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Introductory Points

= This is a simple exercise
— Simple model approach
— Simple case configuration

= Exercise is meant to show the influence of various parameters
— Technical
— Economic
— Environmental

= Please work in teams in case we have insufficient number of computers/laptops
— It’s more fun, too

= We will walk you through the development of the initial case study
— You will then run various scenarios (with our help)

= Discussions could focus on findings, explanations for results, limitations of the model and
model setup, and the need for more complex tools
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ENPEP-BALANCE Determines the Equilibrium
Supply/Demand Balance of the Energy System

INPUT OUTPUT
P g
Price/Cost
e Energy system
structure Demand Supply

e Base year energy
flows and prices .

Equilibrium

e Energy demand
growth projections

J

Quantity

e Technical and
policy constraints



ENPEP-BALANCE Uses an Energy Netv;E'k to Simulate
Energy Markets (We will Focus on Electricity ONLY)
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Networks are Organized into Sectors

B BALANCE for Windows
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Network Sectors Consist of Nodes and Links
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The Following Node Types are Available to Model Different
Energy Activities

= Demand
' @ L.
= Conversion Processes ? W
I I e I
Single In-/Output Multi Output Multi Input Transport
= Resource Processes @
Depletable Renewable
= Economic Processes ﬂ
o |
Decision/Allocation Pricing

Central Dispatch Thermal Unit Hydro Unit

= Electricity Dispatch and

Thermal and Hydro Units



ENPEP-BALANCE Uses a Logit-Function to Estimate Market
Shares of Competing Commodities at the Decision Node
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The ENPEP-BALANCE Nonlinear Equilibrium Algorithm
is Based on Decentralized Decision Making

= Market share calculation assumes “ideal market” subject to government policies, fuel
availability, and market constraints

= A lag factor accounts for delays in capital stock turnover

= The result is a nonlinear, market-based equilibrium solution
within policy constraints, not a simple, linear optimization

= No single person or organization controls all energy prices and decisions on energy use
= All decision makers make their energy choices based on their own needs and desires
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Network for our Simple Case Study — We will Start with One
Sector (Electric) and 2 Power Plants
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Later, we will Add one more Technology to the Mix and
Change the Configuration Slightly

-,

& BALANCE for Windows

og

& BALANCE for Windows

=%

File Edit %iew Window Help

m_q-

DHE =Zpeo a S

® P

Q Simple-01 Sectors

=)oty

Pleasze use the menu bar to edit the Simple-01 sector or gectors

File Edit “iew Window Help
@ LS =R LLL AESE R S T
I
E Electric Sector Metwork Elements [._”E]ﬁ
Nades:l-"-'*bbfe‘fiatiﬂn j Link\s:I-":"t|3'|3'"3‘~"itflti':ln j F'Dllutant:l j Year:l LI
]
gs-el X
u-el co-el
GazPP
\ \
MHucPP CoaPP
gas
nucle coal
(@ @ (m)
Mucle Coal Gas M
l{ I | 111 | (2]

Please use the menu bar to edit the Electic Sector netwark element or network, elements




Configuration of the Simple Case Study

= Two fuel sources
— Coal
— Natural gas

= Two power plants (conversion processes)
— Coal power plant
— Natural gas power plant

= One decision point/node
— Choice between electricity from coal or gas

= One demand node: Electricity

= Study period: 30 years, 2009-2038

coal

Coal

qas

Gas
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Steps in Developing the Simple Case Study

= Prepare the power system structure (see Steps 1 — 10 on following slides)
— Draw the system using nodes and links
— Label each system element

e Each link and node has a name and abbreviation

= Execution Step 1: Validate network structure

'_
— Click on “up-down” & BALANCE for Windows

— Necessary when arrows are RED File Edit WYiew ‘Window Help

= Enter the input data

= Execution Step 2: Run the simulation

— Click on “Run BALANCE” & BALANCE for Windows

— Necessary when face is RED (sad) File Edit Wiew ‘Window Help

=Z|o L

= Review and interpret the results

3 SimplgRun BALANCE |
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STEP 1: Create a New DATABASE

"B OALANCE for Windows (" (2) Use the pulldown to choose the ) =/ 1k

folder where you want to save the

| Flle Bt Window  Help

Savein | L CaseStudy

[CiBacklp
aSimpIeExercise.db

(3) Enter name of new
database, e.g.,
Simple_Exercise

4

Falhpﬁrn‘@ ISimpIe_E HEICiZE

mrﬁ%@ﬁes [BALANCE Studies [ db) Cancel ;
- - \ -
- Efzmg _

Mexico-AMNL Yersion l4/3/2008

Ok Cancel

I

|Please select the database name

AN——————————————— .




