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1. Introduction

The aim of this training material is to give the user hands - on - experience with the Model
Management Infrastructure (MoManl), the interface that is developed to use the Open
Source energy Modelling SYStem (0SeMOSYS). This training exercise is designed around a
fictional country named Atlantis. The user will be given the country’s reference energy
system (RES) to replicate and develop the current business as usual scenario of Atlantis in
MoManl. Then the user will illustrate the scenario functionality by developing a new scenario
with low coal import price, to run the model simulation and finally, be guided through results
visualization feature in MoManl. To be effective, this manual should be used along with the
case specific data file designed for this exercise: ‘Atlantis.xls’.

Note that although this material is designed as a group training exercise it can still be used
for individual training. It contains the main input data that the user will need to develop
Atlantis model, however the full data set can be found in the excel file ‘Atlantis.xls’. In case
of conflict between data values in this manual and the data file, the values from the data file
should be used. Finally, this manual is designed to answer the question of: (How) to develop
a model using MoManI? For more detailed explanations regarding parameters and variables
used in this manual, the reader should refer to the 0SeMOSYS user manual as well as other
publications available at osemosys.org.

2. 0SeMOSYS background

At present there exists a useful, but limited set of accessible energy system models. These
tools often require significant investment in terms of human resources, training and software
purchases in order to apply or further develop them. Unlike long established energy systems
(partial equilibrium) models? 0SeMOSYS potentially requires a less significant learning curve
and time commitment to build and operate. Additionally, by not using proprietary software
or commercial programming languages and solvers, 0SeMOSYS requires no upfront financial
investment. [1]

0SeMOSYS is designed as a tool to assist the development of local, national and multi-regional
energy strategies. It can cover all or individual energy sectors, including heat, electricity and
transport. It is a deterministic linear optimization model and minimizes the total discounted
costs. Mixed integer programming may be applied for certain functions, like the optimization
of discrete power plant capacity expansions. (See Figure 1)

The model is driven by the costs of technologies producing energy to meet as exogenously
defined demand(s). This range of technologies which draw on a set of resources, defined by
their potentials and costs. Additionally, policy scenarios may impose certain technical
constraints, economic realities or environmental targets. As in most long-term optimization
models, 0SeMOSYS in its standard configuration assumes perfect foresight and perfect
competition on energy markets. [1]

2 Models such as MARKAL/TIMES [3], MESSAGE [4], PRIMES [5], EFOM [6] and POLES [7].


http://www.osemosys.org/

The model is characterized by a wide and flexible technology definition. A technology
comprises any fuel use and conversion, from resource extraction and processing to
generation, transmission and distribution, and appliances. It could therefore refer to, for
example, an oil refinery, a hydropower plant or a heating system. A technology can be defined
to consume and produce any combination of fuels. Each technology is characterized by
numerous economic, technical and environmental parameters, for example, investment and
operating costs, efficiencies, availabilities, and emission profiles.

The 0SeMOSYS model code is written in GNU MathProg, a high level mathematical
programming language. The open source solver GLPK may be used for the mathematical
optimization of the model. Neither the 0SeMOSYS model nor the GLPK solver require any
upfront financial expenditure. GLPK can also produce an MPS file for use with a more
powerful solver. Diverging from commonly applied programming conventions, rather long
parameter and variable names are used in 0SeMOSYS. This ensures that formulas can be read
in a rather self-explanatory manner and simplifies the familiarization with the 0SeMOSYS
code for those who are new to this modelling tool.

In its extended version, 0SeMOSYS comprises just above 400 lines code. In 2013, a parallel
shortened version of 0SeMOSYS was released. The merging of equations significantly
improved the performance without affecting the model’s data requirements or results at the
price of a reduced readability of the code. [2]

This relatively recent framework offers an interesting alternative to traditional cost-
optimization planning tools. Based on a “lego-type” modular framework, each functional
piece is described in the literature using plain English, mathematical, and programming
languages. These “blocks” can thus be easily understood and edited while allowing for new
ones to be tailored to specific case studies and included in variations of the basic model code.
Due to its fundamental transparency, 0SeMOSYS is well suited for educational applications
in both academic and capacity building situations. Finally, its general formulation and
flexibility make it an ideal tool for a large variety of applied problems, including integrated
resource and commodity flow analyses. (See Figure 1)

0SeMOSYS is developed in collaboration with a range of institutions, including the
International Atomic Energy Agency (IAEA), the United Nations Industrial Development
Organisation (UNIDO), KTH Royal Institute of Technology, Stanford University, University
College London (UCL), University of Cape Town (UCT), Paul Scherrer Institute (PSI),
Stockholm Environment Institute (SEI), and North Carolina State University.
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Figure 1: 0SeMOSYS overview

3. Model Management Interface (MoManl)

Energy planning is a key component in the design of national sustainable development
strategies. In building energy planning capacities, countries can greatly benefit from an open,
accessible, transferable, yet powerful modelling package. Learning from UNDESA capacity
development in pilot countries, the model management infrastructure (MoManl) was
developed to run the open source energy modelling tool 0SeMOSYS. As such, MoManl helps
provide energy planners with the tools required to construct models, explore scenarios and
visualize results.

MoManl], is a browser-based open source interface for energy systems modelling. Available
to all manner of users, from policy makers and energy planners to academics, its novel
structure allows different teams to collaborate simultaneously from around the globe. Each
user can easily edit and update any part of the modelling process: from the underlying
mathematical equations of 0SeMOSYS to the visualization of results.

Although energy system modelling is a complex process, MoManl'’s straightforward structure
helps simplify it thereby supporting effective capacity building activities. The easy and fast
results visualization feature in MoManl also allows energy planners to get immediate
feedback on their work to ensure a quick turnaround time.

Going forward, this tools’ flexible structure will make it a potential interface for a larger
selection of modelling tools thus extending its use from 0SeMOSYS, for energy systems, to
modelling for water systems, For Ex, WEAP.

MoManl User Manual 201706-Rev04 | KTH-dESA 7



The next sections of this user manual demonstrate how to use MoManl by developing a model
for a fictional country called ‘Atlantis’. Technical and economic data used in this example does
not represent any specific country but are generic data that were extracted from the
International Renewable Energy Agency reports and IEA-Energy Systems Analysis Program
- Technology briefs (E01, E02, E03, E06, E10 and E11).

4. Creating a model — The example of Atlantis

4.1 Atlantis overview
Atlantis is a country with a total population of 10 million. 40% of the population live in urban
areas with 1.25 million households and 923 thousand households in the rural areas. The total
population is expected to reach 15.9 million people by 2040 with an average annual growth
rate of 1.8%.

Atlantis relies on 5 power plant types to meet its electricity demand, each running on a single
type of fuel. The firstis alarge hydro power plant. They are one large hydro plant, single cycle
steam turbine which uses natural gas, single cycle steam turbine which runs on heavy fuel
oil, Diesel-fed gas turbine and lastly, a coal based integrated gasification combine cycle
facility. It is also worth mentioning that distributed diesel generators are the main source of
electricity in many rural areas. Currently, Atlantis imports 100% of its fuels.

Over the modelling period, this system will be expanded to explore the feasibility of including
the following new technologies:
e Wind Turbines (25% load factor).
Mini Hydro power plants (less than 1 MW).
Concentrated Solar Power (CSP).
Grid connected PV systems (Commercial).
Rooftop PV systems (in residential areas).
A nuclear power plant (light water reactor).
New Combined Cycle power plant running on Natural Gas.

4.2 Mapping the system

The Reference Energy System (RES) is a schematic representation of the real energy system
in the region/country that is being modelled. It shows the flow of energy horizontally from
resources on the far left, going through different transformation technologies, to reach final
energy use on the far right. In the case of Atlantis the RES includes five main energy levels,
starting from ‘Resources’, followed by ‘Primary’ energy level, then ‘Secondary’, ‘Tertiary’ and
lastly the ‘Final’ energy level.

All technologies are represented as ‘blocks’ while the ‘lines’ represent energy carriers, i.e
coal, natural gas, electricity, etc. The RES represent the current energy system and it should
be flexible enough to include future system extensions. As previously mentioned, the model
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is driven by the demand for final energy which is split into different demand sectors such as
industry, services, residential and transport. Figure 2 shows the RES for Atlantis.

4 Primary Secondary Tertiary Final Demand
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Figure 2: The reference energy system of Atlantis

4.3 Creating a model in MoManl
In order to create a new model using MoManl, the user should follow the steps shown below.
The last three steps; 7. Storage, 8.RE target and 9.Reserve margin; are optional depending on
the objectives of the study and are shown in this manual for the sake of demonstration but are
not part of the standard Atlantis model. Completing each step means defining a certain

number of parameters correctly and populating them with data. It is important to do this in
the correct order so as to build the model in a systematic way.

MoManl User Manual 201706-Rev04 | KTH-dESA 9
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Figure 3: Successive steps to creating a model using MoManl

MoManl is available in both standalone and online versions. Both have the same features and
allow for the same optimization activity to be implemented. This training manual is
developed based on the standalone tool, the user should be able to follow similar steps for
the online option. Installation instructions are available in the webpage.

Click on (Home) to go to the first page. This will direct you to the (Models) page where you
can find a list of all models developed in MoManl, as displayed below:

Home  Sets  Parameters  Variables  Objective functions  Constraints ~ Models  Results

Search:

Name Description

Atlantis This is an exercise model designed for testing and capacity building purposes Edit model  Edit setdata  Scenarios  Delefe

Figure 4: MoManl home page overview

4.3.1 Initiate a model

The very first steps to develop a new model is to initiate a new work space. In this step you
will be introduced to create a new model work space, then to define the general options that
you wish to include in this model including objective and constraints. Third, you will define
your first scenario: the scenario is where all the modelling data is entered in MoManl. Finally,
you will define your first ‘Sets’ and ‘Parameters’:

MoManl User Manual 201706-Rev04 | KTH-dESA 10
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- ‘Sets’ are constant across scenarios. They are groups of elements used to define the
structure of the model. For Ex. “Regions” or “Years” are sets, and each region or year
is an Element of these sets. (note - these may be referred to later in the text as
“dimensions”)

- ‘Parameters’ may change within and between scenarios. They are a function of the
elements within each set and help define technical and cost data for your model. For
Ex. The CapitalCost parameter is a function of the region, technology and year sets.

We will start our model by defining sets and parameters as shown in Figure 5:

1
Initiatea ; Y 1.1 Name & Description

model

1.2 Select Constraints
1.3 Region

1.4 Years

1.5 Discount Rate

1.6 Depreciation Method

]
©
o
=
©
Q
el
=
E
-

1.7 Mode of Operation

Figure 5: Set and parameters required to initiate a model

1. To begin with the first step, on the (Models) page scroll down and click on (create new
model) which will lead you to a new page (see Figure 6) where you can fill-in the model
name (Atlantis). To differentiate between models, it is recommended to add a letter
i.e (A) to refer to your group if this exercise is done in a large number of trainers, then
add your team member names in the Description field.

Home Sets Parameters wariables Objective functions Constraints Models Results

Name

Description

Sets REGION
YEAR
DAYTYPE
DAILYTIMEBRACKET
STORAGE
EMISSION
SEASON
FUEL
FLEXIBLEDEMANDTYPE
TIMESLICE
TECHNOLOGY
MODE_OF_OPERATION

TechwWithC: T akTsS
TotalTechnologyAnnualActivitylUpperLimit
RETagTechnology

DaysinDayType

EmissionsPenalty
ModelPeriodExogenousEmission

Parameters

StorageMaxDischargeRate
WariableCost

Figure 6: Defining a new model

MoManl User Manual 201706-Rev04 | KTH-dESA 11
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2) Below the name and description fields you will find the list of all Sets, Parameters,
Variables and Constraints. MoManl does not allow the selection of ‘Sets’ or
‘Parameters’, since those are fixed and will be added to your model by default.
Similarly, MoManl will automatically pick the corresponding variables and
parameters based on the list of constraints you select.

