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15.1 HYBRID - introduction

15.1.1 Introduction to HYBRID

The windPRO HYBRID module makes it possible to evaluate the technical and financial feasibility of
energy plants with power production. The module handles time-varying prices against fluctuations in
production and can include storage. The OPTI-Storage functionality can from windPRO 3.6 handle
arbitrage (charge when price is low, discharge when price is high) and optimal handling of grid limits
(minimize the grid limit curtailment).

Time varying production calculations within windPRO for Wind and PV are smoothly loaded from
HYBRID module. Price time series concurrent to production data must be imported to a METEO object,
similar for demand time series if relevant. (Export all to grid does not require demand time series).

To deliver renewable production directly to the demands will often give the extra benefit that taxes
and tariff costs are saved, which is what often makes a Hybrid plant feasible. Demands connected
to the production units can be handled as either INSIDE or OUTSIDE the system, which is
conveniently named the “MicroGrid”.

The module can handle scenarios from very simple systems, like if it is feasible to invest in a Solar-
PV plant, and how big the plant shall be based on a given demand, to highly complex systems with
wind, PV, other green and black production interacting together, as well as storage, external grid
and an internal demand. The grid limitations can be set and can be given a cost to expand the grid
capacity and find out if this investment is feasible, or investing in, for example, storage would be
better.

Interaction with an external grid with time-varying prices is a core feature, but it is also possible not
to have any interactions with an external grid; the so-called “island operation”. Here a special feature
is the “shedding filler”, where a green or black production plant can be set to fill the gaps, when the
other production units cannot fulfil the demand, and “load shedding” would be the solution without
the “filler”.

The basis within the module is an energy balance simulation for one year where production, price
and demand time-series must be available for the same year. This simulation is repeated for all years
in the financial simulation period, where changes during the simulation period are included. Changes
could be that the Solar-PV plant degrades year by year, energy price levels increase or some plants
or storage are brought in or taken out of the system during the simulation period. All developments
by year can be controlled by freely definable indices.

For the power price simulation there is a high flexibility. Subsidies, tariffs and energy taxes can be
included dependent on which plant makes the power, and where it is used. There might be a tariff
just for the exported part of a specific wind plants production, while a subsidy is given to all PV
production. Any possible mix can be handled.

Curtailments can be based on grid capacity as well as price. If the price is negative, the production
can be shut down, like it will be curtailed when the grid limit is reached. For both curtailment types
a value can be given per MWh. Shutting down by negative prices often is compensated while the
plant helps the grid balance. If curtailment is due to grid limits, the power might be used for heating
and assigned an appropriate value is an option. Load shedding can also be given a value. If the
demand cannot be fulfilled in some hours, this has a cost, which could be the reason for investing in
storage. If the load shedding is not assigned a cost, the storage would probably not be feasible.

Scaling factors for the different technologies are part of the simulation. It is easy to see the impact
on the lifetime net cost when having e.g., a 50% larger PV-plant or storage. Here the cost functions
are a very important new tool in windPRO. Plant costs and productions are automatically scaled based
on size (simple scaling). Some plant cost types are based on formulas. For a wind park the turbine
costs depend on specific power as well as MW, rotor area and hub height. The cabling and road costs
depend on the inter-array distance, automatically calculated from the layout (i.e., this is a
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simplification as the direct and shortest distances are used). Cost functions can be calibrated by the
user. Having the real cost for a newly-built plant can be entered, and the specific costs calculated
and used for the next plant. The initial values in the cost functions are based on comprehensive
studies undertaken during 2020. The user with only a small effort will have quite realistic costs for
the designed wind and PV plants and storage systems.

With the full connection between plant sizes and costs, and loans connected to plants, it is possible
to find the optimal combination of plant sizes for handling the actual demand with the given price
structures and variations in time. The optimizer will search for the plant and storage size, that
results in lowest lifetime costs.

Below is illustrated the basic business cases that can be calculated and optimized.
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Figure 1 The demand is inside the MicroGrid.

With the demand inside the MicroGrid, there might be some savings on tariffs and energy taxes,
assuming these are avoided by internal production.

External plants are plants the MicroGrid purchases power from, “owned” by external organisations.
Plants inside the MicroGrid are financed and operated by the MicroGrid owner.

For demand inside the MicroGrid there is basically no income for the MicroGrid, except export. The
reference the costs are compared to is that the demand “imports all”. In key calculations such as
NPV and IRR, the “income” for the MicroGrid is the cost the demand would have when importing
all.
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Figure 2 The demand is outside the MicroGrid.

With demand outside, the MicroGrid sells to demand based on an agreed price, which could be the
marked price, but could also be a fixed price or a factor on the marked price.

Here it is simple to calculate like NPV and IRR.

The reference that is compared to in this situation is that the MicroGrid deliver to the demand based
on the agreed price, but the MicroGrid import all power from the grid. Thereby the comparison to the
reference holds the extra element that it can be seen if it is better for the MicroGrid to establish own
production units/storage OR just to purchase from grid.

© EMD International A/S e

windPRO 4.1 e September 2024

C

EMD

International


http://www.emd.dk/
http://windpro.com
http://emd.dk

External plants

MicroGrid

Exchange

41

Wind

Solar-PV

Other Green

A

)) |

Black

11

Wind

Solar-PV

1

e
———————

Other Green

P od

))

Black

Export [

>

Curtailment
- price
- grid

Storage

External grid

Figure 3 There are no demand, all exported.

A third variant is that there is no demand. A typical situation for many plants is that all power
produced is exported. This situation can also be handled, along with storage, which can be relevant
if there is lack of grid capacity or a limit on when or how much can be exported. The storage strategy
will then be to charge storage when there is a lack of grid capacity and export to the external grid
when production is below grid export capacity. Export only occurs if the electricity price is more than
a user-defined threshold, if not, the export will be postponed. The new OPTI-Storage functionality

handles this even more better, maximizing the income.

File Definitions
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System integration

Go to the System Integration tab and click on the HYBRID button to open the module.
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| 4@ HYBRID (WTG+PV+Storage)
|

Main | Calculation | Description

Annual energy, lifetime average Raws costs, hour price weigh

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

- |

Type MWh/y Scaling | Scaled, MWh/y Penetration | EURfy EUR/MWh DevEx + OpEx + AbEx [ | Interest / Purchase / Export [ Subsidy [ | Tax/ Tariff | Total [ EUR]
[%] CapEx - Gra... | EUR] Fees[ EUR] | Import [ EUR] | Curtailment... | EUR] [ EUR]
| Import
| |pemand 00 1,000 0,0
| Wind 0,0 1,000 0,0
| |solar 00 1,000 0,0
| Other green 0,0 1,000 0,0
| |slack 0,0 1,000 0,0
! Storage volum 0,0 1,000 0,0
| |st. charger [k 00 1,000 0,0
| St. Discharger 0,0 1,000 0,0
Total 0,0 00
[+]
Time series start: @ [lanuary - | 2000 | Time resolution: (60 Minutes [ optimize.. ][ Resuttorile ‘_
Operation start: Danuary - | |2024 | operation years: 20) [ Time Graphs ] Result Graphs J OFTI-Storage
Setup Units External Grid / Import Cost | Time Series | Storage(s) Energy value
Data type Name Loaded Start End Rated Power [kW] [1 | Reduction [%] (@ | Interval [min.] Development Include in scaling Micro Grid |
<No data to display>
[ ace Prx calcutation | | 9 add PV Calcuiation | [ Fu Add slack Production | [ L. add Energy Prices | [ Add Foced Energy Prices |
[ 5 Add Wind Production ] [ 1.0 Add PV Production |[,%.. Add Green Production| [ Y. AddDemand || 7 Add Shedding Filer |
Figure 4 The HYBRID Calculation tab or "controller".
This is where the main functions are controlled from and simulation results are visible for
evaluation.
On the Main tab two different “principles” of operation for the module can be selected:
W HYBRID (WTG+PV+Storage) O X

il Main | Calculation Description

Name ||

Calculation type

(@) Basic Calculation

Flexible Operation Periods

Data for energy balance as above, but respecting start

Individual plants can have individual start-stop months.

All plants start operation at first simulation cutput month and are all running for all simulation years.

Data for energy balance for 1 year is repeated for financial calculations. BUT productions as well as
demand and prices can be given an index describing annual changes (inflation, degradation etc.)

-stop dates for individual plants and demands.

Figure 5 Selection of "Basic" calculation vs. Flexible Operation Periods.

For the Basic calculation, all plants and storage are assumed to start operation in the same month
and end operation in the same month. This will be the typical setup while investigating the most

feasible composition.
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When a more specific project is to be documented, the different plants will typically have different
operation start times.

Before starting using the HYBRID module, some basic information needs to be established,
described in following section.

15.2 Establish basic data
The following data should be established prior to starting the HYBRID module:

Production time-series options to use: (with a minimum hourly resolution, down to one minute can
be handled)

e windPRO PARK time-varying calculaton for a wind plant

e windPRO Solar-PV calculation, which is always time-varying

e Windfarm calculation available as time-series from other (non-windPRO) calculations ->
import into a METEO object

e PV-farm calculation available as time-series from other (non-windPRO) calculations ->
import into a METEO object

e Other green production available as time-series -> import into a METEO object

e Black production available as time-series -> import into a METEO object

Other optional time-series: (with a minimum hourly resolution, down to one minute can be
handled)

e  Price time-series, normally ONLY hourly resolution while market prices typically are hourly -
> import into a METEO object
¢ Demand time-series -> import into a METEO object

More time-series of each type can be added to a HYBRID simulation, except for the price time-
series.

Note that it can be an advantage to establish longer time-series than just the one concurrent year
required. Then the sensitivity to which year can be tested by selecting different starting dates for
the energy balance simulation (and price).

If simulation is in an electricity market with high renewable energy penetration, it is very important
that the price time-series and meteorological data are concurrent, especially when the prices can
be affected by the hourly wind or solar production. A more problematic issue is if the penetration
increases too much during the financial simulation period and significantly affects the price
dynamic. This can only be handled by establishment of an artificial price time-series which has the
expected dynamics. This is not a trivial task.

Note that when the HYBRID module is started, there will be two alternative options for auto
generated time-series:

e Fixed price, where a time-series is autogenerated with same price in all time stamps

e Shedding filler, where other green or black production is filling up when demand is not
fulfilled by the system due to grid import limits. This could be an island operation, for
example.

15.2.1 Example data

In the folder windPRO Data\Standards, there will be examples of price time-series and demand
time-series:
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\ Setting up the HYBRID simulation 8

. WindPRO Data > Standards v 0 h St
-+ Mame Date modified

P B 500MWh_DK_CommunityDemand_2018-20.txt 13-04-2021 17:10

B 0K_1_Spotprice_2018-mar.21.txt 11-03-2021 16:40

The demand simply follows the Denmark - west variations, scaled to 500 MWh/y.

For western Denmark 3 years+ spot market price data is downloaded. More Danish (and
neighbouring countries) data can be reached at:

@ Meteorological Data  (DK-West-Spotprice-2018-20) =] X
Position Layers Guide Purpose | Data | Graphics Statistics Shear Report Description ok
Files/folders (must have exact same structure, if different structured files, add more import filters) SRR T
N C:\Users\Per\Documents\WindPRO Data\Standards\DK_1_Spotprice_2018-mar.21.b¢ Add file(s) Add folder(s) Cancel
5 Apply
3 Remove Edit Apply
a
& View file
=
@ @ Online data
S’ Time zone for measurements: Same as in the project properties: (UTC+01:00) Brussels, Copenhagen, Madrid, Paris
S | Structure of the files (import filter): Prev
o Auto detect Load Save
E Next
‘g
Bl Select all columns | Set all selected columns to: | Ignore - | Sub type: - | Unit - Apply | @
g Add
o| Time stamps are logged in: Beginning of a period - seconds (@) Use text-to-number  Text to number
=8 § . . Remov!
o Line with header Header field separator  First line with data  Data field separator  Additional emove
g It Tab -| 2 Tab - | [None Rename
s
. Column | Header First data Channel | Type Sub type Unit Height | Name Converted @ Import meteo
data export:
g 1 HourUTC 2021-03-11723:00:00-+00:00 Time stamp - Date&Tim - y-m-d h:m 11-03-2021 23:00 #
L 2 ourDK 2021-03-12T00:00:00 - .
é 3 elspotprices__SpotPriceEUR__DK1 17,61 Electricity Price -~ Mean - €/MWh - 1,00 elspotprices__SpotfF 17,6 €/ MWh mport
|
1
I
e
&
£
<
&
=
@
m®
Figure 6 Example of import filter in METEO object for electricity prices.
Column | Required signal Based on Signal name Low limit High limit

1 Electricity Price elspotprices__SpotPriceEUR__DK1_Mean (1,0m} Electricity Price

Figure 7 In Data setup, select relevant signals. Height irrelevant, but a "dummy” value must be
entered.

Having the data in a METEO object makes it easy to evaluate the data, and to disable erroneous
data.

The basic principle if the HYBRID module encounters disabled or missing data is to interpolate
linearly. An exception is price data, where the previous hour’s price is taken. It is a general
principle that prices are hourly, and when the simulation is in higher resolutions than one hour,
prices are not interpolated.

The demand data can be used scaled if the example is related to a much smaller or larger demand.

Example data already loaded in METEO objects can be found in the sample project (Hybrid Quick
Guide) which can be downloaded from the windPRO Samples in the Data menu in windPRO.

15.3 Setting up the HYBRID simulation
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.\wind.

Having at least a production time-series ready, a simulation can be set up. In the following
example, a PARK calculation is performed for years 2018-20 based on hourly ERA5T data. The
project has 7 x 75kW WTGs.

The time-series will be loaded along with the demand and price time-series from example data.

.HVBRID (WTG+PV+Storage) m} X
Description
Annual energy, lifetime average Raw costs, hour price Lifetime costs for MicroGrid with demand inside compared to reference (all imported)

Type T Mwh/y Scali... | Scaled, M... | Penetr... | EUR/y EUR/M.. DevEx +... | OpEx + ... | Interest... | Purchas... | Export /... | Subsidy... | Tax/T... | Total[...
Import

Demand 499,6 2,000 999,2

Wind 863,2 1,000 863,2

Solar 534,7 1,000 534,7

Other gree 0,0 1,000 0,0

Black 0,0 1,000 0,0

Storage vo 0,0 1,000 0,0

St. Charge 0,0 1,000 0,0

St. Dischar 0,0 1,000 0,0

Shedding

Total 1.398,0 1.398,0

Shedding:

All Importe

Time series start: @ January ~ | 12018 Time resolution: |60 Minutes - Optimize...

