Creating a Simple Network
With ENPEP for Windows
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Creating a Simple Network

In this Exercise you will create a
Simple network consisting of:

1. two resource nodes (oil & coal),

2. two conversion processes
(boilers HP1 and HP2),

3. one decision node (AL), and

oa.l

(>

Coal

4. one demand node (HD1).

Study period: 1998-2017
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Steps in Network Development
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1. Network/data preparation:
- network drawing & labeling
- data definition
- check of base year quantities & prices
2. Prepare (run/check) the node visitation sequence
3. Run BALANCE
4. Check/printout the results (tables/graphs/DOS files)

| ADIC, A The Ultimate in Strategic Analysis



1. Open new test case.

* BALANCE for Windows
File Edit View Window Help

BH® =200 # &1 &9

% EGAS Test Case Sectors

< |
Please use the menu bar to edit the EGAS Test Case sdgtor o sectars

<

\

2. Click on sector icon, then
click in center of EGAS Test
Case to create a sector .

Creating a Sector
within a Network

= BALANCE for Windaws
File Edit View Window Help

DHe == 200 # 8 1 &7

#| EGAS Test Case Sectors

Please enter a name, an abbreviation, and a description for the new sector:

Mame: Abbr.: Description:
Simple Metwork Sect] ‘S\ngle Sector for Simple Metwark|

[ i
Insert Sector

3. Enter sector Name, Abbr. and
Description, then click “OK” .

* BALANCE for Windows
File Edit View Window Help

DHe =2pp0nsS L a 7
= EGAS Test Case Sectors

b
< I >

Close Window

4. Double-click on Sectl sector
icon to open this sector.
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Creating Nodes
“within cr

* BALANCE for Windows
File Edit View Window Help

@ XS =EZ L AS R @R 7

= BALANCE for Windows EEX
Fille Edit View Window Help

@I =2 LPL ASE LTS T

£ Simple Network Network Elements

L T " 3. Click on Add Link icon, then
draw links between the nodes.
) A _
1. Click on depletable resource =l A
: . L5 @/, =2 Ppr NS e
M’ then CIICk In Center Of lIl | H Simple Network Network Elements = 2]
SeCt 1 S ector tO add tWO HE1 Llicd Nodee Atbreviaion =] liks[Nolabels <] Polant] -] ea
resource nodes. @
.
2. Enter all nodes with Name, s - |
Abbreviation and Description. (L
IT+\

4. Right-click on each node to add
the data specified in the following
tables for different cases (i.e. for
different runs of the model).
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Data She

Depletable Resources Data

Annual Intercept Price
Capacity Base Year of Supply | Slope of | Growth
Limit Production | Curve (price) | Supply Rate
Case |Resource| (kBOE) (kBOE) ($/BOE) Curve (Fract.)
Ol 1000000 500 20 0 0
1-16 Coal 1000000 500 10 0 0
Ol 1000000 500 20 0 0.02
17 Coal 1000000 500 10 0 0.04
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Data Sheet for Simple Network

Single Plant All Plant | Capacity O&M Single Econ. Int.

Process Capacity Capacity Factor | Efficiency Cost Plant Inv. Life Rate

Case Name (kBOE) (kBOE) (Fract.) (Fract.) ($/BOE) | ($1000) | (Years) | (Fract.)

HP1 100 100000000 0.8 0.8 0 0 30 0.1
1-8 HP2 100 100000000 0.8 0.8 0 0 30 0.1
HP1 100 100000000 0.8 0.8 0 0 30 0.1
9 HP?2 100 100000000 0.8 0.8 2 0 30 0.1
HP1 100 100000000 0.8 0.8 0 0 30 0.1
10 HP2 100 100000000 0.8 0.8 2 5000 30 0.1
HP1 100 100000000 0.8 0.8 0 0 30 0.1
11 HP2 100 100000000 0.4 0.8 2 5000 30 0.1
HP1 100 100000000 0.8 0.8 0 0 30 0.1
12 HP2 100 100000000 0.4 0.6 2 5000 30 0.1
HP1 100 100000000 0.8 0.8 0 0 30 0.1

13 HP2 100 100000000 0.4 0.6 2 5000 30 0.05
HP1 100 100000000 0.8 0.8 0 0 30 0.1

14 HP2 100 100000000 0.4 0.6 2 5000 40 0.05
HP1 100 100000000 0.8 0.8 0 0 30 0.1

15 HP2 100 100000000 0.4 0.6 2 +10000 40 0.05
HP1 100 100000000 0.8 0.8 0 0 30 0.1
16-17 HP?2 100 100000000 0.8 0.8 0 0 30 0.1
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Data Sheet for Simple Network

