A

Argonne

NATIONAL
LABORATORY

... for a brighter future

UChicagop

Overview of the Energy
and Power Evaluation Program
(ENPEP-BALANCE)

Center for Energy, Environmental, and Economic
Systems Analysis (CEEESA)

Decision and Information Sciences Division (DIS)
Argonne National Laboratory

9700 South Cass Avenue

Argonne, IL 60439



ENPEP-BALANCE Is Designed to Analyze the Entire
Energy System in an Integrated Framework

B Reveal cross-sectoral effects; provide structure for conS|stent energy
“planning” program

B Integrated framework allows evaluation of feedback
effects Residential
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ENPEP-BALANCE Determines the Equilibrium Supply/Demand
Balance of the Energy System
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e Energy system
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ENPEP-BALANCE Uses an Energy Network
to Simulate Energy Markets




Networks Consist of Nodes and Links
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By Using Nodes and Links, Each Sector Is Modeled Differently
Depending on Data Availability and Type of Issue Analyzed

Nodes:IEmiSSiDn ‘l(tonne) Links:IND Labels 'I Pollutant| CO2 'l Year:l1999 'l

All
CH4 =
Co

NZ20
NMTOC
NOX
P

502

£ TRA Metwork Elements _ O] x|

i

464.074.279 929.{67.2 Nodes;lAbbrewaﬂon j |_|nk5;|Abbrewat|on j Pollutan‘r:l j Year|1995 j

(m @

86,034, 206,481.6

A

Argonne

NATIONAL LABORATORY



The Following Node Types Are Available to Model Different Energy
Activities

B Demand
YA
B Conversion Processes T i |
Single In-/Output Multi Output Multi Input Transport
B Resource Processes @
Depletable Renewable
® Economic Processes
Pt |
Decision/Allocation Pricing

B Electricity Dispatch and ﬁ

Thermal and Hydro Units

Central Dispatch Thermal Unit Hydro Unit




Nodes Are a Series of Simple Submodels,
Each with a Set of Quantity and Price Equations

B Quantity,,,, = f(Quantity; )
— Example conversion process

QOUt Qout = Qin X E
P E: conversion efficiency

out
Conversion

Process

B Price gy = f (Price inlout)

Qin — Example conversion process
P . Revenue = Cost

Qout X Pout - Qin X Pin + O&M + Cap|ta|
Recovery




The Links Connect the Nodes and Pass Information from One
Node to Another

Q out,2
P out,2
Conversion
Process
Q out,1 - Q in,2
— Q in,2
P out,1 ~— P in,2
Q out,1 P in,2
P out,1
Conversion
Process
Q in,1

P in,1




At the Decision Nodes, Fuels and Technologies Compete for
Future Market Shares

--------------------------------------------------
. ‘e
o

Residential space heat Water Cook-
can be provided by four Heat ing

*
3
.
------------------------------
us

.® -
.* e
. -
-------
“““““
-----
-----
. st

.
2% las
s2den®

Gas Wood Electric Solar Electric Gas
Heater Heater Heater Heater Heater Heater

T -




ENPEP-BALANCE Uses a Logit-Function to Estimate Market
Shares of Competing Commodities at the Decision Node

this decision process

Qdemand |: 1 :|y Y. price sensitivity for
1

MS: market share

MS, = — = _ .
Ql + Q2 Y Y P: price
|: 1 :| . |: 1 :| PM: premium multiplier
1 2

P1/Q:1 P2\ Q2 Q: quantity

,_,;,;,_,_' L, o W I
Increasing

price sensitivity
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The ENPEP-BALANCE Nonlinear Equilibrium Algorithm
s Based on Decentralized Decision Making

