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o Envronment and cimate £ (CJQ AN
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
— Qil refining

— Coal transformation
— Heat generation

— Liquefaction

* |IEA definition
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Transformation in LEAP

EEI Transformation
--{ﬁ Transmission and Distribution
EI@ Electricity Generation
--{ﬁ Output Fuels
. e . . . =03 Processes
* Transmission & distribution oy

----- I Auxiliary Fuels

. 165 Feedstock Fuels
¢ Energy conversion &-@ Fuel Oil
-ig¢ New Oil CT
] -2 New Coal Steam
* Resource extraction ;-5 Biomass
454 Wind
d-¢ Natural Gas CC
H-45# Existing Coal Steam
-4 Hydro
=-) Charcoal Making
=-) Qil Refining
=-) Coal Mining
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Basic parameters

Basic Parameters

P
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Mame: Mame of Area
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ansformation & Resources

|| Statistical Differences & Stock Changes
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o Module

= Transformation
--El Transmission and Distribution

@ OUtpUt fuel E'El Electricity Generation
\ EHE Output FUE|5
2 Process @ Electricity
\ =& Processes

\BJ Qil Combustion Turbine

@ Feedstock f uel —_— 5 Feedstock Fuels

>0 Residual Fuel Oil

- Auxiliary Fuels

A 4

@ Auxiliary fuel

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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e ECRAN
Module properties

r 7
Tranformation Module Properties ﬁ

Mame:

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

Types of data to include:
[] Costs

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

| Co-product fuel:

[ Qutput shares (otherwise outputs in proportion to requirements).

Enter efficiency data as:

@ Efficiencies (™) Losses (7) Heat rates

wF OK | X Cancel | | ? Help
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General module structure

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

1. Identify 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

1 ) Ad d M Od u Ie rTranformation Module Properties ﬁ1
2- Set MOdUIe properties Name: [Transmission and Distribution
3. Add Pr‘ocesses Simple non-dispatched module: one output fuel per process.
Types of data to include:

4. Set Process properties e

Capacities
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:

EIE' Tr’aFISfD rmatIDﬂ Output shares (otherwise outputs in proportion to requirements).
= Transmission and Distribution
Enter efficiency data as:
=0
PrDCESSES () Efficiencies ©) Losses
=4 Electricity _
[ " OK ngancel l ?ﬂerJ
=+ Feedstock Fuels
e E|EC’[FICIJ[}P‘ Add Process to Module: Transmiszsion and Distribution &J
1.} Natural Gas First Feedstock Fuel: | -
=0 Feedstock Fuels
: Process Mame:
------ ' Natural Gas
oK [ x Cancel ] [ ? Help
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Modeling electricity generation

Add Module

Set Module properties
Add Processes

Set Process properties

Enter data
=& Transformation
"'il Transmission and Distribution
E'lil Electricity Generation

E'il Output Fuels

-@ Electricity

E'il Processes
'-'-'m* Oil Combustion Turbine
E'lil Feedstock Fuels
O Residual Fuel Oil

------ & Auxiliary Fuels

This Project is funded by the European Union

Tranformation Module Properties

Mame: Electricity Generation

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 ment order)
Planning Reserve Margin (if unchecked will be calculated endogenously)
[[] Co-product fuel:

[7] Output shares (otherwise outputs in proportion to requirements),

Enter efficiency data as:

@ Efficiencies ") Losses () Heat rates

| 0k || Xcancel || P Help |

Add Process to Module: Electricity Generation ﬁ

First Feedstock Fuel: | -

Process Mame:

QK ’ X Cancel ] ’ ? Help
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oo ECRAN
Data requirements

* Key assumptions

* 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

1. Divide year into time slices

2. Make load shape with data for each time

slice

3. Assign the load shape to electricity system
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Time slices

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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i LEAP: Freedonia
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; | i Results Variables to Save
Views :
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Results 7
=» Effects
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Environment and Climate !
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| Fuels <@ Effects [0 Units |
O EGE|x B @

Branch: All Branches = | Variable: Dispatch Rule

) Help [§) What's This?
Branch: Transformation' Electricity Generation' P

Scenario: Current Accounts  ~

| Dispatch Rule | First Simulation Year | Process Efficiency | Historical Production | Exogenor

Dispatch Rule: Used to simulate dispatch of processes from first simulation year onwards.

