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1. Introduction

This document describes the software developed for the deliverable DC1 “MicroGrid Central Controller
strategies and algorithms” of the MICROGRIDS project. The scope of this software is to provide a flexible
tool for the Microgrid Central Controller for the optimization of the Microgrid operation according to the
“good citizen” policy under steady state security constraints and the load options described in the part 1 of
this report.

The data are kept in a MS® Access Database created for this purpose in order not only to provide the
desired flexibility in the design of the simulation tool but also programming robustness. The programming
language used is MS® Visual Basic 6.A setup program for the installation of this software is prepared- as well
as a presentation of the capabilities of the software-“MGCC Demo-Deliverable DC 1 v2.0.ppt”.

The user can easily change the configuration of the Microgrid by the Human Machine Interface of the
Simulation Tool as described in Section3. In the same way the characteristics of the units can be easily
changed without affecting the execution of the algorithms. The capability of simulating different scenarios is
provided to the end-users since they are able to change the Financial Constraints, or the offers of the
microsources via friendly menus.

The algorithms used are described in Section 2 and Human Machine Interface in Section3. In Section 4
software installation guide lines are provided

Deliverable DC1 MicroGrid Central Controller strategies and algorithms 1
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2. Description of the algorithm and sub-routines used

2.1 Description of the algorithm

The input data for the simulation tool populate the database “MICROGRIDS.mdb”, in which the forecasted
and the open market prices are kept. Before starting a new
simulation the user can modify the configuration of the Microgrid, the data of the installed Micro Sources
and the open market prices. The flow chart of the algorithm followed is shown in figure 2.1.

demand, the offers from the microsources

start

CLEARING PREVIOUS RUNS &
INITIALISATION

|

IMPORTING
FINANCIAL&CONTRACTUAL
CONSTRAINTS

!
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LOAD & RENEWABLES
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(

END

)

Figure 2.1 Flow chart of the Algorithm followed by MICROGRIDS Central Controller Prototype
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Figure 2.2 Flow chart of the Algorithm followed by MICROGRIDS Central Controller Prototype when
Demand Side bidding is taken into account

Initially the data of previous runs are cleared and the initialisation of the data is performed.
Then the financial and contractual constraints according to the data of the Database(DB) are imported. Then
the forecast for electricity, stored in the DB is imported in the program. The Forecasts are checked for errors,
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such as extreme values, and the end-user is informed about probable causes of such errors .The forecast is
then presented in tabular and Graphical forms.Instead of a forecast in Load option A, we have the aggregation
of the demand that the consumers have bided.

The forecasts provided, the offers from the micro-sources and the demand side bidding values are used as
inputs to the Economic Scheduling functions. These functions comprise Unit Commitment and Economic
Dispatch Functions. The former decides on which units should be in operation, if active power will be bought
from the grid and if any load bid is accepted. The latter decides on the set-points of the committed p-sources.
The technique used for the economic scheduling functions is based on priority lists.

The final outcome of the Economic Scheduling functions is an Energy Production Plan consisting of the
settings of the p-sources and the load finally shed for the next hours of the simulation horizon. According to
this Energy Production Plan output calculations , such as costs, are performed and the results are presented in
both tabular and graphical form. Other calculations can be easily made since the outputs of the program are
kept in the same database. The prototype version does not allow update of the data in the Database. This is
however available in the full version of the program.

2.2 Description of the software modules
2.2.1 MAIN module

The main module of the MICROGRIDS simulation tool is the scheduler. This contains the necessary sub-
routines for the menus of the Human Machine Interface which are described in detail in section 3. From this
module the routines performing the simulation tasks are called and executed. These routines are contained in
other modules in order to provide the essential modularity of the software.

From the scheduler the following tasks are called :

1.Initialisation: Cleans the database from the data of previous runs (Cleandatabases function).

. Import and validation of the forecast data.

. Import of the offers of the micro sources and the prices of the open market.

. Import of the demand side bidding

. Economic scheduling functions.

. Calculation of Hourly costs.

. Calculation of costs for the whole period and for the electricity balance within the MICROGRID.
. Steady State Security Assesment.

. Production of output files.

O 003NN A~ Wi

2.2.2 FORECAST Module

This module is responsible for importing the forecasts and the financial and contractual constraints. In this
way it is almost guaranteed that the optimisation problem solved by the Economic Scheduling functions, has
a feasible solution. It consists of the following sub-routines:

Find Forecast :

It is the sub-routine that receives the data from the “forecast input” database table.

