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e Transformation (definition, main sectors)

e Transformation in LEAP
— Basic parameters
— Branch types, properties & structure

— Set-up Transformation model
e Example 1: Modeling transmission & distribution

e Example 2: Modeling electricity generation
— Data requirements
— Making a system load shape

— Dispatch modes
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Transformation

e Conversion of primary forms of energy to secondary
and further transformation (e.g. coking coal to coke,
crude oil to petroleum products, heavy fuel oil to
electricity) ™

— Electricity generation
— Oil refining

— Coal transformation
— Heat generation

— Liquefaction

* |EA definition
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Transformation in LEAP

- Transformation

--{El Transmission and Distribution
El@ Electricity Generation

--E Output Fuels

e Transmission & distribution e @ wtion Turbines
EI Auxiliary Fuels
. £+ Feedstock Fuels
¢ Energy conversion @ Fuel Oil

w4 New Oil CT

. m-44 New Coal Steam
* Resource extraction &4 Biomass

- Wind

#-4¢ Natural Gas CC
w-4¢ Existing Coal Steam
-4 Hydro

#-= Charcoal Making

&3 Qil Refining

1+ Coal Mining

=l
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Basic parameters

Basic Parameters

P

S

Scope & Scale |"fear5 " Default Units" Calculation

" Loads ) Optimization H Stocks "Internet " Charts " Folders " Security ]

Area

Mame: Mame of Area

Description:

This Project is funded by the European Union

Scale User Information: from COMMEND
[¥#] T§nsformation & Resources ) Global Property Value it
|| Statistical Differences & Stock Changes ) Multi-national Organization KEPA
[ Costs @ National Organization Type Academic Organizaticn
) . City Athens
|:| Energy Sector Environment Loadings () Sub-national Country Greece =
["] Mon-Energy Sector Environment Loadings Country Email promitheas@kepa.uo...
FlIndicat Web http:/ fwww kepa.uoa...
nelicators - License Expires: 10/21/2016 -
@ Edit List of Resuit Variables to Save Visit COMMEND to edit your user profile
[ " Close ] I ? Help
'y e’
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Branch types

= Module |
EEI Transformation
--El Transmission and Distribution
@ OUtPUt fue, g EHE Electricity Generation
\ E‘El Dutput FUE'S

& Process - Electricity
\ E'El Processes

% Oil Combustion Turbine

] FEEdStOCk fUEI\ DE: Feedstock Fuels

—>-0 Residual Fuel Oil

A 4

@ AUXi/iarnyEI © Auxiliary Fuels

Basic hierarchy: “Modules” (sectors), each containing one or more “processes”.
Each process can have one or more feedstock fuels and one or more auxiliary fuels.
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Module properties

i 3
Tranformation Module Properties ﬁ

Mame:

"] Simple non-dispatched module: one output fuel per process.

Types of data to include:
[] Costs

] Capacities
System Load Curve (required if dispatching by cost or merit order)
Planning Reserve Margin (if unchecked will be calculated endogenously)

"] Co-product fuel:

| Output shares (otherwise outputs in proportion to requirements).

Enter efficiency data as:

@ Efficiencies (7 Losses (") Heat rates

@?QH [ x Cancel l ’ ? Help
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General module structure

N
T
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Example module 1: Simple non-
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Example module 2: Electricity generation
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Example module 3: Oil refining
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Set-up Transformation model

1. ldentify modules to include

2. Arrange modules in correct order
3. Set module properties

4. Determine level of detail

5. Enter data
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Modeling Transmission & Distribution

. Add Module . =

Tranformation Module Properties

. Set M Od u Ie p rope rties Name; rl'ransmission and Distribution

Types of data to include:

. Set Process properties “lcosts

Capacities

1
2
3. Add Processes Simple non-dispatched madule: one outputfuel per process
4
5

. E nte r d ata System Load Curve (required if dispatching by cost or merit order)

Planning Reserve Margin (if unchecked will be calculated endogenously)

Co-product fuel:

