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Introduction

1. Introduction

With energyPRO 4.1 we introduce time series in the economy section of energyPRO.

With time series in economy you are no longer constrained to have a fixed monthly price in your
payments.

At the end of the paper other changes in the input data structure are presented.

2. Price per unit as time series

Today it is possible to trade electricity on several different markets. It is not only spot markets, but
also regulating power markets that might be relevant to model. The example below illustrates an
electric boiler, which is buying electricity in both a spot market and a downward regulation mar-
ket.

Two instances of the electric boiler are made. One, where the boiler purchases electricity on the
spot market, when that is feasible, and another where the boiler purchases electricity on the
downward regulation market, when that is feasible and the boiler is not trading on spot.

A time series with the actual downward regulation prices is included in the external conditions.

The payment regarding purchase of downward regulation is modeled as seen below. As you can
see in the Price per Unit box you can choose between Fixed monthly price and Variable monthly

price.

When choosing Variable monthly price the Price per Unit input changes to a dropdown, where it is
possible select a time series from external conditions.
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Price per unit as time series

'E Elec. purchase downward regulating IEl_um
~Unit Selectmr
Payment concerns Production Unit
IF‘r&duction unit j IEIec boiler, downward regulation j
Type
IEIectricity consumption j 3
Formula selecting monthly amounts
IEC(EIE:: boiler, downward regulation;All Periods)

—Price per Unit

W N2010() j kr/MWh (in januar 2010) Variable monthly price j
B i i Fixed monthly price
Include in operation strategy ; .

[ Payment included in operation strategy calculation

ﬂ ﬂ Ok Cancel

Another example is varying fuel prices. In the example below the natural gas consumption is sub-

ject to a varying fuel price.

€ oo R

~Unit Selection
Payment concerns Fuel

I Received fuel j Iﬂatural gas j

m

Formula selecting monthly amounts

IF{eceiuedFueI(Natural gas)/HeatValue(Matural gas)

—Price per Unit
| kr/Mm3 (in januar 2010) Wariable monthly price j

~Include in operation strategy
[v Payment included in operation strategy calculation

ﬂ ﬂ oK Cancel

Another new feature is the possibility to state whether a payment is to be included in the opera-

tion strategy calculation.
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Time series in formula selecting monthly amounts

Up to now, payments have automatically been included in the automatic operation strategy calcu-
lation, with the exception of payments, which always have the same value regardless of the pro-

duction on the energy conversion units, as these were ignored.

By default, payments are included in the operation strategy. You have to uncheck this option if

you don’t want to include a payment in the operation strategy.

If a payment is included in the operation strategy calculation and time series is part of the formula
for selecting monthly amounts or price per unit, the monthly average of the time series is used

when calculating the operation strategy.

3. Time series in formula selecting monthly amounts

It is also possible to include time series in the formula selecting monthly amounts, see example be-

low:

e ———————RRRRRR = - S |

Unit Selection -
Payment concerns

|User defined j

IE Downward reg. payment

m

Formula selecting monthly amounts

Regdhours(_)*11 fx | Test |

Price per Unit
V¥ |Regdown{ ) «| DKK/|MWh (in januar 2010) Wariable monthly price «

£] ﬂ_ ) L] o MJ

In order to get access to time series in the formula field, you set the Payment concerns to User de-
fined.

Pressing fx provides you with a list of time series available.
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Capacity as part of formula selecting monthly amounts

: e - r o
ifm List of functions [— L=liEn X

External conditions

Reference CHF unit 1 and 2 production: CHPprod(_ )
Danish outdoor temperature: T(_)

Regdown prices: Regdown(_ )

Regup prices: Regupprices(_)

Availability payment upward reg.: StandUpi_)
ElspotEastdanmark2010: DEZspot(_ )

CHF spot production: CHPspotp(_)

Regup hid: Uphidi(_)

Regdown hours: Regdhours(_)

Regdown bid: Regdhid(_)

CHP Run: CHPRuni(_)

m

Other functions
TEMean (SYMBOLNAME )
Trndey FSYMBEOT MAWME Y

4. Capacity as part of formula selecting monthly amounts

If a CHP or an electric boiler is traded on an availability electricity market, like the German Minu-
tenreserve you need to include the electric capacity of the unit in the formula selecting monthly
amounts. Below is an example:

