Oxtimal:
Optimal Control of Networked Microgrids

Joseph Young
David Wilson
Marvin Cook

I: fﬁ@ﬂ@ Version: 1.0.0

j@”fi Release Date: September 19, 2018

‘.V‘.’V"V.O“timeiee. com / Manual licensed under a Creative ® @
i nd J Commons Attribution-NoDerivatives 4.0
(©2018 by OptimoJoe. Some rights reserved International license BY ND


http://www.optimojoe.com
http://creativecommons.org/licenses/by-nd/4.0/
http://www.optimojoe.com

Contents

1 Introduction

1.1 Licensing . . . . . o o v i e e e e e e

1.2 Support . . oo

1.3 Referencing . . . . . . . o
2 Installation

2.1 Dependencies . . . . . . .. e e e e e e e
3 Usage

3.1 Direct . . ..o e e

3.2 Scenario . ... oo

4 Parameters

4.1 Models . . . . oL e

4.2 Optimization Formulation . . . . . .. . ... L

4.3 Parameters . . . . . ..o e e e e e e e
5 Examples

5.1 Single DC Microgrid . . . . . . . . o o e e e

5.2 Single AC Microgrid . . . . . . . .
Index

12
12

13
13
13

15
15
15
17

54
54
60

66



Chapter 1

Introduction

Oxtimal [oks-tuh-muhl] is an open source research code designed for the optimal control of networked micro-
grids. It features

e Flexible construction of microgrids

— Supports a combination of DC and AC components

— Quickly combine new grids through a well-defined API
e Open source

— Released under the MPL 2.0 license

— Free and ready to use with both open and closed sourced codes
¢« Robust computations and repeatability

— Built-in archiving of solutions

— Archives assist in debugging the design of grid components

1.1 Licensing

Oxtimal is copyrighted by OptimoJoe and licensed under the MPL 2.0 License:
Copyright 2018 OptimoJoe.

Copyright 2018 National Technology & Engineering Solutions of Sandia, LLC
(NTESS) . Under the terms of Contract DE-NA0003525 with NTESS, the U.S.

Government retains certain rights in this software.

Mozilla Public License Version 2.0

1. Definitions

1.1. "Contributor"
means each individual or legal entity that creates, contributes to
the creation of, or owns Covered Software.

1.2. "Contributor Version"
means the combination of the Contributions of others (if any) used



by a Contributor and that particular Contributor's Contribution.

1.3. "Contribution"
means Covered Software of a particular Contributor.

1.4. "Covered Software"
means Source Code Form to which the initial Contributor has attached
the notice in Exhibit A, the Executable Form of such Source Code
Form, and Modifications of such Source Code Form, in each case
including portions thereof.

1.5. "Incompatible With Secondary Licenses"
means

(a) that the initial Contributor has attached the notice described
in Exhibit B to the Covered Software; or

(b) that the Covered Software was made available under the terms of
version 1.1 or earlier of the License, but not also under the
terms of a Secondary License.

1.6. "Executable Form"
means any form of the work other than Source Code Form.

1.7. "Larger Work"
means a work that combines Covered Software with other material, in
a separate file or files, that is not Covered Software.

1.8. "License"
means this document.

1.9. "Licensable"
means having the right to grant, to the maximum extent possible,
whether at the time of the initial grant or subsequently, any and
all of the rights conveyed by this License.

1.10. "Modifications"
means any of the following:

(a) any file in Source Code Form that results from an addition to,
deletion from, or modification of the contents of Covered
Software; or

(b) any new file in Source Code Form that contains any Covered
Software.

1.11. "Patent Claims" of a Contributor
means any patent claim(s), including without limitation, method,
process, and apparatus claims, in any patent Licensable by such
Contributor that would be infringed, but for the grant of the
License, by the making, using, selling, offering for sale, having
made, import, or transfer of either its Contributions or its
Contributor Version.



1.12. "Secondary License"
means either the GNU General Public License, Version 2.0, the GNU
Lesser General Public License, Version 2.1, the GNU Affero General
Public License, Version 3.0, or any later versions of those
licenses.

1.13. "Source Code Form"
means the form of the work preferred for making modificationms.

1.14. "You" (or "Your")
means an individual or a legal entity exercising rights under this
License. For legal entities, "You" includes any entity that
controls, is controlled by, or is under common control with You. For
purposes of this definition, "control" means (a) the power, direct
or indirect, to cause the direction or management of such entity,
whether by contract or otherwise, or (b) ownership of more than
fifty percent (50%) of the outstanding shares or beneficial
ownership of such entity.

2. License Grants and Conditions

2.1. Grants

Each Contributor hereby grants You a world-wide, royalty-free,
non-exclusive license:

(a) under intellectual property rights (other than patent or trademark)
Licensable by such Contributor to use, reproduce, make available,
modify, display, perform, distribute, and otherwise exploit its
Contributions, either on an unmodified basis, with Modifications, or
as part of a Larger Work; and

(b) under Patent Claims of such Contributor to make, use, sell, offer
for sale, have made, import, and otherwise transfer either its
Contributions or its Contributor Version.

2.2. Effective Date

The licenses granted in Section 2.1 with respect to any Contribution
become effective for each Contribution on the date the Contributor first
distributes such Contribution.

2.3. Limitations on Grant Scope

The licenses granted in this Section 2 are the only rights granted under
this License. No additional rights or licenses will be implied from the
distribution or licensing of Covered Software under this License.
Notwithstanding Section 2.1(b) above, no patent license is granted by a
Contributor:

(a) for any code that a Contributor has removed from Covered Software;
or



(b) for infringements caused by: (i) Your and any other third party's
modifications of Covered Software, or (ii) the combination of its
Contributions with other software (except as part of its Contributor
Version); or

(c) under Patent Claims infringed by Covered Software in the absence of
its Contributions.

This License does not grant any rights in the trademarks, service marks,
or logos of any Contributor (except as may be necessary to comply with
the notice requirements in Section 3.4).

2.4. Subsequent Licenses

No Contributor makes additional grants as a result of Your choice to
distribute the Covered Software under a subsequent version of this
License (see Section 10.2) or under the terms of a Secondary License (if
permitted under the terms of Section 3.3).

2.5. Representation

Each Contributor represents that the Contributor believes its
Contributions are its original creation(s) or it has sufficient rights
to grant the rights to its Contributions conveyed by this License.
2.6. Fair Use

This License is not intended to limit any rights You have under
applicable copyright doctrines of fair use, fair dealing, or other
equivalents.

2.7. Conditions

Sections 3.1, 3.2, 3.3, and 3.4 are conditions of the licenses granted
in Section 2.1.

3. Responsibilities

3.1. Distribution of Source Form

A1l distribution of Covered Software in Source Code Form, including any
Modifications that You create or to which You contribute, must be under
the terms of this License. You must inform recipients that the Source
Code Form of the Covered Software is governed by the terms of this
License, and how they can obtain a copy of this License. You may not
attempt to alter or restrict the recipients' rights in the Source Code
Form.

3.2. Distribution of Executable Form
If You distribute Covered Software in Executable Form then:

(a) such Covered Software must also be made available in Source Code



Form, as described in Section 3.1, and You must inform recipients of
the Executable Form how they can obtain a copy of such Source Code
Form by reasonable means in a timely manner, at a charge no more
than the cost of distribution to the recipient; and

(b) You may distribute such Executable Form under the terms of this
License, or sublicense it under different terms, provided that the
license for the Executable Form does not attempt to limit or alter
the recipients' rights in the Source Code Form under this License.

3.3. Distribution of a Larger Work

You may create and distribute a Larger Work under terms of Your choice,
provided that You also comply with the requirements of this License for
the Covered Software. If the Larger Work is a combination of Covered
Software with a work governed by one or more Secondary Licenses, and the
Covered Software is not Incompatible With Secondary Licenses, this
License permits You to additionally distribute such Covered Software
under the terms of such Secondary License(s), so that the recipient of
the Larger Work may, at their option, further distribute the Covered
Software under the terms of either this License or such Secondary
License(s).

3.4. Notices

You may not remove or alter the substance of any license notices
(including copyright notices, patent notices, disclaimers of warranty,
or limitations of liability) contained within the Source Code Form of
the Covered Software, except that You may alter any license notices to
the extent required to remedy known factual inaccuracies.

3.5. Application of Additional Terms

You may choose to offer, and to charge a fee for, warranty, support,
indemnity or liability obligations to one or more recipients of Covered
Software. However, You may do so only on Your own behalf, and not on
behalf of any Contributor. You must make it absolutely clear that any
such warranty, support, indemnity, or liability obligation is offered by
You alone, and You hereby agree to indemnify every Contributor for any
liability incurred by such Contributor as a result of warranty, support,
indemnity or liability terms You offer. You may include additional
disclaimers of warranty and limitations of liability specific to any
jurisdiction.

4. Inability to Comply Due to Statute or Regulation

If it is impossible for You to comply with any of the terms of this
License with respect to some or all of the Covered Software due to
statute, judicial order, or regulation then You must: (a) comply with
the terms of this License to the maximum extent possible; and (b)
describe the limitations and the code they affect. Such description must
be placed in a text file included with all distributions of the Covered
Software under this License. Except to the extent prohibited by statute



or regulation, such description must be sufficiently detailed for a
recipient of ordinary skill to be able to understand it.

5. Termination

5.1. The rights granted under this License will terminate automatically
if You fail to comply with any of its terms. However, if You become
compliant, then the rights granted under this License from a particular
Contributor are reinstated (a) provisionally, unless and until such
Contributor explicitly and finally terminates Your grants, and (b) on an
ongoing basis, if such Contributor fails to notify You of the
non-compliance by some reasonable means prior to 60 days after You have
come back into compliance. Moreover, Your grants from a particular
Contributor are reinstated on an ongoing basis if such Contributor
notifies You of the non-compliance by some reasonable means, this is the
first time You have received notice of non-compliance with this License
from such Contributor, and You become compliant prior to 30 days after
Your receipt of the notice.

5.2. If You initiate litigation against any entity by asserting a patent
infringement claim (excluding declaratory judgment actiomns,
counter-claims, and cross-claims) alleging that a Contributor Version
directly or indirectly infringes any patent, then the rights granted to
You by any and all Contributors for the Covered Software under Section
2.1 of this License shall terminate.