FindErroreousData

Checks whether the demand for the whole Microgrid, exceeds the installed capacity of the microsources plus
the interconnection line capacity. In such case the user is informed with an error message. The user is
informed about these problems via messages like the and the simulation process pauses till either the demand
or the capacities are revised.

2.2.3 UNIT COMMITMENT Module
The unit commitment performs the following tasks in the following sequence :
e Reads data about the micro sources of the system
e Reads the active power prices for this specific day as come from the open market.
e Finds whether the system can supply its own load in case of loss of grid. In such a case some
microsources are committed so that the Microgrid can work in islanded mode in case of loss of grid.
e Moreover reads data about demand side bidding such as price value of the bid and amount of
demand supplied or shed.
e Finds how many p-sources should be committed to secure power supply. Thus
a)A cost Table is created
b)Unit commitment is performed
Deliverable DC1 MicroGrid Central Controller strategies and algorithms 4
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¢)It is decided which load bids will be accepted or not

e The database table “CurrentStatus” is filled in

e These tasks are repeated for each step of the prediction horizon.
Analysis of the functions:

2.2.3.1 Get Data

Data about the microsources , the open market constraints and the amount of demand that is available for
shedding/supplying (option B/A) according to the bids are imported in tables. Also the previous status of the
units is examined. Moreover for the renewable energy sources such as Wind power and Solar Power a related
forecasted time-series is imported in order to give the upper limit of their production.

2.2.3.2 GET PRICES
In this table the coefficient Tables are calculated according to the offers of each one of the micro
sources, the open market prices and the values in price units of the demand side bidding.

2.2.3.3 CreateCentralCostTable

This table contains information about the differential cost of the offers of the Microsources, the prices of the
open market and the demand side bidding. This table is used as a reference table so that a copy of the
financial data of the Microgrid is stored before starting the Unit commitment process

The differential cost is calculated for the maximum production of the micro-sources. This can be either the
technical maximum as defines in the related static table or the maximum output due to weather conditions
like the Wind or PV units. For the loads the differential cost is the value of the bid in price units For the open
market the element of the table is calculated according to the maximum interconnection capacity.

If a unit is out of order, its value in that table is 1000.

The startup cost, if any, is also taken into account for the calculation of the differential cost.

2.2.3.4 Check for extreme values:

This sub-routine checks for extreme values in the data of the forecast or any values for the constraints that
may lead to a non-feasible solution. Then it is found out whether the microsources can reliably meet the
demand of a selected group of customers or a determined percentage of the demand if not for all the
Microgrid, in case of grid disconnection. If the microsources can meet the above requirement, the necessary
units for this purpose should be committed. Otherwise the units to be committed are specified according to
financial criteria only. In that way a Boolean variable takes value ‘True’ in the former case and value ‘False’
in the latter case and is returned to the program in order to proceed with the commitment of the microsources
and the grid.

Moreover in this function the demand that is going to be shed in case of emergency can be calculated either
when there are “low” priority loads or not and this information is alos returned to the unit commitment
process.

2.2.3.5 FindElecricityLimits

In this function the decision on the commitment of the units is made. The demand that the units(plus the grid)
to be committed should be able to meet is the Microgrid demand for the current step plus a Reserve factor —
for this application fixed at 10% of the demand . Moreover, if the steady state security concerns are taken into
account and the microsources can meet a prespecified demand, then the amount of electricity the
microsources should meet is taken into account. The above process is then carried out using the
CommitElectricity sub-routine. Furthermore, in this function it is found which demand side bids can be
accepted or not.

2.2.3.6 CommitElectricity

The microsources, the open market(considered as a huge generator) and the demand side bidding offers are
set in ascending order, according to the CentralCostTable. If the microsources can meet a predetermined
percentage of the demand of the Microgrid then they should be committed until this demand is met so that
steady state security for this demand is maintained. This percentage may even be the total demand of the
Microgrid. In that case if the open market differential cost is lower than the microsources, energy is bought
from the grid but more microsources are committed in order to maintain the steady state security constraint. If
this minimum demand is met but the whole demand of the Microgrid is not met then the process is continued
until the total demand of the Microgrid is met.