EI{E Tra ﬂSfD rmatiDﬂ Output shares (otherwise outputs in proportion to requirements),
=0 Transmission and Distribution
Enter efficiency data as:
E..
@ Processes (7 Efficiencies @ Losses
=4 Electricity
[ ' 0K ngancel l ?ﬂeip]
=2 Feedstock Fuels
e ElECtI’ICIt‘y‘ Add Process to Module: Transmission and Distribution ﬁ
-J' Natural Gas First Feedstock Fuel: | -
=2 Feedstock Fuels
P Process Mame:
- Natural Gas
QK [ X Cancel ] [ ? Help
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Modeling electricity generation

1. Add Module [Ferme e mr e

2. Set Module properties

3. Add Processes et
4
5

Mame: Electricity Generation

[[] Costs

. Set PI"OCGSS prOperties [¥] Capacities

Systern Load Curve (required if dispatching by cost or merit order)
. E nter data Planning Reserve Margin (if unchecked will be calculated endegenously)
[7] Co-product fuel:

[ Output shares (atherwise outputs in proportion to requirements).

=& Transformation
= Transmission and Distribution
=& Electricity Generation Enter efficiency data as:

(@ Efficiencies (") Losses (7) Heat rates

[ W OK H xgancelH ?ﬂelp]

EIEI Output Fuels

W Electricity
= Processes r
P . . Add Process to Module: Electricity Generation ﬁ
=% Qil Combustion Turbine
; First Feedstock Fuel: | -

Process Mame;

E'il Feedstock Fuels

-@ Residual Fuel Oil
0] 4 ’ x cancel ] ’ ? Help

------ & Auxiliary Fuels
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Data requirements

* Key assumptions

e Plants characteristics
— Exogenous capacity
— Endogenous capacity
— Historical production
— Maximum availability
— Efficiency
— Lifetime
— Capacity credit
— Dispatch rules

— System load curve
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Making a load shape

Divide year into time slices

Make load shape with data for each time

slice

Assign the load shape to electricity system
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e Seasonal and time-of-day divisions into which
annual electricity loads can be divided

e Set up wizard to create seasonal, quarterly,

monthly, weekly, or daily time slices
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B nal Accoccing No -

i LEAP: Freedonia

Area Edit View Analys ree Chart Advanced

Help

LA] Mew @Qpen %] Basic Parameters Alt+B Basic Params E Scenarios Fuels <« Effects m Units | & Help [§# What's This?
Rezults Variables to & -
Views E sl T 10 oave B Bl A A @ Branch: Transformation' Electricity Generation' P
O Freed: e Branch: All Branches = | Variable: Dispatch Rule = | Scenario: Current Accounts
_____ oK Fuels Alt+L Dispatch Rule | First Simulation Year | Process Efficiency | Historical Production | Exogeno
Analysis EY Fuel Groupings ] . ] — ]
ispatch Rule: Used to simulate dispatch of processes from first simulation year onwards.,
=D Dispatch Rule: Used t late dispatch of from first lat d
ﬂ B €N @ Regions
Region Groupings .
a5 H @ Re Png Branch Expression
Results
== 7O Trara Eﬁ'etm Alt+U
. o . . :
% s : » New Oil Combustion TtMeritOrder
lfl T1® References yution
Diagram 1sti I I '
9 = & E L Lifecyele rofies Existing Oil Combustio/MeritOrder
olg oy Yesrly Shapes _ Ctrle Y New Coal Steam MeritOrder
Energy P Existing Hydro MeritOrder
Balance ([ Constants . :
' Calculation Checksums : Existing Coal Steam  MeritOrder
~ ) n Turbine
SV_ | _Reset Prompts stion Turbine
ummaries

[ =
@D

Overviews

_'\'ﬁ

Technology

Database

=4 New Coal Steam

=% Existing Hydro

=% Existing Coal Steam

#2 Resources
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- Reginnal Arraccinn Natwinrl v
L Slices = | =]

( || Setup = Delete = Delete All + J & Export |3 Import
b
Ord Time Slire Houors |
Setup Time Slices @
| [
What kind of time slices do you want to create? 5
5
@ Simple: Create slices with no seasonal or time of day data. Slice duration: 1.000 hours 5
This will create & slices each with 1000 hours duration plus one 760 hour slice, 5
Slice names: 5
Based on Hours - 5|5
” T S Llmare T T Y 00N ~ 5
) Time Slices Ll =0 | |15
Lj Setup dF = Delete = Delete All 4+ & Export Import
Ord Time Slice Hours [
i Hours 0000 to 1000 1000 TN
2 Hours 1000 to 2000 1000 |
3 Hours 2000 to 2000 1000 | =
4 Hours 3000 to 4000 1000
5 Hours 4000 to 5000 1000
— & Hours 5000 to 6000 1000 —
7 Hours 6000 to 7000 1000
& Hours 7000 to 8000 1000
9 Hours 8000 to 8760 760
9 Slices Tot=8.760 -
L7600 -
Year: 2010 = leap year? [ o Close J [ ‘? Help ] [ More Ep ]
VEE et L [ — | et J‘P]
o
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Basic Parameters ﬁ

