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= PowerSim Studio
= Systems Dynamics Code

= Basic Building Blocks

= Stocks - A stock is a generic symbol for anything that accumulates or
drains. For example, water accumulates in your bathtub. At any point
in time, the amount of water in the bathtub reflects the accumulation
of what has flowed in from the faucet, minus what has flowed out
down the drain. The amount of water in the bathtub is the stock of

water.

= Flows — A flow is the rate of change of a stock. In the bathtub example,
the flows are the water coming into the bathtub through the faucet
and the water leaving the bathtub through the drain.

= Variables — Constants or auxiliaries are used to: calculate, make a
model readable, prepare an interface.
= |nformation Links — Connections/relationship between stocks, flows,
and variables. ;




Basic Building Blocks

= Level (Stock)

= Auxiliary (Variable)
= Constant (Variable)
" Flow

= Flow w/ Rate

" Link

= Shortcut (“Alias”)

= Arrays
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Example MG Model Output

Generator #1 Switch

|1,000.00 kW

Generator #2 Switch

[230.00 kw

Load Switch——————

All Loads
MG Loads

Critical Loads

gal
30,000

25,000
20,000

15,000

10,000

Consumption

Diesel

5,000

0

Generator #1

Diesel Generators

All Generators

27,641.33 gal

29,414.39 gal

@ Use Rating Switch
" Use Rating Slider

—PV Switch———————

—Wind Switch——————
(@ Use Rating Switch
" Use Rating Slider

—PV Rating Switch
0 Kw DC

" 100 KW DC

€ 200 KW DC

& 400 KW DC

—Wind Rating Switch
0 kw DC

" 50 kw DC

€ 125 kw DC

¥ 250 kw DC

PV Rating Slider

0 200 400 600 800 1,000

kw
PV Array Size (kW DC)

Wind Rating Slider

N s

0 200 400 600 800 1,000
kw

Wind Array Size (kW DC)

300.00 kW |

300.00 kW |

kw
1,500 T

1,000+

500 ¢

T T T T
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Wind Gen PV Gen

Gen #2

Gen #1

= Total Load
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Begin Model Building

New Project Wizard ?

P

Welcome to the New Project
Wizard

This wizard will guide you through the fundamental steps
of creating a new Powersim Studio project.

Press Next to continue to the next step.

Press Finish to create your new project with current
settings.

Press Help to activate the context sensitive help window.

If you check the option below, this wizard will not appear
the next time you use the 'New' command in the toolbar.
You can turn the wizard on again in the Options dialog.

When you select 'New..."' from the File menu or ‘New
project wizard' from the Task Assistant, this wizard will
always appear, and the option will be disabled.

show this wizard next time

Back Next > ] [ Finish ] [ Cancel ] [ Help

New Model Wizard
Step through Wizard

-
New Project Wizard

Enforce Time Unit Consistency
Choose whether you want to enforce unit consistency of time values and time
span values.

IJ Enforce time unit consistency

You should check this box if you intend to use units.

When this box is checked, Powersim Studio will ensure that the values of your new
model are kept consistent. This is very helpful when defining your variables unless
you are not intending to use units at all.

If this box is checked, Studio will expect the unit of a continuous flow to be the unit of
the level divided by time.

For instance, if this box is checked, an average flow into a bank account measured in
USD must be defined as USD/year, USD/month, or any other time unit. There is of
course a big difference between USD/year and USD/month.

[¥]Use as default in all new projects

[ < Back ][ Next > ] [ Finish ] [ Cancel ] [ Help

)

New Project Wizard ?

Calendar Dependency
Do you want your new project to use calendar dates and times?

Specify whether simulation times are related to dates and calendars.

@) Calendar-dependent simulation

Simulation times will be related to calendar dates with years, months, days, etc.
In other words, simulations will run from a start time to a stop time specified as
date and time, for instance, from January 1st 2005 to January 1st 2010.

Calendar-independent simulation

Simulation times will not be related to calendar dates and times. Start time and
stop time are values measured in a user-specified time unit. For instance, a
simulation can run from Day 0 to Day 100.