If the microsources are not capable to meet this predetermined demand then the decisions to be made are
which microsources will be used, if active power will be bought from the grid, and whether any of the

Deliverable DC1 MicroGrid Central Controller strategies and algorithms 5
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demand side bidding is going to be accepted based only on financial criteria . Therefore the units - are
committed according to their ascending order until the total demand is met.

The loads that will not be served are found. If their bid is lower than the open market prices or the bids
of the microsources. Then these loads are considered as a “negative” generator that reduces demand without
producing electricity and are “committed” as a regular generator.

When steady state security constraints are taken into account and the system can be secure, then some
microsources are committed in order to meet this constraint, although it may not be the most economic
solution. When demand side bidding is taken into account the loads that are more expensive than the open
market prices but less expensive than the microsources are indicated as loads that are going to be shed in case
of emergency.

Their status is written in the Database (Write2current status function) and the Economic Dispatch module is
called.

2.2.4 Economic Dispatch Module

The economic dispatch performs in a similar way the tasks of the Unit Commitment module. The
main difference is that the units to be dispatched are already known. The total demand is the demand to be
served according to the aggregation of the load bids or the forecasted demand minus the demand shed as
decided in the Unit commitment module and the demand side bidding has no other participation in this
module.

Only the units committed are taken into account. These units are dispatched at least at their technical
minimum. The differential cost is calculated according to the linear and quadratic offer coefficient, since the
units have already been committed and the consumption of each unit will be at least the constant fuel
coefficient. Therefore there is no reason for taking into account the constant fuel coefficient for optimising
the dispatch level of these units.

In a similar way with the Unit Commitment module, the Economic Dispatch module has a GetData
sub-routine(EDGetData), a GetPrices subroutine(EDGetPrices) and a Create CentralcostTable
(EDCreateCentralCostTable) subroutine that perform the same tasks as the Unit Commitment subroutines.
The differences of the other sub-routines compared to the unit commitment ones are described in the
following paragraphs

2.2.4.1 DispatchElectricity sub-routine

All the committed units are at least dispatched at their technical minima. Then the units are sorted
according to their differential cost and are dispatched until the total demand of the Microgrid is met. In this
way the most economic dispatch for the Unit Commitment will be retained.

When the Microgrid is working in an interconnected mode the committed micro sources are at least
dispatched at their technical mimima. In this way there are “running’ units within the MicroGrid that can
compensate for the disconnection loss.

Then the Database Table data are refreshed with the new levels of dispatch.

The results of the Economic Dispatch module are stored in the database Table

“OutputEnergyProductionPlan”.

2.2.5 COST CALCULATION MODULE
The cost calculation module calculates the cost of energy conversion for each interval and the costs for each
interval.

Production Calculation sub-routine:
This sub-routine, calculates the total production of the microsources and the cost of the demand shed if the
load option B is followed..

Cost calculation sub-routine

This subroutine calculates the costs of producing energy the income for selling electricity to the grid and the
expenses for buying energy from the grid

Deliverable DC1 MicroGrid Central Controller strategies and algorithms 6
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3. Human Machine Interface
3.1 Start-up Screen

The MICROGRIDS simulation tool start up screen is shown in fig 3.1. The user is informed about the
capabilities of the software.

. Microgrids Central Controller

Start Import Forecast  Contracks  Configuration Security  Output Tables  Graphs  Help

Inputs Outputs

Start Screen

e,
Fig.3.1. Start-up Screen

Before a new simulation starts the user can change the financial constraints, import new forecast, or change
the configuration of the Microgrids.

3.2 Import Forecast Menu
This menu is currently inactive but can be used for updating either a renewable energy sources forecast or
importing the load forecast for the next few hours

3.3 Changing financial data
The following screen provides the user with the necessary information about the contracted capacity and the
prices for the time-zones.

3.3.1 Contracted Capacity sub-menu

From this sub-menu the user can view or change the contractual constraints for the simulation. The way to do
so is shown in Figures 3.2 and 3.3.

Deliverable DC1 MicroGrid Central Controller strategies and algorithms 7
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=
Contracted Capacity
Timezone Electricity_buy Electicity_zelll Gaz supply| Stored Biogas
3 i 26 185 17810 1200
2 235 11.3 1500 15
E dit | Wigw | Audd | Delete Close

Fig 3.2 The Contracted Capacity sub-menu

. Contracted Capacity B [ 4

Timezore |1
Electricity By |4|:||:| k¥v/h
Electricity Sell |4IZIEI k¥v/h

Fig. 3.3The screen where the user can view information about Contracted Capacity
3.3.2 Prices sub-menu

From this sub-menu the user can change the prices for buying and selling Electricity. The way of doing so is
shown in figures 3.4 and 3.5.

