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This supplementary document is established to express the
linear form of nonlinear terms of the main manuscript.

A. UC Linearization Part

In (6a) and (6b) the multiplication of two binary variables
U;j and Uj;_; is a nonlinear term. Constraints including (6a)
and (6b) are linearized as follows:

é(j,h < Uj,h Vjegg,hEQT (S-l)
Lin < Ujpa Vje Qs heQr (8-2)
(j,h > UJ'J, + Uj,h—l -1 V] € Q(;,]’l € QT (S-3)

Pish—Pjsn1 < Ujp = Lin) X P’;'in +RU; X (L — Ujn)
Vje Qs h>1,5€Q (5-4)

Pish1=Pjsn < Ujn1 = i) X P'}lm +RD; X ({jn = Ujn-1)
VjieQeh>1,5€Q, (S-5)

B. MAFR Linearization Part

The swing equation contains a binary variable that has made
it nonlinear. In this section, the multiplication of binary and
continuous variables needs to be linearized. By placing the
(9a) and (9b) in (10b), (10c) and by multiplying both sides in
D, S XU f , the following relations are obtained.

, D
ZZth,mxHijijfh: ZAP‘E;XS,-XU_,Q—E
JjeQe JEQG
X Afum X S ;X UL, + APyt — AP, (S-6)
At Sj X U"jh ,
Z —T— XAﬁ,,m_l X R—J = Z AP‘Z,(;;XSJ‘X U;:h
jeqGo 8 J jeg
At ov F
+ (F - D) xXAPJ | xS;x U}, (S-7)

8

By using the auxiliary variable, the above equations are
rewritten as below.

S Bl Y Bl — B, t AP AP, (S8)

jeQt JEQG

At
Z B(]{,hi,m = Z B?',h,m - (T_ - 1) X Bj{h,mfl (S_9)
jeQCo j€Qc 8
Auxiliary variables are also defined as follows.
F b F
T M XUy jn < Blpm < MXUg
VjieQs, heQr,meQ, (S-10)

-Mx (l - Ufh) < B_};,h,m

—(ZZthmxHijj)SM

JEQG
x(1-Uj,)
VjieQsheQrmeQ, (S-11)
-MxUl, <B,, <MxU,
VjeQs heQr,meQ, (S-12)

-Mx(1-UL) < B

Jihm

D
- (3 X Afym X S;) < Mx(1-Uf)

VjeQg heQr,meQ, (S-13)
-Mx U}, <Bj,, <MxU},
Vje Qg heQr,meQ, (S-14)
-Mx(1-Ul)<B, — AP xS)<Mx(1-Ul)
(S-15)
-MxUl, < B}, < MxU,
Vje Qs heQr,meQ, (S-16)
At S
-Mx(1-Uf)<B,, - (_Fg X Afam-1 X R—;) <M
x(1-U%)
Vje Qs heQr,meQ, (S-17)

Like previous part, by placing (9b) in the (16h) and and
by multiplying both sides in };.q, S ; X Uf , the following
relations are obtained.

A
SjXUjh

AP+ DX 3 AfIXS X UL == 3 Afy———

jEQG” R/

(S-18)

JEQ6

Now, by using the auxiliary variable to linearize the non-linear
coeflicients, the above equations are rewritten as below.

AP +Dx » B, == Bl

JEQG jeqGo

(S-19)



Auxiliary variables for linearization are also defined as fol-
lows.

-MxUj, < B, <MxUj,
Vje Qg heQr (S-20)
-Mx(1-Uf) < B, —(Af xS) < Mx(1-Uk)
Vje Qg heQr (S-21)
- Mx U}, < Bl, <MxUJ,
Vje Qg heQr (S-22)
- Mx(1-Uf,) < B, —(Af x )<M><(1—Uh)
Vje Qg,h €Qr (S-23)

C. WT Linearization Part

The linearization of (11)-(12) is done using a PWL and per-unit
form as below:

Nut )
=W+ > W
k=1
YheQr,meQ, (S-24)
Uy ppier XU < “)Z,r;n,kl < Uy gy XU
VheQrmeQ, ke Qy (5-25)
Ny
Py torge i
Py =Wy + Z(SKhuq Wi
k=1
YheQr,meQ, (S-26)
MPPT Nkl
P;yrf:PT ;m Z(S Kg[m ﬁz’rin kI
ki=1
VheQrmeQ, (5-27)

D. Virtual Inertia Controller Linearization Part

Equations of (16) and (17a) are linearized by using loga-
rithms. According to the property of the logarithm, the (S-28)
are obtained.

lag(KVIC) = 3(10g(wm) log(AUXh,m)) + log(kapr)

Vhe Qr,meQ, (S-28)
AUX)m = wro + 21yA S},
Vh € QTv me Qm (S_Zg)

The logarithmic model of (S-28) is completely linear and
it is required to linearize just the logarithmic and exponential
functions. For this purpose, PWL is used for both functions.
Equation of (17a) is also linearized using the linearization
technique around the WP as (S-30).

viC
- h.m
— PhMPPT (K _ 1) + (P%Z’PT
opt
YheQr,meQ,

PV[C PMPPT’
h

MPPT™
h,m Pl

(S-30)

The linearized model of the virtual inertia controller is

expressed as (S-31)-(S-33).

lOg(KWC log + Z KVIC log

h,m mm h.m,sl
si=1

VheQr,meQ,

exp(K) exp VIC-log exp(K) exp
uhmsl+l><'u <Klm sl <uhnnl XU

YheQr,meQ,, sl € Qy

K;‘,/,,lnc — exp + Z(SKUcp x KVIC lng)

mm h.m,sl
sl=1

VYheQr,meQ,

(S-31)

(S-32)

(S-33)

Similarly, linearized logarithm of the other auxiliary vari-

ables is obtained.

SD
AUXyp =1+ ) AUXS

h,m,sd
sd=1

VhEQT,mEQm

log(AUX) log log log(AUX) log
Mhmxd+l X <AUX M h.m,sd X

Vh eQr.meQ,,sdeQy

logpux = ¢! 4 Z(S K% x AUXI

mzn h,m,sd
sd=1

Vhe Qr,meQ,,

(S-34)

(S-35)

(S-36)