[¥] Use as default in all new projects

[ < Back H Next > ] [ Finish ][ Cancel ] [ Help
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Accessing Data Files — Connections ) i

" Create global dataset
Generated = Add dataset

\/Q " Create auxilary

erated PV Power
Generated

Loads

= Create connection

All Loads u Create Slmple repOrtS/
figures

MG Load

Critical Load

Load and Generation data input
from Excel file




Dataset Creation

Spreadsheet Connection Wizard
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Spreadsheet Connection Wizard

Spreadsheet Connection Wizard

Data Location

Specify where the spreadsheet data is located.

Misc

Specify how to exchange data with the spreadsheet and sampling
times in case of time-dependent data.

Common Dimensions

Spedify whether all variables in the dataset have the same
dimensions, and if so, their common dimensions

Workbook: Transfer Spreadsheet language Use common dimensions for all variables
Example_Load_Data.xlsx [E %) To spreadsheet Language for headers, formats, etc: With this option selected, the dimensions are specified for the datasetas a
Worksheets Cell origin: T [E lish (United States) v] whole. Otherwise, each variable will have its own dimension specification.
v Al Calculator (bi-directional) Spreadsheet headers will be updated Common dimensions:
N with variable and element names in
. ) © Bidirectional this language. Cell formats will also 1.9
© Connect to the specified workbook be updated using unit names in this
_ ) language. Dimensions next to name:
() Connect to a temporary copy of the specified workbook (template) = e 1 2| [@] Automatic
(©) Connect to a persistent copy of the spedified workbook (template) Represent time spans as days (©) Load times from dataset
Mame of pe nt copy: () Transfer at regular intervals
’ C
<gack | [ mext> [ Fnsh | [ concel | [ Hep>> | [ <Bak |[ mext> || Fmsh | [ cancel |[ Hep>> | [ <Bak |[ mext> || Fmsh | cancel |[ Hep>> |
s J
- N e - .
Spreadsheet Connection Wizard [oBRRSE " 5preadsheet Connection Wizard (B [ spreadsheet Connection Wizard (L2 [
Layout < Dataset Variables Transfer Options 4' W
Specify the layout of the spreadsheet data and headers relative to » Specify the dataset variables to be created. A dataset variable is Specify additional options regarding transfer of data )©A
the origin cell specified in the Data Location step. Studio's representation of external data. =
Orientation: . Dataset variables: ] ¥ Transfer mode
[Va'id)le names across PSS i ) () Manual transfer
- Variable names: fiame Cela Disction G Type Suma) Users control when to transfer data using 'Load/Save External Data'.
Update in dataset [Wariable 1 _[B2F# Jout(fomx) | [Real [Fist | o
[[JHeaders Subscripts in separate cells Data is automatically transferred at simulaiton start and stop time.
] Number formats o () Continuous transfer
0 Units in separate cells Data is continuously transferred during the simulation.
Time formats i
Toesin scoarate ok Manual edit and "write-back”
Deny manual edit
[] Clear cells beyond simulation end time Don't allow users to modify data loaded into simulations from this source.
() Allow manual edit
Allow users to temporarily modify data loaded into simulations from this
source. (These changes will be discarded on next ‘Load External Data'.)
<1 U | D Allow manual edit and "write-back”
Note that the list contains dataset variables. Push the Help button for information
about the relationship between model variables and dataset variables.
[ <Bak [ wext> || Fmsh [ cancel ][ Hep>> | [ <Bak [ wext> || Fnish |[ cancel |[ Hep>> | [ <Back |[ next> [ Fnsh |[ cancel || Hep>> |
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Creating Switches
O

