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Introduction - What is new?

1. Introduction - What is new?

This version update of energyPRO encompasses the options for automatic calculation of operation
strategies. The update enables automatic calculation based on fixed electricity tariffs and automatic
calculation of operation strategies on Spot Market conditions (time series data). By introducing
automatic calculation of operation strategies we fulfil one of the most requested extensions to ener-
gyPRO.

The immediate visible changes on the energyPRO desktop are:

1. Electricity Market window substitutes the Periods of priority window.

2. Operation Strategy — new option for auto calculation of operation strategy.

3. Operation strategy calculation report.

Hereto comes a change that is not visible for the user is that the optimizing period is changed from

annually to monthly. Hence there might occur small differences in results when calculating with
version 3.3 compared with version 3.2.

1.1 Electricity Market window

The new Electricity market window is shown in Figure 1.

Figure 1: Electricity market substitutes old Periods of priority window.
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Introduction - What is new?

In this window is introduced a new term “Market Type”. Four types of markets are introduced, see
Figure 2. First “No market”, which indicate the absence of an electricity market, second “Flat rate”
indicating that the electricity prices is the same all the time.

Hereto come “Fixed Tariffs” and “Spot Market”. Fixed tariffs are tariffs such as the Danish triple
tariff or a UK “Day and Night” tariff. “Spot Market” are electricity spot market prices. The addition
(User def.) or (auto) indicates if the actual selected Operation strategy is calculated automatically or

1t 1s user defined.

Figure 2: Defining Market Type

Fixed Tariffs (User def.)

+ Spot Market (User def))

—Market Type —Market Type
Mo barket Mo bark et
Flat Rate Flat Rate

Fixed Tariffs (Auta)

= Spot Market (Auto)

The layout and functionality of the rest of the Electricity Market window depends on the actual
choice “Market Type” and choice of “Operation Strategy”. If “No Market” or “Flat Rate” are cho-
sen the rest of the window is empty.

Figure 3: Electricity markets. Fixed tariffs selected as Market Type

energyPR0O 3.3 - Two CHPs on fixed tariffs, NPY of 15 years planning period
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Introduction - What is new?

If fixed tariffs is selected the rest of the information in the window is identical with the periods of
priority in energyPRO 3.2 version. That is a list of the names of the tariff periods (to the right) and
a definition of which time periods that belong to the tariff names (lower part of the window). For
further information please refer to the energyPRO 3.2 Users Guide.

If “Spot Market” is chosen the rest of the window will change, see Figure 4.

Figure 4: Electricity markets. Spot Market selected as Market Type. Upper: Operation strat-
egy selected as user defined. Lower: Automatic calculation of operation strategy.
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Introduction - What is new?

In Figure 4 is shown the “Electricity market” window if “Spot Market” is chosen as Market Type.
The upper part of the figure show the window as laid out if operation strategy is selected as user de-
fined and the lower part shows window lay out if operation strategy is selected as automatic calcu-
lated operation strategy. Common for both is that they have to be based on a selected time series.
Note that the time series first must be established as an element in the External conditions folder.

Figure 5: Defining “Spot market”. Left: Operation strategy is user defined. Right: Operation
strategy is calculated automatically

Spot EEE 2005 w | (Select Spot prices from time series) European Energy Exchan | (Select Spat prices from time series)
Priority name il hesel Quality of Spot Prognosis Advanced
Good prices | 36,00 Mo proghosis

MWedium prices 17 .00 Add line +) Rough

Below hid. price

Delete line Detailed

If the “User defined” operation strategy is selected a filter has to be set up to divide the selected
time series into subgroups, se Figure 5 left. In this example the user has chosen to divide the Spot
prices into three price groups. “Good prices”, “Medium prices” and “Below bid. Price”. Good
prices are here all spot prices above “36,00”, medium prices are prices above “17,00” and under
“36.00”. All prices below “17,00” belong to the group “Below bid. Price”.

On Figure 5 right, is shown how the Spot Market is defined, if the Operation strategy is chosen as
auto calculated. Here it is possible to choose the “Quality of Spot Prognosis”, which basically de-
cides how many subgroups the spot prices are divided into. Better quality means more subgroups.

