcontingency
Tracker costs

~ 2. OPEX

oaM
Land rent
3. ABEX (Year after project end

Abandanment 0.00 EUR/W

Click “Ok”, and you will return to the Hybrid window.

Now that the most basic info is established, the first
simulation can be run. If there is more than one year of
time series data available, the start month and year to be
used in the energy balance can be chosen:

Time series start: o January - | |2018 Time resolution: |60 Minutes -

Operation start: January - | |2024 Operation years: 20

This makes it easy to check how sensitive the result is to
which year is used.

Additional options in the Cost Calculator, but not necessary to
complete this quick guide:

To the right of the table, is the “Temporary example plant cost”.
The pre-filled values in the Cost function value column (here in
EUR/kW) are applied to the loaded PV-plant, with the calculated
costs shown in column “Temporary example plant cost”:

Editing in the “Temporary example plant cost” column will feed
back to the “Cost function value” column, and the cost function
value will be adjusted. This can be useful if you already know the
latest or local prices for an identical plant and want the cost
function value to match this knowledge.

Indices can be set, if e.g., you want to include a cost change in time
and thereby let the prices depend on which year in the simulation
the plant is set to start to operate. Or used if e.g., a specific
component is set to be Replaced every 10 years, the cost Index will
affect the reinvestment costs.

In this example, only one year data is used for energy
balance simulation. This year is repeated for all years in
the simulation period (including any optional index
corrections). You can also choose to change the start of
system operation and for how many years the system
should operate.

Click the “Simulate” button:

| optimize... Result to File | Simulate |

|
‘ | OFTI-Storage |

| Time Graphs Result Graphs H

windPRO now calculates the energy balance and costs:
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Annual energy, lifetime average Raw costs, hour price weight

Type Mwh/y Scalin | Scaled, MWh/y Penetration EUR/y EUR/MWhH
g [%]

Import 16,597.0 52.883
Demand 499.6 1.000 499.6 27,180.6 54.407
Wind 0.0 1.000 0.0 0.0 0.0
Solar 565.7  1.000 565.7 113.2 31,030.3 54.854
Other green 0.0 1.000 0.0 0.0 0.0
Black 0.0 1.000 0.0 0.0 0.0
Storage volum 0.0 1.000 0.0
St. Charger [k 0.0 1.000 0.0 0.0 0.000
St. Discharger 0.0 1.000 0.0 0.0 0.0 0.000
Shedding 0.0 0.0 0.0
Total 565.7 565.7 113.2 31,030.3 54.854

Shedding:
All Imported re 0.0 0.0 27,180.6 54.407

Looking at the left part of main window:
Annual energy, lifetime average:

Scaling: By entering scaling values in column 3, biased
time series can be brought to the right level, e.g. if the
time series demand only represent a share of the “real
demand”, or it can be tested if e.g. a larger PV-plant
would be financial attractive.

The annual lifetime average MWh/y is displayed for the
raw time series and as scaled values.

The penetration shows how much the production
covers the demand for each technology (in %).

Raw costs, hour price weighted:

In the column’s EUR/y and EUR/MWh (any other
currency can be chosen) the lifetime average costs and
cost/MWh can be seen by technology.

This gives a feedback on how the production matches the
prices.

Lifetime costs for MicroGrid with demand inside
compared to reference (all imported):

At the right-hand side of the table the lifetime costs are
seen:

Lifetime costs for MicraGrid with demand inside compared to reference (all imported)

Type DevEx + OpEx + Interest/ | Purchase/ | Export/ Subsidy [ | Tax/ Tanff | Total [ EUR]
CapEx- G... | AbEx [ EUR] | Fees [ EUR] | Import [E... | Curtailme... | EUR] [ EUR]
mport 331,930.8 00 331,398
Demand 0.0 0.0 0.0 0.0
Wind 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Solar 396,627.0  74,460.0 0.0 0.0 -409,0207 0.0 00 62,0663
Gther green 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Black 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Storage volui 0.0 0.0 0.0 0.0
st. Charger [
st. Discharge
Shedding 0.0 0.0
Total 396,627.0  74,460.0 00  331,939.8  -409,020.7 0.0 0.0 394,006.0
Shedding Savings (27.5'  149,606.1
Al Imported 0.0 0.0 00 5436121 00  543,612.1

In this example, if all power is imported (last line) the
total cost over 20 years will be 543kEUR.