5.3. In the event of termination under Sections 5.1 or 5.2 above, all
end user license agreements (excluding distributors and resellers) which
have been validly granted by You or Your distributors under this License
prior to termination shall survive termination.
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*
* 6. Disclaimer of Warranty

*

Covered Software is provided under this License on an "as is"
basis, without warranty of any kind, either expressed, implied, or
statutory, including, without limitation, warranties that the
Covered Software is free of defects, merchantable, fit for a
particular purpose or non-infringing. The entire risk as to the
quality and performance of the Covered Software is with You.
Should any Covered Software prove defective in any respect, You
(not any Contributor) assume the cost of any necessary servicing,
repair, or correction. This disclaimer of warranty constitutes an
essential part of this License. No use of any Covered Software is
authorized under this License except under this disclaimer.
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* 7. Limitation of Liability *



*

Under no circumstances and under no legal theory, whether tort
(including negligence), contract, or otherwise, shall any
Contributor, or anyone who distributes Covered Software as
permitted above, be liable to You for any direct, indirect,
special, incidental, or consequential damages of any character
including, without limitation, damages for lost profits, loss of
goodwill, work stoppage, computer failure or malfunction, or any
and all other commercial damages or losses, even if such party
shall have been informed of the possibility of such damages. This
limitation of liability shall not apply to liability for death or
personal injury resulting from such party's negligence to the
extent applicable law prohibits such limitation. Some
jurisdictions do not allow the exclusion or limitation of
incidental or consequential damages, so this exclusion and
limitation may not apply to You.

¥ O X X X X X X X X X X X X ¥ X x
LR T R R R R . S

3k 5k 3k 5k >k 5k >k 3k 5k 3k 5k >k 5k >k 3k 5k 3k 5k >k 5k >k 3k 5k 5k 5k 3k 5k >k 5k >k 3k 5k 5k 5k >k 3k >k 3k 5k 3k 5k >k >k >k 3k >k 5k 5k >k 5k >k 5k >k 3k 5k %k 5k >k >k >k %k >k %k 5k %k >k %k >k *k k k %k

8. Litigation

Any litigation relating to this License may be brought only in the
courts of a jurisdiction where the defendant maintains its principal
place of business and such litigation shall be governed by laws of that
jurisdiction, without reference to its conflict-of-law provisions.
Nothing in this Section shall prevent a party's ability to bring
cross—claims or counter-claims.

9. Miscellaneous

This License represents the complete agreement concerning the subject
matter hereof. If any provision of this License is held to be
unenforceable, such provision shall be reformed only to the extent
necessary to make it enforceable. Any law or regulation which provides
that the language of a contract shall be construed against the drafter
shall not be used to construe this License against a Contributor.

10. Versions of the License

10.1. New Versions

Mozilla Foundation is the license steward. Except as provided in Section
10.3, no one other than the license steward has the right to modify or
publish new versions of this License. Each version will be given a
distinguishing version number.

10.2. Effect of New Versions

You may distribute the Covered Software under the terms of the version
of the License under which You originally received the Covered Software,



or under the terms of any subsequent version published by the license
steward.

10.3. Modified Versions

If you create software not governed by this License, and you want to
create a new license for such software, you may create and use a
modified version of this License if you rename the license and remove
any references to the name of the license steward (except to note that
such modified license differs from this License).

10.4. Distributing Source Code Form that is Incompatible With Secondary
Licenses

If You choose to distribute Source Code Form that is Incompatible With
Secondary Licenses under the terms of this version of the License, the
notice described in Exhibit B of this License must be attached.

Exhibit A - Source Code Form License Notice

This Source Code Form is subject to the terms of the Mozilla Public
License, v. 2.0. If a copy of the MPL was not distributed with this
file, You can obtain one at http://mozilla.org/MPL/2.0/.

If it is not possible or desirable to put the notice in a particular
file, then You may include the notice in a location (such as a LICENSE
file in a relevant directory) where a recipient would be likely to look
for such a notice.

You may add additional accurate notices of copyright ownership.

Exhibit B - "Incompatible With Secondary Licenses" Notice

This Source Code Form is "Incompatible With Secondary Licenses", as
defined by the Mozilla Public License, v. 2.0.

In short, Oxtimal is free to use in both open and closed sourced codes, but modifications to Oxtimal itself
must be shared. If you use it, we ask that you provide a citation or link to http://www.optimojoe. com.

1.2 Support
News, updates, and download information for Oxtimal can be found at
http://www.optimojoe.com
Our user forum can be found at
http://forum.optimojoe.com

Finally, if you are interested in paid support and consulting, please contact us at contact@optimojoe.com.
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1.3 Referencing

We have published several papers that describe the algorithms behind Oxtimal. In order to cite Oxtimal,
please reference one of the following:

D. G. Wilson, W. W. Weaver, R. D. Robinett Tii, J. Young, S. F. Glover, M. A. Cook, S. Markle,
T. J. McCoy. Nonlinear Power Flow Control Design Methodology for Navy Electric Ship
Microgrid Energy Storage Requirements. INEC/iSCSS 2018: To appear. 2018.

Joseph Young, Marvin A. Cook, David G. Wilson. A Predictive Engine for On-Line Optimal
Microgrid Control. 2017 IEEE Electric Ship Technologies Symposium (ESTS): 564 - 571. 2017.

D. G. Wilson, R. D. Robinett, W. W. Weaver, R. H. Byrne and J. Young. Nonlinear Power
Flow Control Design of High Penetration Renewable Sources for AC Inverter Based
Microgrids. 2016 International Symposium on Power Electronics, Electrical Drives, Automation and
Motion (SPEEDAM): 701 - 708, 2016.

David G. Wilson, Jason C. Neely, Marvin A. Cook, Steven F. Glover, Joseph Young, and Rush D.
Robinett. Hamiltonian control design for DC microgrids with stochastic sources and loads
with applications. 2014 International Symposium on Power Electronics, Electrical Drives, Automa-
tion and Motion (SPEEDAM): 1264 - 1271, 2014.
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Chapter 2

Installation

Oxtimal can be downloaded from
http://www.optimojoe.com/uploads/software/Oxtimal-1.0.0.zip
as a zipped archive. We also give direct access to our code repository at
https://github.com/optimojoe/oxtimal
In order to install Oxtimal
1. Ungzip the archive
2. Add the directory code to the MATLAB/Octave path

2.1 Dependencies

Oxtimal uses the following software packages

Package Version License
Oxtimal 1.2 MPL-2.0
Optizelle 1.2 BSD-2-Clause
MATLAB R2018  Custom
Octave 4.4 GPL-3.0
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Chapter 3
Usage

Oxtimal can be run in two different modes: direct or by scenario. We address each of these cases in their
own section.

3.1 Direct

In direct mode, Oxtimal is run with the command
solution = runDirect(params);

Here we have
Name params
Type Structure array

Description Parameters that describe the optimization and microgrid setup. It requires two variables
Optizelle and microgrid. The variable Optizelle may be empty or contain optimization
parameters that are sent directly to Optizelle. For a description of these parameters, please
see the Optizelle manual. The variable microgrid contains the microgrid parameters, which
are discussed in Chapter 4.

Name solution
Type Structure array

Description Optimal control found by Optizelle. A complete description of these parameters is dis-
cussed in Chapter 4.

3.2 Scenario

In scenario mode, Oxtimal is run with the command
solution = runScenario(scenario,variant)
Here we have

Name scenario

Type String
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Description Name of a scenario found in the data directory. In order to create a new scenario,
create a folder in this directory named myscenario, which contains a single file named
microgrid.json. This is a json formatted file that contains two sections: Oxtimal and
microgrid. The section Optizelle may be empty or contain optimization parameters that
are sent directly to Optizelle. For a description of these parameters, please see the Optizelle
manual. The section microgrid contains the microgrid parameters, which are discussed in

Chapter 4.
Name variant
Type String

Description Optional argument that refers to a section in the microgrid. json file. The parameters in
this section overwrite the parameters in the microgrid section. In addition, the solution for
this scenario will be written to the solution. json file in the results/scenario directory
under the specified variant. This is useful for archiving runs for later study. If this archiving
feature is desired without overwriting any parameters, simply make an empty section in the
microgrid. json file.

Name solution
Type Structure array

Description Optimal control found by Optizelle. A complete description of these parameters is dis-
cussed in Chapter 4.

In addition, the last control produced is written to the file results/scenario/last_solution. json file.
The last output created by Optizelle is written to the file results/scenario/last_output.txt.
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Chapter 4

Parameters

In the following chapter, we discuss the parameters required to construct a microgrid. We use these param-
eters when running the optimal controller as described in Chapter 3.

4.1 Models

Within Oxtimal, we construct a microgrid from the components A-F found in Figures 4.1, 4.2, 4.3, 4.4, 4.5,
and 4.6. More simply, component A represents a boost converter, B a DC bus, C a connector between DC
buses, E a connector between a DC bus and an AC bus, F an AC bus, and G a three-phase inverter. In
our notation, the numbers indicate how each of these components connects to each other. For example, we
represent a single DC microgrid with two boost converters in Figure 4.7. For a single AC microgrid, we can
see the setup in Figure 4.8.

VA UuA I R PA/ZA

C .