B 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

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

B No single person or organization controls all energy prices and decisions on energy

use
M All decision makers optimize their energy choices based on their own needs and
desires
1.0 ﬁg N e R R R e PP E PP PEPEPE PR 7)) ———
% ;f Optimization
=] 0.5 s SRR &S=Kx a
0 S L R Al
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0.0 T T T T ais
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Relative Price (P1/P2)
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The Electricity Dispatch Node Handles the Electric Sector in a
Special Way (more details on electricity in separate lecture)

e ..k Transmission / Distribution
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ENPEP-BALANCE Uses an Up/Down Pass Sequence and the Jacobi
Iterative Technique to Determine the Market Clearing Prices and
. Quantities at Market Equilibrium (more details on up-down in separate lecture)
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The Up-Pass and Down-Pass Tell the Model in Which Sequence to
Perform the Calculations (Which Node Comes When)

B Up-pass and down-pass sequences are repeated until convergence is achieved

B CONVERGENCE IS ACHIEVED WHEN:

— Q1 (down) = Q1 (up) +/- Tolerance Level

— Q2 (down) = Q2 (up) +/- Tolerance Level

— The final result is a converged solution

— The solution is in equilibrium across the whole network




Execution of the Up/Down Pass Sequencer
in ENPEP-BALANCE

B Run the Up/Down Pass Sequencer before running ENPEP-BALANCE for the first
time
B This will determine the “node visitation sequence”

M Later, the Up/Down Pass Sequencer must be executed only if there has been a
CHANGE IN THE STRUCTURE of the energy network

— Add/delete nodes

{ ENPEP for Windows M=1 B3
— i ’T Edit Wiew ‘Window Hel
Add/delete links o, £ S
Export Besults [_ O] =]
Erint Ctrl+P f =
:ir:i:j;;:l:\-n Pazz Sequencer —————— CI I C k h ere 1[:0
Fiun BALANCE run the
= — Up/Down Pass
Sequencer
J
SECO1 SECO3
SECD4
I | sl
A




The Calculated Up/Down Node Visitation Sequence Can Be Viewed
In Tabular Form

EW BDEMO Casze Up/Down Sequence
Up Paszs Sequence | Down Pass Sequence

Node — Made Sector Lp -

Type  Abbrevistion Mode Mame Abbrevistion Sectar Mame Sequence
R= I-LPG LPG Import SECO [mector One 1
R= I-Fo FOIL Import SECO [mector One 2
RS [-CIL oIl SECO1 ISector Cne 3
RS Fi Fuel ail SECO4 ISector 04 4
RS 5201 Depletable 201 SECO2 ISector 2 5
R= TUSRC Thermal Source SECO3 [mectar 3 5]
R= sy coE| estern Sumbit Coal SECO3 [mectar 3 7
R= MGAST Platural Gas Mode 1 SEC [ectar One 5] L
RS 2L 12l Miocde: 1 SECO1 ISector Cne 9
RS DIl Diomestic Cil SECO1 ISector Cne 10
R ETH Fthanaol SEC [ectar One 11
R SOLAR [malar SEC [ectar One 12
AL ALz illoc. Mode One SEC [ectar One 13
AL AlLccd illoc. Mode Four SEC =ector One 14 j

] Canicel

This screen also allows the user to manually adjust the
node visitation sequence, if necessary.
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The Up/Down Node Visitation Sequence Can Be Viewed Directly in
the Network

E"""‘ _'tL Links:|No Labels j PoIIuTanT'm Year'
\;\;iequence e Th e u p - S SS eq ce
S starts from the resource
@) nodes, |Ie the down-pass
' - sequen r- starts from the
demand nodes
[+ ] [ ¢ ] KN

. . N = N n
7B 8




Each Case Study Can Be Stored in a Different Database

|"E BALANCE for Windows B %)
[Fie £t window tep -
M &S0 e 9
8 BEx)
Study name Last Opened Description .
idil'l'lﬂ 10/3/2002 This database contains two demonstration cases
Ivietnam-iaea |9.|’1 32002 Database with \Vielnam GHG cases:
Base Case, DSM Case, Efficiency Case, Nuclear Case
m—lere is the patm
|M exico Electric A{ and name of the Database with Mexican Electric Power Seclor Case
database file
IM exico Electric Sector |9.F1 3/2002 -
Create a new
(blank)
Im exico Electric ‘9;1 3/2002 7 database
Add an existing
database to this -
\ list
Ol Cancel Dalate New Add

| CAPRDGHRATTVENFE PWIN'BALANCE \istshase’dema db

y - j
ArgQTrO]N':] EGRATORV’ .