PV Power
Generated

PV Base Size - 5
PV Ppwer - button i) Switch Control Properties L2 |

General | parameters | Text | Alignment | Font |Line | Fil | symbol|
Allow input Type
4 / ) Never Radio Buttons v | [C]Push-ike
© Initially
| (©) When paused States
PV Size Factor © Hueye Clavtomatc ~ Count: 4 =]
PV Rating Switch || | [Epause during input Value: Auto: Text:
. ) . | | [C]rause oninput valt: 1 0KWDC -
Factored PV Power as selected by fixed dimension wz (3 100 KW DC
buttons | val3: 3 200 KW DC I
[l val4 4 400 KW DC e
- - |
—PV Rating Switch————— ‘
r (
0 KW DC ' [ ok || cancel || oy |[ Heb>> |
" 100 KW DC T ':‘ )
" 200 KW DC
® 400 KW DC
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Creating Sliders

300.00 kW

PV Baj

e Size

r—~1
N )
@ e

PV Power
Generated

0.00 kW

-
k=] Slider Control Properties
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[ Font | Line | Fill |

Symbol

General | Pparameters | ValueAxis | Number | Text

IAIignment

PV Rating Slider

PV Size Factor from PV Power - slider

slider

Factored PV Power as selected by slider

Wind Rating Slider

<:ji IBI I I IE>

0 200 400 600 800 1,000
kw

Wind Array Size (kW DC)

300.00 kW

Allow input

() Never

© Initially

() When paused
@ Always

Pause during input
[T Pause on input

Orientation
@ Horizontal

©) Vertical

o) (e [ oy
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Creating Figures and Charts

kW
1,100 A

1,000
900 A
800 +
700 +
600

Load for
Simulation

T T T T T T T T T T
Jan 01 Jan 04 Jan 07 Jan 10Jan 13 Jan 16 Jan 19 Jan 22 Jan 25 Jan 28 Jan 31

200 T

150 A

100 A

50 A

Wind Power

0

T T T T T T T T T T
Jan 01 Jan 04 Jan 07 Jan 10 Jan 13 Jan 16 Jan 19 Jan 22 Jan 25 Jan 28 Jan 31

5 - — v
@ Time Graph Control Pmpem -
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[ERR=Sc)

Alignment I Font

Position & Style

Line

I Fill I Symbol

General | Parameters | TmeAxis | value Axis | Number | Text

#is positon: Major tic style:
Tick label position: Minor tick style:

: Intervals Tick labels
Auto: Placement: |
Minor: | : v [Auu)maﬁc v] I
. = Format:
) Major: | 3 d L)ay v] [Me& m v] |
Show static time elements
Allow second level {
Second level format:
[Long v
]
o T ) [ v ) G |
[ = = -— — = = !
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Model Cr

Wind Power
Generated

@ Use Rating Switch
C Use Rating Slider

eation

Wind Switch
@ Use Rating Switch
C Use Rating Slider

PV Switch

—Load Switch
All Loads
MG Loads

PV Rating Switch
C okw DC

Loads erated PV Power 0 Kw DC
Generated © 100 KW DC € 50 kW DC
200 KW DC 125 kw DC
& 400 KW DC & 250 kW DC

All Loads

Wind Rating Switch—————;

Load pwitch

Critical Loads

MG Load

Critical Load

PV Rating Slider

200 400 600 800 1,000 200 400 600
kw kw

PV Array Size (kW DC)

Wind Rating Slider
G—f—0 G—T—0

800 1,000

Wind Array Size (kW DC)

Load for Simulation

Load and Generation data input
from Excel file

300.00 kW 00.00 kW
V

PV Power
Generated ml

PV Base Size
5 PV Ppwer - button|
PV Size Array

PV Size Factor

L« ]

PV Size Factor
PV Rating Switch

Factored PV Power as selected by fixed dimension
buttons

PV Rating Slider

PV Power - slider

PV Size Factor from
slider

Factored PV Power as selected by slider

o]

Load for

Simulation

F + + + + + + + + + +
Jan 01Jan 04 Jan 07 Jan 10 Jan 13 Jan 16 Jan 19 Jan 22 Jan 25 Jan 28 Jan 31

