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Abstract

The Microgrid Design Toolkit (MDT) most readily supports decision analysis for new ("greenfield")

microgrid designs, but can also be used to evaluate microgrids with existing infrastructure under some

limitations.

The current version of MDT includes two main capabilities. The first capability, the Microgrid Sizing

Capability (MSC), is used to determine the size and composition of a new microgrid in the early stages of

the design process. MSC is focused on developing a microgrid that is economically viable when

connected to the grid. The second capability is focused on refining a microgrid design for operation in

islanded mode. This second capability relies on two models: the Technology Management Optimization

(TMO) model and Performance Reliability Model (PRM).
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1. MDT Process Overview
Welcome to the Microgrid Design Toolkit (MDT). This software readily supports decision analysis for

new ("greenfield") microgrid designs as well as the design of microgrids with existing infrastructure that

may be leveraged.

The current version of MDT includes two main capabilities. The first capability, the Microgrid Sizing

Capability (MSC), is used to determine the size and composition of a new microgrid in the early stages of

the design process. MSC is focused on developing a microgrid that is economically viable when

connected to the grid. The second capability is focused on refining a microgrid design for operation in

islanded mode. This second capability relies on two models: the Technology Management Optimization

(TMO) model and Performance Reliability Model (PRM).

A summary overview of key elements of the MDT interface is provided 4. Appendix A: MDT Interface

Summary Overview.

1.1 Software Installation
The installer files are provided in the download in which you obtained this document. Be sure to run the

setup.exe file (as opposed to the MDT-Installer.msi file) because the setup.exe will check for and install

prerequisites if necessary.

The first time you run the MDT, it will look for specification databases from prior installations of the

tool. If any are found, you will be prompted as to whether you want to import and update a

specification database (Figure 13). If you have made changes to a previous version's equipment

specification database, you are advised to choose the appropriate version from the list and click

"Accept". The database from the previous version will be copied to the location necessary for the new

version. If the database format has changed, it will be automatically updated, and you will be notified

when the update is complete. Otherwise, click "Cancel and Use Default Empty DB".

To change the working copy of the equipment specification database to a different database at any

time, please see instructions in section 3.1.1 Restoring an Equipment Specifications Database.

Choose Previous Database

The following MDT database(s) from previous installation(s) were
found during installation. YOU can choose one to import into this
newly installed version or you can cancel this dialog and stay with
the default DB installed. This message will not appear again.

'./ers ion Path

1 , CAUsers%PublicgocurnentsNicrogrid Design Toolkit v1.131.7411CI

Accept I Cancel ard Use Default Empty DB I

Figure 1. Prompt to include MDT databases from a previous installation.
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1.2 Pre-work
Before you begin using MDT, you need to define options for the microgrid. Information about your

microgrid options will become inputs for MDT. Categories of data that must be gathered before

attempting to use the MDT include:

• Identification of the site where the microgrid will be installed

• The high-level requirements and limitations for the microgrid (e.g. the amount of load

that will need to be met or physical space limitations)

• Equipment specifications (types) that are available

• Cost for equipment specifications

• Design alternatives that are under consideration (islanded mode analysis)

1.3 Modeling Steps
The first step after pre-work is complete is to gather equipment specifications and enter them into the

tool via the "Edit Specifications" page in the interface. This step is only applicable to analyses that are

focused on islanded mode.

The second step is to enter information about the proposed microgrid design. Depending on the analysis

being performed, this information will be entered in the Sizing inputs or lslanded inputs section of the

tool.

The third step is to run the analysis and view progress via the Progress Monitor.

The final step involves viewing results and interpreting them for decision making.

Remember to save your work often. You may do so conveniently by pressing ctrl-s on any screen at any

time (message dialogs excluded).

1.4 Save and Open input Files
MDT input files are saved as *.mbf files.

To save your microgrid design inputs, you can

• click the save button on any screen or window.

• press the keyboard keys CTRL-S.

• on the toolbar, go to File -> Save or File -> Save As.

To open an input file, you can

1. click the file open button on the main screen.

2. press the keyboard keys CTRL-O.

3. on the toolbar, go to File -> Open.
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2. Microgrid Sizing Capability (MSC)
The purpose of MSC in the context of MDT is to perform microgrid sizing by identifying the types and

quantities of technology to be purchased for use in a microgrid. MSC minimizes the total annual cost of

a microgrid while meeting the load requirements of a customer and not surpassing user-specified limits

on the amount of technology that can be purchased. Additionally, MSC ensures that the microgrid will

pay for itself through annual energy savings within a user-specified amount of time. The result of MSC is

a recommendation for how much of each technology to purchase, how much it will cost, and an

estimate of the annual savings for that purchase.

To access the MSC input fields, click the Sizing Inputs tab directly above the Input button (Figure 2). This

will provide access to the Sizing Input Options.

Sizing Inputs

Options

Select

Sizing Inputs

L "

Main Work Area

J

Figure 2. MSC main screen overview.

2.1 General
This section is used to define general inputs related to purchases of microgrid technologies. MSC

requires that the selected microgrid technologies can be paid for through energy savings within a

specified timeframe.

• Maximum number of years to payback microgrid purchases (years) — If the energy savings over

this number of years does not exceed the upfront capital cost, then no microgrid purchases will

be made.

• Interest rate for microgrid purchases (%) — The upfront capital costs are annuitized over the

expected lifetime of the purchases. This interest rate is used in the annuity calculations.
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2.2 Loads
This section is used for defining the customer's energy load. First, define the load settings (Figure 3).

Specify the day of week that the calendar starts on by choosing the appropriate day from the Start Day

column. The Individual Load Tiers section allows you to define multiple loads per load section. MSC only

requires a single load tier, so this section does not need to be modified.

Then, create the energy profile in the Load Data section. There are two methods for creating the energy

profile.

Method 1: For each hour in the Time Period column, enter the amount of energy required by the

customer into the Load Configuration column for every hour in the calendar year.

Method 2: Import a CSV that contains only one column. That column will populate the Load

Configuration column in MSC after clicking the "Import CSV File" button.

Micrognd Design Toolkit 0.90 (ZACurrent Projects \M rogrids DT \ MSC_Realistic_Exarnplewith_Windzip.rnb0 - [Edit Load Sectiorisi

Elle Edit View

- -
Results Yieww

Results Tools Wmd. ,Iftlilig Mill MIMI MEIN pm mom mom mom mom mom mom mom mom mom mom mom mom mom Ur,

I Load Sechons  Load Section
General ' 'coda;

Nan, tart lia,

Market

Battenes

DER Technologies

7; Photovoltaics

Solar Resources

Solar Technology

8 Wind

VAnd Resources

\Mnd Technology

Status

',puts Islindsd touts'

Load Data tor

Tiers Individual Load Tiers
Average Load Notes

Uninterruotible 165.6725

Input

Time Period Load Configura,
11 1 00000 106.577352'

2 01:0000 10538405:1

11 3 02:00:00 105.049455 E

4 03:0000 104.368075E

5 04:00:00 10541257:

6 05:0000 108.998872::

7 06:12000 14239216C4

8 03C000 186.2975633

9 08:8000 179.4041407

10 09:00:00 204.6488842
alM

11 10:0000 1911876241

Progress Monitor

Results Viewer

Load Data

,  rmmom mosommisimplumm mom
Elapsed: Evaluations: Solution Space Size

Figure 3. Overview of the Load sizing input page.
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2.3 Market
The settings in this section (Figure 4) specify the pricing structure for electricity purchased from the grid

as well as energy generated by different fuels such as natural gas.

Prc;ects \ Mierognds DT \ MSD r olp.mbf) - [Application Forma. 4111116=wicOrafto
Tools Windows Help

Market Information arbon Emission Rates

Verpon 0.90.668.0 - r9 X

Monthly Connection Fees

Montt* Bectnoty
Cconecbcc Fee (Unwel) :

271 0
aerge (S/kW-month)

Jectniory Carbon Ernispon
Rate ErgcarbonAsWh):

0 14

Monthly Natural Gas
Connection Fee (S/month) •

148.65 Standby Charge (SAW-month) 0.2 Natural Gas Carbon Ernisxon Rate
tkgcarbonik1461):

0.09

0 15

C1 Microgrid Design Tool__

File Echt View Results

Results newer

General

Loads

11.32
Battenes

DER Technologies

▪ Photovoltaics
Solar Resources

Solar Technology

rr, Wind

Wind Resources

Wind Technology

IMIMIIMIMOMOMOMOM IMOMO IMIMIIMM

Usage Charge Rates
Start Month

Electricity and
Others tabs

Peak Demand Rate

Stng Inputs !Idarsierl iresirs1

Input

Progress Mondor

_1 Results Viewer

Status-

End Month Start Hour

August oaoo
August oaoo
r'arch oaoo
December 0000

.:ugust 00.00

End Hour Period Type Electricity Rate (9949h) Notes

23:59 On-Peak 0.163
23:59 Mid-Peak 0.124

23:59 Mid-Peak 0.116

23:59 Mid-Peak 0.116

23 59 Off-Peak 0.094

Name Start Month

1:11=uall
2 rrid--peak summer Arxil

3 mid-peak winter first months January

4 mid-peak winter last months Septernber

1 

End Month

August

August

March

December

Start Hour

oaoo
moo
oaoo
moo

End Hour

23:59

23:59

23 59

23:59

Peak Dernand Type Daily Peak Demand Rate (SAW) Ec 1

On-Peak 0

Mid-Peak 0

Mid-Peak

Mid-Peak

Elapsed: EcaluatIons: Solutton Space Size:

Figure 4. Overview of Market inputs page.

2.3.1 Market Information

This section includes fees, charges, and carbon emission rate data for the utility companies (electric and

gas) and are used to determine utility costs. All of the inputs provided in this section are single values

that are not time dependent.

• Monthly Electricity Connection Fee ($/month) —The monthly dollar amount charged by the

utility company for just being connected to the grid.

• Monthly Natural Gas Connection Fee ($/month) —The monthly dollar amount charged for just

being connected to a natural gas source.

• Contract Demand Charge ($/kW-month) —The utility company will multiply this dollar amount

by the maximum energy load attained by the customer during the full calendar year.

• Standby Charge ($/kW-month) —The utility company will multiply this dollar amount by the

nameplate capacity for an energy-generating source such as PV and wind.

• Carbon Tax ($/kg-Carbon) —The dollar amount charged per kg of Carbon released by the utility

or the microgrid.

• Electricity Carbon Emission Rate (kg-Carbon/kWh) — Amount of Carbon in kg released by a kWh

of energy produced by the utility company.

• Natural Gas Carbon Emission Rate (kg-Carbon/kWh) —Amount of Carbon in kg released by a

kWh of natural gas used for energy production by the microgrid.
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2.3.2 Usage Charge Rates

2.3.2./ Electricity

Select the Electricity tab under Usage Charge Rates (Figure 4) to access the following sections.

2.3.2.1.1 Electricity Rate

This section is used to define electricity usage rates. Electricity is typically priced differently for each

season. For example, summer on-peak hours will be different from winter on-peak hours. Usage

intervals are defined by season (a set of months), a time of day, and usage period type (on-peak, off-

peak, and mid-peak). The set of usage intervals must account for all months and all hours of the day.

Electricity rates - in dollars per kWh of electricity - are set for each usage interval.

• Name — The name is meant to help the user distinguish electricity usage rates for different

months, hours and periods.

• Start Month — Starting month for the electricity usage rate.

• End Month — Ending month for the electricity usage rate.

• Start Hour — Starting hour for the electricity usage rate.

• End Hour — Ending hour for the electricity usage rate.

• Period Type — Period type for the electricity usage rate. Valid values include on-peak, off-peak,

and mid-peak.

• Electricity Rate ($/kWh) — Dollar amount for the electricity usage rate.
• Notes - User supplied notes for this electricity usage rate.

2.3.2.1.2 Peak Demand Rate

This section is used to define peak demand rates. Utility companies typically charge customers an

amount proportional to the maximum energy purchased over a specified time period. These peak

demand periods are defined by season (a set of months), a time of day, and peak demand types (on-

peak, off-peak, mid-peak, coincident, and non-coincident). The set of peak demand periods must

account for all months and all hours of the day. Daily peak demand rates and monthly peak demand

rates - in dollars per kWh of electricity - are set for each peak demand period. A daily demand charge is

calculated by multiplying the daily peak demand rate by the maximum amount of electricity purchased

over all hours in a peak demand type and day. Similarly, a monthly demand charge is calculated by

multiplying the monthly peak demand rate by the maximum amount of electricity purchased over all

hours in a peak demand type and month.

• Name — The name is meant to help the user distinguish peak demand rates for different hours,

months and peak demand types.

• Start Month — Starting month of the peak demand rate.

• End Month — Ending month of the peak demand rate.

• Start Hour — Starting hour for the peak demand rate.

• End Hour — Ending hour for the peak demand rate.

• Peak Demand Type — Peak demand type for the peak demand rate. Valid values include on-

peak, off-peak, mid-peak, coincident, and non-coincident.

• Daily Peak Demand Rate ($/kW) — Dollar amount for the daily peak demand rate.

• Monthly Peak Demand Rate ($/kW) — Dollar amount for the monthly peak demand rate.

• Notes - User supplied notes for this peak demand rate.
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2.3.2.2 Others

Select the Others tab under Usage Charge Rates (Figure 4) to access the following sections.

2.3.2.2.1 Natural Gas Rate

This is the dollar amount charged per kWh of natural gas purchased.

• Name — The name is meant to help the user distinguish natural gas rates for different months.

• Start Month — Starting month of the natural gas rate.

• End Month — Ending month of the natural gas rate.

• Natural Gas Rate ($/kWh) — Dollar amount for the natural gas rate.
• Notes - User supplied notes for this natural gas rate.

2.3.2.2.2 Electricity Market (Selling Back to the Grid)

This is the dollar amount received by the customer for each kWh of electricity sold back to the grid.

• Name — The name is meant to help the user distinguish electricity sellback rates.

• Start Month — Starting month of the electricity sellback rate.

• End Month — Ending month of the electricity sellback rate.

• Day Type — Day of week for the electricity sellback rate.

• Start Hour — Starting hour of the electricity sellback rate.

• End Hour — Ending hour of the electricity sellback rate.

• Electricity Market Rate ($/kWh) — Dollar amount for the electricity sellback rate.

• Notes - User supplied notes for this electricity market.

2.3.2.2.3 Other Fuels

Other fuels besides natural gas are entered in this section along with the dollar amount charged per

kWh of fuel purchased.

• Fuel Type — Name of fuel type

• Rate ($/kWh) — Dollar amount for the fuel.

• Notes —  User supplied notes for this fuel type.
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2.4 Batteries
The settings in this section characterize the battery to be used in the microgrid. A battery is composed of

a power component and an energy component. The power capacity and energy capacity in a battery

come in a fixed ratio. If a battery is allowed to be purchased for use in the microgrid, check the box at

the top of the battery section.

2.4.1 Battery Costs

These settings characterize the costs and purchase limit of the battery.

• Upfront Fixed Capital Cost ($) — The one-time fixed cost for purchasing a battery

• Upfront Variable Capital Cost ($/kW) —The one-time cost per kW of power capacity for

purchasing a battery.

• Annual Maintenance Cost ($/kW-year) — Annual maintenance cost charged per year.

• Equipment Lifetime (years) — Expected lifetime of the battery.

• Maximum Capacity Allowed (kW) —The battery's purchase limit is based on the battery's power

capacity. The purchased battery's power capacity will not exceed this limit.

• Notes - User supplied notes for this battery power.

2.4.2 Battery Characteristics

These settings characterize the losses that occur do to efficiency of the battery.

• Charging Efficiency (%) — This is the efficiency percentage at which battery charging will occur.

If it is 0, the battery will not charge, and if it is 1, all of the energy going to the battery will be

stored.

• Discharging Efficiency (%) — This is the efficiency percentage at which battery discharge will

occur. If it is 0, all of the energy coming from the battery will be wasted, and if it is 1, all of the

energy coming from the battery will go to the connected component.

• Fraction of Energy Lost per Hour (%) — Energy leakage from the battery. If it is 0, then no energy

is leaked from the battery. If it is 1, then the battery will not hold a charge.

• Minimum State of Charge (%) — Fraction of capacity at which the battery must be above in order

to function.

• Power/Energy Ratio — Battery power and battery energy will be purchased in this ratio.
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2.5 Distributed Energy Resource (DER) Technologies
The settings in this section characterize the DER technologies to be used in the microgrid. inputs for

wind and photovoltaic technologies are specified in subsequent input pages. New technologies are

added by creating a new entry in the DER Technologies section at the top of the page. Check the box

under the Gas-Fired field if the DER technology is fueled with natural gas. lf a DER technology is allowed

to be purchased for use in the microgrid, check the box under the Used field. The settings under DER

Information characterize a selected DER technology

• Costs

o Upfront Fixed Capital Cost ($) — The one-time fixed cost for purchasing the DER

technology.

o Upfront Variable Capital Cost ($/kWh) —The one-time cost per kWh of nameplate

capacity for purchasing the DER technology.

o Annual Maintenance Cost ($/kW-year) — Annual maintenance cost charged per year.

• DER Characteristics

o Nameplate Capacity (kW) — Power rating of the DER technology.

o Minimum Load to Operate (kW) — Minimum load at which a DER technology must

operate.

o Efficiency  (0.0-1.0): Efficiency is the ratio of energy "in" (kWh of gas) to energy "out"

(kWh of electricity).

o Equipment Lifetime (years) — Expected lifetime of the DER technology

Fuel Type — Type of fuel used by the DER technology. Fuel Types are defined in the Market section,

Market section, under Usage Charge Rates on the "Other' tab (see section

17



o 2.3 Market).