The First Step in Developing an ENPEP-BALANCE Network Is to
Define the Sectors Included in Your System

& BALANCE for Windows o

File Edit  WYiew ‘window Help

B =2 ppe a8 @ P

"4 MEX-NEB Sectors Q@;
)
D @@ E

RESID SIDER  GLASS SUGAR FERTI CHEMI MININ PAPER BEER  AUTO
[Z] [Z] [E]
m— CEMEN  PPCHE CONST RUBBE ALUMI TOBAC OTHER BWATE
AGRIC

X [E] [E]

DIESE KERDS MEMER

[Z] [Z] [E]

GASOL NATG FOIL

-
@
xl S

COAL oiL NUCL

£ | I [

Pleaze uze the menu bar to edit the MEX-MEB sector or sectors




Each Sector May Be Modeled Differently Depending on Data Availability
and Type of Issue Analyzed: Power Sector Can Be Modeled at the Unit

Level

B BALANCE for Windows

BEX

File Edit Wew Window Help

W =x2ppph 8l & T

CDAL

| AN
2.015,381.693

2.015,381.693

2.214.006.372

2.214.006.372

co ‘

1B ;
COzbi -{:\\§
A ]

2.015.381.693 [381.693

2.214,006.372 2.214.006.372

§ Mexico Electric Disp Network Element o = ‘-_'»
Nodes;]Abbreviation j Links;!Abbreviation ;l Pol[utant:l'ff _1 Year.’l 1999 _1
E’ Hydro Network Elements ==l f! —
Nadss:| Generation | Mwh) Polltant| 11+ ~| ‘vear|1333 ~|
|~
bd ¥ I b4
853048370 731650334 3.320.583.881  go7.8e319s /.526.715.128  5082.919.573
FHIX
609 i
> . . . . . i N
F COAL Network Elements M=) %
Nodes:iEmission v![tonne] Pollutant{C02 - Year:I‘ISSS v! |V|
04 ] Tl
CH4 o

Please use the menu bar to edit the COAL network element or network. elements
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Intersectoral Links Can Connect Energy Networks of Different
Sectors

£ Sector 32 Network Elements [H[=] E3 E Sector Dne Network Ele ] Y
= Link 301 Connects
...... Illluulu - I Inin Illluulu - I - IIIII = I oder: reviakion i
to Sector 3

Link 301
Connects to
Sector 1

bd A
EHONE




The Level of Detail May Vary from Simple to Complex:
Example: Simple Fertilizer Industry and More Complex Oil & Gas Sector

| %‘ Fertilize Ind Demand Metwork Elements g@
NDdes:IAbbe\"‘atiUn LI Links; | Guantity LI[F'J] F'ollutant:l LI Yzaar:l1888 j'
Abbreviation
M.
Capariy ]
Price
Frice Times Quantiy
Mo Labels
B BALANCE for Windows ==
Eile Edit Yew ‘Window Help
! 655 1.655 @ E/ =R epo 0 EF @7
3 0Oil Resource Metwork Elements
Nodes_if-\bbrewat\on j Links |No Labels
= GSLE DSPEX FOEX LPEX
Gl it alfF3 alF4 ; ; /ﬁ
FOIL LPG o
0.125 -957 [7.655 h 655 Q A
sY1 e 4
] = = 4 ‘4}‘.
DIESE FOIL NATG i
ELT4D -' ".
v“’_..\
vl Mo/
r ] i [ )] RO m

0G1 RImF 06

|| Please use the menu bar to edit the Oil Resouce netwark. element or netwark elements

A
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All Network Elements in ENPEP-BALANCE Can Be Accessed
By Using a Standardized Simple Menu

