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Project Summary

* Project Definition: We propose a comprehensive framework that assesses energy saving, demand
reduction and stability enhancement potential of conservation voltage reduction (CVR).

* Project Goals:
v' Assess real-time real/reactive load-reduction effects of CVR based on load modeling

v Investigate mutual impacts between voltage reduction and voltage control of DGs

v’ Analysis of local VVC and hybrid VVC

v'Develop a co-simulation framework for transmission and distribution systems to investigate CVR’s
Impacts on transmission system load margin

v'Develop a distributed multi-objective optimization model to coordinate the fast-dispatch of
photovoltaic (PV) inverters with the slow-dispatch of voltage regulators for implementing CVR iIn
unbalanced three-phase distribution systems

This integrated framework will facilitate utilities to select feeders for voltage reduction, to perform
cost/benefit analyses, to reduce the stress of transmission systems, and to improve the operations of
feeders under high-level renewable penetration.
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Proposed Robust CVR Assessment Method

 This work aims to propose a robust time varying load modeling technigue for CVR assessment.
» Load is represented as a ZIP model with time varying parameters.
* Robust recursive least squares method with variable forgetting factor (Robust-RLS-VSF) is proposed.

» The measurement devices, like RTU, smart meters, are installed at substation to continuously monitor power
system operations and collect real and reactive power and voltage.

 After the modeling of time varying loads, the filed measurements are used as inputs for the proposed RRLS
estimator to identify load parameters.

» The derived CVR factor of the stochastic loads in then calculated, followed by the statistical analysis of the

CVR effects.
~
Time Varying
Load Model
1 Y,
Y Robust Composite
Power Field CVR Factor CVR Effects
Parameter
System Measurements Calculatlon Assessment
y Identification
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Case Study with the Estimated Load Parameter

» The effectiveness and robustness of the proposed robust time varying parameter identification method is
evaluated on IEEE 118-bus test system with simulated data under various operating conditions.

» Case 1 Continuous Change in Load Parameters » Case 3 With outliers in Load Parameters
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Application for CVR Assessment

The Robust-RLS-VSF is applied for CVR assessment using field measurement from a substation of utility
company.

» Comparison results of the estimated and the measured active power « CVR factors during voltage reduction period
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» The active power CVR factor:
%AP

CVR =—
factor %AV

« Online load model parameter identification is needed to assess CVR effects
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Impact of CVR on Substation VAR w/ and w/o Solar Power
CVR Impact Study :

 Impact of CVR on feeder reactive power (VAR) with and without solar
 |EEE 34 bus system with ZIP (0.4 0.3 0.3)

* Solar PV added at 3 nodes (890, 860, 840) =21.1 % of total load
* CVR is performed here at peak load

Substation Voltage

After
Before CVR CVR
No Solar 1 0.97
Solar 1 0.97 ;
w/o Solar w/ Solar (unity power factor)
P (Real Power) Q (Reactive Power) P (Real Power) Q (Reactive Power)
Case Before  After Change | Before After Change Case Before After Change | Before After Change
CVR CVR (%) | CVR CVR (%) CVR CVR (%) CVR CVR (%)
Substation Substation
(MW/MVAR) 2.38 2.29 3.70 1.11 1.09  1.89 (MW/MVAR) 1.91 1.84 3.72 0.98 0.96 101
L osses L osses
(KW/KVAR) 51267 50755  1.00 339.62 336.20 1.01 (CWIKVAR) 3074  304.6 0.93 202.05  200.17 0.93
Load Load
(MW/MVAR) 1.86 1.78 4.44 0.77 076  2.28 (MW/MVAR) 1.61 1.54 4.26 0.78 0.76 2.16