• Maximum Annual Hours of DER Usage (hours) —The DER technology will not be used beyond

this many hours.

• Maximum DER Purchase Allowed (units)_— No more than this many units of the DER technology

will be purchased.
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2.6 Photovoltaics

2.6.1 Solar Resources
This section is used to define photovoltaic energy profiles. To add a new profile, create a new entry in

the Solar Resources area (Figure 5). MSC requires the energy profile to be entered at hour intervals, so

the Time Information section is not modifiable. There are two methods for creating the energy profile.

Method 1: For each hour in the Time Period column, enter the fraction of nameplate capacity that the

photovoltaic technology is expected to output into the Solar Profile column.

Method 2: import a CSV that contains only one column. That column will populate the Solar Profile

column in MSC after clicking the "import CSV File" button.
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Figure 5. Overview of the Solar Resources page.
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2.6.2 Solar Technology

The settings in this section characterize the photovoltaic technology to be used in the microgrid. If

photovoltaics are allowed to be purchased for use in the microgrid, check the box at the top of the Solar

Technology section.

• Upfront Fixed Capital Cost ($) — The one-time fixed cost for purchasing the photovoltaic

technology.

• Upfront Variable Capital Cost ($/kW) —The one-time cost per kW of nameplate capacity for

purchasing photovoltaics.

• Annual Maintenance Cost ($/kW-year) — Annual maintenance cost charged per year.

• Equipment Lifetime (years) — Expected lifetime of the photovoltaics technology purchased.

• Maximum Capacity Allowed (kW) — Photovoltaic capacity will not be purchased beyond this

amount.

• Solar Resource — The solar profile to be used for photovoltaic purchase. Solar profiles are

specified in Pholtovoltaics under the "Solar Resources" section.

2.7 Wind

2.7.1 Wind Resources

This section is used to define wind energy profiles. To add a new profile, create a new entry in the Wind

Resources area (Figure 6). MSC requires the energy profile to be entered at hour intervals, so the Time

Information section is not modifiable. There are two methods for creating the energy profile.

Method 1: For each hour in the Time Period column, enter the average power output per wind

generator into the Wind Profile column.

Method 2: Import a CSV that contains only one column. That column will populate the Wind Profile

column in MSC after clicking the "Import CSV File" button.
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Figure 6. Overview of the Wind Resources page.
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2.7.2 Wind Technology

The settings in this section characterize the wind technology to be used in the microgrid. If a wind

technology is allowed to be purchased for use in the microgrid, check the box under "Used" for that

wind technology

• Upfront Fixed Capital Cost ($/unit) —The one-time fixed cost for purchasing a unit of the wind

technology.

• Annual Maintenance Cost ($/unit-year) — Annual maintenance cost charged per year for a unit

of the wind technology.

• Nameplate Capacity (kW/unit) — Power rating of the wind technology.

• Equipment Lifetime (years) — Expected lifetime of the wind technology.

• Maximum Units of Wind Technology Purchase Allowed (units) — No more than this many units

of wind technology will be purchased.

• Wind Capacity Profile — The wind capacity profile to be used for the wind technology. Wind

capacity profiles are specified in the "Wind" section under "Wind Resources". Separate wind

profiles can be entered for each wind technology.
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2.8 Results Viewer
When entry of all inputs is complete, click the "Run" button at the top of the page. Results will be

displayed under the Results Viewer tab. To view the MSC results, select Costs or Investments under Plots

(Figure 7). The Cost results (Figure 7) will summarize the costs associated with the selected microgrid.

The Investments results page will display the types and quantities of technologies purchased. Three sets

of investment results are reported: continuous investments, DER investments, and wind investments

(Figure 8).
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2.8.1 Costs

This section provides information on the costs associated with the microgrid design.

• Total Annual Energy Cost without Microgrid  ($) — Annual cost when all energy is purchased

from the utility company, which consists only of utility charges.

• Total Annual Energy Cost with Microgrid  ($) — Includes charges from the utility, operating and

maintenance (O&M) costs for the microgrid, and annualized capital costs for microgrid

technology purchases.

o Annualized Capital Costs of Microgrid  ($) — Annualized capital cost portion of total

annual energy costs with microgrid.

o Annualized Operating Costs with Microgrid  ($) — Utility and O&M portion of total

annual energy costs with microgrid.

• Annual Savings  ($) — Difference in operating costs with a microgrid versus no microgrid.

• Total Capital Costs of Microgrid  ($) — Total upfront cost of all microgrid purchases. The annual

savings times the number of years to pay back the capital costs will be greater than or equal to

the upfront capital costs.

2.8.2 Investments

This section identifies the types and quantities of microgrid technologies that were selected by the

optimization model. lf no technologies are selected then a microgrid is not cost effective compared to

purchasing all energy from the utility.

• Solar (kW) — Capacity of the photovoltaic technology to purchase.

• Battery Energy (kWh) — Capacity of the battery energy technology to purchase.

• Battery Power (kW) — Capacity of the battery power technology to purchase.

• DER Investments (Units) —The number of units of each DER technology to purchase.

• Wind Investments (Units) —The number of units of each wind generation technology to

purchase.
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2.8.3 Save Results
Results are saved in a file separate from the inputs. MDT results files are saved as *.mof files. To save

your results,

1. Right click on "Result View Manager' in the left navigation (Figure 9).

2. Select "Rename" from the menu.

3. A new window will open. Type in a new name for your result set.

4. Click "01C.

5. Select the checkbox next to you renamed result set.

6. Go to "Results" in the toolbar.

7. Select "Save Selected".

8. Enter a name for your results set file.

9. Click "Save".

Results '1,19ewer

aat

Available Results Plots

Result View Manauer 

-1:1 Result Sets Rename

,  JEGA Flat kulti-Objective SOS Op

Figure 9. Renaming a result set before saving.
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2.8.4 Open Results

To open a previously saved result set,

1. Go to "Results" in the toolbar.

2. Select "Load".

3. Locate your file (which will have file extension *.mof).

4. Click "Open".

5. Go to the Results Viewer tab to view your results.

You can open as many result sets as necessary (Figure 10). They do not have to be related to the current

input values. You can view the inputs of any result set at any time by right-clicking on the entries within

the "Results Sets" header and choosing "View input".

•
Available Results Plots
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C) Plots

Execution Output
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Figure 10. Two different result sets open in the Results Viewer.
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2.8.5 View input for a Result Set

To view the input file for a result set,

1. Locate your result set in the Results Viewer navigation.

2. Under the "Result Sets" header, right click on the solution set previously generated by the solver

(Figure 11).

3. Select "View Input".

4. You will receive a message window: "This capability is strictly for viewing the input of the chosen

results. Any changes made will not be stored/propagated back to the results."

5. Click "01C.

6. A new window will open where you can view the inputs related to your result set. While you can

edit the fields, you cannot save any changes or run a new analysis from this view.

-CIEl IEEE 9Bus

Result Sets

JEGA Flat Multi-Obio 

CI Plots

'OEN Manager Con

Pa reto

Usage Frequency

Response Velher

enc.

View Input

Rename

Figure 11. Opening the input set that created this result set.

2.8.6 Close a Result Set

To close a result set,

1. Select the checkbox next to your result set name.

2. Go to "Results" in the toolbar.

3. Select "Remove Selected".

4. The result set should be removed from the Results Viewer navigation.
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3. Islanded Mode
This capability is focused on refining a microgrid design for operation in islanded mode. This relies on

two models: the Technology Management Optimization (TMO) model and Performance Reliability

Model (PRM). The first step is to gather equipment specifications and enter them into the tool via the

"Edit Specifications" page in the interface. The second step is to enter information about the proposed

microgrid design. Entering the microgrid design will go faster if the equipment specifications are entered

first.

To access the Islanded Mode input fields, click the Islanded Inputs tab directly above the Input button

(Figure 12). This will provide access to the Islanded Inputs pages.
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Figure 12. Islanded mode main screen overview.

Pages have two main areas.

• The page navigation area is located on the left side of the page (highlighted in purple in Figure

12).

• The main work area (highlighted in green Figure 12) takes up the majority of the screen. This is

where elements (components of a microgrid) are added and modified.
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3.1 Editing Specifications
The equipment specifications are accessed via a button on the toolbar (Figure 12). Equipment

specifications should be entered into MDT before creating your Microgrid Options. Entering equipment

specifications first will make microgrid creation go much faster. The different types of equipment and

required information are listed below.

The tool includes dummy equipment specifications as examples. These examples can be removed or

modified as needed.

It is not currently possible to merge equipment specification database files. If two or more people have

different versions of the database, there is no automated way to merge them. You will have to manually

merge the databases by adding the necessary equipment specifications through the MDT interface.

3.1.1 Restoring an Equipment Specifications Database

The first time you run the MDT, it will look for specification databases from prior installations of the

tool. If any are found, you will be prompted as to whether you want to import and update a

specification database (Figure 13). If you have made changes to a previous version's equipment

specification database, you are advised to choose the appropriate version from the list and click

"Accepe. The database from the previous version will be copied to the location necessary for the new

version. If the database format has changed, it will be automatically updated, and you will be notified

when the update is complete. Otherwise, click "Cancel and Use Default Empty DB".

Choose Previous Database

The following MDT database(s) from previous installation(s) were
found during installation. YOU can choose one to import into this
newly installed version or you can cancel this dialog and stay with
the default DB installed. This rnessage will not appear again.

Version Path

1.0.740.0  CAUsersTublicgocurnenteMicrogrid Design Tool kit vl.C1.740.C1

Accept Cancel and Use Default Empty DB l

— w ______ _ 
- 

—

Figure 13. Prompt to include MDT databases from a previous installation.

As mentioned, this process will only occur automatically the first time you run the MDT. If you wish to

change your working copy of the equipment specification database to a prior database at any time,

browse to the installation directory of your current version. It will look something like:

C:\Program Files\Sandia National Laboratories\Microgrid Design Toolkit v1.1.839.0

Locate the executable file named MDT-DB-Manager.exe and run it by double-clicking. It will perform

the process described above.

3.1.2 Equipment Specifications
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In this section you will define equipment that can be used for any and all analyses. Each equipment

specification table has a "No equipmenr specification which cannot be removed. This "No equipment"

specification is a way to tell the MDT that there is an explicit option to put no equipment at a location.

Required fields are displayed in bold font in the sections below. Default values are provided for all fields,

some of which may be empty fields or no value. One helpful feature that can be used anywhere a

"notes" section is available in MDT is that typing "todo:" followed by user-entered text in the notes

section will generate a "Taste in the tab near the errors, warnings, and messages. This makes it easy to

create reminders.

To add a new item,

• Double click in an empty row.

or

• Begin typing a name into an empty row.

To remove an item,

1. Click on the row number (first column) to highlight the row.

2. Press the "Delete" key on the keyboard.

MDT supports undo and redo of actions.

1. Click the Undo or Redo button to view a dropdown of all past actions.

2. Select the action to undo/redo.

3. The tool will update accordingly.

To save all changes made in this window, click the Save button in the toolbar.

Failure Modes 

Failure modes define the ways that each equipment type can break. The failure modes defined in the

specifications input should describe normal wear and tear events for the associated asset type. For

example, a type of diesel generator may have a piston failure mode that occurs on average every 15,000

hours of operations. These modes should be specific to the type of equipment, but not specific to

particular deployment scenarios. If there is a special failure mode particular to how/where it is used

(e.g., in the desert, on a ship), that should be defined as part of the microgrid definition.

You can define as many failure modes as needed, including the mean time to failure (MTTF) and mean

time to repair (MTTR). They are defined in hours. Please see 5. Appendix B: Failure Mode Distributions

for a description of each distribution and for recommendations on when to use each one.
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3.1.2.1 Line Specifications

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the line.

• Impedance (Z/unit length) —The impedance of the line, per unit length. Not used in the current

version of MDT. The default unit for length is feet.

• Failure Modes (hours) —The failure modes intrinsic to lines of this type. If no failure modes are

defined, this equipment will never fail.

• Cost ($/unit length) —The purchase cost of the line, per unit length. The default unit for length is

feet.

• Volume (ft3/unit length) —The geometrical volume of this type of line, per unit length. The

default unit for length is feet.

• Notes — User supplied notes for this line.

3.1.2.2 Switch Specifications

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the switch.

• Failure Modes (hours) —The failure modes intrinsic to switches of this type.

• Cost ($) —The purchase cost of this type and size of switch.

• Volume (ft3) —The volume of this type and size of switch.

• Notes — User supplied notes for this switch generator.

3.1.2.3 Diesel Generator Specifications

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the diesel generator.

• Capacity (kW) — Nameplate capacity. The maximum amount of power that this type of

generator can supply. MDT expects a value greater than zero.

• Performance Values — The fuel use (gallons/kW/hour) and efficiency (fraction) characteristics of

this type of generator.

• Failure Modes (hours) —The failure modes intrinsic to diesel generators of this type. If no failure

modes are defined, this equipment will never fail.

• Startup Time (hours) —The amount of time from when the generator is started until it is capable

of full output power (excluding any synchronization delays). Default is the equivalent of 10

seconds.

• Start Probabilities (fraction) — The probability of successful startup of this type of generator on

the first and subsequent attempts.

• Start Failure MTTR — The mean time to repair for a generator that fails to start. The default is no

MTTR, which results in non-repairable start failures.

• Cost ($) —The purchase cost of this type and size of generator.

• Volume (ft3) —The volume of this type and size of generator.

• Notes — User supplied notes for this diesel generator.
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3.1.2.4 Diesel Tank Specifications

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the diesel tank.

• Capacity (gallons) —The maximum amount of fuel that this type of diesel tank can hold. MDT

expects a value greater than zero.

• Cost ($) —The purchase cost of this type and size of diesel tank.

• Volume (ft3) —The volume of this type and size of diesel tank.

• Notes — User supplied notes for this diesel tank.

3.1.2.5 Natural Gas Generator Specifications

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the natural gas generator.

• Capacity (kW) — Nameplate capacity. The maximum amount of power that this type of natural

generator can supply. MDT expects a value greater than zero.

• Performance Values — The fuel use (gallons/kW/hour) and efficiency (fraction) characteristics of

this type of generator.

• Failure Modes (hours) —The failure modes intrinsic to generators of this type. If no failure

modes are defined, this equipment will never fail.

• Startup Time (hours) —The amount of time from when the generator is started until it is capable

of full output power (excluding any synchronization delays). Default is the equivalent of 10

seconds.

• Start Probabilities (fraction) — The probability of successful startup of this type of generator on

the first and subsequent attempts.

• Start Failure MTTR — The mean time to repair for a generator that fails to start. The default is no

MTTR, which results in non-repairable start failures.

• Cost ($) —The purchase cost of this type and size of generator.

• Volume (ft3) —The volume of this type and size of generator.

• Notes — User supplied notes for this natural gas generator.

3.1.2.6 Wind Generator Specifications

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the wind generator.

• Capacity (kW) — Nameplate capacity. The maximum amount of power that this type of wind

generator can supply. MDT expects a value greater than zero.

• Failure Modes (hours) —The failure modes intrinsic to wind generators of this type. If no failure

modes are defined, this equipment will never fail.

• Cost ($) —The purchase cost of this type and size of wind generator.

• Volume (ft3) —The volume of this type and size of generator.

• Notes — User supplied notes for this wind generator.
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3.1.2.7 Solar Generator Specifications

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the solar generator.

• Capacity (kW) —The maximum amount of power that this type of solar generator can supply.

MDT expects a value greater than zero.

• Failure Modes (hours) —The failure modes intrinsic to solar generators of this type. If no failure

modes are defined, this equipment will never fail.

• Cost ($) —The purchase cost of this type and size of solar generator.

• Volume (ft3) —The volume of this type and size of generator.

• Notes — User supplied notes for this solar generator.

3.1.2.8 Battery Specifications

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the battery.

• Max Charge Rate (kW) —The maximum amount of power that this type of battery can absorb.

MDT expects a value greater than zero.

• Max Discharge Rate (kW) —The maximum amount of power that this type of battery can supply.

MDT expects a value greater than zero.

• Energy Capacity (kWh) —The total amount of energy that this type of battery can hold. MDT

expects a value greater than zero.

• Efficiencies (%) —The charging and discharging efficiency values of this battery (i.e., for every

kWh sent to the battery, what percentage is stored and returned versus lost to heat).

• Minimum State of Charge (%) — The minimum state of charge to which this type of battery can

be drained.

• Maximum State of Charge (%) — The maximum state of charge to which this type of battery can

be charged.

• Desired State of Charge (%) —The desired state of charge for this type of battery. Not used in the

current version of MDT.

• Failure Modes (hours) —The failure modes intrinsic to batteries of this type. If no failure modes

are defined, this equipment will never fail.

• Cost ($) —The purchase cost of this type and size of battery.

• Volume (ft3) —The volume of this type and size of battery.

• Notes — User supplied notes for this battery.
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3.1.2.9 Uninterruptible Power Supply (UPS) Specifications

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the UPS.

• Max Charge Rate (kW) —The maximum amount of power that this type of UPS can absorb. MDT

expects a value greater than zero.

• Max Discharge Rate (kW) —The maximum amount of power that this type of UPS can supply.

MDT expects a value greater than zero.

• Energy Capacity (kWh) —The total amount of energy that this type of UPS can hold. MDT

expects a value greater than zero.

• Efficiencies (%) —The charging and discharging efficiency values of this UPS (i.e., for every kWh

sent to the UPS, what percentage is stored and returned versus lost to heat).