3) MoManl supports two versions of 0SeMOSYS code. One is called (the long code),
which is detailed, easy to read but requires larger matrix size and computational time.
The second is called (the Short Code) which combines some of the intermediate
equations to reduce the matrix size and computational time.

4) To use the Short code (recommended), the following need to be selected:

a. Obijective function: OFS_Cost

b. Constraints groups: (Common_Equations and Short_Code_Equations)
5) To use the long code, the following need to be selected:

a. Obijective function: OFL_Cost

b. Constraints groups: (Common_Equations and Long_Code_Equations)

Objective functions

OFL_Cost

—_— Y OFS~C051

Constraints

Select all

P ¥ C 1_Equations

¥ Acc1_FuelProductionByTechnology
¥ Acc2_FuelUseByTechnology

¥ Acc3_AverageAnnualRateOfActivity
¥ CAa1_TotalNewCapacity

¥ CAa2_TotalAnnualCapacity

¥ CAab5_TotalNewCapacity

¥/ CC1_UndiscountedCapitalinvestment
¥ E2_AnnualEmissionProduction

¥ EBa10_EnergyBalanceEachTS4

¥/ EBa1_RateOfFuelProduction1

¥ EBa2_RateOfFuelProduction2

¥/ EBa4_RateOfFuelUse1

¥ EBa5_RateOfFuelUse2

¥ Short_Code_Equations

¥ AAC2_TotalAnnualTechnologyActivityUpperLimit
¥ AAC3_TotalAnnualTechnologyActivityLowerLimit
¥ CAa4_Constraint_Capacity

¥ CAb1_PlannedMaintenance

¥ ES5_DiscountedEmissionsPenaltyByTechnology
¥ E6_EmissionsAccounting1

¥ E8_AnnualEmissionsLimit

¥ E9_ModelPeriodEmissionsLimit

¥ EBa11_EnergyBalanceEachTS5

¥ EBa9_EnergyBalanceEachTS3

Short Code

—s
Objective functions

Constraints

¥ OFL_Cost
OFS_Cost

Select all

—] ¥/ Common_Equations

¥ Acc1_FuelProductionByTechnology

¥ Acc2_FuelUseByTechnology

¥ Acc3_AverageAnnualRateOfActivity

¥ CAa1_TotalNewCapacity

¥ CAa2_TotalAnnualCapacity

¥ CAa5_TotalNewCapacity

¥ CC1_UndiscountedCapitalinvestment

¥ E2_AnnualEmissionProduction

¥ EBa10_EnergyBalanceEachTS4

¥ EBa1_RateOfFuelProduction1

¥ EBa2_RateOfFuelProduction2

¥ EBa4_RateOfFuelUse1

¥ EBa5_RateOffuelUse2

¥ Long_Code_Equations

¥ AAC1_TotalAnnualTechnologyActivity

¥ AAC2_TotalAnnualTechnologyActivityUpperLimit
¥ AAC3_TotalAnnualTechnologyActivityLowerLimit
¥ Acc4_ModelPeriodCostByRegion

¥ CAa3_TotalActivityOfEachTechnology

¥ CAad4_Constraint_Capacity

¥ CAb1_PlannedMaintenance

¥ CC2_DiscountingCapitalinvestment

¥ E1_AnnualEmissionProductionByMode

¥ E3_EmissionsPenaltyByTechAndEmission

Long Code

Figure 7: Constraints selection in creating a new model

a) Finally click (Save). You directed back to the ‘Home’ page where you will see the
model initiation. If you want to go back to the list, click on (Edit model) next to your
model name in the ‘Home’ page.

MoManl User Manual 201706-Rev04 | KTH-dESA 12
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3. After you have initiated the model work space, you will start defining the global
parameters and in this step you will start with the Region.

a) Next to your model name, click on (Edit Set Data). This will lead you to the main
page to define the global parameters for all scenarios. This page is called (Entering
Scenario Data for model Atlantis - Sets) as shown in Figure 8 and here you need
to enter the following data:

Horme Sets Parameters Variables Objective functions Constraints Models Results
Entering data for model
Atlantis
Sets
Search:

Name Description

DAILYTIMEBRACKET Diaily time brackets define the number of brackets that the days is divided in .e.g.. one hour. or momings. afternoons and evenings. If no  Enter
storage is modelled, it is sufficient to define each of these three sets with one numerical element, e.g.. *1". data

DAYTYPE Day-types occurs within a week, e.g., weekdays and weekends. This is only required if storage will be used in the model. Mote that this  Enter
set is need to be defined as numerical, consecutive value, e.g., 1. 2, 3. If no storage is modelled, it is sufficient to define this set with data
one numerical element. e.g.. *1”

EMISSION The EMISSION to be accounted for. Enter

data

FUEL Energy carriers (fuels) required in the model have to be produced by a technology. Energy carriers (fuels) are only preduced if they are Enter
going to be consumed or if they feed a final demand. Also demands for energy services are defined as fuels, e.g., a heating demand data
would be defined as a fuel. It should be written in one word, no spacing is allowed

MODE_OF_OPERATION Modes of operaticn are usually defined if a technolegy can use varicus input or cutput fuels and can choose the mix of these input or Enter
output fuels. For example, a CHP plant may vary between producing heat in cne “mede of cperation” and electricity in ancther. data

REGION Commenly. ene country is modelled as one regicn and it may be efficient from a computational point of view to even multiple countries Enter
within a single region, e.g., by defining different fuels and technologies for each country data

SEASON Seasens occur within a year and are linked to Timeslices. This set need to be defined as numerical, consecutive values, eg., 1, 2, 3. Enter

data

Figure 8: Entering set data page

b) Startby locating the (Region) line in the list of ‘Sets’ and click on (Enter Data). This
will take you to a new screen. Click on (+) to add a new region. Then write
(Atlantis) in the name field and the description field and then click (Save). No need
to define a group number of change the colour.

Home Sets Parameters Variables Objective functions Constraints Models Results

Data entry for set REGION

Name Description Group ColorRemove

Atlantis Atlantis M -
+
Groups

Name

+

Save Cancel

Figure 9: Entering Region name

4. Next, define the time horizon of the model by selecting (Years) from the list under
'Sets' as shown previously. In this exercise, the time frame is 2014 - 2040. To
implement this in MoManl:
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a) Click on the (Enter Data) to the right of the Years, the following screen should
appear:

Home Sets Parameters Variables Objective functions Constraints Models Results

Data entry for set YEAR
NameGroupColerRemove

+

Groups
Name

=+

Save Cancel

Figure 10: Entering modelling years

b) The time frame can be simply added by clicking on the first (+). Set the first model
year which is 2014’ as shown in Figure 11. Then click (+) and MoManlI will add
the next year. Repeat the same steps till you reach the last model year ‘2040’. You
can delete years by simply clicking on (-). Finally click on (Save). Again, no need to
change the group and colour in this case.

Data entry for set YEAR
Name Group ColorRemove

2014 v -

2015 5 '- -

2016 v -

Groups
Name

+

Save Cancel

Figure 11: Entering modelling years

5. To conclude this section, one more set and two more parameters need to be defined:
a) Go to the (Mode of operation) from the (Sets) list, click on (enter data) then click on
(+) to add a new field for mode of operation, type (1) and click (Save).

Data entry for set MODE_OF_OPERATION
Name Group ColorRemove

1 v -

+

Groups
Name

+

Save Cancel

Figure 12: Default values for Mode of operation

b) To add value for (Parameter): go to the (Models) page from the top tab. Then next to
your model name, click on (scenarios) as shown in Figure 13.
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Home  Sets  Parameters  Vanables  Objective functions  Constraints ~ Models  Results

Search: \

Name Description /

Atlantis This is an exercise model designed for testing and capacity building purposes Edit model  Edit set data  Scenarios  Delete

Figure 13: Models page in MoManl

C) This will lead you to a new page where you can see all the scenarios defined in your
model. The default settings will take the same model name and description for the
first scenario as shown below. We will change this at later stage, but for now click on

(Enter Data).
Home Sets Parameters Variables Objective functions Constraints Models Results
Name Description Revision
k Atlantis test 2017 Test model for capacity 1 Enter Download Clone
building data executable revision

Figure 14: Default settings in the scenario page

D) This will again take you to a new page where you will find the list of all parameters of
this scenario. In the search field type (Discount rate) and then click on (Enter data
(slices)). Finally, in the default value field enter 0.05 and click (Save).

E) Similarly, search for (Depreciation method) in the parameters list, click on (Enter data
(slices)) then in the default value field enter 1 and finally click (Save). Note that these
parameters are defined for the ‘Region’.

Data entry for parameter DiscountRate ||Data entry for parameter DepreciationMethod

Default value 005 Default value 1
Atlantis Allantis

Save | Ccancel
Save | Cancel

Figure 15: Default values for Discount rate and Depreciation Method

By now you learned how to enter data for (Sets) and (Parameters), in the following steps we
will be going back and forth between Sets and Parameters to develop our model.
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4.3.2

Year Splits:

In MoManl electricity demand is distributed over units of time called TimeSlices. The
duration of each TimeSlice is defined using the YearSplit. In order to build TimeSlices in
MoManl, the user needs to define:

SETs: instances for the Seasons, DayTypes, DailyTimeBrackets and TimeSlices
PARAMETER values for the DaysInDayType, DaySplit and YearSplit.

‘ Intermediate, ‘ Weekdays Day
Summer Weekends Night
" H [Z .
§ & Winter % :;J E E‘-
© ~5 c @
[] o @® o :
©w [= I~} [T =
el N £ E n
o~ o % ‘:; hi
(=] ®
0 =}
N <
N
2.6 Time Slices
- ID IN 3)) SN WD WN
2.7 Year Split
Measure the duration of the The sum of each entry over
time slice. the year should =1

1.

Figure 16: How to create time slices and year split in MoManl

You have the freedom to use as many time-slices as you need. In this simple training

exercise, we will use only 6 time slices to reduce calculation time. We consider three

Seasons (Intermediate, Summer and Winter), one DayType (assuming that the

demand during weekends is similar to the demand during weekdays) and two

DailyTimeBrackets (Days and Nights). These are entered by editing the

corresponding sets as follows:

a) Navigate to (Models > Atlantis -Edit set data) to get to the ‘Entering data for model
Atlantis’ page.

b) Click on (Enter Data) next to each of the relevant SETS and enter data as shown
below:
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Data entry for set SEASON

Name Description Group ColomRemove

.._
.._
+

Groups
MNare
+

Data entry for set DAYTYPE

Name Description Group ColorRemove

Working days and weekends v . -
+
Groups

Name

+

Save  Cancel

Name Description

Data entry for set DAILYTIMEBRACKET

Group ColorRemove

1 Day v . -
2 Night v -
+

Groups

Name
+

Save | Cancel

Figure 17: Entering data for Season, Day type and Daily Time Bracket

2. This definition offers 3*1*2 time-slices. You can now create and name these time slices
by editing the corresponding set:

a) Navigate to (Models > Atlantis -Edit set data) to get to the ‘Entering data for model
Atlantis’ page.

b) Click on (Enter Data) next to set Timeslice, then add 6 new fields to define the
name of each time slice by clicking on (+). Then use the following abbreviations:
Intermediate Day (ID), Intermediate night (IN), Summer Day (SD), Summer Night
(ID), Winter Day (WD) and Winter Night (WN). Finally click (Save).