Factored W
Power

Wind Basge Size

Wind Size Array W'Ld J
ind Power
Gengrated

Wind Power using

Wind Size Factor

Factored PV Power as selected by fixed dimension
buttons

Wind Size Factor

from slider Wind Power using
slider

ind Rating Slider

Factored PV Power as selected by slider

0+ + + + + + + + T + t
Jan 01 Jan 04 Jan 07 Jan 10 Jan 13 Jan 16 Jan 19 Jan 22 Jan 25 Jan 28 Jan 31
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Create input
switches and
slider for wind
generation

Create input
switch for
loads
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MG Model

L ]
Load for Simulation
r, o

Load S€en by Gengratg

L
PV Power

F.T
]
ind Power
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Generator #1 Switch
| 1,000.00 kw

]
O

Gen #1 Index

Generator #2 Switch
| 230.00 kw

DieselConswy
s

RtionRate

=

N\

31,390.88 gal

Generator #2|
e I\

N
7
5 én #1 Fue 5.0 or Generators
. Gen_foads Consumption Ry 1/138.00 gal
Gen #1 Efficiehcy ‘ <7
Generator #1 Load ¥ __ X 1
Carried '
[ oo ] A Gen 72 esel O
A ‘ €n %2 Puel Consumption y .
' e L e Diesel Consumption
p
. < Gen #2 Efficiency
Carried Index
Gen #2 Efficiency

kw
1,500

1.5

1.0
1,000

0.5

Wind Gen 500 o #2 #3 #4
|
— Gen #1 Efficdiency — Gen #2 Efficiency
0
Total Load | #2 #3 #4
= Wind Gen = PV Gen Gen #2 Gen #1 = Total Load

Diesel Consumption

nerator #1

#2
Diesel Generators

l 31,390.88 gal | 1,138.00 gal | 32,528.88 gal l
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Generator Lists and Switches

-
Switch Control Properties
percll
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(2 ™

_
General lp, I Text I li ] Font I Line I Fill I Svnbol|
Allow input Type
" Include pull-down list R
© Initially
() When paused States
|
© Aways [[lAutomatc ~ Count: 10 =)
' ]
Pause during input Value: Auto: Text: :
Generator #1 Switch ElPasseoninput  vala: 150k \ -
[1,000.00 kW =] | s zak g i
| val6: 400 kw ‘ ‘ :
| val7: 500 kw ‘ } a |
| |
Generator #2 Switch | |
oK Cancel Appl
230.00 kW ~| . [ )| [ oo i
B Switch Control Properties (B>
General | ] Text IAignmen t I Font ILne I Fill lSynboI|
Allow input Type
1,000.00 kw S ©) Never Combo Box v
\\_\ © Initially
- T~ (©) When paused States
© Aways [7] Automatic Count: 11 %
Gensera’goh #1 Gen #1 Index [CIPause during input Value: Auto: Text:
. [CIpause oninput val8: 750 kw ‘ -
vale: 1,000 kw ‘ |
val 10: 1,250 kw ‘ B
Gen #2 Index : 7
Genera_tor #2 val 11:  okw No Generator ]
Switch
o] Coma ) [ oo ) (oo ]
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Load Model rh) e

1,000.00 kW 9 _
r—1 Diesel(

L - _| -
Load for Simulation
r :—I
_

ind Power

Load Seen by Gene

Generator #2
Switch

{
G’?/_Loads
/ 0.63 3

Generator #2

Gen #1 Efficien Gen #1 Efficiency

Index

Generator

- 1
Carrie

—
Gen #2 Efficiency

Gen #2 Efficiency
Index .
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Generator Loads

" - A
=] Gen_Ratios Variable Properties &g

[
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Definition | ion | Advanced | Scale | Value [Line | Fil | Symbol|

7 [V Type: 7 [¥]unit:

Real v v []start-up
# [ Dimensions: Series type:

v |None v

Definition

{'Generator #1 Switch'/('Generator £1 Switch'+'Generator #2 Switch'),
|'Gene:ato: $2 Switch'/('Generator £l Switch'+'Generator £2 Switch')}

L—~—"J
Load for Simulation
Seen by Gene

= {0.8130081300813, 0.1869918699187} E]