B BALANCE for Windows =JoEd
File Edit Window Help
LA
NQdes:JAbbrewaﬂon LJ LinkS:J.‘E Techrical Properties ] Econamic Properties] E missions F‘roperties1
Single Plant All Plarits: Typical Cutptinput || —
Cutput Capacity  Cutput Capacity  Capacity Factor Ratio Il
Year [PJ1 (P1 [Fraction) (Fraction
[ | 12,390 {100,000,000.000 | 0750/ | 1.000
[zooo | [ [ | Bl
& T
5 Techrical Propettiss ~ Economic Properties ] E mizzione Properties]
Single Plant Capital Qperating and Life
Investment Maintenance Cost Expectancy Interest Rate
Year 1000 [EALEN)] {rears) [Fraction}
C | 1ssa 27,000.000 | 0.128 | 3000 | 0.100
| 2000 | | | |
| 2001 TriGs ; -
onversion Process Mode Properties
] 2002
] 2003 Technical Properties} Economic Properties - Emissions Propertiss ]
Edit Input
Pl —— B 2004 Uncontrolled
Rename Emission Factor
= 2005 Paollutant Input Bazed Scale Value Emizzionz Tax
Wiew Output ]‘—‘2006 Year Abbreviation kgd &) Chemical Scale (&S] (Fftonnel
1000 CHa 0.003
2007 co 0.015
L ] 2008 coz 77,367 | Carben |
T | cozei | | Carbon | |
| nzo | 0.000
| HWmTOC | 0.005
| Hox | 0.170
Ok I P [ 065z | Ash | |
502 0995 | Sulfur |
50X 140 | Sulfur |
I:I 2000 CHe
LPG NENER COAL
= oK Cancel Duplicate Up Columnn | Duplicate Down Column
Ready /
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Results Can Be Viewed Interactively for Individual Network
Components and the Entire System

® Quick Trend Report !E
- Energy Report | Emizzionz Graph | Emiszions Report | Cost Graph | Cost Report
f — ﬁ IStacked Bar j IAbsqute j
s
- 35000+
L]

Uuick Reports ey
25000+
Lt it 20000
DE1D nE11 150007
Quick Report 10000+
1.6 Nodes: 0.00 1651 ]

AAAAA P P P Bt I B B B B R R B R B R NI I R R B BRI RO RO R B B R R

. COOOUOOOOOOoDDOOOD0DOoOOLLDOOOOODOOO0

UHHS' :3285'?6 COODOOOONOO00DOS 232232 [SINTISIRisTNTN TSNt

. . . TP~ DD S B OIS 0 00— A W I (G~ 00100 — P B G109~ G0 D O

Year
View Trend I Bl Ln750 B Ln7st Bl Lot 1 LNg12

Ok |

1.406
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ENPEP-BALANCE Uses a Standard Methodology to Determine the
Uncontrolled and Controlled Source Emissions

Uncontrolled _ Fuel Emission Chemical
i . = : X X
Emissions Consumption Factor Scale
Controlled _ Uncontrolled

Emissions _ Emissions (100 - Control Efficiency) / 100




Emissions Are Calculated and Reported by Node for Any Pollutant
the User Specifies (more details on emissions calculations in separate lecture)

Fun Parameters Follutants |PDIIutiDn Controls | Qutput Codes | MNan-electric Unitsl Electric Lnits

Narne Abbreviation Chemical Scale
[Methane [cH4 |

ICarhUn Dioxide ICOQ |Carh0n
[Mitrous Oxides 20 |
INun hethane Total Organic Compounds INMTOC | | |
INitmgen Oxides INOX | E} Ny Mﬂ !
|F'ar1iu:u|ate hdatter Total |F'M IAsh
[Sulfur Dioxide 502 [Sulfur | l
Carbon tMonoxide] |CO | 5
OK% | Cancel Aol | [De]efe
Technical Properties | Economic Properies  Emissions Froperties | Caontral Properties
Lincontrolled
Emission Factaor i 'z
Pollutant Input Based Scale Value Emissions Tax
Year  Abbreviation (kg/G Chemical Scale % (B/tonnel
1599 CHA 0.001 ,M"f \\
CO2 1343 | Carbon | 7760 20.00
M20 a.0o02
NWTOC 0.001
i[0ks 0399 .
P 0104 Ash 17.60 ”
S02 0.698 Sulfur 4.50 100.00
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Environmental Results Can Be Viewed Directly in the Network, in
Tables, Simple Graphs, or Exported to EXCEL

