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About energyPRO

energyPRO is a Windows-based modeling software package for combined techno-economic
analysis and optimisation of complex energy projects with a combined supply of electricity
and thermal energy from multiple different energy producing units.

The unique programming in energyPRO optimises the operations of the plant including energy
storage (heat, fuel, cold and electrical storages) against technical and financial parameters
to provide a detailed specification for the provision of the defined energy demands, including
heating, cooling and electricity use.

energyPRO also provides the user with a detailed financial plan in a standard format approved
by international banks and funding institutions. The software enables the user to calculate
and produce a report of the emissions by the proposed project.

energyPRO is very user-friendly and is the most advanced and flexible software package for
making a combined technical and economic analysis of multi-dimensional energy projects.

For further information concerning the applications of energyPRO please visit www.emd.dk.

Terms of application

EMD has made every attempt to ensure the accuracy and reliability of the information
provided in this Guide. However, the information is provided "as is" without warranty of any
kind. EMD does not accept any responsibility or liability for the accuracy, content,
completeness, legality, or reliability of the information contained in this guide.

No warranties, promises and/or representations of any kind, expressed or implied, are given
as to the nature, standard, accuracy or otherwise of the information provided in this guide
nor to the suitability or otherwise of the information to your particular circumstances. In no
event shall EMD be liable for any loss or damage of whatever nature (direct, indirect,
consequential, or other) whether arising in contract, tort or otherwise, which may arise as a
result of your use of (or inability to use) this guide, or from your use of (or failure to use) the
information in this guide.

EMD International A/S, January 2018
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In this How-To-Guide, you will learn how to use the FINANCE module for making detailed
economic analyses of a project for an unlimited number of years, which allows you to
extend the calculations to cover the entire lifetime of a project.

With the FINANCE module, you can include your project’s investments and financing and
calculate detailed economic reports such as the monthly cash flows or internal rate of
return and net present values. In this guide, you will also learn how to create indexes to
describe the expected development of prices, demands, inflation etc. in order to analyze
how future circumstances affect the investment or the daily operation.
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How to enable the FINANCE module

To access the FINANCE module, you must first activate a valid license with access to the
module. See the How To Guide “Installation and activation of energyPRO” on how to
activate an energyPRO license. If you do not have a valid license or if you are having
problems activating your license, please contact our support at energyPRO@emd.dk.

Once you have access to the Finance module, you enable the module by opening the
Project identification window. Do this by selecting Project identification from the Project
setup menu as shown in Figure 1 or by double-clicking on the project identification folder
in the Input data window.

energyPRO 4.5 - Cogeneration plant on fixed tanffs_FINANCE module (Calculated)

LS
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Figure 1. Open the Project identification window.

In the Project identification window, shown in Figure 2, you can select the desired
calculation module. Select the FINANCE module to enable a FINANCE calculation.
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Project identification (4 lines maximum})

Assumptions to be printed in Catalogue of assumptions

Select calculation module
Projecting

(") DESIGN - calculating energy conversion in a spedfic year, induding operational economics

FIMAMCE - planning more years, incuding investments and financing

(") ACCOUNTS - plus income statements, balance sheets and tax

Optimizing daily operation
() OPERATION - optimising operation for & short period

[ Advanced

Figure 2. In Project identification, you select the calculation module.
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Using the FINANCE module

With the FINANCE module, you are able to extend the planning period of your project to
more than 1 year. This is done by opening the “External conditions” window by double-
clicking the External conditions folder in the Input data window or by selecting External
conditions in the Project setup menu.

. External conditions

Add external conditions

Planning period | Time series overview

01-01-2018 )| -|01-01-2033

Years to be planned 1570

Halidays

Mo holidays

&

Time zone

(UTC+00:00) Dublin, Edinburgh, Lissabon, Londan

Edit

OK || Cancel

Figure 3. Setup the planning period from the External conditions window.

In this window, the starting point and the length of the planning period can be altered.
In this example, we set the number of years to 15, beginning from the 1t of January
2018. When calculating the operation of the energy conversion units in the project,
energyPRO will calculate the operation in every timestep throughout the entire planning
period.
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Add an index

Since the assumptions and conditions for the calculation may change during the planning
period, it can be useful to create indexes that describe these developments over time.
For instance, fuel prices, demands or units’ production capacities might change during
the planning period.

= Input data

--{] Project identification
4 {7 External conditions
- 1] Time series
-.{] Time series functions
i ] Indexes
4 {] Sites Add new index

L {7 District he _
{ ] Transmissic Load index

4 {_] Fuels

----- ] Matural gas
Figure 4. Add indexes by right-clicking Indexes under External conditions.