IE Pozitive Minutenreserve, BHKW 1_ = | B |-
Unit Selection -
Payment concerns
|User defined j

m

Formula selecting monthly amounts
|max(EF'Cap|:EIHKW 1)-EP(BHEMY 1:All Periods);0) fi Test

Price per Unit
¥ PosMR({ ) = £/ |MWh (in januar 2010) Variable monthly price

Include in operation strategy
Payment included in operation strategy calculation

€27

The payment calculates the Positive Minutenreserve on the CHP BHKW 1. EPCap returns the elec-
tricity production capacity and EP is the electricity production. In a given hour, if the CHP unit is
not operating the formula returns the capacity, which is available for the Positive Minutenreserve.
This is multiplied with the price in the Minutenreserve market at the given hour, represented by
the time series PosMR(_). If the CHP is operating at full load the formula returns zero.
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External conditions

The complete list of capacity functions is listed here (ECU = energy conversion unit):

e EPCap(ECU): Electricity Production Capacity

e ECCap(ECU): Electricity Consumption Capacity

e FPCap(ECU): Fuel Production Capacity

e FCCap(ECU): Fuel Consumption Capacity

e HPCap(ECU): Heat Production Capacity

e HCCap(ECU): Heat Consumption Capacity

e CPCap(ECU): Cooling Production Capacity

e PHPCap(ECU): Process Heat Production Capacity

e PHCCap(ECU): Process Heat Consumption Capacity

5. External conditions

Up to now, energyPRO has had an External conditions subfolder in the economy folder. In energy-
PRO 4.1 this folder has been removed. Now financial indexes are available from the main External

conditions folder.

At the External conditions folder three subfolders are included:

]
E energyPRO 4.0 - CHP plant with electric boiler traded in both spot and r
I R —

File Setup Tools Help

= n£ I? QlGraphicaIUSEr r.1|:|dej

Input data

527 External conditions

----- 7] Regulating power prices, down, West Denmark 2010 |5
----- 17 Spot prices, West Denmark 2010

—

ime series functions
' ----- v Etec—boiter tapacity, Downward regulation
----- (4 Elec. boiler capacity, Spot

----- ¥ Downward requlation, Elec. bailer

----- 17 Spot, Elec. bailer

----- (14 Bidding price, Elec buoiler, downward regulation
----- (17 Bidding price, Elec boiler, spot

.47 Sitas

The time series, time series functions and indexes are automatically located at the right subfolder.
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Electricity market as subfolder

6. Electricity market as subfolder

In order to obtain a more stringent setup of the input data the folder Electricity Market has been
redefined. The folder is empty when starting a new project. Right click on the folder to add or load
an electricity market:

E energyPRO 4.0 (Modified) (Calculated

File Setup Tools Help
== f I E GlGraphic:aIUser Mode ﬂ

InPutdata Site 1 h J- - | Zoorn: 100% :

""" (171 Project identification
-4 External conditions
=04 Sites

.17 Site 1
----- (17 Transmissions
----- 17 Fuels
----- 171 Demands
----- (71 Energy conversion units
----- (19 Storages

Add new electricity market
Load electricity market

-4 Economy

When adding a new electricity market, it is possible to name it:

File Setup Tools Help

O|=|E | Graphical User Mode |

Input data site1 Iy I -

(2] Praject identification e ——
=4 E_x‘[ernal conditions L e
£ Sites L T

i.-[1] Site 1 : - :
. | —

--[1] Transmissions Newr

-2 Fuels Electricity

& Demands T 11

--[7] Energy conversion units

--[17] Storages
E+-41 Electricity market

W=t ew Electricity market]

.[w#l Mineratinn etratems

In the form it is possible to choose between flat rate, fixed tariffs or spot market.

It is possible to add one additional electricity market. However, this market is limited to flat rate,
and it is only possible to add an extra market when the first market is fixed tariffs or spot market.

In order words, the functionality with adding electricity markets replaces the functionality “Access
to flat rate, when having spot market or fixed tariffs”, which in previous version was accessible
from the Project identification.
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New Storage folder

7. New Storage folder

In order to obtain a more stringent setup of the input data a new folder is made, Storages.

In this folder all the storages are placed.

=1 Demands

(121 Gas boiler E
= oradg
P 7] Heat Add thermal storage
=271 Electricit Add electrical storage [
...[17] Spot Add cold storage M
..... [ Opl?trﬂtlﬂf Load storage
I -] Environmcue
_— T o
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