Operation start: January - | 2022 Operation years: 20 Time Graphs Result Graphs OPTI-Storage

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

Data type Name Loaded Start End Rated Power [} | Reduction [ ) | Interval [min.] Development | Include in scali | Micro Grid
Park Production WTG Production 04-05-2021 19:: 01-01-2000 01-03-2021 525,00 10,0 60 No in-/decrease v inside -
PV Production - Solar PV - Test 15-08-2023 14:: 01-01-2018 31-12-2020 510,00 0,0 60 No in-/decrease b inside
Demand - from Demand - 500M 04-05-2021 19:: 01-01-2018 01-01-2021 - 60 No in-/decrease b inside - [+
¥

ﬂ Add PARK Calculation “ Add PV Calculation o Add Black Production +.. Add Energy Prices Add Fixed Energy Prices Update all

¥ ¥ ¥ = -

e Add Wind Production +.,. Add PV Production Py Add Green Production P » Add Demand Add Shedding Filler Delete

ok Cancel

Figure 8 Loading time-series and setting scale factors, if relevant.

Here the three time-series for the completed PARK calculation, and the example data from the
sample project for Demand and Prices are loaded.

The demand is scaled up by entering a scale factor of 2 in the highlighted field above to make the
demand comparable to the PARK production, so the scaled demand is ~1000 MWh/y.

What can be seen is that the production from wind plant for the simulation year (2018) is 863 MWh
(reduced with 10% loss set in the PARK calculation, but editable in the “Reduction” column).

Also a PV-plant is added for illustration purpose.
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@

Main | Calculation | Description

10

Annual energy, lifetime average Raw costs, hour price weighted

Type MWh/y Scaling Scaled, MWh/y Penetrati... | EURfy EUR/MWh
Import 14.057,8 49,691
Demand 499,6 2,000 999,2 44.747,5 44,786
Wind 863,2 1,000 863,2 86,4 32.148,2 37,242
Solar 534,7 1,000 534,7 53,5 24.295,6 45,434
Other green 0,0 1,000 0,0 0,0 0,0
Black 0,0 1,000 0,0 0,0 0,0
Storage volume 0,0 1,000 0,0
St. Charger [kwW 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 1.398,0 1.398,0 I 139,9 56.443,8 40,3PBl

Shedding:
All Imported ref. 0,0 0,0 44.747,5 44,786

Figure 9 After simulation, the raw costs are seen.

After a simulation has been run, the value for the individual lines is calculated. This is based on
weighting the energy with prices. It can e.g. be seen that the Wind price is lower while the market
price becomes lower when there is much wind production in the marked. Solar prices are higher in
the example, but this will change when much more solar power is established. In the line Total, it is
only the production (yellow background) that is summarised. The first line Import show values of
what needs to be imported, when production do not fulfil the demand.

Penetration percentages (of scaled demand) is also seen.

These values give an initial picture of how production and demand as time-series weighted with
price time-series are converted to currency based on 2018 time-series. Changing to 2020 in the
“Time series starts” will use production, demand and prices for 2020:

Annual energy, lifetime average

Raw costs, hour price weighted

Type Mwh/y Scaling Scaled, MWh/y Penetrati... | EURfy EUR/MWh

Import 8.934,9 36,628
Demand 499.8 2,000 999,6 25.991,7 26,001
Wind 1.004,8 1,000 1.004,8 100,5 15.853,3 15,778
Solar 537.0 1,000 537,0 33,7 12.503,5 23,285

Figure 10 Changing the simulation year will change demand as well as production and prices.

Figure 10 shows that production is a somewhat higher in 2020. The big difference is the price. The
value of wind production is more than halved, and the cost of demand is reduced more than one
third. This illustrates that it is of extreme importance to have a good idea of which price year to
use, one that is assumed most realistic for the future, when analysing the financial feasibility of the
HYBRID system.

The year is reverted to 2018, and the Simulate button is pressed. We now look at the financial
feasibility of the wind park in a system from a purely market price-based viewpoint.

We will get a warning, that no cost for the wind park is included.
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\ Setting up the HYBRID simulation 11

@

Time Series Storage(s) | Cost and Lifetime | Finance Energy value

Name Cost Model

. WTG Production - WindFarm 600kW - 1 No cost -

In the drop-down choose “Edit cost function”, and create a new entry from one of the templates as
illustrated below:

Other, pr. MW
New |-‘
[ Other, pr. MWh
general ' | A AR O =13 5 AN
Wind Onshore b Wind Onshore low end cost
Wind Offshore r Wind Onshore mid end cost
Import Template Wind Onsheore high end cost

Figure 11 Selection of cost function.

The cost function must be reviewed, and might be adjusted, but this is covered later in the
Chapter. In this case the costs are lowered relative to the “native” cost function for illustration
purpose.

We now press the “Simulate” button and get a first calculation result:

1 Main | Calculation | Description
Annual energy, lifetime average Raw costs, hour price Lifetime costs for MicroGrid with demand inside compared to reference (all imported)
Type MWh/y Scali... | Scaled, MW... | Penetra... | EURJy EUR/MWh DevEx +...  OpEx+..  Interest.. |Purchas.. | Export/.. | Subsidy.. Tax/Ta.. Total[E..|

Import 23.426,2 49,938 468.624,1 0,0 468.524,1

| Demand 499,6 2,000 999,2 44.747,5 44,786 0,0 0,0 0,0 0,0
Wind 863,2 1,000 863,2 86,4 32.148,2 37,242 432.490,6 160.130,8 0,0 0,0 -217.541,8 0,0 0,0 375.079,5
Solar 0,0 1,000 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Other greei 0,0 1,000 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Black 0,0 1,000 0,0 0,0 0,0 0,0 0,0 A 0,0 0,0 0,0 0,0 0,0

| |Storage vol 0,0 1,000 0,0 0,0 0,0 ,0 0,0
St. Charger 0,0 1,000 0,0 0,0 0,000
St. Dischary 0,0 1,000 0,0 0,0 0,0 0,000
Shedding 0,0 0,0 0,0 0,0 0,0
Total 863,2 863,2 86,4 32.148,2 37,242 432.490,6 0,0 468.524,1 -217.541,8 0,0 0,0 843.603,6

Shedding: Savings (5,7 51.346,0
All Importe: 0,0 0,0 44.747,5 44,786 0,0 894.949.6 0,0 894.949,6
Time series start: @ January - | [2018 Time resolution: |60 Minutes Optimize... Result to File
Operation start: January - | |2022 Operation years: 20 Time Graphs Result Graphs OFTF-Storage

Figure 12 First simulation result, only wind productign included.

What is seen in the financial columns are the lifetime costs:

1. Development Expenditure (DEVEX) - Grants + Capital Expenditure (CAPEX)

2. Operating Expenditure (OPEX) + Abandonment Expenditure (ABEX)

3. Interests + fees (no loan included in this simulation)

4. Purchase/Import (No purchase from external plants included in this simulation, the wind
park is assumed INSIDE the MicroGrid (can be chosen on time-series tab.)

5. Export/Curtailment

6. Subsidy (none defined in this simulation)

7. Tax/Tariffs (none defined in this simulation)

8. Total costs, SUM of the above.

On the bottom line “All imported” is shown, which is simply the cost if the demand was entirely
imported from the grid, which is the reference. Will an investment in a wind plant pay off and make
the cost of energy cheaper?

In this case the answer is “maybe”.
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All imported costs total 895 KEUR during the project lifetime.

The cost of the wind park — export value is 375 kEUR and the imported from grid costs are 469
KEUR, in total 844 kEUR, 51 kEUR less than if the demand continues to import all energy for the
next 20 years, assuming the 2018 demand, production, and time-series.

The NPV is negative, however, at -52 kEUR. So, the savings are acceptable, but when discounting
with 2.5% interest rates, (default), the value of the income in the later years is low compared to
the value of the investments in the early years.

Further analyses can now be performed to further understand the financial implications of the
choices made. There are many possible questions, where the HYBRID module can deliver the
answers. We may need to look at financing the plant(s). We may need to include tariffs and taxes;
we may need to look at expectation of future price development, etc. Variations in any or all of
these will change the results of the feasibility check. These will be systematically presented and
explained in the following sections.

15.3.1 Main tab, naming and calculation type

. HYBRID (WTG+PV+Storage) O X

Main | Calculation Description

Name [Hybrid , only wind and demand_ manual eexamp\e|

Calculation type
® Basic Calculation
All plants start operation at first simulation output month and are all running for all simulation years.

Data for energy balance for 1 year is repeated for financial calculations. BUT productions as well as demand and prices
can be given an index describing annual changes (inflation, degradation etc.)

Flexible Operation Periods
Individual plants can have individual start-stop months.

Data for energy balance as above, but respecting start-stop dates for individual plants and demands.

Figure 13 Selection of "Basic" calculation vs Flexible operation periods.

A calculation name can be entered (always recommended for any windPRO calculation).

For the Basic calculation, all plants and storage are assumed to start operation in the same
year/month and end operation in the same year/month. This will be the typical setup while
investigating the most feasible composition.

When a more specific project is assessed, the different plants will typically have different
operational start times and some might not be operating until the final simulation year.

15.3.2 Simulation periods and resolution

Time series start: @ January - Time resolution: |60 Minutes -
Operation start: January ~ | |2022 Operation years: 20

The Time-series start is for the energy balance data, and there must be ONE full year within the
concurrent part of the time-series added. It is recommended to establish time-series so at least
two full years are available so that the sensitivity to selection of one year or another can be tested.
The price-production dynamics for the specific year can be significant in determining the energy
balance and hence the financial performance of the system. It might even be necessary to establish
a “future” price dynamic to use in the simulation. For example, if much Solar-PV is assumed to be
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added to the grid in the future years, this might have a negative impact on the prices in hours with
much Sun.

The Time resolution can be set between 1 and 60 minutes. Any added time-series will be
interpolated to increase time resolution, except for the price time-series, which always is treated as
hourly. Later the output from windPRO PARK and Solar-PV will be able to deliver higher resolution
time-series based on a resampling method being developed by EMD. At present it is only possible
to deliver high time resolution output, if having high resolution data to calculate from. Also, data
from METEO objects can be high time resolution.

Operation start can be any year, typically in future.

Operation years, the number of years the MicroGrid operation is simulated.

Important to mention that the energy balance calculation is repeated for each operation year.
Characteristics such as degradation can be included as well as price developments, etc.

15.3.3 Calculation, Setup

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

Timeline handling: Depreciation:
DevEx is paid in year: ‘ -1 Accounting depreciation by linear method:
Depreciation years:

® Depreciation years = simulation years

CapEx are paid in year 0
® Assume simulation year prices represent first operation year (year 0)

- Grants are deducted from CAPEX before depreciation calculations
Index adjust simulation year prices from simulation year

For components with replacement year, this will ahwys be used in accounting depreciation

Price curtailment and load shedding cost option: Inflation:
Do not export if energy price is below: 0,000, EUR/MWh " - Default Index -: No in-/decrease
Load shedding cost: 0,00/ eyr/MWh Use alternative for - Default Index -- in this calculation:

Load shedding inflation: -- Default Index --

Default PV AC/DC ratio: 0,90 .
Discount rate for LCOE/NPV: 2,5% 0
Show:
® NPVe (exclusive interests and fees)

Figure 14 Calculation setup collects different decision requirements.

15.3.3.1 Timeline handling

On this tab it is specified when DEVEX and CAPEX is placed in the financial simulation. The default
is that DEVEX is placed at year -1, meaning that the DEVEX costs are placed 12 months before
operation starts.

CAPEX is by default placed at year 0, meaning the first operation month. The reason for this choice
is that finance cost is arranged so interest by default is paid first time the year where CAPEX is
placed. If CAPEX is placed year -1, there will be interest and instalment costs the year before
operation starts. This would be taken by the reader of the report to be a non-logical approach. One
way around this is to include a loan Payment Grace Period, which often would be the real-world
approach, just requiring more manual data input, than if CAPEX is placed at year 0.

Indexation of the simulation year price level is optional so the price time-series can be assumed to
be the same in the first operation year as the input data. This is the default. If a second option is
selected, the indices chosen where the price developments are specified will be used for the
different prices.

15.3.3.2 Depreciation
There can be two types of depreciation:

Accounting depreciation is used for setting up the accounting budget, following normal accounting
principles, where the value reduction of the plant is used, not the instalment costs.

Depreciation is only used on CAPEX. In real life a part of DEVEX might have a value, that should be
depreciated - and the other way round, part of CAPEX might have a value that should not be part
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of the depreciation. To compensate for this, the user can move costs between DEVEX and CAPEX to
get a realistic representation.

The depreciation time is by default the simulation time but can be manually set. If a plant is
designed for 20-year lifetime, and there is a wish to report 25 years of operation, while the plant
might run for 25 years, it can be more realistic to use the 20-year depreciation time instead of
simulation time.

For parts of plants where replacement years for a specific part of the plant, e.g. the inverter for a
Solar-PV plant, is set to 10 years, for example, this number is always used as depreciation time for
this part. It would not make sense to use a longer depreciation time for parts that are assumed
replaced before the end of the simulation period. This also means that if simulating 25 years and a
new inverter is bought in years 10 and 20, the final inverter will only be half depreciated. A scrap
value is assumed in the reporting. When taking out the "Result to File” output data for further
processing in other packages (e.g., Microsoft Excel), the time period with data is expanded with the
added depreciation period, and the user of the data can decide how to handle this situation.

