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1.Accessing the online tool

This section provides detailed instructions for accessing the online interface, as well as to navigate
the dashboard and load or create examples.

1.1.Logging to your account

To access the online tool, select your preferred browser considering that Firefox (best option) and
Chrome offer the best experiences. The following link can be used to access the online tool:

https://hydra.org.uk/login

To create a new account (e.g., for users who do not already have an account), select “Create an
account” and provide the relevant information:

Login Register

Email Address test.user@manchester.ac.uk

Password Test

Remember Me

Terms and Conditions * User
Privacy policy *
Site in Beta \.rersion* o
university v

You must acknowledge the following
rules, by checking the relative
buttons, to continue: || |
== Terms and Conditions <<
== Privacy Policy <= Terms and Conditions *

>> Site in Beta version << Privacy policy *

Site in Beta version * rd

4

Create an ac

o
&

=1

o]

Users who already have an account (or have just created it using the instructions above) can access
the modelling interface dashboard after providing the relevant email address and password, and
selecting “Login”:


https://hydra.org.uk/login
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Login

test.user@ manchester.ac.uk

Remember Me
Terms and Conditions *
Privacy policy *

Site in Beta version *

& & &8

The website may ask for cookies to be accepted; cookies must be allowed for users to access the
dashboard.

"This website uses cookies to ensure you get the best experience on our website.’ »
Decline Allow cookies

Learn more

1.2.Accessing and sharing examples

There are different options to access a network model, which include contacting the network owner
and providing your user name (i.e., email used to login in https://hydra.org.uk/login) or importin the
network data from a json file (see Section 3.1 example on “Building a Network”). If you are
participating in a tutorial and provided your email address, the models should appear in your
dashboard, and you should have access to the json files.

Once the network model is accessible from the dashboard, you may be granted specific rights over
the model such as:
1. Right to share the network model and provide different access rights to the users you share
the network model with.
2. Having a personal copy of the model which is independent (and not accessible) to other
users, unless you share the model with them.
3. Right to edit the network model.

To share a network model with one or more users, the share option ('c ) has to be selected.


https://hydra.org.uk/login
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@A  MyProjects  HowTo EEengish > = &

Project Tutorial Power System Model

Networks
Grid View List View
Order by: Date (Ascending) ~
a < i w
WIpdsdUid
Test_Small
Nyinahin

2020-04-06 12:06:03

Fullyepresentation of the po

A new menu will open. Populate it by providing the accounts (emails) of the users who will have
access to the network and their right over the network models.

Share
Test_Small

# test.userl2@manchester.ac.uk || * test.user03@manchester.ac.uk

Allow users to re-share Network?

Allow users to edit the Network?

Give users their own copy of the Network?
New Network Name Test_Small

New Project Name Tutorial Power System

2.The modelling interface

Once an example is loaded (load “Test_Small” to follow the examples), the interface will present a
series of menus used to customise the network model and input data. An example of the interface
based on the “Test_Small” example is presented below.
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A My Projects HowTo  Back to Tutorial Power System Model' Eenglish = @

%" Test_Small Map Resources Data Metrics

ﬁs +

Il Scenarios 9314 -

Acwima Manha A N #
Kumasi o
Baseline 2 A
s z § C
= Runs ¢
[ Build LBus,ow-Generalor
Q Search
0
a5 PR
Nyinahin “

siani

etiMap Contributors =

$ Clear =

Leaflet | © © 2018 - Omniscale - Map data: Open

Info Errors Warmnings

The mouse can be used to move the map, and to scroll up or down to zoom in or out, respectively.
Hold the “Ctrl” key to drag and drop elements, such as generators (shown as green squares) and buses

(shown as blue circles). The interface provides several menus for the use of different functionalities,
such as:

1. Running the model
2. Accessing system level data
3. Creating scenarios
4. Building a network model by adding components
5. Searching for specific components and checking the list of components
@A  MyProjects ck to Tutorial Po ystem Modet Efengish- = @
%" Test_Small 1) Map  Resources  Data  Metrics = Generator
Ens/ «—2 ) [P o >
|8 Scenarios 9314 - # |Inpits
: Awima Manbya i [Siputs
Baseline v i Kathad
3 ~ Semngs
RLELLLS ) Sus 03 e Add Attribute
=Runs c
@ Build 4)
Q Search 5) - @M‘Gené
Info Errors Wamings e $ Clear =

2.1.Running a model

Selecting the option to run the model (ﬁ) opens a sub-menu that provides additional simulation
settings which are depicted in the figure below
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Run a Model

FD Energy Runner ~ a)
Mandatory Arguments
Network 4971 b

Scenario Baseline + )

Model mode o

| Electricity Network simulation ~ | d)

Optional Arguments Combined simulation

Electricity Network simulation

Resolution Tree REsoIUTION I FeeMontnu e)
Linear Loss @ (o2 f)
Feasibility e True ~ g)
Switches

Debug @ [ n

a) Engine: This will be the tool used to simulate the model. The default selection is the linear
energy model (“FD Energy Runner”).

Run a Model

[FD Energy Runner v]

FD Energy Runner
Integrated App test
NETWOTE ‘1}'}'55 o ‘

b) Network: Number assigned to the power network model in the interface.

c) Scenario: Set of network characteristics and profiles considered for the study.

d) Model mode: These are the different types of studies offered by the engine. Currently, two
modes are available, namely (i) “Electricity network simulation” that provides a snapshot
simulation of the network conditions during a single period (this option is currently disabled)
and (ii) “Combined simulation”, which provides a time series analysis with a horizon and time
resolution defined by the resolution tree (by default two representative days modelled with
an hourly resolution).

e) Resolution tree: This is an input file (json format) which provides a definition of a time series
for “Combined Simulations”. By default, the “ResolutionTreeMonth01.json” file is used, which
provides the assumptions to estimate the monthly performance of the power system based
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on two representative days (weekday and weekend), each modelled with an hourly
resolution.

f) Linear Loss: This is an optional argument currently used to calculate the power system’s losses
as a percentage of the total system’s demand (e.g., 0.02 corresponds to 2%).

g) Feasibility: This is an optional argument to enable consideration of demand and generation
curtailment. This option increases computational costs in large network models, but it can be
required for the solution of the model to be feasible in some cases. Therefore this option is
set to True (i.e., enabled) by default.

h) Debug: This is a switch used to enable additional model outputs used for development (e.g.,
debugging) purposes.

i)  Submit (or cancel): Press button for submitting (or cancelling) a simulation.

It is important to note that the menus are customisable, and particularly the modes and optional
arguments will be fine-tuned in consideration of the feedback provided by users.

Once a simulation is submitted, its progress will appear under the “Runs” tab.

= Runs @

Baseline -~ §

The simulation appears in blue while it is being performed and it turns green when it is successful or
red if it fails (e.g., the network was not properly set up). A Yellow bar means the execution command
is in the queue; refresh the page to restore the simulation.

Baseline v § C

Baseline o¥§ C

Baseline i §FoC

2.2.System level data
The system level data, including results from a successful network simulation, can be accessed with

the button on the top left side of the screen.

%= Test_Small

oA -

The system level inputs and outputs will appear on the right side of the screen:
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@ My Projects How To Back to 'Tutorial Power System Model' B Engiish ~ - o

%" Test_Small Map  Resources  Data  Metrics = Test_Small
oA - PN occais >

i i 4 i amasi Inputs
1l Scenarios 9314 - Fawnimang y & Inp

Baseline - i Outputs

h Settings
» = ®§ C Kuins
Add Attribute+

= Runs @

s 4
Kumasi

I
Baseine . g Mpasaus

# Build

Q Search > o

|

o
o84 )
! 10 km
| \ 10 mi
| S Anaso
Leaflet A Obuasi e
9 Al Info Errors Warnings $ Clear =

The system level data that is currently considered by the model includes:

1.

Nouwus

8.
9.
10.
11.