Data entry for set TIMESLICE

Name Description Group ColorRemove
ID Intermediate Day v . -
IN Intermediate Night v . -
sD Summer Day v -
SN Summer Night v . -
WD Winter Day v . -
WN Winter Night v -
+

Groups

Name
+
Save Cancel

Figure 18: Time slices created in Atlantis example

3. Navigate to (Models > Atlantis - Scenarios > Enter data), this will take you to the list of
scenarios and you will notice that MoManl has created the first scenario, as explained
earlier.

a) Click on ‘Enter data’ to go to the scenario page. As shown below

b) In the name field write (BAU) and write a short description for it as (Business as
usual scenario),

c) Then click (Save).
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Entering scenaro data for model

Atlantis

Scenarno
Name Bal
Description Business as
Save
Parameters
Search:
Name

AccumulatedAnnualDemand

AnnualEmissionLimit

AnnualExogencusEmission

Availability Factor

CapacityFactor

CapacityOfOneTechnologyUnit

Objective functions Constraints Models Results

usual scenaric

Description
AccumulatedAnnualDemand

The sum of all emissions from the energy system being modelled (plus any annual exogencus emissions) can be limited using the
AnnualEmissionLimit

If there are emissicns that need to be accounted for, but are not calculated by the model on "an annual basis’, they can be included as
AnnualExegencusEmission

Awailability Factor indicates the maximum time a technelogy may run for the whole year.

Capacity Factor is used to convert annual capacity to the capacity available for each timeslice.

CapacityOfOneTechnologyUnit

Figure 19: Scenario data page

4. Once created, define the parameter DaysInDayType which represent the number of
days for each day type in a week. In this example we assumed one Daytype, therefore
the default value for DaysInDayType is (7).

5. Next define the parameter DaySplit, this represents the length of one DailyTimeBracket
in one day as a fraction of the year. In this exercise we assumed two equal daily time
brackets (days and nights), therefore the default value for the parameter DaySplit is
calculated as: 12h/(24h*365d) = 0.00137.

6. Finally, the duration of each time slice relative to the time in one year can be defined
using the Yearsplit parameter. The sum of all year splits should be equal to 1. This
example assumes that year splits do not change over time, remaining constant and
equal as it is shown in the following table:

Table 1: Year Split values

TimeSlice YearSplit

ID 0.1667
IN 0.0833
SD 0.1667
SN 0.0833
WD 0.3333
WN 0.1667
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4.3.3 Technology and Fuel Specifications

In this section the user needs to define the list of technologies and fuels that will be used in
the model, how they are linked as well as their respective techno-economic specifications.
The figure below gives an graphical representation of tasks to be developed for this section:

¢ Define Technologies
¢ Define Fuels

- * Capital Cost
* Fixed Cost
* Variable Cost

* Input Activity Ratio * Output Activity Ratio
* Availability * Capacity Factor
* Capacity To Activity Unit * Operational Life

* Residual Capacity

¢ Total Annual Max Cap * Total Annual Min Cap
¢ Total Annual Max Cap Investment

¢ Total Annual Min Cap Investment

Figure 20: Overview of Technologies and Fuels data entry in MoManl

I. Define Technologies and Fuels:

An energy systems model in MoManl is made up of two basic sets: technologies and fuels.
At this stage the names of all fuels and technologies to be used in the model will be
inserted, It is advisable to follow the development of this task in parallel with the
visualization of the RES in Figure 2.

a) Navigate to (Models > Atlantis-Edit Set data) to get to the (Entering data for
model Atlantis - Set) page.

b) To add fuels, click on (Enter Data) next to Fuels, and then click on (+) to add new
fuel field and type in the fuel name and description using Table 2. Note that the
electricity consumed and produced by transmission, distribution and electricity
demand sectors are modelled as fuels.
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Table 2 : List of Fuels modelled in Atlantis

F Fuel ID - Name Fuel Type - Description

1 HF HFO

2 DS Diesel

3 NG Natural Gas

4 CO Coal

5 UR Uranium

7 EL_Transmission Electricity (From Power Plants To Transmission level)
8 EL_Distribution Electricity (From Transmission to Distribution level)
9 EL_Industry Electricity (From Distribution to Industry final level)
10 EL_Residential Electricity (From Distribution to Residential final level)
11 EL_Transport Electricity (From Distribution to Transport final level)
12 EL Services Electricity (From Distribution to Services final level)

And this is how it will look in MoManl. Please remember to (Save)

Data entry for set FUEL

Name Description Group ColorRemove
HF HFO ‘N -
DS Diesel v -
NG Natural Gas M -
co Coal . . -
UR Uranium v -
EL_Transmission Electricity (From Power Plants To Transmission leve v - -
EL_Distribution Electricity (From Transmission to Distribution level) v . -
EL_Industry Electricity (From Distribution to Industry final level) v . -
EL_Residential Electricity (From Distribution to Residential final lew v - -
EL_Transport Electricity (From Distribution to Transport final level v -
EL_Services Electricity (From Distribution to Services final level) v . -
+

Groups

Name
+
Save Cancel

Figure 21: List of fuels as it appears in MoManl

c) Similarly, you should add the list of technologies. From (Models > Atlantis-Edit Set
data), click on (Enter Data) next to Technology. This will lead you to a new page
(Enter data for set TECHNOLOGY)
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d) Before we introduce the list of technologies, we would like to introduce the groups
under which we will categorise our technologies. To do so, click on the second (+)
to add a new field for groups, as shown below:

Data entry for set TECHNOLOGY [ Data entry for set TECHNOLOGY
NameDescriptionGroupColorRemove
NameDescriptionGroupColorRemove +
+ Groups
Name
GI’OUDS Import Technologies -
Name Electricity Generation -
e A/ T&D -
-+
Save Cancel
Save Cancel

Figure 22: Introducing groups for set Technology

e) After introducing the groups, you can now add new technologies by click on the
first (+) option which will add a new field to introduce the name, description and
group of each technology. It is recommended to follow the same order shown in
Table 3 so you can enter data from Atlantis.xls easily in the later steps. Note that
Import fuels, power plants, transmission and distribution lines are modelled
as ‘technologies’. As shown below:

Table 3: List of Technologies modelled in Atlantis

TECHNOLOGIES

# Technology ID - Name Description Group
1 HF_Imp HFO Imports Import Technologies
2 DS_Imp Diesel Imports Import Technologies
3 NG_Imp NG Imports Import Technologies
4 CO_Imp Coal Imports Import Technologies
5 UR_Imp Uranium Imports Import Technologies
1 NGSC PP1: Natural Gas —SC Electricity Generation
2 DSGC PP2: Diesel — GC Electricity Generation
3 IGCC PP3: Coal - Integrated Gasification Electricity Generation
Combined Cycle - IGCC
4 HFSC PP4: HFO — SC Electricity Generation
5 HYDRO_DAM PP5: Hydro (>10 MW) Electricity Generation
6 HYDRO_MIN Mini Hydro (from 100 kw to 1 MW) Electricity Generation
7 DIESEL_GEN Distributed Diesel Electricity Generation
8 CSP CSP connected to transmission level Electricity Generation
(Generic) - PT no Storage
9 PV_UTL PV connected at the transmission level Electricity Generation

(>1MW) -Utility
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10 PV_ROF Dist. PV distribution level (rooftop/ No Electricity Generation
storage) — Residential
11 WIND Wind (25 % load Factor) — Transmission Electricity Generation
12 NGCC NEW: Combined Cycle GT Electricity Generation
13 NUCLEAR NEW: Nuclear (Light Water) Electricity Generation
1 TRANS Transmission T&D
2 DIST_IND Final Industry level T&D
3 DIST_TRA Final Transport level T&D
4  DIST_RES Final Residential Level T&D
5 DIST_SER Final Services level T&D

Data entry for set TECHNOLOGY

Name Description Group ColorRemove
HF_Imp HFO Imports Import Technologies = . -
DS Imp Diesel Imports Import Technologies = -
NG_Imp NG Imports Import Technologies . -

UR_Imp Uranium Imports Import Technologies

CO_lmp Coal Imports Import Technologies = . -

+

Groups
Name

Import Technologies -
Electricity Generation -
T&D -
+

Save Cancel

Figure 23: Example of the list of Technologies as it appears in MoManl

II. Costs:
From this section you will be dealing with more Parameters, which may change within and
between scenarios. They are a function of the elements within each set and help define
technical and cost data for your model.
In MoManl, you will notice for sets you have an (Enter Data) button, but for parameters you
will have a notation under (Enter Data) as (slices).

Parameters

Search:
Name Description
AccurmulatedAnnualDemand AccumulatedAnnualDemand
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Figure 24: Notation for parameter data entry

This indicates that this parameter is a function of many sets - referred to here as
(dimensions). In addition, the default value which is the standard value will be used by the
model for the final calculation in the absence of specific parameter data will be introduced in
this section. In this section, cost specifications like capital cost, fixed cost and variable cost
need to be defined.

1. To add capital costs, navigate to (Models Atlantis - Scenarios BAU-Enter data) to go
to the scenario page. Click on (Enter Data) next to the CapitalCost parameter. You will
be directed to a new page with the following: A field for (default value) and below that
a drop down list where you can find the dimensions related to this parameter. For
‘Capital Cost’ we have 3 dimensions/sets of ‘Region, Technology and Year’.

Data entry for parameter CapitalCost

Default value 0

| Fix dimensions —Fixdime v

Save Cancel

Figure 25: Default value for capital cost parameter

2. Inthis case ourregion is fixed as (Atlantis) so when you select it, MoManI will generate
a table with Technologies as rows and Years as columns (You can switch between
them using the ‘Switch Axes’ button’). Now you can fill in the capital cost data simply
by copying and pasting from Atlantis.xls. It should look like the following:
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Data entry for parameter CapitalCost

Default value 0
Fix dimensions REGION v

Swilch axes

2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 2039 2040
HF_Imp
DS_Imp
NG_Imp
CO_lmp
UR_Imp
NGSC 2300 (2300 |2300 2300 2300 2300 2300 2300 |2300 2300 2300 2300 |2300 2300 2300 2300 2300 |2300 (2300 2300 |2300 2300 2300 2300 2300 2300 |2300
DSGC 900 (900 (900 (900 (900 (900 (900 (900 |S00 900 (900 (900 (900 (900 (900 (900 900 (900 (900 (900 (900 (900 (900 (900 (900 (900 |00
IGCC 3700 | 3700 3700 3700 3700 3700 |3700 3700 | 3700 (3700 3700 3700 3700 |3F00 3700 | 3700 3700 | 3F00 3700 | 3T00 3700 3700 | 3700 3700  3F00 3700 | 3700
HFSC 2300 |2300 2300 2300 2300 2300 |2300 2300 2300 (2300 2300 2300 2300 (2300 2300 (2300 2300 2300 2300 2300 2300 2300 (2300 2300 2300 2300 2300
HYDRO_DAM 4000 4000 4000 4000 | 4000 4000 4000 4000 4000 4000 4000 |4000 (4000 4000 4000 4000 4000 4000 4000 4000 4000 | 4000 4000 4000 4000 4000 4000
HYDRO_MIM 4500 4500 |4500 4500 4500 4500 4500 4500 4500 4500 (4500 4500 4500 4500 4500 4500 4500 (4500 4500 4500 4500 4500 4500 4500 (4500 4500 | 4500
DIESEL_GEW 1070 | 1070 |1070 1070 |1070 1070 1070 1070 1070 |1070 1070 | 1070 |1070 1070 1070 1070 1070 |1070 |1070 |1070 1070 1070 1070 1070 |1070 1070 | 1070
CSP 5000 6000 6000 6000 6000 6000 (6000 4500 4500 4500 4500 4500 4000 4000 4000 4000 4000 3700 3700 3700 3700 3700 (3700 3700 3700 3700 3700
PV_UTL 2000 |2000 2000 2000 2000 2000 |2000 1%00 | 1800 (1500 | 1%00 1500 1800 |1800 1800 | 1800 1800 1700 1700 1700 (1700 1700 |1700 1700 1700 1700 | 1700
PV_ROF 3500 |3500 |3500 |3500 3500 3500 3500 3200 |3200 3200 3200 |3200 3000 3000 3000 3000 3000 2800 (2800 (2800 |2800 |2B00 <2800 2800 2800 2800 |2800
WIND 1845 | 1808 (1772 1736 1702 1667 |1634 1601 |156% 1538 1507 1477 1448 |1419 1390 |1362 1356 1349 1342 1335 |1329 1322 |1315 1309 1302 1296 1289
NGCC 100 | 1100 1100 1100 11000 1100 | 11000 1100 11000 1100 1100 11000 1100 (11000 1100 | 11000 1100 1100 11000 1100 11000 1100 1100 1100 11000 1100 1100
NUCLEAR 3000 | 3000 3000 3000 3000 3000 (3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000
TRANS
DIST_IND
DIST_TRA
DIST_RES
DIST_SER

Save Cancel

Figure 26: Entering data for capital cost

3. Similarly, the rest of cost parameters (fixed and variable) can be added as described
in the previous steps.

III. Performance:

In this section we define the performance data for each technology as well as the links
between different types of fuels and the technologies that consume / generate them so as to
build the energy system as per sketched earlier in the RES section.