Decision Node Data (AL)

Base Premium
Year Priority Link Multiplier Price Lag
Split Sensit. |Parameter
Case (Fract.) H-C H-O H-C H-O (0-15) (0-1)
1-3 1 o) 0 0 0 0 0
4 1 0 0 0 0 5 0.5
5 1 0 0 0 0 2 0.1
6 1 o) 0 0 0 2 0.9
7 1 o) 0 1 0.8 5 0.5
8 1 1 2 0 0 2 0.9
9-17 1 0 0 o) 0 5 0.5
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Data Sheet for Simple Network

Demand Node Data

Growth
Demand Rate
Case Node (Fraction)
1 HD1 0
2 HD1 0.05
3-17 HD1 0
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Execution of BALANCE Module is performed
In two steps node V|S|tat|on => network calculatlon

i ENPEP for Windows

Ei%gdit Wiew ‘Window Help

IS [=] E3

Chrl+af 7

Cirl+P

Printer 5 etup
Fun Up/Down Pazs Sequencer
Run BALAMCE
Exit Chrl+
SECOM SECO3

=
Before running BALANCE for
the first time it is necessary

to execute the Up/Down Pass
program to determine the
node visitation sequence.
Later, Up/Down Pass should
be executed only if there has
been a change in the structure
of the energy network.

wil

&
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BALANCE Produces a Simulation Status Report
for the Up/Down Pass Sequencer

S = == —_—
—_—

—— —— — —
— e —

(B &g

8 ?

EH llliz Up/Down Pasz Sequencer Run

- Simulation Status |

The requested simulation run is complete:

Feadingfile:  \B021.0AT Depletable Resource Frocess
Feadingfile: A\B023.0DAT Renewahle Resource Frocess
Feadingfile: A\B024.0AT Decision Frocess

Feading file:  AB025.DAT Conwersion Process
Feadingfile: ABOZE.DAT Multiple-lnput Frocess
Feading file:  AB02Y.DAT Demand Process
Feadingfile: \B029.0AT Refinery Frocess

Reading file:  ABOZADAT StockPiles

Feadingfile: A\B0ZB.DAT Frice Regulation Frocess

Atternpting to build energy flow neteork,
Attempting to create UF pass.
Attempting to build energy flow neteork.
Attempting to create DOV pass.

[ Updown.c: Marmal Termination ]

I | Cancel
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Case 1: Definition of node visitation
sequences

UP-PASS

] 3 4 U
HP1 - - HP2
20 10
(@ (@
il Coal
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In addition to the Up/Down sequence, Run
parameters maybe necessaryto check/modlfy _

File | Edit Wiew ‘window Help
J]m (SOt (B E ‘ @
Copy Chrl+C
E Fazte Chrl+f -
e Clear Crel
Inzert »

Hun Parameters
Up/Down Sequence

BN

Simpl
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Run Parameters Allow the User to Select
The Convergence Tolerance LeveI

Dutput Codes | Mon-electric Linits | Electric Units

Input the tolerance

— o
The m_Odelle” Sr']ﬁop level in both percent
running arter tne and absolute terms

specified number of | Convergence Parameters:
\_terations in a year

Relative Tolerance: 0100 (Fraction)
Absolute Tolerance: 10000 (kBOE]
faximum [terations: 107 (1-10C1)

Relaxation parameters

for adjusting values Lower Bound Relaxation Range: 0.100
between iterations

Upper Bound Relaxation Hange: RN
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The User Can Specn‘y the Units To Be Displayed

______________________________________________ Chose this folder
; to change units

Default units are

[Default unit divided by the
conversion factor

LInit Default Lnit LInit Conversion LInit
Type it Marme Factor Description
Energy QuantitiesiCapacities  KBOE [T | 0172 I'I'eraJnuIES
Energy Prices US §/BOE [§15 | 5.814 |LJE Dollars per GigaJoule
~| 1.000 [Thousands of US Dollars

Costs LS $1000 ($1000 )
/1'®ctors are used )

Sele(_:t a pgegef'”ed to convert values from
unit or detine a the default value
new one \_to the user specified unit_J
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Similar procedure is used for both non-
electric and electric units