• Minimum State of Charge (%) — The minimum state of charge to which this type of UPS can be

drained.

• Maximum State of Charge (%) — The maximum state of charge to which this type of UPS can be

charged.

• Desired State of Charge (%) —The desired state of charge for this type of UPS. Not used in the

current version of MDT.

• Failure Modes (hours) —The failure modes intrinsic to UPSs of this type. If no failure modes are

defined, this equipment will never fail.

• Cost ($) —The purchase cost of this type and size of UPS.

• Volume (ft3) —The volume of this type and size of UPS.

• Notes — User supplied notes for this UPS.

3.1.2.10 Inverter Specifications

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the inverter.

• Failure Modes (hours) —The failure modes intrinsic to inverters of this type. If no failure modes

are defined, this equipment will never fail.

• Cost ($) —The purchase cost of this type and size of inverter.

• Volume (ft3) —The volume of this type and size of inverter.

• Notes — User supplied notes for this inverter.
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3.1.2.11 Transformer Specifications

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the transformer.

• Capacity (A) — The maximum amount of current that this type of transformer can pass. MDT

expects a value greater than zero.

• Failure Modes (hours) —The failure modes intrinsic to transformers of this type. If no failure

modes are defined, this equipment will never fail.

• Cost ($) — The purchase cost of this type and size of transformer.

• Volume (ft3) —The volume of this type and size of transformer.

• Notes — User supplied notes for this transformer.

3.1.3 System Load Tiers

This section allows you to define the load tiers and set their priority. Actual loads will be defined as part

of your Microgrid definition. MDT contains four default tiers of load which can be modified by the user

(add new, modify existing, or remove existing). The default tiers are Critical, Uninterruptible (0); Critical,

Interruptible (1); Priority (2); and Non-Priority (3). Though displayed in the same navigation form as the

specifications, the load tiers are stored with the problem specific inputs (Site definition), not in the

specifications database.

3.1.3.1 Load Tiers

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the load tier.

• Priority — The priority of this load tier relative to all other load tiers. 0 (zero) is the highest

priority and priority decreases with increasing values.

• Notes — User supplied notes for this load tier.
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3.2 Site Definition
The site refers to the geographic location where the microgrid(s) will be located. Site definition

describes the overall system being analyzed. There can be more than one microgrid at a given site. The

site itself has attributes which are input by the user.

3.2.1 Settings

The Settings section (Figure 14) allows the user to set some basic information about the site, including

the name of the utility serving the site when it is not in islanded mode, and a list of utility failure modes

that would cause a utility outage and trigger use of the microgrid in islanded mode.

Properties

Name IEEE 9-Bus

Utility information

Name Local Utility

Failure Modes

Name MTBF MTTR Notes

1 Cat 3 Hurricar Exponential[1.14155251141553E-06, 0] Fixed[168]

* 2 double-click or type to add new

Figure 14. Site Definition: Settings overview.

• Properties

o Name — Name of the Site.

• Utility Information

o Name — Name of the utility that serves the Site at which the microgrid will exists (if

applicable).

Failure Modes (hours) — Entries in this table define failure modes for the utility. Note that this is

different from the failure modes listed under equipment specifications or equipment within the

microgrid. Here, the failure mode refers to events, such as a hurricane, that could cause a utility outage.

Each failure mode is given a name, a mean time between failures (MTBF) and a mean time to repair

(MTTR). The user also has the option of adding notes. For the MTBF and MTTR, the user selects a

probability distribution and some associated parameters. For descriptions of the distributions, see 5.

Appendix B: Failure Mode Distributions.
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3.2.2 Wind Resources

The Wind Resources section (Figure 15) is intended to provide information about wind that could be

made available at that site. This attribute does not reflect installed wind power equipment, but instead

reflects the amount and characteristics of the naturally occurring resource at that geographic location.

Wind and solar generation capacity for each microgrid at the site can be input under the Microgrid ->

Listing section.

Wind Resources

1

Name Notes

Wind Resource 1

* 2 double-click or type to add new

Tune Information

interval: 1 Years

Period: 15 Minutes

[ Import CSV File... Generate Data 7
Time Period Irifind Resource 1

1 00 00 00 0.804

2 00:15:00 0.166

3 00:30:00 0.698

Figure 15. Wind Resources definition screen.

The first table lists the name of each resource and any associated user-entered notes. When a wind

resource is highlighted in that table, a Time Information table appears below the Wind Resources table

which shows the amount generated by that resource over time. The values are applied as % of

nameplate capacity of any generation assets to which the resource is assigned when computing wind

power output. The time period display format is d.hh:mm:ss.

Time Translation MDT Time Period Display

1 hour (1st hour) 01:00:00

23 hours, 59 minutes 23:59:00

1 day, 23 hours, 59 minutes, 59 seconds 1.23:59:59

539 days, 47 minutes, 20 seconds 539.00:47:20

o Name —The user chooses a name for the wind resources they would like represented.

o Time Information

o Interval —The length of time for which collected data exists or for which you would like

to generate data. Use the dropdown menu to select Days, Weeks, or Years.

o Period —The amount of time between data samples for the collected or generated data

(i.e., data was collected every 15 minutes). Use the dropdown menu to select Seconds,

Minutes, or Hours.

• import CSV file —This allows the user to import the Wind Resource by Time Period information.

MDT expects a comma-separated values (CSV) file with two columns. Do not include column
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titles. Each row must have two values separated by a comma: <time period>, <load value>. Each

row must be on a new line. Time periods must be numbered numerically. The time period

translation is defined in the Period field (described above). Data may also be copied and pasted

from an Excel file. Example:

1, 0.6869384

2, 0.9839202

3, 1.2930249

4, 1.34901281

• Generate Data — This will create notional but realistic data for the Wind Resource value in each

time period. The control is a drop-down editor that allows one to specify the following

parameters for generating data:

o Yearly Sinusoidal Variation 

■ Amplitude — The magnitude of the sinusoidal variation in % of generator output.

■ Phase Shift (Degrees) — The shift of the sinusoid used to determine when the

peak will occur during the year.

The default yearly sinusoid is a low magnitude wave that peaks in the winter time.

o Daily Sinusoidal Variation

■ Amplitude — The magnitude of the sinusoidal variation in % of generator output.

■ Phase Shift (Degrees) — The shift of the sinusoid used to determine when the

peak will occur during the day.

The default daily sinusoid is a wave of modest magnitude that peaks at night.

o Gaussian Noise

■ Mean — The mean of a normal distribution from which random deviations are

drawn. Deviations are from nominal for a resource data point where nominal is

defined by the yearly and daily sinusoids.

■ Standard Deviation — The average distance from the mean of deviations from

nominal.

The default noise level for wind data is a 10% shift up and down at 1 standard

deviation with a mean of 0 (moderately noisy).
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3.2.3 Solar Resources
The Solar Resources section (Figure 16) is intended to provide information about sunlight available at

that site. This attribute does not reflect installed solar power equipment, but instead reflects the

amount and characteristics of the naturally occurring resource at that geographic location. Wind and

solar generation capacity for each microgrid at the site can be input under the Microgrid -> Listing

section.

Solar Resources

1
Name Notes

Solar Resource 1

* 2 double-click or type to add new

Time Information

interval: 1

Period: 1

Years

Hours

Import CSV Rle... Generate Data -17
Time Period

1

2 01:00:00

3 02:00:00

Solar Resource 1

0.499

0.12

0.113

Figure 16. Solar Resources definition screen.

The first table lists the name of each resource and any associated user-entered notes. When a solar

resource is highlighted in that table, a Time Information table appears below the Solar Resources table

which shows the amount generated by that resource over time. The values are applied as % of

nameplate capacity of any generation assets to which the resource is assigned when computing solar

power output. The time period display format is d.hh:mm:ss.

Time Translation MDT Time Period Display

1 hour (1st hour) 01:00:00

23 hours, 59 minutes 23:59:00

1 day, 23 hours, 59 minutes, 59 seconds 1.23:59:59

539 days, 47 minutes, 20 seconds 539.00:47:20

o Name —The user chooses a name for the solar resources they would like represented.

o Time Information

o Interval —The length of time for which collected data exists or for which you would like

to generate data. Use the dropdown menu to select Days, Weeks, or Years.

o Period —The amount of time between data samples for the collected or generated data

(i.e., data was collected every 15 minutes). Use the dropdown menu to select Seconds,

Minutes, or Hours.

• import CSV file —This allows the user to import the Solar Resource by Time Period information.

MDT expects a comma-separated values (CSV) file with two columns. Do not include column

titles. Each row must have two values separated by a comma: <time period>, <load value>. Each
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row must be on a new line. Time periods must be numbered numerically. The time period

translation is defined in the Period field (described above). Data may also be copied and pasted

from an Excel file. Example:

1, 0.6869384

2, 0.9839202

3, 1.2930249

4, 1.34901281

• Generate Data —This will create notional but realistic data for the Solar Resource value in each

time period. The control is a drop-down editor that allows one to specify the following

parameters for generating data:

o Yearly Sinusoidal Variation 

■ Amplitude —The magnitude of the sinusoidal variation in % of generator output.

■ Phase Shift (Degrees) —The shift of the sinusoid used to determine when the

peak will occur during the year.

The default yearly sinusoid is a modest magnitude wave that peaks in the summer

time.

o Daily Sinusoidal Variation

■ Amplitude —The magnitude of the sinusoidal variation in % of generator output.

■ Phase Shift (Degrees) —The shift of the sinusoid used to determine when the

peak will occur during the day.

The default daily sinusoid is a wave of modest magnitude that peaks at midday.

o Gaussian Noise

■ Mean —The mean of a normal distribution from which random deviations are

drawn. Deviations are from nominal for a resource data point where nominal is

defined by the yearly and daily sinusoids.

■ Standard Deviation —The average distance from the mean of deviations from

nominal.

The default noise level for solar data is a 0.5% shift up and down at 1 standard

deviation with a mean of 0. This degree of noisiness will depend on the overall

magnitude of the load at any point in time.
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3.3 Microgrids
To create a new microgrid, go to the Microgrids -> Listing section of the inputs tab.

Enter the following information in the table to define your microgrid options. Required fields are

displayed in bold font. Default values are provided for all fields, some of which may be empty fields or

no value.

• Name — Name for the microgrid option.

• Spinning Reserve (%) — The requested amount of online generation above current load

conditions.

• Min Running Fossil Generators — The minimum allowable number of fossil fuel generators that

must be running at any time on this microgrid, if possible.

• Fixed Cost ($) —The cost of all fixed assets on this microgrid. This is a field calculated by MDT

based on the equipment added to this microgrid. This excludes the cost of any assets which are

1) treated as a variable (more than one specification is selected) or 2) included in a complex

decision variable or design question. This field is not editable.

• Average Fixed Load (kW) —This field is calculated by MDT based on the average loads for all

defined buses. This field is not editable.

• Fixed Volume (ft3) —The volume of all fixed assets on this microgrid. This is a field calculated by

MDT based on the equipment added to this microgrid. This excludes the volume of any assets

which are 1) treated as a variable (more than one specification is selected) or 2) included in a

complex decision variable or design question. This field is not editable.

• Notes — User supplied notes for this microgrid option.

Click in the Name field. Click the button with an ellipsis (highlighted in purple in Figure 17) to begin

adding elements to your microgrid option. A new window will open with element options. When you

have completed entering information about your microgrid option, click the "Finish" button at the

bottom of the screen to close the window.

Micrognd Design Tools 0.90 (Murrent Projects \Mkrognc

File Edit

A
Results Viewer

View Results Tools Windows Helr

.1 • Ire 11

Settinqs
Wind Resources
Solar Resources

Click to add elements

to the microgrid
Name )114, 1 banning Res

TMicmgrid 1 1!

2 double-click or type to add •

Figure 17. Click the button next to a microgrid name to add elements.
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3.3.1 Diagramming a Microgrid

Once the microgrid is defined, the diagram window below will become active. A microgrid can be

designed using the diagramming feature or through tabular entry (see sections 3.3.2 Element Pages

Overview through
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3.3.6 Complex Design Elements).

3.3.1.1 Overview

The diagram allows you to view the topology of your microgrid. You can click on any icon and move it on

the screen.

To view asset properties, click on any node or line (highlighted in purple in Figure 18). The properties will

be displayed on the lower right side of the screen in the Properties window (highlighted in green in

Figure 18). Make sure the Properties tab is selected. Assets can be expanded to view details and

specification information. The diagram can also be copied to an image to be used in reports or

presentations.

The asset menu on the left (highlighted in orange in Figure 18) allows you to add new assets to the

diagram.

The menu across the top of the diagram tool (Figure 18) allows you to:

• Reset — Reset the diagram layout. Choose whether to maintain the current asset locations or to

reset assets to the default locations.

• Copy image — Copy the diagram as an image so that it can be pasted into other documents.

• Export image — Export/save the diagram as an image. "Diagram" will save the image with a

white background. "Visible in view" will save the image with a transparent background and bold

font.

• Print — Print the diagram.

• Display diesel tank connections — Toggle whether or not diesel tanks and their connections are

displayed.

• Line style — Select how line angles should be drawn (Bezier, line, rounded line) or how line

crossovers should be drawn (rounded line with jump gaps or with jump overs).

• Line angle — Set the line angle style for the diagram. lf orthogonal is selected, right angles are

drawn. lf orthogonal is not selected, then options in the line style menu will not impact the

diagram (except for Bezier and line).

Hovering over an asset type in the asset menu (Figure 19) will highlight those assets in the diagram and

in the diagram overview. Here, all transformers are highlighted. Clicking on a highlight button will toggle

the highlighting of the asset type until the button is clicked again.

43



- (4- ci Rounded Line w/ Jump Overs • Orthogonal

if
mnsforrner 5-11 (100 kW) Bus 11

 / Bus 5

Copy image Line style menu

Reset IExport image 4, Line angle

C.- A

— (121

. (0) 1Print
&(3) •
0 (2) I

.Pst (0) I

CO) F/Bus5

(0)

n 0') Asset
srP) 

menu
le (0) I

3E (6) 1.4

(0)

• (6)

— (261 I

 t

o
ltiounded w,/urnp Overs - Orthogonal]

Display diesel
tank connections
 I

Bus 7

Bus 6

Bus 11

 •
611 Loads

if - c
Transformer 2-7 ( Selected

Bus 8

node

 ° ° • 
1[

L Transformer 8-115 (100 kW) I Bus 10

62 Diesel Diesel Ta

B2 Loads

fransformer 6-12 (100 kW) Bus 12 612 Loads

if
Bus 9 Tiansfonner 3-9 (100 kW) Bus 3

_
B3 Loads

fl 
B3 Diesel

lOvernew

r 1/7-7J7-u-
mr=c__

Properties
window

propedia el

I I V V

41

Basic B.Pasiie,
Name Transformer 8T 0

B10 Load
gcrogrd racrognd
Sne 

• Specification Handler.
Specficaton

Diesel Titi

Complex

  options

Figure 18. Overview of Diagram page.

Con,plex Oreons properties

I Identified Paths t Variable Summary I

Identified Variable

paths summary

t (0)
al(0)

(o)
7, go

(0) —
(6) via
(0) .111'

light All Transformers (6) i

(26)

Bus 7

Bus 6

if

  111

B11 Loads

ransfonner 2-7 (100 kW) Bus 2

-s
B2 Diesel Diesel Ta

B2 Loads

  if  
Bus 8 Transformer 8-10 (100 kW) Bus 10 B10 Load

ransformer 6-12 (100 kW) Bus 12 B12 Loads

L  if 
Bus 9 Tiansformer 3-9 (100 kW) Bus 3

B3 Loads

B3 Diesel Diesel Ta

Figure 19. Highlighting assets in the diagram.
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3.3.1.2 Adding Assets to the Microgrid
Definitions for all assets can be found section 3.3.5 Simple Design Elements. To add an asset to the

microgrid, click on an item in the asset menu (Figure 20) and drag the item into the workspace. The

following assets can be added directly to the workspace:

• Buses

• Diesel Tanks

• Nodes

• Switches

• Transformers

The following assets must be connected to a bus or to bus-connected intermediate assets. This means

these assets can only be added to the diagram using method 1 described below.

• Batteries

• Diesel Generators

• Inverters

• Load Sections

• Natural Gas Generators

• Solar Generators

• UPSs

• Wind Generators

Lines cannot be added to the diagram by dragging off the menu. They are automatically added when

two assets are connected or can be drawn directly on the graph as described below.

—(12) -Busses

• 03) -Nodes

(3) -Diesel Generators
al (2) -Diesel Tanks
-r;..c (0) -Natural Gas Generators

(0) -Wind Generators
(0) -Solar Generators

(0)
etre (0)

-Batteries

-UPSs

(0) -Switches
Ar (6) ;Transformers

(0) -Inverters

• (6) -Load Sections

(26) -Lines (highlight only)

Figure 20. Assets available in the diagram.
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There are two ways to connect two assets in the diagram.

1. Add a new asset to an existing asset.

a. Drag a new asset on top of an existing asset.

b. The line connecting the two assets will automatically be added.

2. Connect two existing assets.

a. Hover over an existing asset.

b. Dots will appear around the icon.

c. Click on a dot and then drag the cursor to another asset.

d. The line connecting the two assets will automatically be added.

e. Table 1 shows the legal asset connections.

lf the two assets cannot be connected, a warning message will be displayed, and no line will appear to

connect the assets.

To remove an asset or a line from the diagram, select the asset or line and then click the "Delete" key.

To rename an asset on the diagram, click on its text to begin editing.