Figure 4.1: (A) Boost Converter

4.2 Optimization Formulation

Based on the grid components from Section 4.1, Oxtimal finds an optimal control for the grid by solving the
optimization problem

Minimize
Objective Function

(10 Xl + 10100, X 2 4 108, B + 106,00, NI +

ISR NSI

(HwAcont'r‘ol UAUAyiten >+ HwBuuntmzuBuBswitch||2 + ||wcuo'nt'r'ol ucucswitch||2

+Hchontrol uqustitch||2 + HchontrolquuFSwitCh||2 + | chontmLuGuGswitchHQ) +
((way,,.Raia,ia) + (we,,,, Roic,ic) + (wg,,,. Reip,, i) + (wg,,.. REig,,ip,) + (Wa,,., Raic, ic)) +
(||wApownrpAuS7JJitCh||2 + HprowerpBuBswitchHQ + ||prmucrpCquwitchH

N[0 =
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+HwFpowerpFuFS’UjitCh||2 + HwGpowerpGuGswitchH2)
Subject to

Boost Converters

LAZ';4 = —Rjgip — %‘4 + VA FUAVA, o — /\A(<I>1UB)
DC buses
Cpup = —$& — T& + upupuiten + Pf (Aaia) — ®Fic + ®f (Acic) — 1 (Erp(ér.in, +Ep.in,))

DC to DC Connectors
Lcic = —Rcic + ucuc switen, + P20 — Ao (P3vp)

AC to DC Connectors
Lpip, =—Rpip, + EAple. Psvp + Lpip, Pewr — Psup,
Lgip, =—Rgpip, + EAp€e, Psvp — Lpip, Pewr — Pvr,

AC buses
. vF Pr T T:
Crop, =—gt — UF: +wrCrUE, + UFUF switeh + P im, + P7ic,
. VF, Pr, T: T:
OF'UFq :——Rlz - UFZ — WFOFUFd + UF, UF switch T @6 tE, + @7 lq,
Inverters

Rg,.ic =va +uguUa, i — VGa.
CGa.v6,. =ic — EXe(éa.ic, + &a.ia,)
Laig, == Rgic, + ZAcé6.v6,, + Laic, Prwr — Prup,
Lgigq Z—Rg’igq + E)\Gg(;sv(;dc — Lgi(;dq)7wp — CI)7’UFq

Trigonometric
€, +Ep =
&, +8&, =¢

Power

PA = uAala

PB = vBUupB

pc = ucic

DPF = VF,UF, + VF,UF,
PG = ugic

Discretization

PAkt1 = tAg + Altagyq, k=0,...,nime — 1
€Ak+1 = €ar — Alpagpy

Mp+1 = Mg + Atd gy

UBk+1 = UBE + AlUBR 11
€Br+1 = €Br — AlPBi41

ioke1 = ok + Aticgs
ACk+1 = Aok + AtAckt1
€ECk+1 = €Ck — Atpckﬂ

iBagy1 = VBap T AliB, 4

1By = By + At’LEqk_H
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ABrs1 = Amg + AtApg i

VFyjop1 = VFap, T DlUE, 4y
UF,jy1 = VR, T AR,
€Fk+1 — €Fg — Athch,-l
iGaps1 = Qg + Aticy
quk—H = iqu + Atquk—&-l
VGyekt1 = VGack T A.tUG'dck‘—O—l
AGrt1 = Ak + AtAGri
ear+1 = ear — Atpap i1

Bounds

TAmin < 4 < TAmax
UAmin < UA < UAmax
>\Arnin <A < )\Amax
€Amin < €4 < €Amax

UBmin <wvp < VUBmax
UBmin <up < UBmax
€Bmin < €B < €Bmax

Z.C'min < z‘C < iCmax
UC min <uc < UC max
)\Cmin < )‘C' < )\Cmax

€Cmin <ec < €C'max

ZEdmin g LEq4 S ZEdmax
ZEq min S ZEq S ZEq max
>\Emin < AE < )\Emax

UFamin S VF4 S demax
< UF, < v, max
UF4min S UFy § UFgmax
U’quin < U’Fq < 'U/quax
€Fmin < €F < €Fmax
Z.Gmin <ig < iGmax
VGgemin S VG e S decmax
idein S iGd S ideax
qu min < qu < Z-GQmaX
UGmin < UG < UG max
)‘Gmin <Ag < )\Gmax

€Gmin <eg < €Gmax

4.3 Parameters

In order to specify the microgrid, we require several parameters. In the following specification, we use the
following schema

Name Mathematical name
Domain Code name
Type Mathematical domain

Description Programming type

17
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Rp
2 —0
Cg

Figure 4.2: (B) DC Bus

uc

2 @Wo—s

Figure 4.3: (C) DC to DC Bus Connector

Input/output Requirements for specification Description of parameter

In order to specify a matrix parameter, x € R™*" we use a MATLAB/Octave matrix with m rows and
n columns. In the json formatted parameter files, this becomes an array of arrays that specify the matrix in
row-major format. For example, the matrix
L2
T3 4

becomes
"x" . [[1.0 2.0],[3.0 4.0]]

in json format.
Finally, for parameters whose size is dependent on time, 7n;me, if the number of columns is 1, then the
same parameter is repeated for all time steps. For example, both

"' : [1.0,1.0,1.0,1.0]
and

"x" o [1.0]

18



Figure 4.4: (E) AC to DC Bus Connector

are equivalent. If there is a matrix parameter, all rows must have the same number of columns. Hence, we
disallow

"x" : [[1.0,2.0,3.0,4.0],
[2.0]]

and instead require

"x" : [[1.0,2.0,3.0,4.0],
[2.0,2.0,2.0,2.0]]

As for the parameters themselves, we specify that

Topology.

Name Nhoost Description Number of DC buses, B

API Name nboost

Domain N Name Ndede
Type Integer API Name ndcdc
1/0 Input Domain N
Requirement None Type Integer
Description Number of boost converters, A I/O Input

Requirement None

Name n . .
de Description Number of connections between

API Name ndc DC buses, C

Domain N

Type Integer Name Nioad
I1/0 Input API Name nload
Requirement None Domain N
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Figure 4.5: (F) AC Bus
Type Integer
1/0 Input

Requirement None

Description Number of additional loads, D

Name Nacde

API Name nacdc
Domain N
Type Integer
1/0 Input
Requirement None

Description Number of connections between
AC and DC buses, E

Name Nge

API Name nac
Domain N
Type Integer

1/0 Input

20

Description Number of AC buses, F

Name Ninw

API Name ninv
Domain N
Type Integer
1/0 Input
Requirement None

Description Number of three-phase inverters,

G

Name Nime
API Name ntime
Domain N
Type Integer
I/0 Input
Requirement None

Description Number of time steps



ug

vG
1
A B
|1
A
Figure 4.7: Single DC microgrid

Name At Type Integer
API Name Delta_t I/0 Input

Domain R

Type Float
1/0 Input
Requirement None

Description Time step for the discretization of
the differential equations

Name o4
API Name Phi_boost_dc_1

Domain {0, 1}"teost X"de

Requirement ng. > 0,np00st > 0

Description Boost converter/DC bus expan-
sion operator, ®;1,; = 1 when boost
converter ¢ is connected to DC bus j
over the connection labeled 1

Name d,y
API Name Phi_dcdc_dc_2

Domain {0, 1}"dedeX"de

Type Integer
I/0 Input

F

| 7

G

Figure 4.8: Single AC microgrid
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Boost Converter

Requirement ng. > 0,n4cqc > 0

Description DC-DC Connector/DC bus ex-
pansion operator, ®3;; = 1 when
connector i is connected to DC bus
j over the connection labeled 2

Name [OF

API Name Phi_dcdc_dc_3

Domain {0, 1}"dedeXnde
Type Integer
1/0 Input

Requirement ng. > 0,n4c4. > 0

Description DC-DC Connector/DC bus ex-
pansion operator, ®3;; = 1 when
connector ¢ is connected to DC bus
j over the connection labeled 3

Name P

API Name Phi_acdc_dc_5

Domain {0, 1}"ecdeX"de
Type Integer
1/0 Input

Requirement ng. > 0,n4cdc > 0,n4c > 0

Description AC-DC Connector/DC bus ex-
pansion operator, ®5;; = 1 when AC
to DC connector 7 is connected to

DC bus j over the connection labeled
5

Name b

API Name Phi_acdc_ac_6

Domain {07 1}nucdc XMNge
Type Integer
I/0 Input

Requirement n,.q. > 0,n4. > 0

Description AC-DC Connector/AC bus ex-
pansion operator, ®g;; = 1 when AC
to DC connector i is connected to

AC bus j over the connection labeled
6

Name P,

API Name Phi_inv_ac_7

Domain {0, 1}minvX"ae
Type Integer
I/0 Input

Requirement n,. > 0,n,, >0

Description Inverter/AC bus expansion oper-
ator, ®7;; = 1 when three-phase in-
verter i is connected to AC bus j
over the connection labeled 7

Name UA

API Name u_A

Domain R™boostXNtime
Type Float
I/0 Output

Requirement np,,5¢ > 0

Description Controllable voltage source in the
boost converters connected to the
DC buses

22

Name UAgpiten

API Name u_A_switch

Domain {0, 1}7boost X ntime
Type Integer
I/0 Input

Requirement npp05: > 0

Description Toggles whether the controllable
voltage source is active



Name UAmax

API Name u_A_max

Domain RMboost XNtime
Type Float
1/0 Input

Requirement 74,05 > 0

Description Maximum voltage generated by
the controllable source on the boost
converter

Name UAmin

API Name u_A_min

Domain R"boost XNtime
Type Float
I/0 Input

Requirement 1,05 > 0

Description Minimum voltage generated by
the controllable source on the boost
converter

Name pA

API Name p_A

DOmain R"boost XNtime
Type Float
I/0 Output

Requirement np,05¢ > 0

Description Power at the controllable source
u4 in the boost converter

Name ea

API Name e_A

Domain R™boostXNtime
Type Float
I/0 Output
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Requirement np,05: > 0

Description Energy in the controllable source
u 4 on the boost converter

Name €A0

API Name e_A 0

Domain Rmseost*1
Type Float
1/0 Input

Requirement np,05: > 0

Description Energy in the controllable source
u4 on the boost converter at time 0

Name € Amax

API Name e_A_max

Domain R™boost XMtime
Type Float
I/0 Input

Requirement np,05: > 0

Description Maximum energy allowed in the
controllable source u4 on the boost
converters

Name € Amin

API Name e_A_min

Domain RMboost XNtime
Type Float
I/0 Input

Requirement np,05: > 0

Description Minimum energy allowed in the
controllable source u4 on the boost
converters

Name VA

API Name v_A

Domain RMboost XMNtime

Type Float



1/0 Input
Requirement np05¢ > 0

Description Constant voltage source in the
boost converters connected to the
DC buses

Name Ly

API Name L_A

Domain R"boostXNtime
Type Float
I/0 Input

Requirement 144, > 0

Description Inductance of the boost convert-
ers connected to the DC buses

Name Ra

API Name R_A

Domain R"boost XNtime
Type Float
I/0 Input

Requirement 1,05 > 0

Description Resistance of the boost converters
connected to the DC buses

Name Py

API Name P_A

Domain RM™boostXNtime
Type Float
I/0 Input

Requirement 7np,,5¢ > 0

Description General load on the boost con-
verters

Name iA

API Name i_A
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Domain R™boost XNtime
Type Float
I/0 Output

Requirement np,05: > 0

Description Current of the boost converters
connected to the DC buses

Name 1A

API Name i_A_dot

Domain R™boost XMtime
Type Float
I/0 Output

Requirement np,05: > 0

Description Derivative of the current in boost
converters connected to the DC
buses

Name 1A

API Name i_A 0O

Domain R™boost X 1
Type Float
I/0 Input

Requirement np,05: > 0

Description Current in the boost converters
connected to the DC buses at time
0

Name 7;A max

API Name i_A_max

Domain [R™boost XNtime
Type Float
1/0 Input

Requirement npp05: > 0

Description Maximum current on boost con-
verters connected to the DC buses

Name L Amin



API Name i_A_min

Domain RM™boost XNtime
Type Float
I/0 Input

Requirement np,,5¢ > 0

Description Minimum current on boost con-
verters connected to the DC buses

Name A

API Name lambda_A

Domain R™boost XNtime
Type Float
I/0 Output

Requirement 1,05 > 0

Description Duty cycle in boost converters
connected to the DC buses

Name XA

API Name lambda_A_dot

Domain R"boostXNtime
Type Float
I/0 Output

Requirement 1,05 > 0

Description Derivative of the duty cycle in the
boost converters connected to the
DC buses

Name Ao

API Name lambda_A_O

Domain ReestX1
Type Float
I/O Input

Requirement 74,05t > 0

Description Initial duty cycle in the boost con-
verters connected to the DC buses
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Name A max

API Name lambda_A_max

Domain R"boost XNtime
Type Float
I/0 Input

Requirement np,05: > 0

Description Maximum duty cycle on the boost
converters. Likely, 1.