However, by investing in the PV-plant, the import is
reduced to 332kEUR (first line). This breaks down to:

o CAPEX =396 kEUR

e OPEX = 74 KEUR

e Income from PV export = 409 kEUR

e The total cost of Import+Solar investment = 394 kEUR

e Compared to importing all electricity, investing in a
solar PV plant will be 149 kEUR (27.5%) cheaper.

So, at a first glance, it seems like a sound investment
idea. However, it is worth looking the Net Present Value
(NPV) which is the sum of all costs and income streams
discounted back to today.

LCOE: 50.797 EUR/MWh
NPVe: 27,376 EUR
IRR: 3.15 %

Using the default discount rate of 2.5%, the NPV is
27kEUR.

The LCOE is calculated just for the production units, here
for the PV-plant (adding a storage will not change this but
change the NPV and IRR).

NPV can be shown as NPVe — excluding finance costs or
NPVi—including finance costs.

IRR is the interest rate that gives a NPVe = 0. If financing
can be obtained at a lower interest than IRR, a positive
NPV can be obtained, roughly spoken.

Changing the discount rate and/or the NPV setting can
be done in the “Setup” tab:

Discount rate for LCOE/NPV: 25% @
Show:

® NPVe (exclusive interests and fees)
NPVi (inclusive interests and fees)

Financial evaluation:
Is the simulated system financially feasible?

Below, a more detailed description of right-hand side of
the main window table:

Lifetime costs for MicroGrid with demand inside compared to reference (all imported)

DevEx + OpEx + Interest / Purchase / Export / Subsidy [ Tax / Tariff | Total [ EUR]
CapEx - G... | AbEx [ EUR] | Fees [ EUR] | Import [ E... | Curtailme... | EUR] [ EUR]
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For each technology, the following columns show the
costs or income:

DevEx + CapEx — Grants: The Project development cost
and capital expenditures, including reinvestments for
components with limited lifetime in cost functions.

OpEx + AbEx: Operation expenditures and abandonment
expenditures during lifetime.

Interests / fees: When loans are established the lifetime
costs is shown (see later). In the “Demand” line possible
interests cost on owner’s cash balance is included (user
defined).

Purchase/Import: If there is included plants outside the
Micro Grid, the purchase of power from those is shown
at the “technology” line. The import from grid is shown
in the Import line.

Export/Curtailment: Export to grid, if any plus potential
value of curtailment e.g., compensation by shutting
down the plant at negative prices or if grid limits require
curtailment, that might be used for e.g., heating (user
defined, see later).

Subsidy: If any (user defined).
Tax/Tariffs: (user defined, see later).
Total: Sum up all columns.

For the lower part of the table, you can notice there is a
“Shedding” row, showing how much of the demand that
cannot be delivered due to grid limitations. This can be
given a value (cost) in “Setup” tab. While the MicroGrid
typically will reduce the shedding compared to the “all
imported” reference, the benefit by giving shedding a
value will appear in the savings.

Shedding 0,0 0,0 0,0
Total 545,3 545,3 109,1 24.830,6 45,576
Shedding:
| 0,0 0,0 X 0,000 |

The bottom line shows the reference. If the demand is
inside the microgrid the reference will be the “All
imported” costs.

If the demand is outside the microgrid, then the
reference will be “Import / Sale only”. This assumes that
the Micro Grid imports all power, but then sells to the
demand at the specified sales price. This makes the

reference comparable to the situation, where the
demand is inside the Micro Grid.