To view a specific asset in the diagram, hover over the icon in the asset menu. This will highlight all

instances of the asset in the diagram (Figure 19).

Table 1. Legal asset connections in the diagram tool.
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3.3.1.3 Editing Asset Attributes

Every asset, including lines, has attributes that need to be defined. A red exclamation icon will appear on

all assets that have not been fully defined. Double click on any asset to open a window where attributes

can be defined. Instructions and field definitions are available in section 3.3.5 Simple Design Elements.

• 3.3.5.1 Buses

• 3.3.5.2 Loads

• 3.3.5.3 Diesel Generators

• 3.3.5.4 Natural Gas Generators

• 3.3.5.5 Wind Generators

• 3.3.5.6 Solar Generators

• 3.3.5.7 Batteries

• 3.3.5.8 Uninterruptible Power Supplies (UPS)
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• 3.3.5.9 Inverters

• 3.3.5.10 Nodes
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• 3.3.5.11 Switches

• 3.3.5.12 Transformers
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• 3.3.5.13 Lines

• 3.3.5.14 Diesel Tanks
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3.3.1.4 Complex Design Elements

Complex design elements must still be created through tabular entry. See section



3.3.6 Complex Design Elements for instructions.

lf your microgrid option contains complex design elements, you can view the different configurations.

For each complex design option created, there will be a dropdown menu on the Complex Options tab of

the Properties window. You can select a realization to view. Hovering over each realization option in the

dropdown menu will highlight the elements that are a part of that realization. Figure 21 shows a

realization with no power plant. Figure 22 shows another power plant realization, where the power

plant diagram is highlighted in green (at the bottom of the diagram) when you hover over the dropdown

menu.
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Figure 21. Diagram of the realization with no power plant.
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Figure 22. Diagram of a power plant realization option highlighted in green.

Identified Paths is the third tab. It lists all of the paths defined in the microgrid option. Paths are

automatically discovered by the application. Hovering over each path in the table highlights the

corresponding elements in the diagram (Figure 23).
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Figure 23. Diagram where a line/path is highlighted in orange.

Variable Summary is the fourth tab (Figure 24). Each asset that is set as a variable is listed, along with

the allowable specifications. If there is a complex design option, it lists the number of possible

realizations. Hovering over an entry in the summary list will highlight the asset(s) associated with the

variable. In the case of a complex option, the highlighted elements will be determined by the currently

selected realization as described above.

Variable Su rnrna ry

Microgiid 1/rnicrogiid design option "Design Option "I "
-3 Possible Realizations

Microgiid libus "Bus T./diesel generator "Ba Diesel"
-No Generator
-Diesel Generator Specification 1

Microgrid libus "Bus 27diesel generator "B2 Diesel"
-No Generator
-Diesel Generator Specification "I

Microgiid libus "Bus 1"/diesel generator "B1 Diesel"
-No Generator
-Diesel Generator Specification 1

1
i.......-:—.......—.......--
iVariable Surnrmlry.

Cornplex Optiorts I Properties I lderrtified Paths I

Figure 24. Variable Summary tab for a diagram.

3.3.2 Element Pages Overview

Figure 25 provides an overview of the element pages.

To close a window,
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• Click "Finish" to close the window and save all changes made.

• Click "Cancel" to close the window and cancel any changes made since the last save after

opening the dialog box.

To move to a new element page,

• Click on the element in the navigation area.

or

• Click the "Previous Form" button to move to the previous element page (move up the page

navigation list).

or

• Click the "Next Form" button to move to the next element page (move down the page

navigation list).

Page navigation area

Nodes
Switches
Transformers
Lines
Diesel Tanks

Design Options

Diagrai,

tlarr*
1 Fus 1 IC Main work area
2 Bus 2

3 Bus 3 0

4 Bus 4 0

51 Bus 5

OEM MEM MEM MEM MEM MEM MEM MEM MEM ME 0

ii 

I

Errors exist '''''''' 12 ' Warnms 'Nie'ssges 114" Errors and warnings tab
F4Firmall I i Cancel LNeos onn

 4'   +

Close window Close window Move to Move to

and and previous next element

save changes cancel changes element page page

Figure 25. Element pages overview.
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3.3.3 Editing Elements

Figure 26 shows the main edit features on an element page.

To add a new item,

• Double click in an empty row.

or

• Begin typing a name into an empty row.

To add more details about an item, click the button next to the name field.

To remove an item,

1. Click on the row number (first column) to highlight the row.

2. Press the "Delete" key on the keyboard.

MDT supports undo and redo of actions.

1. Click the Undo or Redo button to view a dropdown of all past actions.

2. Select the action to undo/redo.

3. The tool will update accordingly.

To save all changes made in this window, click the Save button in the toolbar or press ctrl-s.

Save

changes Undo Redo

elp

Ail I '9- -I
m1,111e

lks

Nodes
Switches

i; Transformers !Pt-  _,He-clrok or type to a.1.1 re,
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Diagram
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2) Press "Delete key on keyboard

Click to add more details

Add new item

double-cluck or type to add new

Figure 26. Editing elements.
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3.3.4 Simple versus Complex Design Elements

After clicking the button to add elements to a microgrid, you will see the window with element options.

These design options are considered "simple" if no coordination is required between decisions. They are

considered "complee if coordination between more than one asset is necessary as part of a design

option. A complex design option will include combinations of simple design elements.

For example, when considering a design option to use distributed generation to serve a load, the

complex design option could include a switch, some lines, and a diesel generator (see Figure 27). There

could be multiple specifications for a simple design element within that complex design option, such as

three different specification options for that diesel generator.

Figure 27. Example of a complex

design option of a switch and

diesel generator.

This concept is useful because it prevents the use of unnecessary equipment. For example, if the design

option considered a single simple design element at a time, then a configuration without the diesel

generator could still include the switch and the line that were connecting the generator to the relevant

bus. They would be serving no purpose but could be included in a design. The concept of complex design

options allows for reflecting dependencies between different elements.
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3.3.5 Simple Design Elements
The different element pages (highlighted in green in Figure 28) are accessible via links located beneath

the Simple Design Elements header (highlighted in purple in Figure 28).

t.) Edit Microgrid "Microgrid J." - (Edit Busses] Ai
View Windows Help

Element navigation links =
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.4.0 Errors, Ylarnings. and Messages Tasks k

Rrish Cancel Next Form

Figure 28. Simple Design Elements navigation. Elements are accessed via links below the Simple

Design Elements header.

All elements have a baseline specification, allowable specifications and retrofit costs. A baseline

specification is used for defining elements in the existing grid system. lf this element currently does not

exist, set the baseline specification to the "null" specification. lf the element does exist in the current

system, select the type of equipment already in place.

lf the goal is to continue using existing equipment,

1. Set the allowable specification to the same type of equipment.

2. Do not select any other equipment in this menu.

3. Enter the retrofit cost if the equipment will require modifications in order to be used in a

microgrid. This retrofit cost will be included in the fixed cost calculations.

lf the goal is to allow the model to optimize the equipment selection,

1. Select 2 or more allowable specifications, including the baseline if you wish, which can be

considered by the model.

2. Enter the retrofit cost if the existing (baseline) equipment will require modifications in order to

be used in a microgrid should it be selected. This retrofit cost will be included in the variable

cost calculations for a solution only if the model selects the "baseline" equipment from the

allowable specifications options.
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3.3.5.1 Buses

It is important to know the difference between a bus and a node. In a one line diagram, the node is a

simple junction point where two or more lines meet. A bus can have elements attached to it (loads,

generators, etc.). Required fields are displayed in bold font. Default values are provided for all fields,

some of which may be empty fields or no value.

• Name — Name for the bus.

• Priority — The priority of this bus relative to all other buses. 0 (zero) is the highest priority.

• Average Fixed Load (kW) — This field is calculated by MDT from the average loads defined for

this bus. This field is not editable.

• Fixed Diesel Generation (kW) — The total amount of diesel generation on this bus that is not

subject to modification by the model (non-variable).

• Fixed Natural Gas Generation (kW) — The total amount of natural gas generation on this bus that

is not subject to modification by the model (non-variable).

• Fixed Solar Generation (kW) — The total amount of solar generation on this bus that is not

subject to modification by the model (non-variable).

• Fixed Wind Generation (kW) — The total amount of wind generation on this bus that is not

subject to modification by the model (non-variable).

• Notes — User supplied notes for this bus.

Click in the Name field. Click the button with an ellipsis (highlighted in purple in Figure 29) to begin

adding elements to your bus. A new window will open with element options.

C) Etht Mpologrd Witto,a-,1

‘VindcAs Help

b911 47 - • -! V'

Click to add elements
to the bus

!Name Priurit5'.
.14 "fit L 1 E61------ ''''' - '''' - iLJ i o

...0 2 Bus 2El Simple DinIgn

Bure.i Jo 3 1 Bus 3 o

Nodes 41Sus4

Figure 29. Click the button next to a bus name to add elements.

58



The different element pages (highlighted in green in Figure 30) are accessible via links located on the left

(highlighted in purple in Figure 30). When you have completed entering information about buses, click

the "Finish" button at the bottom of the screen to close the window.

lit Ea 

Bus navigation links
...... awl

Bus -> Elements definitions region
Name Specificakons Failure Modes Tank(s) Networked I Notes 

4 4/

Loads

Natural Gas Generators
Wind Generators
Solar Generators
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11=1 1=1 II=.4=11 11=1

j No Generator 0 Failure Hodes Des& Tank 1

2

B1 Diesel

double-cbck or type to add ne,

MEM ......... MEM MEM MEM MEM MEM .....

Foeb Cancel Previaus Foon j i Neal Far I

Figure 30. Simple Design Elements -> Bus page overview. Bus elements are accessed via links on the

left side of the screen.
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3.3.5.2 Loads

A load section is a group of loads that can be connected and disconnected as a chunk; they have a single

disconnect point. Each load in a load section can have its own tier type (critical, priority, non-priority,

user defined). If you want to be able to disconnect specific loads individually, they should be created in

different load sections.

If your load section has multiple loads, select each load individually from the table to add data (collected

or tool-generated) about that load.

Load Section (highlighted in green in Figure 31)

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the load section.

• Priority — The priority of this load section relative to all other load sections. 0 (zero) is the

highest priority.

• Average Load (kW)  - This field is calculated by MDT as the sum of the average loads for the

individual load tiers. This field is not editable.

• Notes — User supplied notes for this load section.

• Individual loads (highlighted in purple in Figure 31)

o Name — Name for the individual load.

o Tier Type — The load tier (critical, priority, non-priority) of this load.

o Average Load (kW) —The average load for the tier, calculated from the Data section.

This field is not editable.

o Notes — User supplied notes for this individual load.

o Load Data (highlighted in blue in Figure 31)

• Interval — The length of time for which collected data exists or for which you

would like to generate data. Use the dropdown menu to select Days, Weeks, or

Years.

• Period — The time period for the collected or generated data (i.e., data was

collected every 15 minutes). Use the dropdown menu to select Seconds,

Minutes, or Hours. The time period display format is d.hh:mm:ss.

Time Translation MDT Time Period Display

23 hours, 59 minutes 23:59:00

1 day, 23 hours, 59 minutes, 59 seconds 1.23:59:59

539 days, 47 minutes, 20 seconds 539.00:47:20
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Figure 31. Load section page overview.

o Data (highlighted in blue in Figure 31)

• import CSV file —This allows the user to import the bus load data by Time Period.

MDT expects a comma-separated values (CSV) file with two columns. Do not include

column titles. Each row must have two values separated by a comma: <time

period>, <load value>. Each row must be on a new line. Time periods must be

numbered numerically. The time period translation is defined in the Period field

(described above). Data may also be copy-n-pasted from an Excel file. Example:

1, 0.6869384

2, 0.9839202

3, 1.2930249

4, 1.34901281

• Generate Data —To have the tool generate data, click on the data

column for the appropriate load name. Click on the Generate Data

dropdown menu (Figure 32). Enter parameters for the load data

characteristics. Baseline Magnitude —The nominal magnitude of the

load being defined. It is about this value that the sinusoidal and noise

variations will be generated.

• Yearly Sinusoidal Variation

o Amplitude - The magnitude of the sinusoidal variation in kW of

load.

o Phase Shift (Degrees) - The shift of the sinusoid used to

determine when the peak will occur during the year.
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The default yearly sinusoid is a wave that peaks in the summer time.

• Daily Sinusoidal Variation

o Amplitude - The magnitude of the sinusoidal variation in kW of

load.

o Phase Shift (Degrees) - The shift of the sinusoid used to

determine when the peak will occur during the day.

The default daily sinusoid is a wave that peaks at midday.

• Gaussian Noise — Noise can create values greater than the selected

amplitude values.

o Mean - The mean of a normal distribution from which random

deviations are drawn. Deviations are from nominal for a

resource data point where nominal is defined by the yearly and

daily sinusoids.

o Standard Deviation - The average distance from the mean of

deviations from nominal.

The default noise level

standard deviation with

Load Data tor

Tiers

Interval '

for load data is a 10% shift up and down at 1

a mean of 0 (moderately noisy).

Name

1 Load 1

Paned Click the Generate Data
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Figure 32. Automated generation of data for a load.



3.3.5.3 Diesel Generators

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the diesel generator.

• Baseline Specification — The specification describing the current (existing) generator.

• Allowable Specifications — Select one or more of the diesel generators defined in the

Specifications section. Selecting more than one specification makes this particular generator a

decision variable. The model will help you determine which option is better for your microgrid

design.

• Retrofit Cost ($) — The cost associated with using the baseline specification (existing equipment)

in a microgrid solution.

• Failure Modes (hours) — Based on the specification(s) selected above, this generator will inherit

the failure modes defined for the selected specifications in the Specifications section. If

necessary, additional failure modes can be defined for this generator in this field. These failure

modes would be particular to how/where this generator is used. Failure modes that are generic

to all generators should be defined in the Specifications section.

• Tank(s) — Select one or more of the diesel tanks defined in this microgrid. Selecting more than

one tank makes this particular tank a decision variable. The model will help you determine

which option is better for your grid design.

• Networked — Whether or not the generator has the necessary controls to participate in the

microgrid. If not (leave unchecked), this means the generator can only operate when on an

isolated bus.

• Notes— User supplied notes for this diesel generator.

3.3.5.4 Natural Gas Generators

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the natural gas generator.

• Baseline Specification — The specification describing the current (existing) generator.

• Allowable Specifications — Select one or more of the natural generators defined in the

Specifications section. Selecting more than one specification makes this particular generator a

decision variable. The model will help you determine which option is better for your microgrid

design.

• Retrofit Cost ($) — The cost associated with using the baseline specification (existing equipment)

in a microgrid solution.

• Failure Modes (hours) — Based on the specification(s) selected above, this generator will inherit

the failure modes defined for the selected specifications in the Specifications section. If

necessary, additional failure modes can be defined for this generator in this field. These failure

modes would be particular to how/where this generator is used. Failure modes that are generic

to all generators should be defined in the Specifications section.

• Networked — Whether or not the generator has the necessary controls to participate in the

microgrid. If not (leave unchecked), this means the generator can only operate when on an

isolated bus.

• Notes— User supplied notes for this natural gas generator.
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3.3.5.5 Wind Generators

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the wind generator.

• Baseline Specification — The specification describing the current (existing) generator.

• Allowable Specifications — Select one or more of the wind generators defined in the

Specifications section. Selecting more than one specification makes this particular generator a

decision variable. The model will help you determine which option is better for your microgrid

design.

• Retrofit Cost ($) — The cost associated with using the baseline specification (existing equipment)

in a microgrid solution.

• Failure Modes (hours) — Based on the specification(s) selected above, this generator will inherit

the failure modes defined for the selected specifications in the Specifications section. If

necessary, additional failure modes can be defined for this generator in this field. These failure

modes would be particular to how/where this generator is used. Failure modes that are generic

to all generators should be defined in the Specifications section.

• Networked — Whether or not the generator has the necessary controls to participate in the

microgrid. If not (leave unchecked), this means the generator can only operate when on an

isolated bus.

• Wind Resource — The wind energy availability profile for where this generator will be located.

Wind resources are defined under Site Definition.

• Notes— User supplied notes for this wind generator.

3.3.5.6 Solar Generators

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the solar generator.

• Baseline Specification — The specification describing the current (existing) generator.

• Allowable Specifications — Select one or more of the solar generators defined in the

Specifications section. Selecting more than one specification makes this particular generator a

decision variable. The model will help you determine which option is better for your microgrid

design.

• Retrofit Cost ($) — The cost associated with using the baseline specification (existing equipment)

in a microgrid solution.

• Failure Modes (hours) — Based on the specification(s) selected above, this generator will inherit

the failure modes defined for the selected specifications in the Specifications section. If

necessary, additional failure modes can be defined for this generator in this field. These failure

modes would be particular to how/where this generator is used. Failure modes that are generic

to all generators should be defined in the Specifications section.

• Networked — Whether or not the generator has the necessary controls to participate in the

microgrid. If not (leave unchecked), this means the generator can only operate when on an

isolated bus.

• Solar Resource — The solar energy availability profile for where this generator will be located.

Solar resources are defined under Site Definition.

• Notes — User supplied notes for this solar generator.
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3.3.5.7 Batteries

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the battery.

• Baseline Specification — The specification describing the current (existing) battery.

• Allowable Specifications — Select one or more of the batteries defined in the Specifications

section. Selecting more than one specification makes this particular battery a decision variable.

The model will help you determine which option is better for your microgrid design.

• Retrofit Cost ($) — The cost associated with using the baseline specification (existing equipment)

in a microgrid solution.