T&D Co-Simulation Framework

System Modeling
G (xk_l Sk_l)k — 0+ Transmission Model the transmission and distribution system individually in PSSE and GridLAB-D
T\AT »©S Powerflow !
\ 2
k nk ‘ . System Initialization for Co-Simulation
V', 85 (Substation Voltage) e e Initialize transmission and distribution system bus voltages and
N | angles (flat start/ last known solution)
Gp (xp, (Vs 05)) =0 !
1 | oistibut I AlV| and A8 YES
Istripution !
S}f, Sg,Sg' Powerflow | <€?
(3-@ unbalanced) \ NO
S§ =Sk + Sk +S¢ : 1
1
e : k _ yk-1 ! PSSE Python
This is repeatEd tll lVS VS | <€ ! Transmission System Model Transmission system load bus voltage is
P —— = T A S i transferred to the distribution system
” N ~ 7 substation voltage — Leveraging the
| P, Qb \ “substation” module in GridLAB-D A
| — Distribution : Vab,c = Vioap
| — Feeder 1 | S
| e I i
Pret) Qnet | T RERRRZ: I Substation power from distribution Distribution System Model
N | E IR Distribution | system is translated to aggregated load
: R e Feeder 2 I power in transmission network
' | sub
Vs‘ub | ; | v : PTLOAD = Z Psubstation P
] | a,b,c
- C Pf,ub, | _
| | QTLOAD = Z Qsubstation
= | ¢ Distribution I abc
l psub TS | Record the operating conditions and system
/ . €
\ - P —— = > 15t |teration values for further computations
—>lterations till convergence
PSSE/ PSLF Python Gridlab-D/ OpenDSS 1ons il converg

lowa State Universit 9



System Characteristics | Transmission System with Transmission System With Only Distribution T&D Co-Simulation
Dist. Loss modeled in Load | equivalent D- Feeder System

Distribution Losses v v v v

Feeder \Voltage drop % v v v

Impact of feeder x x v v

voltage drop

Unbalance in

Distribution x x v v

Effect o_f ' x v x v

Transmission System
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©

0.85

o
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e
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Substation Load Bus Voltage (pu)

e
o

Voltage Stability Curve at Substation (9-busT + 4-busD)

— _ * Distribution system limits the system margin
—Tx System with Dist System Loss Modeled in Load

—Tx System With Equivalent D-Feeder
——Co-Simulation with Balanced Distribution System

e e HTor Syeem * Equivalent distribution feeder model is effective but
doesn’t capture unbalance

« Co-simulation is an effective methodology to capture
the effect of unbalance in distribution network

0.5 1 1.5 2 2.5 3 3.5
Load Increase Parameter (A)




Impact of CVR on Load Margin

* O-bus Transmission + 4-bus Distribution

CVR Impact on Load Margin of the System ZIP Profile % Reduction in Margin
0.96
o SS et ZIP=[0.80.10.1] Z 2.69%
0.92 ZIP= [0.1 0.8 O.l] | 8.11 %
0o ZIP=[0.10.10.8] P 13.23%

o
o
©

©
o}
o

From a planning perspective, the type of load
increasing on the distribution system needs to be

o
@
iy

o
©
N

Transmission System Load Bus Voltage (pu)

100 120 140 160 180 200 220 monitored to understand the impact of CVR on the
Load Seen at Transmission Load Bus (MW) SyStem |Oad margln

* O-pus Transmission + 34-bus Distribution
Impact of CVR on Load Margin W & W/o Solar

1 ——No GVR - 60% Solar * CVR reduces the system long-term
Mo CVR-No DG load margin
0.96 CVR-Np DG  Presence of DG does not effect CVR
Load Margin Reduced by 5.2% for Impact on load margin significantly

094 Load with ZIP = [0.4 0.3 0.3]
0.92

0.9 | Load Margin Reduced by 5.4% for
Load with ZIP = [0.4 0.3 0.3]

Transmission System Bus Voltage (pu)

CVR reduces the long-term load margin

0 02 0.4 06 08 1 12 14 16 of the System with or without DG

Load Increase Parameter (A)
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Distributed CVR in Unbalanced Distribution Systems with PV
Penetration

In this paper, a distributed multi-objective optimization model is proposed to coordinate the fast-dispatch of
photovoltaic (PV) inverters with the slow-dispatch of on-load tap changer (OLTC) and capacitor banks (CBs) for
Implementing CVR in unbalanced three-phase distribution systems.

Fast dispatch of PV inverters

| i 1 1 i —>time

Slow dispatch of OLTC and CBs

« An optimization model is developed to coordinate the fast dispatch of PV inverters with the slow-dispatch of OLTC and
CBs, in order to facilitate voltage reduction in unbalanced three-phase distribution systems.

