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What does RU-LESS model solve?
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* The arbitrary multi-locational micro-grid '
(MG) consists of: " %
 Multiple demand nodes i ) * i * *
* Existing on-site generation/storage = i v v v é LS L
technologies aim, ANIIheNInm -

 We are interested to solve following problems:
* What is the value of MG for distribution network?

What is the impact of MG on rate-payers financial?
* What is the impact of MG on the grid?
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What does RU-LESS optimization model offer?

* |Impact of MG on the facility annual energy cost, located at different
nodes.

* Impact of MG on the real / reactive power loss.

* Impact of MG on the voltage fluctuation at different nodes. ‘

===

* Impact of MG on the peak electricity demand at different nodes.
e This will result in capacity upgrade deferral.

* Impact of MG on the resiliency capability.




Data requirement in RU-LESS

* Pre-post configuration
* The current or prior configuration of the system
* The post configuration design and portfolio
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RU-LESS Data Input Interface

* Rutgers has developed a user-friendly graphical interface to collect the
desired data for evaluation of the proposed TCMG configurations.
There is no need to install any .exe file

Two Excel files need to be opened by the user

Pre-Design
Post Design Case

Click to Start the User




1- Initiation

* Simply open the Excel file and click on the red button to start the

user forms

Click to start!

Pagelayout  Formulas
- ErwnpTet # | Normal Bad Good & X 3 Autosum - Ay ,O
- & B2 | . z

S encans= | $ <% o lSi 2 atas| Neutral IR | et Dclte Fomat |, Sort & Find &
] Merge & Cente $ - % 3 i L J s E =S s Clear =
= per o Styles

Filter~ Select ~

nment Cells Editing

RU LESS

Click to Start the User
Input Form




2- Start new project or continue saved projects

O RU-LESS User Input

KU LESS

Welcome to RU-LESS Microgrid
Analysis User Input Form
Plegse.Press Start to Begin!

Start New
Project

Continue Saved
Project

Click to continue
saved projects

Click to start a
new project




3- Start a new project

Do you want to start a new project? This will
delete any privous saved content.

Deletes the

previous projects _ _
and starts a new Welcome to RU-LESS Microgrid

one Analysis User Input Form
Please Press Start to Begin!

Continue Saved Start New
Project Project




4- What information is needed?

Project Description
Utility information
Number of buses
Bus definition
Technology description
Demand definition
Network topology

Comments on data and submitting

Laboratory for Energy Smart Systems



5- Inputsheet structure

At any stage of the process, the interface is composed of three main sections:

Quick access bar: At any stage the user can have access to the preferred
section

Main section: The information is added in this section

Section description: Presents details on the main section

Project Information

Project Description

Insert the project's title

User Contact Information

Utility Definition

Number of Buses

Bus Definition I:l
Technology I:l

Frist name, Last name | |

Email address | |

Demand I:l

Phone number | |

Network Topolgy I:l

Submit Form

Exit Next



Main section

6- Main window description
© I Project IfBrmation I
Quick access bar e = = = = _ |

Project Description

At any stage, the

tl Insert the project's title
user can have

Utility Definition

access to I |
different Number of Buses
sections User Contact Information

Bus Definition

lrist name, Last name

el |

hone number

Network Topogly |:|

Submit Form

Exit Next

lmail address I




/- Project description

We need to first identify the project and acquire a point of contact for
possible further discussion on the TCMG project

oy ) PrOjeCt name

I Project Description I

L- -l

Utility Dffinition

o
Insert the project's title

‘ Rutgers TCMG in Piscataway ‘

Number clBuses

User Contact Information

Bus Definfion

Frist name, Last name Alan, Smith |
Technoloj I:l Conta Ct
Email address smith@rutgers.edu ? Informatlon
[ =]
Phone number | (300%) X300 |
Network Topo :l
Submit Form .
At any stage of the ext o You can click next

to go to the next
step

progress, you can
click on this button
to change the info




8- Utility

We need to know the rate structures that are used for this project. Please
specify what Gas/Elec. utility company is involved in this project.