To add an index to a project, go to “External conditions” in the input data box. Right click
on indexes and “Add new index”. The window shown in Figure 5 will appear.

The window contains three different approaches for adding an index:

Constant annual increase. The index changes annually with the percentage typed in.
In other words, it changes exponentially and is updated monthly. The index covers the
total project period. Index is always 100 on the project start date.

Annual Increase is used if the index has to reflect a shift in rate of change. If the first
year in the table is before the project start date, then the index on project start date is
the value calculated based on input from the table. Index is always 100 on the index
start date. The index changes exponentially (yearly update).

Index is used in situations, where you have a series of values (for instance the retail
prices index) with values that you want to use if monthly specification is wanted. The
index does not change between the indexes typed into the table.

In this example an index with a "Constant annual increase” of 2% is added. The index is
named “Inflation”.

The symbol is a unique short name of the index. The symbol is used for referencing the
index elsewhere in the energyPRO. Any time series, time series functions and indexes,
used in a project, must have unique symbols.
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Figure 5: The feature of adding an index with the possible approaches

The Annual Increase index could be useful for describing the expected development in
the heat demand. If more new buildings are being connected to the district heating grid
while older buildings are continuously being renovated, the heat demand could follow an
index like the one shown in Figure 6.

In this index, the heat demand increases with 0.5% each year from 2018-2021, then it
decreases with 1.0% each year until 2026 where the annual decrease drops to 0.5% per
year in the rest of the planning period.
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Index creation approach
[:1 Constant annual increase Date | %o Copy Al
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= |
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l Add line | | Remaove line |
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100
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Comments:
9 = T

Figure 6: Example of an Annual Increase index describing the heat demand during the planning
period.
Apply an index

Once you have designed your index, it is time to make use of it. As mentioned you can

use an index to describe changes in your project’s conditions and assumptions. Here are
given a few examples of how to apply indexes.

Let’s start with the inflation index from before. In order to use this index as the general
inflation on all payments in you project, you go to “Project setup” in the menu and select
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“Economy”. You can also access the same window by right-clicking the blue "Economy”-
folder in the “Input data” window, as shown in Figure 7.

=] Input data

4 @ Energy conversion units I
- -] Gas engine 1 ]

----- ﬂ Gas engine 2

. f] Boilers
¥ @ Storages

P {7] Thermal store
A @ Electricity markets

P {7 Fixed tariffs

----- @ Operation strategy

----- -{7] Environment
4 '8 Economy

- Rever Open

Chverview

4 3] Operation expenditures
4 3 Fuel costs '
¢ gl Natural gas

Figure 7. The economy settings window.

This will open the window seen in Figure 8. In the tab next to Inflation, it is possible to
point out the different indexes created in the project. In this case we select the index
with the name “Inflation” and all revenues and expenditures will now follow the inflation
index (unless stated otherwise in the specific payment).

o

Currency: EUR

Inflation:

Nominal discount rate [%]: 5,0

| Key Figures

|| Define annual key figures

2 e LK | Conce

Figure 8: Select the inflation index you just made, to include it in the calculations

In this window it is also possible to change the currency used in the project and the
nominal discount rate used to calculate the Net Present Value (NPV).
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When opening a specific payment, in this case the revenue “Sale of heat”, we see that
the development of the unit price is now following the inflation index.

Mame: Sale of heat |

Unit Selection

Payment concerns Heat demand
Heat demand

E

Total sale of heat

[

Formula selecting monthly amounts

Price per Unit

30,0000, EURMWh {in January 2018) Fixed manthly price

E

Indude in operation strategy

Payment induded in operation strateqy calculation

Development of Unit Price

Inflation: Is selected as inflation index.

() Constant

() Following an Indesx

[ ] Advanced

Comments:

l = | -.E.- _ OK . Cancel

(it

Figure 9. The revenue “Sale of heat” is now following an index.

If you do not want this payment to be following an index you select “"Constant” instead
of “Increased with inflation”. If you want the payment to follow another index, select
“Following an Index” and point out the preferred index.