Deliverable DC1 MicroGrid Central Controller strategies and algorithms 8
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el
Electricity Buy Prices
timeindex|  ActivePowerBuy| ReactivePowerBuy -
p | 24 11.236 —
2 177 11.236 o
K] 130 11.236
4 963 11.236
] K] 9819
g 17.01 11.236
7 271 11.236
g 3864 11.236
3 51.69 11.236
10 B2E 11.236
11 a1 11.236
12 100 11.236
13 93 11.236
14 143 11.236
15 93 11.236
16 73 11.236
17 40 11.236
18 3647 11.236
19 3585 11.236
20 1.3 11.236
21 4448 11.236 =
bl 24 0 141 20
Edit Get Pricez Add | [Nelete Cloze

Fig. 3.4 Information about Electricity Prices

. Manual Update of Prices o ] |

—Active power prices ——

" Increasze

|1 %

f+ Decreaze

— Reactive Power Prices 0t -
£~ Increase I ) %

i+ Decrease

Decrease Active power prices by 1%

Decrease Reactive Power Prices by 0.1%

ok |

Fig. 3.5 Manual update of Electricity Prices

If the user wishes to be connected with an internet site or with a file that contains updated prices then clicks
on the Get Prices Button and the following screen appears .

Deliverable DC1 MicroGrid Central Controller strategies and algorithms 9
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"
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Fig 3.6 Electricity prices and automatic update of them (perhaps, internet connection)

3.4. The Configuration Menu
From the Configuration sub-menu shown in Figure 3.7 the user can view or make changes in the
configuration of the Microgrid .

&-Microgrids Central Controlle —

Start Import Forecast  Contracts | Configuration Security  Oubput Tables  Graphs  Help

Fig. 3.7 The Configuration sub-menu

3.4.1 Microgrid sub-menu
Here changes such as the name of the Microgrid ,the number of end-users etc can be made. This sub-menu is
shown in figure 3.8

Any change in the configuration is also shown in this screen. Any change in the microsources, and the
Feeders made via this screen should be fully specified by the corresponding changes via the related sub-
menus in order to be activated. The user is prompted to do so by the message shown in fig 9. In this way the
data in the DB can be refreshed.

Deliverable DC1 MicroGrid Central Controller strategies and algorithms 10
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Microgrid 1D ||1

MicraGrid Name |M icrogrid M afpaktia
I ain Power Base [kKia) |3D—

i~ Mumber
Feeders |3— Fuel Buming Units |2—
MicroSources Ig— Matural gas Unitz ID—
Consumers |1-|— Bio-fuel Unitz ID—
“Wind Farms |1—
Hydro Unitz ID—
Py Units |5— Refresh |

Cancel |

Fig. 3.8 The Microgrid sub-menu

MGCC MARKET il x|

@ Please specify from the Main menu the updated characteristics of the micro sources installed in this Feeder

Fig. 3.9 Prompt for changing the data about the micro sources

3.4.2 Feeder sub-menu

Information about the number and type of consumers, the installed capacity of micro sources, the Renewable

Energy Sources installed, and the Capacity of Storage Capacity installed, is provided using this sub-menu.

Any change in the information of the microsources, should be followed by the corresponding change via the

Micro Sources sub-menu. Figure 3.10 shows the relevant sub-menu.

. Feeder Information x|

Feeder
D |-|
Hame |He&idential

Consumers |4
E lectricity igg KW

Capacity

RES 28 KW
Capacity

Storage o k¥h
Capacity

Fig. 3.10 Feeder Information

3.4.3 Micro Sources Sub-menu

From this menu the user can view, edit or delete the Micro Source selected or even add a microsources

specifying its characteristics

Deliverable DC1 MicroGrid Central Controller strategies and algorithms
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Micrognd Units
| rith anne it 0 ClusterlD] M axCapacity
ticroturbine 1 1 30
FuelCell 2 1 an
Wind1 3 1 15
P 4 1 3
P2 5 1 25
W3 1 1
P4 7 1 25
5 8 1 25
E dit | Wi | Add | Delete | LClaze

Fig.3.11. Micro Sources sub-menu
Information about a Micro Source is given in tabular format.