Demand settings: These are the names of the different demand profiles on file, which include
Winter weekday (i.e., “Values_1"), Winter weekend (i.e., “Values_2"), Shoulder weekday (i.e.,
“Values_3"), Shoulder weekend (i.e., “Values_4"), Summer Weekday (i.e., “Values_5") and
Summer Weekend (i.e., “Values_6").

PV settings: These are the names of the different PV profiles on file, which include Winter,
Shoulder and Summer.

Wind settings: These are the names of the different wind profiles on file, which include Winter
and Summer.

Demand values: These are the time series corresponding to the different demand profiles.
PV values: These are the time series corresponding to the different PV profiles.

Wind values: These are the time series corresponding to the different wind profiles.

Scaling metadata: These are multipliers that can be used to scale up/down the different
profiles.

Slack bus: Slack bus used for power flow calculations.

Base MVA: Base MVA values used for pu calculations

Minimum version: Minimum version of the energy engine that can be used.

Version: Current version of the energy engine being used.
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#A MyProjects HowTo  Back to ‘Ghananian Workshop'
%" Test_Small Map Resources Data Metrics
u =) o+
I8 Scenarios 9322 - Kunso
Gosto
Baseline bt Asuofia
s suoft
s z ® C Bedabour Danta
Atwima Manhyia A
Abrodie Kl Kumasi
#Z=Runs < N Niesedd
# Build Kwaon
Nyinahi
Q Search
o
B Bekwo:
Bu
°
Jacobo
Akrokér
Awsso
Mpsatia : p %
Sefwi Dwenasi otes
Sefwi Bekwai
104m
Sm
Bibiar Bewa
aet
Q Al Info Errors Warnings

Copyright © HydraPiatform 2016 - 2019

BfEngish = @
= Test_Small
IEY petails >
V3 Inputs
i Demand settings CaR. N |
PV settings [CaR N |
Fumesii Wind settings Zew
Demand values Zaw
PV values [CAR- N |
Wind values ZaW
Scaling metadata Zad
Slack Zew
2 3
baseMVA Zzew
100.0 2
minimum_version Zaw
o4
version Zeow
2 s
Outputs
=Full Model Output Zew
SR $ Clear =
S

The information can be accessed, and edited with the & option. An example of the “Demand values”

is presented below.

SCALING_VALUES_Demand - Test_Small (Baseline)

Raw Table Plot Metadata Options

- ROWS <+ = COLUMNS <+ DATA> Fli= ADD INDEX

0 1

0.8283 0.8019
0.8591 0.8278
0.8788 0.8548
0.885 0.8533
0.8049 0.7834
0.8135 0.7887

2

0.7879
0.8078
0.8401
0.8321
0.7668
0.7701

3
0778
0.7973
0.8232
0.8178
0.7366
0.7621

5 6

0.804 0.7983
0.7887 0.7701
0.8432 0.8078
0.807 0.7567
0.788 0.7679
0.7582 0.7264

7

0.7267
0.7133
0.7646
0.7302
0.7439
0.7052

8

0.7462
0.7061
0.7907
0.7269
0.7592
0.7027

9

0.7609
0.6974
0.8097
07222
0.7696
06898

07775
0.7864
0.8258
0.8093
0.7633
0.7559

Values_1
Values_2
Values_3
Values_4
Values_5
Values_6

e Iy IR & I =S S B G T

1 |

10

0.7664
0.6972
0.8199
0.7236
07713
0.6836

Dimensions

11
0.778
0.7057
0.8285
0.7392
0.7753
0.6803

725

N

12

07711
07131
0.8244
0.7493
0.7749
06829

o
13 14
0.781 0.795
0.7232 0.7444
0.8346 0.8434
0.765 0.776
0.7795 0.7984
0698 0.7084

Close

Apply

Save

(]
15
0.8C
0.74
0.84
0.77
0.8C
0.71

The results can also be plotted per column. In this case it is convenient to transpose the data by
selecting the “Table” tab, “Data” and option to “Transpose” so that every column has a 24h profile

(other time resolutions can also be used).

10
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Raw Table Plot Metadata Options

- ROWS = =  COLUMNS DATA= FlX= ADD INDEX

A 5 Transpose 5
1 Values_1 Trim ues_3
2 0 0.8283 + Column Summary 788
3 1 0.8019 e _._548
4 |2 0.7879 0.8078 0.8401
5 |3 0778 0.7973 0.8232
6 4 07773 0.7864 0.8258
7 |5 0.804 0.7887 0.8432
8 6 0.7983 0.7701 0.8078
9 7 0.7267 0.7153 0.7646
10 8 0.7462 0.7061 0.7907
11 9 0.7609 0.6974 0.8097
12 10 0.7664 0.6972 0.8199
13 M 0778 0.7057 0.8285

0.95

0.9

0.85

0.8

0.75

0.7

The interface also provides system level outputs, which include:

1. Full Model Output: Raw outputs including time series for the operation of each generator
(e.g., generation and commitment), line (e.g., losses and flows) and buses (e.g., curtailment
and voltage).

2. OF: Objective function which, by default, provides the monthly electricity costs.

3. Curtailment: By default this is the monthly load shedding.

11
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= Test_Small
Details >

4 Inputs

+  Outputs

Full Model Output F &

OF = &
63938841.83674934

R L3

Total curtailment & &

Ll

6276.503385500001

2.3.Scenarios

This functionality facilitates the comparison of multiple network studies within a single test network
model. The various studies, which can be based on different network conditions (e.g., different
demand profiles, line capacities, non-technical losses, etc.) are called scenarios.

To create a new scenario, a study must first be performed (using ﬁ). Once the study is successfully
performed (green run), the settings and results of the study can be cloned into a scenario by pressing

the button. The example below clones the results from the “Baseline”.

Ik Scenarios 9341

Baseling =

P = ¥ C

This will open the scenario submenu, where the new scenario can be given a name and description.

12
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Clone a Scenario

Scenario to Clone

Baseline -
Name Test
Description Scenario created for testing
Retain Results?

Close Clone

Once a scenario is created, the interface will automatically switch to the new scenario.

% Test_Small

oA -

Il Scenarios 9487

:

P = ¥ C

This allows the user to continue editing the settings of the new scenario with the caveat that any

further changes will be ignored when performing a new study (pressing n). This is because the
current version of the interface only uses the “Baseline” for the studies. Accordingly, it is generally
recommended to manually switch back to the “Baseline” scenario.

!;l Test_SmaII -;l Test_S mall

oA - o3 -

Il Scenarios 9487 & Scenarios 9485

e =2 .

Baseline

[l ] i ¥ C
Test

13
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See Section 3 (Examples) below for detailed applications of this feature.

2.4.Build - Adding components
The interface provides options to introduce new components to the networks, namely buses,
generators and links. Additional elements, including specialised variations of the aforementioned
components can be added upon request.

' Build

Energy

MNodes
® B -

Links

The buses and generators can be dragged from the “Nodes” category within the “Build” menu to the
map. The links can be added by clicking on “Links” to enable the “link mode”, and then click on two
elements (buses or generators) sequentially to link them. Once in the map, the elements can be moved
by holding the “Ctrl” key and dragging them with the mouse. To edit the settings of each element,
double click on that element or, alternatively, right click on the element and select “Edit Data”. This
will open the menu of the elements where the relevant inputs can be edited and the outputs can be

reviewed.
%" Small S Map  Resource Data  Metric = gen_1
—— Generator index (No Value) [CEE |
- 2 :
|8 Scenarios 10037 - # Cost function parameters Zad
Baseline i Costmodel ZaW
2 %
® z § C
Number of data points LA |
= Runs < Asuofs 3
e Shutdown cost (No Value) [CAR N |
Baseline , g Atwima Mentyia 4 Fumesdd
Kumasi
Baselne , g o . Startup cost (No Value) Zaew
] =
Build I N | -
' Ny ; Bus number Zaew
ghana-simplified-templat \ J ";’ﬂ-’ 1 %
f
Nodes \ { P> Load type (No Value) [CaN |
o m L > .
y ” Bek
8o £ o ah-
Links § MVA base (No Value) (LR |
N s
."5
Q Search oy Lower PQ curve real power LAl |
Mo i output (No Value)
e Upper PQ curve real power [CaN |
y:f—-. output (No Value)
X O Al Info Errors Warnings = $ Clear =
Copyright © HydraPlatform 2016 - 2019 G

In some cases, it may be useful to change the appearance of some of the components (e.g., to
highlight a particularly important generator). To achieve this, right click on a “Node” or a “Link”, and
choose “Edit Layout”, a window will pop up to allow you to modify the layout of the elements. Click
“Save” to save the changes.