Click on the “Result Graphs” button to see how the
production matches the demand:

jonce Storoge  Month/Day | Production Use Unfulfilled

Mantn Ensegy ovecvs Diutnsl Eneegy overvew

FEE

gsugygesSBEEBEIEEHEN

[ il 0 12 0 5 o 5 0

[ Soarprosucion = Gemand = Prod makch witatorszs] [ e i = Bemand = Pood makchwiatorsse]

Here is seen how the production match the demand in
average per month and hour and how much of the
production that is “absorbed” by the demand based on
the lifetime hourly simulations.

We are far from done setting up the simulation input.
Here some more details.

8. TARIFF & TAX (+ MORE PRICING)

So far, the calculation assumes that all energy exchange
is at marked prices based on the loaded price time series.

One of the ideas by a hybrid system (Micro Grid) is to
produce energy for a demand “behind the meter” and
thereby avoid tariffs and energy taxes. Additionally, to
make a better utilization of a limited grid connection e.g.,
by including a storage.

Go to the “External Grid / Import Cost” tab:

Setup Unas Extamal Grid / Import Cost | Time Series Storage(s) Cost and Lifetime Finance Energy vahie

Here grid limits can be set — for the purpose of
demonstration the grid limit is set to 1000 kW on both
Import and Export. The costs related to grid expansion
can also be defined here. This makes it easy to evaluate
how different grid expansion levels will influence the
financial results and thereby use the tool to decide on
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this part. However, this will not be demonstrated here
but should be straight forward.

Instead, it is demonstrated how tariffs and energy taxes
influence the results.

For Denmark, a private consumer or non-industry office
buildings pay a tariff of around 55 EUR/MWh and an
energy tax around 160 EUR/MWh.

Enter these in the Tariff and Energy Tax fields:

Import Energy Cost

The Tariff can also be specified as time varying, where the
user can specify different prices throughout the year.
This can be done by selecting Calculated Tariff.

Once the tariffs and taxes are defined click the
“Simulate” button:

Lifetime costs for MicroGrid with demand inside compared to reference (all imported)

DevEx+ | OpEx+ Interest/ | Purchase/ |Export/ | Subsidy[ | Tax/Tariff | Total [ EUR]
CapEx-G... | AbEx [EUR] | Fees [ EUR] | Import [E... | Curtailme... | EUR] [ EUR]
331,930.8 1,349,529.6  1,681,460.4
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
396,627.0  74,460.0 0.0 0.0 -409,020.7 0.0 00 62,0663
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0
396,627.0  74,460.0 0.0 3319398 -409,020.7 0.0 1,349,529.6 1,743,535.6
Shedding: Savings (352 048,240.1
0.0 0.0 0.0 543,612.1 2,148,172.6  2,691,784.7[ 7
LCOE: 50.787 EUR/MWh [ optimize.. ][ Resuttorle || Simulate I
NPVe: 657,887 EUR
IRR: 16.82 % [ TmeGraphs ][ ResutGraphs || oFTrswrage |

Now you can see how this has a high impact on the
savings and that the NPV increases, 657 kEUR, while the
IRR gets as high as 16.8%.

The saved energy tariffs and taxes thereby makes the
investment highly attractive.

In addition to the import price settings, any price
component can be specified on the “Energy value” tab:

Storage(s) Cost and Lifetime Finance | Energy value

Here you can differentiate energy prices by technology
and where the energy “ends up”. This can be very
complex, but unfortunately it can be so in the real world.
A subsidy might be given only to the exported part of the
wind production and there might be a tax on black
production use within the MicroGrid etc. All can be

specified including price development indices on each
price component:

tem et Lo ano a0 oo 000 [ o0 am woe woo 00 am

Note that curtailment (compensations or use of
production for e.g. heat) here can be given a value. Either
as a factor on the marked price the specific hour (offset
=0) or as a fixed price (factor= 0). For price curtailment a
fixed price should always be used, while a factor on the
negative price not is a realistic compensation (the
compensation would be negative).

9. LOANS AND GRANTS

Energy plants are normally financed. This is entered in
the “Finance” tab. Click on the “Add loan” button:

Loans are linked to plants. In order to be able to auto
optimize plant sizes, there must be a 1:1 connection
between loans and plants.