Information about the Feeder and the feeder the unit belongs to is given. Moreover a description of the type
of the unit as well as a display name is given.

Information about the active and reactive power of the unit is given , as shown in fig. 3.12.

i
Uit 1D I‘]
Description IMicroturbine
Uit Type: IFueI Eurning U nit LI
Feeder ID | 1 _I |Residential
Power I Fuel and offers Data Flsetgat[:l:tﬁj:r}-“ja\r‘f:r::gﬁe?s T Operation pararmeters

Rated Power [k |T Min Active Power (ki) #
Upper Load Limit [}i] IT M ax Active Power [kw] IT
Rate of Load Change (KW /niin) If Min R eactive Power [k\ar) IT
M ax Reactive Power [kWar] IT

Fig. 3.12. Information about power capacity of a selected Micro Source.
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The user can change the bid prices and the type of fuel of the selected unit as shown in figure 3.13 .Start up
parameters such as time of starting up the unit are given in fig 3.14. Operational parameters such as the
availability of the unit can change, as in fig3.15.

icixd
Unit 1D I‘I
Drescription |Micr0turbine
Unit Type IFueI Burning Unit LI
Feeder ID | 1 _I |Residential
Start up and Vol .
Pawer T Fuel and offers Data | g0 b 20 0o T Dperation parameters

Cold Startup Cost [Ect] |—5 Offer Coefficient & (Ect/ka2h) I o.01
Hot Startup Cost [Ect] IT Offer Coefficient B (Ect/kMwh) I 516
Shut down Cost [Ect] IT Offer Coefficient C (Ect/h) I 4E.1

Fuel Tupe

Fuel Type 'When Cold

Fuel Type 'wheh Hat INatu[alGag vI

Cancel |

Fig .3.13 Information about Fuel and offers data of a selected Micro Source

I [oT
Unit |D |2
Description |Fue|CeII
Unit Type IFueI Burning Linit LI
Feeder 1D | 1 _I |R esidential
Fower T Fuel and offers D ata Flset;l:tlal:ﬁ:ralrll:"ja:raonl::l?:sl Operation parameters
\warming Time (HOT] I'I— “Yoltage Regulation [FU] I q
‘warming Time [COLD] If M ax Woltage Regulation [PL] I 1.05
Start Up Time [HOT] I—3 Iin % oltage Regulation [PU] I 0.95
Start Up Time [COLD] | 5
Cooling Time I 2
Step Down Time I ]

Cancel |

Fig 3.14. Information about start-up parameters of a selected Micro Source
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: =lol ]

Linit D |1

Drescription IMicroturbine

Unit Type [Fuel Burming Unit =1

Feeder ID [ 1 | [Residential

Povwer T Fuel and offers Data T Hsnat;ijl;:t?ain;a\;aolﬁlﬂt:‘tg;s T Operation parameters
Clazss I 1
Train Code |‘|
Dizplay Code IMicloturbine
I Baze Unit

Fig. 3.15. Information about operation parameters of a selected Micro Source.

3.5 Starting a new simulation

After any possible changes in the input data, the user can start a new simulation from the start menu as Figure
3.18 shows:

Bt Import Forecast Contracts Configurstion  Dutput Tables Graphe  Hel

Fig. 3.18. Starting a new simulation

When these procedures for the whole prediction horizon have been completed, the results are presented in the
screen as shown in fig 3.19. The user is informed about the total demand of the prediction horizon in tabular
form, about the demand at hour intervals for the whole park in a graphical way. Another diagram shows the
demand at Feeder level.

Deliverable DC1 MicroGrid Central Controller strategies and algorithms
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& Microgrids Central Controller (5 x]
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Total Demand for the
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Moemand  ——— ETSTEA|] 3% Demand at Feeder Level
w
80 &0
~
&0 &0
a0 a0 T B resicenna
“ . Industrial
20
W commercial
MGCE MARKET 20
@ The forecast was imported successfully, view the resuts in the screen
0

Demand for the Microgrid at

S e Demand at each feeder of the

MG

View of the forecast

hstare || (AE2 G & § % @ || Baowoe- . | Bymicros.. | dymecama. | mensire-..| [Ewcrosct.. |[Fsticrogri.. [¢ DAAHOAG LS oo
Fig 3.19.The Screen after the successful import of the Demand patterns