14
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Edit Link Layout

Style Solid ~
Color -
Width ’

Edit Node Layout

Shape

Circle ~
Size Medium ~
Color |
Opacity )
Hidden |
GeoJSON

The main inputs that will be used in the examples below include:

1. Buses:
a.
b.
2. Lines:
a.
b.
C.
d.

Bus number.
Active power demand (MW).

Reactance (pu): Line reactance.

Source bus: Bus connected at one edge (to) of the line.
Destination bus: Bus connected at one edge (from) of the line.
Long term rating (MVA): MVA rating of the line.

3. Generators:

a.
b.
c.

Bus number: Bus connected to the generator.

Cost model: Option to select a piecewise (1) or a polynomial (2) generation cost curve.
Number of data points: Number of components of the piecewise or polynomial
approximation.

Cost function parameters: Components of piecewise or polynomial function.
Maximum real power output (MW): Generation capacity.

After a successful (green) run, the outputs would automatically be added to the menu under the
inputs. Currently, only the following results are outputted by the interface:

1. Bus:
a.

2. Line:
a.
b.

Voltage_Angle (radians): Voltage angle time series.

Active power losses (MW): Power losses time series.
Active power flow from source bus (MW): Power flow time series; the sign dictates
the direction of the flow.

3. Generators:

a.
b.

Status on-off (binary): Time series with the status of the generators (0:off 1:on).
Active power output (MW): Power output.

15
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2.5.Search

Locating specific network elements can become time-consuming as the size of the network and

number of components increases. The search menu provides more accessible options to locate the
components by presenting them in a list.

Q Search
Line 02-03
= MNodes
= pus
Bus 01
Bus 02
Bus 03
+ gen

=+ Links
= Groups

Alternatively, the list of elements, including options to edit ( L1 ) or delete (ﬂ) them can be
accessed by selecting the “Resources” tab.

ﬂ' My Projects How To Back to 'Tutorial Power System Model' *English - = -]
%" Test_Small = Map Resources Data Metrics =
ﬁ = Nodes Links Groups i
|B Scenarios 9342 show 5 = entries #

search: |
Test -

n
-

P = ¥ C

156384 Bus 01 bus = ﬂ
=Runs <
. 156385 Bus 02 bus rg ﬂ |
[ Build ]
Q, Search 156386 Bus 03 bus =z ﬂ
Line 02-03
156387 Generator gen r4

= Modes

Showing 1 to 4 of 4 entries
- bus

1
-

wipasata

Nyinahin

Leaflet

@ Al Info Errors Wamings ¥ Clear

3.Examples

This section highlights some of the key functionalities of the energy model and interface, which are
illustrated with several examples. The examples include:

16
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1. Building a network: Basic functionalities to build a network model and run it.

Editing a network: Opening an existing model, adding elements and running it.

3. Technical characteristics: Using different scenarios to explore the impacts of different network
settings, including line capacity, demand profiles, and non-technical losses.

4. Energy islands: Analysis of a system comprising independent energy islands.

~

3.1.Building a network

This example provides step-by-step guidance to build a 3 bus network model by defining, using the
interface, one generator and three nodes, and connecting them with two lines. The example also
provides the instructions to run a time-series study, i.e., considering two representative days with
hourly resolution. If some steps seem unclear, please revise Section 2 on “The modelling interface”.

Access the modelling dashboard by login in https://hydra.org.uk/login. The “Test_Empty” network
model may appear in the dashboard if the example has been shared with your account. Alternatively,
if you have downloaded the relevant json file (Test_Empty.json), use the dashboard to create the

example by selecting the “Create a Network Option” (i.e., large grey square with + symbol). This
will open the “Create a Network” menu. This window provides the options to manually create the
network or import it. Manually creating a network from scratch currently requires a large number of
steps and will not be addressed in this tutorial. Instead, the basic network template, without
components will be imported. So click the “Import” tap. Choose format “Import Hydra JSON” and
Template “Energy Template”.

Assign a name to the network (e.g., Test Empty) and load the json file “Test_Empty.json” from a
specific location where the files were saved in your computer by clicking “Choose file”. The test comes
loaded with hourly demand profiles for two representative days (weekday and weekend).

Create a Network

|:> Import Manual

Choose Import Hydra JSON v
format

Mandatory Arguments

JSON File Browse... | Test_Empty json
Project 4004
Template Energy Template v

Optional Arguments

Network Name | Test Empty

Click “Submit”.

After submitting the network, the dashboard will be updated to include the new network. Click on the
new network (e.g., Test_Empty) to open it in the interface.

17
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#A  MyPrgects  HowTo SEEngish~ = &

Project Tutorial Power System Model
Networks

Grid View List View

Order by: | Date (Ascending) v

Be
N
fe
[ |

Test_Empty

2020-04-02 20:20:44

Full representation of the power network in ...

Assuming the map is used. Zoom in to the location where the network is to be built. A three bus system
will be created to demonstrate the use of different network components. To do this, take three buses

( .) and one generator ( = ) from the “Build” menu and drag them to the map. Remember that,
once in the map, the components can be moved by dragging them while holding the “Ctrl” key.
# MyPojects HowTo  Backto Tutorial Power System Model BBEnglish~ &

%" Test_Empty Map  Resources  Data

on -

18 Scenarios 9684 -

- N : K

Baseline

® =z 8 C Een 1
B

= Runs (< bus-1
# Build

ghana-simplified-templat
Nodes

Links

Q Search
Sz o bus_2
e bus_3 i
Tymale | 30 km. Kpandae o ooz i
afet Band; ©2018 Map data OpenStreetMap Contributors [l
- @ Al Info Errors Warnings $ Clear =
Copyright © HydraPlatform 2016 - 2019 G

From the build menu, select Links to have the “Link mode enabled”. Connect the different elements
(by clicking on them) as shown in the picture below. Afterwards, select “Links” again to disable the
link mode.

18
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A  MyProjects fowTo  Back to Tutorial Power System Mode BREnglish ~ &

%* Test_Empty Shep: | (Resooces | iDebe: | heias
= ' P ) {

= : <

|8 Scenarios 9684 - ] Novion g < e

Baseline v

- N : K

& z § C
= wgen_1
= Runs
. £ ® bus 1
[ Build 9

ghana-simplified-templat | ¥
Nodes )
o B

Links

Q Search

Db “ibusl
A b4
@
bus_: X

| Yoo @ Al Info Errors Warnings $ Clear =
Copyright © HydraPlatform 2016 - 2019 &

To populate each bus, double click on the bus (or right click and select “Edit Data” for the input menu
to appear on the right side of the screen. The minimum information required for each bus is:

1. Bus number: In the example shown above, numbers 1, 2 and 3 are assigned to each bus
respectively.

2. Active power demand (MW): In the example, assign 10 MW, 20 MW, and 30 MW to buses 1,
2 and 3, respectively.

A  MyProjects HowTo  Back to Tutorial Power System Mode! ERengish » &
%" Test_Empty Map Resources Data Metr = bus_1
= 4 ol E Details >
) o - N Inputs
1B Scenarios 9684 - s |
. Base voltage -3 |
Baseline - o ] = \ o sy 1 o
®  § C T e Shunt susceptance (No [ |
o gen_1 : v Value)
= Runs (o 4= @ busi S L ) DRyaou
@ Build : : ':” \ Area number (No Value) (LA |
\
ghana-simplified-templat : \ b
Nodés Tomale 1 ) Bus number [CaR- 3 |
1
o m
Links Bus name (No Value) Ll |
Bus type Zaw
Q Search 5 <
¢ . BUS_X (No Value) Zow
! )
1 - S ® bus_ 2
R —
b o‘-; X BUS_Y (No Value) LA |
us_:
Jpmete: |sokm | e 7 ' Shunt conductance (No Zon

Value)

o Al Info Errors Warnings $ Clear =
Copyright © HydraPlatform 2016 - 2019 G

As before, to populate each line, double click (or right click and select “Edit Data”) on the line to open
the input menu. The minimum information required for each line is:

1. Reactance (pu): In the example, set all reactances to 0.01 pu.

2. Source bus: Bus connected at one edge (to) of the line. Set the values to 1 and 2 for the lines
connecting Bus_1 to Bus_2 and Bus_2 to Bus_3, respectively.