1. The energy system components are linked together in MoManl using the
InputActivityRatio and OutputActivityRatio parameters. Referring to the RES to enter
data for this task will be very useful. It is also worth mentioning that the ratio of these
two parameters gives the efficiency of each technology in the system. Usually, we assign
1 as an output activity ratio (Except for transmission and distribution technologies) and
increase the input activity ratio to account for efficiency losses. (Input = 1/efficiency).
To implement this successfully:

a) Navigate to: (Models > Atlantis - Scenarios > BAU - Enter Data) from the list of sets
and parameters, click on (Enter Data) to the right of InputActivityRatio and use the
default value of (0).

b) This parameter depends on more than one dimension, therefore, Region, Mode of
Operation and Fuel, must be fixed to enable MoManl generate a table with
Technologies as rows and years as columns.

c)Switch between fuels from the drop down list and for each fuel insert a value for
input activity in front of the technologies that this fuel is feeding. i.e: Natural gas is
an input fuel for the NGSC power plant.
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Data entry for parameter InputActivityRatio

Default value 0

Fix dimensions REGION N Atlantis M
MODE_OF_OPERATION v 1 v

FUEL N HF {HFO) -

Switch axes

2014 | 2015 | 2016 2017 2018 2019 2020 | 2021 2022 2023 | 2024 2025 2026 2027 2028 2029 2030 2031 2032 | 2033 2034 2035 | 2036 2037 2038 2039 2040
HF_Imp
DS_Imp
NG_Imp
CO_Imp
UR_Imp
NGSC
DSGC
IGCC
HFSC 2174 2174 2474 2174 2174 2474 2174 2174 (2174 2474 2474 (ZAT4 2AT4 2174 2174 2174 2174 2174 (2174 2174 2474 (2174 ZAT4 2474 2174 2174 2174
HYDRO_DAM
HYDRO_MIN
DIESEL_GEN
CSP
PV_UTL
PV_ROF
WIND
NGCC
NUCLEAR
TRANS
DIST_IND
DIST_TRA
DIST_RES
DIST_SER

Save Cancel

Figure 27: Entering data for Input Activity Ratio

d) Repeat this for all fuels and complete the resulting table using data for
InputActivityRatio and OutputActivityRatio from Atlantis.xls sheet provided.

2. The next parameter is the Availability factor which defines the maximum amount of
time that a technology can be used during the year. In this example we assume a default
value of 1 as shown in Figure 28.

Data entry for parameter AvailabilityFactor

Default value 1

Fix dimensions —Fix dimer -

Save Cancel

Figure 28: Entering data for parameter Availability Factor

3. To enter data for Capacityfactor, click on (Enter Data) to the right of capacity factor
parameter. The default value of 1 is set to most technologies except for renewables
which will have a lower less capacity factor. Next, select the dimensions to be fixed, in
this case the region (Atlantis), then select a renewable technology i.e (PV_UTL). MoManl
will generate a table with the list of time slices as rows and Years as columns. The
Capacityfactor of each type of renewable will vary between time-slices: solar
technologies have a Capacity factor of zero at night (see figure), other renewables like
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wind or hydro may have varying Capacity factor values from one season to the next.
Navigate between technologies using the drop down list, and enter data from
Atlantis.xls.

4. Click (Save).

Data entry for parameter CapacityFactor

Default value 0
Fix dimensions REGION v Aglantis
TECHNOLOGY - PV_UTL (PV connected attt v

Switch axes

2014 2015 2016 2017 | 2018 | 2019 2020 2021 2022 2023 | 2024 2025 2026 2027 2028 2029 2030 | 2031 2032 2033 2034 2035 2036 2037 2038 | 2039 2040

D 015 015 015 015 015 (015 015 015 015 015 (015 015 015 015 015 015 015 (015 (015 (015 015 015 015 015 015 015 015
IN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
sD 015 015 015 015 015 015 015 015 015 015 (015 015 015 015 015 015 015 015 015 015 015 015 015 015 015 (015 015
SN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WD 015 015 015 015 015 (015 015 015 015 015 (015 015 015 015 015 015 015 (015 (015 (015 015 015 015 015 015 015 015
WN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Save Cancel

Figure 29: Entering Data for parameter Capacity Factor

5. The parameter CapacitytoActivityUnit represents the energy that would be produced by
‘one unit’ of power if it were used at full capacity for one year. In this case, we are
interested in the electricity generated by one unit of installed capacity. Since we have the
capacity in GW and generation (Activity) in PJ, the CapacityToActivityUnit for all
generation technologies is 31.536. To implement this:

a. Navigate to (Models > Atlantis — Scenarios > BAU — Enter data), from the list of
parameters, click on (Enter Data) to the right CapacityToActivityUnit.

b. For Import and transmission technologies, where energy is not changed from one
type to another, use the default value which is (1). For electricity generation
technologies, where input fuel is transformed to electricity output, this parameter
should have values as shown:
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Data entry for parameter CapacityToActivityUnit
Default value 1
Switch axes
Atlantis_ 004
HF_IMP
DS_IMP
NG_IMP
CO_IMP
UR_IMP
NGSC 31.538
DSGC 31.536
IGCC 31.538
HFSC 31.536
HYDRO_DAM | 31.536
DIESEL_GEN |31.536
C3P 31.536
PV_UTL 31.536
P_ROF 31.536
HYDRO_MIN | 31.536
WIND 31.538
NGCC 31.536
MUCLEAR 31.538
TRANS
DIST_IND
DIST_TRA
DIST_RES
DIST_SER
Save Cancel

Figure 30: Entering data for parameter CapacityToActivityUnit

6. The last performance parameter to enter is the ‘operational life’ for each technology. In
this case we are interested in the economic life not the technical life for each technology.
To enter data for this parameter:
a. Navigate to (Models > Atlantis — Scenarios > BAU — Enter Data), from the list of
parameters, click on (Enter Data) to the right Operationallife.
Set the default value to 1, then enter the operational life for all power plants as shown in Figure
31 and finally click (Save).
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Data entry for parameter OperationalLife

Default value 1
Switch axes
Atlantis_D0A
HF_IMP
DS_IMP
NG_IMP
CO_IMP
UR_IMP
NGSC 0
DSGC &'H
IGCC 35
HFSC 35

HYDRO_DAM | 35
DIESEL_GEM | 25

CsP 40
PV_UTL 25
PV_ROF |25

HYDRO_MIN | 20

WIND 25

NGCC 5
NUCLEAR | 50

TRANS
DIST_IND
DIST_TRA
DIST_RES
DIST_SER

Save Cancel

Figure 31: Entering data for parameter Operational Life

IV. Capacity:

In this section you need to define a number of parameters that are related to the capacity of
each technology.

1. The first parameter is ResidualCapacity which represents the available capacity from the
period prior to the first modelling year. Another name for it might be historic capacity. The
values for this parameter are calculated externally using available data of installation year
and operational life of each power plant. In the example of Atlantis, the following residual
capacities are taken into account:
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Default value

Fix dimensions

0

REGION

Data entry for parameter ResidualCapacity

Switch axes

HF_Imp
DS_Imp
NG_Imp
CO_lmp
UR_Imp
NGSC 0.1
DSGC 0.15
IGCC 0.03
HFSC 0.05
HYDRO_DAM | 0.04
HYDRO_MIN
DIESEL_GEN
CSP
PV_UTL
PV_ROF
WIND
NGCC
NUCLEAR
TRANS
DIST_IND
DIST_TRA
DIST_RES
DIST_SER

0.05

2014 | 2015 2016 2017 2018 2019

2020 | 2021 | 2022 2023 2024 2025 2026 2027 | 2028 2029 2030 @ 2031 2032 2033 2034 2035 2036 | 2037 2038 2039 2040

0.1 0.1 0.1 0.1 01 0.1
015 015 015 015
003 003 003 003
005 005 005 005
004 004 004 004

003
005

003 (003 003 003 (003 003 003
005 |00D6 006 008 (006 006 006

003 |003 003 003 (003 003 003 003 (003 003 003 003 |003 003
006 |006 006 006 (006 006 006 008 |00O6 006 006 006 |006 006

0.05 003 005

Figure 32 : Entering data for parameter Residual Capacity

2. Inthe second part of this section we will introduce you to a number of capacity constraints
that you can use to limit installation or to force installation of certain power plants. These
include

d.

MoManl User Manual 201706-Rev04 | KTH-dESA

TotalAnnualMaxCapacity: which represents the maximum limit of the sum of all
(residual and new) capacity installation of each technology allowed in each year of
the modelling period. In this exercise we will set the default value to (9999), which
means that we have no constraints on installing new capacity.
TotalAnnualMinCapacity: is the minimum limit of the sum of all (residual and new)
capacity that should be installed in each year of the modelling period. In this
exercise there are no such forced installation so we use the default value of (0).

If annual investments in new capacities for a given technology are limited to a
given level each  year, this upper Ilimit is included in
TotalAnnualMaxCapacitylnvestment. In this exercise we will set the default value
very high number like (99999).

Conversely, if certain minimum level of annual investments in new capacities for a
given technology to be implemented in each year, this lower limit is included in the
TotalAnnualMinCapacitylnvestment. In this exercise we will use the default value
of (0).
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4.3.4 Demand

The model is driven by exogenously defined demand specified as either
‘AccumulatedAnnualDemand’ or ‘SpecifiedAnnualDemand’. Note that these demands are
commonly defined for energy-services or fuels.

- AccumulatedAnnualDemand is used to represent demands that can be satisfied at any
time during the year. It is not time-slice dependent. This parameter is typically set to a
default value of zero.

- SpecifiedAnnualDemand is used to represent demands that need to be satisfied in a
specific time slice. Usually, it indicates the demand levels of different services like, cooling,
heating or lighting. It is defined using this demands’ specific profile, which reflects the
shape of the load curve for each sector of demand (i.e residential, commercial ..etc).