In order to apply the “Heat demand index”, first open the heat demand window. The
window will be similar to the one in Figure 10 depending on how the heat demand is
designed. Next, mark the small checkbox “Developing over the years” and select the
relevant index in the dropdown list.
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= 'ﬁ
Demand: () Fixed () Caloated ~ [01-2015 | [12-2015 ||| 12000,0) MWh ||

Demand depends on external conditions
Dependent fraction %
Restricted season for dependent demand {dd-mm) |01—09 Q - |31—05 @
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() Is user defined

Reference temperature C Symbol for ambient temperatures m
MW/ Degree Degree MW
[ 0,16686] #[Max(17,0-T10);0) |+[ 0,342 fuf

Fixed profile of demand

(@) Daily () Weekly

. Time | Rato |

1 08:00 10,0

2 2100 8,0

Add line Delete line m As ti )

% DE"EIODing over the Years

(0) Weekly basis
() Date basis | s

Inflati
stz i s B

Comments:

SR i | Lok | Cendl

Figure 10: To connect the heat saving index with the heat demand, you have to go to the heat
demand and choose "Developing over years"
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Add investment costs

The operation costs and the revenues from the production are already included in the
project file. However, when you in the beginning of this guide selected the FINANCE
module both an “Investment” folder and a "“Financing” folder was added to the
“Economy” folder in the left part of energyPRO - see Figure 11.

v 8 Economy
. i3 Revenues
3 operation expenditures
8 Investments
-8 Financing

Figure 11: The FINANCE module also includes investments and financing

To add an investment right click on the “Investments” and click on “Add new
investments” and a new folder will appear under “Investments”. Let's assume that the
investment concerns a new boiler at our plant - name the investment “"New boiler” and
open it. In this window the date and amount of the investment is specified. You can also
split up the investment in several amounts on different dates as seen in Figure 12.

i ————————————— ||

MName: |[New boiler =
Investments

Date Amount Add line
1 01-2ma 40.000 =

Remove line

2 0-2m49 120000
3 01-2020 40.000
= e 0K Cancel

Figure 12: The investment is in this project paid over three periods

In this case, the total investment is split in three. 20% when the contract is signed, 60%
at operation start and the last 20% one year after the commissioning. The total
investment cost for the boiler is 200.000 EUR.

Add financing

In “Financing”, you can specify how an investment is financed. Financing can take place
by use of five different options: *Nominal loan”, “Foreign loan”, “Indexed loan”, “Owners
capital” or “Extraordinary income” (e.g. a grant). If “Foreign Loan” or “Index Loan” is
selected, an index is required.

Page | 15



In this example, we assume that the investment from the previous section is financed
by a "Nominal loan”. To set up the loan, right-click on the “Financing” folder and click on
“Add new financing”. Name the appearing folder “loan” and open it. You will how see a
window similar to the one in Figure 13.

Mame: |Loan |
Description of Financing T T ——
Type: |Nnminal loan m| | Date Amount
) 1 01-2018 200,000
Amortization: |Anr1mty ILI|
| Add line J L Remove line J
Loan period: Years Ijl Months Annual Interest [%]:

Payment Grace Period: Ijl Years Ijl Months Payment(s) per Year 12 |v
| Mame of Fee | Time of Payment | Value | Unit Add line
1 at each disbursement 0,00 EUR
Remove line
no | Date | Total Payment | InterestRate | Interestand Fees | Instalment | Remaining Debt |4
1 at opening o | &
2 01-01-2018 2827 042 833 1.993 195007
3 01-02-2018 2827 042 824 2.002 196005
4 01-03-2018 2827 042 a17 2.010 193.995
5 01-04-2018 2827 042 a0a 2.018 191.976
6 01-05-2018 2.827 0.42 800 2.027 189.949
7 01-06-2018 2827 042 T3 2035 187914
8 01-07-2018 2827 042 783 2044 185870
O __ndng 04 2 997 n 49 rird, 2 LD 107 040 v:l
Comments: ﬂ
Cancel

Figure 13: Setup the type of financing for your investment.

In the top left of the window under “Description of Financing”, select *“Nominal loan” as
the type of financing. For amortization, there are three options: “Annuity”, “Serial” and
User defined”. If “"User defined” is chosen you get access to type in your own amounts
for payments and interest rate in the payment overview table at the bottom of the
window. In this case select “"Annuity” as the type of amortization.
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Next, type the amounts and dates for the disbursements under “Disbursements”. Finally,
you need to specify the loan period, payment grace period, the annual interest rate and
the number of payments per year.

When the setup is complete, you can see an overview of the payments in the table in
the bottom of the window in Figure 13. This table is updated every time you alter one of
the values above.

The total payment consists of interest, fee and instalment. The interest percentage
stated in this table is the interest percentage for the settled period for payment calculated
by use of the annual rate stated. The remaining debt is calculated as the remaining debt
after the last payment minus the instalment. If the loan type is “Foreign Loan” or “Index
Loan” the remaining debt will be increased by the selected index before calculating
interest and a new remaining debt.