3. Destination bus: Bus connected at one edge (from) of the line. Set the values to 2 and 3 for
the lines connecting Bus_1 to Bus_2 and Bus_2 to Bus_3, respectively.

4. Longterm rating (MVA): MVA rating of the line. In the example, set all ratings to 100 MVA.
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# MyProjects HowTo  Back to Tutorial Power System Mode B Englist w
%* Test_Empty Map Resource: ata  Metr = bus_1tobus_2
u = - E Details >
Inputs
IS Scenarios 9684 - S -
. Maximum angle difference LA |
Baseline - s \ ST ' (No value)
® z ¥ C =
. gen_1 v Minimum angle difference (No [CaR- |
=Runs c e bus:1 RSy ojougo Value)
@ Build =
aa Total line charging [CAR N |
ghana-simplified-templat & susceptance
Nodes Tl 0.0 $
o L § . Resistance Zaew
Links \ 0.0 B
Initial branch status (No [CAN |
Bassila Value)
Q Search (7
Reactance Zaw
0.01 :
Source bus (No Value) Zow
. be .
Tymale |s0km L! 10 Non-technical losses zZaw
e [20m
ot Y. 4 \ @ 00
| . o Al Info Errors Warnings ¢ Clear =
,,,,, ok 1form 2016 - 2019 &

Access the input menu of the generator and provide the following information:

1. Bus number: Bus connected to the generator. Set this value to 1.

2. Cost model: Option to select a piecewise (1) or a polynomial (2) generation cost curve. In the
example set this option to 2 to use a polynomial model.

3. Number of data points: Number of components of the piecewise or polynomial
approximation. Set this option to 3, to enable the use of three components of a quadratic
generation cost function.

4. Cost function parameters: Components of piecewise or polynomial function. Click on the
edit icon ( lzP) to access a window to provide multiple inputs. Set the values to 0.01, 20 and
0 in the first row (the table can be resized to be one row three columns).

5. Maximum real power output (MW): Generation capacity (MW). Set this value to 100

6. Minimum real power output (MW): Minimum stable generation (MW). Set this value to zero

%" Test_Empty Map Resources  Data  Metric = gen_1
nu = - - . ; T x E Details >
1§ Scenarios 9684 = . i B o / |Inpats
k I . Area participation factor (No LA |
Baseline - T N ! value)
f T § C
Generator index (No Value) [CARa N |
= Runs e "
& Build Cost function parameters Zaw
ghana-simplified-templat Cost model Car. . |
Nodes B 2 g
o m Number of data points AR |
Links 3 *
Shutdown cost (No Value) LA |
Q Search o :
Startup cost (No Value) LA |
& s T 7 iy | ?us number Z e f
Dovgen “ bus.3, Load type (No Value) LA |
T b —_— :; MVA base (No Value) LA |
| Te o Al Info Errors Warnings $ Clear =
Copyright © HydraPlatform 2016 - 2019 .

A summary of settings for the case study are provided below:

Bus data used in the example
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Bus Bus number Active power demand
bus_1 1 10
bus 2 2 20
bus_3 3 30
Line data used in the example
Line Reactance Source bus Destination bus Long term rating
Bus_1to Bus_2 0.01 1 2 100
Bus_2 to Bus_3 0.01 2 3 100

Generator data used in the example

Generator Bus number Cost model Number of Cost function | Maximum real
data points parameters power output
gen_1 1 2 3 [0.01,20,0] 100

Now that the model has been setup, run the network model by selecting E, and then running a
time series analysis, i.e., “Combined simulation”.
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Run a Model

| FD Energy Runner |

Mandatory Arguments

Network ‘4991 ®
Scenario Baseline -~

Model mode o

Combined simulation -

Optional Arguments

Resolution Tree i |ResolutionTreeMonthD1|
Linear Loss o ‘0_02 ‘
Feasibility True ~
Switches
Debug o [l

Cancel

Once the study is successful (green run), the outputs of the different network elements will become

available.

gen_1
Details >
Inputs
Qutputs
Settings
bus_3
Details >
Inputs
Outputs

Settings

bus 1

Details >

Inputs

Outputs

Settings

bus 1tobus 2
Details »

Inputs

Outputs

Settings

bus 2

Details >

Inputs

Outputs

Settings

bus 2tobus 3
Details >

Inputs

Outputs

Settings

An example of the outputs, taken as power generation (Active power outputs), for two
representative days is presented below. The information, presented as figures, time series or raw
data, for all elements of the network model can also be taken from the same menu.
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> 5q
48]

5 10 15 20

Baseline Case 0 Baseline Case 1 X

The network model developed here, called “Test_Empty_Completed”, can be accessed from the
dashboard or json file

3.2.Editing a network

This section provides step-by-step guidance to load an illustrative 3 bus power network model. The
network model file used in this example includes energy profiles for two representative days with
hourly resolution. If some steps seem unclear, please revise Section 2 on “The modelling interface”.

To begin this example, access the modelling dashboard by logging in https://hydra.org.uk/login. If
the “Test_Small” network model has already been shared with you, it will appear in the dashboard.
In that case, select the test to open the modelling interface.

Alternatively, if you have downloaded the “Test_Small.json” file, click on the “Create a Network”

option ( + ) to open a new menu and select the Import Tab. Create a new model named
“Test_Small” and locate the “Test_Small.json” file to create the model.

Create a Network

‘ Import Manual

Choose Import Hydra JSON v
format )

Mandatory Arguments

JSON File Browse... | Test_Small json
Project 4094
Template Energy Template ¥

Optional Arguments

Network Name | Test_Small

The “Test_Small” example will be created in the dashboard. Click on the example to open the
modelling interface.
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# MyProjects HowTo  Back to Tutorial Power System Model'

BlEngish - &
%" Small Map  Resources Data  Metrics =
e . "
2
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+ ‘ B e Fawimang Jamasi
18 Scenarios 10037 = #
Wiawso 3
Bodomas
Baseline - % 8
&7
bt Efiduas
. x | Kunso
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#=Runs c Asuotia
i Dantino
@ Build Anwiena iyt ., . romesas atoa
s Kukyom Kumasi .
earch t
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Bibiani Awaso 4 =
Sl Leaflet | © © 2018 - Omniscaie - Map data. OpenStreetMap Contributors
Info Erors Warnings $ Clear =

Copyright ® HydraPlatform 2016 - 2019

From the “Build” menu, select a node and drag it to the map

#A MyPojects HowTo  Back to Tutorial Power System Model' BRengish- @
%" Small Map Resources Data Metrics =
epa
= o &
= | Anyinasuso r
& Scenarios 10037 -
Wiawso .
Baseline - Bodomas: i
F
Eftiduss
®f  ®§ C — e uiman,
Jusben
o Name L 4 Agogo
#=Runs
< Description | Aniofts
i Dantino
# Build Type \ Atwima Manhyia A Fumesid Juansa
Kukuom D 167577 i Kumasi 8
ghana-simplified-templat 2
o e L)
Nodes ®
Kwapon \ __Xgnonga
o m
Links Sxinn
Q Search
e Belmal
°
Mpasatia TRES Jacobo.
Akrokérri
= i Leaflel | ©© 2018 - Omniscaie - Map data. Oper Jap Contributors
Info Errors Wamings $ Clear =

Copyright © HydraPlatform 2016 - 2019

&

From the build menu, select Links to have the “Link mode enabled”. Select the new bus and bus 2 to
connect them. Click again on “Links” to disable the link mode.
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#A MyProjects HowTo  Backto Tutorial Power System Model' ERBEnglish » &

%" Small Map Resources Data Metrics

Pl = Kenyasi No. Akyerensia
(> ]} | e b N e

& Scenarios 10037

~ ~Eu

Baseline -
&z § C E Kimo
#=Runs e Asuofia

@ Build

ntyia 4+
Kumasi

ghana-simplified-templat
Nodes

on Kwagon

Links

Q Search

Biblan. Bekwai

Awaso vest Resgrve
. 5 Leaflet | © © 2018 - Omniscale - Map data. OpenStreetiap Contributors. =

info Errors Warnings ¢ Clear =

gg5 -2019 S

https://www.hydra.org uk/project

Right click on the bus and select “Edit data” to access the input menu. Define a bus number (Bus
number = 4), a Load type (e.g., 0) and Active power demand (e.g., 25 MW).