Next, the Economic Scheduling Procedures start and the necessary calculations are performed. In the main
screen a chart with the production of the units is shown. The user can click on the chart and view the name of
the unit and its current production. In the banner, in the upper part of the screen, information about the total
demand and the energy balance is provided as shown in figure 3.20. From this screen the end-user can be
informed about the units dispatched during the previous run ( -3,-2,-1 steps) , the current moment 0 step and
the steps of the optimization horizon (1,2,3,4 steps). In that way the user of the software can view the

situation for the previous hour (4 quarters) and the next hour(4 quarters)

@ Microgrids Central Controller @]

Start ImportForecast Contracts Configuration Security Output Tables Graphs  Help

=lolx|

180

r 160

t 140

Power bought -
from the grid

t 100

Units Production

Fig. 3.20 The simulation tool has completed its process successfully

The user can access the simulation results via the Output menus, as shown in fig.3.21.
Deliverable DC1 MicroGrid Central Controller strategies and algorithms
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3.6 OUTPUT TABLE MENU
From this menu the user can view the output information in tabular format.

3.6.1 Costs sub-menu
In this table the user can be informed about :

-The Total cost for meeting the Microgrid demand

-The Income from selling electricity to the open market

-The cost of buying electricity from the open market

-The Fuels cost implying the cost of producing electricity from the microsources

For each step of the optimization horizon as shown in Fig 3.21

Broupuccons =il
Output Casts
Timelndex| Owerall Cost Income|  Fuels cost| Electiicity_bought_cost| |
1 19 1.624 =
2 1.61 1] 0.56 1.05
3 1.29 1] 0.56 072
4 1.03 1] 0.56 0.521
5 0. 1] 0.56 0.145
E 1.45 0 056 0883
7 24 0 056 1.841
a 535 0 287 248
k] 203 0 44 368
10 916 0 44 4763
1 1293 0 5 7929
12 1594 0 515 10785
13 1565 0 536 10253
14 21.24 1] 531 15928
15 1581 1] 5.34 10.467
16 1288 1] 4.45 5.402
17 8.07 1] 287 5.203
18 8.07 1] 289 5.179
19 £.85 1] 1] E.345
20 744 1] 1] 7442 =
- — e 5 7 S5 LI_I
Edit | Wiew | Add | Delete | Close |

Fig 3.21.The Output costs Table

3.6.2 Electricity Balance sub-Menu

This menu is shown in fig 3.22. From this table the user can be informed for each step of the simulation
horizon about :

-The total electricity Demand

-The Electricity produced by the units of the Microgrid

-The electricity bought from the grid

-The electricity sold to the Grid

-The interruption of electricity to end-users if demand side management measures are taken into

account
[ rrSSS—— il
Output Electricity B alance

Timelndes|  ElechicityD emand Electicity_produced Electricity_sell Electricity_bought Interupted_elechicity -
7O.EE3 7| 1] E3.EE3 J

2] E1.331 7| 1] 64331 1]

3 57.376 7 i 50.376 0

4 55.745 7 0 48.745 0

5 50.705 5 0 44.705 0

[ 63.936 7 1] 46.936 1}

7 63.93 7| 1] 62.93 1]

[ 96183 0 i 36183 0

9 131.316 0 0 131.316 0

10 150.543 0 i 150.543 0

11 139.353 E7.46 1) 71.893 26

12 160727 BR.87F 1] 81.85 26

13 1445611 71.544 1] 77.967 26

14 151.848 70.952 0 80.836 26

15 151.028 71.305 0 79.723 26

1€ 141.358 ] 0 21.358 2

17 162,077 0 1] 162,077 1]

18 174144 1] 1] 174144 1]

19 191.028 0 0 191.028 0

20 180.202 0 0 180.202 0
21 170.208 0] 0 170.208 0 =

167 40 o o 17 40 o

Edit | Wiew | Add | Delete | Claze |
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Fig. 3.22. The Output Electricity Balance Table

3.6.3 Output Production Plan
From this table the user can be informed about the production of each unit in the Microgrids either in absolute
values or in Percentage values. In Figure 3.23, the output of the units is shown in percent.