STEP 2: Open the New Database Highlight the Name
and Double CIICk

- - _
- W _

_
Double-clic
’ here
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STEP 3: Create a New CASE 14

Description, Start Year, and End
Year




Step 4: Open the New Case Highlight the Name
and Double-cllck

imple-01

Double-click

New Case Hame




Step 5: Create New Sector and Name the Sector

B BALANCE for Windows MmE[<]
File Edit Wiew Window Help
[l | =SZ(PLO2 MAS W & P
Jadd sector 1 SeEw \ =JoJ&d
(1) Click on ADD fad
L SECTOR icon
& BALANCE for Windows
File Edit Wiew Window Help
OHe == pPppp #HnE a9
5 Simple-01 Sectors (3) Enter Name,
_ Abbreviation,
E Description, and click
OK

Flease enter a name, a

Mame:

Abbr; Description:

ation, and a descrigtion far the new sectar:

(2) Move the mouse to
Electric Sectof Elect Electric Sector
where you want to
place the sector and
Ik | Cancel

click
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Step 6: Enter the Sector by Double-clicking

I BALAMCE for Windows

File Edit Wiew Window Help

!_1—

BuHe =2 LppL M &

B ?

5 Simple-01 Sectors

Double-click
the sector

Elec;



Step 7: Use the Node Pull-down Icon and Select the Node
‘you Want to Include in the Sector

& BALANCE for Windows
File Edit Wiew ‘wWindow Help

[ (1)

Select Demand
Node icon

o File Edit Miew ‘Window Help

@ X S =2F oL

E‘ Electric Sector Hetwork Elements

NDdESZW

(2) Move the mouse to
where you want to
place the node and

click

I \

Ak, S Links: | Abbresdation
gy

@ 5. BALANCE for Windows

(3) Enter Name,
Abbreviation,

Description, and click
OK

Flease enter a name. an abb . and a description far the new demand node:

Mame: Abbr Description:

Electricity Demand

EleDe ‘l

I Cancel

Pleaze uze the menu bar to edit the Electic Sector netwiork element or netwark, elements
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Step 8: Repeat Step 7 for all Nodes in the Network

= Allocation node
— Name: Decision node
— Abbreviation: Decis

= Conversion process node 1
— Name: Coal power plant
— Abbreviation: CoaPP

= Conversion process node 2
— Name: Gas power plant
— Abbreviation: GasPP

= Depletable resource node 1
— Name: Coal resource
— Abbreviation: Coal

= Depletable resource node 2
— Name: Natural gas resource
— Abbreviation: Gas

& BALANCE for Windows M=}
File Edit View ‘Window Help
|l@- 2|/ =2 200 # &1 &<
[
E Electric Sector Network Elements [._“E]m
Mades: Abbreviation - Links:| Abbreviation i Pollutantl ;I Ytarl ;I
]
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CoaPP GaszPP
Coal Gas
v]
I< | B
Fleaze usze the menu bar to edit the Electnic Sector network. element or network, elements A




Step 9: Use the “Add Link” Icon in the Menu to Draw the
Links and to Connect the Nodes

= Start at the bottom with the resources

& BALANCE for Windows
= FROM —TO: Trace how energy flows from resource File Edit Wiew Window Help

(bottom) to consumption (top) A=SR2 PR L A

ork Elements

(3) Move the mouse to
the finish node (TO) [

(1) Click on Add Link

icon J

and click the node

" EuiFF
Mame: Abbr. Description:

coal

coal ||

coal

(2) Move the mouse to

the starting node .
, (4) Enter Name, Abbreviation,
(FROM):QSEC“CI( the Description (optional), and click
e ©
a

Coal 22



Step 10: Repeat Step 9 for all Links in the Network

= Gas resource to gas power plant
— Name: gas
— Abbreviation: gas

= Coal power plant to decision node
— Name: coal electricity
— Abbreviation: co-el

= Gas power plant to decision node
— Name: gas electricity
— Abbreviation: gs-el

= Decision node to demand node
— Name: electricity
— Abbreviation: elect

B BALANCE for Windows M=%
File Edit View Window Help
|@- £ S =2 LS HE RS
=
E Electric Sector Metwork Elements g@
Hoders| Abbreviation l Fallukant J ;l '.'Mrl ;l
]
elect
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w
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Pleaze usze the menu bar to edit the Electric Sector network. element or network, elements A
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Step 11: Validate Integrity of Network Structure

sector

—
2 BALANCE for Windows M|=1%< (1) Click on the Close
File Edit Yiew Window Help icon to close the
=" .