O Rate Structure Definition

Click to find a list of

Project Description

e _ Elec. Utility
I Utility Definition I Energy UEIi; companies
| S——
r of Buses Elec. Utility Name
Click to find a list of
| JcraL - .-
Bus Definition | [ =] gas Utility
Gas Utility Name / Companies
At any stage of the [ ] [ nanG
PSE&G
progress, you can NING
: : [ =] Other
click on this button Utility list
to change the —
utility info !
slildzan You can click next
Privious Next

to go to the next
step




9- Number of buses

v Definition of bus: A bus (also called node) in a MG configuration is a location within the MG that contains:
* Thermal or electric load (e.g. buildings)
* Power generation technology
* Cold/thermal/electric storage
e Chiller and boiler
«  Common coupling point to the main power grid
v" One can consider multiple elements described above to define a bus (We also call a bus “Node” as well)
* These elements should be in a reasonable close vicinity
* Forinstance, an office building and a district chiller, solar panels, and battery storage next to the building

Quick access to this Y Number of Buses
page. (changing the ‘
number of buses in
the middle of the Utiity Definition How many electric buses are included in

. . - your microgrid network?
project is not amberoses |
We suggest the suggested!) b e e i
user first decide
about the number
of buses and make :

_ Specify
a list of the buses the
with the elements number of

that are included buses

Project Description

Technology

Submit Form

Privious Next




10- Bus/Node description

The Bus that is
being described

Bus 1 ils

I e e T | | Specify if
e — | thebusisa
e Ay |92k bus
I I el Does the bus contain any electricity/thermal demand? . .
I Bus Definig 'lzl}g Is hourly demand{elett:city/thern:I) data available SpeCIfy If the
— [ Node2 ] for this node? e r bus contains
First select the desired I s any bettrystorage nstaled n this = demand
bus (Node) from the |
dropdown button and S 1 S Specify if the
click on Bus Definition S (5] b Themal/costorge pcsets demand data
button to jump to the 1 is available
page to describe that bus e ey o e
Go to next Specify number of
If the number of or previous different specify if Fhe
nodes is not bus technologies bus contains
battery

assigned yet, you
are not able to use
the quick access
buttons

Power generation
technologies
includes any type
of generation such
as renewable, CHP,
etc.

Maximum number for assets in
each nodeis:

1- Power generation: 12

2- Chiller/Boiler: 6

3- Thermal/Cold Storage: 6

If the number of assets exceeds
the max, please use aggregate
capacity and average the
parameters.



11- Technology description

You can always
change the values
previously specified in

O Bus 1 Technology Input

Project De ;
o scription Is any battery storage installed?

El MNumber of Power Generatiogissets
Uttility Definition El Mumber of Boilers or Chillers
[5 ] Number of Thermal/Cold

L —ca
S |

vemana | = || msam | asen

fsset #1

—v |

Bus 1 Technology | g

Click on Tharmal Gen Buttens to Insest. the ThermalyChillad Water Genaration Parameters

Network Topoigy | [ = | Click on Thermal Str Buttens ta Tnsert the Thermal/Chilled Water Starage Technalogies

Bus definition here

Pl

Depending on the s
number of defined J L o= Hext
hot/cold storage, press
on the button to specify
the parameters of that
technology Go to next
or previous
bus

/ Parameters

Battery

Depending on the
number of defined

tmberefuses El Gi&mmlHﬂMMWMJW .
il Bl technologies, press on

the button to specify
the parameters of that
power gen technology

Depending on the
number of defined
chillers/boilers, press
on the button to specify
the parameters of that
technology



12- Technology parameters

a- Select an asset

Generation Bultons ta Inset the Power Generation Parameters
hgget §2

(6] @
|

hadet &1

c-After selecting the technology, a
list of parameters will be available
to be filled out

BERLET I{A’ISA’{.‘?’

Bus 1 Technology Input

EiectDescripton e hatiacict iactallog: | = IEw|
L] Bus 1 CHP
pine o —
|- Power rating: maximum total Ipnwer utput [kw ]
Power rating (kW) 1
inst
Number of units l:l
Electrie efficlency (KW/W) 1 utput/toral rfuﬂ'em' gy inpu
Power to heat ratio (kKW/kW) Power to heat ratio: useful efectric power
:I utput/yseful thermal output [dimensioniess]
Close b
T T
bmit Form
Previous Next

Instruction for the parameters

b-You can select the technology from the window

El Mumber of Woilers or Chillers

= bl i £ Lis i b

][] ]

@ Bus 1 PowWer Generation Technol...
ramet:

Select the power ge tion technology type

CHP
PV

Wind Turbine loct
Diesel/Gas Generator

BLer Ge

d-After filling out the parameters,
the selected technology will show
up under the asset number.