Here is created 100% loan financing of the PV plant with
10 year annuity loan with 3% annual interest rate:

392,700 392,700

1 atopening 0
2 ol 50,85 5.00 19,635 3221 361479
3 a0l 50,856 5.00 18,074 2,783 328,69
4 201 50,856 5.00 16435 AR 294,274
5 o 50,85 5.0 14714 3,143 8,132
6 20201201 50,85 5.00 12907 795 20,182
7 w0l 50,856 5.00 11,000 39,847 180,334
B 20301201 50,85 5.00 s.017 41,840 138,495
s 3 50,85 5.0 6325 4332 94,563

50,85 5.00 4728 46,128 XE

Clicking “Ok”, and then “Simulate” will run the simulation
including this loan:
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QUICK GUIDE — HYBRID SIMPLE EXAMPLE

Lifetime costs for MicroGrid w mpared to reference (all imported

Devex + Bxport Subsidy[ | Tax/Tarff | Total [ EUR]
CapEx - Curtailme... | EUR] [ EUR]
331,939.8 1,349,520.6  1,681,469.4
X X X X
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
396,627.0 744600 1158645 0.0 -409,020.7 0.0 00 177,9307
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
.0 .0 .0 .0 .0 .0 .0 .0
0.0 0.0 0.0 0.0
0.0 0.0
396,627.0 744600 1158645  331,939.8  -409,020.7 0.0 1,349,526 1,859,400.1
Shedding Savings (309"  B32,384.6
0.0 0.0 0.0 543,612.1 2,148,172.6 2,69 7"
LOOE: 50.797 EUR/MWh [ optmize... |[ Resutrorie |[ s
NPVe: 657,887 EUR
RR: 16.82 % | Time Graphs | Result Graphs H

The key measures, LCOE, NPVe and IRR does not change,
this is what makes those evaluators robust. But the
lifetime savings are reduced, as interest costs are now
included.

Note: Loans established as a GRANT is handled as a
reduction of CAPEX, which influences the key values
(LCOE, PV, IRR).

Note also that the reinvestments, e.g. renewal of the
inverter every 10 years, which can be set in cost function
is not financed by the specified loans, but taken from
owners cash balance.

10. OPTIMIZED PV-PLANT

Figuring out the proportions of the desired energy plant
can be cumbersome, so the HYBRID module has an
optimizer figuring out the pv-plant size that would bring
the largest savings (not necessarily best NPV).

Click the “Optimize” button:

Simulate |

Optimize... ‘ ‘

Result to File | {
|

Time Graphs ‘ Result Graphs

This opens the Optimizer window:

Wind 1.000 000 000 200 1000  0.00kW
1.000 0 60 kw
1000 000 000 200 1000 0.00KkW

1.000 000 000 200 1000
1.000 000 000 200 1000
1.000 000 000 200 1000
1.000 000 000 200 1000

Above, we specify a min-factor of 0, and a max-factor of
15 on the PV-Plant size.

Clicking “Optimize” the optimizer will converge towards
a factor 2.97. This means a 510kW*2.97 = 1513 kWp PV-
plant will generate the lowest lifetime costs.

Close the window by clicking “Ok”, and the main results
are updated:

Lifetime costs for MicroGrid with demand inside compared to reference (all imported)

DevEx + OpEx + Interest / | Purchase/ | Export/ Subsidy [ | Tax/ Tariff | Total [ EUR]
CapEx - G... | AbEx[ EUR] | Fees [EUR] | Tmport [ E... | Curtailme... | EUR] [ EUR]
291,538.9 1,208,976.7 1,500,515.6
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1,177,123.4  220,985.0  200,816.2 0.0 -1,566,102.0 0.0 0.0 32,822.5
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0
1,177,123.4 220,985.0 200,816.2 291,538.9 -1,566,102.0 0.0 1,208,976.7 1,533,338.1
Shedding: Savings (43.0'  1,158,446.6
0.0 0.0 0.0 543,612.1 2,148,172.6  2,601,784.7[
LCOE: 50.797 EUR/MWh [ optimze.. || mesuttorle ][ simulae |
NPVe: 802,602 EUR
IRR: 8.83 % ‘ Time Graphs ‘ ‘ Result Graphs ‘ | OFTI-Storage |