Specified Specified
Annual Demand Demand Profile
B
w43

Accumulated
Annual Demand

(usually set to
default=0)

Figure 33: Defining the demand in MoManl

1. To enter data for the parameter SpecifiedAnnualDemand, navigate to (Models > Atlantis
- Scenarios > BAU - Enter Data > SpecifiedAnnulaDemand-EnterData). Remember that
it is defined based on sets (Region, Fuel and Year), so you should fix the dimension of
‘Region’ and MoManl will generate the matrix of fuels as rows versus years as columns.
Set the default value to zero.
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Data entry for parameter SpecifiedAnnualDemand

Default value 0
Fix dimensions REGION v Atlantis v
Switch axes

2014 | 2015 2016 | 2017 2018 2019 2020 | 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
HF
DS
NG
co
UR

EL_Transmission
EL_Distribution
EL Industry 2.153 |2.164 |2211 2277 2.359 |2.44 (2517 2608 2703 |2.806 2873 2923 2976 3.034 3.097 3167 3.244 3324 3406 3.489 3573 3659 1748 3.842 3941 4.045 4154
EL Residential 2214 2225 (2274 2342 2426 |2.509 (2569 2683 278 |2.886 2955 3.006 3.061 3121 3.186 3.258 3.336 3.419 3503 3.589 3676 3763 1.855 1.952 4.054 4.161 4.273
EL Transport 0246 |0.247 0253 026 |0.27 |0.279 0288 0.296 |0.309 0321 0328 0334 034 0347 0354 0362 0371 038 0.389 |0.399 0.408 0418 0428 0439 045 0462 0475
EL Services 1.538 1.545 1579 1.627 1685 1.743 1798 1.863 1.931 2004 2052 2088 2126 2167 2.212 2262 2317 2375 2433 (2492 2552 2613 2.677 (2744 2815 2.889 2.967

Save | Cancel

Figure 34: Entering Data for SpecifiedAnnualDemand

2. Thenyou need to define the distribution of the demand in each time slice by entering data
for the ‘SpecifiedDemandProfile’. This parameter is based on sets (Region, Fuel,
Timeslices and Years). To enter data for this parameter, fix the dimensions of ‘Region’ and
‘Fuel’ to let MoManl generate the matrix of Time slices as rows versus years as columns.
You can switch between different types of fuel using the dropdown? list.

Data entry for parameter SpecifiedDemandProfile

Default value 0
Fix dimensions. REGION v Atlantis v
FUEL v EL_Residential (Electricity (F »

Switch axes

2014 | 2015 | 2016 | 2017 | 2018 | 2019 2020 2021 2022 2023 2024 2025 | 2026 | 2027 | 2028 | 2029 | 2030 2031 2032 2033 2034 2035 2036 | 2037 | 2038 | 2039 | 2040
D 012 042 012 (012 012 012 012 012 012 012 012 012 042 042 (042 (042 042 042 042 042 012 012 012 012 012 012 012
IN 008 (008 008 008 008 008 008 008 008 008 008 008 008 008 008 008 008 008 008 008 008 008 008 008 008 008 008
SD 015 015 015 (015 015 015 015 015 015 015 015 015 0145 015 015 015 015 045 0156 0156 015 0156 015 0156 016 015 015
SN 005 005 005 005 005 (005 005 005 005 005 005 005 005 005 005 005 005 005 005 005 005 005 005 005 005 005 005
WD 04 04 04 |04 04 04 04 04 04 04 04 04 04 04 04 04 04 04 04 04 04 04 04 04 04 04 04
WN 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02

Save || Cancel

Figure 35: Entering data for parameter SpecifiedDemandProfile

3 Note that - in the same way as year splits represent the percentage of time that is allocated to each time
slice, specified annual demand represents the percentage of the annual energy demand consumed in each
time slice. They should therefore also sum to 1.
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4.3.5 Activity

Every region has its own characteristics and special situation, i.e. it has limited fossil fuel resources
or it has a given budget for power plant extension. The modelling process tries to remain as close
as possible to these realities and make sure that all the “real system” limitations are taken into

account.

In previous sections we have introduced you to ‘Capacity constraints’. Here, we will introduce you
to ‘Activity constraints’. Both types are important to represent the real life limitations within the

modelling exercise.

5.1 Total Technology

Ir::dat:la ‘
Annual Activity Lower

& Limit

5.3 Total Technology
Model Period Activity
Lower Limit

5.2 Total Technology
Annual Activity Upper
Limit

5.4 Total Technology
Model Period Activity
Upper

Figure 36: Activity input data and constraints

1. TotalAnnualActivityUpperlimit: is a limit on the annual activity of any technology that is
producing over the year. Usually this parameter has a high default value to make sure it is
not enforced in the model. Unless it has a limitation then it should have a limiting value in

‘Peta Joules - PJ’.

2. TotalAnnualActivityLowerlimit: this parameter represents the minimum requirement that
a technology should meet. Usually it has a default value of zero, to give the model the
freedom to use the most cost effective combination of technologies.

w

TotalModelPeriodActivityUpperlimit and

4. TotalModelPeriodActivityLowerlimit parameters have the same functionality, except that
they are measured over the whole model period rather than on annual bases as previous

constraints.

Bear in mind that these are ‘Activity’ parameters and are therefore declared in PJ. Default values
are set as shown in Table 4, for detailed technology specific constraints use the values given in

Atlantis.xls

Table 4: Default Values for Activity constraints

Parameter
TotalTechnologyAnnualActivityLowerLimit
TotalTechnologyAnnualActivityUpperLimit
TotalTechnologyModelPeriodActivityLowerLimit
TotalTechnologyModelPeriodActivityUpperLimit

MoManl User Manual 201706-Rev04 | KTH-dESA

Default
0
99999
0
99999
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4.3.6 Emissions

To model emissions using MoManl you need to define a new selection of sets and
parameters as shown in the following figure:

£, '1 6.1 set “Emission”: CO2 , NOx
[~ 6.2 EmissionActivityRatio
£, -1 6.3 AnnualExogenousEmission

£ ! 6.4 ModelPeriodExogenousEmission

£ r 6.5 EmissionsPenalty

@ . p_‘,q' 6.6 AnnualEmissionLimit

£ ay 6.7 ModelPeriodEmissionLimit

Figure 37: How to model Emissions in MoManl

1. The first step is to decide which type of emissions you are interested in, for Atlantis
we are interested in CO2 and NOx emissions. You will therefore add two new elements
in the Emission set: navigate to (Models > Atlantis - Edit set Data > Emission-Enter
data). In the new screen click on (+) to add new emission and write the name in the
field as shown below:

Data entry for set EMISSION

Name Description Group ColorRemove
co2 co? . . -
NOx NOx v -
+

Groups

Name
+
Save Cancel

Figure 38: Setting Emission types in MoManl

2. Next, you need to define the EmissionActivityRatio. These give the emission levels
per quantity of fuel of a particular mode of activity for a technology. This parameter is
a function of the sets (Region, Mode of Operation, Emission, Technology and Year). To
enter data for each technology and each year, fix the dimensions the following
dimensions: Region, Mode of Operation and Emissions to allow MoManlI to generate a
table of technologies as rows versus years as columns. Then you can switch between
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different types of emissions and modes of operation using the drop down list. The
default value is zero and the units of emission are (Mton of CO2) and the units of
activity in MoManl are (P]) therefore the units of emissions activity ratio is (Mton of

CO2 per PJ). Refer to Atlantis.xls for all other values.

Data entry for parameter EmissionActivityRatio
Default value 0
Fix dimensions REGION v Atlantis
MODE_OF_OPERATION v 1
EMISSION v coz
Switch axes
2014 2015 | 2016 2017 | 2018 2019 2020 | 2021 2022 | 2023 2024 2025 2026 | 2027 2028 2029 2030 2031 2032 | 2033 2034 2035 | 2036 2037 2038 2039 2040
HF_Imp 0.0747 0.0747 |0.0747 00747 0.0747 00747 |0.0747 00747 00747 00747 00747 00747 00747 00747 00747 |0.0747 0.0747 00747 00747 00747 00747 00747 00747 00747 |0.0747 0.0747 00747
DS_Imp 0.0693 0.0693 |0.0693 0.0693 |0.0693 0.0693 0.0693 |0.0693  0.0693 0.0693 0.0693 0.0693 0.0693 |0.0693 0.0693 0.0693 0.0693 0.0693 0.0693 0.0693 0.0693  0.0693 |0.0693 0.0693 0.0693 0.0693  0.0693
NG_Imp 0.0503 0.0503 | 0.0503 0.0503 |0.0503 0.0503  0.0503 |0.0503  0.0503 0.0503 0.0503 0.0503 0.0503 |0.0503 0.0503 0.0503 0.0503 0.0503 0.0503 0.0503 0.0503  0.0503 |0.0503 0.0503 0.0503 0.0503 0.0503
CO_lmp 0052 0052 |0052 0052 0052 0052 (0052 (0052 0052 0052 0052 |0052 0052 0052 0052 (0052 0052 0052 0052 (0052 0052 0052 0052 0052 (0052 0052 0052
UR_Imp
NGSC
DSGC
IGCC
HFSC
HYDRO_DAM
HYDRO_MIN
DIESEL_GEN
cspP
PV_UTL
PV_ROF
WIND
NGCC
NUCLEAR
TRANS
DIST_IND
DIST_TRA
DIST_RES
DIST_SER
Figure 39: Entering EmissionActivityRatio data
3. In the case that there are emissions that are not calculated by the model, but are pre-

defined by the user for the specified region, you need to define them either as:
AnnualExogenousEmissions, to account for emissions on an annual basis, Or as:
ModelPeriodExogenousEmissions in case of emissions accounted for over the entire
model period. The default value for both parameters is zero and units are the same
units of emissions.

Emissions penalties are defined for each individual emission type - i.e. GHG in this
case - and are added to the model using the EmissionPenalty parameter in (USD /
tons of CO2). In this example no penalty is considered for the BAU scenario.
Parameter AnnualEmissionLimit is the upper limit of emissions output on annual
bases. And parameter ModelPeriodEmissionLimit is the upper limits on emissions
output but over the entire model period. The default values for both parameters are
set to high value (as 99999) to allow the model to account for emissions output with
no restriction. Units are emission activity units which are (Mton of CO2).
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Default value 0 Default value 0
Switch axes
Fix dimensions —Fix dimension— N
ANCOZ ANNCx
Atlantis
Save || Cancel Save || Cancel

Data entry for parameter AnnualExogenousEmission ||Data entry for parameter ModelPeriodExogenousEmission

Data entry for parameter AnnualEmissionLimit
Default value 5999

Default value 99099
Switch axes

Fix dimensions —Fix dimension— N ANCOZ| ANNOx

Atlantis

Save || Cancel Save || Cancel

Data entry for parameter ModelPeriodEmissionLimit

Figure 40: Default values for Emission parameters

4.3.7 Storage

The correct representation of storage is attracting increased interest for energy planning due
to the expansion of renewable electricity portfolios. The methodology to model storage in
MoManl is straightforward. The model allows storing or discharging energy in each time-
slice as long as the storage level constraints are met. It is worth mentioning that modelling
storage is not a standard procedure or a ‘MUST’ in developing a model in MoManl, which
means that you can still develop a ‘full model’ without having to use this functionality. The

following steps should be followed to implement Storage calculations in MoManl:

7.2 Set Conversion (Id, Is and |h)
5

Initiatea 7.3 TechnologyToStorage
model .
@ 7.4 TechnologyFromStorage
.5 StoragelevelStart
b 7.5S LevelS:
3.
o a:;crﬁxs 7.6 StorageMaxChargeRate

create a modelin

e MoMani? ’ 7.7 StorageMaxDischargeRate

7.8 MinStorageCharge

v -
@ « @ 7.9 OperationalLifeStorage

7.10 CapitalCostStorage

7.11 ResidualStorageCapacity

7.1 Set “Storage”

Figure 41: Modelling storage using MoManl

1. The first step is to define the type of the Storage. Navigate to (Models > Atlantis — Edit

Set data > Storage - Enter Data) and add an element to the set called DAM.
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Data entry for set STORAGE
Name Description Group ColorRemove
DAM DAM storage v -
+
Groups
Name
+
Save Cancel