\
Generator #1 Switch @ 1Linked variables /
Generator #2 Switch © 2 All variables ]
() 3Ranges ] L _
© 4Units P
©) 5Functions | s

Lo J[ concel J[ ey ][ rep>> |

= = — — =

B Gen_Loads Variable Properties

Generator %1 Load

Carrie

Defniton | pocumentation | Advanced [ Scale [ value [Line [Fil [ Symbol
7 [Cltype: 7 Clunit:

Real v

# [| Dimensions:

Generatoh#1 Gen #
Switch

Generator #2 Ge

Switch

Gen #1 Efficien

Gen #2 Efficiency

Definition

IF ('Generator £1 Switch'>0<<kW>> AND 'Generator £2 Switch'>0<<kW>>, -~

IF ('Load Seen by Generator'<=0<<kW>>, {0<<kW>>, 0<<kW>>},
IF ('Load Seen by T4 £1 Switch', {0<<kW>>, 'Load Seen by Generator'},
IF ('Leoad Seen by Generator'<'Generator £1 Switch', {'Lead Seen by Generator',K 0<<kW>>},
{Gen_Ratios[1l]*'Load Seen by Generator',K Gen_Ratios[2]*'Load Seen by Generator'}))),

IF ('Generator #1 Switch'=0<<kW>> AND 'Generator #Z Switch'>0<<kW>>,6 [0<<kW>>, 'Load Seen by Generator'},
IF ('Generator £1 Switch'>0<<kW>> AND 'Generator £2 Switch'=0<<kW>>, {'Load Seen by Generator', 0<<kW>>},k {0<<kW>>,6 0<<kW>>})))

= {627.6866666667, 0} kW @

Gen_Ratios @ 1Linked variables
Generator #1 Switch © 2 All variables
Generator #2 Switch ) 3R
Load Seen by Generator ar\ges

) 4 Units

(©) 5Functions

Lo J[ concel J[ wov |[ rep>> |

16



Diesel Consumption Rate il

= Adding time independent dataset using direct call to EXCEL file
= Create array variable

=] DieselConsumptionRates Variable Prope_‘. (L2 S

m n Definition | Documentation | Advanced | Scale | value [Line [ Fil | symbol|
7 [ Type: 7 [Cunit:
L} gal_pe v [start-up

7 | Dimensions: Series type:
¥ |None v

Definition

kLDATA ("DieselFuelConsumption.xlsx", "Modified",6 "c23:£32")<<gal_per_kWh>>

Gen #1 Diesel
Consumption

= {{0.12, 0.09666666666667, 0084444444444, 0.08}, {0.128, 0.090666... (26 A ER

@ 1Linked variables
(© 2 All variables

() 3Ranges

© 4Units

(©) 5Functions

== = e

o] Camm ) [ wor | (oo ]
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Diesel Consumption ) ..

= Link diesel consumption rate
to a flow w/ rate to calculate
total consumption

Gen #1 Diesel
Consumption

—
B Gen #1 Fuel Consumption Rate Variable Properties .

Gen #2 Diesel
Defiiton | tation | Advanced | scale [ value [te [l [symbal] Consumption Dieéel Consumption
7 [V Type: 7 @] unit: on Rate y
Real v | galhr v []start-up
7 [¥] Dimensions: Series type:
v |None v
Definition |
L 'Generator £1 Load Carried'*DieselConsumptionRates[INDEX ('Gen £1 Index') K INDEX ('Gen £1 Efficiency Index')] |
|
I |
||
= 43,60330044444 gal fhr (2]
DieselConsumptionRates @ 1Linked variables I
Gen #1 Effidency Index ® 2 All variables
Gen #1Index =S 3R
Generator #1 Load Carried - anges
() 4 Units
@ 5Functions
[ OK ” Cancel H Apply H Help >> ]
(. = 4
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Create Output Figure