Setting up a cash account

Details regarding a cash account can be specified in “Financing” under “Project setup” in
the menu.

File energyPRO setup  Project setup  Tools Window Help

Lo TR = Project identification view
L
External condtions -
=
— Economy
-{i1] Gas engine
{j Gas engine Financing
.-{12] Boilers

A{j Storages
Figure 14: The financing tab appears when the module is changed to FINANCE

When opening the Financing menu, it is possible to specify the annual interest for
respectively positive and negative amounts. Furthermore, you can determine the balance
on the cash account at project start — see Figure 15.

Cash Account
Annual interest 2,00 [%%] at positive amount:
7,00 [%%] at negative amount:
Cash account at: 01-01-2018 100,000 EUR

Figure 15. Specify the Cash account interests and balance.
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Results

The technical and economic results are found in the “Reports” box. Depending on which
modules you have enabled, different reports are available. When the FINANCE module
is enabled, the following reports are available.

Reports

» G Production, graphic

G Production, carpets

> G Energy conversion, annual
» G Energy conversion, manthly
G Energy conversion, summary

- {0 Duration curve for heat demand
G Environment

- i} Cash flow, monthly

-{il] Cash flow, summary

= Cash flow, graphic

= Key finandal figures

G Catalogue of technical assumptions
= Catalogue of economic assumptions
= Operation strategy calculation
G Graphical layout

= Praoject reports

Figure 16: Reports available with FINANCE module.

The yellow folders represent technical reports and the blue folders represent economic
reports. Click on a folder to see the different results.

For instance, the “Cash flow, monthly” report shows the revenues and expenses in each
month of every year of the project period. By expanding this folder, you can select the
report for a specific year in the planning period. In the “"Cash flow, summary” report, the
monthly payment from each year are accumulated and shown in a column for every year
in the planning period, as shown in Figure 17. This gives an overview of the different
payments during the entire planning period.
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=
Cogeneration planton fixed tariffs_FINANCE module.epp
This example ilustrates a net present value calculation of a cogeneration plant selling and buying
electricity on a fixed tariff market using the FINANCE module

energyPRO 45179

PrivePage
15-01-2018 12:3%:53 / 1
Ucamsaamar

EMD International A/S
Niels Jernes Wej 10
DK-8220 Aalborg &
+45 D635 4444

Cash flow, summary

[All amounts in EUR]

2018
Revenuss
Saleofheat 361.535
Saleofelectricity
[ 08535
M 252
SaleofelectricityTotal 508.187
TotaRevenues 70722
Operatirxpenditures
Fuebosts
Natursgas 895,415
FuelcostsTotal £36.416
Operation&laint
Enginel 37.850
Engins? 23272
Boler 3501

Operation8Mainotal £4.626
TotaDperatingExpenditures 761042

FetCashiromOperation

2020
375.882
531.7%0

531.856
307,838

725.907
725907

35.583
24 285

2021
44T

540754

287
541.022
925.439

740,087
740087

40287
24 85T
377

65.671
808758

2022
390.405
548,387

205
543 592
938.997

751.372
751372

40.881

2023
399.782
559.471

139

558 610
959.392

787671
767 671
41.581

26583

1829

71.093
838 764

2024
409.188
576.454

iz
576.596
9835.764

788135
788135
42324
26279
3,955

73158
861.293

2025
414.811
586.571

z
585.788
1.000.600

800.124
800124
43.585
28747
3.987

74.308
874433

2026
421797
585.929

74

596.003
1.047.801

814.026
814,026

44377
27143
4.069
73.595
885622

2027
432918
608,852

b

£03.002
1.041.313

833.214
83314

45370
T
4.202
77285
910509

2028
442528
617.828

618136
1.060.672

848.550
248 330

45.5905
28752

2028
449,523

§32.873
1.082.345

855,852
865 652

47.082
28889
4382
80.314
845 965

2030
458.508
645,985

=

645,145
1.104.652

882.252
883332

2031
487,145
658.312

o

659384
1.126.538

200.805
900805

43.081
30.072
4.508
B3.642
984 447

2032
4TT B2
675685

83

675763
1.152.394

922074
822074
£0.252
30 807
4584

85,683
1.007 757

Investments

Investment 40000 120000 40.000 0 ] 0 0 0 0 0 0 0 0 0 0
Totalmvestments 40000 120000 40000 [ [ ] [ 0 ] [ [ ] [ ] [
CashFromLongTermFinancing

NewFinancing 200.000 0 0 0 ] 0 0 ] 0 0 0 0 0 0 0
TotalCashFromLongTerm 200.000 ] 0 ] 0 0 ] 0 0 ] ] ] ] 0 ]
Debbervice