Bus 1 Technolghy Input

Bus 1 Technology Input

Is any battery stfrage installed?

El Number of r Generation Assets ]
El Number of Bflers or Chillers [ ] e
Number of Wrermal/Cold |

Buttons to Insert the Power Generation Parameters
Asset ¥2

Click en Themal Gen Buttons ta Inseet the Thermal/Chilled Water Generation Parameters

J b

Assen ¥1 hsget W2

:I Click on Thermnal Str Bulttors to Ingest the Thermal/Chilled Water Storage Techralogies
Asset #1

1




13- Technology parameters

Bus 1 Technology Input x

Bus 1 Technology Input

‘ — —

Bus 1 PV -

Insert the hourly solar radiation data if available

{ kw/m2)

12/31/16 16:00 =] [-Power rating: Nominal power [kW]

Panel area (m2) 31/16 17:00 (-Panel area: Area [m2]

/16 18:00 -Efficiency: Solar panel efficiency at the

31/16 19:00 Inormal condition [%]

ﬁgiﬁ: g? $ [-Open circuit voltage: maximum voltage

12/31/16 10:00 lavailable from a solar cell [V]

12/31/16 11:00 |-Max power voltage: voltage at the
\nominal power

|-Max power current: current at the

\mominal power

-Solar radiation hourly profile: hourly solar

Close | Submit | \radiation on tilted panels [kW/m2]

Submit Form ‘
Previous Next

For the sections that dataset is i
requested, simply copy and paste the
desired column in the provided space.

Project Description

Power rating (k!

Solar panel efficiency (%)
Open circuit voltage (V)

Max power voltage (V)

Ll

Max power current (Amp)

Bus 1 Technology Input £

Bus 1 Technology Input

PR HEEETE Is any battery storage installed? TLI
— Number of Power Generation Assets
utility Definition IZ' Number of Boilers or Chillers
Number of Thermal/Cold Storage

After completing the parameters
for each technology, the assets
are shown under the related
section.

Click ta Enter Electric

2
2
1

Number of Buses Click on Generation Buttons to Insert the Power Generation Parameters

Asset #1
cHP

Asset %2

Bus Definition I -
Technology I j'
Click on Thermal Gen Buttons to
Demand I hd Asset #1

Absorption

aeneration Parameters

Asset %2

Go to next or
previous step

Click on Thermal Str Buttons to the Thermal/Chilled Water Storage Technologies

Network Topolgy I <

Asset #1
Thermalstr

Submit Form

Previous




14- Demand data

Bus 1 Demand
Input

Bus 1 Demand Input [x]

A- Click on next
button to insert the

demand

* The bus/node contains demand and

demand data is available

‘ Bus 1 Demand Input

Bus 1 Demand Data

[If thermal demand is not available leave it blank]

(yyyy-MM-dd HH) Electricity (kw) | Thermal (Btu) Elec. Rate Schedule
102

Paste the hourly data below (Time, electricity demand (kW), and thermal demand (Btu})

.

Specify the rate
schedules for
elec. And gas

B- There are three cases:

* The bus/node contains demand
and demand data is available

* The bus/node contains demand
and demand data is not
available

* The bus/node does not contain
demand

* The bus/node contains demand and
demand data is not available
Bus 2 Demand Input \LI
Bus 2 Demand Data -
T Building functionality i applicable .
- [ Medium office -l g\f:i‘a’;:i;zf:r:emt
o \closest facility type (in

Building floor area (sq ft)
Number of floors

Elec. Rate Schedule
hd

EIGES Rate Schedule

terms of functionality)
ffrom the drop-down list;|

’7 IDemand values are
taken from the DOE

database.




15- Network Topology

A- It should be specified how the
current bus/node is connected to
other buses/nodes.