Name AA min

API Name lambda_A_min

Domain R™boost XNtime
Type Float
I/0 Input

Requirement np,os: > 0

Description Minimum duty cycle on the boost
converters. Likely, 0.

Name WAy,

API Name w_A_duty

Domain R™oost XMNtime
Type Float
I/0 Input

Requirement np,05: > 0

Description Duty cycle objective weighting for
the boost converters connected to
the DC buses

Name wA

control

API Name w_A_control

Domain [R™boost XNtime
Type Float
I/0 Input

Requirement np,os¢ > 0



Description Controllable source objective
weighting for the boost converters
connected to the DC buses

Name Wa,,..

API Name w_A_loss

Domain RM™boost XNtime
Type Float
I/0 Input

Requirement 74,05t > 0

Description Parasitic loss objective weighting
for the boost converters connected to
the DC buses

Name wa

power

API Name w_A_power

Domain R"boost XNtime
Type Float
I/0 Input

Requirement 1,05 > 0

Description Controllable source power objec-
tive weighting for the boost convert-
ers connected to the DC buses

Name

API Name derived.load_v_A

Domain R"™boost XMNtime
Type Float
I/0 Output

Requirement np,05¢ > 0

Description Voltage across load terms L 4, R4,
and P4, on the boost converters con-
nected to the DC buses.

Name

API Name derived.load_i_A
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Domain R™boost XNtime
Type Float
I/0 Output

Requirement 74,05 > 0

Description Current on the boost converters
connected to the DC bus

Name

API Name derived.load_p_A

Domain R7boost XNtime
Type Float
I/0 Output

Requirement np,05: > 0

Description Power consumed by the load
terms on the boost converters con-
nected to the DC bus

Name

API Name derived.generation_A

Domain R™boost XNtime
Type Float
I/0 Output

Requirement n4,05: > 0

Description Power generated by the boost con-
verters connected the DC bus

Name

API Name derived.duty_A

Domain R"boost XNtime
Type Float
I/0 Output

Requirement np,05: > 0

Description Duty cycle of the boost converters
connected to the DC bus

Name

API Name derived.storage_v_A



Domain R™boostXNtime
Type Float

I/0 Output
Requirement 74505t > 0

Description Voltage of the storage on the
boost converters connected to the
DC bus

Name

API Name derived.storage_i_A
Domain R"eest X Mtime

Type Float

1/0 Output

Requirement np05¢ > 0

Description Current on the boost converters
connected to the DC bus

Name

DC Bus

API Name derived.storage_p_A
Domain  R'beost X7time

Type Float

I/0 Output

Requirement np,05: > 0

Description Power consumed by the storage
on boost converters connected to the
DC bus

Name

API Name derived.storage_e_A
Domain  R"boost Xtime

Type Float

I/0 Output

Requirement np,05: > 0

Description Energy within the storage on
boost converters connected to the
DC bus

Name up

API Name u_B
Domain R™deXntime
Type Float

I/0 Output
Requirement ng. >0
Description R™de*ntime

Float ng. > 0 Controllable current
source in the DC buses

Name UB. e

API Name u_B_switch
Domain {0, 1}7deXntime
Type Integer

I/0 Input

Requirement ng. >0

Description Toggles whether the controllable
current source in the DC buses is ac-
tive

Name UB max
API Name u_B_max
Domain  RdeX"time
Type Float

1/0 Input
Requirement ng. >0

Description Maximum current generated by
the controllable source on the DC
bus

Name UBmin



API Name u_B_min

Domain R™dcXMtime
Type Float
I/0 Input

Requirement ng. > 0

Description Minimum current generated by
the controllable source on the DC
bus

Name DB

API Name p_B

Domain R™deXMtime
Type Float
1/0 Output

Requirement ng. >0

Description Power at the controllable source
up on the DC bus

Name e

API Name e B

Domain R"deXntime
Type Float
I/0 Output

Requirement ng. >0

Description Energy in the controllable source
upg on the DC bus

Name €Bo

API Name e_B_0

Domain Rmdacx!
Type Float
1/0 Input

Requirement ng. >0

Description Energy in the controllable source
up on the DC bus at time 0
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Name €Bmax

API Name e _B_max

Domain R"deX"time
Type Float
I/0 Input

Requirement ng. >0

Description Maximum energy allowed in the
controllable source up on the DC
bus

Name €Bmin

API Name e_B_min

Domain R7%decXntime
Type Float
I/0 Input

Requirement ng. > 0

Description Minimum energy allowed in the
controllable source up on the DC
bus

Name UpB

API Name v_B

Domain R7deXntime
Type Float
I/0 Output

Requirement ng. > 0

Description Voltage in the DC buses

Name UB

API Name v_B_dot

Domain R"deXntime
Type Float
I/0 Output

Requirement ng. >0



Description Derivative of the voltage in the
DC bus

Name VBo

API Name v_B_0

Domain R7acx!
Type Float
1/0 Input

Requirement ng. > 0

Description Voltage in the DC bus at time 0

Name VB max

API Name v_B_max

Domain RmdeXMtime
Type Float
1/0 Input

Requirement ng. > 0

Description Maximum voltage on the DC
buses

Name UBmin

API Name v_B_min

Domain  R7deXMtime
Type Float
1/0 Input

Requirement ng. >0

Description Minimum voltage on the DC
buses
Name Rgp

API Name R_B

Domain R™dcXNMtime
Type Float
I/0 Input
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Requirement ng. > 0

Description Resistance on the DC buses

Cp
API Name C_B

Name

Domain R™deXntime
Type Float
I/0 Input

Requirement ng. > 0

Description Capacitance on the DC buses
Name Pg
API Name P_B

Domain R™deXntime
Type Float
I/0 Input

Requirement ng. > 0

Description General load on the DC buses

Name wp

control

API Name w_B_control

Domain RdeX7time
Type Float
I/0 Input

Requirement ng. >0

Description Controllable  source
weighting for the DC buses

objective

Name wp

power

API Name w_B_power

Domain [R7deXntime
Type Float
I/0 Input

Requirement ng. >0



Description Controllable source power objec-
tive weighting for the DC buses

Name

API Name derived.load_v_B

Domain R™deXMtime
Type Float
1/0 Output

Requirement ng. >0

Description Voltage on the DC bus

Name

API Name derived.load_i B

Domain R"deXNtime
Type Float
I/0 Output

Requirement ng. >0

Description Current consumed by the loads
Cg, Rp, and Pg on the DC bus

Name

API Name derived.load_p_B

Domain R7™dcXnMtime
Type Float
I/0 Output

Requirement ng. > 0

Description Power consumed by the load
terms on the DC bus

Name

API Name derived.generation_B

Domain R™deXMtime
Type Float
I/0 Output

Requirement ng. >0

Description Power generated by the DC bus
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Name

API Name derived.storage_v_B

Domain R™deXntime
Type Float
I/0 Output

Requirement ng. >0

Description Voltage on the DC bus

Name

API Name derived.storage_i_B

Domain R™dcXntime
Type Float
I/0 Output

Requirement ng. >0

Description Current of the storage on the DC
bus

Name

API Name derived.storage_p_B

Domain R"deXntime
Type Float
I/0 Output

Requirement ng. >0

Description Power consumed by the storage on
the DC bus

Name

API Name derived.storage_e_B

Domain R"deXntime
Type Float
I/0 Output

Requirement ng. >0

Description Energy within the storage on the
DC bus



DC to DC Connector

Name uc

API Name u_C

Domain R"dedeXntime
Type Float
I/0 Output

Requirement ng.q. > 0

Description Controllable voltage source in the
connections between the DC buses

Name UC max

API Name u_C_max

Domain R"dedeXNtime
Type Float
I/0 Input

Requirement ng.q. > 0

Description Maximum voltage generated by
the controllable source on the con-
nections between DC buses

Name UC min

API Name u_C_min

Domain R7dedeXNtime
Type Float
1/0 Input

Requirement ng.q. > 0

Description Minimum voltage generated by
the controllable source on the con-
nections between DC buses

Name ucswitch

API Name u_C_switch
Domain {0, 1}"dedeXntime

Type Integer
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1/0 Input

Requirement ng.q. > 0

Description Toggles whether the controllable
voltage source in the connections be-
tween the DC buses is active

Name pC

API Name p_C

Domain R™dedeXMtime
Type Float
I/0 Output

Requirement ng.q. > 0

Description Power at the controllable source
uc on the connector between DC
buses

Name ec

API Name e_C

Domain Rndcdc XNtime
Type Float
I/0 Output

Requirement ng.q. > 0

Description Energy in the controllable source
uc on the connection between DC
buses

Name eco

API Name e_C_0

Domain R"dedex1
Type Float
1/0 Input

Requirement ng.q. > 0

Description Energy in the controllable source
uc on the connection between DC
buses at time 0



Name €C max

API Name e_C_max

Domain R™dedeXNtime
Type Float
I/0 Input

Requirement ng.q. > 0

Description Maximum energy allowed in the
controllable source uc on the con-
nections between DC buses

Name €Cmin

API Name e_C_min

Domain R"dedecXNtime
Type Float
I/0 Input

Requirement ng.q. > 0

Description Minimum energy allowed in the
controllable source uc on the con-
nections between DC buses