A EP BQ ER BS BT EU BV BW EX EY EZ CA CE CC cD CE CF
AllPV - APV -AllPV - AllPY - AllPV-  allpv- All PV -
Export AIIPV-AIlPV-Grid Price Usedin Usedin Usedin Purcha All PV -
Al PV -AllPY - All PV - All PV - All PV - subsid Export Export Curtail Curtail MicroGrid MicroGri MicroGri se Account |
1 DevEx CapEx OpEx AbEx Export y tax tariff ment ment subsidy dtariff dtax All PV -price  All PV - Depreciation |
2 2020 -B84 1] 1] 1] 1] 1] 0 0 0 0 0 o 1] 1] 1] 1] 0
2 2021 0 -88435 -985 ] 245 ] 0 0 436 44 624. -312 1] ] ] ] -8949
4 2022 ] 0 -985 o 235 o 0 0 407 42 638 -319 4] ] ] ] -8949
3 2023 1] o -985 1] 219 1] 0 0 379 40 652 -326 1] 1] 1] 1] -8943
6 2024 o 0 -985 o 207 o 0 0 355 a8 667 -334 1] o o o -8949
7 2025 ] 0 -985 o 186 o 0 0 325 35 679 -339 4] ] ] ] -8949
8 2026 0 -13536 -985 o 169 o 0 0 300 33 691 -346 0 0 0 0 -8943
9 2027 1] o -985 1] 152 1] 0 0 276 31 704 -352 1] 1] 1] 1] -B943
10 2028 ] 0 -985 ] 139 ] 0 0 256 28 717 -359 1] ] ] ] -8949
1 2029 ] 0 -985 o 120 o 0 0 234 27 725 -362 4] ] ] ] -8949
12 2030 1] o -985 1] 109 1] 0 0 214 25 733 -367 1] 1] 1] 1] -8943
132 2031 0 -13536 -985 1] 98 1] 0 0 196 24 741 -371 1] 1] 1] 1] -8949
14 2032 ] 0 -985 o 89 o 0 0 179 23 752 -376 4] ] ] ] -8949
15 2033 0 o o o o o 0 0 0 0 0 o 0 0 0 0 -2707
16 2034 1] 1] 1] 1] 1] 1] 0 0 0 0 0 o 1] 1] 1] 1] -2707
17 2035 ] ] ] ] ] ] 0 0 0 0 0 o 1] ] ] ] -2707
18 2036 ] o o o o o 0 0 0 0 0 0 4] ] ] ] 0

Figure 15 Example of depreciation handling with remaining lifetime of a component.

Figure 15 illustrates a 12-year simulation period, where the inverter has 5-year replacement time.
The first 12 years, the inverter + PV plant is depreciated linearly based on the PV-plant minus
inverter costs, € 6.242 per year + inverter cost/ 5 year; € 2.707, total € 8.949. These are the
depreciation costs through the simulation period 2021-2032. After 2032 there will be three years
lifetime remaining for the inverter, and the output lines are expanded with these years and inverter
depreciation included in the three remaining years after the simulation period has ended. For
manual postprocessing of data, it can be decided to include the three years cost the last simulation
year or to account for this as a scrap value.

In the accounting balance reports from HYBRID module, the last three years will not be included,
and it is indirectly assumed there is a scrap value.

Grants will be deducted from CAPEX before calculating depreciation. If a plant needs grants, it is
basically because the cost of the plant is higher than the value. Therefore, the most correct value
in the accounting balance will be the grant reduced CAPEX.

15.3.3.3 Price curtailment and load shedding cost option
If the energy price is negative, by default the plants are curtailed. (Curtailment price threshold set
to 0.00). Later in Section 15.3.13 Energy value, a price value for curtailment due to low prices can
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be set. Often the grid operator pays compensation, when the plants help the grid system when
there is too much production. This can be based on quite complex calculations, not included here.
But with the option to curtail at a given price threshold and enter a compensation value, the
mechanism is included. Since typically only few hours in a year have negative prices the
importance of the accuracy is not that high.

Load shedding can be an issue if there are grid limitations, e.g. an island operation, or simply just
in a system where the production capacity is too low relative to demand. This is where establishing
a MicroGrid, with possible Storage, can help and reduce the shedding. To measure the value of
this, shedding can be given a cost. It might not be involving a real payment, but without a cost,
the demand simply just pays less because less is used. The shedding costs can be index-linked.

A default Solar-PV AC/DC ratio is used if Solar-PV production data are from a METEO object only
the AC time-series production is available. Since the Solar-PV DC power is used in the cost
functions, the DC power is required and calculated from the METEO time-series using this ratio.

15.3.3.4 Inflation
Inflation can be specified by a “project default”, selected in Index form:

W Development indices
No in-/decrease

2% Inflation < Default index —> Name ®) Use as project default

0.5% degradation
%/ Year

Figure 16 Selection of index used as project default.

By default, when creating a new HYBRID calculation, the “No in-/decrease” is selected as default. It
will often be more convenient for the first analyses to calculate without inflation, while it is simpler
to check the results.

If, for example, “2% inflation” is selected as new default in the index list, all *No in-/decrease”
selections will be replaced with “2% inflation”. If some indices, for example, for subsidy, are
subsequently manually changed, and the default index later is changed from the manually set
values will not change.

Inflation:
-- Default Index --: 2% Inflation
+| Use alternative for -- Default Index - in this calculation:
-

Figure 17 Alternative inflation for "fast test".

It is also possible just to check another inflation, that replaces all with the default selection.
Thereby a fast test on a different inflation choice can be performed.

Note the indices that describes production development in time are NOT changed, only the financial
indices.

15.3.4 Calculation, Units
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Setup External Grid / Import Cost Time Series Storage(s) Cost and Lifetime Finance Energy value
Power: Energy: Energy price: Financial figures:
W Wh EUR/kWh ® # EUR
e kw kwh & EUR/MWh #K EUR
MW ® MWh #M EUR
GW Gwh

Select Currency | Currency: Euro (EUR)

Figure 18 Select units to handle small-medium-large projects.

Depending on the size of the project to be simulated, it is convenient to choose units that match
the project size.

15.3.4.1 Currency selection
Selection of currency is by this form:

@ Currencies O X

Selected | 1IS0-4217 | Name Source Updated Currency / | | EUR / Curre | 1/100 Format *1000 *1000000

) EUR Euro EMD 16-03-2021 1,0000 1,0000 cent # EUR #K EUR #M EUR
Add Delete Save as file Load from file

Figure 19 Selection of currencies.

Base currency for all HYBRID calculations is EUR. But any other currency can be selected to use as
input/view/report currency, recalculated based on the exchange rate in the table shown.
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.Add Currency
Select | 150 4217 | Name

[]  BTH Bhutanese ngultrum
BWP Botswana pula
BYN Belarusian ruble
BZD Belize dollar
CAD Canadian dollar
CDF Congolese franc
CHF Swiss franc
CLP Chilean peso
CHY Chinese yuan
COoP Colombian peso
CRC Costa Rican coldn
cuc Cuban convertible peso
cup Cuban peso
CVE Cape Verdean escudo
CZK Czech koruna

LI DIF Djiboutian franc

[v] DKk Danish krone

[] Dpor Dominican peso

L DZD Algerian dinar

EGP Egyptian pound

ok | | Cancel

Figure 20 Add currencies from ISO 421

Here is as example with selected DKK and EGP, and the list will look:

7 list.

Add Delete Save as file

Load from file

| ok I Cancel

W currencies a X
Selected | 1S0-4217 Name Source | Updated ‘ Currency / | | EUR / Curre ‘ 1/100 Format *1000 *1000000
EUR Euro EMD 16-03-2021 1,0000 1,0000 cent # EUR #K EUR #M EUR
E@ DKK Danish krone EMD 24-06-2020 7,4515 0,1342 @re # DKK #k DKK #M DKK
EGP Egyptian pou EMD 24-06-2020 18,3062 0,0546 Piastre # EGP #k EGP #M EGP

Figure 21 Currency list updated with selections.

If required, a manual change can be made, e.g. DKK/EUR to 7.4500:
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@ Currencies [m} X
Selected | 1S0-4217 Name Source Updated Currency /|| EUR / Curre | 1/100 Format *1000 *1000000
EUR Euro EMD 16-03-2021 1,0000 1,0000 cent # EUR #K EUR #M EUR
ie DKK Danish krone USER 17-08-2023  FFEE 0,1342 pre # DKK #k DKK #M DKK
EGP Egyptian pou EMD 24-06-2020 18,3062 0,0546 Piastre # EGP #k EGP #M EGP
Add Delete Save as file Load from file

Figure 22 Manual update is registered in list with USER source.

The list is with currency values from e.g., early 2020, so it is recommended that the user check
actual currency exchange rates and update when relevant. Exactly which rate to use is an
individual judgement or agreement with the client for whom the calculations are performed.

15.3.5 External Grid/ Import costs

Setup Units | External Grid / Import Cost | Time Series Storage(s) Cost and Lifetime Finance Energy value
Grid Capacities
Added grid expansion costs
Export = I rt

¥ Export = fmpo Import Export for the used capabilities
With Micro grid plants (system) 2.500.000,0, Kkw 0,0 EUR
Without, "All imported” (reference) 2.500.000,0 kw 0,0 EUR

Import Energy Cost Cost development Tariff
Energy Cost (factor) 1,000 i Default Index - - ® Fixed Tariff 0,000/ EUR/MWh
Energy Cost (offset) 0,000 EUR/MWh |-- Default Index -- - Calculated Tariff Edit.
Energy Tax 0,000/ EUR/MWh |-- Default Index -- - Cost development - Default Index —

Figure 23 External grid / import cost specifications.

The Grid Capacity is often the bottleneck for new plants. Here import/export limitations can be
specified, partly for the MicroGrid, which might include a grid capacity expansion, and partly for the
reference situation where all power is imported from the external grid. This also might require an
expansion in case a new demand is part of the simulation which cannot be supported by the
existing grid. For the two situations grid expansion costs can be included. These costs are NOT
scaled in the case of modified system size but are assumed to have a fixed cost for the planned
system.

For the Import Energy Costs the default is to use the loaded price time-series with a factor 1.0
and offset 0.0. To convert to a fixed price the factor is changed to 0.0 and the offset is then the
fixed price. Values for Tariff and an Energy Tax can be entered. This is quite important, while this
often will be critical for determining whether the MicroGrid will be financially feasible, where saving
these costs can contribute.

For each of the input fields, a cost development index can be specified.

15.3.5.1 Calculated (Time depending) tariff

Tariffs often vary in time, where day hours have a higher tariff and night hours a lower tariff, to
encourage the consumer to reduce consumption during peak load hours and thereby reduce grid
expansion costs. This can be included choosing the (o) Calculated Tariff which opens this form:
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.\wind

. Edit Period Prices [m] X
AR Name: |[Period Cost Model Default price: 100,000/ EUR/MWh Change currency
Priority | Name From da | To date | From ho | To hour | Mon-Fric | Saturday | Sunday | Holiday | Price [EL
1 New cost Jan 1 Dec 31 0 23 ~ v v 100,000
i Delete
Clone Add Delete Move Up Move Down ﬂ View summary Edit holidays
oK Cancel

Figure 24 Form for entering time depending tariffs.

In the left part more different period cost models can be added, in the right part the individual
period cost models is defined. An example:

Mame: |Holiday-Peak Hours Default price: 100,000 EUR/MWhH Change currency

Priority | Mame From da | To date | From ho | To hour | Mon-Fric | Saturday | Sunday | Holiday | Price [EL

1 Mew cost Jan 1 Dec 31 0 23 hd 20,000

2 New cost Jan 1 Dec3l & 13 - v 200,000

Figure 25 Peak hours on Monday to Friday with higher tariff, Sundays, and holidays with lower.

Important: The priority is deciding. If the two lines above were swapped, all mon-friday would
get the high cost in peak hours, also on holidays, while this line would have higher priority. As
defined above, Sundays and holidays always will get the low price. All non-defined times will get
the default price, like e.g. Saturdays in the example.

The red background for the Holiday field, tell that no holidays has been defined yet. This is done in
“Edit Holidays”. Below we pick the option “Load Online”, giving access to a library for all countries:
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.\wind

W online holidays O X

Country: Germany -

Sub division: |BE - |

BYF
HB

Figure 26 Online Holidays, with subdivision for some countries, like Germany.

For e.g. Germany, the individual “"Bundeslander” has different holidays, and the region must be

selected.

W cdit holidays O X

Date Holiday .

03-10-1990 Tag der Deutschen Einheit

31-10-1990 Reformationstag

21-11-1990 Buli- und Bettag

25-12-1990 Erster Weihnachtstag

26-12-1990 Zweiter Weihnachtstag

01-01-1991 Meujahr

29-03-1991 Karfreitag

31-03-1991 Ostersonntag

01-04-1991 Ostermaontag

01-05-1991 Erster Mai

09-05-1991 Christi Himmelfahrt

19-05-1991 Pfingstsonntag

20-05-1991 Pfingstmontag v

Add Delete Load Online
Export to CSV Import from CSV

ok Cancel

Figure 27 The edit holidays form after online import.

When downloading online, a complete series of holidays from 1990-2074 will be established. It is
possible to edit manually.

The view summary button creates a graphical overview of the period cost model:
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.\wind

W Period Cost Summary O S

sat Sun | vear:  EEERNENE - |

u Holiday
W Peak hour
B Default

Close

Figure 28 Period cost summary.

A specific year can be selected and it is seen where the holidays appear.

15.3.6 Time series, windPRO calculations

The time-series is the core input. For wind parks and Solar PV-plants windPRO calculations can be
loaded. Quite precise time-series with expected production including elements such as curtailments
(for wind parks) are available. Some important information related to the two types of calculations:

For Wind Park calculations, these must be time-series calculations. Here are two variants, based
on MESO data or based on Measurements. The data used in calculation decides the possible time
resolution.
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.PARK (Wind farm AEP based on MODEL or METEO)

Main | Setup |WTGs Scaling Wake Power correction Costs Description

Calculate
®) AEP — the calculation result will be scaled to a full year based on number of samples
Scaling to full year by season Setup (i )

Include a long term correction factor (on energy):

Time period energy (not adjusted to Annual Energy Production (AEF))

| Use time of day dependent power curves when available Edit periods
Use curtailment
Use blockage
Limit park output to grid capacity

Output to PERFORMANCE CHECK and/or Result to File/Wake Cleaning/Hybrid/ Cost functions
Individual results for ALL (relevant) WTGs

& Individual results for SELECTED WTGs
Only SUM for turbines (NO data for PERF. CHECK/Wake cleaning)

Select WTGs to incllje

Wind speeds inside wirfd farm (@
v| Sum column only for NEW WTGs (if any, else for all) Edit wake calculation settings

Aggregated time series values
-

Report features

WTG area(s) on map: |None selected
Handling of losses and uncertainties: (Decides text in report)
Bring calculation to "bankable" level by using Loss & Uncertainty module

Show results with no extra text explanation
I ® Add "simple reduction” with text: |Result - | 10,0026 I

Figure 29 PARK calculation setup with features marked important for HYBRID.