 In order to ensure the solution optimality and maintain customer data privacy, a distributed solution methodology is
proposed to dispatch all the abovementioned devices in a unified optimization framework. The solution methodology is
based on a modified ADMM technique to handle the non-convexity introduced by discrete switching and tap changing
variables.

» The trade-off between voltage reduction and real power loss reduction is quantified numerically using the developed multi-
objective VVO formulation.




Dist-Flow Method

The distribution power flow (Dist-Flow) method has been widely applied to distribution networks with a high
accuracy and computational efficiency compared to other load flow algorithms.

. p(i)v q( +)1 Consumption of power at Bus j+1
Ho1om © .

Pjy1, q;47: Generation of power at Bus j+1

* 15, x;: Complex impedance of the line between
BUS] to Bus j+1

0
|_—Ir o
E, ), P._ +1QII P, +1Q; P,,, |le |
PY+Qf  Pi+ Q]
i tiq; Pjs1 TG4 * T X ——L: Active and reactive power
j i
losses on line between Bus j to Bus j+1

* Active (Pj;1) and Reactive (Qj;,) Branch ¢ Nodal Voltage (V;,1) on Bus j+1:

Power Flow from Bus j to Bus j+1/:

Q}
Vi =V =2(rPF + x;Q;) + (xf +X2) ]+ ]

Piv1 =P —pj1 — 1 V2
J * Extracted Active (p;+1) and Reactive (q;4,) Power on Bus j+1:

P? + Q;
L Dj+1 =Dy P

_ - __(@
dj+1 = q]+1 q]+1

Q]+1 - Q] qdj+17Xj
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Linearized Dist-Flow Method

However, the branch power flow and voltage constraints in Dist-Flow method have nonlinear power loss terms
PZ+Q7

&

) that make the problem non-convex.

1

Neglect the nonlinear terms: In some previous works, the linearization is based on the fact that the nonlinear terms are much
smaller than the linear terms. So the nonlinear terms are neglected for the sake of developing efficient solution algorithms.

P? + Q¢
Pj+1=Pj_pj+1_rj ]VZ : Pj+1=Pj_Pj+1
j
7+
Qj+1 = Qj — Gj+17X; 2 Qi+1=0Q; — qj41
j
+
Vi = V7 =20+ 30)) + (i + ) Tt Vs = V2 =2(5P + Q)
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Extension to Unbalanced Three-Phase Systems

In a single-phase distribution system, it has
Pix — jQix
43

l

Vie = Vi — zjy,
To extend it to three-phase
Vie = Vi — 2 [ (P — jQu)OV;']

T T T T
Where V; = [V;, Vi, Vi_| Vi = [Viey Viey» Vieo| > Pie = [Vikg Vikys Vi, ] > Que = [Qik g Viky» Vi, ]+ zi € 3 @ and @ denote the element-
wise division multiplication, respectively.

* Unlike the per-phase equivalent case, multiplying by the complex conjugate of both sides of the three-phase formulation will not remove
the dependence on . This is due to the fact that there is a coupling between the phase at bus i that arises from the cross-products of the
three-phase equations for the phase voltage and line current.

» To address this problem, it has observed that the voltage magnitude between the phases are similar, i.e., |Via| ~ |Vib| ~ |Vic|, and that the

phase unbalances on each bus are not very severe, so it assumes that the voltages are nearly balanced. Thus, it can approximate the phase

different at bus 7 as: ) 1 \/§ | ,
cos(@ia - Hl-a) =cos| T +al=-— icos(a) —TSm(a) ~ =5

2 1 V3 J3

Where a represents the relative phase unbalance, which 1s sufficiently small and can be neglected.
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Multi-objective Optimization Model

A centralized optimization model is presented to coordinate the fast-dispatch of PV inverters and the slow-

dispatch of conventional voltage regulation devices (OLTC and CBs) to facilitate voltage reduction in unbalanced
distribution systems.

N Multi-objective function aims to (1) minimize the largest bus voltage; (2)
min ( ) n (lOSS- ) minimize active power losses, with the weight factors w; and w,.
Vi,P;,0; W1 L¢ W2 L,¢ The distribution system operators can adjust the weighting factors wl and
=1 w2 according to specific operational requirements.
s.t. v’ = r?EaTX(Vl ¢ ¢) } Find the largest voltage magnitude at bus i at time t.