@ S =ER2 PP AS

rewiakion A rewiakion

B BALANCE for Windows mEx)

File Edit “iew ‘Wwindow Help

@ =ZPpLpHnESLa P

down icon to run the
validation

[ (2) Click on the up-




Step 11: Validate Integrity of Network Structure (cont’d)

 Simulation Status l

The regquested simulation run is complete:
(1) Click Yes to confirm

/ [ EMFEF: Updown % 3.0 - April 19394 ]
.
EHP ‘]r Windows Initializing.

Attempting to build link infa...

9 Feadingfile:  AB021.DAT Depletable Resource Frocess
Feading file:  A\BOZ23.DAT Renewable Resource Frocess

- Run the Up/Dovin Pass Sequencer? Readingfile: \B024.0AT Decision Process
Feading file:  M\B025.DAT Conwversion Frocess
Feadingfile:  \BOZE.DAT kultiple-lnput Frocess

e ’\J Mo Feadingfile:  AB027 DAT Demand Frocess
Feading file:  ABO29.0DAT Refinery Process
I‘""-. Feadingfile:  A\BOZADAT StockFiles

Feadingfile: MBDZBDAT Frice Begulation Frocess

Attermpting to build energy flow netaark.

Attempting to create UF pass.
W Attermpting to build energy flow netwarl.

(2) Look for “Normal Aftempting to create DOWMN pass.

Termination and then
click OK

[ Updown.c: Marmal Termination ]

I ‘ Cancel ‘
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Step 12: Enter Input Data — Resource Nodes (Coal)

| EIESIENS Fiepees |

Coal consumption in
2009

EIESENE FORERE s

Price of coal in 2009 and
expected annual price

R
JHRAARRARA




Step 12: Enter Input Data — Resource Nodes (Gas)

| EMIESENE FiepeRes |

Gas consumption in
2009

EESIENE FopEfies |

I

0.010
0.010

0.010

Price of gas in 2009 and
expected annual price

0.010

aoao
0.010
0.010
0.010
0.010
0.010
0.010

0.010

TR
L

0.010




Step 13: Enter Input Data Convers:on Nodes (Coal Power
Plant) e |

SEsIEE EIE e S

2,716.000 888 9539 000

SMISEERS Fropenies

730,000.000
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Step 13: Enter Input Data Convers:on Nodes (Gas Power

Plant) o

SIS SIS FERENES

2,716.000 594 959.000

SMISEERE FIOREnEs

a28,000.000
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Step 14: Enter Input Data = Qecision/AIIocation Node
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Step 15: Enter Input Data — Demand Node

SIS SIS FERENES

Mon Linear -
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Step 16: Run ENPEP-BALANCE

— e
B BALANCE for Windows M= (1) Click on the Close
File Edit Yiew Window Help icon to close the

@z /S =E L A S N _ sector
_3‘ Electric Sector Network Elements M@
Haderd fbbroviation 7 | Linke] Bbbroviaion 7 | Fallutant Ed|  ETEA

‘B BALANCE for Windows

File Edit Yiew Mindow Help

== PRLH M S

j:!_«v-

B ?

(2) Click on the Run
BALANCE icon to run
the simulation

Elect




Step 16: Run ENPEP-BALANCE (cont’d)

EMPEP for Windows

.\'-|_

? r/‘ Run the BALAMCE Simulator?

Yes b 1 [u]
AN

\

(1) Click YES to
confirm

(2) If no warnings and
error messages, click
OK

| Simulation Status ;

The requested simulation run is complete:

2034

2035
2035

203k
203k
203k

2037
2037

2038
2038

COMYERGEMCE AT REL TOL. = 0.100000 AND AES. TOL = 10.0 AFTER

[TERATION = 1 MMAXBELERR=7742118e-002 ABSERR= BB41 #
COMYERGEMCE AT BREL TOL. = 0.100000 AMD ABS. TOL = 10.0 AFTER

[TERATION= 1 MAXBELERR=1.030223e-001 ABSERR= 5609 #
[TERATION = 2 MAXBELERR =4.838771e-002 ABSERR= 5609 #
COMWERGEMNCE AT REL TOL. = 0.100000 AND AES. TOL = 10.0 AFTER

I[TERATION= 1 MAXEELERR=7336613e-002 ABSERR= 5603 #
COMYERGEMCE AT REL. TOL. = 0100000 AMD ABS TOL = 100 AFTER

[TERATION = 1 MAXBELERR=35781452e-002 ABSERR= 5609 #
COMWERGEMNCE AT REL TOL. = 0.100000 AND AES. TOL = 10.0 AFTER

STOP End of IDES program statement executed

[TERATIONS.