To illustrate this see Figure 6, which shows the default values used for making subgroups. If “No
prognosis” is selected, there will be no subdivision. If “Rough” or “Detailed” are chosen, there will
be one price group containing the hours with the highest spot prices. In the default setting this is set
to 5% (“Hours in peak price hours ). The rest of the hours are divided into a number of sub-
groups/price intervals. The default setting is 3 intervals in “Rough” prices and 6 intervals in “De-
tailed” Prognosis.

Figure 6: Defining “Spot market”, advanced setting

European Energy Exchan v | (Select Spot prices from time series)

Quality of Spot Prognosis— - Ad

No prognasis Hours in peak price hours [%)] 5
» Rough Intervals in Rough Prognosis 3
Detailad Intervals in Detailed Prognosis 5

This division in subgroups will furthermore be supplemented with the electricity balance prices be-
tween boilers and CHP-units, independent on the quality of the spot prognosis.
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Introduction - What is new?

1.2 Operation strategy window

The new Operation strategy window is shown in Figure 7. The main change is the new option for
choosing between automatic calculation of operation strategy “Minimizing Net Heat Production
Cost” and user defined “User defined Operation Strategy”.

The functionality of “User defined Operation Strategy” is identical with the functionality of the
original energyPRO operation strategy found in versions prior to version 3.3.

Figure 7: Operation strategy. Selection of Operation strategy mode added

energyPRO 3.3 - Two CHPs on fixed tariffs, net present value of 15 years planning period (Modified)

File 3etup Took Help

nlela 2 / \
Input data /

’—Operatmn Strategy

(= Operation strategy
(1] Ermironment
=-[E Economy
#- [ Fxternal conditions
= [ Revenues
=14 Sale of heat
{1 Tatal sale of heat
- [12 Sale of electricity
{14 El sale WD winter hight
- El zale WD winter madiurr
[ El zale WD wintar low
24 El sala WD summer
{14 El sala WD rast

|

+ Minimizing Met Heat Production Cost

) Usger Defined Operation Strategy

January 2007w | (Select month, to see operation strategy of this manth)

[GEPTTTRTTE LD it N e T WD Rest Night

hight med o summer

Gas engine 1
Gas engine 2

Boilers

Miscellaneous Production to | Partial load

-E4 El sale night

#-[87 Onaratinn sxbanditires 86 thermal store allowed
| & allowed
Reports
(22 Production, Graphical # Il Gas engine 1 ]
g Energy EDHVErS?Dn‘ annuz\l e i & D g
nergy conversion, mont e e
il ! Boilers = X

(23 Energy conversion, summary
(22 Duration curve for heat demand
(23 Emviranment

+ (23 Cashflow, Monthly
(23 Cashflow, Summary
22 Cashflow, Graphical
(32 Financial Key Figures

#-[23 Income Statement

[P Incnme Staterment Surmemar
S |

%

1.2.1 The operation strategy. Fixed tariffs.

Figure 8 shows an example of an operation strategy with auto calculated Net Heat Production Costs,
in the matrix consisting of the tariff names and the production units. These values cannot be edited
while “Minimizing net Heat Production Cost” is selected. Choosing “User defined operation strat-
egy” hereafter will keep the calculated values and make the table editable.

Figure 8: Operation strategy table. Minimizing the net heat production cost. Fixed tariffs.

[GEP/MWYh-Heat] Winter Winter | Winter low | Summer Rest Might
hight med

Gas engine 1
Gas engine 2

Boilers

<1

energyPRO 3 3 Introduction.doc Version: 1
Date:03.09.2007 Page 7 af 17

EMD International A/S, Niels Jernesvej 10, 9220 Aalborg @, tel: 9635 4444, fax: 9635 4446, email: emd@emd.dk, Web: www.emd.dk



How is the Operation Strategy calculated?

The functionality of “Minimizing Net Heat Production Cost” is described in the next section.

1.2.2 The operation strategy. Spot prices.

If “Minimizing Net Heat Production Cost” is selected the operation strategy table is substituted by
an graphic representation of the Net heat production cost for energy production units as function of
the electricity spot prices.