The settings in "Output to PERFORMANCE CHECK..."” section of this tab will determine the output to
HYBRID. If the wind farm to be used includes other turbines in the calculation, it is possible to

select individual WTGs and only these will appear when loading into HYBRID. The other turbines
might also give wake losses to the selected turbines.

The “Aggregated time-series values” decides the aggregation level. This is by default monthly

which cannot be used in HYBRID. Remember to change aggregation level to “"None” or to
a maximum of 1 hour.

Finally, the “simple reduction”, above shown as 10%, but editable, by default is transferred to
HYBRID. There is no loss reduction in a PARK calculation apart from wake and curtailment losses,
therefore it is often relevant to add losses here (such as grid losses, availability, etc.).

For Solar-PV calculations a full loss specification is available in the calculation module.
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W SOLAR PV (Phatovoltaic AEP based on METEO) a x
Main Meteo Solar Data | |Losses|| WTGs Obstacles Costs Output Description
Other losses Include shading losses from objects on visible layers
v| Obstacles
Before inverter *):
| Panel and diffuse red. Include shading from other areas
DC wiring (% at max power): 1,0 7] WTG tower and nacelle
Degradation per year (%): 0,5 ~| WTG rotor Reduce rotor area with(%): 50
Degradation average (%) Topo shading (from hills and mountains)
Soiling, Snow (%): 0,0 Albedo
Grass: 0.2 (default) - 0,20
Other *) (%): 0,0
Constant loss (Mismatch etc.) (%): 2,0 Bifaciality factor: 0,75
. Calculation resolution for shading cover
After inverter:
Date Time
g (%): 1,0
Availability (%) Day 10 min
Substation (%): 0,0 @ Month ® Hour
Grid External (%): 0.0 Calculations per panel: 144
i ilment (%): 0,0 )
Grid Curtailment (%) Topo shading setup
*) Incidence angle modifier loss is included in GROSS 10.000
calculation
Lifetime: 20
Save as default Load EMD defaults
ok Cancel

Figure 30 Loss specifications in Solar-PV calculation.

When a loss is correctly specified, this loss will be deducted in the data transferred to the HYBRID
module. Although NOT the degradation loss. This must be manually added by an index:

.Development indices

No in-/decrease
2% Inflation
0.5% degradation

Name  0.5% degradation
No Development
® Basic Index [%/Year]
-0,500| %/Year
User Specified Index [%]

MNumber of years:

Year Index [%]
0 100,000
1 99,500
2 99,003

Figure 31 Creation of a degradation index.

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

Data type T | Name Loaded Start End Rated Power [k | Reduction ['o Interval [min.] | Development Include in scali | Micro Grid

Park Production  WTG Production 04-05-2021 19:1 01-01-2000 01-03-2021 525,00 10,0 60 Mo in-/decrease v inside -
iPV Production - 1 Solar PV - Test | 15-08-2023 14:3 01-01-2018 31-12-2020 510,00 0,0 6' 0.5% degradatio l v inside -1
Demand - from I Demand - S00M' 04-05-2021 19:1 01-01-2018 01-01-2021 - 60 No in-/decrease v inside -
Electricity Prices Energy Price - D 04-05-2021 19:1 01-01-2018 11-03-2021 60 No in-/decrease

Figure 32 Selection of degradation index.

15.3.7 Time series, loaded from METEO objects

Time-series from any production calculation or demand or price time-series can be imported in
METEO objects, see the more comprehensive manual Meteorological Data Handling for details
regarding how to import data. When imported and using one of the buttons marked with the
METEO object symbol, the HYBRID module looks for relevant METEO objects.
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¥
¥ 2dd PARK Calculation | | ¥ Add PV Calculation || L.\ Add Black Production | -, Add Energy Prices Add Fixed Energy Prices

¥ . ¥ :
Py Add Wind Production +.. Add PV Production | | +.. Add Green Production ’ » Add Demand Add Shedding Filler

Figure 33 Buttons marked with METEO object symbols require data loaded in METEO objects.

Information @ sclect Calculation O X
Add | Meteo Object Height
No meteo objects exists (which is
not already added). Demand.1,00m - demand 1,0
Ok Cancel

Figure 34 Left, if no match is found, right if relevant data is found.

Pressing a button look through the METEO objects and check if there are objects with these signal
types loaded:

e Energy Price
e Consumption (= demand)
e Production

Select the relevant option and load by clicking OK.
Aside from wind or Solar-PV production data be:

e Other Green, e.g. Hydro, Geothermal, biomass-based production, etc.
e Black, e.g. diesel generator or other fossil fuel-based production.

Common for Other Green and Black is that they can be established in two ways:

e As fixed time-series (e.g. as a constant production or run of river Hydro, based on
external simulations or measurements.). The time-series must be imported into a METEO
object, where there must be minimum one year concurrent to the simulated wind and/or
PV simulations with 1 hour time resolution or higher (down to 1 minute).

e As Shedding filler; The unit is producing when the sum of producing units, storage
discharge and import (limited by grid capacity) cannot fulfill the demand.

Hydro with storage capabilities is not handled intelligently at present. The user must establish a
production time-series, and the production will be fixed by hour.

A hydro pump storage can be handled as a storage component.

15.3.8 Time series, Fixed energy price and Shedding filler
There are two special time-series, auto generated by the module.

The fixed price time-series can be used e.g., for island operation mode, where there is no market
to act against. An index can be used for change in time (annual).

@ Hybrid: Fixed Energy Price O =
Fixed price (first index year): 50,00/ EUR/MWh
Index: 2% Inflatio - Edit...
Ok Cancel

Figure 35 Fixed price time-series.
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The shedding filler is used, if there are grid limitations, e.g., in an island operation mode, that
prevents the demand being served by the specified production units (and storage), but instead will
be served by a diesel generator or other source. This could also be a biomass-fuelled production
unit or a hydro power unit with a storage capacity that makes it possible to deliver at any time
where other units cannot deliver the demand.

The shedding filler can be specified as green or black. Whether it is green or black will influence the
reports and graphics. In relation to the filler, a cost function can be established so the investment
and operation costs (e.g. fuel costs) will be handled in the simulation. Also, the price the
production is sold for including taxes, tariffs and subsidies can be specified individually per plant,
where the energy price e.g. can be linked to the price time-series with a factor and offset. The
default is that it follows the price time-series (factor = 1 and offset = 0).

@ Hybrid: Add Filler ] ®

Other G Production

Minimum Load: 0,0 %

Rated Power: 1.000,0) kw

Cancel

Figure 36 Shedding filler specification.

15.3.9 Time series specifications; inside/outside, scaling etc.

The Data type can be energy price, demand, and production, where production can be from PARK
or Solar-PV calculation or from METEO objects.

Name is auto generated from source but can be edited.
Loaded tell when the given time-series was added to the simulation.

The Start and End dates for the loaded time-series are important, as there must be at least ONE
concurrent year for all time-series used in the simulation.

Rated Power for the plant is found either in the calculation specifications or if loaded from METEO
objects by finding the highest power in the time-series.

Reduction [%] gives the option to make a general reduction of each time stamp in the time-
series. Often a wind park calculation will not be loss reduced and would then provide too high
production figures.

Handling of losses and uncertainties: (Decides text in report)
Bring calculation to "bankable" level by using Loss & Uncertainty module

Showy rEE‘l:l;ﬁ 1‘i-iIh 0o axdra fead ﬁﬂlﬁnﬁt:cn
o Add "simple reduction” with text: Result - | 10,0(% I

Figure 37 Loss deduction in PARK calculation.

By default, the figure for loss deduction in PARK Setup is carried over when reading the PARK
calculation. This can be overwritten. In future versions, PARK will handle loss deductions more
intelligently, so availability losses can be distributed in time by specific rules, for example. At
present it is possible to include curtailment losses based on rules that influence the output by time
step. Likewise wake losses are calculated by time step.
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The time interval in minutes is just for information, telling which time resolution the time-series
loaded are found to have.

Development can be inserted as an index, see Section 15.4. This covers the situations where a
demand is expected to increase during the simulation period, or a PV plant production will degrade
over the simulation period, for example.

Production and demand time-series can be marked “include in scaling”, which means that the
time-series can be scaled. This means these elements can quickly be tested, so see if a larger PV
plant would be a financial better alternative, for example. The demand can be adjusted to
represent a larger population, etc. And the scalable elements can be included in auto optimization.

If there are two wind parks, one that is already there, and another planned, only the planned
would be relevant to mark “include in scaling” as only this wind park would change when optimizing
or manually setting scale factors.

Time series can be inside or outside the Micro grid
Production units INSIDE means that the MicroGrid owners invests in the production units.
Production units OUTSIDE means that the MicroGrid purchases power from the units.

An “infinite” (probably with some computer limitations) number of production units, each specified
as inside/outside.

Demand can also be specified by multiple time-series, although all must be inside OR outside. This
limitation is designed to make it possible to compare to a reference.

The “Update all” reloads the time-series in case some have been modified/updated.

15.3.10 Storage

Storage is a central component in a HYBRID simulation due to the time-varying production from as
well Wind as PV, a storage might improve the system. Basically, all types of storage can be
handled although the focus here will be on batteries.

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

Data type Hame Volume [MWh] | Loss [%] Charge Capacity | Charge Loss [%] | Discharge Capac | Discharge Loss [ | Discharge Depth | Include in scaling
Storage New storage 5,00 0,1 1.000,00 2,0 1.000,00 2,0 1,0 M

Figure 38 Storage specifications.
The storage is defined by:

e Volume

e Loss (%) (standby loss)
e Charge capacity

e Charge loss (%)

e Discharge capacity

e Discharge loss (%)

e Discharge depth (%)

The size of the storage will typically be decided based on running the optimizer, see Section 15.6
Optimizer.

As a starting point, a storage size can be established based on, for example, 4-hour production
with rated power. Having 1 MW wind and/or PV production units, a 4 MWh storage volume could
make sense.

Running a simulation gives access to the Storage demand analyser, which is helpful for setting the
charge/discharge capacities:
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. Storage Demand Analyser

1.600
1.500
1.400
1.300
1.200
1.100

Hours/ear
g

=100 0 100

Chargesdischarge power required (charge is positive)

200 300 400
Charge power (KW)

Discharge:

Currenty coverad: 0,0%

94,9 kw discharge capacity needed for 75% coverage
106,4 kW discharge capacity needed for 85% coverage
129,6 kW discharge capacity needed for 5% coverage

Charge:

Currenty covered: 0,0%

210,6 kW charge capacity needed for 75% coverage
253,0 kW charge capacity needed for 85% coverage
330,0 kW charge capacity needed for 95% coverage

Figure 39 Storage demand analyser for selection of charge and discharge capacity needed.

Figure 39 shows how much charge/discharge capacity that will be needed for different coverage
thresholds as a result of a simulation without storage.

. Storage Demand Analyser
-
1509
1.400
1.300

1.200
1.100

Hoursivear
g

-100 o 100

Chargeidischarge power required (charge is positive)

200 300 400
Charge power (KW)

x

Discharge:

Currenty covered: 100,0%

94,9 kW discharge capacity needed for 75% coverage
106,4 kw discharge capacity needed for 85% coverage
129,6 kw discharge capacity needed for 95% coverage

Charge:

Currenty covered: 72,3%

210,6 kW charge capacity needed for 75% coverage
253,0 kw charge capacity needed for 85% coverage
330,0 kw charge capacity needed for 95% coverage

Figure 40 Re-evaluation of charge/discharge selections.

With 200 kW selected for charge as well as discharge capacity, Figure 40 shows which
requirements won't be fulfilled outside the grey shaded area. The volume is set to 1 MWh - a
thumb rule is that the storage volume should be 4-8 times the charging capacity, meaning it takes
4-8 hours for fully charging the battery. Adding a cost (see next paragraph), will give a first idea if

the storage seems to be a good idea.
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15.3.11 Cost and lifetime

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

Data type Name Cost Model Operation Start Year Operation Start Month Lifetime [Years] - (0=all}
Park Production WTG Production - WindFarm & Wind Onshore low end cost - First output year First output month Full period
PV Production Solar PV - Test plant 500 kW Solar-PV large > 100k - First output year First output month Full period
iStorage New storage No cost = First output year First output month Full period
-- Edit cost functions -—

Figure 41 Adding a cost function.

The first time a new technology is added to a simulation, the only choices are “"No cost” and “Edit
cost functions”. Selecting “Edit cost functions” the following form appears, where the "New"” button
is expanded:

Mew -

Storage *  Battery

Figure 42 Establish new cost function.

Only relevant technology options will be shown. As no Storage cost function has been established
so far, there are no cost functions, but there is a "New” button, that can create a storage cost, with
sub-selection, Battery - future versions may add more options, like there are for wind and Solar-PV
at present.

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

Data type Name Cost Model Operation Start Year Operation Start Month Lifetime [Years] - (0=all}
Park Production 'WTG Production - WindFarm & Wind Onshore low end cost - First output year First output month Full period
PV Production Solar PV - Test plant 500 kw  Solar-PV large > 100kw/ - First output year First output month Full period
Storage New storage Battery ~ First output year First output month Full period

Figure 43 Selected cost functions.