NeuFinancing 33,571 33,571 33521 33,571 33,571 33,571 33,571 0 0 0 0 0 0 0 0
TotalDebtservice 33N 1BIM 32821 I 33IM 3331 138 0 0 0 [] o [] 0 0
TotallnterestonCashAccount 5358 5247 8131 7301 9728 11633 13633 16031 18885 21884 74968 28166 31473 348508 35.468
Casfurplus 741757 36669 #6699 90662 93773 90040 104403 142497 _ 1A7.060 _ 153.294 _ 150.000 164546 {70.745 _ 177.000 _ 1EAA0S
[ RIS TE = i

—
snergy RO develop=d by EMD

710, CR-5220 AmIborg D, TH, +439635 4474 Fax 14396 3544 48, Homepage. v = d

Figure 17. Example of a Cash flow, summary report.

Net present value

A project’s Net Present value (NPV) is a measure of the potential profit caused by a
project, taking into account time value of money. Time value of money is the basic idea
in investment theory that the money available today is worth more than the same
amount of money in the future due to its potential earnings capacity. How much future

earnings are worth today, is determined with the discount rate.

In the energyPRO report, “Key financial figures”, the NPV of the project is calculated.
The calculation is based on all payments in the planning period and the discount rate
entered in the economy window as shown in Figure 8.

The formula used to calculate the NPV is:

Where:

C: = net cashflow during the period t

Co= total initial investment costs

NPV—ET: Ce C
CL@a+nt
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r = discount rate

t = number of time periods

NOTE: Since all payments are included in the NPV calculation, the NPV is a measure of
the value of the entire energyPRO project compared to nothing. This only makes sense
if all payments in the project are caused by the investments in the project (a so-called
green field project). If you wish to calculate the NPV of the investment in a new unit
which is added to an existing project, you must first calculate the NPV of the project
without the new unit and then the NPV including the new unit — now you can calculate
the difference in the NPVs caused by the investment in the new unit. This comparison is
done automatically in the COMPARE module.

The Key financial figures report is shown in Figure 18.

energyPRO4.5.17 9.,

-~
Cogeneration planton fixed tariffs_FINANCEmodule.epp 17_57_’2313 10:03:41/1
Thisexample illustrates a net present value calculstion of a cogenerstion plantselling and buying o

electricity on a fixed tariff market using the FINANCE module EMD International A/S

Niels Jernes Vej 10
DK-2220 Asalborg &
+459635 4444

E(eyﬁnancialﬂgures ]

WARNING: The IRR and MNPV shown in thisreport relates only to thisalternative

and are different from those shown in the reports of Compare key financial figures

The NPV shown in this report is only calculated from the payments in this alternative.

The IRR shown in this report does only make sense if all payment in the project are

caused by the investments in the project — 8 so-called greenfield project.

Ifit is not & green field project you shall instead in the COMPARE-medule make both a reference
and an alternative model of the energy system, to get a comect IRR for this alternative.

Key investment figures

Internal Rate of Return (IRR) of the green field project, including all Payments : 10,0%
Internal Rate of Return (IRR) of the green field project, including i pay and i : 10,0%
Het Present Value of

Revenues 10.288.422EUR
Operating Expenditures 8.203.285EUR
Operational payments in total 2.193.169EUR
Investments 1.784. T1TEUR
Operati pay and i in total 438 452 EUR
Financing 0 EUR
All payments in total 438.452 EUR

{at a nominal rate of: 6,0% p.a.}

—— m—
anangyFRO Is aeveloped by EMD inemational A5, Niels Jemasve) 10, DK-0220 Aalbarg @, TIf #45 00 35 44 44 Fax +45 00 35 44 40, Homepage: www.emd ok

Figure 18. The Key financial figures report.

Internal rate of return

The Internal Rate of Return (IRR) is also calculated in the Key financial figures report.
The IRR is the discount rate that makes the Net Present Value (NPV) of all cashflows in
a project equal to zero.
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The IRR is calculated using the equation in page 19, setting the NPV equal to zero and
solve for the discount rate r.

NOTE: As mentioned in the section Net present value, the NPV is based on all payment
in the project and therefore the IRR only makes sense if all payments are caused by the

investments in the project (a so-called green field project). With the COMPARE module,
the IRR can be calculated for new investments done in an existing project.

Page | 21



Please notice, that you can find more information on how to use energyPRO in the How
to Guides, User’s Guide and tutorials on EMD’s website:

http://www.emd.dk/energypro/
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