Figure 42: Setting Storage type

2. The second step is to introduce the sequence of the timeslices, which is done by
linking each time slice to a season, a day type and a daily time brackets using the
following parameters: Conversionls, Conversionld and Conversionlh respectively.

a. Conversionls is used to order time slice of each season. Use a value of 1 to link
the time slice to a particular season, otherwise keep it at its default value of
zero. Remember that we have 3 seasons, starting by winter, then intermediate
and finally summer. We will therefore order time slices with seasons as

follows:

Data entry for parameter Conversionls

Default value ]

Switch axes

1 2 3

D 1

IN 1

5D 1

SM 1
WD 1
WHN 1

Save || Cancel

Figure 43: Entering data for parameter Conversionls

b. Conversionld is used to order the time slice in each day-type. Since we have
assumed that the model only has one day-type, the matrix that we generate
here will have only one column. Add all time slices to this day type by using a
value of 1 for all time slices:
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Data entry for parameter Conversionlid
Default value D
Switch axes
1

1D 1

IN 1

SD 1

SN 1

WD 1

W 1

Save Cancel

Figure 44: Entering data for parameter Conversionld

c. Finally, Conversionlh orders time slices in each daily time brackets. In this
exercise we have divided our load into days and nights. Which means that we
have 2 daily time brackets, as follows:

Data entry for parameter Conversionlh
Default value o
Switch axes
1 2

D 1

IM 1

5D 1

SN 1

WD 1

WN 1

Save Cancel

Figure 45: Entering data for parameter Conversionlh

3. The parameter TechnologyToStorage is used to define which technology is going to
‘Charge’ the storage facility. In this case our storage facility is a ‘DAM’, so we need to
assign the hydro technology to feed the storage.

a. First we need to increase the number if modes of operation to 2. Navigate to
(Models > Atlantis - Edit Set data > Mode of Operation - Enter Data), then click
on (+) and add a new mode of operation (2).
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Data entry for set MODE_OF_OPERATION

Name Group ColorRemove

1 bl -
2 ‘. -
+

Groups
Name

+

Save Cancel

Figure 46: Editting the modes of operation

b. The second step is to set the Technology to storage and this can be done
through (Models > Atlantis - Scenarios > BAU - Enter Data >
TechnologyToStorage - Enter Data). Set a value of 1 for ‘hydro_DAM’ in mode
of operation 2.

Data entry for parameter TechnologyToStorage

Default value

Fix dimensions REGION - Atlantis_DDA

TECHNOLOGY ~ HYDRO_DAM

DAM

Figure 47: Entering data for parameter TechnologyToStorage

4. Conversely, TechnologyFromStorage is used to define which technology is going to
‘Discharge’ the storage facility. In this case our storage facility is still a ‘DAM’, so we
need to assign the ‘Turbine’ technology to discharge the storage and generate
electricity. This can be done in (Models > Atlantis — Scenarios > BAU — Enter data >
TechnologyFromStorage - Enter Data). Set a value of 1 for ‘Hydro_DAM’ in mode of
operation 1. By this we are filling the storage in mode of operation 2 and we are
discharging the storage to generate electricity in mode of operation 1.
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Data entry for parameter TechnologyFromStorage

Default value

Fix dimensions REGION " Atlantis_DDA

TECHNOLOGY - HYDRO_DAM

DAM

Figure 48: Entering data for parameter TechnologyFromStorage

5. The parameter StorageLevelStart defines the starting level of the storage at the first
year of modelling. In this example insert 999 as the default value for this parameter.

6. The parameters StorageMaxChargeRate and StorageMaxDischargeRate defines
the maximum charge that the storage can store and the rate of the discharge for the
storage facility respectively. For both parameters use the default value of 99 and the
units are the units of power (PJ).

7. The storage facility can be discharged, however it cannot be emptied below a certain
level: MinStorageCharge. It is given as a fraction of the maximum available storage
level. Between 0.00 and 0.99.

8. Then you need to define some characteristics for the storage facility like the
OperationallifeStorage, CapitalCostStorage and ResidualStorageCapacity. Those
look similar to the parameters you inserted earlier for electricity generation
technologies, but her you need to define them specifically for the storage facility as
listed in the following table:

Table 5: Default values for Storage parameters

# Parameter Value Unit

1 OperationallifeStorage 99 Years

2  CapitalCostStorage 0 Million USD/GW
3 ResidualStorageCapacity 999 GW
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4.3.8 RE targets

Many energy plans aim to increase the share of renewable energy technologies in the total
energy mix for electricity generation. Usually governments aim to achieve certain renewable
energy targets by a specified yeari.e EU 20 20 20 targets. This should be modelled in MoManlI
by implementing the following steps:

8.2 RE Tag
lr:'lt:i;a » Fue|
@‘ 8.1 RE Tag el i
Production
- Technology e

gt
Storage | D
» L 4
-

1. First, ‘Tag’ the technologies that are contributing to meeting the renewable energy
target. (Usually, this excludes hydro power plants). In Atlantis, we have: Wind, Solar
CSP, Solar PV on utility scale and distributed Solar PV for residential level.
Renewable energy technologies can be tagged using the RETagTechnology parameter
and adding a value of (1) to all model years. Navigate to (Models > Atlantis — Scenarios >
BAU - Enter Data > RETagTechnology - Enter Data). This parameter is a function of
(Regions, Fuels and Years), so you will have to fix Regions to access a two entry table with
Technologies and Years. Use a ‘default value’ of zero to leave other fuels un-tagged.

Figure 49: Modelling RE-target using MoManI
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Data entry for parameter RETagTechnology

Default value 0
Fix dimensions REGION - Alantis

Suitch axes

2014 2015 | 2016 | 2017 | 2018 2019 | 2020 | 2021 | 2022 2023 | 2024 2025 | 2026 2027 | 2028 | 2029 | 2030 2031 2032 | 2033 | 2034 2035 2036 | 2037 2038 | 2039 2040
HF_Imp
DS_Imp
NG_Imp
CO_lmp
UR_Imp
NGSC

HYDRO_DAM
HYDRO_MIN
DIESEL_GEN
csp
PV_UTL
PV_ROF
WIND
NGCC
NUCLEAR
TRANS
DIST_IND
DIST_TRA
DIST_RES
DIST_SER

Figure 50: Entering data for parameter RETagTechnology

2. Nextyou need to “Tag” the fuels that are generated by renewable technologies. As
for technologies, navigate to (Models > Atlantis - Scenarios > BAU - Enter Data >
RETagFuel - Enter Data). Consider that:

a. RET like wind turbines, solar CSP, and utility scale solar PV are generating electricity
that goes to the transmission level. This is considered as fuel (EL_Transmission).

b. Distributed solar PV which is used to meet residential electricity demand mainly in
rural areas, so this technology is giving (EL_Residential) as output fuel.

Data entry for parameter RETagFuel

Default value 0
Fix dimensions REGION v Adlantis

Switch axes
2014 | 2015 | 2016 2017 | 2018 2019 2020 2021 2022 2023 2024 2025 | 2026 2027 2028 | 2029 2030 2031 2032 2033 2034 | 2035 2036 | 2037 2038 2039 2040

EL_Transmission 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
EL_Distribution
EL_Industry
EL_Residential 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
EL_Transport
EL_Services

Save Cancel

Figure 51: Entering data for parameter RETagFuel

3. Once fuels and technologies are selected, then you need to set your renewable energy
target using the parameter REMinProductionTarget. For Atlantis the share of
renewables is gradually increasing from 20% in 2018 to reach the level of 50% by
2030 as shown in Figure 52.This can be reached from the following path: (Models >
Atlantis - Scenarios > BAU - Enter Data > REMinProductionTarget - Enter Data).
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Data entry for parameter REMinProductionTarget

Default value

Ak | AR | Ae | Ao | A0 | Jar | 2

Figure 52: Increased share of REminProdTarget

4.3.9 Reserve Margin

This parameter is a measure of available capacity in the region compared to the actual
capacity needed. The reserve margin is an important parameter that helps the system to deal
with un-expected peaks in demand levels. From a producer point of view, it refers to the
capacity of a producer to generate more energy than the system normally requires at any
given point in time. For a transmission company, it refers to the capacity of the transmission
infrastructure to handle additional energy transport if demand levels rise beyond expected
peak levels.

Figure 53: How to add Reserve margin to your model in MoManl

1. First, you need to define the fuels that are included in this reserve margin calculation.
This information is entered using the ReserveMarginTagFuel and fixing the Region
so as to get a matrix with years as columns and regions included in rows: (Models >
Atlantis - Scenarios > BAU - Enter Data > ReserveMarginTagFuel - Enter Data).
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Data entry for parameter ReserveMarginTagFuel

Default value

Fix dimensions REGICN

Figure 54: Entering data for ReserveMarginTagFuel

2. The reserve margin level is defined as a unit-free fraction. In the case of Atlantis, the
RM is set to 18%, i.e. the system must have 18% more total installed capacity than
required by the actual peak load. It is worth mentioning that the capacity factor is not
applied to calculate the reserve requirements, i.e., the full installed capacity is taken
into account.

Navigate to (Models > Atlantis — Scenarios > BAU - Enter Data > ReserveMargin - Enter
Data) and add the same value for all years.

Data entry for parameter ReserveMargin

Default value

Figure 55: Setting Reserve Margin level

3. The last step to implement a reserve margin into your model is to define which
technologies (in each region) are allowed to contribute to the reserve margin. These
technologies should be tagged using the ReserveMarginTagTechnology parameter.
If the “tag value” is 1, then 100% of the installed capacity of that technology
contributes to the reserve. If the tag value is 0.2, then only 20% of the installed
capacity is considered. This representation is useful, as, for Ex, some variable
renewable technologies contribute to the capacity reserve in a limited manner. The
parameter is a matrix with the years as the columns and technologies included in the
rows. (Models > Atlantis - Scenarios > BAU - Enter Data >
ReserveMarginTagTechnology - Enter Data).
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Data entry for parameter ReserveMarginTagTechnology

Default value
Fix dimensions REGICN . -

Switch axes
2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2002 | 2023 | 2024 | 2025 | 2026 | 2007 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2030 | 2040
HF_IMP
DS_IMP
NG_IMP
CO_IMP
UR_IMP
NGSC
DSGC
IGCC
HFSC ).5
HYDRO_DAM
DIESEL_GEN
CcsP
PV_UTL
PV_ROF
HYDRO_MIN
WIND
NGCC
NUCLEAR
TRANS
DIST_IND
DIST_TRA
DIST_RES
DIST_SER

Figure 56: Entering data for ReserveMarginTagTechnology
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5. Building scenarios using MoManl

Scenarios are used in energy modelling to study the effect of different policy plans and measures
on the energy system. New scenarios are usually compared to a reference, or ‘Business As Usual-
BAU’, scenario. In the previous part of this manual, we have already created the reference
scenario which represents the current energy system of Atlantis. We are now going to add a new
scenario to this study by cloning an existing scenario and tailoring its contents to represent an
alternate future pathway.

5.1 Clone a revision
The following steps demonstrate how to clone a revision of an existing scenario:
1. Star by navigating to (Models > Atlantis - Scenarios) section of your Atlantis model. You
will notice that the model starts with revision (1) or the BAU scenario, which is the root
for all other scenarios.

Home Sets Parameters ~ Wanables Objective functions Constraints Models Results
Search:
Name Description Revision
BAl Business as usual scenario 1 Enter Download Clone
data executable revision

Figure 57: MoManl Models page

2. To initiate a new scenario, click on (Clone revision), this should inherit the data form
scenario (1) and copy it to the new scenario (2).