Branch Expression

» New Oil Combustion TiMeritOrder

Existing Oil Combustio/MeritOrder

New Coal Steam MeritOrder

Existing Hydro MeritOrder

Existing Coal Steam  MeritOrder
| Expression OK Check as You Type
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Environment and Climate F
- Raginnal Arceccinng Neatwnrk v
) Slices ="C]

( D Setup = Delete = Delete All f+ J & Export Import
-
Cierd Tirne Slice Hruirs i
Setup Time Slices =
I |
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 - k-
” I | S e Donn_to 1000 5
1) Time Slices @Eﬁ 3
D Setup dF = Delete = Delete All 4+ & & Export Import
Ord Time Slice Hours [
i Hours 0000 to 1000 1000 i
2 Hours 1000 to 2000 1000 |
3 Hours 2000 to 3000 1000 | =
4 Hours 3000 to 4000 1000
5 Hours 4000 to 5000 1000
L= & Hours 5000 to 6000 1000 —
7 Hours 6000 to 7000 1000
& Hours 7000 to 3000 1000
9 Hours 8000 to 8760 760
9 Slices Tot=8.760 -
J60 -
Year 2010 = leap year? [ W Close 1 [ ? Help ] [ More B ]
Year: . - m— B |
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Basic Parameters ﬁ

Scope & 5ca|e""f‘ears " Default Units" Calculatiuns| Loads | Optimization " Stocks"Internet"Charts " Folders " 5ecurit1.r]

How do you want to enter electricity load curves?

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

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

Only show load shapes for electric technologies

[ " Close J ’ ‘? Help
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Load duration curve
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| 0
.0
i - ad Shape: System Load Curve &
1 i & @ & @ & @ +
10,5
10 —
= 95 2
9 E:
Yearly Shape: System Load Curve T 35 "_*'
3] .
(=] I
LR P eak Load Shape (% of peak load) | |5 8 g
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‘t} YRt =EFsE ONEN | m‘ A g ‘ 4@ v Branch: Transformation' Electricity Generation..
© Freedonia Branch: AllBranches v | Varable: System Peak Load Shape v | Scenari: Curent Accounts »
-8 Key Assumptions Planning Reserve MarginSystem Peak Load Shape | 3
System Peak Load Shape: Load shape (% of ann. peak load) [Time-sliced, Default="DefaultYearlyShape"] ¢
&0 Demand .
=0 Transformation Branch Expression

"@ Transmission and Distribution

= & |Flectricity Generation 3t VEEE e o WY earlyShape(System Load Curve)
#8 Qutput Fuels {—ﬁ—

4p Cut Ctrl+X
-0 Processes 7 Copy Cti=C
[a] Ditto Ctrl+D

&0 Resources i [T

B8 Reset toInherited

[ Branch/Variable  Ctrl+B

fx Function Ctrl+F
°? Time Series Chrl+T
|7 Use Aliases
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oo ECRAN
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)
e 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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© Freedonia

-0 Key Assumptions
=0 Demand

B3 Household

=0 Transformation

"El Transmission and Distribution
BEI Electricity Generation

--El Output Fuels

=& Processes

& New Coal Steam
& Existing Hydro

% Existing Coal Steam

-3 Resources
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Dispatch rules

& B m‘ Aag ‘ 4 ) Branch: Transformation! Flectricity Generation' Processes!...

Branch: All Branches

Variable; Dispatch Rule

Scenario; Current Accounts »

-4 New Oil Combustion Turbine
% Existing Oil Combustion Turbine

Dispatch Rule | First Simulation Year V Process Eﬁiciency”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'] @

»

@ =B

Expression OK ‘ Check as You Type

[ ) Chart [P Tt 13 00t (23 Mot [T Clabenrmiionn 81 L]
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f PercentShare: Runs in proportion te Process Share variable,

fs ProportionalToCapacity: Runs in proportion to available capacity.

Fs FullCapacty: Dispatches up to full available capacity regardless of requirements,

Fi MentOrder. Dispatches in order using Merit Order variable,

4 Cut Ctrl+X

[ Copy Ctrl+C

[ Paste Ctri+V

[T} Paste Special

[4] Ditto Chil+D

3% Reset to Inherited

5 Branch/Variable Ctrl+B

Fs Function CefF | =
ff Time Series kT |
|7 Use Aliases
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