The simulations have more meaning when costs are added. Figure 41 shows how cost functions can
be added - by first time use first enter the “Edit cost functions”. These are described in more detail
in BASIS manual Chapter 2.18. The following describes how they are established/attached in
HYBRID.
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@ tdit Cost Model

Cost Madel(s)

Cheap Battery

Name  |Battery

Prices fixed in year: 2020

Category Cost function value | Unit

~ 0. DEVEX
Development 2,00 % of CAPEX

~ 1. CAPEX - pr. kW
Storage size (Energy)
Charger (power)

200,00 KEUR/MWh
200,00 KEUR/MW
200,00 kEUR/MW

5,00 KEUR/MWh

5,00 KEUR/MWh
2. OPEX (Annual from year 1) - example column is lifetime cost

Discharger (power)
Installation
Contingency

<

Q&M pr. MW Charger 0,00 KEUR/MW
O&M pr. MW Discharger 0,00 KEUR/MW
O&M pr. MWh Storage ¢ 4,00 KEUR/MWh
other pr. MW Charger 0,00 KEUR/MW
Other pr. MW Discharge 0,00 KEUR/MW

Other pr. MWh Storage
~ 3. ABEX (Year after project end)
Abandonment

4,00 KEUR/MWh

0,00 KEUR/MWh

New

Clone

Delete
Import Template

Export Template

Cancel

- Default Index —: 2% Inflation

Cost Index

No in-/decrease
No in-/decrease
No in-/decrease
No in-/decrease
HNo in-/decrease

No in-/decrease
HNo in-/decrease
No in-/decrease
No in-/decrease
HNo in-/decrease
No in-/decrease

HNo in-/decrease

Replace every n
years (0=none)

Temporary
example plant cost

5.800

200.000
40.000
40.000

5.000
5.000

oo o oo

a x
Currency: EUR Edit
Example Data
Storage Size: 1.000/ kiwh
Lifetime: 20| years
Charger Size: 200/ kw
Discharger Size: 200/ kw
EUR pr. EUR pr.
Costs [EUR] Mwh Mi/h %
storage discharge
DEVEX 5.800 5.800 3 1,3
CAPEX 290.000 290.000 149 63,6
OPEX 160.000 160.000 82 351
ABEX 0 0 0 0,0
TOTAL 455.800 455.800 235 100,017
Discharging 1.940,0 MWh
cos 276,19 EUR/MWh
Chargings per year 100,0.
Charging cost 40,00] EUR/MWh
Efficiency 97,0/ %
Interest rate for LCOS 5,0 %
Lcos 368,65 EUR/MWh
Load default example Save as default example

Figure 44 The cost function gives a first rough budget for the technology.

Figure 44 shows the cost function value, the specific costs for the different “components” within the
technology. These are multiplied by the selected plant size and a “Temporary example plant cost”
is shown. Temporary, while the battery size can be changed and thereby the cost automatically will

change in the simulation.

The table on the right summarizes and the Cost of Storage (COS) as well as Levelized cost of
storage (LCOS) and is calculated based on the cost function and some key values, that can be

edited.

Clicking OK, the costs are adapted to the HYBRID simulation, with the important benefit that if the
size of the plant is changed, the costs are automatically changed. This makes it possible to

optimize the size.

15.3.12 Finance

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

Loan % of Investment Loan Amount [EUR]

[ wew [

Add loan for: Park Production - WTG Production - WindFarm 600kW - 1
Add lean for: PV Production - Solar PV - Test plant 500 kW

Delete Loan

Add loan for: Storage - Mew storage

Figure 45 Adding loans.
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C

EMD

International


http://www.emd.dk/
http://windpro.com
http://emd.dk

\ Setting up the HYBRID simulation 30

.\wind

Normally energy plants are financed, as it is not that common that the investor has the cash to
invest directly. Here the “Add loan” drop-down will show a line for each added plant. The loans will
be “plant specific”, only in this way is an optimization by technology possible.

Setup Units External Grid / Import Cost Time Series Storage(s) Cost and Lifetime | Finance | Energy value
Loan % of Investment Loan Amount [EUR] Loan Type Period Interest Rate Edit

~ 2: New storage [Storage] - (290.000 EUR)
MNew loan 100,00 290.000 Nominal Loan / Annuity 10 3,00 Edit...

Figure 46 Main loan specifications.

In the main loan specifications, the following can be edited:

e % of investment (automatically follow the investment by scaling/optimizing)
e Period, years
e Interest rate %

These are the most important and therefore visible/editable in the list. For further details, use the
EDIT button and the more detailed form (which also appears when a new loan is added) will

appear:
W@ Edit Financing m] X
Name |New loan All currencies in: EUR
Description of Financing Disbursements
Type: Hominal loan - Total plant cost: 290.000 EUR
- Loan share: 100,00 9%
Amortization: \Annuity
Date Principal Paid Out
1 2022-01 290.000 290.000
Loan period: 10 Years 0 Months  Annual Interest: %
Payment Grace Period: (] Years (] Months Payment(s) per Year: 4~
Name of Fee Time of Payment Value Unit Add Fee
Delete Fee
<No data to display>

no Date Total Payment Interest Rate Interest and Fees *) Instalment Remaining Debt

1 at opening 0

2 2022-03-01 8.419 0,75 2.175 6.244 283.756

3 2022-06-01 8.419 0,75 2.128 6.291 277.466

4 2022-09-01 8.419 0,75 2.081 6.338 271.128

5 2022-12-01 8.419 0,75 2.033 6.385 264.743

6 2023-03-01 8.419 0,75 1.986 6.433 258.309

7 2023-06-01 8.419 0,75 1.937 6.481 251.828

8 2023-09-01 8.419 0,75 1.889 6.530 245.298

9 2023-12-01 8.419 0,75 1.840 6.579 238.719

10 2024-03-01 8.419 0,75 1.790 6.628 232.081

11 0940601 a1 n7s 1741 & e70 2954127

Cancel *) Disbursement fees are added to the principal, and is thereby paid as fees over the entire loan period.

Figure 47 Detailed loan specification.
Here more details can be entered.

Mominal loan

Foreign loan
Indexed loan
Type: Grant
Serial
Annui
Amortization: User Defined
Also:

e Payment grace period
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e Payments per year
e Fees

can be entered.

When the loan is repaid is controlled by the simulation. This is linked to the CAPEX and therefore
the data will change automatically if the simulation period is changed. Postponing a project to start
two years later in simulation will not require a revisiting of the loan input.

If the loan period is longer than the simulation period, the loan will continue to be paid out and
costs will appear after operation end based on the simulation period. For the Result to File output,
there will be an extension of the number of years in the output file, making it possible to decide if
the final payment of the loan shall be put in the last simulation year. In the reports the loan will be
paid out in the year after the last simulation year and appear as a cost along with ABEX if included.

15.3.12.1 Financing when reinvestments within cost functions

While the financing is auto generated/updated, for example when the plant size is changed by the
scaling factors manually or through the optimizer, there are some decisions to be taken in relation
to reinvestments.

For now, reinvestments are NOT financed, but will appear as a cash cost taken from the owner’s
cash balance. See also handling of Depreciation 15.3.3.2.

15.3.13 Energy value

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

Show Cost Development

Plant Export Used in Micro Grid / Sale to Demand Grid Curtailment Price Curtailment
Data type | Name Cost (factor | Cost (offsel | Subsidy [El | Energy Tax | Tariff [EUR, | Subsidy [EL | Tariff [EUR, | Energy Tax | Cost (factor | Cost (offsel | Cost (factor | Cost (offsel
System Defa 1,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Wind Turbine WTG Produc 1,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
| |PV Produdtio Solar PV - Ti 1,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Figure 48 Input of energy value for export etc.

The value of energy that is exported can here be defined as described in Section 15.3.5 External
Grid/ Import costs.

In addition, Subsidy, Tariff and Energy Tax can be given prices per MWh.

The production used in MicroGrid (or sold to demand, if demand outside MicroGrid) can also be
given subsidy, tariff, and tax. E.g., subsidy might be given to all production from a specific
technology, not only the exported.

Curtailed due to grid or price curtailment can be given a value.

All values can be specified per plant and price indices can be attached to each price, see below:
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Setup Units External Grid / Import Cost Time Series Storage(s) Cost and Lifetime Finance | Energy value
Plant Export Used in Micro Grid / Sale to Demand Grid Curtailment Price Curtailment
Data type | Name Cost (factor ‘ Cost (offset | Subsidy [EL | Energy Tax | Tariff [EUR, | Subsidy [EL | Tariff [EUR, ‘ Energy Tax | Cost (factor | Cost (offsel | Cost (factor | Cost (offsel
System Defa 1,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
- Cost devek -- Default I -- Default I -- Default I -- Default I -- Default I -- Default I -- Default I -- Default I -- Default I -- Default I -- Default I -- Default 1
wind Turbine WTG Produc 1,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
- Cost devel - Default Inc - Default Inc - Default Int - Default Inc - Default Int - Default Inc - Default Int — Default Inc — Default Inc — Default Inc -- Default Inc - Default Inc
PV Productio Solar PV - T 1,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
- Cost devel -- Default Inc - Default Inc -- Default Int -- Default Inc -- Default Inc -- Default Inc -- Default Int -- Default Inc -- Default Inc -- Default Ine -- Default Inc -- Default Ine
Figure 49 Index for each cost available by "Show Cost Development”.
15.3.13.1 Sale to demand
Setup Units External Grid / Import Cost Time Series Storage(s) Cost and Lifetime Finance Energy value | Sale to Demand
Demand Agreed Price
Data type | Name Cost (factor) ‘ Change Index (factor) | Cost (offset) [EUR/MWh] Change Index (offset)
System Default 1,00 No in-/decrease 0,00 No in-/decrease
Demand - from Meteo Object Demand - S00MWh/y DK-West 1,00 Mo in-/decrease 0,00 Mo in-/decrease
Figure 50 Sale to demand price if demand outside MicroGrid.
If the demand is outside the MicroGrid, an agreed price can be entered. This can be linked to the
price time-series or be fixed as described previously in Section 15.3.5 External Grid/ Import costs.
15.3.14 Time graphs
W Hybrid: Time Series [m] X

Supply and Demand

700 .
850 130
800

0
29-09-2022 30-09-2022 30-09-2022 01-10-2022 01-10-2022 02-10-2022 02-10-2022 03-10-2022 03-10-2022 04-10-2022 04-10-2022
Date time
Solar |l Wind Energy Price — Demand

® Scaled input data

Scaled calculated data

Days in window
02-10-2022 ~

Center

WrN S

Figure 51 The scaled input data.

The first time-graph shows the raw production values after scalings and the energy price. This is

just a data presentation, without simulations.

© EMD International A/S ¢ www.emd.dk e windPRO 4.1 e September

C

EMD

International

2024


http://www.emd.dk/
http://windpro.com
http://emd.dk

\ Setting up the HYBRID simulation 33

.\winde:

& Hybrid: Time Series O 4

Supply and Demand Scaled input data
700

® Scaled calculated data

| Show export limit

Days in window
£ Center [o2-10-2022 -]

28-09-2022 30-09-2022 30-09-2022 01-10-2022 01-10-2022 02-10-2022 02-10-2022 03-10-2022 03-10-2022 04-10-2022 04-10-2022
Date time:

Solar [l Wind — Exportlimt — Prod, match with storage — Prod, match withoutstorage — Storage [%] — Demand

OO L]

Figure 52 Energy balance simulation time-series.

The second view includes the simulation results, like storage filling. For illustration, we have
included a grid export limit of 500 kW.

Figure 52 Energy balance simulation time-series. Shows how the different technologies produce
along with demand and storage filling. The purple line shows how the storage “prolongs” the period
where the demand is fulfilled by the local production.

15.3.15 Result graphs
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' Hybrid Results

e!| Storage Month/Day Production Use Unfulfilled

B Wind:41,1% O Solar: 30,6%
O Import: 14,3% @ Discharge: 13,9% @@ Shedding: 00%

Demand - (71,5% of production)

@ Other Green:0,0% @ Black: 0,0%

Production -(138,9% of demand)

olel@

B Directused: 512% @ Charged: 10,8% @ Exported: 37, 2%
O Grid limit curt.:0,0% @ Price limitcurt.: 0,8%

Close

Figure 53 The Balance by Demand and Production.

Figure 49 shows how the demand is delivered by source (left). The storage here delivers 13.8% of
the demand, 19.6% is imported from the external grid.

If there are no demand, this graph will show export instead.

The production distributed as directly used by demand, charged to storage, the exported part and
the curtailed part are shown on the right. Note the charged percentage can be lower than the
discharged, if the production is higher than the demand.

By clicking the “Excel button” the data can be extracted as the lifetime values in Wh. Note for the
left graph: The production seen is the utilized production by demand (or exported if no demand),
not the total production. See example below:

Table 1 Output from Balance graph, demand with added columns in Excel.

Lifetime Wh | MWh | MWh/y

Text Seriesl

Wind: 39,2% 11744742527 | 11.745 587
Solar: 27,5% 8228796979 | 8.229 411
Other Green: 0,0% 0 - 0
Black: 0,0% 0 - 0
Import: 19,6% 5861554225 | 5.862 293
Discharge: 13,8% 4139405912 | 4.139 207
Shedding: 0,0% 0 - 0
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@ Hybrid Results O X
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Figure 54 Storage utilization graph.

Figure 54 Storage utilization graph. This indicates whether the storage seems well dimensioned and
suited for the case.

If the average filling is very low or high, the storage is probably too large or small - or if it almost
always is empty or full, it indicates that the storage not really is suited for the system.
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@ Hybrid Results O X
Balance Storage | Month/Day | Production Use Unfulfilled

Month Energy overview

Diurnal Energy overview

#&)E

2 4 [} g 10 12 o 5 10 15 20
Month Haour
Solar production B Wind production == Demand Solar producton B Wind production == Demand
== Prod, match with storage == Prod, match with out storage == Prod, match with storage == Prod, match without storage

Close

Figure 55 Month/day Energy overview.

Figure 55 shows a very useful presentation of how the production mix matches the demand. And
how the optional storage improves the balance making the production closer to the demand.

W@ Hybrid Results O *

Balance Storage Month/Day | Production Use | Unfulfilled

Production Use

25

20

[i] _—
Direct Use Charged Exported Grid limit curt. Price limit curt.
[Usage]

O Solar @ Wind

Close

Figure 56 The Production Use.
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Figure 56 shows how the different technologies are distributed by direct use, charged to storage,
exported and curtailed.

Note the prioritisation behind this:

1. Black

2. Other Green
3. PV

4, Wind

The prioritization is “hard coded” based on following:

Black production is only assumed included if it “must run”, e.g., a base-load coal plant.
Other Green is assumed without down regulation options, e.g., run of river Hydro.