Name Lo

API Name L_C

Domain R"dedeXNtime
Type Float
I/0 Input

Requirement ng.q. > 0

Description Inductance in the connections be-
tween the DC buses

Name Re

API Name R_C

Domain R7decdeXNtime
Type Float
I/0 Input

Requirement ng.q. > 0
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Description Resistance in the connections be-
tween the DC buses

Name ic

API Name i_C

Domain R7dedeXMtime
Type Float
I/0 Output

Requirement ng4.q. > 0

Description Current in the connections be-
tween the DC buses

Name 1o

API Name i_C_dot

DOmain Rndcdc XMNtime
Type Float
I/0 Output

Requirement ng4.4. > 0

Description Derivative of the current in the
connections between the DC buses

Name ico

API Name i_C_0

Domain R"dedex1
Type Float
I/0 Input

Requirement ng.q. > 0

Description Current in the connections be-
tween the DC buses at time 0

Name 1C max

API Name i_C_max

Domain [R™dedeXNtime
Type Float
I/0 Input

Requirement ng.q. > 0



Description R'dedeXmtime

Maximum current on the connec-
tions between the DC buses
Name 1Cmin

API Name i_C_min

Domain R"dedeXNtime
Type Float
I/0 Input

Requirement ng.q. > 0

Description Minimum current on the connec-
tions between the DC buses

Name Ao

API Name lambda_C

Domain R7dedcXNtime
Type Float
I/0 Output

Requirement ng.q. > 0

Description Duty cycle in the connections be-
tween the DC buses

Name XC

API Name lambda_C_dot

Domain Rndcdc XNtime
Type Float
1/0 Output

Requirement ng.q. > 0

Description Derivative of the duty cycle in the
connection between the DC buses

Name Aco

API Name lambda_C_0O

Domain R"dcdex1
Type Float
1/0 Input
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Requirement ng4.q. > 0

Description Initial duty cycle in the connec-
tion between the DC buses

Name ACmax

API Name lambda_C_max

Domain [R™dede XNtime
Type Float
I/0 Input

Requirement n4.4. > 0

Description Maximum duty cycle on the con-
nections between DC buses

Name ACmin

API Name lambda_C_min

Domain R"dede XNtime
Type Float
I/0 Input

Requirement ng.q. > 0

Description Minimum duty cycle on the con-
nections between DC buses

Name WC,gury

API Name w_C_duty

Domain Rndcdc XNtime
Type Float
I/0 Input

Requirement ng.q. > 0

Description Duty cycle objective weighting for
the for the connections between DC
buses

Name we,

control

API Name w_C_control

Domain R™dedeXMtime

Type Float



1/0 Input

Requirement ng.q. > 0

Description Controllable source objective
weighting for the for the connections
between DC buses

Name Wey, ..

API Name w_C_loss

Domain RMdedeXNtime
Type Float
I/0 Input

Requirement ng.q. > 0

Description Parasitic loss objective weighting
for the for the connections between
DC buses

Name we

power

API Name w_C_power

Domain R"dedeXNtime
Type Float
I/0 Input

Requirement ng.q. > 0

Description Controllable source power objec-
tive weighting for the connections
between DC buses

Name

API Name derived.load_v_C

Domain R™dedeXntime
Type Float
I/0 Output

Requirement ng.q. > 0

Description Voltage across load terms Lo and
Rc on the connections between DC
buses
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Name

API Name derived.load_i_C

Domain R™decdeXNtime
Type Float
I/0 Output

Requirement ng.q. > 0

Description Current on the connections be-
tween the DC buses

Name

API Name derived.load_p_C

Domain R™dedeXMtime
Type Float
I/0 Output

Requirement ng4.q. > 0

Description Power consumed by the load
terms on the connections between

the DC buses

Name

API Name derived.generation_C

Domain R™decdeXNtime
Type Float
I/0 Output

Requirement ng.q. > 0

Description Power generated by the connec-
tions between the DC buses

Name

API Name derived.duty_C

Domain R™dedeXMtime
Type Float
I/0 Output

Requirement ng4.q. > 0

Description Duty cycle of the connections be-
tween the DC buses



AC Components

AC to DC connector

Name

API Name derived.storage_v_C
Domain  R"dedeX7time

Type Float

1/0 Output

Requirement ng.q. > 0

Description Voltage of the storage on the con-
nections between the DC buses

Name

API Name derived.storage_i_C
Domain  R"dedeX7time

Type Float

1/0 Output

Requirement ng.q. > 0

Description Current on the connections be-
tween the DC buses

Name

API Name derived.storage_p_C
Domain  R'dedeXMtime

Type Float

I/0 Output

Requirement ng4.q. > 0

Description Power consumed by the storage on
connections between the DC buses

Name

API Name derived.storage_e_C
Domain  R'dede XMtime

Type Float

I/0 Output

Requirement ng4.q. > 0

Description Energy within the storage on con-
nections between the DC buses

Name =

API Name Xi
Domain R
Type Float
1/0 Neither

Requirement None

Description Constant associated with the dq0 transformation, 1,/2

3
72 2

Name ig,
API Name i_E_q
Domain R™ecdeXMtime

Type Float

I/0 Output
Requirement n,.4. > 0

Description Current associated with the
quadrature axis in the connection



between AC and DC buses

Name iB,

API Name i_E_q_dot

Domain R"ecdeXNtime
Type Float
I/0 Output

Requirement n,.q. > 0

Description Derivative of the current associ-
ated with the quadrature axis in the
connector between AC and DC buses

Name ig, o

API Name i_E q_0

Domain R7ecdex!
Type Float
1/0 Input

Requirement n,.q. > 0

Description Current associated with the
quadrature axis on the connection
between AC and DC buses at time 0

Name B

amax

API Name i_E_g_max

Domain R"acdeXNtime
Type Float
I/0 Input

Requirement n,.q. > 0

Description Maximum current associated with
the quadrature axis on the connec-
tions between the AC and DC buses

Name B

4min
API Name i_E_g_min

Domain RmacdeXntime
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Type Float

I/0 Input
Requirement ng,.q4. > 0

Description Minimum current associated with
the quadrature axis on the connec-
tions between the AC and DC buses

Name iB,

API Name i_E 4

Domain R"acdeXNtime
Type Float
1/0 Output

Requirement n,.4. > 0

Description Current associated with the direct
axis in the connection between AC
and DC buses

Name 1B,

API Name i_E_d_dot

Domain R"acdeXNtime
Type Float
I/0 Output

Requirement n,.4. > 0

Description Derivative of the current associ-
ated with the direct axis in the con-
nector between AC and DC buses

Name B0

API Name i_ E_4_0

Domain Rmacdex1
Type Float
1/0 Input

Requirement n,.4. > 0

Description Current associated with the direct
axis on the connection between AC
and DC buses at time 0

Name U By max



API Name i_E_d_max

Domain RMecdeXMtime
Type Float
I/0 Input

Requirement n,.q. > 0

Description Maximum current associated with
the direct axis on the connections
between the AC and DC buses

Name LBy min

API Name i_E_d_min

Domain R7Lacch7Lti7ne
Type Float
1/0 Input

Requirement ng.q. > 0

Description Minimum current associated with
the direct axis on the connections
between the AC and DC buses

Name Lg

API Name L_E

Domain R"acdeXNtime
Type Float
I/0 Input

Requirement n,.q. > 0

Description Inductance on the AC side of the
connector between AC and DC buses

Name Rg

API Name R_E

Domain R"ecdeXNtime
Type Float
I/0 Input

Requirement n,.q. > 0

Description Resistance on the AC side of the
connector between AC and DC buses
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Name AE

API Name lambda_E

Domain R"ecdeXNtime
Type Float
I/0 Output

Requirement ng,.q4. > 0

Description Duty cycle in the connector be-
tween AC and DC buses

Name g

API Name lambda_E_dot

Domain R"acdeXNtime
Type Float
I/0 Output

Requirement n,.4. > 0

Description Derivative of the duty cycle in the
connection between the AC and DC
buses

Name AEQ

API Name lambda_E 0

Domain R7ecdex!
Type Float
I/ o Input

Requirement ng,.q. > 0

Description Initial duty cycle in the connec-
tion between the AC and DC buses

Name AEmax

API Name lambda_E_max

Domain R"acdeXNtime
Type Float
I/0 Input

Requirement ng.q. > 0



Description Maximum duty cycle on the con-
nections between AC and DC buses.
Likely, 1.

Name AEmin

API Name lambda_E_min

Domain R"acdeXNtime
Type Float
1/0 Input

Requirement n,.q. > 0

Description Minimum duty cycle on the con-
nections between AC and DC buses.
Likely, 0.

Name

¢k,
API Name xi_E_s

Domain R"acdeXNtime
Type Float
I/0 Output

Requirement n,.q5. > 0

Description Sine of angle associated with the
dq0 transformation in the connec-
tion between AC and DC buses

Name ¢,

API Name xi_E_c

Domain RMacdeXNtime
Type Float
I/0 Output

Requirement ng.q. > 0

Description Cosine of angle associated with
the dq0 transformation in the con-
nection between AC and DC buses

Name WEyyyy

API Name w_E_duty
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Domain RMecdeXNtime
Type Float
I/0 Input

Requirement ng,.q. > 0

Description Duty cycle objective weighting for
the for the connections between AC
and DC buses

Name WE,,,.