BN cnergy Production lan-setpoints m sbsoute vakes S
Energy Output Plan
Timelndex Unit] Unit2 Unit3| Unitd] Units Unith Unit? |
2 E i 0 0 1] 0 1]
3 Z [ 1 i i 1 1 [
4 2 0 0 0 1] 0 0
] 2| 1] 0 0 a 0 o
g 2] 1] 0 0 i} 0 1}
i 2] 0 0 0 a 0 a
] 2 30 [1] [1] a [1] a
3 el 30 [1] [1] a [1] a
10 2953 a0 0 0 i} 0 1]
1 ] a0 EB3 0 1] 0 057
12 a0 3 5.85 07 052 058 0.58
13 30 30 7.4 035 0s 0s s
14 a0 30 5.32 13 1.08 1.08 1.08
15 30 30 E43 11 093 0393 093
16 el 30 [1] [1] a [1] 1.01
17 2 30 [1] [1] a 1] a
18 2 a0 01 1] a 0 0.05
18 0 i 1] 1] 1] 0 1]
20 0 i 0 0 1] 0 i}
» 21 0 i i i i i 0 i
[ — & - & & a & a ﬂ_l
Edit | Wiew | Add | Delete | Close |

Fig. 3.23. The Energy Production Plan in Absolute Values format.

3.7.GRAPHS MENU
From the Graphs menu the user can have a quick view of the output information and make further analysis of
the results.

3.7.1 Demand sub-menu
By selecting this Sub-menu the user can view once again the screen just after the completion of the import
of the load patterns as shown in figure 3.19.

3.7.2 Output Production Plan sub-menu
The display of OutputProductionPlan after the Simulation cycle is completed is shown in Figure 3.24.

. Microgrids Central Controller = x|

Start Import Forecast Contracts  Configuration  Seclrity  Output Tables  Graphs  Help

Output Table

Total Cost(Eura)  Fu 15 Elec Euro) I Ele 5 Unif
4 98.7 14.32 84.33 0 4.7 74.26
e

180

= 160

140 4 140

120 +

+ 120

100 4

- 100

T 80

T 60

a0
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Fig.3.24 The Output Production Plan Window

3.7.3 Cost Sub-menu
This is a bar-chart provides the total cost at each step and the contribution of fuels to it.

=18l x]

Stert Import Porecast  Corkracts  Configuration  Securky  Cutput Tebles  Grophs  Help

E =% Corsts for Each step

5 5

k s P
Euro | 20 a0

W rotscost
B Micro Sauces

[ &0

40 40

20 20

[ 2 3 4

Fig 3.25. The Screen when the user selects Cost and Unit Cost from the Graphs menu.

3.7.4 Energy Balance Sub-menu

The banner in the upper side of the screen is refreshed in order to give a view of the electricity balance of the
system. This sub-menu is automatically displayed for a few seconds after the execution cycle is completed, in
order to inform the user about the Energy balance of the simulation horizon. The typical energy Balance
banner is shown in Figure 3.26.

Production Balance

274.809
Fig 3.26 Typical Energy Balance Banner.

3.7.5 Emmisions Sub-menu
The user of the software can view the emissions avoided due to the MICROGRID operation. In figure 3.27
shows how the user can access the Emissions screen
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# Microgrids Central Controller =lEx
Stert Import Forecast Conbracts Configuration  Security | Qutput Tables Graphs Help

Dutput Table Costs

Electricty Balance

Output Production Plan »

24

2% Total production for the MGCC B = (O x|
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KW
180
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Figure 3.27 The main Screen of the software where the user can access the Emissions screen

A typical form describing the emissions avoided is shown in figure 3.28

. Environmental Contribution i - 10] x|

emmisions avoided
during the last 6
hours

Particles: 49 gr

Fig. 3.28 The emissions avoided because of the MICROGRID proposed operation

Deliverable DC1 MicroGrid Central Controller strategies and algorithms

19



MICROGRIDS
ENK5-CT-2002-00610 Version2 - Status :Final

3.8 LOSS OF GRID MENU

From this menu the user can view the steady state security for the whole period under study when the grid is
disconnected. A graph shown in fig 3.29 shows whether the system is secure or insecure.

If the value in the graph is 1 , the Microgrid for this specific step is insecure in case of grid disconnection, if
the value is 0 the Microgrid is secure.

& Loss of Grid Security | x|

1 1

—+- Security Index

1 for
Unzafe,
0 for
Safe

i Rl SENCN TN WAERE [ PEER. SN SN TN LERRE SR Eaee Jpwe S oo S
1 2 3 4 5 3 7 8 9 10 1" 12 13 14 115 16

Fig 3.29 Loss of Grid Menu

When demand side bidding is applied then the end-user using the same menu can be informed about the
possible load shedding
Figure 3.30 displays how much load is possibly shed in case of grid disconnection in two cases.

a. Bids for disconnection of low priority loads are accepted (red line)

b. There are no priority loads.(green line)
The lower curve shows the demand to be shed even if the low priority loads have been shed. The upper line
shows the total demand shed in case of grid disconnection.