# MyProjects HowTo  Back to Tutorial Power System Model' EfEngish» @

%" Small Map  Resources  Data  Metrics = bus 4

= Ker Details >
Anyinasuso 5 I

B Scenarios 10037 - Inputs

Wiaws ; Basevoltage Zaw
Baseline v & 00
Eftiduas:
* =z 8lC Kunso, Shunt susceptance (No LA |
o Value)
#=Runs c Asuofia $
& Build ani3ne Area number (No Value) LA |
Atwima anhyla 4
Kubuom Kumasi s

ghana-simplified-templat

— Bus number [CaR- 3 |
. . Kwapor 4 $
Links Bus name (No Value) el |
Q Search s pe BN
Bibs Bekwa o 2
BUS_X (No Value) LA |
BUS_Y (No Value) Zaow
|10 km Shunt conductance (No [ |
m | R E Value)
Biblas -
o Dwenas) . Leaflet |0 d
¥ @ Al Info Erors Wamnings $ Clear =

Copyright ® HydraPlatform 2016 - 2019 &

Right click on the new line and select “Edit data” to access the relevant input menu. This time
defines the Reactance of the line (e.g., 0.01 pu), the buses that are connected by the line (Source bus
=2, Destination bus = 4), and the capacity of the line (Long term rating = 100 MVA). The model
developed until this stage, which is called “Test_Small_Completed” can be accessed from the
dashboard or relevant json file.
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a

%" Small

-

= bus 2tobus_4

Et; 2 | remdnNo. Aerenss N . EDE(EHS)

I8 Scenarios 10037 -

» Inputs

; Maximum angle difference [ |
Baseline (No Value)
sz % C .
Minimum angle difference (No @& & W
= Runs [ Value)
# Build , 4 . :
" Kumasi Total line charging TN |
ghana-simplified-templat susceptance
Nodes .s“\ . 0.0
o m \ ' y Resistance Zan
Links ~:“\,‘ SO oo -
o” Initial branch status (No LA |
Q Search Value)
Reactance LA |
0.01 s
Mpasatia T Source bus [Ca- N |
Nyin. i 2 4
10m Non-technical losses Zaw
Bibis > : 0.0 <
‘o”m ; Info Errors Warnings $ Clear =
> form 2016 - 2019 L
Bus data used in the example
Bus Bus number Active power demand
bus_1 1 0
bus_2 2 100
bus_3 3 50
bus 4 4 25
Line data used in the example
Line Reactance Source bus Destination bus Long term rating
Bus_1to Bus_2 0.01 1 2 160
Bus_2 to Bus_3 0.01 2 3 100
Bus_2 to Bus_4 0.01 2 4 100

Generator data used in the example

Generator Bus number Cost Model Number of Cost function | Maximum real
data points parameters power output
gen_1 1 2 3 [0.01,20,0] 400

Now that the model has been setup, run the network model by selecting E, and then running a
time series analysis, i.e., “Combined simulation”. Once the study successfully concludes (i.e., green
run), access the power generation profile by double clicking on the generator and, in the menu of

the generator, select Outputs, “Active power output” and click on the & icon.
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gen_01

Details >
+

Inputs

Outputs

Status on-off F &

IActive power output = & ;I

Settings

In the new menu, select the Plot tab to visualise the power generation time-series.

160)

Baseline Case 0 Baseline Case 1

The results show that, during peak time (around 18:00h), the output of the generator is flat, which
suggests that either the demand profile is flat at that time (unlikely) or part of the demand is being

T O s~

curtailed. The latter can be confirmed by selecting the system level data ( = ) to access the monthly

“Total curtailment”, which is greater than zero in this case.

%" Test_Small
oo -
N Scenarios 9467
Bazaling i
f F § C
= Runs o
@ Build
Q, Search

The results confirm that some of the demand has been curtailed.
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Small

Details >

Inputs

Outputs

Full Model Output Z &N

OF Z &8
[10453686.293921 052

O

Total curtailment Z & n
‘47.49405000000001

4

Settings

Add Attribute4-

Several actions can be taken to address this issue and supply the full demand, such as reinforcing the
network. To explore this option, it is convenient to first clone the current study in a new scenario.
For that purpose, clone the “Baseline” and call the new scenario “Original results”

Clone a Scenario

Scenario to Clone Baseline .
Name Original resulis

Description

Retain Results?

Return to the “Baseline” scenario to continue editing the network.
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%" Small

—
=
e

\& Scenarios 10037

. Baseline

& =z w C

In this example, the impacts of a line reinforcement is explored by increasing the capacity of line
“bus_1 to bus_2" to 200 MVA (i.e., Long term rating = 200).

bus 1tobus 2

Source bus Fe N |
g g
Non-technical losses F 3 3 |
0.0 ¢

|Long term rating
200

Short term rating (No Value)

-
v

Perform a second “Combined simulation” study (ﬁ) using the new settings to explore if the line
reinforcement solved the issue.

Combined simulation -

Once the study is successful, double click on the generator to access its “Outputs” and select “Active
power output” and click on the = option beside it.

gen 1

Details >

Inputs

Qutputs

Status on-off F &n

Active power output &

Settings

The results show that the generation profile is no longer flat at around 18:00h, which suggests that
the full demand is being supplied now. Note that the “Original results” with the previous results can
be displayed in the figure if it is selected as shown in the figure below.
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Raw Table Plot Metadata Options
Scenario| 2items selected = | X-Axis - = Y-Axis - -~ PlotType Lines -

Baseling
17 v

Original results

160

150

140

1320

0 5 10 15 20

Baseline Case 0 Baseline Case 1 —— Originalvesults Case 0 —— COriginal results Case 1

The conclusion that there is no curtailment can be validated by using once again the system level data

option ( = ) to access the monthly “Total curtailment” which is zero this time.

Small

Lo L O e L (LR ]
PV profiles Z o8
Wind profiles Z o8
Scaling metadata [ 3 |
Slack Zeon
2 =
Base power [FAR 3 |
100.0 ¢
minimum_version Z o8
"0.4" |
version [Z 0 3 |
: 2]
Outputs

Full Model Output Z o8
OF Zeoew
2273030.1825290537 $ J
Total curtailment Z o8
0.0 5
Settings

3.3.Technical characteristics of the networks

This section provides step-by-step guidance to load, edit and visualise technical changes on a 3 bus
power network model. The technical changes that will be analysed include changes in line parameters,
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demand values and non-technical losses. The network model file used in this example includes energy

profiles for two representative days with hourly resolution. If some steps seem unclear, please revise
Section 2 on “The modelling interface”.

To begin this example, access the modelling dashboard by login in https://hydra.org.uk/login. If the
“Test_Technical_Small” network model has already been shared with you, it will appear in the
dashboard. In that case, select the test to open the modelling interface.

Alternatively, if you have downloaded the “Test_Technical Small.json” file, click on the “Create a

Network” option ( + ) to open a new menu and select the Import Tab. Create a new model named
“Test_Technical_Small” and locate the “Test_Technical_Small.json” file to create the model.