PV can be down regulated, although this is not often seen.

Wind is the most “down regulatable” and is often used to adjust to market limits.

An example: Wind and PV are producing each 50 kW, and the demand can only take 80 kW, the 50
kW PV is allocated as “direct used”, while wind is shared with 30 kW direct used and 20 kW
exported. If there is storage, and this is not full, the production will only be charged if capacities
allow. Thereby there is a second priority:

1. Direct use

2. Charged
3. Exported
4. Curtailed

With these two sets of priorities, the allocation of each Wh from each production technology is
decided and aggregated in the energy balance simulation.

. Hybrid Results O X

Balance Storage Month/Day Production Use | Unfulfilled

Micro grid unbalance by month
0
25

Micro grid unbalance by hour
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Close

Figure 57 Unfulfilled by MicroGrid to evaluate expansion options.
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@

Figure 57 shows where the MicroGrid cannot match the demand. Both as monthly and diurnally as
annual average percentages. It is seen how much import is required, and if grid limitations, and
also load shedding will be seen as positive percentages. The export and curtailment percentages
are shown as negative values.

This suggests which technologies could be relevant to add. In the example shown above, it is the
winter months most import is needed, this show that more wind, which has highest production in
winter (in Northern Europe), could create a better balance. The diurnal pattern indicates that a
larger storage might also be helpful.

15.3.16 Result to file

_________ Resultto File 1| Simulate
Open Debug folder...

Result Grapl
P Energy Balance

Finance, each plant, dynamic

Finance, pr. technology, fixed format

T
Figure 58 Result to file output.
With the Result to File button following options are given:

Open Debug Folder...; opens a folder with the simulation results as text files.

windPRO-PID10024 > windPRO » 3.5 » CurPr > HybridDebugData v O

Name Date modified Trpe Size

. THybridMainDataForm.EnergyBalance.txt 17-03-2021 18:45 Text Document 60.034 KB
7 . THybridMainDataForm.Financial.Resume.tct 17-03-2021 18:45 Text Document 120 KB
& B THybridMainDataForm.Financial.bct 17-03-2021 18:45 Text Document 101 KB
! B UpdateCalcTSDataSimple Demand - DK-West_generated_Demand 150MWh_y-2018-20.1,00m - 0.0.xt  17-03-2021 18:45 Text Document 10272 KB
- . UpdateCalcTSDataSimple.Energy Price - DK-1_2018-20-SpotPrice.1,00m - 0.0.txt. 17-03-2021 18:45 Text Document 11.240 KB
- . UpdateCalcTSDataSimple.Solar PV - 500 kW PV-Plant.bxt 17-03-2021 18:45 Text Document 10.460 KB
rs B UpdateCalcTSDataSimple.WTG Production - WindFarm 600kW.txt 17-03-2021 18:45 Text Document 10.053 KB

Figure 59 Debug data folder with all relevant data from simulation.

Energy Balance and Finance; opens this window:

W Resulttofile O *
Filename:
“ Browse
Save To Clipboard Cancel

Figure 60 Result to file output to clipboard or file.

Data can be saved with a specified filename and location, or, more commonly, copied to the
clipboard from where all data can be pasted (<Crtl> + <v>) to any text editor or more
conveniently, to Microsoft Excel or a similar spreadsheet package.
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.\wind

| THybridMainDataForm. EnergyBalancetst - Notepad - O >
File Edit Format VYiew Help
Date time WindProduction SolarProduction OtherGreenProduction OtherBlackProduction A
[W] [W] [W] [W] [W] [£/Wh] [W] (W] (W] (W] (W]
2622-81-01 006:00:00 196715,52 -115,ee @,80 e,e0 8,00 0,b00060000000 ©,00
20822-01-81 @1:00:88 166591, 35 -115,68 @,80 8,00 152429,99 0,00082643600080
2022-81-91 02:00:80 289145,43 -115,68 @,8e g,ee 15159@, 688 g,808026100000
2022-01-81 83:00:80 198172,55 -115,e8 ©,80 0,00 152780,00 0,0008247060001
20822-81-81 84:00:808 141338,76 -115,68 8,88 e,88 159418, 68 8,808024746000
2622-81-81 B85:00:00 146967,31 -115,ee @,80 e,e0 177360, 060 0,b008180160000
20822-01-81 86:00:808 175927,75 -115,68 8,88 8,88 282478,00 2,8008010130000
2022-81-91 @7:00:80 224138,48 -115,68 @,8e g,ee 228178,60 g,808017799999
0T O B AR - 00 - G0 JCRaA7 1C 11C D0 O G0 o oo 1IEIIL OO o AORG0TEAGOR T
< >
Ln 1, Col1 100%  Windows (CRLF) UTF-3

Figure 61 Energy balance data in text file.

Note the energy balance data is minimum hourly data for typically 20 years with 50 data columns,
so it is quite a large amount of data. To check the data, it is recommended just to simulate one
year to keep the data amount reasonable. One year will normally be sufficient, while the same year
is repeated, although with index corrections and possible different plant start-stop dates.
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1 Date time
2 WindProduction (W]
3 SolarProduction (W]
4 OtherGreenProduction (W]
5 OtherBlackProduction (W]
6 Demand W]
7 EnergyPrice [EUR/Wh]
8 ScaledOtherGreenProduction (W]
9 ScaledOtherBlackProduction [W]
10 ScaledDemand (W]
11 ScaledWindProduction (W]
12 ScaledSolarProduction (W]
13 DirectUsed (W]
14 Balance (W]
15 AkkBalance [Wh]
16 RawcCharging W]
17 RealCharging (W]
18 AbsorbedCharging (W]
19 RawDischarging (W]
20 RealDischarging [W]
21 StorageContentPrimo [Wh]
22 StorageContentUItimo [Wh]
23 StorageStandByLoss [Wh]
24 Imported [W]
25 Exported (W]
26 CurtailedProductionLimit (W]
27 CurtailedProductionPrice (W]
28 LoadShedding [W]
29 WindDirectUsed W]
30 WindCharge (W]
31 WindCurtailPrice (W]
32 WindExport (W]
33 WindCurtailLimit (W]
34 SolarDirectUsed (W]
35 SolarCharge (W]
36 SolarCurtailPrice (W]
37 SolarExport [W]
38 SolarCurtailLimit (W]
39 GreenDirectUsed (W]
40 GreenCharge W]
41 GreenCurtailPrice (W]
42 GreenExport [W]
43 GreenCurtailLimit (W]
44 BlackDirectUsed [W]
45 BlackCharge (W]
46 BlackCurtailPrice [W]
47 BlackExport (W]
48 BlackCurtailLimit [W]
49 LoadSheddingAllimport (W]
50 Filler (W]
51 ExportFromStorage (W]
52 ImportToStorage W]
53 ImportTariffPrice [EUR/Wh]

Figure 62 The columns (53) in energy balance simulation.
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The extracted data holds for each technology what is produced and where it ends: Used by

demand, exported, price curtailed, grid limit curtailed or used by charger at storage. In addition;
import, shedding, storage content and loss, etc.

The finance data are similarly arranged, in two versions:
Each plant, dynamic; deliver data per plant in a dynamic structure.

Per technology, fixed format; deliver aggregated plants of same technology, but organised so

that the output columns always will be the same. This is suitable for post processing or checking in
Excel, for example.
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.\win

Month

Electricity Price - System Import (energy)
Electricity Price - System Import (tax)

Electricity Price - System Import (tariff)
Electricity Price - System - Load Shedding (Wh)
Electricity Price - System - Load Shedding (EUR)
Electricity Price - System Import (Wh)

Electricity Price - All Import (energy)

Electricity Price - All Import (tax)

Electricity Price - All Import (tariff)

Electricity Price - All Import - Load Shedding (Wh)
Electricity Price - All Import - Load Shedding (EUR)
Electricity Price - All Import (Wh)

Electricity Price - System Export (energy)
Electricity Price - System Export (subsidy)
Electricity Price - System Export (tariff)

Electricity Price - System Export (tax)

Owners Capital - Primo

Cashflow - Primo

Interest Owners Capital

Cashflow - Ultimo

Owners Capital - Ultimo

All Import - Owners Capital - Primo
All Import - Cashflow - Primo

All Import - Interest Owners Capital
All Import - Cashflow - Ultimo

All Import - Owners Capital - Ultimo
Difference - Owners Capital - Primo
Difference - Cashflow - Primo
Difference - Interest Owners Capital
Difference - Cashflow - Ultimo
Difference - Owners Capital - Ultimo

All Demand - Income
All Demand - Income (All import)

All Storage - DevEx

All Storage - CapEx

All Storage - OpEx

All Storage - AbEx

All Storage -

All Storage - Account Depreciation
All Storage - Tax Depreciation

All Storage -

All Storage - Grant Disbursement
All Storage - Loan Disbursement
All Storage - Loan Instalment

All Storage - Loan Fees

All Storage - Loan Interest

\ Setting up the HYBRID simulation

[EUR]
[EUR]
[EUR]
[Wh]
[EUR]
[Wh]
[EUR]
[EUR]
[EUR]
[Wh]
[EUR]
[Wh]
[EUR]
[EUR]
[EUR]
[EUR]

[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]

[EUR]
[EUR]

[EUR]
[EUR]
[EUR]
[EUR]

[EUR]
[EUR]
i

[EUR]
[EUR]
[EUR]
[EUR]
[EUR]

All Wind - DevEx

All Wind - CapEx

All Wind - OpEx

All Wind - AbEx

All Wind - Export

All Wind - Export subsidy
All Wind - Export tax

All Wind - Export tariff

All Wind - Grid Curtailment
All Wind - Price Curtailment

All Wind - Used in MicroGrid subsidy

All Wind - Used in MicroGrid tariff
All Wind - Used in MicroGrid tax
All Wind -

All Wind - Purchase price

All Wind -

All Wind - Account Depreciation
All Wind - Tax Depreciation

All Wind -

All Wind - Grant Disbursement
All Wind - Loan Disbursement
All Wind - Loan Instalment

All Wind - Loan Fees

All Wind - Loan Interest

All PV - DevEx

All PV - CapEx

All PV - OpEx

All PV - AbEx

All PV - Export

All PV - Export subsidy

All PV - Export tax

All PV - Export tariff

All PV - Grid Curtailment

All PV - Price Curtailment

All PV - Used in MicroGrid subsidy
All PV - Used in MicroGrid tariff
All PV - Used in MicroGrid tax
AllPV -

All PV - Purchase price

All PV -

All PV - Account Depreciation
All PV - Tax Depreciation
AllPV -

All PV - Grant Disbursement
All PV - Loan Disbursement
All PV - Loan Instalment

All PV - Loan Fees

All PV - Loan Interest

[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
1}

[EUR]
1}

[EUR]
[EUR]
1}

[EUR]
[EUR]
[EUR]
[EUR]
[EUR]

[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
[EUR]
1}

[EUR]
1}

[EUR]
[EUR]
1}

[EUR]
[EUR]
[EUR]
[EUR]
[EUR]

Figure 63 Finance result to file output per technology and cost type etc.

42
All Other Green - DevEx [EUR]
All Other Green - CapEx [EUR]
All Other Green - OpEx [EUR]
All Other Green - AbEx [EUR]
All Other Green - Export [EUR]
All Other Green - Export subsidy [EUR]
All Other Green - Export tax [EUR]
All Other Green - Export tariff [EUR]

All Other Green - Grid Curtailment  [EUR]
All Other Green - Price Curtailment  [EUR]
All Other Green - Used in MicroGrid st [EUR]
All Other Green - Used in MicroGrid t: [EUR]
All Other Green - Used in MicroGrid t: [EUR]

All Other Green - il
All Other Green - Purchase price [EUR]
All Other Green - i)

All Other Green - Account Depreciatic [EUR]
All Other Green - Tax Depreciation  [EUR]
All Other Green - i)

All Other Green - Grant Disbursement [EUR]
All Other Green - Loan Disbursement [EUR]
All Other Green - Loan Instalment [EUR]

All Other Green - Loan Fees [EUR]
All Other Green - Loan Interest [EUR]
All Black - DevEx [EUR]
All Black - CapEx [EUR]
All Black - OpEx [EUR]
All Black - AbEx [EUR]
All Black - Export [EUR]
All Black - Export subsidy [EUR]
All Black - Export tax [EUR]
All Black - Export tariff [EUR]
All Black - Grid Curtailment [EUR]
All Black - Price Curtailment [EUR]

All Black - Used in MicroGrid subsidy [EUR]
All Black - Used in MicroGrid tariff [EUR]
All Black - Used in MicroGrid tax [EUR]

All Black - ]

All Black - Purchase price [EUR]
All Black - i}

All Black - Account Depreciation [EUR]
All Black - Tax Depreciation [EUR]
All Black - i}

All Black - Grant Disbursement [EUR]
All Black - Loan Disbursement [EUR]
All Black - Loan Instalment [EUR]
All Black - Loan Fees [EUR]
All Black - Loan Interest [EUR]
Grid Expansion - CapEx [EUR]

Grid Expansion - Account Depreciatio [EUR]
Grid Expansion - Tax Depreciation [EUR]
Grid Expansion - Grant Disbursement [EUR]
Grid Expansion - Loan Disbursement [EUR]
Grid Expansion - Loan Instalment [EUR]
Grid Expansion - Loan Fees [EUR]
Grid Expansion - Loan Interest [EUR]
Grid Expansion - All Import - CapEx  [EUR]
Grid Expansion - All Import - Account [EUR]
Grid Expansion - All Import - Tax Depr [EUR]
Grid Expansion - All Import - Grant Di¢ [EUR]
Grid Expansion - All Import - Loan Disl [EUR]
Grid Expansion - All Import - Loan Inst [EUR]
Grid Expansion - All Import - Loan Fee [EUR]
Grid Expansion - All Import - Loan Inte [EUR]

The data shown in Figure 58 has had the columns broken in three parts to present the 167 columns

on one page.
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Below the “block overview”:

Block | Content
Electricity prices, System and Reference (All
Imported)

Cashflow and cash balance, System and Reference
Sale to demand, System and Reference

STORAGE

WIND

PV

Other GREEN

BLACK

Grid expansion, System and Reference

OO |INOOD| L[ WIN (P

A few explanations relating to the output:

There are two parallel results in the file, one for the MicroGrid (System), one for the Reference (All
imported). For the latter there are relatively few columns.