T Wind Gen

#2 #3

WPV Gen Gen #2

Gen #1

-4 1

= Total Load

“U Gen #1 | 1,500
oo [/
Load for Simulation
1,000+
500-
0—
|
Total Load
| E— Time Graph Control PrgpertiesA \ ‘ M‘
Font | Line | Fil | Symbol
General | Parameters | Time Axis | ValueAxis | Number | Text [ Alignment
Value source: Parameters:
@[] Component 1 wind Gen
[ Simulation Control PV Gen
[ Index Variables Gen #2
{ [_] Dynamic Ranges Gen #1
i Total Load
|
— Browse ; ol (¢
dimensions [ L/ I [ ... ] [ Xe } @J &J
[ OK ][ Cancel H Apply ][Heb>>]

ﬂ— Time Graph Control PropertiesA& ~ ‘

Font | Line | Fill | Symbol
General | Parameters | TimeAxis | vValueAxis | Number | Text | Alignment
Position & Style
Axis position: Low ¥ | Major tick style: Cross v

Tick label position: Minor tick style:

: Intervals Tick labels
| Auto: Placement: i
[¥] Minor: [ %H '} [Auhomaﬁc V]
Format:
Major: 3 2! pa =
d Y [” " v]
Show static time elements I
Allow second level
Second level format: h

[ ok

) Coma ][ o | [Crmo> ]

= =
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Create Bar Graph D

k=] Diesel Consumption Variable Properties

Definition | Documentation | Advanced | Scale [ value [Line [Fil | symbol|

7 [V Type: 7 [¥] unit:
Real v| gal v [Clstart-up
# ] Dimensions: Series type:

= Create array of “Diesel e  —

: ” , ; ion"
Consumption R e semepity

'All Generators'}

= Create bar graph of array

= {31,330.88043191, 1,138.003674832, 32,525.88416674) gz | ? | 7

All Generators @ 1Linked variables
Gen #1 Diesel Consumption ) 2 All variables
Gen #2 Diesel Consumption =
() 3Ranges
© 4 Units
©) 5Functions
enerators
[ ok l[ Cancel Apply H Help >> ]
Consumption < -
» 3
’I @ Chart Control Properties ‘?Ax‘
()
et NurrberITextIAigrmentIFont LineIFiI ISyn'boI
Consumption Diesel Consumption General | Parameters | ChartGraph ElementAxis | Value Axis
ion Rate
Properties: Graph type
| I——— © Line
30,000 © step
_—ng— @) Bar
a
£ 20,000 1|
a ,000 4 [_|Smoothed line
£
-]
¥}
© 10,000
o
2
a
o4
Generator 21 Generator 22 All G=nerators
Diesel Generators
< m »

|31,390.88 gall 1,138.00 gal |32,528.88 gal |

o) Comm ) [ o ) o)
[ = = J 20




Generator #1 Switch
|1,000.00 kw ~] Load Switch

All Loads

MG Loads |
Generator #2 Switch Critical Loads |
|230.00 kw =1

Diesel Consumption

Generator #1

Generator #2

Diesel Generators

All Generators

31,390.88 gal

1,138.00 gal

32,528.88 gal

Create Input/Output Diagram

@ Use Rating Switch
(" Use Rating Slider

—PV Switch————

0 KW DC

(" 100 KW DC
" 200 KW DC
© 400 KW DC

—PV Rating Switch————

—Wind Switch
@ Use Rating Switch
(" Use Rating Slider

—Wind Rating Switch—————
€ 0 kw DC

50 kw DC

125 kw DC

® 250 kw DC

PV Rating Slider

kW
PV Array Size (kW DC)

o>

t t 1
600 800 1,000

Wind Rating Slider

t 1
800 1,000

k t t t
600
kw

Wind Array Size (kW DC)

&>

300.00 kW \

300.00 kW |

kW
1,500

1,000

5001

T T T T
10 11 12 13 14

Wind Gen PV Gen

Gen #2

Gen #1 == Total Load
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PowerSim Modeling — Microgrid Example Problem

QUESTIONS & ANSWERS

Richard Jensen
Sandia National Laboratories
Albuquerque, NM 87185-0751

rpjense@sandia.gov
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