API Name w_E_loss

Domain RMecdeXNtime
Type Float
1/0 Input

Requirement ng,.q4. > 0

Description Parasitic loss objective weighting
for the for the connections between
AC and DC buses

Name

API Name derived.load_v_E_d

Domain [RMacdeXntime
Type Float
1/0 Output

Requirement n,.4. > 0

Description Voltage across load terms Lg and
RpEg on the direct axis on the connec-
tions between AC and DC buses

Name

API Name derived.load_i_E_d

Domain R"acdeXNtime
Type Float
I/0 Output

Requirement n,.4. > 0

Description Current on the direct axis on con-
nections between the AC and DC
buses



Name

API Name derived.load_v_E_q

Domain Rnacdc XMNtime
Type Float
I/0 Output

Requirement n,.q5. > 0

Description Voltage across load terms L and
Rp on the quadrature axis on the
connections between AC and DC
buses

Name

API Name derived.load_i_E_q

Domain R"ecdeXNtime
Type Float
I/0 Output

Requirement n,.q. > 0

Description Current on the quadrature axis on
connections between the AC and DC
buses

Name

API Name derived.load_v_E

Domain Rnacdcxntinw
Type Float
1/0 Output

Requirement n,.q. > 0

Description Voltage across load terms Lg and
Rpg on the connections between AC
and DC buses

AC Bus

Name

API Name derived.load_i_E

Domain RMecdeXNtime
Type Float
I/0 Output

Requirement n,.4. > 0

Description Current on the connections be-
tween the AC and DC buses

Name

API Name derived.load_p_E

Domain RMecdeXNtime
Type Float
I/0 Output

Requirement n,.4. > 0

Description Power consumed by the load
terms on the connections between
the DC buses

Name

API Name derived.duty_E

Domain R7aedeXntime
Type Float
I/0 Output

Requirement n,.4. > 0

Description Duty cycle of the connections be-
tween the AC and DC buses

Name WE
API Name omega_F

Domain RmeeXntime
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Type Float

I/0 Input

Requirement n,. >0



Description Angular frequency of the AC bus

Name UFgwitch

API Name u_F_switch

Domain {0, 1}"ecXmtime
Type Integer
I/0 Input

Requirement n,. >0

Description Toggles whether the controllable
current source on the AC bus is ac-
tive

Name Uup,

API Name u_F_q

Domain R7%aecXntime
Type Float
I/0 Output

Requirement n,. > 0

Description Controllable current source asso-
ciated with the quadrature axis on
the AC bus

Name U

amax

API Name u_F_g_max

Domain R™acXntime
Type Float
I/0 Input

Requirement n,. > 0

Description Maximum current generated by
the controllable source associated
with the quadrature axis on the AC
bus

Name UR .
9 min

API Name u_F_qg_min

Domain RMeeXntime
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Type Float

I/0 Input
Requirement n,. >0

Description Minimum current generated by
the controllable source associated
with the quadrature axis on the AC
bus

Name Uup,

API Name u_F_d

Domain R™acXMtime
Type Float
I/0 Output

Requirement n,. >0

Description Controllable current source asso-
ciated with the direct axis on the AC
bus

Name UFy hax

API Name u_F_d_max

Domain RMacXMtime
Type Float
I/0 Input

Requirement n,. >0

Description Maximum current generated by
the controllable source associated
with the direct axis on the AC bus

Name UFy min

API Name u_F_d_min

Domain RMaecXMtime
Type Float
I/0 Input

Requirement n,. > 0

Description Minimum current generated by
the controllable source associated
with the direct axis on the AC bus



Name PR

API Name p_F

Domain R7aecXntime
Type Float
I/0 Output

Requirement n,. > 0

Description Power at the controllable source
ur, and ug, on the AC bus

Name er

API Name e_F

Domain R™acXntime
Type Float
I/0 Output

Requirement n,. > 0

Description Energy in the controllable source
ur, and ug, on the AC bus

Name ero

API Name e_F_0

Domain R7acx!
Type Float
1/0 Input

Requirement n,. >0

Description Energy in the controllable source
up, and up, on the AC bus at time
0

Name € F max

API Name e_F_max

Domain R"MacXntime
Type Float
1/0 Input

Requirement n,. >0
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Description Maximum energy allowed in the
controllable source up, and up, on
the AC bus

Name €F min

API Name e_F_min

Domain R™aeecX™time
Type Float
I/0 Input

Requirement n,. >0

Description Minimum energy allowed in the

controllable source up, and up, on
the AC bus

Name VF,

API Name v_F_q

Domain RMacXMtime
Type Float
I/0 Output

Requirement n,. > 0

Description Voltage associated with the

quadrature axis on the AC bus

Name (o

API Name v_F_q_dot

Domain R%acXntime
Type Float
I/0 Output

Requirement n,. > 0

Description Derivative of the voltage associ-

ated with the quadrature axis on the
AC bus

Name VE,,

API Name v_F_q_0

Domain R%ec*1
Type Float
1/0 Input



Requirement n,. > 0

Description Voltage associated with the
quadrature axis on the AC bus at
time 0

Name VFy max

API Name v_F_g_max

Domain R™acXntime
Type Float
I/0 Input

Requirement n,. > 0

Description Maximum voltage associated with
the quadrature axis on the AC bus

Name VF,

min

API Name v_F_q_min

Domain R"%acXntime
Type Float
I/0 Input

Requirement n,. >0

Description Minimum voltage associated with
the quadrature axis on the AC bus

Name VF,

API Name v_F_d

Domain R7ecXntime
Type Float
1/0 Output

Requirement n,. > 0

Description Voltage associated with the direct
axis on the AC bus

Name VE,
API Name v_F_d_dot

Domain RMeeXntime
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Type Float

I/0 Output
Requirement n,. > 0

Description Derivative of the voltage associ-
ated with the direct axis on the AC
bus

Name VF4

API Name v_F_d4_0

Domain Rmacx!
Type Float
I/0 Input

Requirement n,. > 0

Description Voltage associated with the
quadrature axis on the AC bus at
time 0

Name VFy max

API Name v_F_d_max

Domain RMacXMtime
Type Float
I/0 Input

Requirement n,. > 0

Description Maximum voltage associated with
the direct axis on the AC bus

Name UF4min

API Name v_F_d_min

Domain R"acXntime
Type Float
I/0 Input

Requirement n,. > 0

Description Minimum voltage associated with
the direct axis on the AC bus

Rp
API Name R_F

Name



Domain R7ecXntime
Type Float
I/0 Input

Requirement n,. >0
Description Resistance on the AC buses
Name Pr

API Name P_F

Domain R™ecXntime
Type Float
I/0 Input

Requirement n,. >0

Description General load on the AC buses

Cr
API Name C_F

Name

Domain RmMeeXntime
Type Float
1/0 Input

Requirement n,. >0

Description Capacitance on the AC buses

Name WE,

control

API Name w_F_control

Domain R7aecXntime
Type Float
1/0 Input

Requirement n,. > 0

Description Controllable  source
weighting for the AC buses

objective

Name WE

power

API Name w_F_power

43

Domain Rnacxntwne
Type Float
I/0 Input

Requirement n,. > 0

Description Controllable source power objec-
tive weighting for the AC buses

Name

API Name derived.load_v_F_d

Domain RMacXMtime
Type Float
I/0 Output

Requirement n,. > 0

Description Voltage on the direct axis on the
AC bus

Name

API Name derived.load_v_F_q

Domain RM™acXMtime
Type Float
I/0 Output

Requirement n,. > 0

Description Voltage on the quadrature axis on
the AC bus

Name

API Name derived.load_v_F

Domain RMaecXMtime
Type Float
I/0 Output

Requirement n,. >0

Description Voltage on the AC bus

Name
API Name derived.load_i_F_d

Domain R™aeXMtime



Type Float

1/0 Output
Requirement n,. >0

Description Current consumed by the loads
Cr, Rr, and Pp, on the direct axis
on the AC bus

Name

API Name derived.load_i_F_q

Domain R7%ecXntime
Type Float
I/0 Output

Requirement n,. > 0

Description Current consumed by the loads
Cr, Rp, and Pg, on the quadrature
axis on the AC bus

Name

API Name derived.load_i F

Domain R7eeXnMtime
Type Float
1/0 Output

Requirement n,. > 0

Description Current consumed by the loads on
the AC bus

Name

API Name derived.load_p_F

Domain RmMeeXntime
Type Float
1/0 Output

Requirement n,. > 0

Description Power consumed by the load
terms on the AC bus
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Name

API Name derived.generation_F

Domain RMacXMtime
Type Float
I/0 Output

Requirement n,. >0

Description Power generated by the AC bus

Name

API Name derived.storage_v_F

Domain R™acXMtime
Type Float
I/0 Output

Requirement n,. > 0

Description Voltage on the AC bus

Name

API Name derived.storage_i_F

Domain [RMacXntime
Type Float
I/0 Output

Requirement n,. > 0

Description Current of the storage on the AC
bus

Name

API Name derived.storage_p_F

Domain R™acXNMtime
Type Float
I/0 Output

Requirement n,. >0

Description Power consumed by the storage on
the AC bus

Name

API Name derived.storage_e_F



Three-phase Inverter

Domain R"acX"time
Type Float
1/0 Output

Requirement n,. > 0

Description Energy within the storage on the
AC bus

Name UG

API Name u_G

Domain R7ine XNtime
Type Float
I/0 Output

Requirement n;,, >0

Description Controllable voltage source in the
inverter connected to the AC bus

Name UG iven

API Name u_G_switch

Domain {0, 1}minvXntime
Type Integer
I/0 Input

Requirement n;,, >0
Description {0, 1}"inv>mtime

Toggles whether the controllable
voltage source is active
Name UG max

API Name u_G_max

Domain RMinv XNtime
Type Float
1/0 Input

Requirement n;,, > 0

Description Maximum voltage generated by
the controllable source on the in-
verter

Name UG min

45

API Name u_G_min

Domain R"invXNtime
Type Float
I/0 Input

Requirement n;,, >0

Description Minimum voltage generated by
the controllable source on the in-
verter

Name PG

API Name p_G

Domain R"invXNtime
Type Float
I/0 Output

Requirement n;,, >0

Description Power at the controllable source
u¢ in the inverter

Name ea

API Name e_G

Domain R"invXNtime
Type Float
I/0 Output

Requirement n;,, >0

Description Energy in the controllable source
u¢g on the inverter

Name eGo

API Name e_G_0

Domain R%invx1



Type Float

I1/0 Input
Requirement n;,, >0

Description Energy in the controllable source
uqg on the inverter at time 0

Name €Gmax

API Name e_G_max

Domain RMinv XNtime
Type Float
I/0 Input

Requirement n;,, >0

Description Maximum energy allowed in the
controllable source ug on the in-
verter

Name €Gmin

API Name e_G_min

Domain  R™invXMtime
Type Float
1/0 Input

Requirement n;,, >0

Description Minimum energy allowed in the
controllable source ug on the in-
verter

Name e

API Name v_G

Domain R™invXntime
Type Float
I/0 Input

Requirement n;,, >0

Description Renewable and/or fossil source
voltage in the inverter connected to
the AC bus
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Name e

API Name i_G

Domain = R™invXMtime
Type Float
I/0 Output

Requirement n;,, >0

Description Current on the DC side of the in-
verter

Name Z.G max

API Name i_G_max

Domain R™invXntime
Type Float
1/0 Input

Requirement n;,, >0
Description Maximum current on the inverters
Name G min

API Name i_G_min

Domain R%invXntime
Type Float
I/0 Input

Requirement n;,, >0

Description Minimum current on the inverters

Name Ca,.