Create a Network

- Import Manual

Choose | Import Hydra JSON v
format

Mandatory Arguments

JSON File | Browse... | Test_Technical_Small json
Project ‘4094
Template | Energy Template v

Optional Arguments

Network Name | |Test_Technical_Small

The “Test_Technical_Small” example will be created in the dashboard. Click on the example to open
the modelling interface.

A  MyProjects HowTo  Back to Tutorial Power System Mode! Bengish- = &
‘;' Test_BuiId Map Resources Data Metrics =
< - Kumasi-a; =
> ¥
|l Scenarios 9307 - Mpasatia #

o x
Baseline "7 . 2

sz ¥ C AgcGos0
Nyinahin

=Runs (]

Z Build 5 g O pm—

Q Search 4;5;?/’

Bibiani /;5’;’% e 8
b~ -
Mpasatia ‘ gjy‘"‘y
Nyinahin g 4/5"/

‘:“9‘4’/ IR6

Siani

Msp Contributors E

Info Errors Warmnings
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Run the network model by selecting ﬁ, and then running a time series analysis, i.e., “Combined
simulation”. Once the study successfully concludes (i.e., green run), check the system level results by

selecting () to access the monthly “Total curtailment” and objective function “OF”.

Qutputs

Full Model Output Z &8
OF Z & n
|645242092.116667 S |
Total curtailment F & 0
|4152.224400C|0000‘1 > |

You should save the results for comparison by clicking on the icon clone scenario ( @ ). You should
select the scenario that you want to clone, in this case you should clone the scenario “Baseline”.
Furthermore, you should give a name to this new scenario. For this example we will name it as “original
solution”. Finally, it is optional to give a detailed description of the scenario that is being saved.

%" Test_Technical_Small

oA -

Clone a Scenario

il Scenarios 9450 Scenario to Clone Baseline -
Baseline hd .
Name original solution
Z w C
E Description
= Runs (]
Baseline v & c
[# Build
Retain Results?
Q, Search

Once the results are cloned, you have to select manually the Baseline scenario. This is necessary
because only modifications made in the Baseline scenario are accepted by the interface.
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%" Test_Technical Small

oA -

|l Scenarios 9451

original solution v

Baseline «

original solution

Baseline v 8§ C

# Build
Q, Search

The original solution has load shedding and the next step is to modify the network to eliminate the
load shedding. In this case the problem is caused by the line that connects the buses 1 and 2. The
thermal capacity of the line is 160 MVA which is not enough to transport the necessary generation
from node 1 to the loads at nodes 2 and 3 (100 MW and 200 MW respectively). Therefore, you should
change the thermal limit of the line by double clicking the line that connects buses 1 and 2, and then
modifying the “RATE_A" value from 160 MVA to 350 MVA.

bus_1to bus_2 bus 1tobus 2

Details > Details »

Inputs Inputs

Maximum angle difference = & W Maximum angle difference r e |
(No Value) (No Value)

Minimum angle difference (No rig-3 | Minimum angle difference (No -3 |
Value) Value)

Total line charging F & W Total line charging Faw
susceptance susceptance

o0 & [00 o]
Resistance F & W Resistance Ca- N |
0 ¢ o 6
Initial branch status (No F & ¥ Initial branch status (No F ad
Value) Value)

Reactance k-3 | Reactance -3 |
[0.01 s [0.01 .
Source bus ran-N | Source bus Car. 3 |
[ ¢ I 2
Non-technical losses = & W Non-technical losses = &0
[0 : 0.0 3
Long term rating = &0 Long term rating = &8
[180 s - [350 s

Now, run the network model again and after it concludes, clone the results and save them with the
name “Modification Line”.
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Clone a Scenario

Scenario to Clone

Baseline -
Name Modification Line
Description
Retain Results?

Check the system level results and you will notice that both the objective function and load
curtailment have changed. Now the solution has zero load curtailment, which means that the power
system has enough generation and transmission capacity to meet all demand and losses. You can also
see that the value of the objective function has changed significantly and this is because the load
curtailment is included and penalised in the objective function. Therefore, this significant reduction
corresponds to the elimination of the generation curtailment in the system.

Qutputs

Full Model Qutput F oW
OF ZeW
\4085989_471?662753 % \
Total curtailment ZF &8
0.0 4

The interface also provides tools to visualise and compare results for different scenarios. We will use
the hourly generation for both scenarios as an example. First you need to double click on the

generator, select “Outputs”, “Active power outputs” and click on the # icon.

gen_1

Details >

Inputs

Outputs

Status on-oft CA 3 |

Active power output &N

Settings

Click on tab Plot on the new window and then select the scenarios “original solution” and
“Modification Line”. This will display a figure with the generation for both scenarios.
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Flow_EGen - gen_1 (Modification Line)

Raw Table Plot Metadata Options
Scenario 2items selected - | X-Axis - -  Y-Axis . - PlotType Lines -

Baseline

original solution
%
Modification Line

0 5 10 15 20

—— original solution case 0 original solution Case 1 —— Modification Line Case 0 —— Modification Line Casz

The results show that for the “original solution” the generation was a constant value of 160 MW, this
makes sense considering that the previous thermal limit for line 1-2 was 160 MVA. We can see that
the scenario “Modification Line” allows the generator to follow the changes of the demand at every
period.

For the next example you will modify the value of the demand at bus 2 from 100 MW to 150 MW. To
do so, first you need to select the “Baseline” scenario on the left hand menu. After, you need to double
click on bus 2 and modify “Active power demand” with the abovementioned value.

bus 2

Shunt conductance (No ZF &%
Value)

| ¢
Load type Z &0
i 2]
Active power demand &8
150 ¢

Now, run the network model again and after it concludes, clone the results and save them with the
name “Modification Demand”.

Clone a Scenario

Scenario to Clone

Baseline A
Name Modification Demand
Description
Retain Results?

35



FutureDAMS — Energy Model Tutorial 29/April/2020 Tutorial

Now, you can compare the results of this scenario with the previous scenarios. To do so, first compare
the value of the objective function with the previous scenarios.

OQutputs

Full Model Output Z &7
OF Z aW
‘4849550.14872557’3 ¥ ‘
Total curtailment F eoF
0.0

4

As you can see, the objective function has increased in value compared to the previous scenario. This
is expected since the value of the demand at bus 2 has been increased. Furthermore, the load
curtailment remains in zero, which is also expected considering that the increment in the demand did
not surpass the transmission and generation capacity. You can also compare the generation for
different scenarios by double clicking on the generator, selecting Outputs, “Active power outputs” and

clicking on the [# icon. In the window that comes into view, select the tab plot and the palette select
the three scenarios that you have studied.

Raw Table Plot Metadata Options
Scenario| 3itemsselected ~ | X-Axis - - Y-Axis - - PlotType Lines ~

Baseline

original solution v
Modification Line v
3¢ Modification Demand ~ «

+ 250

200

0 5 10 15

—— original solution Case 0 original solution Case 1 —— Modification Line Case 0 —— Modification Line Case 1 —— Modification Demand Case 0 —— Modification Demand Case 1

The curve at the top of the figure corresponds to the generation dispatch for the last scenario that

was analysed. The result is again expected since an increase in the demand produces an increase in
the generation.

Another feature that is included in the interface is the possibility to include non-technical losses to the
model. To use this feature, first select the “Baseline” scenario and, afterwards, double click on line
“bus_1 to bus_2". In the right side menu we must change the value of “Non-technical losses” by a

specific amount of expected losses in MW. In this case, a value of 20 MW has been chosen for non-
technical losses.

‘bus_1 to bus_2

Source bus Z o8
1 s
Non-technical losses @ LN |
20 +/]
Long term rating [ 3 |
[350 |

Now, run the network model again and after it concludes, clone the results and save them with the
name “Modification Losses”. Now we can again compare the objective function and the generation
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with the other scenarios. Only three scenarios will be selected to compare to avoid overcrowding the
figure, which can difficult the visualisation of the results. The scenarios to be analysed in this case are
“original solution”, “Modification Demand” and “Modification Losses”.