Figure 9: The operation strategy window with Net Heat Production Cost shown as function of
electricity spot prices

energyPRO 3.3 - Two CHPs on spot market (Modified)
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2. How is the Operation Strategy calculated?

The basic idea behind the automatic operation strategy calculations in energyPRO is that the net
heat production costs are calculated for each production unit for all tariff periods. For instance, if
there are six tariff periods, six prices for the net heat production costs are calculated one for each of
the six periods. When afterwards calculating the energy conversion energyPRO first place as much
production as possible on the production unit/tariff period combination with the smallest net heat
production costs. Hereafter the production unit/tariff period with the second smallest net heat pro-
duction cost will get as much production as possible, etc. This is done until all demands are met or
the production opportunities are exhausted.
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How is the Operation Strategy calculated?

The calculation of the operation strategy is entirely based upon the “Revenues” and the “Operation
expenditures” set up by the user to describe the Operation income'. Therefore it is of crucial impor-
tance that these payments are set up properly, prior to the energy conversion calculation. The en-
ergy and economy calculation are tied together and will affect each other. The calculation strategy
is calculated for each month in the planning period.

The methodology for calculating the operation strategy is a incremental approach where each of the
heat-producing units is calculated as stand alone units producing 1 MWh-heat. In this calculation all
the payments in “Revenues” and “Operation expenditures” are evaluated and calculated. The calcu-
lation is repeated for each production unit in each electricity tariff period.

This is the case for production units with heat production. In Figure 10 is shown the heat-producing
units in energyPRO. This is CHP, Boiler, Electrical heat pump and User defined. Note that a “User
defined” production unit need a heat production typed into the power curve.

Figure 10: Net Heat production costs are only calculated for Heat producing Production
units.

B Gasengine 1

Production unit type |User defined j W Annual non availability periods
Fuel type — |Boiler # | From date | Time To date Time
Paowerunit » |Electrical heat pump [ oam1] o000 1701 0000
Absarption Cooling —
Electrical Coaling 2 01402 00:00 02402 0000
""""""" P (User defined
Addline | Delate line
Power curees
Dperation | Fuel [kMY] Heat [kWY]|  Elec. Elec. Cooling
Ferfarmance power | consump. | [kWW]
[k [ K]
Linear [ az70l 211400 20000 0.0 0.0
Add line Celete line |I Enable formulars in power curve

[ Operation restricted to period
| Operation dependent on other unit

Absorption coolers are always set to a priority higher than all heat-producing units. Electrical cool-
ers are always set to a priority lower than heat-producing units.

If a payment is the same in for all productions units in all tariff periods the payment is ignored. By
other words fixed payments not related to the operation of production units are eliminated.

! See the energyPRO 3.2 manual for how to set up economy
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How is the Operation Strategy calculated?

In annex 1 is shown how the formulas, that may occur when describing the payments, are inter-
preted when being used to calculate the operation strategy.

When optimizing energyPRO calculates new operation strategies for every month. By selecting a
month in the project period, the corresponding operation strategy is calculated and shown in the ta-
ble as shown in Figure 11.

Figure 11: The operation strategy for an arbitrary month of the planning period can be se-
lected

Dperation Strategy
= Minimizing Met Heat Production Cost

2 User Defined Operation Strategy

anuary 2007

(Select month, to see operation slrateuv_ofthis month)

N

[GBEPMWYh-He

WD winter
higkt

February 2007 L
Warch 2007

: Apnl 2007
Gas engine 1 May 2007
Gas engine 2 -une 2007
July 2007

Boilars Adsigiast 2007

Seplamber 2007
Ciciober 2007

Newvarnber 2007
December 2007 |+

2.1.1 Limitations in use of the automatic calculation of Operation Strategy

There are two limitations in the use of the automatic calculation of the operation strategy. The first
limitation is that use of formulas describing the power curves of the production units is not allowed.
See Figure 12.
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How is the Operation Strategy calculated?