3. Now click on (Enter data) next to the new cloned scenario, this will lead you to a new page
where you can add the name and description for the new scenario. Let’s call the new
scenario ‘LowCoalPrice’ and add a short description as ‘Low import price for coal ‘. Finally
click (Save).

4. This page should look similar the one you have worked on before while developing the
BAU scenario. Here you can find the list of all ‘Parameters’ that you can change to design
your new scenario, as shown here:
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Home Sets Parameters ‘\anables Ohbjective functicns Constraints Models Results

Entering scenario data for model

Atlantis
Scenario

Name LowCoalPrice
Description Low import price for coal
Save

Parameters
Search:

Name Description

AccumulatedAnnualDemand AccumulatedAnnualDemand

AnnualEmissicnLimit The sum of all emissicns frem the energy system being moedelled (plus any annual exogencus emissions) can be limited using the

AnnualEmissionLimit
AnnualExogencusEmission If there are emissicns that need to be accounted for, but are not caleulated by the model on "an annual basis’, they can be included as Enter data
AnnualExogencusEmission slic

AvailabilityFactor Awailability Factor indicates the maximum time a technology may run for the whole year,

Figure 58 : Entering Scenario data page showing list of Sets and Parameters

5.2 Developing a new scenario

Each scenario has its special characteristics. These are implemented by changing the input data
for different parameter (s) in each scenario. In this example, and for the sake of simplicity, you
will develop a scenario where only one parameter is adjusted or changed. In other more
complicated cases, more than one parameter need to be changed to develop a scenario.

As mentioned above, for Atlantis we would like to study the effect of a reduced import price for
coal: how would this change the energy system of Atlantis?

To implement this,

1. First, locate the VariableCost parameter and click on (Enter Data). Fix the Region as
(Atlantis) and the mode of operation as (1) to allow MoManl to generate a table of
Technologies as rows and years as columns.

2. Change the variable cost of (CO_IMP) to 1 throughout the time frame of the model. See
Figure 59.

3. Click (Save) to implement the changes. This will take you back to the “Entering scenario
data” page.

4. Go all the way to the bottom of the page and click on “Back to scenario list”. This should
take you back to the Atlantis model page where you have the list of all the scenarios. So
far we have created scenarios (1) and (2), the same approach can be implemented to add
as many scenarios as you need.
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Data entry for parameter VariableCost

Default value 0
Fix dimensions REGION v Atlantis_00A v
MODE_OF_OPER  ~ 1 v
Switch axes

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
HF_IMP 13.652 |8.357 |9.571 10,786 |12 13.215 |14.43 14.57 14.71 14.851 14991
DS_IMP 16.667 |16.667 16.667 |16.667 |16.667 16.667 |16.667 |16.667 |16.667 |16.667 |16.667
NG_IMP 0 T e e T e e e e P e T P G O A PR R O P

CO_IMP 1 1 1 1 1 1 1 1 1 1 1
UR_IMP 2778 2778 (2778 |2778 2778 (2778 (2778 |2778 |2W78 |2.778 2778
NGSC
DSGC
IGCC
HFSC
HYDRO_DAM
HYDRO_MIN
DIESEL_GEN
CSP 46 46 46 46 46 46 46 46 46 46 46
PV_UTL 60 60 60 60 60 60 60 45 45 45 45
PV_ROF 20 20 20 20 20 20 20 19 19 19 19
WIND 4167 4167 (4167  |4167 4167 (4167 (4167 (4167 (4167 4167 4167
NGCC

NUCLEAR 4167 4167 (4167  |4167 4167 (4167 (4167 (4167 (4167 4167 4167

2025
15.131
16.667
11.111
1
2778

46
45
19
4167

4167

2026
15.272
16.667
11111
1
2778

46
40
18
4167

4167

2027
15.412
16.667
11111
1
2.778

46
40
18
4167

4167

Figure 59: Change data for variable cost for CO_IMP for years 2014 - 2040
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6. Run Simulation

After developing two scenarios (BAU and LowCoalPrice), we are ready to run the simulation
and see the results. MoManl is the interface that generates the required model and data files.
In order to run the model and upload results to MoManl however, we need to download the
GLPK solver.

Develope the
scenario in
MoManl

Visualize Set up GLPK
results solver

Run simulation
and upload
results

Download
Excutable file

Figure 60: Schematic representation on running simulation using MoManl and GLPK

1. After generating the model, the next step is to set up the solver that is used for running
the optimization. In this example, GLPK solver is used to run the optimization, which is an
open source free solver. If you don’t have this solver in your computer, follow the
installation instructions given in Appendix 1 .

2. Once the solver is successfully installed, go back to MoManl, navigate to (Models >
Atlantis — Scenarios > LowCoalPrice) and click on “Download executable”.

Please wait, generating executable

« Executable v
= Model v
= Dataq :27/52

Figure 61: Downloading executable file from MoManl

3. Open the downloaded zip folder, you will find three text files named as (data.txt,
metadata.txt and model.txt) and an executable file. Double click on the executable file
“RunSimulation.exe”, this will open a new window, click on Run. Note that you may need
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to un-zip the folder and move the content to another folder before you click on

RunSimulation.exe
y Open File - Security Warning = File folder
| data.tt Text Document
| SJmEEEETAR The publisher could not be verified. Are you sure you want to Text Document
| model.td run this software? Text Document
=1 RunSimulation.exe ——,II Name: ..ta\Local\Temp'\Rar$EXa0.283\RunSimulation.exe Application
L Fublisher: Unknown Publisher

Type: Application
From: Ch\Users\adm.naw\AppData‘\Local\Temp\RarSEXa..

Run | | Cancel
This file does not have a valid digital signature that verfies its

publisher. You should only run software from publishers you trust
How can | decide what software to un?

Figure 62: Run simulation

This should run the new scenario. Two separate screens will appear and you can see that
simulation is running to find the optimal solution for the given model configuration. If the
optimal solution cannot be found, you should see an error message on this screen.

Name Size Packed Type

B ChUsers\admunaw\AppData\Local\Temp\RarSEXa0.283 \RunSimulation.exe

Microsoft Windows [Uersion 6.1.76811
| metadata.tct [Copyright (c> 288? Microsoft Corporation. All rights reserved.
| model.bd

= RunSimulation.exe

| databt

~adm.naw~AppDatasLocal\TempsRar$ERaB.283>del /s ~gq »

CAbl_PlannedMaintenance .
§7_and_SB_Stor ageLeueli’eax Finish.
EBaB_EnergyBalanceEachTS82.
RE4_EnergyConstraint .
CAa2_TotalAnnu Capac1ty
TACI TotalModelH nTechnologyfActivityLoverLinit .
erLimit BeglnnlngOFDallyTlmeElackBtOan.,I:ln.,l:an[:EOfDayTypelnF

imit
_EndOfDailylimeBracketOf LastInstanceOf DayIype InLastUeek]

onsPenaltyByTechnology.

_To alﬂnnualTec}mnlogyﬂct1u1tyUppexL1m1t
RE3_Fuellncluded.
Accl_Fue 1P nductlnnByTec}mnlngy. .
§U2_SalvageUalueAtEndOfPeriod2.
EBb‘l Enel gyBalanceEach¥Yeard.
EB: » gyBalanl:eEal:l\TS4 ol
E'? E onsAccounting2.
EQ_Sp. iedDemand .
S16 SaluageUalueStm ageRtEndOfPex iodl.
EBa5_RateOf FuelllseZ.

=L Total 392,694 bytes in 4 files

Figure 63: Running simulation with GLPK solver

Once the simulation is run successfully and the optimal solution is found, the solver will upload
results back to MoManl. It will also generate a folder called (res) with all result outputs in
excel format (.csv) to be used in further analyses.
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7. Results Visualization

Easy and fast presentation of results is an important aspect in the development of energy
planning tools. This section in MoManl reduces analysis time considerably by providing a
visualization screen for optimisation outputs in both graphical and tabular representation.

From the top tabs, click on (Results) to go the results page where you can see on the left side a
list of all models that have been developed (In this case we have only Atlantis). On the right side
you have two options to visualize results a) View scenarios and b) Compare results as shown:

Home  Sets  Parameters  Variables  Objective functions  Constraints ~ Models  Results
Search:

Name Description

Atlantis Test model for capacity building View scenarios  Compare results

Figure 64: Results page showing Atlantis scenarios

7.1 View Scenarios:

This option allows users to visualize results of a specific scenario. Once you click on view
scenarios, you will move to a new page where you will find to the left a list of the scenarios
under the Atlantis model (BAU and LowCoalPrice). And to the right you can see a note; either
(View results) which means that the run was successful and results were uploaded to the
interface. Or in the other case; you will have (No results yet) to give you a warning that there
was an issue in running the optimization and uploading results, as shown below:

Home Sets Parameters Variables Objective functions Constraints Models Results
Search:
Name Description Revision
BAL Business as usual scenario 1 View results
LowCoalPrice Low import price for coal 2 Mo results yet

Figure 65: List of scenarios under Atlantis model

1. Click on (View results) next to (BAU) to go to further detailed list showing all output results
(Variables) available for this scenario. This list of variable results (output) might reminds
you of the list of parameters (input) entered for each scenario.
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Home Sets Parameters ~ Variables Objective functions Constraints Models Results

Variable results for scenario BAU

Business as usual scenario

Search:
|
Name Description
AccumulatedMewCapacity AccumulatedMewCapacity View charts Download csv
AccurnulatedMewStorageCapacity AccurmulatedMewStorage Capacity View charts Download csv
AnnualEmissions AnnualEmissions View charts Download csv
AnnualFixedOperatingCost AnnualFixedOperatingCost View charts  Download csv
AnnualTechnologyEmission AnnualTechnologyEmission View charts Download csv
AnnualTechnologyEmissionByMode AnnualTechnologyEmissionByMode View charts Download csv
AnnualTechnologyEmissionPenaltyByEmission  AnnualTechnologyEmissionPenaltyByEmission  View charts  Download csv
AnnualTechnologyEmissionsPenalty AnnualTechnologyEmissionsPenalty View charts  Download csv
AnnualVariableQperatingCost AnnualVariableQperatingCost View charts Download csv
Capitallnvestment Capitallnvestment View charts Download csv
CapitallnvestmentStorage CapitallnvestmentStorage View charts Download csv
Demand Demand View charts Download csv

Figure 66: List of variable results (output) under the BAU scenario

2. To the right you can find two options of results visualization, either using the standard
charts developed in MoManl (View charts) or if you would like to further analyse results
and to develop your own set of charts, you can (Download csv) file for each variable for
your further analysis. In this section, we will focus on the first option and visualize the
charts developed by MoManl.