API Name C_G_dc

Domain RMinv XMNtime
Type Float
I/0 Input

Requirement n;,, >0

Description Capacitance on the DC side of the
inverter

Name Rg,,



API Name R_G_dc

Domain RmPinvXntime
Type Float
1/0 Input

Requirement n;,, >0

Description Resistance on the DC side of the
inverter

Name VG 4o

API Name v_G_dc

Domain RMinvXNtime
Type Float
1/0 Output

Requirement n;,, > 0

Description Voltage on the DC side of the in-
verter

Name VG

API Name v_G_dc_dot

Domain RMinv XNtime
Type Float
I/0 Output

Requirement n;,, >0

Description Derivative of the voltage in the in-
verter

Name VG0

API Name v_G_dc_0

Domain Rminvx1
Type Float
1/0 Input

Requirement n;,, >0

Description Voltage in the inverter bus at time
0
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Name VG e max

API Name v_G_dc_max

Domain R™invXntime
Type Float
I/O Input

Requirement n;,, >0

Description Maximum voltage on the inverters

API Name v_G_dc_min

Domain R™invXMtime
Type Float
1/0 Input

Requirement n;,, >0

Description Minimum voltage on the inverters

Name ia,

API Name i_G_q

Domain R%invXntime
Type Float
I/0 Output

Requirement n;,, >0

Description Current associated with the

quadrature axis in the inverter

Name ia,

API Name i_G_qg_dot

Domain R%invXTtime
Type Float
I/0 Output

Requirement n;,, >0

Description Derivative of the current associ-
ated with the quadrature axis on the
inverter



Name ’ic;qo

API Name i_G_q_0

Domain Rminv <!
Type Float
1/0 Input

Requirement n;,, >0

Description Current associated with the
quadrature axis on the inverter at
time 0

Name e
amax

API Name i_G_g_max

Domain an‘,nw XNtime
Type Float
1/0 Input

Requirement n;,, >0

Description Maximum current associated with
the quadrature axis on the inverters

Name iq

amin

API Name i_G_qg_min

Domain R™invXntime
Type Float
I/0 Input

Requirement n;,, >0

Description Minimum current associated with
the quadrature axis on the inverters

Name ia,

API Name i_G_d

Domain RMinvXNtime
Type Float
I/0 Output

Requirement n;,, > 0
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Description Current associated with the direct
axis in the inverter

Name ia,

API Name i_G_d_dot

Domain RMinvXNtime
Type Float
I/0 Output

Requirement n;,, >0

Description Derivative of the current associ-
ated with the direct axis on the in-
verter

Name 1G4

API Name i_G_d_0

Domain R%nvx1
Type Float
1/0 Input

Requirement n;,, >0

Description Current associated with the
quadrature axis on the inverter at
time 0

Name 1Gumax

API Name i_G_d_max

Domain R%invXMtime
Type Float
I/0 Input

Requirement n;,, >0

Description Maximum current associated with
the direct axis on the inverters

Name LG ymin

API Name i_G_d_min

Domain R%invXTtime
Type Float
I/0 Input



Requirement n;,, >0

Description Minimum current associated with
the direct axis on the inverters

Name La

API Name L_G

Domain RMinvXNtime
Type Float
1/0 Input

Requirement n;,, > 0

Description Inductance on the AC side of the
inverter

Rg
API Name R_G

Name

Domain RMinv XNtime
Type Float
1/0 Input

Requirement n;,, >0

Description Resistance on the AC side of the
inverter

Name pYe!

API Name lambda_G

Domain RMinv XNtime
Type Float
I/0 Output

Requirement n;,, >0

Description Duty cycle in inverters connected
to the AC bus

Name bV
API Name lambda_G_dot

Domain RMinv XNtime

Type Float
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I/0 Output
Requirement n;,, >0

Description Derivative of the duty cycle in the
inverter

Name Aco

API Name lambda_G_O

Domain R%invx1
Type Float
1/0 Input

Requirement n;,, >0

Description Initial duty cycle in the inverter

Name AGmax

API Name lambda_G_max

Domain = R™invXMtime
Type Float
I/0 Input

Requirement n;,, >0

Description Maximum duty cycle on the in-
verter. Likely, 1.

Name >\G min

API Name lambda_G_min

Domain R7invXNtime
Type Float
I/0 Input

Requirement n;,, >0

Description Minimum duty cycle on the in-
verter Likely, 0.

Name

&a,
API Name xi_G_s

Domain R"invXNtime

Type Float



1/0 Output
Requirement n;,, >0

Description Sine of angle associated with the
dqO0 transformation in the inverter

Name

&a.
API Name xi_G_c

Domain R XMtime
Type Float
1/0 Output

Requirement n;,, >0

Description Cosine of angle associated with
the dq0 transformation in the in-
verter

Name WE oty

API Name w_G_duty

Domain RMinv XNtime
Type Float
I/0 Input

Requirement n;,, >0

Description Duty cycle objective weighting for
the inverter connected to the AC bus

Name wa

control

API Name w_G_control

Domain RMinv XNtime
Type Float
I/0 Input

Requirement n;,, >0

Description Controllable source objective
weighting for the inverter connected
to the AC bus

Name WG,
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API Name w_G_loss

Domain R™invXMtime
Type Float
I/0 Input

Requirement n;,, >0

Description Parasitic loss objective weighting
for the inverter connected to the AC
bus

Name wa

power

API Name w_G_power

Domain RMinv XNtime
Type Float
I/0 Input

Requirement n;,, >0

Description Controllable source power objec-
tive weighting for the inverter con-
nected to the AC bus

Name

API Name derived.load_v_G_d

Domain R™invXntime
Type Float
I/0 Output

Requirement n;,, >0

Description Voltage across the load terms Lg
and Rg on the direct axis on the AC
side of the three-phase inverter

Name

API Name derived.load_v_G_q

Domain RMinvXNtime
Type Float
I/0 Output

Requirement n;,, > 0



Description Voltage across the load terms L¢a
and Rg on the quadrature axis on
the AC side of the three-phase in-
verter

Name

API Name derived.load_v_G_ac

Domain R"invXntime
Type Float
I/0 Output

Requirement n;,, >0

Description Voltage on the AC side of the
three-phase inverter

Name

API Name derived.load_i_G_d

Domain RminvXNtime
Type Float
I/ o Output

Requirement n;,, > 0

Description Current on the direct axis on the
AC side of the three-phase inverter

Name

API Name derived.load_i_G_q

Domain RMinv XNtime
Type Float
I/0 Output

Requirement n;,, >0

Description Current on the quadrature axis on
the AC side of the three-phase in-
verter

Name
API Name derived.load_i_G_ac

Domain R XMtime

o1

Type Float

I/0 Output
Requirement n;,, >0

Description Current on the AC side of the
three-phase inverter

Name

API Name derived.load_p_G_ac

Domain R™invXntime
Type Float
I/0 Output

Requirement n;,, >0

Description Power consumed by the load
terms on the AC side of the three-
phase inverter

Name

API Name derived.load_v_G_dc

Domain R7invXNtime
Type Float
I/0 Output

Requirement n;,, >0

Description Voltage on the DC side of the
three-phase inverter bus

Name

API Name derived.load_i_G_dc

Domain R™invXMtime
Type Float
1/0 Output

Requirement n;,, >0

Description Current consumed by the loads
Cq,c and Rg,. on the DC side of
the three-phase inverter

Name

API Name derived.load_p_G_dc



Domain R"%invXntime
Type Float
I/0 Output

Requirement n;,, >0

Description Power consumed by the load
terms on the DC side of the three-
phase inverter

Name

API Name derived.generation_G

Domain RMinvXNtime
Type Float
I/0 Output

Requirement n;,, >0

Description Power generated by the DC side
of the three-phase inverter

Name

API Name derived.duty_G

Domain RMinvXNtime
Type Float
I/0 Output

Requirement n;,, >0

Description Duty cycle of the three-phase in-
verter

Name

API Name derived.storage_v_G

Requirement n;,, >0

Description Voltage of the storage on the
three-phase inverter

Name

API Name derived.storage_i_G

Domain Rninv XMNtime
Type Float
I/0 Output

Requirement n;,, >0

Description Current on the DC side of the
three-phase inverter

Name

API Name derived.storage_p_G

DOmain RMinv XNtime
Type Float
1/0 Output

Requirement n;,, >0

Description Power consumed by the storage on
the three-phase inverter

Name

API Name derived.storage_e_G

Domain R"invXnNtime
Type Float
I/0 Output

Requirement n;,, >0

Domain  R™invXMtime s .
Description Energy within the storage on the
Type Float three-phase inverter
1/0 Output
Miscellaneous
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Name

API Name ineq_scaling
Domain R

Type Float
1/0 Input
Requirement None

Description Scaling of the inequality con-
straints.  This must be balanced
against the rest of the objective.

Name

API Name metrics.optimality
Domain R

Type Float
1/0 Output
Requirement None

Description Norm of the optimality condi-
tions. When this is small, the op-
timization problem is optimal.

Name

53

API Name metrics.feasibility
Domain R

Type Float

I/0 Output
Requirement None

Description Norm of the infeasibility. When
this is small, the optimization prob-
lem satisfies the state conditions.

Name
API Name metrics.barrier
Domain R

Type Float

I/0 Output

Requirement None

Description Current barrier parameter. When
this is small, the optimization prob-
lem satisfies the complementary
slackness condition required for op-
timality.



Chapter 5

Examples

The following chapter presents two different simple examples of how to create and run an optimal control
scenario for a given microgrid.