_ e — —————

Run F‘arameteml Output El:u:lesl Non-electiic Urits  Electric Units |

Linit Default Linit Lintt Conversion Lnit
Tyvpe Linit Mame Factor Dezcription
Baze Year Production ~ kBOE r I
Thermal Capaciy iy ” 1.000 '\AegaWaﬁ
Hyidro Capacity b Y ear E;EIE 1.000 '\AegaWaﬁ-Year
Capital Cost Fikd TCE 1.000 ,JS Dollars per Wilohiatt
Fixed O&M Cost IRN-Year :IIIIE 1.000 ,JS Dollars per Kilowatt-Year
Variahle O&M Cost k1311 1) N— : 1.000 ,JS Dallars per Megaiatt-hour
Opt.Loading Order —— $MWH  [ndi j 1,000 ps Dallars per Megalatt-hour
Heat Rate BTU&MR  [BTUKAH j 1.000 Flr'rtish Thermal Units per KiloWatt-hou
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Reporting can be managed by output codes

+ ENPEP For Windows !E
File Edit “indow Help

[oa & 0@ 2]

E¥ BAL-S Case Properties

Fun Parame‘rersl Eal Lt MNor-electric Units | Electric Units

Start End
Start Year End Year Step Iteration Iteration
Converged Price/Quantity Results: I 2000 I 20149 I 1
Corverged Electric Sector Results: I 2000 I 2019 I 1
Diagnostic Price/Quantity calculations: I 2000 I 2019 I 1 I 1 I 10
Diagnostic Electric Sector Calculations: I 2000 I 2019 I 1 I 1 I 10
Diagnostic Output to be Generated:
Mon-slectric: MNode Sequence ™ Mode Calculations ™ tarket Share M
Electric: Detailed Electric Sector Iteration Calculations M
Input Data: i

]=1=hi=]

QK | Cancel |

|Ready

= Et}ﬂice m [EX]

a StallI i Lectures I N EMPEPWIN Cases

Microsoft |

| &3 Inbos - Microsaft Exc... | £8KONONDV, Sergusi -..| (=] Mirosait PoweiPoint.. | [ ENPEP for wind... Bl 6% & 22 17:39
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To Run the Model Select Run BALANCE Under
the File Llst When You Are |n the Sector Wlndow

» ENPEPF for Windows
| File Edt “iew Window Help
LCloze Chrl+iad

Export Results

Frint Chrl+P
Frinter Setup

Fun Up/Down Pazs Sequencer
Fun BALAMCE

E =it Chrl+Ll

L]

Simpl
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Case 1: Check of Base Year Energy Flows

s — — —_— - — ——e — -

Base Year energy flows
in KBOES.

AL: Qout, = ¥ Qing, = 400+400 = 800

4 400
PR: Qout, = Qin, X f
=500 x 0.8 =400
¥ ¥
HP1 HP2
500 500
RS: Qout, = user-specified = 500
(B> (@
Oil Coal
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Case 1: Check of Base Year Energy Prices

e —_— e —— ——— —

Base Year energy prices
in U.S.$/BOE

AL: Pout, =X [P, x §|]

=25x0.5+12.5x0.5=18.75

PR: Pout, = Pin/f +OM+ 2 2
+ [TCI/(CAPXCF)] x CRF(i,n)
= 20/0.8 = 25 3 §
HIP HP2
RS: Pout=A(Qout,_,)x (1+R,) + 20 &
+ B x Qout, + C x Qout?

=20 x (1+0) = 20 m @

0il Coal
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Case 1 Results:
a) Check of the QUANTITIES in the Allocati

on Node

—

"1 4] Mode Report =]

Report  Graph |

AL Mode Link Values

300

& Bon-
&
=
£ 4004 B hc
g
= BN ho
£ 2004
0
I:I- k2 o] k2 k2 o] k2 k2 o] k2 k2 k2 k2 k2 k2 k2 ] k2 k2

[in) [in] = = = = = = = = = = (o] (o] (o] (o] (o] - (o] (o]

(n ) [Tu] = - (o] (o] = (o] = _ (o] = = = = = = = = =

o [fu] (] = ] (¥ = h (uy] et | o0 [fu] (o] = ] (] EY h (uy] et |

Years

Huantity £ Price Price * Quantity £~ Capacity Input & Output

x|

No demand growth specified over the study period; the quantities are equally distributed
on input links (equal market shares) because no price sensitivity was specified.
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Case 1l ResuItS'