Scope & Scale "‘fears " Default Units" Calculations| Loads | Optimization " Stocks"Internet " Charts " Folders " SE::urity]

How do you want to enter electricity load curves?

@) Load shape for entire system (% of Peak Generation)
() Load shape for entire system (% of Annual Generation)

() Load shapes for each device (Systemn load shape will be calculated)

Only show load shapes for electric technologies

[ " Close ]’ ? Help
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Load duration curve

100

90 A Peak Load
a5 - Plants

Intermediate
60 1 Load Plants

o
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o
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Baseload
Plants

20
15 Capacity (MW) * MCF \L\

10 4 o

\d

1 I 1 4 1 1 1 1 1 1 1
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000 6,500 7,000 7,500 8,000 8,500

Hours Sorted from Highest to
Lowest Demand
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i, LEAP: Name of Area

Area Edit View Analysi @ ree Chart Advanced Help

Jﬂew @Qpen k] Save %[ Basic Parameters  Alt+B 4] Basic Params |5 Scenarios Fuels «m Effects (0] Units | @ Help () What's This?

Results Variables to Save
Views E 4 [ AR @ Branch: Transfermation

& Scenarios

Fuels Alt+L

u;
_|
)
€

a
E

=1

25 Res @ Region Groupings

Results

o Effects
----- O Nor,
] Units Alt+U

B References

il

Diagram
L/ Lifecycle Profiles

] Vearly Shapes  Ctrl+Alt+Y

() Time Slices Nova

M

Energy
Balance E Constants

¥ Calculation Checksums
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v Reset Prompts
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b Yearly Shapes: System Load Curve: 1/1 E@g
dk Add == Delete ﬁ" Rename < {+ Import Export Export All Import Hourly Shape 2, Mormalize
Yearly Shapes o Drag to edit [V Sort values [ Slice names  [] Stair lines
Systemn Load Curve ¥ Chart [E Table"':___f*. Notes] Y
| .00
4.0
Hours 7000 to 8000J0ad Shape: System Load Curve &
= 11,111
11 0 o o o o o o H
10,5
10 _
a 95 2
a
Yearly Shape: System Load Curve T g5 ’:
(1] N
= i
L ERER P eak Load Shape (% of peak load) | |5 B g
= 75
Name Energy Load Shape (% of annual load) = -? —
Peak Load Shape (% of peak load) - 2
Hours 0000 4, 5ilability Shape (0..100%) S I
Hours 1000 pMerit Order Shape (0,..M) L8 E: 6 %
Hours 3000 to 4000 1000 111 = 5’: ’E
Hours 4000 to 5000 1000 111 ﬁ
Hours 5000 to 6000 1000 111 g 42 =]
Hours 6000 to 7000 1000 111 ; .
P Hours 7000 to 8000 1000 el — | S 33
Hours 8000 to 8760 760 111 2 3
W o5
2
| 15
1 1
0.5
o]
1000150020002500300035004000450050005500600065007000750080008500
9 Slices Tot=8760 Tot=1000 - Time Slice
Edit hours on the General: Time Slices screen. [ & Close ] [ ? Help
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9 b
F* Yearly Shapes: System Load Curve: 1/1 E@ﬁ
dF Add [#1 Rename @ Import @ Export @ Export All @ Import Hourly Shape >, Mormalize
Yearly Shapes < Drag to edit  [¥] Sort values  [] Slice names  [¥] Stair lines
System Load Curve ) Chart “3 Table"':___f'-. Nntes] b
0
+.0
i Peak Load Shape: System Load Curve &
100 iy
a5
a0 —
- 85 &
Yearly Shape: System Load Curve L i
=g 75 =
Shape Type: Peak Load Shape (% of peak load) - a8
R=R L]
==
Mame Hours Avg. Value = 2 65 @
Heurs 0000 te 1000 1000 98,0 e 60 :
Heurs 1000 te 2000 1000 98,0 \g 55 It
Heurs 2000 te 3000 1000 83,0 @ 50 %
Heurs 3000 te 4000 1000 59,0 e = ==
Heurs 4000 te 5000 1000 320 A _
Hours 5000 to 6000 1000 20,0 Y =
Heurs 6000 te 7000 1000 20,0 S 3
Heurs 7000 te 8000 1000 13,0 _EE 30
» Hours 8000 to 8760 760 N ET o g5
20
A 15
[ 10
5
0
A 50010001500200025002000250040004500500055006000650070007 50080008500
9 Slices Tot=8760 -
Minimurm: 130 =5 Time Slice
Edit hours on the General: Time Slices screen. [ & Close ] [ ? Help
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‘Q YR+ =EFi5 el | m‘ Avg ‘ 4@ % Branch: Transformation' Hlectricity Generation| .