• Failure Modes (hours) — Based on the specification(s) selected above, this battery will inherit the

failure modes defined for the selected specifications in the Specifications section. If necessary,

additional failure modes can be defined for this battery in this field. These failure modes would

be particular to how/where this battery is used. Failure modes that are generic to all batteries

should be defined in the Specifications section.

• Notes — User supplied notes for this battery.

3.3.5.8 Uninterruptible Power Supplies (UPS)

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the UPS.

• Load Section — Select a Load Section defined under this bus's load.

• Baseline Specification — The specification describing the current (existing) UPS.

• Allowable Specifications — Select one or more of the UPSs defined in the Specifications section.

Selecting more than one specification makes this particular UPS a decision variable. The model

will help you determine which option is better for your microgrid design.

• Retrofit Cost ($) — The cost associated with using the baseline specification (existing equipment)

in a microgrid solution.

• Failure Modes (hours) — Based on the specification(s) selected above, this UPS will inherit the

failure modes defined for the selected specifications in the Specifications section. If necessary,

additional failure modes can be defined for this UPS in this field. These failure modes would be

particular to how/where this UPS is used. Failure modes that are generic to all UPSs should be

defined in the Specifications section.

• Notes — User supplied notes for this UPS.
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3.3.5.9 Inverters

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the inverter.

• Load Section — Select a Load Section defined under this bus's Load.

• Baseline Specification — The specification describing the current (existing) inverter.

• Allowable Specifications — Select one or more of the inverters defined in the Specifications

section. Selecting more than one specification makes this particular inverter a decision variable.

The model will help you determine which option is better for your microgrid design.

• Retrofit Cost ($) — The cost associated with using the baseline specification (existing equipment)

in a microgrid solution.

• Failure Modes (hours) — Based on the specification(s) selected above, this inverter will inherit

the failure modes defined for the selected specifications in the Specifications section. If

necessary, additional failure modes can be defined for this inverter in this field. These failure

modes would be particular to how/where this inverter is used. Failure modes that are generic to

all inverters should be defined in the Specifications section.

• Notes — User supplied notes for this inverter.

3.3.5.10 Nodes

It is important to know the difference between a bus and a node. In a one line diagram, the node is a

simple junction point where two or more lines meet. A bus can have elements attached to it (loads,

generators, etc.). Required fields are displayed in bold font.

• Name — Name for the diesel node.

• Notes — User supplied notes for this node.
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3.3.5.11 Switches

Switches are considered to be automatic since the simulator assumes that it can open and close

switches at will. To create a manual switch which is always closed but fails open, create two nodes

connected by a line. The line must be defined with the desired reliability characteristics (failure modes)

of the manual switch. This line must be defined in the Line Specifications section.

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the switch.

• Default State — Whether this switch is normally open or closed.

• Baseline Specification — The specification describing the current (existing) switch.

• Allowable Specifications — Select one or more of the switches defined in the Specifications

section. Selecting more than one specification makes this particular switch a decision variable.

The model will help you determine which option is better for your microgrid design.

• Retrofit Cost ($) — The cost associated with using the baseline specification (existing equipment)

in a microgrid solution.

• Failure Modes (hours) — Based on the specification(s) selected above, this switch will inherit the

failure modes defined for the selected specifications in the Specifications section. If necessary,

additional failure modes can be defined for this switch in this field. These failure modes would

be particular to how/where this switch is used. Failure modes that are generic to all switches

should be defined in the Specifications section. Note that all switches in the MDT fail open.

• Notes — User supplied notes for this switch.

3.3.5.12 Transformers

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the transformer.

• Baseline Specification — The specification describing the current (existing) transformer.

• Allowable Specifications — Select one or more of the transformers defined in the Specifications

section. Selecting more than one specification makes this particular transformer a decision

variable. The model will help you determine which option is better for your microgrid design.

• Retrofit Cost ($) — The cost associated with using the baseline specification (existing equipment)

in a microgrid solution.

• Failure Modes (hours) — Based on the specification(s) selected above, this transformer will

inherit the failure modes defined for the selected specifications in the Specifications section. If

necessary, additional failure modes can be defined for this transformer in this field. These

failure modes would be particular to how/where this transformer is used. Failure modes that

are generic to all transformers should be defined in the Specifications section.

• Notes — User supplied notes for this generator.
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3.3.5.13 Lines

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the line.

• First Node — The first asset to be connected by the line. Equipment and loads attached to a bus

can be selected. In the dropdown menu, expand the bus to find its elements and loads.

• Second Node — The second asset to be connected by the line. Equipment and loads attached to

a bus can be selected. In the dropdown menu, expand the bus to find its elements and loads.

• Length (ft) — The length between the two nodes. Length will be used for power flow calculations

once implemented in the MDT. Currently, length is used only to compute the cost of a line

which is defined per unit length.

• Baseline Specification — The specification describing the current (existing) line.

• Allowable Specifications — Select one or more of the lines defined in the Specifications section.

Selecting more than one specification makes this particular line a decision variable. The model

will help you determine which option is better for your microgrid design.

• Retrofit Cost ($) — The cost associated with using the baseline specification (existing equipment)

in a microgrid solution on a per unit length basis.

• Failure Modes (hours) — Based on the specification(s) selected above, this line will inherit the

failure modes defined for the selected specifications in the Specifications section. If necessary,

additional failure modes can be defined for this line in this field. These failure modes would be

particular to how/where this line is used. Failure modes that are generic to all lines should be

defined in the Specifications section.

• Notes — User supplied notes for this line.

3.3.5.14 Diesel Tanks

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Name for the diesel tank.

• Initial Quantity (gallons) —The initial amount of fuel in the tank. If the tank is full (regardless of

tank size due to specification selection), enter -1.

• Baseline Specification — The specification describing the current (existing) tank.

• Allowable Specifications — Select one or more of the diesel tanks defined in the Specifications

section. Selecting more than one specification makes this particular diesel tank a decision

variable. The model will help you determine which option is better for your microgrid design.

• Retrofit Cost ($) — The cost associated with using the baseline specification (existing equipment)

in a microgrid solution.

• Notes  — User supplied notes for this diesel tank.
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3.3.6 Complex Design Elements

Complex design elements are combinations of simple design elements that should be considered

together as a package. Complex design options are alternative configurations which reflect

dependencies between these simple design elements that would be used together by considering them

as a single package.

All elements have a baseline specification, allowable specifications and retrofit costs. A baseline

specification is used for existing grid systems. If this element currently does not exist, set the baseline

specification to the "null" specification. If the element does exist in the current system, select the type

of equipment already in place.

If the goal is to continue using existing equipment,

1. Set the allowable specification to the same type of equipment.

2. Do not select any other equipment in this menu.

3. Enter the retrofit cost if the equipment will require modifications in order to be used in a

microgrid. This retrofit cost will be included in the fixed cost calculations.

If the goal is to allow the model to optimize the equipment selection,

1. Select 2 or more allowable specifications, including the baseline if you wish, which can be

considered by the model.

2. Enter the retrofit cost if the existing (baseline) equipment will require modifications in order to

be used in a microgrid should it be selected. This retrofit cost will be included in the variable

cost calculations for a solution only if the model selects the "baseline" equipment from the

allowable specifications options.

3.3.6.1 Design Option

To create a new complex design option, on the Microgrids window, go to the

Complex Design Elements -> Design Options section of the Inputs tab. Enter the following information

in the table to define your design option. Required fields are displayed in bold font.

• Name — Name for this design option.

• Enumerated Size — The computational size of this design option when fully enumerated out.

This is based on the number of decision variables included in the design option. This field is

calculated by the tool and is not editable.

• Realizations — Realizations reflect the enumerated possible design combinations given the

variable features of the design option. This field is generated by the tool. To view and reduce the

allowable realizations, click the "View/Edie button. See section 3.3.6.3 Realizations for more

details.

• Notes — User supplied notes for this design option.

A complex design option has all of the same element fields as the simple design element section. The

different element pages (highlighted in green in Figure 33) are accessible via tabs located at the bottom

of the Design Options screen (highlighted in purple in Figure 33). If there is more than one design option

listed in the table, click on the row of a design option to view its elements.
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Figure 33. Complex Design Elements navigation. Elements are accessed via tabs along the bottom of

the screen.

3.3.6.2 Enumerated Size
This integer reflects the size of this design option when fully enumerated.

3.3.6.3 Realizations
Realizations reflect the enumerated possible design combinations given the variable features of the

design option. Click on "View/Edir to view and select the realizations that you would like included in the

analysis. In some cases, reducing the number of realizations is desirable in order to limit unnecessary

computation. For example, if there are 3 places on the same bus where a battery of common size might

go, there could be realizations which differ from each other only in the placement of fewer than 3 of

those batteries on the bus. If this difference is not meaningful in terms of the design (which it likely is

not), then there could be many unnecessary realizations that the model will consider. Eliminating the

"duplicate" realizations that do not differ in a meaningful way can improve run time of the model and

make results more useful.

3.3.6.4 Lines
Please see the
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3.3.5.13 Lines section under 3.3.5 Simple Design Elements for description.

3.3.6.5 Transformers

Please see the 3.3.5.12 Transformers section under 3.3.5 Simple Design Elements for description.

3.3.6.6 Switches

Please see the
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3.3.5.11 Switches section under 3.3.5 Simple Design Elements for description.

3.3.6.7 Diesel Tanks

Please see the 3.3.5.14 Diesel Tanks section under 3.3.5 Simple Design Elements for description.
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3.3.6.8 Nodes

Please see the 3.3.5.10 Nodes section under 3.3.5 Simple Design Elements for description.

3.3.6.9 Bus Options

It is important to know the difference between a bus and a node. In a one line diagram, the node is a

simple junction point where two lines meet. A bus can have elements attached to it (loads, generators,

etc.). A bus option can apply to an existing bus (defined under Simple Design Elements) or a new bus can

be created.

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Double click in the Name field. Select an existing bus or click "Create New and Close".

Either selection will auto-populate the Bus field (below). Type in a name for this bus option.

• Bus — If you selected an existing bus above, this field will be populated with that bus. If you

created a new option above, a default bus name is provided, but you can rename it.

• Enumerated Size — The size of this bus option when fully enumerated out. This is based on the

number of decision variables included in the bus option. This field is calculated by the tool and is

not editable.

• Notes — User supplied notes for this bus option.

Click on the Bus Options row to begin adding elements (highlighted in blue in Figure 34). The different

element pages (highlighted in green in Figure 34) are accessible via tabs located on the bottom of the

screen (highlighted in purple in Figure 34).
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Figure 34. Complex Design Elements -> Bus Options page overview. Bus elements are accessed via

tabs near the bottom of the screen.

73



A bus option has all of the same elements as a Simple Design Element bus. Please see the 3.3.5.1 Buses

section under 3.3.5 Simple Design Elements for element descriptions:

• 3.3.5.2 Loads — Click in the Name field. Click the button with three dots (highlighted in purple in

Figure 35). A new window will open. Define the loads and add load data to the load section.

When you have completed entering information about buses, click the "or button at the

bottom of the screen to close the window.

• 3.3.5.3 Diesel Generators

• 3.3.5.4 Natural Gas Generators

• 3.3.5.6 Solar Generators

• 3.3.5.7 Batteries

• 3.3.5.8 Uninterruptible Power Supplies (UPS)
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• 3.3.5.9 Inverters
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3.3.6.10 Line Breaks
A line break describes where a node may be inserted into an existing part of the microgrid (defined

under Simple Design Elements). In order to insert the new node, an existing line may need to be broken

so that a junction can be inserted and run out to the new node, bus, or asset.

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name- Name for this line break.

• Node — Select the new node to be inserted into the microgrid.

• Line — Select the line to be broken. This field is populated by the lines created under Simple

Design Elements.

• Distance (ft) — The distance from the new node to the first node of the broken line. Distance is

used for power flow calculations and for computing cost. Power flow is not used in the current

version of MDT.

• Notes — User supplied notes for this line break.

3.3.7 Diagramming
The diagram allows you to view the topology of your microgrid. This diagram tool is the same as the one

that appears on the Microgrids Site Definition page. See section 3.3.1 Diagramming a Microgrid for

instructions.
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3.3.8 Optimization Objectives

3.3.8.1 Microgrid Metrics
Microgrid performance and cost metrics are predefined in MDT. In this section, you can define which

metrics to include in your analysis and set the optimization limit and objective values. By default, the

following metric is included, but this can be removed:

• Purchase Cost

Each metrics section has two columns: Available Metrics and Chosen Metrics.

• To add a metric: Double click on a metric in the Available Metrics column. This metric will then

appear in the Chosen Metrics column.

• To remove a metric: Click on the row number of the metric you would like to remove. Press the

"Delete" button your keyboard.

To include a metric in your analysis, it must appear in the Chosen Metrics column.

To exclude a metric from your analysis,

• Remove it from the Chosen Metrics column.

or

• Uncheck the "Selected" checkbox. This allows you to ignore a metric without removing it and

losing its information (limit, objective, relative importance, etc).

To include a metric in your analysis, but exclude it from impacting the optimization,

• Set the "Relative Importance" to O. This metric will still be computed and reported, but it will

have no impact on the optimization. If the limit of this metric is violated, it will NOT cause a

configuration to be flagged as infeasible.

or

• Do not add the metric to a Response Function Group (see section 3.5.1 Response Groups). This

metric will still be computed and reported, but it will have no impact on the optimization. If the

limit of this metric is violated, it WILL cause a configuration to be flagged as infeasible.
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3.3.8.2 Cost Metrics

3.3.8.2.1 Purchase cost

Each specification for every variable asset has a cost value. For any given candidate configuration, the

cost values for all specifications of all chosen assets is added to the total. Therefore, the costs of only

variable assets and components are added to the total. Fixed assets (those with only one specification)

do not tally into the total purchase cost.

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Modify the metric name if needed.

• Selected — If checked, this metric will be computed. Otherwise, this metric will not be

computed. This allows you to ignore a metric without removing it and losing its information

(limit, objective, relative importance).

• Units — Dollars

• Limit — The value that this metric must achieve in the optimization. This is the worst acceptable

value.

• Ob'ective — The value that would be nice to achieve in the optimization. Values beyond the

objective are not as valuable (point of diminishing returns).

• Relative Importance 

o The importance of this metric in comparison to the other metrics included in the

analysis. This can be any non-negative real number. Note that importance values will

not necessarily have a linear relationship because they are applied to a normalized

metric value. The relative importance values reflect an interval relationship of priority

between metrics.

o If set to 0: This metric will be computed and reported, but it will have no impact on the

optimization. If the limit of this metric is violated, it will not cause a configuration to be

flagged as infeasible.

• Limit Stiffness — By default, Medium is selected. Selecting Hard means the model must meet the

Limit value if at all possible and will sacrifice any amount of performance to obtain this limit; the

limit is a hard constraint. If any or all metrics are set to Hard, the model may not be able to find

a valid configuration but it will report the solution that it found to be the least egregious.

• Improvement Type — By default, Minimize is selected, but you may change it if necessary. MDT

is expecting Minimize or Seek Value for this metric. Selecting Maximize will result in a warning.

o Minimize —The model will minimize the metric value. The Objective value should be less

than the Limit value.

o Maximize —The model will maximize the metric value. The Objective value should be

greater than the Limit value.

o Seek Value — Seek value will try to come as close as possible to a value set by the user.

The value being sought should be entered as the Objective. The limit entered by the

user will be "mirrored" on the other side of the objective to create bounds. For

example, an objective of 2000 with a limit of 1000 will generate another limit of 3000

that gets used by the model.

78



3.3.8.3 Load Metrics

3.3.8.3.1 Magnitude of LNS

The magnitude of Load Not Served (LNS) metric applies to a specific tier of load. A separate metric can

be defined for each tier. The value is the total LNS for the tier divided by the total amount of time for all

utility outages for which any load of the specified tier went unserved. As such, it discounts any time for

outages in which the tier of load was fully served for the entire duration. Its units are in kWh/hour of

outage (where outage refers to utility outages).

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Modify the metric name if needed.

• Selected — If checked, this metric will be computed. Otherwise, this metric will not be

computed. This allows you to ignore a metric without removing it and losing its information

(limit, objective, relative importance).

• Load Tier — Select the load tier for this metric. Create a separate metric for each load tier of

interest.

• Units — kWh/Hour of outage.

• Limit — The value that this metric must achieve in the optimization.

• Otrective — The value that would be nice to achieve in the optimization. Values beyond the

objective are not as valuable (point of diminishing returns).

• Relative Importance 

o The importance of this metric in comparison to the other metrics included in the

analysis. This can be any non-negative real number. Note that importance values will

not necessarily have a linear relationship because they are applied to a normalized

metric value. The relative importance values reflect an interval relationship of priority

between metrics.

o If set to 0: This metric will be computed and reported, but it will have no impact on the

optimization. If the limit of this metric is violated, it will not cause a configuration to be

flagged as infeasible.

• Limit Stiffness — By default, Medium is selected. Selecting Hard means the model must meet the

Limit value if at all possible and will sacrifice any amount of performance to obtain this limit; the

limit is a hard constraint. If any or all metrics are set to Hard, the model may not be able to find

a valid configuration but it will report the solution that it found to be the least egregious.

• Improvement Type — By default, Minimize is selected, but you may change it if necessary. MDT

is expecting Minimize or Seek Value for this metric. Selecting Maximize will result in a warning.

o Minimize —The model will minimize the metric value. The Objective value should be less

than the Limit value.

o Maximize —The model will maximize the metric value. The Objective value should be

greater than the Limit value.

o Seek Value — Seek value will try to come as close as possible to a value set by the user.