A special issue to explain:

A problem is that if the demand imports all energy, it will build up a negative cash balance year on
year. If interest is applied on a negative cash balance, there can be very high interest costs on the
cash balance for the “all imported” variant.

This would not be so in “real world”. Here the demand would pay the electricity bill year on year.
But to compare the reference to the MicroGrid interest costs on the cash balance, an accumulated
negative cash balance should be calculated for the reference to compare to the MicroGrid 1:1.

The negative cash balance is not accumulated for the reference and therefore does not get interest
costs for reference. (Except for possible grid reinforcement loan financed costs for the reference).

Similarly, we reduce the MicroGrid cash balance interest costs with the non-included reference
interest costs, so we get a 1:1 comparison.

The figures that give the difference cash balance and thereby basis for cash balance interest costs
are called “Difference_xxx” found in columns 29-33.

15.4 Indices

The index specifications can be reached from where they can be selected.

Cost development
|—- Default Index — - |
- Edit Indices —

Mo in-/decrease
2% Inflation
0.5% degradation

Figure 64 Indices can be selected in drop-down, or the "edit indices" chosen for defining new.
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@ Development indices [m| X

Mo in-/decrease
2%, Inflation <-- Default index -->
0.5% degradation

y Hame ® Use as project default

%/Year

Number of years:

Year Index [%]

100,000
102,000
104,040
106,121
108,243
110,408
112,616
114,869
117,166
119,509
121,899
124,337
126,824
129,361

Mew Clone

=T - R N - Y e T R N =

Delete

=
=]

Load from File

-
]

Save to File

Figure 65 Development indices edit form.

(=
LW

Here any development index can be created, a fully free year by year value or a simple percentage
regulation per year.

This can be used for example for:

e Solar PV degradation - add index to production time-series
e Subsidy that is stopped after a number of years - add index to “energy value”
e Traditional inflation

For the traditional inflation a default index can be used, (which is the selected value for all financial
input fields, when starting a new calculation setup), and an index series can be chosen as the
default index and hence used for all financial development functions which are not selected
manually.

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

Timeline handling: Depredation:
DevEx is paid in year: Accounting depreciation by linear method:
CapEx are paid in year: 0 Depreciation years:

® Depreciation years = simulation years

® Assume simulation year prices represent first operation year (year 0) Grants are deducted from CAPEX before depreciation calculations

Index adjust simulation year prices from simulation year
For components with replacement year, this will alwys be used in accounting depreciation

Price curtailment and load shedding cost option: Inflation:
Do not export if energy price is below: 0,000 EUR/MWh -- Default Index --: 2% Inflation
Load shedding cost: 0,00) gUR/MWhH Use alternative for -- Default Index -- in this calculation:
Load shedding inflation: |- Default Index -- -
Default PV AC/DC ratio: 0,90
Discount rate for LCOE/NPV: 2,5)% @
Show:

® NPVe (exclusive interests and fees)

Figure 66 Overrule default inflation in a simulation.

At the setup tab, the default inflation can be overruled by a selected index. This makes it
convenient to test the impact of different inflation values.
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@

I\\

Note that also cost functions have indices. The cost functions used will “take over” the default
index in a simulation if no manual selection is performed. This mean that the OPEX development by
default is controlled by the default index, for example.

15.5 Cost functions

Cost functions is a new very important “component” in windPRO. This makes it possible to scale all
plant costs by plant size and hence is suitable for optimizations.

The cost functions are documented in chapter 2.18 BASIS - cost functions.

The use of cost functions within HYBRID module are described in 15.3.11 Cost and lifetime.

15.6 Optimizer

A “simple” optimizer is established. This searches for the minimum lifetime costs by adjusting plant
sizes and/or storage sizes. By utilizing cost functions for the plants/storage and by making loans
linked directly to plants and scalable with investment, it is possible to find the “optimal” system.
The optimal system is identified as the system with lowest lifetime costs. There will always be
different opinions what is optimal. For example, 1 EUR might be saved by doubling the investment,
most would find this a bad idea. Hence the optimizer should be seen as a tool to help to identify
which directions to look into, including:

e Increase PV or decrease wind
e Increase storage volume or decrease charger
e Etc.

Based on the optimizer run, manual scaling modifications can be tested out where some common
sense can be included in the design. Remember also that the optimizer scales costs and production
linearly with plant sizes. This will not be fully real, if there is a limited area for a wind farm, for
example. Adding extra turbines will also likely increase wake losses and hence a linear increase in
production with plant size will not be seen.

& HYBRID (WTG+PV+Storage) O X
Main | Calculation | Description
Annual energy, lifetime average Raw costs, hour price wi Lifetime costs for MicroGrid with demand inside compared to reference (all imported)
Type kwh/y Scali... | Scaled, kWh/y | Penetrati... | EUR/y EUR/MWh DevEx + C... | OpEx + A... | Interest /... | Purchase ... | Export/ C... | Subsidy [ ... | Tax/ Tari... | Total [ EU...
|
Impaort 13.045,3 43,230 260.906,3 513.256,8 774.163,1
| 'Demand 499.575,0 1,000 499.575,0 22.373,7 44,786 0,0 0,0 0,0 0,0
Wind 0,0 1,000 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Solar 571.855,4 1,000 571.855,4 114,5  26.063,0 45,576 514.794,0  138.023,3 0,0 0,0 -195.020,2 0,0 0,0 457.797,0
Other green 0,0 1,000 0o 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Black 0,0 1,000 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Storage volu 0,0 1,000 0,0 0,0 0,0 0,0 0,0
St. Charger | 0,0 0,393 0,0 0,0 0,000
St. Discharge 00 0479 0,0 0,0 0,0 0,000
Shedding 0,0 0,0 0,0 0,0 0,0
Total 571.855,4 571.855,4 114,5 26.063,0 45,576 514.794,0 138.023,3 0,0 260.906,3 -195.020,2 0,0 513.256,8 1.231.960,1
Shedding: Shedding: | | Savings (5,09 65.220,4
All Imported 0,0 0,0  22.373,7 44,786 0,0 0,0 0,0  447.474,8 B40.706,0 1.297.100.7
| Time series start: @ [1anuary - | 2018 Time resolution: |60 Minutes optimize... Result to File Simulate
Operation start: January - | 2021 Operation years: 20 Time Graphs Result Graphs OPTL-Storage

Figure 67 Example simulation, PV-plant produces more than demand.

In Figure 66, the PV-plant produces 572 MWh/y and demand is 500 MWh/y. This “base setup” is
not feasible. NPV is negative but and the lifetime costs are 5% lower with PV plant than if “All
imported”. A challenge for the optimizer would be: How much smaller should the PV plant be to
make the project feasible.
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@ Optimization of plant size O X
Initial value Optimization
Enable | Technology Factor Size Min. fad | Max Fac | Factor | Size Unit @ Current optimization
wind 1,000 0,00 0,00 2,00 1,000 0,00 kw 23} 1.220.000
v PV 1,000 510,00 0,00 15,00 0,442 235,67 kw 1.200.000
Other Green 1,000 0,00 0,00 2,00 1,000 0,00 kw o

Black 1,000 0,00 000 2,00 1000 0,00 kW _, Geleniy

o
Storage Volume 1,000 0,00 0,00 2,00 1,000 0,00 kWh 32 1.180.000
Charger 0,393 0,00 0,00 2,00 0393 0,00 kw 2 4 1e0000

Discharger 0,479 0,00 0,00 2,00 0,479 0,00 kw 8
W 1.120.000

8
£ 1.100.000

=
Grey lines are not selected for "include in scaling" 1.080.000
Start cost: EUR 1.060.000
Optimize | Show costs as: Optimized cost: EUR 1 040000

per year Savings (12,4%): EUR
10 20 30 40
.
total Mumber of steps
0ok Cancel ([Ok] will copy the Optimization factors to your calculation setup.)

Figure 68 Optimizer find the most feasible plant size to 44% of the original plant size.

By running the optimizer, the PV-plant is reduced from 510 kW to 226 kW. Lifetime costs are
reduced from 1.23 million EUR to 1.08 million EUR. Clicking on OK will return the new PV plant size
to the main window:

W HYBRID (WTG+PV+Starage) O X
Main | Calculation | Description
Annual energy, lifetime average Raw costs, hour price we Lifetime costs for MicroGrid with demand inside compared to reference (all imported)
Type kwh/y Scali... | Scaled, kWh/y | Penetrati... | EUR/y EUR/MWh DevEx + C... | OpEx + A... | Interest/ ... | Purchase ... | Export/ C... | Subsidy [ ... | Tax/ Tari... | Total [ EU...
i
1 [import 15.077,1 43,978 301.542,9 583.108,6  884.651,4
Demand 499.575,0 1,000 499.575,0 22.373,7 44,786 0,0 0,0 0,0 0,0
Wind 0,0 1,000 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Solar 571.855,4 0,442 253.046,0 50,7  11.532,9 45,576 227.796,3 61.075,3 0,0 0,0  -94.198,1 0,0 0,0 194.673,6
Other green 0,0 1,000 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Black 0,0 1,000 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Storage volu 0,0 1,000 0,0 0,0 0,0 0,0 0,0
St. Charger | 00 0,293 0,0 0,0 0,000
St. Discharge 0,0 0,479 0,0 0,0 0,0 0,000
Shedding 0,0 0,0 0,0 0,0 0,0
Total 571.855,4 253.046,0 50,7 11.532,9 45,576 227.796,2 61.075,3 0,0 301.542,9 -04.108,1 0,0 583.108,6 1.079.325,0
Shedding: Shedding: Savings (16,8 217.855,8
All Imported 0,0 0,0  22.373,7 44,786 0,0 0,0 0,0  447.474,8 849.706,0 1.297.180,7
Time series start: o January - | |2018 Time resolution: |60 Minutes - LCOE: 68,956 EUR/MWh Result to File Simulate
NPVe: 119.252 EUR
Operation start: January - | |2021 Operation years: 20 IRR: 7,45 % Time Graphs Result Graphs OPTI-Storage

Figure 69 Overview with reduced (Optimized) PV-plant size.

The simulated total costs for the MicroGrid are 17% less than by “All imported”. NPV is 119 kEUR
and IRR 7.5%. This seems to be a reasonably good investment.

Will storage improve the returns even more?

Storage of 50 kW with Charger/discharger of 15 kW is added with a default cost function. No
financing, meaning the Owner cash finances the storage.

A first simulation show this is a slightly poorer investment than without storage. Irr 6,8%. Now we
run the optimizer, where the combined PV-plant size and storage is optimized.
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. Optimization of plant size

Initial value Optimization
Enable | Technology Factor Size Min. fad | Max Fac | Factor
Wind 1,000 0,00 0,00 2,00 1,000
vl PV 0,442 225,67 0,00 1500 0,443
Other Green 1,000 0,00 0,00 2,00 1,000
Black 1,000 0,00 0,00 2,00 1,000
! Storage Volume 1,000 50,00 0,00 2,00 0,000
~|  Charger 1,000 15,00 0,00 2,00 0,000
v Discharger 1,000 15,00 0,00 2,00 0,000
Grey lines are not selected for "include in scaling"
Charger size = discharger size Start cost:
Optimize )| Show costs as: Optimized cost:
per year Savings (0,7%):
® total
0ok Cancel ([Ok] will copy the Optimization factors to your calculation setup.)

Size Unit
0,00 kw
225,97 kKW
0,00 kw
0,00 kw
0,00 kWh
0,00 kw
0,00 kw

EUR
EUR
EUR

Current optimization
1.085.000
1.080.000

1.075.000

E

1.070.000
1.065.000
1.060.000
1.055.000
1.050.000

Total cost (20 v) [ EUR]

1.045.000
1.040.000
1.035.000
1.0:30.000

200 400
Mumber of steps

Figure 70 Optimizer concludes the battery is too expensive.

Now PV plant size as well as storage is optimized. It takes quite some time while this is somewhat
more complex. The result is that the optimizer finds the storage too expensive and ends with an
optimized size of 0. And the optimized PV-plant size is the same as previous.

Now a Grant is introduced. It is assumed that a Grant of 75% of the Storage costs can be obtained.

Then the optimizer is re-run:

. Optimization of plant size
Initial value Optimization
Enable | Technology Factor Size Min. facl | Max Fac | Factor
Wind 1,000 0,00 0,00 2,00 1,000
v PV 0,442 225,67 0,00 15,00 0,487
Other Green 1,000 0,00 0,00 2,00 1,000
Black 1,000 0,00 0,00 2,00 1,000
v|  Storage Volume 1,000 50,00 0,00 2,00 2,000
~|  Charger 1,000 15,00 0,00 2,00 1,062
! Discharger 1,000 15,00 0,00 2,00 0,490
Grey lines are not selected for "include in scaling”
Charger size = discharger size Start cost:
Optimize ‘| Show costs as: Optimized cost:
per year Savings (0,6%):
& total
ok Cancel ([Ok] will copy the Optimization factors to your calculation setup.)

Size Unit
0,00 ki
248,30 kw
0,00 kW
0,00 kw
100,00 kWh
15,93 ki
7,35 kW

EUR
EUR
EUR

@ ‘Current optimization

@& 1070000 \\ﬁ_

1.066.000
1.060.000
1.085.000
1.050.000
1.045.000
1.040.000

Total cost (20 v) [ EUR]

1.035.000
1.030.000
1.025.000

1.020.000

1.015.000
50 100 150 200
Mumber of steps

Figure 71 Optimised storage 75% Grant financed.