Scenario: Current Accounts

(wi FFEEdonia Branch: All Branches

Variable: System Peak Load Shape

-3 Key Assumpti ons ystem Peak Load Shape )
System Peak Load Shape: Load shape (% of ann, peak load) [Time-cliced, Default="DefaultYearlyShape'] @
20 Demand ’
=0 Transformation Branch Expression

--El Transmission and Distribution

& |Flectricity Generation IElectricity Generation |l RIERE S EEURLEETT)
#3 Output Fuels {—Em
5 Processes 3 Copy -
el Resources [4] Ditto Ctrl+D D

B8 Reset to Inherited

) Branch/Varigble ~ Ctrl+B

fi Function Ctil+F
°? Time Series Ctri+T
|7 Use Aliases
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Dispatch modes

Mode 1: Historical
— dispatch of plants based on historical generation
Mode 2: Simulation

— dispatch of plants based on various dispatch rules ranging from very simple (% of total
generation) to more sophisticated (dispatch by merit order or in order of running costs)
Set the First Simulation Year variable for each process to determine when to use

historical mode and when to use simulation mode.

Mix modes and dispatch rules in neighboring processes (e.g. dispatch wind by
percentage to meet a renewable portfolio standard, but dispatch other processes by

merit order).
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O Freedonia

-0 Key Assumptions
=0 Demand

1) Household

=0 Transformation

--El Transmission and Distribution

BEI Flectricity Generation

£
e

QOutput Fuels

Processes

& New Oil Combustion Turbine

-4 Existing Oil Combustion Turbine
& New Coal Steam

-4 Existing Hydro

% Bxisting Coal Steam

=0 Resources
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Dispatch rules

4 BB m‘ LA | ‘ 4@ ) Branch: Transformation Electricity Generation' Processes!...

Branch: All Branches  + | Variable; Dispatch Rule =

Scenario; Current Accounts »

Dispatch Rule | First Simulation Year” Process Efficiency ”Historical Production V Exogenous Capacity ” Endogenous Capacity ” Maximum Availability ” Capacity Credit Vlnterest Rate ” Lifetime” Merit Order‘

Branch Expression

INew Oil Combustion Tl

Existing Oil Combustio/MeritOrder
MeritOrder
MeritOrder
Existing Coal Steam ~ MeritOrder

New Coal Steam
Existing Hydro

Dispatch Rule: Used to simulate dispatch of processes from first simulation year onwards. [Default="PercentShare'] @

Expression OK ‘ Check as You Type

[ Pt T Tt [T 00t 2 M [P Elotum i 800 Ll |

This Project is funded by the European Union
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=
Fs PercentShare: Runs in proportion to Process Share variable,
Fs ProportionalToCapacity: Runs in proportion to available capacity.
fx FullCapacty: Dispatches up to full available capacity regardless of requirsments,
fi MeritOrder: Dispatches in order using Merit Order variable,
4p Cut Ctri+X
[ Copy Ctrl+C
[ Paste Cl+V
[7] Paste Special
[4] Ditto Ctrl+D
B8 Reset to Inherited
5 Branch/Variable (trl+B
fi Function Cirl+F -
f/ Tirme Seriec T |
|T Use Aliases
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