Figure 12: Automatic calculations of the operation strategy is not possible if formulas occur in
the power curves for production units

M [Gas engine 1

Froduction unit type |CHF' j v Annual non availability periods
Fuel type |Natura| gas j # From date | Time | Todate | Time
Powerunit ww  ~| | q[  oso1] omoo 17-01  00:00
2 01-02  00:00 03-02 00:00
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Linear rrin(Z*HO1 (); [ IS RN 1yfin(HD 1 340 5700 4; 4000)
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Add line | Delete line |I7 Enable forrmulars in power curve f« | Check farmulars

I Operation restricted to period
™ Operation dependent an other unit

The second limitation is if the process production option is enabled, as indicated on Figure 13.

Figure 13: Automatic calculations is not possible if the process production option is enabled

energyPRO 3.3 beta: - Two CHPs on fixed tariffs, net present value of 15 years planning period
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Report Operation Strategy Calculation

3. Report Operation Strategy Calculation

There has been added a new report “Operation Strategy Calculation”. This report shows the calcu-
lation of the operation strategy in details. The report is invoked by clicking the Operations Strategy
Calculation folder in the Reports tree view, shown in Figure 14. Then choose the month to be
shown (Figure 15).

Figure 14: Selecting Operation Strat- Figure 15: Selecting a month for the

egy Calculation Report
Reports Operation Strategy Report EJ@E|
+-[0 Cashflow, Monthly ~ _
| Cashflow, Summary Chooze Month for Strategy calculation

([ Cashflaw, Graphical

[ Financial Key Figures
+-[ Income Statement

(3 Income Statement, Summary v 0K
+-[L0 Balance Sheet
Cancel
(1 Balance Sheet, Summary

[ Catalogue of Technical Assumptions
[ Catalogue of Economical Assumptic
=4 Operation Strategy Calculation

Hereafter a report will appear. An example is shown on Figure 16.

The report starts with a main table containing the calculated Operation Strategy. The value in this
table is identical with the values found in the Operation Strategy window.

Hereafter follows tables with detailed calculation results for each production unit. Each table con-
tain the calculation of the net heat production costs in all tariff periods.

Note that payments that are identical for all productions units in all tariff periods are removed. This
could for instance be a fixed payment not related to the energy conversion.
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Report Operation Strategy Calculation

Figure 16: Operation strategy calculation an example

energyPRO 3 3.3.0.1 Jun 2007 o,

Two CHPs on fixed tariffs, net present value of 15 years planning period T ATDEra00T 150434 1 1
This example illustrates two CHPs operating under fixed tariffs hased on British conditions. [TES—
Planning period is setto 15 vears. EMD International A/S
1 GBF is approx. equal to 1.5 EUR Mielz Jemesve) 10
DK-9220 Aalborg @
+45 8635 4444
b n n |
Operation Strategy Calculation (January 2007)
| |
Operation Strategy maintable
[GBP IWh-Heat] Winter_hight Winter med Winter low Summer Rest HNight
Gas engine 1 -23 -18 -3 7 12 18
335 engine 2 -23 -18 -3 7 12 18
Buoilers 20 20 20 20 20 20
Gas engine 1
[Al amounts in GBPMHh-heat] Winter hightWinter med Winter low  Summer Rest Might
Revenues
Sale of heat
Sale of heat Total 0.00 0.00 0.00 0.00 0.00 0.00
Sale of electricity
El sale WD winter hight 73.44 n.ao 0.00 0.00 0.00 0.00
El gale WD winter medium n.oo -63.20 0.00 0.00 0.00 0.00
El sale WD winter low 0.oo 0.oo -63.43 0.00 0.00 0.00
El sale WD summer n.ao n.ao 0.00 42 69 0.00 0.00
El gale WD rest n.oo n.oo 0.00 0.00 -38.04 0.00
El sale night 0.oo 0.oo 0.00 0.00 0.00 3202
Sale of electricity Total 7344 -68.20 -53.43 -42.69 -38.04 32.02
Total Revenues 7344 -68.20 -53.43 -42.69 -38.04 32.02
Operating Expenditures
Fuel costs
Matural gas 45.30 45.30 45.30 45.30 45.30 45.30
Fuel costs Total 45,30 45,30 45.30 45.30 45.30 45,30
Operation&Maint.
Engine 1 473 473 4.73 4.73 4.73 473
Engine 2 n.oo n.oo 0.0o0 0.0o0 0.0o0 0.0o0
Boilers 0.oo 0.oo 0.00 0.00 0.00 0.00
Operation&Maint. Total 4.73 4.73 4.73 4.73 4.73 4.73
Total Operating Expenditures 50.03 50.03 50.03 50.03 50.03 50.03
Heat Production Costs -23.41 1817 -3.40 7.34 11.99 18.01
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New and Existing energyPRO-projects

4. New and Existing energyPRO-projects

Existing energyPRO projects are basically unaffected of the changes. There might be small varia-
tions in calculation results due to the change from annual to monthly optimization, when comparing
results calculated in the old 3.2 version and the present 3.3 version.