1
Energy Report| Energy Graph Emviranmental Report | Enviranmental Graph |
!SZIEmiSSiDn j(tonne) Links:IND Labels j Faollutant| COZ j Year:l1999 j
Emission Factor All
Input Timnes CHA =
Quantity Pollutant Scale Walue Emissians o
Year (KBOE) Abbreviation L0 LE] (tonne) -
1999 | 1200 | cCoOz | 104.64515 | 720,243.251 NMTOC
zo00 [ 1245777888 [ cO2 | 10464515 | 747,719.114 vl
2001 | 1282.3268003 | CO2 | 104.64515 | 775,658,500 502
2002 | 1340.535767 | CO2 | 104.64515 | 804,593,232
2003 | 1389.497192 |  cCO2Z | 104.64515 | 833,980.013
2004 | 1439.415038 | CO2 | 104.64515 | B63,540.841
Selected Pollutant:
ImH 4 -
N JRI=TEY
Energy Report | Emizsions Graph | Emizzions Fieportl"s | Coszt Graph | Coszt Report
IStacked Bar j IAbsqute j
90000+ (m) (m)
86.034. 206.481.6 | x |
3
60000 :
| A o 7 [ S e = [ [ = 5
1 |DemoC Edport to TXT Modes emissions 13-Feb-01 11:40
30000+ =
| 3 |Base Mb of Mb of b of
| 4 | Year fears Modes Follutants Unit
O_—\—\—\—\—\r\)r\)r\)mmmwmmwmwmmwmmmmwmmwmwm i =
£8888838888585822222222228 38888 B 199 30 79 10 tonne
MO~ WO =P2WEMA®D DO O =P2WwhMA®—DOD =Wk ?
Year —
M-l
9 | Sector Mode Type Follutant 15981 1952 1993 1954
LN145 L1486 LMN328 LN3Z29 L344 N353 e 2 ?
i 0 ! L L . 10 |AG DEZ3 DE 0P 16582596 1741.211 1822.874 1906 544 1
11 |AG DEZ3 DE 1PR10 o 0 o -0
ok | 12 |AG DEZ3 DE 2502 14.31514  15.0309 1573585 16.45812 1
131AG DEZ3 DE 3MOE 2825357 296.6624 1 3105759 3248314 :
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A Help System Is Available to Provide Online Support

il >+ Help for ENPEP for Windows 2.0 = E

[ File Edit Bookmark Optionz Help

Help Topice  Eack | Brint | o | ¥ |

(] Contents |€% Index | @y Search | Welcome to EHPEP i’
EMFEF

EMPEF iz a povverful integrated software package that allovws the energy analyst to conduct

' @ Introducing the Mew EMPEP far wind complete energy system studies. The package incorporates a zet of energy planning modules,
- @ [stallation with each module addressing a portion of the energy planning need. These modules can be

. uzed ether az stand-alone packages or az integral parts of the EMPEP svystem. To enhance
@ Getting Started

: o the uzefulness of the system for energy analysis in developing countries, the model has been
@ Building an Energy Netwark developed to run on personal computers. The modular structure of ENPEP alloves the user to
@ Input O ata Requirements fallw several pathvvays and to tailor the analytical approach to the type of analysis.

i@ Network Links and Nodes

@ Running BALANCE

The MACRD module of EMPEP provides an interface with the economic planning module and itz
rezultz. The DEMARND componert takes the information provided by the macroeconomic

@ Model Dutputs module and projects future fuel snd electricity consumption. The BALANCE module is uzed to
@ Debugging the Casze construct the supply-and-demand balance for the entirve energy system. | uses a non-linear,