Bus 1 Topology

* (Cable connection between the Profct st |
nodes E—
* Piping connection between the Bus 1 Topology
nodes p— —
* Hot/medium/ low temp —
1Nt Technology [ -
piping _
e Chilled water e

Network Topology :‘v

Submit Form

Click next to access to
the network
connection for the bus




16- Network Topology connection

Bus 1 network connection

Three fields should be considered. T R ]

Power network connection

\down list.

1- Power network

High temperature water network connection

|-Define the topology of the network

1
1
I - Select Deselect : lby creating the list of nodes that are
1
1
1

lconnected to this node form drop-
- Find the preffered node from the

[connect it to the current node. to
remove an already added node, find

2- Hot/medium/low
temp piping network B I Ty

i
i
i

3- Chilled Water/i et | oo

piping network | TTTTTTTTTTTTTTTTTTTOOTTTTT AT

1

1

I Nodes that are connected to node 1 5
1

I List of connected nodes
I—-----_--_-_--_--_-_--_--:::::::::::::::::::::::—" |drop-down list and press select to
1

1

1

1

1

1

from the list to

Power network connection

Bus 1 network connection
=
Node 2

Dmm&
High temperature water network connection

Nodes that are connected to node 1 Select

List of connected nodes

Connected nodes to

1
1
1. .
- t from the drop-down list and press
o et | oeseec |  eseect
1
1

Select a bus/node

connect it to the
current bus/node. If

the current node will
appear in these fields

Nodes that are connected to node 1

List of connected node: Node 2

ad to node 1

List of connected nodes ode 2 Node 3

Privious

Node 2 -

Chilled water network connection

Node 3 A

you want to remove
an already connected
node select it from
the list and press
Deselect.

Select Deselect

Select Deselect

I .
b = d Go to next step




17- Power network constraints

Project Description
Utility Definition

Bus 1 Topology 2

One has to specify

angles for the specific

Maximun acceptable voltage (kV)
. . . Minimum acceptable voltage (kv)
m aXI m u m/m I n I m u m é Maximun acceptable voltage angle (rad)
Minimum acceptable voltage angle (rad)
acceptable voltage and
Previous

Bus 1 Bus Voltage Parameters .

|- Specify the minimum and maximum value for voltage
Imagnitude and angle.

[Hf the node is a slack bus, specify the voltage magnitude
lat the microgrid slack (reference) bus. Note that if the
Imicrogrid is grid-connected, the slack bus is the point of

lcommon coupling.
Next

1117

b u S . Network Topology

‘Submit Form

Previous

Details of the cables

con nect| ng nodes é =

should be specified

Length (m) | Resistance | Inductance | | Ampacity | Fower | Linductance: Cable inductance [mH/m]
(chm/m)  (mH/m) (amp) | Copseity () eity: Cable ampere capacity [amp]
m |-Power capacity: Cable power capacity [kW]

I
I I R

Bus 1 Power Network Connection -

[Length: Cable length [m]
|-Resistance: Cable resistance [ohm/m]

privious Next
—
Submit Form —
roject Description
|
Utility Definiti Bus 1 Hot Temeprature Water Network -

And also the piping

per meter)
Bus 1-2 pipe parameters |
Syste m us Definitior|

Technology

Demand

Length (m) Capacity = Thermalloss
(Btu/hour)  Coefficient (3

Privious Next

Jetwork Topology |

=]



18- Submit the data

After completion of the all
steps, the user can submit
the data and add any
specific comment regarding
the provided information

You can always save the files
and continue the projects.

A pdf file (Form.pdf) will be
generated for the review of the
user. Also, the data will be
available in .xls (FinalData.xls) in
the same folder.

Submit Form

Project Description
Comments on the data

Utility Definition

gaber of Buses

Bus Definition -
-
Technology =

Demand :IY

Submit the Data! |

Network Topology :"

Submit Form

Before submitting
the data, please
make sure that the
generated pdf and
excel files are all
closed!



19- Sending the data to LESS

RU-LESS requires the users to submit 3 files for pre-design and 3
files for post-design configurations. Please send the files to
A.Ghofrani@rutgers.edu

File checklist:

1- RULESS-PRE.xlsm
2- RULESS-POST.xIsm
3- Form-PRE.pdf

4- Form-POST.pdf

5- FinalData-PRE.xls
6- FinalData-POST.xls


mailto:rA.Ghofrani@soe.rutgers.edu