Raw Table Plot Metadata Options
Scenario| 3itemsselected ~ X-Axis - ~ Y-Axis - - PlotType Lines ~

Baseline

3¢ original solution v
Modification Line
Modification Demand ~ «*

Modification Losses v

W

250
200
150!
0 5 10 15 20
original solution Case 0 original solution Case 1 Modification Demand Case 0 Modification Demand Case 1 Modification Losses Case 0 Modification Losses Case 1

Outputs

Full Model Output [ 30 |
OF CiR- 3 |
‘5235058.690008001 = |
Total curtailment F. 4 I |
0.0 4|

You can now compare the results of this scenario with the others. There is again an increase in the
value of the objective function as expected for the higher power losses. This increase in the objective
function is also reflected in a higher power generation for this scenario.

One final feature that will be explored is the modification of demand values for two sub-periods in a
24-hour period. To do so, we need to: 1) change to scenario “Baseline”, 2) select the system level data
( = ), 3) Select inputs, 4) click on the [# icon in demand values. After taking those steps a new
window should emerge containing a table of 7 rows and 25 columns. The columns represent number
of hours and the rows represent different daily profiles. The model has been set up to use the first
two profiles (rows) corresponding to winter weekday and winter weekend profiles.

Table Pilot Metadata
- ROWS + = COLUMNS + DATA» FiX-  ADDINDEX Jimensions Apply
A 8 c D E F [ H 1 J K L " N o P Q R s T u v w X Y
1 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23
2 Vawes_1 08283 08019 07879 0778 07775 0804 07983 07267 07462 07609 07664 0778 07711 0781 0795 08039 08094 08114 0913 09381 09474 09427 09166 08757
3 Values 2 08591 08278 08078 07973 07864 07887 07701 07153 07061 06974 06972 07057 07131 07232 07444 07405 07454 07706 08872 092 09325 09249 08981 08492
4 Values 3 08788 08548 08401 08232 08258 08432 08078 07646 07907 08097 08199 08285 08244 08346 08434 08464 08502 08705 09717 09954 1 09944 09644 09194
5 Values 4 0885 08533 08321 08178 08093 0807 07567 07302 07269 07222 07236 07392 07493 0765 0776 07788 07824 08265 09364 09734 09886 09839 09543 09043
6 Values 5 08049 07834 07668 07566 07633 0788 07679 07439 07592 07696 07713 07753 07749 07795 07984 08056 08089 08109 09439 09707 09703 09606 09199 08587
7 Values 6 08135 07887 07701 07621 07559 07582 07264 07052 07027 06898 06836 06803 06829 0698 07084 0716 07257 07511 08926 09303 09378 09272 08893 0.8256

You should now modify two columns with the values 0.95 and 0.1. For this example, you should modify
the column “F” or “4” with 0.95 and the column “V” or “20” with 0.1. It is only necessary to modify
the first two rows.

Ra) Table it fetadata
= ROWS + = COLUMNS + DATi= Fi~  ADDIMDEX Dimensions  7.25 Ao
B c o E F H ' % u " o P a R T v W x v
1 0 1 2 3 4 5 [ [ [ 10 12 13 14
2 08283 0Bo19 07873 0778 [oos 0804 2 07600 D.7664 07711 0781 0795
a 08501 0B278 0BO78 07973 07887 06974 06072 7057 07131 07232 07444
4 08788 0BS48 0B401 08232 O0B358 08432 08097 08199 08244 |08346 08434
5 0885 0B533 08321 08178 08093 0807 07222 07236 07403 0765 0776
6 08040 07834 07668 5 07606 07713 3 07749 07795 D.7084
7 08135 07887 07701 07621 07550 0758 06808 06836 3 DEB20  DEY8 D084




FutureDAMS — Energy Model Tutorial 29/April/2020 Tutorial

Now, run the network model again and after it concludes, clone the results and save them with the
name “Modification Demand Scenarios”. The results for this scenario are as follows.

Raw Table Plot Metadata Options
Scenario| 3itemsselected - | X-Axis - -~ Y-Axis - - PlotType Lines ~

Baseline

original solution v
Modification Line

Modification Demand

Modification Losses v
Modification Demand Scenarios ~ +

/\

' 300

200

100|

o
0 5 10 15 20

—— original solution Case 0 original solution Case 1 —— Modification Losses Case 0 —— Modification Losses Case 1 —— Modification Demand Scenarios Case 0 —— Modification Demand Scenarios Case 1

Outputs

Full Model Output LA I |
OF A I |
\5{154006_4564?1202 : \
Total curtailment F &8
0.0 ¢

The result shows a decrease in the value of the objective function compared to the previous scenario.
This is reasonable since one period was increased by a little percentage (i.e. column F) but the other
period (i.e. column V) was decreased by a big percentage. This is also reflected in the generation curve
for all periods.

3.4.Energy Islands

This section provides step-by-step guidance to load, edit and solve a power system with islands
(disconnected portions of the network). Additional changes such as the addition of new lines, the
increase of the generation cost and the increase of the linear technical losses will be illustrated in this
section. This example will illustrate the capability of the energy engine to be used for on-grid and off-
grid applications. The network model file used in this example includes energy profiles for two
representative days with hourly resolution. If some steps seem unclear, please revise Section 2 on
“The modelling interface”.

To begin this example, access the modelling dashboard by login in https://hydra.org.uk/login. If the
“Test_lIslands” network model has already been shared with you, it will appear in the dashboard. In
that case, select the test to open the modelling interface.

Alternatively, if you have downloaded the “Test_lIslands.json” file, click on the “Create a Network”

option ( +) to open a new menu and select the Import Tab. Create a new model named
“Test_lIslands” and locate the “Test_lIslands.json” file to create the model.
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Create a Network

‘ Import Manual

Choose | Import Hydra JSON v

format

Mandatory Arguments

JSON File [Browse... | Test_Islands json

Project ‘ﬁ

Template y Energy Template v

Optional Arguments

Network Name ‘Test_lslands

Cancel

The “Test_Islands” example will be created in the dashboard. Click on the example to open the

modelling interface.

4  MyProjects HowTo  Back to Tutorial Power System Model'

%" Test_Islands Map

on - + W G Re

|8 Scenarios 9814 -

Resources Data Metrics

Baseline b
| 82 |
f = & C
7=Runs c
 Build

Q Search

Abengduroy AN \ 20 km
om
\ \/— Leariet 4
PRV L A0S | ol Info Errors Warnings

Copyright © HydraPlatform 2016 - 2019

BfEngish~ &
’
i
eafiel | ©© 2018 - Omniscale - Map data vp..»-vr.—.:;”am‘.mt'\bumrs=
$ Clear =

Run the network model by selecting n, and then running a time series analysis, i.e., “Combined
simulation”. Once the study successfully concludes (i.e., green run), check the system level results by

selecting () to access the monthly “Total curtailment” and objective function “OF”.

Qutputs

Full Model Output s |
OF Z &N
‘3‘1 92203.234860872 S
Total curtailment = &N
0.0 s
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You should save the results with the name “original solution” for comparison with other scenarios.
Once the results are saved, select the “Baseline” case in the dropdown menu in the left side. The
procedure is the same as with the previous example.

The first modification that will be made in this example is to connect the two islands. To do so, a new
line that connects nodes 3 and 4 is installed in the system.

Map Resources Data Metrics

Dormaa Ahenkro Tanoso

+

Yarndo Anyinasu

uayaw Nkwanta
Atronie Rusyar s

OS2 im— U526 hern
Ntotroso Mampong
New sankro

Agnibilékrou Asem

«

5 Aprompronou Kenyasi No: f
\t - Vi Fawuman: jamasi

(akassé-Féyassé Kasapin 1 Anyingsuso 9
lawso Bodomasi

Andfo Region Effiduasi

Kunso

us_7

S 4  Goaso

S Nsowaakrom Asuofia

Abengourou Bedabour 1
9 Kumnasiz-Es0 Juat

Mpasatia

Aniassué 4
{/

Kwapon Konongo

Ne/Sayereso P! Nyinahin -

rokglo

(Gus=lmigen_1

Bibiani Bekwai
Buaky ’

Jacobo

Antubia
Akrokerri

Amoya
Obuasi
‘akassé-Attobrou

| Dadieso
Rarei, 1 Sush

The daté that' have Ato be manually included are the reactance of fhe new line (Reactance = 0.01 pu),
the buses that are connected by the line (Source bus = 3 and Destination bus = 4), and the capacity of
the line (Long term rating = 100 MVA).