The NPV for the 1500 kW plant is 802 kEUR, around 145
kEUR higher than the 657 kEUR for the 500-kW plant. The
IRR is more halved. This illustrates that a 3 times bigger
plant might give added benefit, but this will probably not
be worth the added risk.

A word of caution: The optimization must really be
“handled with care”. So far, it is just a simple “minimum
lifetime cost” optimizer, which quickly can point you in
the right direction when considering which modifications
to add to the Hybrid system configuration and sizing. By
having grid limitations, the optimizer will be more precise
as it will not find marginal benefits by highly increasing
the plant sizes.

11. STORAGE

Now a Battery Storage will be included. But first we will
change the units from MWh to kWh as we will be adding
a small battery.

Go to the “Units” tab:

Setup | Units | External Grid / Import Cost Time Series Storage(s) Cost and Life!

Power: Energy: Energy price:
W EUR/KWh
) kw ® EUR/MWh
MW MV
GW GWh

Select Currency | Currency: Euro (EUR)
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Energy units from MWh to kWh seem more convenient
here.

Then, click the “Storage(s)” tab and click to add

a storage:

Setup Units External Grid / Import Cost Time Series| Storage(s) | Cost and Lifetime Finance Energy value

Data type Name Volume [kwh] Loss [%] Charge Capacity [k

Storage Mew storage 100.00 0.1 100.00

For this example, enter a 100 kWh storage volume, 100
kW charger and 100 kW discharger, losses are chosen as
defaults. The default cost function for batteries can be
added in the “Costs” tab (revisit section 6 “Cost of
production”). No financing added here.

Simulate with the new battery and click the “Optimize...”
button to reopen the optimizer:

v
Intial value Optimizaton
EnableTechnology lfacer [sn e sl bxiaolicer [ [uen | o vt cticten
Wind 1,000 00 000 200 1000 00w 1760000
o w LW 500 000 1500 1000 swoiw | @ 7m
Other Groen 1,000 00 000 200 1000 00K | @ 173000
Biack 1,000 00 000 200 100 00w 170000
©  torage Volume L0 1000 000 500 2360  2360kwh e
& Charger LO0O| 1000 000 200 0391 391k 150000
& Dicharger 1000 1000 000 200 0205 205k 5 160000
2 187000
§ s
1850000
¥ 160000
Grey lines are not selected for “indlude in scaling” ’:”"
) Charger sze = discharger sze St cot: ar 1510000
160000
[____opomze | Shewcees s OREne o e 150000
O per year ‘Saings (5,8%): R e
0 4 &0 80 100
Nunber of steps.
gk || Goncel | ety facors.

Set the PV plant size back to the 500 kW (using a scale
factor of 1) and disable it from optimization:

Initial value

Enable | Technology Factor Size
Wind 1.000 0.00
Ll pv 1.000 510.00
Other Green 1.000 0.00

Running an optimization finds the best size for storage,
charger and discharger:

Storage volume [kWh] 100.0  2.000
St. Charger [kKW] 100.0  0.459
St. Discharger [kW] 100.00 0.383

In the main window, the NPV is now 744 kEUR, almost 90
kEUR better than without storage for the 500 kW PV-
plant. An important reason for this benefit is of course
the very high energy tax.

Click on the “Result Graphs” button:

Result to File

Simulate ‘

Optimize...

| Time Graphs |

Result Graphs OPTI-Storage ‘

This shows how the demand is met and how the
production is utilized:
Ll

{Bolance Storage Month/Day Production Use Unfulflled

Damand - (39.2% of proguctan)

Proouction - (113.3% ofdemana)

FlEE

[=)

W Wing00% O Solar373% @ Other Green:00% W Black: 0.0%
O Import £28% M Discharge: 103% M Shedding00%

harged: 3 8% B Exported: 57.4%
e imit curt- 0.2%

The storage contributes 10.2% of the demand.