[TERATICNS.

[TERATIOMNS.

[TERATICMNS.

[TERATIOMNS.

##

##

##

##

##

018

‘ Cancel ‘




Node

on

Results at Decision/Allocat

Review

Step 17

Decis Node Link Values

Energy Report  Energy Graph ‘

(1) Select decision node,
RIGHT-CLICK, and choos
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Run the Following Scenarios and Interpret the Results

= Higher price sensitivity (Decision/Allocation Node): 13

Technical Properties ; Ecanomic Properties ] Technical Properties - Econamic Properties l Efmiseione Properies ]

: o L_aglw : . Price Growth Curve ntercept
Year Price Sensitivity (Fraction] Electric Grid link vear Bate ($/hoe]
| 2009 | 13.000 | 0.100 | | 2008 | 0.010 | 20,000
| 2010 | 0.010
= Different gas price scenario: 1% increase B 0.010
until 2015, 4% starting in 2016 2012 | 0.010
| 2013 | 0.010
| 2014 | 0.010
| 2015 | 0.010
= Effect of financing terms, for example 2018 | 0.040
gas power plant: Interest rate of 25% | 2017 | 0.040
| 2018 | 0.040
| 2019 | 0.040
Technical Properties : Economic Properties ‘ Emicsiane Praperties ] | 2020 | 0.040
Single Plant Capital ~ Operating and Life 2021 | 0.040
Investment Maintenance Cost Expectancy Interest Pate | 022 | 0 040
Year (E10007 (Eihoe) (fears] (Fractiomn) '
| 2009 | 528,000.000 | 3.100 30.00 | 0.250

| 2010 | | | |

‘) 35



New Nuclear Power with Different Network Configuration

' B BALANCE for Windows =)
File Edt “iew Window Help
|@- L/ =2 290 # S| & ?
E Electric Sector Metwork Elements u@ﬁ
Ngdeg;l.&hhreviatiun ;I Linkg:l.‘é\bbfe"v’iatiljﬂ ;I F'|:|||utant:| LI Yea[:|2DDE LI
&)
gs-el X
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GaiPP
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MHugPP CoaPP
gas
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(m (m (m
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Step 1: Enter Input Datqi-..i—_j__?,e:‘source Nodes (Nuclear Fuel)

=TS SIS EEEHEE

=SS E S S e EE
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p———
Step 2: Enter Input Dafa Convers:on Nodes (Nuclear Power
Plant) " |

F.604.000

559 995,000

=200
20
T
20
2018
T
2015
- 20ie
|20
2018
2018
T
202

3,500,000.000

i
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Step 3: Enter Input Ddidi-.fHQecision/AIIocation Node
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Step 4: Review Results at Decision/Allocation Node

o DecBa Node Link Values
(1) Select decision node,

RIGHT-CLICK, and choose
VIEW OUTPUT =

2500

T
-]
g 5w
E
"
u-el 3
& 1000
==
S
View Ouktput =
00
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
HU%PP Eu+F"F" Years

DecBa Node Link Values

Market Share (fraction)
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Run the Following Scenarios and Interpret the Results

= Effect of financing terms, for example nuclear power plant: Interest rate of 18%

Technical Properties | Ecanaomic Praperties l Emissions Properies ]

single Plant Capital CDperating and Life
Inwestment Maintenance Cost Expectancy Interest Fate
Year (£1000% ($/boe) CYEars) (Eraction’
| 2009 | 3500000000 | 0.800 | 40.00 | 0.180
| 2010 | | | |
| 2011 | | | |

= Effect of carbon price

Technical Properties l Economic Properties | Emissions Properties

Uncontrolled
Emission Factor

Coal plant; emission
factor and carbon price

Pollutant Ingut Based Scale Yalue Ernissions Tax
Year  Abbreviation (e Chermical Scale (%] (Ftonne]
2009 | CH4 | |
| co2 | 100.000 | Carbon | | 30.00

Technical Properties ] Economic Properties | Emissions Properties

o Uncontrolled
Gas plant; emission Emission Factor

. Pollutant Input Based Scale Walue Ernissions Tax
factor and carbon price Year  Abhreviation koGl Cherical Scale % ($itonne)
009 | CH4 |
S0.00

S [ coz | 50.000 | Carbon |
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