WA 161 to bus_4

Initial branch status (No = & n
Value)

| B
Reactance [C e 3 |
|o.01 s
Source bus [C 3 3 |
3 s
Non-technical losses [C i 3 |
0.0 s
Long term rating Z a0
100 s
Short term rating (No Value) 2 |

Emergency term rating (No
Value)

-
=

Transformer phase shift angle = &
(No Value)

Transformer off nominal turns Z &
ratio

|10

Ar

&
[
=

4

Destinaton bus Z &
l4

4

[ TR

Now, run the network model again and after it concludes, clone the results and save them with the
name “Modification Line”. The first difference between the two scenarios can be observed in the value
of the objective function as shown below.
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a. Original Solution b. Modication Line
Full Model Qutput Z &% Full Model Qutput F &8
OF Z &® OF Zaow
|3192203.234860872 s |3185965 5434953347 3]
Total curtailment Z & @ Total curtailment = & 3
0.0 s oo o

This decrease in the objective function is caused by a change in the generation pattern that directly
affects the quadratic generation cost of each generator. If the generation cost function were linear
then the objective function would not have any change. This improvement in the operational cost is a
consequence of the interconnection of the independent systems. It is important to note that these
results are case specific and, in practice, connecting two or more independent systems does not
necessarily lead to a reduction in operational cost for all interconnected systems. That said,
interconnecting and meshing different systems can bring benefits in terms of economies of scale, use
of the most cost-effective generation technologies, reduction of losses, and so forth.

Flow_EGen - gen_1 (Modification Line)

Scenario 2itemsselected ~ X-Axis - v Y-Axis - - PlotType Lines ~

e —
a. Generation output at generator 1
Flow_EGen - gen_2 (Modification Line)
Table Plot Metadata
Scenario 2ilemsselected - X-Axis - - Y-Axis - ~ PlotType Lines ~

110

05

b. Generation output at generator 2
Only generation patterns of “case 0” for scenarios “original case” and “Maodification Line” are shown
in the figures above for the sake of simplicity. If you want to show or hide one specific case then you
just need to click on the label of the case at the bottom of the image.

The second modification that will be made in this example is to modify the technical losses of the

system. This modification is done in the “Run a Model” menu. The initial technical losses were set in
2% of the total demand of the system and in this example you will change the value to 5%. To do so,
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change the value of Linear Loss in the “Run a Model” menu to 0.05 (5%). Now run a combined
simulation of the model. Clone the results and save them with the name “Technical Losses”.

Run a Model

FD Energy Runner -~

Mandatory Arguments

Network 5365 =

Scenario Baseline ~

Model mode o Electricity Network simulation ~
Optional Arguments

Resolution Tree (]

Linear Loss o 0.05

Feasibility T <

Switches

Debug o

The first difference between the two scenarios can be observed in the value of the objective function
as shown below.

a. Modification Line b. Technical Losses
Full Model Output Ci 3 | Full Model Output &8
OF -3 | OF Z &8
13185065.5434953347 | |3282635.4937635018 q
Total curtailment Z &8 Total curtailment Z &8
0.0 o oo : |

The objective function has increased in value as a consequence of increasing the value of the technical
losses in the system. The generation outputs of both generators are shown in the figures “a” and “b”
below. you can observe in the figures that the generation of both generators has increased in the new
scenario compared to the previous one.

Flow_EGen — gen_1 (Modification Line)

Raw Table Plot  Metadata

Scenario 2 items selected ~ X-Axis - - Y-Axis - - Plot Type Lines ~

—— Technical Losses Case 0

a. Generation output at generator 1
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Flow_EGen — gen_2 (Modification Line)

Raw Table  Plot  Meladata  Options

Scenario 2 items selected ~  X-Axis = Y-Axis ~ Plot Type Lines =

—— Modification Line Case 0 —— Technical Losses Case 0

b. Generation output at generator 2

The last modification that will be made in this example is to modify the cost coefficients of the
generation cost function of generator 1. You need to click in generator 1 and then after you need to
edit the values of “Cost function parameters”.

Metrics = gen_1
.'; Sunyani ) Details >
| Sekyedumase
Dormaa Ahenkro Tanoso 4 Inputs
/} o Anyinasu L
/ i Area participation factor (No Z eW
/ Atronie Ruayaw ikwanta | Value)
’I ® Asem l - ‘
e Bechem 53
J
- Ntot
oSS i Mampen  E_GEN (No Value) [N |
Kenyasi No: =
Pt y] Anyinguso Fawumang Jamasi Generator index (No Value) LA |
pin [ = ‘
lawso $
o Cost function parameters Z o8
Ul
m Astofia Cost model L 3N |
° o
O st B <]
Mpasatia Number of data points LA |
Ko Nyinahin ) [3 S ‘
o/ \ H
nal 0 Shutdown cost (No Value) LA |
na Asempa. ye ) ‘ A‘
£ Bibiani Bekwal <
Bulk) “ [Startup cost (No Value) Zz & i‘
Jacobo a
Antubia
Akrokerri Bus number LR |
Amoya / |1 . ‘
Western, Wi Obuas' B
® \ oad type (No Value) LR |
North Region . t S l ‘
ladieso T = o~ 5
Suhlimo™ NS Y
Safwi Akontombra Forest Reserve . v . New Edub, = MVA base (No Value) [rAR- 3 |
| National N AN Leatet NN =

You need to change the values to “A=0.1, B=80, C=0" As shown in the figure below. Now run a
combined simulation of the model and clone the results with the name “Generation Cost”.

GENCOST_COST - gen_1 (Baseline)

Table Raw Metadata Options.

- ROWS 4 = COLUMNS + DATA- FiX- Dimensions 1.3 Apply

A 8 c
1 01 80 0

1) %

You can observe in the figure below that the previous and current scenario have again a difference in
the value of the objective function. This is expected considering that the generation cost of one of the
generators was increased.
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a. Technical Losses b. Generation Cost
Full Model Qutput F &8 Full Model Qutput Z &8
OF Zen OF Zen
|3282635.493?635018 2 | |4840157.217?35 s |
Total curtailment (C A 3 | Total curtailment F &8
o0 s oo 4]

You can observe in the figures below that the generation output of generator 1 (figure a) has
decreased substantially due to the increase of the generation cost. The opposite just happened is
generator 2 because it has cheaper generation.

Flow_EGen -- gen_1 (Technical Losses)

Raw Table Plot Metadata Options

Scenario 2itemsselected - X-Axis - - Y-Axis - - PlotType Lines ~

120

a. Generation output at generator 1

Flow_EGen --gen_2 (Technical Losses)

Raw Table Plot Metadata Options

Scenario 2 items selected ~ X-Axis - - Y-Axis - - PlotType Lines -

200|
, SOW//f\
160
140
120

100|

—— Technical Losses Case 0 —— Generation cost Case 0

b. Generation output at generator 2

4.Additional reading materials

The following list of literature provides more information about the FutureDAMS and the power
network and other models, as well as different studies that are relevant to the project.

Main links:
1. FutureDAMS official website, http://www.futuredams.org/
2. Links to available publications: http://www.futuredams.org/publications/
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https://theconversation.com/how-data-collected-from-mobile-phones-can-help-electricity-
planning-110803

J. M. Gonzalez, et al, Spatial and Sectoral Benefit Distribution in Water-Energy System Design”,
Applied energy, in Press.

M. Etichia, E. A. Martinez Cesefia, J. Harou, M. Panteli, “Assessment of Soft and Hard Linking
Approaches for Integrated Water-Energy Simulation,” EGU 2020
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Electrification magazine, vol. 7, no. 2, 2019.
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