5.1 Single DC Microgrid

Recall, the single DC microgrid has a topology in Figure 4.7. We specify this with the parameter file

{

"Optizelle" : {
"iter_max" : 300

},

"microgrid": {
"Delta_t": 1.0,
"ntime" : 1,
"nboost" : 2,
"ndc" : 1,
"Phi_boost_dc_1" : [

(1],
[1]

1,
"w_A_duty": [
(11,

[1]
1,
"w_A_control": [
(o],
(0]

1,
"w_A_loss": [
(o1,

(0]
1,
"w_A_power": [
o],
(0]
1,
"v_A": [
[30],
[30]
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1,

"L_A": [
[0.002],
[0.002]

1,

"R_A": [
[0.036],
[0.036]

1,

"p_AM: [
[0.0],
[0.0]

1,

"i A O": [
[15],
[15]

1,

"i A min": [
(101,
[10]

1,

"i A max": [
(4071,
[40]

1,

"lambda_A_O": [
[0.55],
[0.55]

1,

"lambda_A_min": [
(o],

(0]

1,

"lambda_A_max": [
(1],

[1]

1,

"u_A_switch" : [
(11,

[1]

1,
"u_A_min": [
[ol,

(0]

1,

"u_A_max": [
[100],
[100]

1,

"e A O": [
(501,
[50]

1,

"e A _min": [
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(ol,

(0]

1,

"e A _max": [
[100],
[100]

1,

"w_B_control": [0],
"w_B_power": [0],
"y B_O": [170],
"v_B_min": [0],
"v_B_max": [500],

"R_B": [25],

"p B": [0.0],
"C_B": [0.004],
"u_B_switch" : [1],

"u_B_min": [-50],
"u_B_max": [100],
"e B_O": [50],

"e B_min": [0],
"e B max": [100]

},

"tighter_bus": {
"v_B_min": [150],
"v_B_max": [200]

},

"tighter_boost" : {
"i_A_max": [
[20],

[20]

}
Note, this contains two different problem setups. We run both with the commands

solution=runScenario('single_dc', 'tighter_bus');
solution=runScenario('single_dc','tighter_boost');

This produces the solution

{
"tighter_bus": {

"u_ A" [
[4.999986786],
[3.336407511]

1,

"i A" [
[10.00001783],
[14.98616103]

1,

"i A _dot": [
[-4.99998217],
[-0.0138389666]

1,

"lambda_A": [
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[0.2309998948] ,
[0.2186462107]

1,

"lambda_A_dot": [
[-0.3190001052],
[-0.3313537893]

1,

llp_All: [

[49.99995701],
[49.99994024]

1,

"e A": [
[4.299323572e-05],
[6.976117575e-05]

1,

"v_B": 150.0000082,

"v_B_dot": -19.99999183,

"u_B": 0.3333299698,

"p_B": 49.9994982,

"e_B": 0.0005018021289,

"metrics": {
"optimality": 1.877830374e-11,
"feasibility": 1.640902151e-14,
"barrier": 1e-08

},

"derived": {

"load_v_A": [
[0.3500006775] ,
[0.5394741193]

1,

"load i A": [
[10.00001783],
[14.98616103]

1,

"load_p_A": [
[3.500013016],
[8.084646025]

1,

"generation_A": [
[350.0004919],
[499.5847712]

1,

"storage_v_A": [
[4.999986786] ,
[3.336407511]

1,

"storage_i_A": [
[10.00001783],
[14.98616103]

1,

"storage_p_A": [
[49.99995701],
[49.99994024]

1,



"storage_e_A": [
[4.299323572e-05] ,
[56.976117575e-05]

1,

"duty_A": [
[0.23099989438],
[0.2186462107]

1,

"load_v_B": 150.0000082,
"load_i_B": 5.92000036,
"load_p_B": 888.0001023,
"generation_B": 49.9994982,
"storage_v_B": 150.0000082,
"storage_i_B": 0.3333299698,
"storage_p_B": 49.9994982,
"storage_e_B": 0.0005018021289

}

1,
"tighter_boost": {

"u_A": [

[4.999989611],
[4.999989611]

1,

"i_A" . [

[10.00000228],
[10.00000228]

1,

"i_A_dot": [

[-4.999997725],
[-4.999997725]

1,

"lambda_A": [

[0.2688945834] ,
[0.2688945834]

1,

"lambda_A_dot": [
[-0.2811054166],
[-0.2811054166]

1,

llp_All: [

[49.99990749],
[49.99990749]

1,

"e A": [

[9.251470286e-05],
[9.251473122e-05]

1,

"v_B": 128.8608684,

"v_B_dot": -41.13913163,

"u_B": -0.3880146841,

"p_B": -49.99990914,

"e B": 99.99990914,

"metrics": {

"optimality": 6.723195818e-11,



"feasibility": 2.675706272e-09,
"barrier": 1e-08
},
"derived": {
"load_v_A": [
[0.3500000865] ,
[0.3500000865]

1,

"load_i_A": [
[10.00000228],
[10.00000228]

1,

"load_p_A": [
[3.500001661],
[3.500001661]

]3

"generation_A": [
[349.9999757],
[349.9999757]

1,

"storage_v_A": [
[4.999989611],
[4.999989611]

1,

"storage_i_A": [
[10.00000228],
[10.00000228]

1,

"storage_p_A": [
[49.99990749],
[49.99990749]

] >

"storage_e_A": [
[9.251470286e-05] ,
[9.251473122e-05]

1,

"duty_A": [
[0.2688945834],
[0.2688945834]

1,

"load_v_B": 128.8608684,
"load_i_B": 4.989878208,
"load_p_B": 643.000039,
"generation_B": -49.99990914,
"storage_v_B": 128.8608684,
"storage_i_B": -0.3880146841,
"storage_p_B": -49.99990914,
"storage_e_B": 99.99990914



5.2 Single AC Microgrid

Recall, the single AC microgrid has a topology found in Figure 4.8. We specify this with the parameter file

{

"Optizelle" : {
"iter_max" : 200

},

"microgrid": {
"ineq_scaling" : le-2,
"Delta_t": 1.0,
"ntime" : 1,
"ninv" : 2,

"nac" : 1,

"Phi_inv_ac_7" : [
(11,

(1]

1,

"w_G_duty": [
(1],

(1]

1,

"w_G_control": [
(o1,

(0]

1,
"w_G_loss": [
(ol,

[0]

1,

"w_G_power": [
(o],

(o]

1,

"v_G": [
(301,

[30]

1,

"C_G_dc": [
[0.004],
[0.004]

1,

"R_G_dc": [
[25],

[25]

1,

"L_G": [
[0.002],
[0.002]

1,

"R_G": [
[0.036],
[0.036]

1,

"v_G_dc_0" : [
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[30],

[30]
1,
"v_G_dc_min": [
(o],
[0]

1,
"v_G_dc_max": [
(5007,

[500]

1,

"i G d o": [
[15],
[15]

1,

"i G d_min": [
(o],
[0]

1,
"i_G_d_max": [
[4o071,

[40]

1,

Ili_G_q_Oll : [
[15]7,
[15]

1,
"i_G_q_min": [
(101,

[10]

1,
"i_G_q_max": [
(4071,

[40]

1,
"lambda_G_O": [
[0.55],
[0.55]

1,
"lambda_G_min": [
(o],
(0]
1,
"lambda_G_max": [
(11,
[1]
1,
"u_G_switch" : [
(11,
[1]
1,
"u_G_min": [
(o],
(0]
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1,

"u_G_max": [

(10071,
[100]

1,

"e GO": [
(5071,
[50]

1,

"e G_min": [
[ol,
[0]

1,

"e_G_max": [
[100],
[100]

1,

"w_F_control": [0],
"w_F_power": [0],
"omega_F": [376.9911184],
"y F d_0": [170],
"v_F_d_min": [0],
"v_F_d_max": [500],
"v_F_q_0": [170],
"v_F_q_min": [0],
"v_F_q_max": [500],
"R_F": [25],
"P_F_d": [0.0],
"P_F_q": [0.0],
"C_F": [0.004],
"u_F_switch" : [1],
"u_F_d_min": [-50],
"4 F_d_max": [100],
"u_F_q_min": [-50],
"u_F_q_max": [100],
"e_F_O": [50],
"e F_min": [0],
"e F_max": [100]

},

"default" : {}

}

and run it with the command
solution=runScenario('single_ac','default');

which produces the solution

{
"default": {

"y _F_d": 34.23299918,
"y_F_q": 0.4331995667,

"y _F_d_dot": -135.7670008,
"y_F_q_dot": -169.5668004,
"y F_d": -0.7068348612,
"u_F_q": 16.06807396,
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"p_F": -17.23639454,

"e_F": 67.23639454,

"'ll_G"I [
[49.34068309],
[49.40569838]

1,

"i_G"Z [
[0.6679797307],
[0.6673053769]

1,

"v_G_dc": [
[62.64118982],
[62.72306396]

1,

"v_G_dc_dot": [
[32.64118982],
[32.72306396]

1,

"i G_d": [
[0.4392688864],
[0.4405683822]

1,

Ili G qII: [
[17.46487895],
[17.42825446]

1,

"i G_d_dot": [
[-14.56073111],
[-14.55943162]

1,

"i G_g_dot": [
[2.464878951],
[2.428254458]

1,

"lambda_G": [
[0.5499999984] ,
[0.5499999986]

1,

"lambda_G_dot": [
[-1.568584858e-09],
[-1.361181287e-09]

1,

"xi G_s": [
[0.06626578148] ,
[0.06615978346]

1,

"xi_ G_c": [
[0.9978020075],
[0.9978090414]

1,

llp_Gll : [

[32.9585762],
[32.96868818]
1,



"e G": [
[17.0414238],
[17.03131182]

1,

"metrics": {

"optimality": 1.191924204e-11,

"feasibility": 8.728326814e-09,

"barrier": 1e-08

},

"derived": {

"load_v_F_d4": 34.23299918,

"load_v_F_q": 0.4331995667,

"load_v_F": 34.23574002,

"load_i_F_d": 0.1730024074,

"load_i_F_qg": 50.96120737,

"load_i_F": 0.2446623509,

"load_p_F": 27.99876422,

"generation_F": -17.23639455,

"storage_v_F": 34.23574002,

"storage_i_F": 16.08361329,

"storage_p_F": -17.23639454,

"storage_e_F": 67.23639454,

"load_v_G_d": [
[-0.01330778232],
[-0.01325840148]

1,

"load_v_G_q": [
[0.6336654002] ,
[0.6322736694]

1,

"load_v_G_ac": [
[0.633805125],
[0.6324126645]

1,

"load_i_G_d": [
[0.4392688864] ,
[0.4405683822]

1,

"load_i_G_q": [
[17.46487895],
[17.42825446]

1,

"load_i_G_ac": [
[17.47040223],
[17.43382213]

1,

"load_p_G_ac": [
[11.06104381],
[11.01358516]

1,

"load_v_G_dc": [
[62.64118982],
[62.72306396]

1,



"load_i G _dc": [
[2.636212352],
[2.639814814]

1,

"load_p_G_dc": [
[165.1354783],
[165.5772734]

1,

"generation_A": [
[62.99796812],
[62.98784949]

1,

"storage_v_G": [
[49.34068309],
[49.40569838]

]’

"storage_i_G": [
[0.6679797307],
[0.6673053769]

1,

"storage_p_G": [
[32.9585762],
[32.96868818]

1,

"storage_e_G": [
[17.0414238],
[17.03131182]

1,

"duty_G": [
[0.5499999984] ,
[0.5499999986]
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