! EMPEP for Windows [ — [ =]
Fil= “Window Help

IEEIAEES

= AL Mode Report

Energy Report Energy Graph |

AL Node Link Values

255

20
z
2 154
=
= -y | - | - | - | — | — | - | - | - | — | — | - | - | - - - | - | - | -
=
£ 109 h-o
£

5

TS & &2 & & 2 £ & & & & & £ & =2 £ £ = &

2o o2 o2 B B2 o2 OB OB o2 OB B OB 2 5 5B =2 =2 3 83

= g £ 5 8§ 8 = 2 2 = & &8 5 &§ 8 8 &5 =2 5 =

= — (=) (o) = o [=2] =1 [=x] L=} = — L) (%) £ o o - oo o

Years

Quartity Price .~ Price * Quarntity e Capacity Input = Output

= i Microsoft |
g Start | —YENPEPWIN . | “Lectures | ‘=300 euL_s.. | EBinbox - Micre... | ‘=31. Managemerd| [ ENPEP for | B Mic | W ] E WS 1g57

The prices of heat generated using coal (12.5 $/BOE) and
oil (25 $/BOE) are different, but the quantities are not affected.
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Changes in Case 1: cases 1-6

Case 1 2 3 4 5 6
Demand growth 0 5% 0 0 0 0
Price sensitivity 0 0 0 5 2 2
Lag factor 0 0 0 05 01 09
Resource (coal) price growth 0 0 3% 0 0 0
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Case 2: Demand Growth Rate Specified at 5%
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Case 3: Coal Price Increase 3% Per Year:;
No Demand Growth

: ENPEP for Windows [_[=]=]
File  ‘windows Help

|66 & 8@ @

%1 Al Node Report =] 3
Energy Report Energy Graph |
AL Node Link Values
25
20
B
£ 154
2 [l [l h
g
.E 10 h
o
a
T E R B B B B E B B R B EE EE R EOE R
8 ¥ 8 8 ¥ &8 8 S B B S = 5 5 = & 5 I 3 o
Quantity Pnce o« Price * Qluantity - Capacity Imput < CQutput
(0]4 |
|Ready
= Et::-ﬂice 2| = i | | EE Microsoft |
g start| SNENPEPWIN .. | Sl Lactures | =5 oo BuL 5. | EBinbox  Micro... | S31. Managemen] MR ENPEP tor ¥ Miciosol ftwio..| i [ 5w E o 17.06

Coal price increases 3% per year, oil prices remain constant.
The quantities of heat produced from both fuels remain equal
because there is no price sensitivity specified.
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Case 4: Price Sensitivity = 5;
Lag Parameter = 0.5

"1 4] Mode Report O =]

Feport Graph |

AL Node Link Values

00

o

=)

(=]
1

£

=

=
1

B hc
I ho

Link Quantity (kBOE)

[

(=)

(=]
1

Huantity Price Price * Quantiby Capacity Input Output

o |

If the price sensitivity is specified, the cheaper fuel
soon takes most of the market share.
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Case 5: Price Sensitivity = 2;
a Parameer = 0.1 |

"1 4] Mode Report O =]

Feport Graph |

AL Node Link Values

00

E gon
&
=
£
£ 4004 B hc
g
3 1 ha
£ 2004
0
|:|_
Huantity Price Price * Quantiby Capacity Input Output

o |

If the price sensitivity is low, the cheaper fuel does
not completely dominate the market; the
changes are slow because lag=0.1.
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Case 6: Price Sensitivity = 2;
| a Parameer = O.

" A4l Mode Report =] B3

Feport Graph |

AL Node Link Values

00

& 5oo-
&
=
£
€ 400 N hc
g
3 O ho
£ 200
=
I:I- [ [on] [ (o] [ [ o] [ (o] [ (] o] [ (o] [ (o] [ (o]

(i) {in] = = = = = = = = = = (o} o (o] (o} (o] (o} (o] (mm]

(Tm] o = (o} (o] (o] (] (o] (o] [ (o] = = = = = = = = =

oo w = — (%) (a5} = [} ] o | (=] o [um] — () [ds] = h o =

Years

Cuantity Price Price * Quantity Capacity Input & Output

o |

If the lag parameter is specified close to 1, the changes in the market
share are achieved more quickly (but they
are smaller than under y=5 above).
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Case 7: Premium Multipliers for Coal =1, Oil = 0.8;
Price Sensitivity = 5, Lag Parameter = 0.5

w1 Al Hode Report =]

Feport Graph |

AL Node Link Yalues

ey

=

-]