4.1 Fixed tariffs or Spot market selected in Electricity Market

Existing energyPRO projects (prior to version 3.3) is automatically set in user-defined mode in the
Operation Strategy window. This setting is equivalent to Operations strategy functionality used up
till now in energyPRO, shown in Figure 17.

Figure 17: Operations strategy. In existing energyPRO projects the operation strategy is
automatically set to User defined

energyPRO 3.3 - Two CHPs on fixed tariffs, net present value of 15 years planning period
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If the Operation Strategy is changed to “Minimizing Net Heat Production” the “Priority of Produc-
tions” table is changed. Firstly, the table name is changed to “<Currency>/MWh-heat” (example
“£/MWh-heat). Secondly, the values in this table are substituted by the calculated net heat produc-
tion cost for the production units in the respective tariff periods (first month in calculation period).
Hereafter it is not possible to edit the table values.
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New and Existing energyPRO-projects

Figure 18: Operations strategy. If “Minimizing Net Heat Production Cost” is selected the Op-
eration strategy is shown for the first month of the year.

energyPRO 3.3 - Two CHPs on fixed tariffs, net present value of 15 years planning period (Modified)
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4.2 New energyPRO-projects

The Operation Strategy mode is as default set to “Minimizing Net Heat Production Costs™.
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Annex 1: Interpretation of formula functions in “Revenues” and “Op-
erations expenditures”, being used calculate the operations strategy

Function Formular
(Economy functions) (Power curve values) Comments
Systemlevel functions 0
AccDeliveredElectricity 0
AccReceivedElectricity 0
AccReceivedFuel 0
APeakDeliveredElectricity 0
APeakReceivedElectricity 0
Electricity demand exists
DeliveredElectricity 0 1/HeatProd*EIProd |No electricity demand exists
PeakDeliveredElectricity 0
PeakReceivedElectricity 0
PeakReceivedFuel 0
0 - Electricity demand exists
ReceivedElectricity 1/HeatProd*EIProd No electricity demand exists
ReceivedFuel 1/HeatProd*FuelCon
Production unit level functions
AccEP 0
CD 0
CoolingProduction 1/HeatProd*CoolProd
EC 1/HeatProd*EICon
ED 0
ElectricCapacity 0
EP 1/HeatProd*EIProd
FC 1/HeatProd*FuelCon
HC 1/HeatProd*HeatCon
HD 0
1/HeatProd Powercurve unit in MW
HoursOfOperation 1/HeatProd*1000 Powercurce unit in kW
HP 1
PeakElecLoadAnnual 0
PeakElectricDemand 0
PHD 0
Turnons 0
Other
HeatValue Unchanged
UnitOfDemand Unchanged
Month Unchanged
Index, Unchanged
Indeksfaktor Unchanged
TSMean, Unchanged
Spotpricefunctions
PeriodsOfPriorityXDeliveredElectricity |0 Old subst. by SpotpricesXDeliv.....
PeriodsOfPriorityXReceivedElectricity |0 Old subst. by SpotpricesXReceiv...
PoPxDE 0 Old subst. By SPxDE
PoPxRE 0 Old subst. By SPxDE
SpotPricesXDeliveredElectricity 0
SpotPricesXReceivedElectricity 0
SPxDE 0
SPxRE 0
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Annex 1: Interpretation of formula functions in “Revenues” and “Operations expenditures”, being
used calculate the operations strategy

Where:

Heatprod = = Heat production capacity
ElPprod = Electricity production capacity
CoolProd = Cooling Production capacity
ElCon = Electricity consumption capacity
FuelCon = Fuel consumption capacity

All in [MWh] or [kWh]
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