The value being sought should be entered as the Objective. The limit entered by the

user will be "mirrored" on the other side of the objective to create bounds. For

example, an objective of 2000 with a limit of 1000 will generate another limit of 3000

that gets used by the model.
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3.3.8.3.2 Frequency of LNS

The frequency of LNS metric applies to a specific tier of load. A separate metric can be defined for each

tier. It is the percentage of outages that suffered some amount of LNS for the specified tier in the

normal microgrid operations mode. Therefore, it discounts any tier level LNS that occurred during the

microgrid startup phase. Its units are %.

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Modify the metric name if needed.

• Selected — If checked, this metric will be computed. Otherwise, this metric will not be

computed. This allows you to ignore a metric without removing it and losing its information

(limit, objective, relative importance).

• Load Tier — Select the load tier for this metric. Create a separate metric for each load tier of

interest.

• Units — % utility outages with LNS.

• Limit — The value that this metric must achieve in the optimization.

• Objective — The value that would be nice to achieve in the optimization. Values beyond the

objective are not as valuable (point of diminishing returns).

• Relative Importance 

o The importance of this metric in comparison to the other metrics included in the

analysis. This can be any non-negative real number. Note that importance values will

not necessarily have a linear relationship because they are applied to a normalized

metric value. The relative importance values reflect an interval relationship of priority

between metrics.

o If set to 0: This metric will be computed and reported, but it will have no impact on the

optimization. If the limit of this metric is violated, it will not cause a configuration to be

flagged as infeasible.

• Limit Stiffness — By default, Medium is selected. Selecting Hard means the model must meet the

Limit value if at all possible and will sacrifice any amount of performance to obtain this limit; the

limit is a hard constraint. If any or all metrics are set to Hard, the model may not be able to find

a valid configuration but it will report the solution that it found to be the least egregious.

• Improvement Type — By default, Minimize is selected, but you may change it if necessary. MDT

is expecting Minimize or Seek Value for this metric. Selecting Maximize will result in a warning.

o Minimize —The model will minimize the metric value. The Objective value should be less

than the Limit value.

o Maximize —The model will maximize the metric value. The Objective value should be

greater than the Limit value.

o Seek Value — Seek value will try to come as close as possible to a value set by the user.

The value being sought should be entered as the Objective. The limit entered by the

user will be "mirrored" on the other side of the objective to create bounds. For

example, an objective of 2000 with a limit of 1000 will generate another limit of 3000

that gets used by the model.
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3.3.8.3.3 Energy Availability

The Energy Availability metric applies to a specific tier of load. A separate metric can be defined for each

tier. It is the percentage of all post-startup load that was served for the specified tier. Therefore, it

discounts any tier level LNS that occurred during the microgrid startup phase. Its units are %.

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Modify the metric name if needed.

• Selected — If checked, this metric will be computed. Otherwise, this metric will not be

computed. This allows you to ignore a metric without removing it and losing its information

(limit, objective, relative importance).

• Load Tier — Select the load tier for this metric. Create a separate metric for each load tier of

interest.

• Units — %

• Limit — The value that this metric must achieve in the optimization. Enter a value 0-100.

• Objective — The value that would be nice to achieve in the optimization. Values beyond the

objective are not as valuable (point of diminishing returns). Enter a value 0-100.

• Relative Importance 

o The importance of this metric in comparison to the other metrics included in the

analysis. This can be any non-negative real number. Note that importance values will

not necessarily have a linear relationship because they are applied to a normalized

metric value. The relative importance values reflect an interval relationship of priority

between metrics.

o If set to 0: This metric will be computed and reported, but it will have no impact on the

optimization. If the limit of this metric is violated, it will not cause a configuration to be

flagged as infeasible.

• Limit Stiffness — By default, Medium is selected. Selecting Hard means the model must meet the

Limit value if at all possible and will sacrifice any amount of performance to obtain this limit; the

limit is a hard constraint. If any or all metrics are set to Hard, the model may not be able to find

a valid configuration but it will report the solution that it found to be the least egregious.

• Improvement Type — By default, Maximize is selected, but you may change it if necessary. MDT

is expecting Maximize or Seek Value for this metric. Selecting Minimize will result in a warning.

o Minimize —The model will minimize the metric value. The Objective value should be less

than the Limit value.

o Maximize —The model will maximize the metric value. The Objective value should be

greater than the Limit value.

o Seek Value — Seek value will try to come as close as possible to a value set by the user.

The value being sought should be entered as the Objective. The limit entered by the

user will be "mirrored" on the other side of the objective to create bounds. For

example, an objective of 2000 with a limit of 1000 will generate another limit of 3000

that gets used by the model.
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3.3.8.4 Fuel Metrics

3.3.8.4.1 Diesel Fuel Used

The instantaneous diesel fuel usage rate is a function of the current utilization rate of a generator. Each

generator's fuel utilization curves are provided in units of Gallons/kW/hr and consist of four values: the

fuel usage rate with the generator loaded at 25%, 50%, 75%, and 100%. Values for utilization rates in

between those percentages are interpolated. Values for utilization rates below 25% are extrapolated.

So a generator operating at 50% utilization will use the amount of fuel indicated by the utilization curve

value for 50%. The total fuel used for that generator is the integrated usage rate over all runtime. The

total fuel used for the system is the sum of all generator fuel usage. This value is reported as an average

over the total time of utility power outage (Gallons/hour of outage). The reason for this is that the PRM

will simulate over many outages whose durations may be variable, so to report a value in units of

"Gallons/utility outage" would be dubious.

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Modify the metric name if needed.

• Selected — If checked, this metric will be computed. Otherwise, this metric will not be

computed. This allows you to ignore a metric without removing it and losing its information

(limit, objective, relative importance).

• Units — Gallons/Hour of outage.

• Limit — The value that this metric must achieve in the optimization.

• Ob'ective — The value that would be nice to achieve in the optimization. Values beyond the

objective are not as valuable (point of diminishing returns).

• Relative Importance 

o The importance of this metric in comparison to the other metrics included in the

analysis. This can be any non-negative real number. Note that importance values will

not necessarily have a linear relationship because they are applied to a normalized

metric value. The relative importance values reflect an interval relationship of priority

between metrics.

o If set to 0: This metric will be computed and reported, but it will have no impact on the

optimization. If the limit of this metric is violated, it will not cause a configuration to be

flagged as infeasible.

• Limit Stiffness — By default, Medium is selected. Selecting Hard means the model must meet the

Limit value if at all possible and will sacrifice any amount of performance to obtain this limit; the

limit is a hard constraint. If any or all metrics are set to Hard, the model may not be able to find

a valid configuration but it will report the solution that it found to be the least egregious.

• Improvement Type — By default, Minimize is selected, but you may change it if necessary. MDT

is expecting Minimize or Seek Value for this metric. Selecting Maximize will result in a warning.

o Minimize —The model will minimize the metric value. The Objective value should be less

than the Limit value.

o Maximize —The model will maximize the metric value. The Objective value should be

greater than the Limit value.

o Seek Value — Seek value will try to come as close as possible to a value set by the user.

The value being sought should be entered as the Objective. The limit entered by the

user will be "mirrored" on the other side of the objective to create bounds. For
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example, an objective of 2000 with a limit of 1000 will generate another limit of 3000

that gets used by the model.

3.3.8.4.2 Natural Gas Used

Natural gas used is computed in exactly the same way as diesel fuel used except that the units are

Million BTUs/W/hr.

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Modify the metric name if needed.

• Selected — If checked, this metric will be computed. Otherwise, this metric will not be

computed. This allows you to ignore a metric without removing it and losing its information

(limit, objective, relative importance).

• Units — MBTU/Hour of outage.

• Limit — The value that this metric must achieve in the optimization.

• Objective — The value that would be nice to achieve in the optimization. Values beyond the

objective are not as valuable (point of diminishing returns).

• Relative Importance 

o The importance of this metric in comparison to the other metrics included in the

analysis. This can be any non-negative real number. Note that importance values will

not necessarily have a linear relationship because they are applied to a normalized

metric value. The relative importance values reflect an interval relationship of priority

between metrics.

o If set to 0: This metric will be computed and reported, but it will have no impact on the

optimization. If the limit of this metric is violated, it will not cause a configuration to be

flagged as infeasible.

• Limit Stiffness — By default, Medium is selected. Selecting Hard means the model must meet the

Limit value if at all possible and will sacrifice any amount of performance to obtain this limit; the

limit is a hard constraint. If any or all metrics are set to Hard, the model may not be able to find

a valid configuration but it will report the solution that it found to be the least egregious.

• Improvement Type — By default, Minimize is selected, but you may change it if necessary. MDT

is expecting Minimize or Seek Value for this metric. Selecting Maximize will result in a warning.

o Minimize —The model will minimize the metric value. The Objective value should be less

than the Limit value.

o Maximize —The model will maximize the metric value. The Objective value should be

greater than the Limit value.

o Seek Value — Seek value will try to come as close as possible to a value set by the user.

The value being sought should be entered as the Objective. The limit entered by the

user will be "mirrored" on the other side of the objective to create bounds. For

example, an objective of 2000 with a limit of 1000 will generate another limit of 3000

that gets used by the model.
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3.3.8.5 Renewable Metrics

3.3.8.5.1 Average Renewable Penetration

The instantaneous Renewable Penetration is the ratio of total power provided by renewables (wind and

solar PV in the MDT) to the total load served. Average renewable penetration is the instantaneous

penetration integrated over time and divided by the total time.

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Modify the metric name if needed.

• Selected — If checked, this metric will be computed. Otherwise, this metric will not be

computed. This allows you to ignore a metric without removing it and losing its information

(limit, objective, relative importance).

• Units — %

• Limit — The value that this metric must achieve in the optimization. Enter a fraction (0-1).

• Ob'ective — The value that would be nice to achieve in the optimization. Values beyond the

objective are not as valuable (point of diminishing returns). Enter a fraction (0-1).

• Relative Importance 

o The importance of this metric in comparison to the other metrics included in the

analysis. This can be any non-negative real number. Note that importance values will

not necessarily have a linear relationship because they are applied to a normalized

metric value. The relative importance values reflect an interval relationship of priority

between metrics.

o If set to 0: This metric will be computed and reported, but it will have no impact on the

optimization. If the limit of this metric is violated, it will not cause a configuration to be

flagged as infeasible.

• Limit Stiffness — By default, Medium is selected. Selecting Hard means the model must meet the

Limit value if at all possible and will sacrifice any amount of performance to obtain this limit; the

limit is a hard constraint. If any or all metrics are set to Hard, the model may not be able to find

a valid configuration but it will report the solution that it found to be the least egregious.

• Improvement Type — By default, Seek Value is selected, but you may change it if necessary.

o Minimize —The model will minimize the metric value. The Objective value should be less

than the Limit value.

o Maximize —The model will maximize the metric value. The Objective value should be

greater than the Limit value.

o Seek Value — Seek value will try to come as close as possible to a value set by the user.

The value being sought should be entered as the Objective. The limit entered by the

user will be "mirrored" on the other side of value objective to create bounds. For

example, an objective of 2000 with a limit of 1000 will generate another limit of 3000

that gets used by the model.
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3.3.8.6 Efficiency Metrics

3.3.8.6.1 Diesel Efficiency

The instantaneous diesel generator efficiency is a function of the current running rate (utilization rate)

of the generator. Each generators efficiency curves are provided in units of % and consist of four values:

the efficiency with the generator loaded at 25%, 50%, 75%, and 100%. Values for utilization rates in

between those percentages are interpolated. Values for running rates below 25% are extrapolated. So

a generator operating at 50% utilization will operate at the efficiency level indicated by the utilization

curve value for 50%. The average efficiency for that generator is the integrated efficiency over all

runtime divided by total runtime. The total efficiency for the system is the time integrated efficiency of

all generators divided by the total runtime of all generators. The units are %.

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Modify the metric name if needed.

• Selected — lf checked, this metric will be computed. Otherwise, this metric will not be

computed. This allows you to ignore a metric without removing it and losing its information

(limit, objective, relative importance).

• Units — %

• Limit — The value that this metric must achieve in the optimization. Enter a fraction (0-1).

• Otrective — The value that would be nice to achieve in the optimization. Values beyond the

objective are not as valuable (point of diminishing returns). Enter a fraction (0-1).

• Relative Importance 

o The importance of this metric in comparison to the other metrics included in the

analysis. This can be any non-negative real number. Note that importance values will

not necessarily have a linear relationship because they are applied to a normalized

metric value. The relative importance values reflect an interval relationship of priority

between metrics.

o lf set to 0: This metric will be computed and reported, but it will have no impact on the

optimization. lf the limit of this metric is violated, it will not cause a configuration to be

flagged as infeasible.

• Limit Stiffness — By default, Medium is selected. Selecting Hard means the model must meet the

Limit value if at all possible and will sacrifice any amount of performance to obtain this limit; the

limit is a hard constraint. lf any or all metrics are set to Hard, the model may not be able to find

a valid configuration but it will report the solution that it found to be the least egregious.

• Improvement Type — By default, Maximize is selected, but you may change it if necessary. MDT

is expecting Maximize or Seek Value for this metric. Selecting Minimize will result in a warning.

o Minimize —The model will minimize the metric value. The Objective value should be less

than the Limit value.

o Maximize —The model will maximize the metric value. The Objective value should be

greater than the Limit value.

o Seek Value — Seek value will try to come as close as possible to a value set by the user.

The value being sought should be entered as the Objective. The limit entered by the

user will be "mirrored" on the other side of the objective to create bounds. For

example, an objective of 2000 with a limit of 1000 will generate another limit of 3000

that gets used by the model.
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3.3.8.6.2 Natural Gas Efficiency

Natural gas efficiency is computed in exactly the same way as diesel fuel efficiency.

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Modify the metric name if needed.

• Selected — If checked, this metric will be computed. Otherwise, this metric will not be

computed. This allows you to ignore a metric without removing it and losing its information

(limit, objective, relative importance).

• Units — %

• Limit — The value that this metric must achieve in the optimization. Enter a fraction (0-1).

• Ob'ective — The value that would be nice to achieve in the optimization. Values beyond the

objective are not as valuable (point of diminishing returns). Enter a fraction (0-1).

• Relative Importance 

o The importance of this metric in comparison to the other metrics included in the

analysis. This can be any non-negative real number. Note that importance values will

not necessarily have a linear relationship because they are applied to a normalized

metric value. The relative importance values reflect an interval relationship of priority

between metrics.

o If set to 0: This metric will be computed and reported, but it will have no impact on the

optimization. If the limit of this metric is violated, it will not cause a configuration to be

flagged as infeasible.

• Limit Stiffness — By default, Medium is selected. Selecting Hard means the model must meet the

Limit value if at all possible and will sacrifice any amount of performance to obtain this limit; the

limit is a hard constraint. If any or all metrics are set to Hard, the model may not be able to find

a valid configuration but it will report the solution that it found to be the least egregious.

• Improvement Type — By default, Maximize is selected, but you may change it if necessary. MDT

is expecting Maximize or Seek Value for this metric. Selecting Minimize will result in a warning.

o Minimize —The model will minimize the metric value. The Objective value should be less

than the Limit value.

o Maximize —The model will maximize the metric value. The Objective value should be

greater than the Limit value.

o Seek Value — Seek value will try to come as close as possible to a value set by the user.

The value being sought should be entered as the Objective. The limit entered by the

user will be "mirrored" on the other side of the objective to create bounds. For

example, an objective of 2000 with a limit of 1000 will generate another limit of 3000

that gets used by the model.
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3.3.8.7 Fault Metrics

There are currently no fault metrics included in MDT. This section is a placeholder.

3.3.8.8 Footprint Metrics

3.3.8.8.1 Volume

Each specification for every variable asset can be given a volume value. For any given candidate

configuration, the volume values for all specifications of all chosen assets is added to the total.

Therefore, the volumes of only variable assets and components are added to the total. Fixed assets

(those with only one specification) do not tally into the total volume.

Required fields are displayed in bold font. Default values are provided for all fields, some of which may

be empty fields or no value.

• Name — Modify the metric name if needed.

• Selected — If checked, this metric will be computed. Otherwise, this metric will not be

computed. This allows you to ignore a metric without removing it and losing its information

(limit, objective, relative importance).

• Units — ft3

• Limit — The value that this metric must achieve in the optimization.

• Ob ective — The value that would be nice to achieve in the optimization. Values beyond the

objective are not as valuable (point of diminishing returns).

• Relative Importance 

o The importance of this metric in comparison to the other metrics included in the

analysis. This can be any non-negative real number. Note that importance values will

not necessarily have a linear relationship because they are applied to a normalized

metric value. The relative importance values reflect an interval relationship of priority

between metrics.

o If set to 0: This metric will be computed and reported, but it will have no impact on the

optimization. If the limit of this metric is violated, it will not cause a configuration to be

flagged as infeasible.

• Limit Stiffness — By default, Medium is selected. Selecting Hard means the model must meet the

Limit value if at all possible and will sacrifice any amount of performance to obtain this limit; the

limit is a hard constraint. If any or all metrics are set to Hard, the model may not be able to find

a valid configuration but it will report the solution that it found to be the least egregious.

• Improvement Type — By default, Minimize is selected, but you may change it if necessary. MDT

is expecting Minimize or Seek Value for this metric. Selecting Maximize will result in a warning.

o Minimize —The model will minimize the metric value. The Objective value should be less

than the Limit value.

o Maximize —The model will maximize the metric value. The Objective value should be

greater than the Limit value.

o Seek Value — Seek value will try to come as close as possible to a value set by the user.