3. From the variables list, look up ProductionbyTechnologyAnnual and click on (View charts)
next to this variable. This will open a new page with a chart as shown below:
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ProductionByTechnologyAnnual

X axis
YEAR -

Group by
REGION -

Show additional settings

81

2014 2018 2018 2020 2022 2024 2028 2028 2030 2032 2034 2038 2028 204

Figure 67: Results visualization for variable Production by technology annual - Grouped by region

4. You can change the setting of the graph using:
a) Changing the output of the x-axis; click on the drop down list and chose (Year).
b) Changing the output of the y-axis; clink in the drop down list under ‘Group by’ and chose
(Technology) to segregate the production per technology. Since we are interested in this
task to look into the electricity generation technologies, we need to zoon in further.
c) Click on ‘show additional settings’; then de-activate (show legends) to allow for a bigger
chart space. Secondly from ‘Display data for’ select the first group ‘Electricity Generation’
and de-activate the other categories ‘import technologies’, ‘T & D’ and ‘ungrouped’. See
Figure 68

Group by
TECHMOLOGY

Hide settings

Show legend
¥ Use set data descriptions instead of names
Display data for:
¥ Electricity Generation
¥ MNGSC (PP1: Matural Gas — SC)
¥ DSGC (PP2: Diesel — GC)
¥ |GCC (PP3: Coal - Integrated Gasification Combined Cycle - IGCC)
¥ HFSC (PP4: HFO — SC)
# HYDRO_DAM (PPS: Hydro [ = 10 MW))
¥ HYDRO_MIN (Mini Hydro ifrom 100 ke to 1 MW}
* DIESEL_GEM (Distributed Diesel)
¥ CSP (CSP connected te transmission level (Generic) - PT no Storage)
¥ PV_UTL (PV connected at the transmission level (>1MWVV) -Utility)
¥ PV_ROF (Dist. PV distribution level (rooftop/ Mo storage) — Residential)
# WIND Wind (25 % load Factor) — Transmission )
¥ NGCC (MEWW Combined Cycle GT)
¥ NUCLEAR (MEW: Muclear (Light VWater))

Import Technologies
/ HF_Imp (HFO Imports)
DS_Imp (Diesel Imports)

MNG_lmp (NG Imports)
CO_lmp (Ceal Imports)
UR_Imp (Uranium Imports)

T&D
/ TRAMNS (Transmission)
DIST_IMND (Final Industry level)

DIST_TRA (Final Transport lewvel)
DIST_RES (Final Residential Level)
DIST_SER (Final Services level)

Ungrouped
/ Figure 68: Addtional Chart settings
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5. Finally click on (Hide Settings), you can see the legends and the numerical values of
‘production by technology’ simply by putting the mouse pointer on the year of interest.

Your chart should look like the following:

ProductionByTechnologyAnnual

Group by
TECHNOLOGY

Show addtional settings

1

5
NEW: Nuclesr (Light Water)

Wind (25 % losd Factor) ~ Transmission
Dist. PV distribution level (rooftop/ N storsge) ~ Residenial

PV canneted et the transmission level (> INW) Uity

W C3P connected to transmission evel (Generic) - PT no Starage
W Distributed Diesel

I Nii Hycra (from 100 kw to 1 W)

PRS: Hydra (= 10 M)

M PP4 HFO-SC 0.

2

W NEW Combined Cycle GT 0.25181226879374

1
0

0.3032

0
0
0
0

W PP3: Cosl - Integrated Gasification Combined Cycle - IGCC

5.68279868611672

PP2 Digsel - GC
M PP1: Natursl Gas - 5C

0 !
2014 2018 22018 2020 22 2024 2028 2028 20 a2 204

Figure 69: Results visualization for variable Production by technology annual
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7.2 Compare Results:
The second option to visualize results is the ‘Compare results’ option, which will allow the
user to quickly compare specific variable results between two scenarios.

1. From the top tabs, click on (Results) to go back to the main results page. On the right side

2.

3.

4,

you have two options to visualize results, click on ‘Compare results’.

Home  Sets  Parameters  Variables  Objective functions  Constraints ~ Models  Results
Search:

Name Description

Atlantis Test model for capacity building View scenarios  Compare results

Figure 70: Main results page showing Atlantis model

In the ‘Compare scenario’ page you can change the arrangement of the scenarios in

your screen. For now, we will keep the default arrangement to have the ‘BAU’

scenario to the left and the ‘LowCoalPrice’ scenario to the right.

Again we will look into the ‘Production by Technology Annual’, look it up from the

drop down list under ‘Variable’. Then you should set the x-axis as years and ‘Group

by’ - Technology.

As we did previously, click on ‘show additional settings’ and perform the following

changes;

a) De-activate (show legends) to allow for a bigger chart space.

b) Under ‘Display data for’ select the first group ‘Electricity Generation’ and de-activate
the other categories ‘import technologies’, ‘T & D’ and ‘ungrouped’.

c¢) Finally click on (Hide Settings). Your screen should look like this:

MoManl User Manual 201706-Rev04 | KTH-dESA 54



s

Left scenario

BAU (Business as usual scenario)

Right scenario

LowCoalPrice (Low import price for coal) v
Variable

ProductionByTechnologyAnnual r
Xaxis

YEAR T
Group by

TECHNOLOGY M

Show addttional settings

2015 020 2025 2030 2035 2040 015 2020 025 2030 2035 2040
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Appendix 1
GLPK installation guide for windows 10 users

This instruction sheet is prepared for the training sessions on MoManl. In order to be able to
use this effectively, you will need to have a computer with windows 10 as operating system
and to have full administrative rights to be able to install and add new files to your system.

Instructions:
1) First of all, you need to know the what is the type of your windows operating system.
To check that, navigate to: Control panel >> System >> About

. Bl Windows 10

System

PC name ITMEGI-189
L paucly

Organization ITMAD

= Storage Edition Windows 10 Education
Version 1607
W ‘omingmaps 05 Build 14393.576
(@ Tablet mode Product ID 00328-10000-00001-AA412
Processor Intel(R) Core(TM) i7-5600U CPU @ 2.60GHz 2.60
IO Multitasking GHz

Installed RAM 16.0 GB (15.9 GB usable)

g Rroiechig g PG I System type 64-bit operating system, x64-based processor I

@ Apps for websites Pen and touch  No pen or touch input is available for this display

Change product key or upgrade your edition of Windows
I ® About

Read the Privacy Statement for Windows and Microsoft services

2) Download the latest version of GLPK solver (glpk-4.60.tar.gz) from the following
link:

https://sourceforge.net/projects/winglpk/
This will download a zip file in your ‘downloads’ folder.
3) Extract the Zip folder by: right clicking on the folder and then>> 7-Zip >> Extract
Here as shown below:
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This PC » Downloads v & Search Downloads
Name Date modified Type
(3 winglpk-4.60; AT ST zip Archive
Open
7-Zip > Open archive
CRC SHA > Open archive 52
[of Edit with Notepad++ Extract files...
Ea Scan with Windows Defender... Extract Here
Open with > Extract to "winglpk-4.60\"
Share with > Test archive
or Restore previous versions Add to aichive...

Compress and email...

SRt 2 Add to "winglpk-4.60.zip.7z"

Cut Compress to "winglpk-4.60.zip.7z" and email
Copy Add to "winglpk-4.60.zip.zip"

Create shortcut . Compress to "winglpk-4.60.zip.zip" and email
Delete

Rename -
Properties

4) Now you will see a new folder called (glpk-4.60), move this folder to your (C: ) Drive
or any other folder you want the solver to be saved in. (Hint: You may need to log in
as administrator to be able to add a file to your C: drive.)

By this you have the solver installed in your computer, you DO NOT need to click install
or run any executable. The only thing we need to be able to use the solver, is to set the
environmental path variable. Which we will show in the following steps.

5) Double click on (glpk-4.60) folder, you should find many folders and files and
among them you can find two folders (w32) and (w64).

6) Based on the operating system type (step 1), open the (w32) folder if you have a 32-
bit operating system or open (w64) if you have a 64-bit operating system. In this
case we have 64-bit operating system and we open (w64).

7) From the address bar, COPY the directory to this folder (C:\glpk-4.60\w64) as
shown below:

| V] = | wed == a X
Home Share View 0
« v 4 | vi® Search w4 yeol

Name B Date modified Type Size A
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8) On the right side of the browsing windows, right click on (This PC) and select

(Properties):

> @ ThisPC [ confia VC
Expand
. ¥ Network
& Manage
Pin to Start

Map network drive...
Open in new window
Pin to Quick access

Disconnect network drive...

Add a network location

Delete

Rename

Properties

e —

9) This will open a new window, on the right side menu, click on (Advanced System

Settings)

3 system

Centrol Panel Home

& Device Manager
& Remote settings

Windows edition
Windows 10 Education
G System protection
& Advanced system settings
System
Processor:
Installed memory (RAM):
System type:

Pen and Touch:

Computer name:
Full computer name:
Computer description:

Domain:

4 E3 5 Control Panel > System and Security > System

View basic information about your computer

© 2016 Microsoft Corporation. All rights reserved.

Intel(R) Core(TM) i7-5600U CPU @ 2.60GHz 2.60 GHz
16.0 GB (15.9 GB usable)

64-bit Operating System, x64-based processor

No Pen or Touch Input is available for this Display

Computer name, domain, and workgroup settings

ITMEGI-189
ITMEGI-189.ad.itm.kth.se

ad.itm.kth.se

- m]

Search Control Panel

v o

am Windows10

Support Information

QChar\ge settings

10) On this new window, click on (Environmental Variable) option at the bottom
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System Properties X

Computer Name Hardware Advanced System Protection Remote

You must be logged on as an Administrator to make most of these changes.

Performance
Visual effects, processor scheduling, memory usage, and virtual memory

User Profiles
Desktop settings related to your sign-in

Settings...

Startup and Recovery
System startup, system failure, and debugging information

Settings...

Environment Variables...

OK Cancel Apply

11) Again you will have a new window. From bottom list, select (Path) and then click on
(Edit) as shown below:

terr Environment Variables X
Computer Name Hardware Advanced  System Protection Remote
User variables for adm.almulla
You must be logged on as an Administrator to make most of these changes.

Variable Value
Performance ; s
Visual effects, processor scheduling, memory usage, and vitual memory Path %USERPROFILE%\AppData\Local\Microsoft\WindowsApps;

TEMP %USERPROFILE%\AppData\Local\Temp

Setings.. T™P %USERPROFILE%\AppData\Local\Temp
User Profiles
Desktop settings related to your sign+in
B New.. || Edit.. Delete
Startup and Recovery
System startup, system failure, and debugging information System variables
g Variable Value ()
Settings...
ComSpec CAWINDOWS\system32\cmd.exe
NUMBER_OF_PROCESSORS 4
Environment Variables... 0S Windows_NT
C:\ProgramData\Oracle\Java\javapath;C:\Program Files (x86)\Intel\i...
PATHEXT .COM:;.EXE;.BAT;.CMD;.VBS;.VBE;.JS;.JSE;.WSF;.WSH;.MSC
OK Cancel Apply PROCESSOR_ARCHITECTURE AMD64
el i L | PROCESSOR IDENTIFIER Intel64 Familv 6 Model 61 Steooina 4. Genuinelntel ¥
Domain: ad
Windows activation
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12) This will lead you to a new window with a list of all path variable defined in your
computer, click on (New) to be able to add a new path variable to GLPK solver.

13) In the bottom field, paste the directory to GLPK (‘C:\glpk-4.60\w64’, which we have
copied in step 7):

Edit environment variable X J

C:\ProgramData\Oracle\Java\javapath New
C:\Program Files (x86)\Intel\iCLS Client\ |

C:\Program Files\Intel\iCLS Client\ Edit
%SystemRoot%\system32 |
%SystemRoot% | Browse...
%SystemRoot%\System32\Wbem

%SYSTEMROOT %\System32\WindowsPowerShell\v1.0\ Delete
C:\Program Files (x86)\Intel\Intel(R) Management Engine Component... |

C:\Program Files\Intel\Intel(R) Management Engine Components\DAL

C:\Program Files (x86)\Intel\Intel(R) Management Engine Component... Move Up L]
C:\Program Files\Intel\Intel(R) Management Engine Components\IPT

C:\Program Files\InteN\WiFi\bin\ | | Move Down
C:\Program Files\Common Files\Intel\WirelessCommon\

C:\Program Files (x86)\GnuWin32\bin

C:\Python27 Edit text... o
C:\Program Files (x86)\Skype\Phone\ ‘

C:\glpk-4.60\w64

Finally click (OK) to save your work.
To check if the solver is installed successfully:

1) Open (command prompt) window

2) Type (glpsol)

3) Click enter

4) You should find a msg like the one shown below: (GLPSOL: GLPK LP/MIP
Solver, v4-60):

B3 Command Prompt - o X