=

£

= B hc
=

3

M 3 ho
=

3

Cluantity Frice Frice * Quantity Capacity Irput £ Output

o

Because of the premium multiplier 0.8 specified for oil,
its market share is now larger than in the Case 4.
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Case 8: Priority Link H-C =1

™ Al Mode Report
Feport Graph |

AL Node Link Yalues
800

& gon
=]
=
£
£ 400 B hc
5
3 1 hao
£ 200
3
I:I- [an] [ ] ] [an] [an] [an] [an] [an] [an] [an] o] ] [ n] [an] [an] [an] [an]

w w = = (] (] = = = = = = (] (] (] (] (] (] (] (]

w w = = o [ = (o) = = (o) a0 = = = = 4 = A

o w = = (5] L] = i m | o w = = ] L] = o m |

Years

Huankity {* Price Price * Quantity Capacity Input {+ Output

o |

Except for the base year, for which the quantities are predefined,
the priority link will be used up to its maximum capacity.
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Case 9: Heat Plant 2 O&M Cost =2 $/BOE

The price on the link

h-c increased from
/ 12.5 to 14.5 $/BOE.

14.5

HF1 HIP2
20 10

il Coal
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Case 10: Single Plant Investment Cost =
5 Million Dollars, O&M = 2%/BOE

The price on the link
h-c increased from

27 / 14.5to 21.1 $/BOE.
/ |
2 211

b ¥
HP1 HP2
b0 10

oil Coal
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Case 11: HP2 Capacity Factor = 0.4

The price on the link
h-c increased from

/ 21.1to 27.8 $/BOE.

278
HP1 HIP2
20 10

il Coal
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Case 11: HP2 Capacity Factor = 0.4

The price on link h-c is now higher than
that on link h-o0, so its market share decreases.

nnnnn
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Case 12: HP2 Efficiency = 0.6,
Capacity Factor 0.4

The price on the link
h-c increased from
27.8t0 31.9 $/BOE.

¥ ¥
HFP1 HP2
20 1]
Oy, (>
il Coal
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Case 13: HP2 Interest Rate Decreases
from 10% to 5%

The price on the link

h-c decreases from
/ 31.9 to 26.8 $/BOE.

¥ T
HP HF2
20 10

0il Coal
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Case 14: HP2 Economic Lifetime Increased
frm 30to 40 Years

The price on the link

h-c decreases from
/ 26.8 to 26.0 $/BOE.

¥ ¥
HP1 HP2
20 1]
(@ (@
il Coal

| ADIC, A The Ultimate in Strategic Analysis



Case 15: Addition of a New HP2 Unit in 2005,
InvestenCost = 10 Million ollas

— —

™1 Al Mode Report O] x|

Feport Graph |

AL Node Link Values

n
[}
1

4=
(o]
1

B hec
C ho

k2
[}
1

Link Price ($/B0OE)
(0]
(o}

—
L}
1

L}
I

Quantity Price i+ Price * Quantity Capacity Input £+ Output ¢~

x|

The price on the link h-c increases from 2005.
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Case 15: Addition of a New HP2 Unit in 2005

Because the price on the link h-c becomes higher
in 2005 and after, its market share decreases.

nnnnn
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Case 16: H-C Link Capacity Limits
1998: No Limit, 2005: 200 kBOE, 2010: 300 kBOE

" AL Node Report =] k9
Repart Graphl
AL Node Link Values
G000+
L 50
&=
=
£
€ 4004 [
5
E i
£ 200
i
D- ] ] ] ] 2 ] 2 o] [} [} ] 2 ] 2 o] [} [} ]
[fn] dn] [} = [} = (o] [ ] (o] [ ] = = [} (] [} (] [} = = [}
(T} [fu] = = = = = = = = = [ R T N I
oo o (] = ] (] = n m =l (mn ] o (] = (o] (] £y n (my] ==l
Years
Guantity Price Price * Quantity Capacity Input £+ Output

o |
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Case 17: Price Growth Rates of Energy Resources

Oil 2%, Coal 4%

Report _ Graph |

Link Quantity (kBOE)

266

Huantity =

* Al Mode Report =]

AL Node Link Yalues

B hc
1 ho
] ] ] ] ] ] ] ] ] ] ] =] (o] =] (o] (o] =] (o]
[in] = = = = = = = = = = = = (] = (] (] = (]
(1] = (o] O O (] = = O = R R
[T} L} = k2 LN} =% h [up} ==l s} [T} = = g} [h} = h [mn} ==l
Years
Price Price * Quantity Capacity Input ¢+ Output
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