The value being sought should be entered as the Objective. The limit entered by the

user will be "mirrored" on the other side of the objective to create bounds. For

example, an objective of 2000 with a limit of 1000 will generate another limit of 3000

that gets used by the model.
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3.3.8.9 Operational Metrics

There are currently no operational metrics included in MDT. This section is a placeholder.

3.4 lslanded Simulator Settings
lslanded simulator settings are used by the Performance Reliability Model (PRM) portion of MDT.

Simulation Settings

Simulation Years 1000 Approximate Number of Simulated Outages 10

Narne Notes

1 Microgrid 1

Settings of licrogrid Illicmgrid 1"

Diesel Tank Settings

Narne Infinite F Lel

1 Diesel Tank 1 L
2 Diesel Tank 2 LI

[Startup Controller Settings Mcrognd Controller Settings Gnd-Tied Controller Settings Refueler Settings

Property Value Units

1 Grid Formation Delay - Without Generator Failures 600 Seconds

2 Grid Formation Delay - 1.Vith Generator Failures 120 Seconds

3 Generator Restart Delay 15 Seconds

4 Generator Synchronization Delay 15 Seconds

5 Bus Synchronization Delay 20 Seconds

6 Renewables Restart Delay 300 Seconds

Figure 36. lslanded Simulator Settings screen.

3.4.1 Simulation Settings
The simulation settings (Figure 36) control some aspects of the PRM.

• Simulation years — This sets the number of simulation years that the simulation will run each

time it is executed. lf, for example, the user would like 1000 outage replications for an outage

that occurs approximately once per year, they would set simulation years to 1000. The total

simulation years must be sufficiently long that, based on the MTBF and MTTR values of all

failure modes of the utility, the desired number of outages are expected to occur.

• Approximate Number of Simulated Outages 

• Name — the name of the microgrid(s) being analyzed. This table is auto-populated based on the

microgrids created under Microgrids -> Listing.

• Notes — notes about the microgrid.
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3.4.2 Settings of the Microgrid
The microgrid simulation settings control some aspects of the islanded operations simulator which are

specific to each microgrid. First, select a microgrid from the table at the top of the page (if there is more

than one). Next, enter the following information about the selected microgrid:

• Diesel Tank Settings — For each diesel tank named, there is a checkbox provided where the user

can select whether to use an "infinite fuel" assumption.

o Infinite fuel — If checked, the simulator will allow the diesel tank to use whatever fuel it

needs during the simulation, as though it had infinite supply. The amount used will still

be tracked by the simulator. This mode should be checked when the user would like to

know how much fuel will be required, but does not want availability of fuel for the

generators to be a limiting factor in the analysis. Note that when multiple fuel tank

specifications have been provided as options but infinite fuel is checked, the model will

ignore varying tank sizes but still take into account differences in cost. This will result in

the model always selecting the least expensive specification, since cost is the only

discriminator.

• Startup Controller Settings — These settings allow to user to modify some information about

startup delays that occur when the microgrid enters islanded mode at the start of any simulated

utility outage.

o Property — This is a description of the type of delay.

■ Grid Formation Delay — Without Generator Failures 

One of the first things the startup controller does at the onset of an outage is to

start all backup generators. Some may fail to start. This delay is in place to

avoid attempting to form the microgrid for very short outages. This is employed

if all backup generators start properly.

■ Grid Formation Delay — With Generator Failures 

This delay is similar to the Grid Formation Delay — Without Generator Failures

except that it is employed if one or more of the backup generators failed to

start. In that case, there may be critical load at high risk and waiting a shorter

time to form the microgrid may reduce that risk.

■ Generator Restart Delay 
This is the amount of time that the controller waits to attempt to restart a

generator that failed to start. The number of restart attempts and the

likelihood of each one succeeding are defined as part of the generators

specification.

■ Generator Synchronization Delay 
This is the amount of time that it takes to synchronize a generator onto an

energized bus.

■ Bus Synchronization Delay 
This is the amount of time it takes to synchronize two energized busses

together.

■ Renewables Restart Delay 

This is the amount of time the controller will wait once the microgrid is fully

formed to re-attach any renewables that were disconnected at the onset of the

outage.

o Value — the number of units of delay.

o Units — the units associated with the delay (for example, seconds).
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• Microgrid Controller Settings — These settings allow to user to modify some information that

impacts the simulation during islanded mode.

o Property — This is a description of the type of delay, duration, or demand requirement.

■ Generator Restart Delay 

This is the amount of time that the controller waits to attempt to restart a

generator that failed to start. The number of restart attempts and the

likelihood of each one succeeding are defined as part of the generators

specification.

■ Generator Synchronization Delay 

This is the amount of time that it takes to synchronize a generator onto an

energized bus.

■ Bus Synchronization Delay 

This is the amount of time it takes to synchronize two energized busses

together.

■ Forecast Duration for Generator Dispatch 

When attempting to dispatch generators, the MG controller may forecast

expected load over some length of time in order to do so more effectively. This

parameter defines that length of time. It generally makes sense to be aware of

the discretization of loads when setting this parameter.

■ Minimum Power Demand Before Dispatch 

This value is the percentage of online spinning generation capacity below which

the controller should consider a re-dispatch of generation assets.

o Value — the number of units of delay.

o Units — the units associated with the delay (for example, seconds or %).

• Grid-Tied Controller Settings — If this box is unchecked, then the failure modes are ignored

during periods of grid-tied operation. To ignore a failure mode means to "pause" the

accumulation of failure time. For example, consider ignoring line failures. The line may have

been operating for 20 hours since its last repair, and it may have 10 more hours before the next

failure when an outage ends (bulk grid returns to operation). The failure time accumulation will

remain at 20 hours throughout the period of bulk grid operability and then start accumulating

against the remaining 10 hours when the next grid failure (outage) occurs. Note that repairs are

not ignored. If an asset failed when the grid-tied operation begins (or resumes), it will continue

to accumulate repair time and be repaired when the time arrives.

• Refueler Settings — These settings describe the refueling scheme for the diesel generators

(when the infinite fuel assumption is not in use).

o Time of Day — the time of day that the first refueling occurs after the utility outage.

o Period — the hours between each refueling.

o Maximum Quantity per Delivery — The maximum amount of fuel delivered each time a

refueling occurs. There is no priority scheme currently included for the order in which

generators are refueled when the maximum quantity is not sufficient to meet fuel

demand. The default value of -1 indicates that an unlimited amount of fuel can be

delivered at each refueling.
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3.5 Solver Settings
At this time, use of the default solver settings is recommended.

3.5.1 Response Groups

Microgrid metrics (Response Functions) must be added to a Response Function Group if you want them

to be included in the optimization.

If you do not add the metric to a Response Function Group, this metric will still be computed and

reported, but it will have no impact on the optimization. If the limit of this metric is violated, it WILL

cause a configuration to be flagged as infeasible.

Please see 3.3.8.1 Microgrid Metrics for additional methods for excluding metrics from analysis

calculations.

Creating Response Function Groups

1. In the Response Function Groups list, create one or more groups.

a. Type in a Name in an empty row. Add notes about the group (optional).

2. Add metrics (Response Functions) to each group.

a. In the Response Function Groups list, click on the row number to select a group.

b. All metrics defined under 3.3.8.1 Microgrid Metrics are presented in the Unused

Response Functions list.

c. In the Unused Response Functions list, click on the row number of a metric to select it.

d. Click the left arrow button to add the metric to the group (Figure 37).

e. The metric should now appear in the Response Functions list.

f. Add additional metrics to the group, if applicable.

Response kinctons

Response Function o

1 magnitude of load not sewed metric 'Magnrtude oF T

Remove selected m et r ic(s)

Remove all metrics from
the group

cm

Add all metrics to the group

Add selected metric(s)

unused Response Functions

Response Function Owne:

- 7 .12 rcy .of, load . not . served petric.T,e.:.. 7 ency.cf. Microgrici

2 p:.;- ese cost metric 'Purchase Cost' Microgrid

3 diesel fuel used metric 'Diesel Fuel Used' Microgrid

14/

Figure 37. Adding and removing metrics from Response Function Groups.
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3. Review the metrics in each group (Figure 38, Figure 39).

a. In the Response Function Groups list, click on the row number to select a group.

b. The Response Functions list displays the metrics in the selected group.

Response Gaups

a Response Friction Guups Response Functions Q Unused Response Fundons

Name

, 1 1Cost

, 2 Performance

* 3

Notes Response Func ion Response Function

1 magnitude of load not served metric 'Magnitude of

2 frequency of load not served metric 'Frequency of

3 purchase cost metric Purchase Cosf

4 diesel fuel used metric 'Diesel Fuel Used

Owner

Microgrid 1

Microgrid 1

Microgrid 1

Microgrid 1

(141

[HI
rrr

Figure 38. The "Cost" Response Function Group is empty. It contains no metrics.

Response Groups

Response Function Groups

Narne

1 Cost

2

Se 3

Notes

Performance

%Mr

Response Functions

Response Function

magnitude of load not served metric 'Magnitteie of

2 frequency of load not served metric 'Frequency of M

3 diesel fuel used metric 'Diesel Fuel Used

It41

8 Unused Response Functions
Response Function

1 purchase cost metric 'Purchase Cost'

Owner

Microgrid 1

Figure 39. The "Performance" Response Function Group contains three metrics.

Modifying Response Function Groups

• Remove a metric from a group.

1. In the Response Function Groups list, click on the row number to select a group.

2. The Response Functions list displays the metrics in the selected group.

3. In the Response Functions list, click on the row number of a metric to select it.

4. Click the right arrow button to remove the metric from the group (Figure 37).

5. The metric should now appear in the Unused Response Functions list.

• Remove a group.

1. In the Response Function Groups list, click on the row number to select a group.

2. Press the "Delete" key on your keyboard.

3. The group should be removed from the list.
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3.6 Progress Monitor
The progress monitor allows the user to view various progress indicators while the solver is running. The

progress monitor will only appear if the solver runtime is relatively long. There are a number of possible

runtime progress plots, which include:

• Response Function Progress Plots

• Fitness Progress Plots

• Feasibility Progress Plots

The available progress plots are shown below (Figure 40).

Progress Monitor (1)

Available Progress Plots

El Result View Manager

111 View Manager Controls

Overall Fitness

0 Group "Cost" Fitness

Ej Group "Performance Fitness

E1 Feasibility
0 Schedule

Pareto

0 Solution Text

El Diagram

Microgrid 1

'T Magnitude of LNS

Purchase Cost

Diesel Fuel Used

Diesel Efficiency

[0 Convergence

Figure 40: The progress plots, which are available during lengthy model runs.

To view a progress plot, check the box next to the desired plot. The progress will update in real time as

the solver continues to run. These plots can be used to monitor the progress of the solver and

potentially even identify problems during the run that may prompt one to cancel, make changes, and try

again.
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3.7 Results Viewer
The Results Viewer will only be active when the model has run (otherwise there are no results available

to view). Previously generated results may also be loaded into MDT (see section 3.7.2 Open Results).

The Results Viewer should be thought of as an interactive information visualization tool rather than a

simple display of static plots. All of the plots are interactive. This is due to the fact that MDT does not tell

you the "right" answer for your microgrid design. Rather, it helps you to explore all of the efficient

configurations found and understand the design tradeoffs, allowing you to make an informed decision.

All available plots are listed in the Results Viewer (highlighted in purple in Figure 41). Check the

checkboxes of the plots in the Results Viewer to open the plots. You can resize and move the plot

windows to view multiple plots at once (highlighted in green in Figure 41).
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Figure 41. Results Viewer overview.

The plots are also linked. Selecting a configuration or filtering on one plot will cause the same

configuration and filters to apply to all other plots. Since multiple plots can be open at the same time,

this feature becomes useful in ensuring all plots are displaying information about the same data set. In

Figure 41, you will see a bright blue dot or line in three of the plots, which represent the same

configuration.

Most plot images can be copy-and-pasted into other tools. Most plot windows have a Controls tab in the

upper right corner. Click on the Controls tab, and then click on the Copy icon 2.A. Next, paste the image

into the tool of your choice.
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For all plots, it is important to understand the following terms:

• All solutions — All configurations, ignoring selections and filters.

• Single solution — A single configuration which is manually selected.

• Selected solutions — A single configuration or multiple configurations which are manually

selected.

• Visible solutions — Configurations that meet all visibility filter options that are applied. Filter

options could include the feasibility condition, boundary conditions set in the Response Function

plots, and specification filters in the Suboption Filters plot.

3.7.1 Save Results

Results are saved in a file separate from the inputs. MDT results files are saved as *.mof files. To save

your results,

10. Right click on "Result View Manager' in the left navigation (Figure 42).

11. Select "Rename" from the menu.

12. A new window will open. Type in a new name for your result set.

13. Click "0IC.

14. Select the checkbox next to you renamed result set.

15. Go to "Results" in the toolbar.

16. Select "Save Selected".

17. Enter a name for your results set file.

18. Click "Save".

AvaiIable Results. Plots

LE 
,Result\riew r  a n acier 

RenameResult Sets 1
JEGA Flat Multi-Objective SOS Op

Gineho

Figure 42. Renaming a result set before saving.
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3.7.2 Open Results

To open a previously saved result set,

6. Go to "Results" in the toolbar.

7. Select "Load".

8. Locate your file (which will have file extension *.mof).

9. Click "Open".

10. Go to the Results Viewer tab to view your results.

You can open as many result sets as necessary (Figure 43). They do not have to be related to the current

input values. You can view the inputs of any result set at any time by right-clicking on the entries within

the "Results Sets" header and choosing "View input".

Results Viewer

tsimbigirtilia Filo!
IEEE 9Bus_Dec13

'cti Result Sets

Ei Plots

View Manager Controls

Pareto

Usage Frequency

, Response Viewer

❑ Suboption Filters

[1] Response Function Filters
[11 Response Function Group Filters
[1] Roadmap
[1 Data Extraction
EI Solution Text

r m

I 9 us

0 Result Sets

8 Plots

[I] View Manager Controls

Pareto

Usage Frequency

Response Viewer

Suboption Filters

Response Function Filters

Response Function Group Filters

Roadmap

[11 Data Extraction
Solution Text

Dia•ram

Figure 43. Two different result sets open in the Results Viewer.
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3.7.3 View input for a Result Set

To view the input file for a result set,

7. Locate your result set in the Results Viewer navigation.

8. Under the "Result Sets" header, right click on the solution set previously generated by the

solver. (Figure 44).

9. Select "View Input".

10. You will receive a message window: "This capability is strictly for viewing the input of the chosen

results. Any changes made will not be stored/propagated back to the results."

11. Click "0IC.

12. A new window will open where you can view the inputs related to your result set. While you can

edit the fields, you cannot save any changes or run a new analysis from this view.

-CIO IEEE F....Bus

Result Sets

JEGA Flat Multi-D 0,44, C r3.„4; 

-a Plots
  111 View Manager Cor

Pa reto

  El Usage Frequency
Response Veber

View lnput

Rename

Figure 44. Opening the input set that created this result set.

3.7.4 Close a Result Set

To close a result set,

5. Select the checkbox next to your result set name.

6. Go to "Results" in the toolbar.

7. Select "Remove Selected".

8. The result set should be removed from the Results Viewer navigation.
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3.7.5 View Manager Controls

The "View Manager Controls" checkbox in the plots navigation opens a toolbar (highlighted in blue in

Figure 41) that allows you to see the currently selected configuration and which filters are current

applied (Figure 45).

The Configuration # dropdown menu shows you the currently selected configuration. As you select

different configurations in the plots, this menu will update. You can also select a configuration from this

menu, and this will highlight this configuration in the plots.

The asterisk icon will update the Configuration # menu and highlight (in the plots) the configuration with

the highest overall fitness solution.

The magnifying glass icon will update the Configuration # menu and highlight (in the plots) the

configuration that is the closest to feasible. This is useful when the MDT was unable to satisfy all metric

limits with any configurations.

The filter manager allows you to see all of the filters that are currently applied. It also allows you to

clear all of the filters that have been applied.

• Selection Filters — A single configuration or multiple configurations which are manually selected.

• Visibility Filters — Filter options could include the feasibility condition, boundary conditions set in

the Response Function plots, and specification filters in the Suboption Filters plot.

• Highlight Filters —These filters are applied to the configurations to determine which ones should

be highlighted. These are generally transient filters and do not persist long in this list.

• Color Filters —These filters are applied to the configurations in order to determine with which

color they should be displayed on the plots. These filters include "Color by Feasibility" on Pareto

plot; color scheme changes on the Response Function/Response Function Group Filters plots

Select

configuration ID#

from menu

1DI Configuration*

Update selected

configuration to
highest overall

fitness solution

243
257

• 52
107
168
75
193
180
76
179
181
63
202
280

-MP

Update selected

configuration to
closest feasible

solution

Filter manager

[Selection Filters 

Selection f ilte

ii•iec fed Solutions of 3D Pareto Chart

111
Clear AU Removable filters

Figure 45. Overview of the View Manager Controls toolbar.
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3.7.6 Multiple Configuration Plots

The following plots display information about multiple configurations.

3.7.6./ Pareto

The Pareto frontier shows a set of points that are efficient, meaning that it would be impossible to make

an improvement on one axis without a reduction on the other. Each point in the Pareto frontier

represents a complete, unique microgrid design. Figure 46 shows an example Pareto frontier. Point "A"

is the highest cost, highest performing configuration. Point "B" is the lowest cost, lowest performing

configuration. There are many options in between representing different tradeoffs. Given any point on

the chart, no improvement in cost can be made without a corresponding decrease in performance. The

reverse is also true.