Looking at the Month/Day view, the purple line shows
the improvement from the storage aggregated:

Balance Storage Month/Day Production Use Unfulfilled
Month Energy overviea Diurnal Energy overve -
@, [
5 2
-
o] & =
= »
| 5
b 180

o
o
CEEL]

Solarprogucton = Demana = Proo, maich with storage
P withoutstor

As seen, it delivers from afternoon through all night and
brings the generated production closer to the demand in
the Micro Grid.

12. REPORTING

The HYBRID module can output both reports and result-
to-files. Click the “Result to File” button:

Optimize... |

‘ Time Graphs

Result to File

Simulate ‘

Result Graphs

OFTI-Storage ‘

And select one of the following file outputs:
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Dpen Debug folder...
Energy Balance
Einance, each plant, dynamic

Finance, pr. technology, fixed format

Energy Balance; is subdivided in technology and use,
including storage exchange etc. It outputs the entire
simulation period by time step, this can be many lines!

Finance, each plant, dynamic; present monthly in/out in
EUR subdivided by plant and type.

Finance, pr. Technology, fixed format; present monthly
in/out in EUR subdivided by technology and type. Here
more plants of similar technology are summed, and the
columns included are exact the same making this
convenient when building up own post processing tools
in like Excel.

To generate a PDF report, close the HYBRID calculation
by clicking “Ok” and a report will appear in the
calculation list:

w
Calculations (4)

Name Created Calculated

#| ~ §¥ HYBRID: 05/09/2023 10.30.44  05/09/2023 14.32.45
Main Results
Energy Balance
Cash Flow by Technology
Accounting Balance
Plant Budget Costs
Indices
Energy Cost Overview
Flant Overview

Note the two main outputs:

Cash Flow by technology: Focuses on all in/out cash flow
subdivided by technologies.

Accounting Balance: Focuses on the type of cost
(interests, opex etc.) where instalments (repayment of
loans) are replaced with depreciations which follow the
traditional “annual accounting” principles where the
value reduction of a component is the cost, not the loan
repayment.

These two reports are typically the basis for the investor
to take the decision on establishing the system.

Look at the reports for the simulated example.

More investigations possible

The demonstrated features here are just the most basics. There
are much more potential in the module, like:

Simulation based on another year: This is probably one of the
most important choices, especially for the “Nord Pool” market,
where the spot market prices have huge variations latest years,
with 2018 used in this guide as relatively high, but 2020 as
extreme low. The right approach would be to “construct” a
price time series that hold the dynamics given by the
production variations from Wind and PV for the simulation year
and the expected development for the next ~20 years.

Spot marked price development DK-West

70

a0 —+— Wind
ﬁ EUR/MWh
50

s
=

40 1 Solar

30 | EUR/MWh

20 4

A
w s .
‘C:_\rf Y ~+—Consume

10 EUR/MWh

How will limited grid capacity influence the system? To an
extreme, a grid limit can be zero (island operation). And how
large a grid expansion would be financial beneficial?

Combining more production sources: Like Wind, PV, run of
river Hydro etc. where the production patterns are “locked” by
the climate data.

Inclusion of black production: e.g., a base load from a coal
plant. Or including a diesel generator, that “fill up” when
demand cannot be fulfilled by other production units.

Handling of complex price structures: e.g., subsidies, tariffs
and taxes, that can differ by technology and by where the
production is delivered (inside Micro Grid, exported or
curtailed).

Advanced handling of curtailment, where the price and grid
curtailments can be price set: Often a compensation is paid
when shutting down a plant where prices are negative. Or
curtailment can have a value if the curtailment seen from grid
means that the production is utilized for e.g., heating.

Note that the HYBRID module in windPRO does not handle the
heating/cooling side. This can be handled by energyPRO.
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