Now the optimizer finds that the Storage will be optimal by 100 kWh (reach the set limit of scale
factor 2), with charger of 15.9 kW and discharger of 7.4 kW. The PV-plant size increases from 37%

to 49% of its original size.
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@ HYBRID (WTG+PV+Storage) [m] pe
Main | Calculation | Description
Annual energy, lifetime average Raw costs, hour price i Lifetime costs for MicroGrid with demand inside compared to reference (all imported)

Type kwh/y Scali... | Scaled, kWhfy | Penetrati... | EURfy EUR/MWh DevEx + C... | OpEx +A... | Interest/ ... | Purchase ... | Export/ C... | Subsidy[ ... | Tax/Tari.. | Total [ EU...
Import 13.952,0 43,937 279.039,7 540.003,1 819.132,9
Demand 499.575,0 1,000 499.575,0 22.373,7 44,786 0,0 0,0 0,0 0,0
wind 0,0 1,000 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Solar 571.8554 0,487 278.419,2 55,7 12.689,3 45,576 250.637,7 67.199,4 0,0 0,0 -91.569,1 0,0 0,0 226.268,0
Other green 0,0 1,000 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Black 0,0 1,000 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Storage volu 50,0 2,000 100,0 6.927,0 16.000,0 0,0 0,0 22.927,0
St. Charger | 150 1,062 15,9 937,9 44,625
St. Discharge 15,0 0,490 7,3 4,0 865,8 43,377
Shedding 0,0 0,0 0,0 0,0 0,0
Total 571.8554 278.419,2 55,7 12.689,3 45,576 257.564,8 83.199,4 0,0 279.039,7 -91.569,1 0,0 540.093,1 1.068.327,9

Shedding: Shedding: Savings (17,6 228.852,8
All Imported 0,0 0,0  22.373,7 44,786 0,0 0,0 0,0  447.474,8 849.706,0 1.297.180,7
Time series start: @ [January -| 12018 | Time resolution: 60 Minutes - | LCOE: 68,956 EUR/MWh Optimize. Result to File Simulate
NPVe: 120.555 EUR = =
Operation start: January - | |2021 Operation years: 20 IRR: 6,95 % Time Graphs Result Graphs OPTEStorage

Figure 72 Costs for MicroGrid with storage.

The costs for MicroGrid as well as the NPV are now almost the same as when just having the
optimized PV-plant. It is not clear whether this option would be chosen from a pure investment
point of view but it might be chosen as it introduces higher system flexibility and potential
additional gains by having the storage - although this also comes with higher risks. It is now very
fast to test modifications. The result graphs can help pointing the user in the right directions.

@ Hybrid Results O X
Balance |:Storagei| Month/Day Production Use Unfulfilled

@ Storage content by monih @ Storagefilling distribution
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| s | 4
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Close

Figure 73 Storage filling indicates the storage is some too large.

For the example shown above, Figure 72 shows 70% of the time the storage is empty. This
indicates that it would be better with a smaller storage. When supporting a PV-Plant in a Northern
Europe country storage will have many hours empty due to the long winter period with very little
Sun.
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. Hybrid Results m} X
EEaIanceé Storage Month/Day Production Use Unfulfilled
Demand -(179,3% of production) Production - (55,8% of demand)
@ Wwind: 0,0% O Solar: 32,5% @ Other Green: 0,0% W Black: 0,0% @ Direct used: 55,2% @ Charged: 7,5% @ Exported: 30,5%
O Import: 63,5% @ Discharge:4,0% @ Shedding: 00% 0O Grid limit curt: 3,6% @ Price limitcurt.: 0,1%

Figure 74 The result shows that 4% of the demand is taken from storage. 7.5% of production filled
on storage.

15.7 OPTI-Storage
Optimize... Result to File Simulate
Time Graphs ! Result Graphs | EF‘TI Storage resul -

Figure 75 OPTI-storage will run a new simulation, that optimizes the storage operation.

Starting from windPRO 3.6 it is possible to use the OPTI-Storage tool. This tool can simulate an
optimal operation of the storage, where it partly:

1. Purchases electricity when it is cheap and sells when it is expensive (called arbitrage).
2. Prepare the storage for minimizing the grid limit curtailment, making sure storage is empty
before a period with high production leading to grid curtailment.

Basically, the OPTI-Storage operates the storage for maximizing earnings. If there is a conflict
between arbitrage and reduced grid curtailment, the optimizer choses the solution that maximizes
earnings. The engine behind the OPTI storage is a MILP solver.

To be able to operate the Storage similarly in “real life” good prognoses of production and prices
must be available. This is although not a major problem with the prognosis tools on the market
today. But there will also be a need for an advanced controller.

Using OPTI-Storage will create a new “Result Graph”:

(Based on modified data relative to previous example to illustrate partly with demand, partly
without (all exported)):

C

EMD

© EMD International A/S ¢ www.emd.dk e windPRO 4.1 e September 2024 International


http://www.emd.dk/
http://windpro.com
http://emd.dk

\ OPTI-Storage 50

.\wind

@ Hybrid Results [m] x
Balance Storage Month/Day Production Use| Grid / Storage Interactions | Unfulfilled
Annual average ® Lifetime
@ Storage Balance [kWWh] @ Storage Balance[ EUR]
{3} 1.400.000 ﬁ} 75.000
1.300.000 70,000
1.200.000 65.000
1.100.000 60.000
1.000.000 55.000
00.000 ENiLD
—  800.000 I <y
g S 40.000
= 700.000 o
35.000
600.000
30.000
500.000
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400.000 20000
300.000 D
200.000 10.000
100.000 5.000
0 0
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[ @ Solar @ Import @ Export @ Demand [ D Solar @ Import @ Export @ Demand |
Close

Figure 76 Result graph shows OPTI-Storage benefit where a demand is covered.

In the graph above it is shown where the charged energy comes from and where it goes to. As
seen in the example to the left, there are more Charged MWh than discharged, due to loss in
storage. But for the right-side graph showing the value of the MWh, the discharge has a higher
value than the value of the charged. This is mainly because charging happens when prices are low,
and discharging happens when prices are high. In the example above the lifetime earnings by the
storage is round 20.000 EUR, with an expected investment and lifetime OPEX costs of storage of
30.000 EUR. But this is based on 2019 electricity prices, much has changed since.

In the example above the main purpose is fulfilling a demand, and the export from storage is
limited, while most discharge is absorbed by the demand. In a situation where all is exported the
gain by OPTI-storage operation only will be increased export, see example below:

& Hybrid Results [m} X
Balance Storage Month/Day Production Use | Grid / Storage Interactions | Unfulfilled
Annual average @ Lifetime
@ Storage Balance [kWh] @ Storage Balance [ EUR]
& 1.500.000 & fooc0
75.000
1.400.000
70.000
1.300.000
65.000
1.200.000
80.000
1.100.000 =aTT
1.000.000 50'000
200.000
= T 45000
S 8o 2 20000
700,000 Jp—
600.000 30,000
500000 25.000
400.000 20,000
300.000 15.000
200.000 10.000
100.000 5.000
o o
Charged Discharge Charged Discharge
O Solar O Import @ Export O Solar @ Import @ Export
Close

Figure 77 Benefit by OPTI-storage operation where all is exported.

As seen in the graphic above the value of the discharge-charged is roughly the same as in the
situation with a demand. What although can add more value with a demand is saved taxes and
tariffs, which can bring feasibility in a storage investment, even with 2019 prices.
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Annual energy, lifetime average Raw costs, hour price v Lifetime costs for MicroGrid with demand inside compared to reference (all imported)
Type KWhyy Scali... | Scaled, kw... T | Penetration | EUR/y EUR/MWh DevEx + C... | OpEx +A... | Interest/ ... | Purchase ... | Export / C... | Subsidy [ ... | Tax / Tari.. | Total [ EU...
o
Import 0,0 0,000 0,0 5 1.336,4 -9,453 0 0,0 0,0 0,0 26.727,7 0,0 0,0 0,0 26.727,7
Demand 0,0 0,000 0,0 0,0 0,0 0,000 0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Wind 0,0 0,000 0,0 0,0 0,0 0,000 O 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Solar 0,0 0,000 0,0 0,0 0,0 0,000 0O 0,0 0,0 0,0 0,0 3.282,1 0,0 0,0 3.282,1
Other green 0,0 0,000 0,0 0,0 0,0 0,000 0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Black 0,0 0,000 0,0 0,0 0,0 0,000 0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Storage volu 0,0 0,000 0,0 0,0 0,0 0,000 0 0,0 0,0 0,0 0,0 -53.631,8 0,0 0,0 -53.631,8
St. Charger | 0,0 0,000 0,0 0,0 1.551,7 -5,145 0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
St. Discharge 0,0 0,000 0,0 0,0 2.206,2 -0,632 0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
0 0,0 0,000 0,0 0,0 0,0 0,000 0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Total 0,0 0,000 0,0 0,0 0,0 0,000 0 0,0 0,0 0,0 26.727,7 -50.349,7 0,0 0,0 -23.622,0
0 0,0 0,000 0,0 0,0 0,0 0,000 0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
0 0,0 0,000 0,0 0,0 0,0 0,000 0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Time series start: o January - | |2019 Time resolution: |60 Minutes - LCOE: 0,000 EUR/MWh Optimize... Result to File Simulate
NPWe: 17.980 EUR
Operation start: January - | |2021 Operation years: 20, IRR: 0,99 % Time Graphs Result Graphs

Figure 78 Viewing the difference OPTI-storage minus non opti.

The result table have a feature to view the difference between OPTI-storage and non opti storage
operation. Above is seen in the “total” field, how the OPTI storage operation generates 24.000 EUR
extra. This comes from 54.000 more export from storage, reduced with 3.000 less direct export
from PV (which is charged on storage) and reduced with added import from grid at a cost of 27.000
which is purchased electricity for the storage when price is low. The NPV is improved by 18.000
EUR.

The improvement by OPTI-storage is quite individual much affected by the price variations hour to
hour, the grid limitations, and the production variations. But no doubt it pays off to have an
advanced controller that can operate the storage close to optimal for maximizing earnings.

15.7.1 Limitations in present version of OPTI-Storage

Price curtailment and load shedding cost option:

Do not export if energy price is below: 0,000 EUR/MWh
Load shedding cost: 0,00 EyR/MwWh
Load shedding inflation: |-- Default Index -- -
Default PV AC/DC ratio: 0,90

Price curtailment is always calculated based on negative prices. Setting another value in the above
field, would not be respected fully due to predefined threshold within the optimizer. Therefore, the
price threshold must be zero before running the OPTI-Storage.

+.. Add Energy Prices Add Fixed Energy Prices

L« Add Demand % Add Shedding Filler

The shedding filler cannot be used along with OPTI-Storage.

Optimize... | Result to File Simulate

Time Graphs Result Graphs OPTI-Storage

The optimizer will not work in combination with OPTI-Storage.

15.8 Reports
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The reports are built with similar structure as in other windPRO modules:

Calculations (31) b4
Mame Created Calculated Duration
v |~ §¥ Hybrid: Hybrid QuickGuide Simle 15-04-2021 15:58:36  10-08-2021 16:57:24 0:10 (min)
Main Results

Energy Balance

Cash Flow by Technology
Accounting Balance

Plant Budget Costs
Indices

Energy Cost Overview
Plant Overview

Figure 79 Report overview.

Double click on a sub report and get a preview.

Right click ->

¥ e

Accounting Balanc Preview

Flant Budget Costs

Save as PDF
Indices Print
Energy Cost Overv
9y Properties

Plant Overview

By “Properties” options such as report language can be chosen, if multiple language modules are
installed. And for some reports with more pages, such as Plant Overview, the specific plants to be
reported can be selected.

15.8.1 Report contents

There are following reports from HYBRID module:
Main Results - with assumptions and main results

Energy Balance - the simulations time step by time step aggregated as annual values with
additional aggregated lifetime graphs.

Cash flow by technology - for each technology; Wind, PV, Other green, Black, Storage and grid
reinforcement, the cash flow is shown year by year. All payments in/out are aggregated by each
technology, including export, value of curtailments (if any), subsidies, taxes, tariffs related to
where energy is used, DEVEX, CAPEX, OPEX, ABEX and loan reimbursements, instalments,
interests, and fees. Grants are deducted. Also purchase of energy from external plants is included if
any.

Accounting balance - in opposite to cash flow, accounting balance holds depreciation of CAPEX
instead of CAPEX - reimbursements and loan instalments. In other words, the CAPEX is expressed
by the value reduction by year instead of the actual payments related to the CAPEX and then
expresses how the accounting will look in real life (as budget).

Plant Budget Costs - for each plant or storage a page shows how the costs based on cost
functions are established.

Indices - the used indices in the calculations are reported.
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Energy cost overview - shows the often-complex matrix of energy prices, subsidies, tariffs and
taxes that can depend on as well technology as where the energy is used.

Plant overview - shows the calculated plant configuration with key figures per technology.

Hybrid - Cash Flow by Technology

Calculation: Hybrid QuickGuide Simle
Cashflow by technology

MNet cost by technology [cash flow ), and savings by MicroGrid corrpared ta reference (Impart all)
s e M P e
60000 LY
55000 |
50,000 -|
45000 -
400m 2 H
35000 - .
30000 -
25000 -
20000 2|
15000 -|
100m -
5000 2
o i . = & —— & ——
5000 | T, |
40000 -

-
’/

[EUR]

™ N

a2 20T M@E W24 225 N6 N0F 0B A0 A0 2 262 ME MM X0F 2086 T 20 210 2040 2041 4
Year

O Solar production B Storage O |mport from external grid == All imported incl grid, shedding and interests == TOTAL net costs for Micro Grid
== Savings by Micro Grid

Figure 80 Example from a report, illustrated in Optimize section, cash flow by technology.

Figure 75 shows how the costs for the MicroGrid will be somewhat higher than the “All import”
alternative for the first 10 years, where the loans are paid back, then it becomes lower.

The extra costs are round 5.000 EUR per year for the first 10 years, and from year 10
approximately 20.000 EUR less.

15.9 Abbreviations/explanations

DEVEX; Development expenditures

CAPEX; Capital expenditures

OPEX; Operational expenditures

ABEX; Abandonment expenditures

Shedding; Demand that is not fulfilled due to lack of grid or production capacity

Curtailment; When production is larger than can be used by demand/storage/export due to grid
limitations or if a plant is shut down due to low (negative) energy prices. Note curtailment shut
down can also be included in a PARK calculation, e.g. by sector management (closing turbines
down when too densely spaced in certain wind directions). If included in a PARK calculation, the
relevant time steps will have reduced production. This is not “seen” as curtailment by the HYBRID
calculation, where only the reductions due to the HYBRID simulation will be accounted for.
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