This example shows two objective dimensions, cost and performance. MDT supports up to five

dimensions, which are the Response Function Groups defined under 3.5 Solver Settings on the Input tab.
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Figure 46. Guide to understanding Pareto frontiers.

To select a single configuration, click on a point (Figure 47). Or, you can use the "View Manager

Controls" toolbar to select a specific configuration by using the "Configuration r dropdown menu.

To select multiple configurations, hold down your left mouse key and draw a box ("box selecr) around

all points of interest.

To display the configuration number of the points, click on the Controls tab in the upper right corner of

the Pareto plot window (highlighted in purple in Figure 47). Select "Show Point Labels".

To turn the graph gridlines on/off, click on the Controls tab in the upper right corner of the Pareto plot

window. Select/deselect "Show Grids".
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To view only feasible configurations (configurations that meet all limits), click on the Controls tab in the

upper right corner of the Pareto plot window. Select "Show Feasible Points Only".

To view all configurations (both feasible and infeasible) on the Pareto frontier, click on the Controls tab

in the upper right corner of the Pareto plot window. Select "Show All Points".

Controls tab

"774Pardo Solutions of 'Result View Manzigas"

Group "Cosr Rtness

Group "Cosr Fitness
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Figure 47. Pareto plot with one configuration selected. The selected configuration is highlighted as a

bright blue point.
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3.7.6.2 Usage Frequency

Usage Frequency displays the frequency of selection of each equipment specification across all

configurations (Figure 48). Only equipment specifications that are part of a decision variable are

displayed. The different color blocks represent the equipment type, and the bars represent the

frequency of selection for each specification.

The Controls tab (highlighted in purple in Figure 48) allows you to view equipment selection by:

• all solutions

• all visible solutions

• all selected solutions

Configuration selection and filtering must be done via the other plot windows.

Suk.vption Fetqueny Visplay vf "Result View Manag'
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Figure 48. Usage Frequency displays the frequency of selection for each equipment specification.
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3.7.6.3 Suboption Filters

Suboption Filters helps you to understand the relationship/correlation among equipment specification

selections across configurations. Only equipment specifications that are part of a decision variable are

displayed. Each equipment specification shows the number of configurations in which it appears out of

the total configuration set.

Figure 49 shows an example for a configuration set with eighteen options. This shows that B1 Diesel is

set to Example Diesel 1 in 9 solutions, Example 300 in 4 solutions, and no generator is used in 5

solutions; the model never picks diesel generators of sizes 200, 400 or 500. Select or deselect

specifications under each equipment type. The other specifications will update accordingly. Deselected

specifications will be highlighted in red. Figure 50 shows the plot after all complex design options are

deselected, except for the Power Plant Realization 1 option. Note that the total configuration set value

has updated to 6. This updated plot shows that Realization 1 is only used in solutions with B2 Diesel

generator of type Example 300 and Example Diesel 1; Example 300 and No Generator are now grayed

out since they are never used in a solution with Realization 1.
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Figure 49. Suboption Filters with all configurations displayed.
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Figure 50. Suboption Filters where only the Power Plant Realization 1 option is selected. Deselected
options are highlighted in red.
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3.7.6.4 Response Function Filters

Response Function Filters displays the metric values of all configurations on a parallel coordinates plot.

Each configuration is represented by a line. Only metrics that belong to Response Function Groups,

defined under 3.5 Solver Settings on the input tab, are displayed. Metrics with the same background

color belong to the same Response Function Group. The order of the columns cannot be modified.

Click on a line to highlight a specific configuration (Figure 51).

The axes display the maximum and minimum values for each metric across all configurations. The

configuration set can be filtered by clicking on the max or min axis point and dragging it along the axis

(Figure 52). Configurations that do not meet this constraint are removed from the plot. The arrow

buttons in the upper right hand corner will minimize and maximize the range values for each axes.

Filter Responses of Solutions in Result \new Manager 1 1 I E I

-
'Purchase Cost" o 'Energy Availabi lit 'Diesel Efficiency 'Diesel Fuel Used

n

lTotal: 18 Visitplo 6  iSelected: 1

Figure 51. Response Function Filters plot

displaying alI configurations. One configuration

is highlighted.
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Figure 52. Response Function Filters plot
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Cost" metric has been increased. Two

configurations are filtered out.



To make the axes min/max values easier to view, turn on the Grids view. Click on the Layout Options

menu on the toolbar and select "Show Grids". This will display a table above and below the plot area

(Figure 53). Instead of sliding the axes endpoints to filter the configurations, you can modify the values

in the table to move the endpoints.

• The bottom row of the top table moves the maximum value endpoint.

• The top row of the bottom table moves the minimum value endpoint.

To rescale the axes,

• Change the top row of the top table to rescale the maximum value.

• Change the bottom row of the bottom table to rescale the minimum value.

Layo u t Options 0.72 Fitter Responses of Solutions in Result View Manager

t ' »

Grid view values

Grid view values

Figure 53: The grids view of Response Function Filters is an alternate method of viewing and filtering.

To use the gradient or "Rainbow" effect, you must select a metric using the dropdown menu. After

selecting a metric, choosing "Rainbow" in the "Rescale Color/Select Line Color Scheme" menu (Figure

54) will display the lines representing each solution in different colors based on the value of the metric

that was selected, going from red to purple. It is also possible to view the same ordering via a gradient

of colors from a primary to a secondary color of the user's choosing.
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Figure 54: Rainbow view of the Response Function Filter.

This view allows quick understanding of which solutions perform best for this particular metric, and how

those solutions perform on the other metrics.
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3.7.6.5 Response Function Group Filters

Response Function Group Filters displays the Response Function Group values of all configurations on a

parallel coordinates plot. Each configuration is represented by a line. The order of the columns cannot

be modified. Only the Response Function Groups, defined under 3.5 Solver Settings on the input tab, are

displayed. To view the individual metrics within a group, please use the Response Function Filters plot.

Click on a line to highlight a specific configuration (Figure 55).

The axes display the maximum and minimum values for each group across all configurations. The

configuration set can be filtered by clicking on the max or min axis point and dragging it along the axis

(Figure 56). Configurations that do not meet this constraint are removed from the plot.

Filter Response Group Val... l '11

Figure 55. Response Function Group Filters plot

displaying all configurations. One configuration

is highlighted.
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Figure 56. Response Function Group Filters plot

where the maximum value of the Cost group

has been decreased. Two configurations are

filtered out.



3.7.6.6 Data Extraction

Data Extraction allows you to extract the results data from MDT. A data table is displayed at the bottom

of the window (highlighted in green in Figure 57). This data can be copy-and-pasted to Excel.

The Data Selection Controls at the top of the window allow you to filter what data is displayed.

• The checkboxes on the left control which columns are displayed (highlighted in purple in Figure

57).

• The "Show — Response" checkboxes control which rows are displayed (highlighted in blue in

Figure 57).

o The Annotations field is the text generated by PRM.

• The radio boxes on the left control which configurations are displayed (highlighted in brown in

Figure 57).

o Show All Solutions — All configurations, ignoring selections and filters.

o Show Selected Only — A single configuration or multiple configurations which are

manually selected.

o Show Visible Only — Configurations that meet all filter options that are applied. Filter

options could include the feasibility condition, boundary conditions set in the Response

Function plots, and specification filters in the Suboption Filters plot.

o Show Current Only - The manually selected configuration. The configuration must be

selected on one of the other plots or by using the View Manager Controls toolbar.
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Figure 57. Overview of the Data Extraction plot.
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3.7.7 Single Configuration Plots

The following plots display information about a single configuration. The solution must be selected on

one of the other plots or by using the View Manager Controls toolbar.

3.7.7.1 Response Viewer

The Response Viewer plot (Figure 58) displays how well a single configuration performed against the

metrics created under
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3.3.8 Optimization Objectives on the input tab. The configuration must be selected on one of the other

plots or by using the View Manager Controls toolbar.

Metrics are displayed on the left under "Choose Response". All metrics created under 3.3.7

Diagramming

The diagram allows you to view the topology of your microgrid. This diagram tool is the same as the one

that appears on the Microgrids Site Definition page. See section 3.3.1 Diagramming a Microgrid for

instructions.
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3.3.8 Optimization Objectives are displayed in the list. The metrics highlighted in red have limit

violations.

Select a metric to display in the plot by checking its checkbox.

The Controls tab offers four plot options. First, the user must select whether to plot Raw Values or the

Satisfaction Level. The distinction is described below.

• Raw Values —This plot shows the raw values of the Response that is selected.

• Satisfaction Level —This plot shows the degree to which the configuration has satisfied the limit

and objective. The objective satisfaction level (100%) is displayed as a dotted green line. The

metric value is displayed on the bar chart.

o Infeasible: The metric that violates the limit will have a negative satisfaction level. It will

appear as a red bar.

o Satisfied: The metric that meets but only precisely achieves the limit will have a 0%

satisfaction level. Values between the limit and objective will appear as a green bar.

o Super-Optimal: The metric that achieves the objective will have a 100% satisfaction

level. If the metric exceeds the objective, it will have a greater than 100% satisfaction

level. It will appear as a purple bar.

Other options include whether to show limits and objectives on the plot and whether to allow multiple

Responses on the same plot.

• Show Limits & Objectives —This option will display the values of the limit and objective.

• Allow Multiple — Allows display of multiple Responses on the same chart.
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Figure 58. Response Viewer displaying a configuration's performance against the Frequency of

metric (shown as satisfaction level).
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3.7.7.2 Roadmap

The Roadmap shows the equipment specifications selected for decision variables of a single

configuration. Only equipment specifications that are part of a decision variable are displayed. The

configuration must be selected on one of the other plots or by using the View Manager Controls toolbar.

If the configuration includes a complex design element, hover over that specification with your mouse

(Figure 59). A tool tip will appear that shows the non-variable and variable components of the complex

design element.
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Figure 59. Roadmap for a single configuration that displays the selected equipment specifications.
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3.7.7.3 Solution Text

Solution Text displays all of the data and output messages from the models for a single configuration. If

you can't find the data you need in the other plots, it's probably here. The configuration must be

selected on one of the other plots or by using the View Manager Controls toolbar.

If equipment had no failure modes defined, you will see the note, "This item could not fail."

The very bottom of the page lists the equipment specifications selected for this configuration. Only

equipment specifications that are part of a decision variable are displayed. It also lists the values for the

metrics.
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3.7.7.4 Diagram

The Diagram allows you to view the topology of a configuration. The configuration must be selected on

one of the other plots or by using the View Manager Controls toolbar.

You can click on any icon and move it on the screen. To reset it to the original layout, click the refresh

button (highlighted in blue in Figure 60) in the upper left corner. More information about the diagram

toolbar controls are in section 3.3.1 Diagramming a Microgrid.

To view equipment properties, select the Node Properties tab in the lower right hand corner

(highlighted in green in Figure 60). Click on any node or line. The properties will be displayed in the

Properties tab. Equipment can be expanded to view details and specification information. When no

equipment is selected in the diagram, properties of the microgrid are displayed.

Equipment that appears in all configurations will be in black font. Equipment that differs among the

configurations will be displayed with green, underlined font (highlighted in brown in Figure 60). These

are a part of the solution. These are typically decision variables or components of a complex design

element. A box with a red X (highlighted in purple) denotes that the specification "no asset" was

selected by the model.

Identified Paths is the second tab in the lower right hand corner. It lists all of the lines/paths defined in

the microgrid option. Hovering over each path in the table highlights the corresponding elements in the

diagram.
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Figure 60. Overview of a Diagram for a single configuration.
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4. Appendix A: MDT Interface Summary Overview
This appendix provides a summary overview of key elements of the MDT interface.

4.1 MDT Main Screen
There are three main areas of MDT. They are accessed via tabs at the bottom left corner of the screen

(Main navigation tabs in Figure 61).

• input, where the microgrid information is input into MDT.

• Progress Monitor, where the user can view the progress of the model run.

• Results Viewer, where model results are displayed.

Pages within each section are accessed via links in the upper left corner of the screen (Sub-navigation

area in Figure 61). When the Input tab (under Main navigation tabs in Figure 61) is selected, the user

can chose whether to display Sizing Inputs or Islanded Inputs (using the tabs just above the main

navigation tabs) depending on the analysis being performed. Islanded Inputs is the default mode.
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Figure 61. MDT main screen overview.

11

Pages have two main areas.

• The page navigation area is located on the left side of the page (highlighted in purple in Figure

61).

• The main work area (highlighted in green in Figure 61) takes up the majority of the screen. This

is where elements are added and modified.
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T
Errors likijII and warnings = for all pages are accessible through the "Errors, Warnings, and Messages"
tab at the bottom of the screen (highlighted in blue in Figure 61). Errors and warnings are also displayed

on the element pages next to the elements with problems.

Specifications can be accessed through the Edit menu or via a button on the toolbar.

The model is run via the Play (green triangle) button on the toolbar. When the Sizing Inputs tab is

selected the MSC model will be solved when Play is selected. When the Islanded Inputs tab is selected

the TMO/PRM model will be solved when Play is selected.

4.2 Sizing Inputs

4.2.1 Editing inputs

To access the MSC input fields, click the Sizing Inputs tab directly above the Input button (Figure 62).

This will provide access to the Sizing Input Options. The inputs pages are accessed through the left

navigation area.

L 

Sizing Inputs
Options

..... "

Select
Sizing Inputs

 J

Main Work Area

4

Figure 62. MSC main screen overview.

4.2.2 Results Viewer

When entry of all inputs is complete, click the "Run" button at the top of the page. Results will be

displayed under the Results Viewer tab. To view the MSC results, select Costs or Investments under Plots

(Figure 63). The Cost results will summarize the costs associated with the selected microgrid. The

Investments results page will display the types and quantities of technologies purchased. Three sets of

investment results are reported: continuous investments, DER investments, and wind investments.
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Figure 63. Viewing MSC results.

4.2.2.1 Save and Open Results Files

To save and open input files, see section 1.4 Save and Open input Files. MDT results files are saved as

*.mof files.

To save your results,

1. check the box next to your result set name.

2. on the toolbar, go to Results -> Save Selected.

To open a results file,

1. on the toolbar, go to Results -> Load.

4.3 Islanded Inputs

4.3.1 Diagramming a Microgrid

Once the microgrid is defined, the diagram window below will become active. A microgrid can be

designed using the diagramming feature or through tabular entry (see sections 4.3.2 Element Pages and

4.3.3 Editing Elements: Tabular Entry). Assets can be added and modified directly in the diagram.

4.3.2 Element Pages

Figure 64 provides an overview of the element pages.

To close a window,

• Click "Finish" to close the window and save all changes made.

• Click "Cancel" to close the window and cancel any changes made since the last save after

opening the dialog box.
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To move to a new element page,

• Click on the element in the navigation area.

or

• Click the "Previous Form" button to move to the previous element page (move up the page

navigation list).

or

• Click the "Next Form" button to move to the next element page (move down the page

navigation list).
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Figure 64. Element pages overview.

4.3.3 Editing Elements: Tabular Entry

Figure 65 shows the main edit features on an element page.

To add a new item,

• Double click in an empty row.

or

• Begin typing a name into an empty row.

To add more details about an item, click the button next to the name field.

To remove an item,

3. Click on the row number (first column) to highlight the row.

4. Press the "Delete" key on the keyboard.

MDT supports undo and redo of actions.

4. Click the Undo or Redo button to view a dropdown of all past actions.

5. Select the action to undo/redo.

6. The tool will update accordingly.
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To save all changes made in this window, click the Save button in the toolbar.
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Figure 65. Editing elements.

4.3.3 Results Viewer
The Results Viewer will only be active when the model has run or previously generated results have

been loaded into MDT (see section 3.7.2 Open Results). Otherwise, there are no results available to

view. There are three main areas of the Results Viewer:

• Plot selection menu (highlighted in purple in Figure 66) allows you to select which plots to

display.

• View Manager Controls (highlighted in blue in Figure 66) toolbar allows you to see the currently

selected configuration and filters being applied to the plots. This toolbar can be

displayed/hidden via the plot selection menu. This is not applicable for MSC analyses.

• Plots display area (highlighted in green Figure 66) can display multiple plots at once. Plot

windows can be resized and moved.

All of the plots are interactive and are linked. Selecting a configuration or filtering on one plot will cause

the same configuration and filters to apply to all other plots. Since multiple plots can be open at the

same time, this feature becomes useful in ensuring all plots are displaying information about the same

data set. In Figure 66, you will see a bright blue dot or line in three of the plots, which represent the

same configuration.
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All plot images can be copy-and-pasted into other tools. Every plot window has a Controls tab in the

upper right corner. Click on the Controls tab, and then click on the Copy icon 2.A. Next, paste the image

into the tool of your choice.
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Figure 66. Results Viewer page overview.
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4.3.3.1 Save and Open Results Files
To save and open input files, see section 1.4 Save and Open input Files. MDT results files are saved as

*.mof files.

To save your results,

3. check the box next to your result set name.

4. on the toolbar, go to Results -> Save Selected.

To open a results file,

2. on the toolbar, go to Results -> Load.
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5. Appendix B: Failure Mode Distributions
Failure modes define the ways that each equipment type can break as described in section 3.1.2

Equipment Specifications.

You can define as many failure modes as needed, including the mean time to failure (MTTF) and mean

time to repair (MTTR). They are defined in hours. This section provides a description of each distribution

and recommendations on when to use each one.
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Log Normal

Parameters:
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Uniform

(aka rectangular distribution)
Parameters:

• Lower Bound

• Upper Bound
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