¥ @ odeling Hints aeneralized equiibrium approach to perform these calculations. The MPACTS madule

+ @ Recent ENPEF Studies and Reports computes the effects of the energy supply-and-demand system defined by BALANMCE. |

@ Contacting Afgonne addrezzes ait and water pollution, water supply, land use, =olid waste generstion, human and

material resource requirements, and occupstional heatth and safety. ENPEP alzo provides
modules to perform a detailed analysiz of the electric zystem portion of the energy sector. The
uzer feeds data on electric systems inta the PLANTDATA module. The ELECTRIC madule iz an
electric systemn generation expanzion planning model that wilizes cost-minimization technigues
to develop a long-term generation expansion plan for the electric system. The MAED module iz
uzed to estimate the total energy and electricity demand in the future. The LDC module
develops Ioad duration curves for uze by ELECTRIC. The ICARUS module iz a detailed
production-cost model of the electric generating system.

- @ Other Argonne Models

A
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Information on ENPEP-BALANCE Applications Is Available
on Our Website

& Center for Energy, Environmental, and Economics Systems Analysis - Home - Mozilla Firefox g@

File Edt Wiew History EBookmarks Tools  Help

C‘: - - @ I_/;: & http: S, dis.anl.goviceessal v P ' e,

GoolgelocalBisingen GoogleLocalBlodgett GoogleLocalEldgao0 [ | ADICA-Adminlogin “j iContact £ Argonne ¢ Insidedrgonne | | UcChicago Argonne, LLC | | epa 423 ;; DIS Intranet / CEEESA »

Center for Energy, Environmental,

A rgo nne and Economic Systems Analysis

NATIONAL LABORATORY

Argonne Home > Decision and Information Sciences > CEEESA >

- Multi-Agent Simulation of Hydrogen Transition
 Issues

Features

Contact Us

In collaboration with several partners, Argonne Mational
Laboratary is applying agent-based simulation to study the
transition to a hydrogen economy. This GIS-based software
has several thousand agents and is currently implemented for
, the greater Los Angeles area with sevaral extensions under

Way... [more

Find Argonne People
Do Business with Argonne

Security / Privacy

What's Hew Popular Software Tools Upcoming Training Courses

For U.5. DOE's Nuclear Hydrogen Our newest and most advanced AT September 17-21, 2007:
Initiative, Argonne is developing a model, EMCAS, the Electricity REGISTER
; real options model to analyze the Markets Complex Adaptive
@"Hl walue of praduct flexibility, as well Systems model, uses agent WEGECD kil M (G
as other options, for various based modeling to simulate EEE:I?IS‘E]II?IEEEMATION

nuclear hydrogen technologies. .. today's power markets... (mare)
{maore) Our entry-model, the Generation New Dates: April 2125, 2008:
CEEESA used a variety of T and Trangrmission Maximization REGISTER

modeling tools to analyze the
competitiveness of nuclear power
in Poland for DOE's Global
Muclear Energy Partnership
prograrm... (more

Model, is used by users
wotldwide to analyze generation

tlore Information on Training

Cur Energy and Power Evaluatid
Program (EMPEP-BALANCE) is
the premier energy system
analysis software in use in over 80
countries and is now available
FOR FREE to everyone... {more

Argonne/University of lllinois stud
identifies congestion issues as a
potential impediment to

competitive electricity markets in

lllinois.... {more)
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As Do All Models, ENPEP-BALANCE Has Limitations

B The market share formula needs to be applied carefully to produce “reasonable”
results (particularly check the transition from 1st to 2nd year)

B The solution is generated year by year and is said to be “myopic”

— However, in today’s short-term-oriented energy markets, this may
actually be an advantage

B |f not set up in sufficient detalil, it can be insensitive to price

B Nevertheless, the ENPEP-BALANCE approach
has proven itself to be powerful and useful
(if applied correctly)

B ENPEP-BALANCE is a tool

— A tool should be used wisely

M Also, if the only tool you have is a hammer, then every
problem starts looking like a nail
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