. Loss of Grid Security B x|
140 140
kY
Shed 120 A 120
bt
100 e * 100
g u
rd [
50 . 80
ik b A —}— High Priority Load Shedding
{ \
&0 7 *% W T 5% = Total Load Shedding
40 40
f A
/
20 20
o sy 1&‘ o
ETATETEVTIA ol [ Twl Twl Il Tl 1 1w
U S ol i = P B

Figure 3.30. Load to be shed in case of grid disconnection

3.9. HELP MENU
The help menu contains two sub-menus
e  Help sub-menu
Help provides short text with information about the capabilities of the softwae
e About sub-menu
This is a typical “about” window that describes shortly the application and information about the
program version.
These 2 windows are shown in figure 3.31.
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1. Load Forecasts
Version 1.0.0 2 The prices for electricity from the open market
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4. Renewable Encrgy Sources Forecast (6. Wind etc]
Microgrid Central Controller Market 5. The requitsmants for steady stats security
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mictsources will be accepted and at what lsvel the production fror
the microsources wil be

This process is repeated once in an hour with optimisation steps of
For each ane of these steps this software finds the optimum gener:
_>l_I

4] |

COMTRACT ENKS-CT-2002-00810

Created by A Tsikalakis Power -
Systems Laboratory ICCS/NTUA System Info... |

Fig 3.31 Help and About Forms

3.10. OUTPUT FILES

After the optimization process for the MGCC is complete the microsources owners are informed for the
suggested production for the next steps at 15 minutes intervals. Therefore relevant .txt files are produced such
as EnergyProduction_n.txt where n the number of the microsource. Moreover the microsource producers are
informed about the prices in the open market in order to make better offer to the MGCC with the file
prices*.txt. These *.txt files are kept in the installation folder of the Simulation Tool (default
“C:\ProgramFiles\MICROGRIDS-MGCC market”)
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4. Installation guide of the MICROGRIDS prototype software tool

From the CD run the setup.exe.

The setup program will install the necessary *.dlls and libraries for the Simulation program as well as the
database needed for the simulation

After copying of files (*.dlls) is complete,the setup screen is shown.

You can change the installation folder or the way you see the shortcut in the Programs Submenu.

The default folder is MICROGRIDS —Simulation Tool created within the Program Files Folder. (e.g
c:\Program Files\MGCC Market)

During the start-up, there may exist a message of a “file —in-use”, especially if you have run a program in
Visual Basic just before installing the Software. In such a case press Ignore and continue the setup.

If for some files there are newer versions in your computer keep answering Yes in the form that will pop up.
The setup informs the user when the installation is complete.

The Installation has been successfully tried in Computers with Ms Windows 98°/Ms Windows 2000® with
MSOffice97“/MSOffice 2000°.

The installation has not been tested in Ms Windows XP® and MsOffice XP®.

After the installation is complete go to the Programs menu and start from the
MICROGRIDS-Simulation Tool menu.

The password is blank ,just press OK in the form. Now you are ready for the simulation.
The software was optimised for a computer with the following characteristics :
¢ Intel® Pentium 4- 1.6GHz/512MB RAM
e 1024* 768 screen analysis in 17” screen
e MS Windows 2000°/MS Office 2000°.
The software has the following minimum requirements (that was the least powerful PC tested)
e Pentium MMX 166/32MB RAM

e 800*600 analysis in 15” screen
e MS Windows 98% /MS Office97®
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5. Conclusions

The following characteristics of the software are considered as its main advantages :
e  User-friendly

The Human Machine Interface is friendly and easy to operate, as described in section 3.
e  Modular

The functions that have been developed within the Simulation Tool can be easily used in other sites or to
solve similar problems. Any additions to the Software can be made without influencing the structure of the
program.

This modularity can help in the incorporation of new economic scheduling modules. In this way the user can
test also new modules too, without losing compatibility with the existing economic scheduling functions.

e Flexible

The use of the Database and the menus of the interface help maintaining the flexibility of the program. The
user can easily add, delete or modify the existing configuration via the menus described in section 3
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