T
_|_
IOSSL.’(]5 = z ( ( Lt ¢) (Ql : ¢) ) } Determine the overall active power losses on the line connecting bus i and

t=1

V2 busi-1att.




Multi-objective Optimization Model

] l Z1p pr ed Nodal active power balance formulation, which includes the active power

it,d £ in-flow and out-flow at bus i, active power output of PV inverter, as well as
the ZIP active load of bus i.

The uncertainty of PV power is represented by Gaussian random variables
for PV power prediction error. Accordingly, each agent predicts the
ppT@d } available nodal PV power over the decision window. Due to the uncertainty

PFY — &
Lte T it Led of PV power in real-time, the predicted value P55 is different from the

actual PV power P/ itp The difference is modeled using a Gaussian error
variable &; ¢ .

I Al 7IP CB Nodal reactive power balance formulation, which determines the reactive
Qi,t,¢> - Qi—l,t,qb o Qi,t,¢> Qz X0 Q power output of PV inverter at bus i and reactive power output of CB at bus i.

qlt(l) —= Qlt¢ —= qlt(l)

N A R

Limit the reactive power capacity of PV inverters based on PV generation
) capacity and the active power output.

CB CB

Ql tod = I+ q; status of the CB at bus i during the dispatch period T. For buses without CB,

} Obtains the CB reactive power injection at bus I. I Zrepresents the on/off
g B is set to zero.
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Multi-objective Optimization Model

Pth”(;) D ¢(ZpV r o T [.pVi to + Pip) The ZIP active and reactive load by second-order polynomial formulations.
v Summation of ZIP coefficients for both active and reactive are set to 1. P/ 4
Qth”:b = Ql + gb(Z 1y Zt b + 1 qu £ + Pq) and wa are active and reactive power demand factors during the dispatch

period, respectively.

l l
Ti—1,t,¢Pi—1,t,qb + Xi—-1,t,¢ Qi—l,t,qb
Vit = Vitep — Vv
S

Bus voltage using DistFlow equations

The substation transformer secondary voltage V;, according to primary

— tapy,t
Vie=Ve+ 1,7V voltage V, and OLTC tap position I;°.

The bus voltage is maintained within the allowable range, and the voltage

min < < max o
V Vl t,p limits are set to be [0.95, 1.05].

L

CB CB CB —
zlli, — I; 1t| Bmax:]i,t € {0,1}
tET - - - - -
tap tap max The maximum allowable switching actions of CBs and OLTC during the

zll — I | < TAP | dispatch period. For example, in the following case studies, the CB™2* is set

teT to be 3 and TAP™%* is set to be 5.

tap

I."" € {-10,-9,...,,0,..9,10}




Modified ADMM

 In the optimization model, there are discrete variables: CB switching status and OLTC tap positions.
« The alternating direction method of multipliers (ADMM) is originally developed to solve convex problem in a
distributed manner, hence, modifications to ADMM are necessary to approporiately and efficiently handle the

discrete variables.
 In the proposed method, discrete variables are not only relaxed by continues variables, but also guaranteed as a

generalized part of the objective function in the iterative process of ADMM.

(1) MILP (2) Augmented Lagrangian function (3) Iterative update rules (with the
iteration number denoted by k)

miInf(x, 1)
X,
(xi(k+1),y;(k+1)) =argminL
> I=y » Ly, =flxpy) + 4z — g(x, 1)) vy
_ +2 llz; — g(xi, 1113 » I;(k + 1) = argmin||z;(k + 1) — g(x; (k + 1), )13
z=g9xy) 2 !
l€Z,x,y ER Ak +1) = A7 (k) + p(z;(k + 1) — g(x;(k + 1), [;(k + 1)))

Discrete variable 1 is replaced with an
auxiliary continuous variable vy.

An additional auxiliary equality is
introduced.




Iterative Process of ADMM

Downstream
Decompose the centralized optimal problem to local bus-level Bus j;
optimal problems p
In the iterative process of ADMM: S

F .o
N
™

« Step.1 For each bus agent i at iteration k, local bus-level optimal
problem is solved independently (in parallel way).

» Step.2 For each bus agent i at iteration k, local optimization Upstream
solution exchanges take place between neighboring agents to Bus i-1 Fiie
update variables based on respective bus local variables and
variables at buses connected to bus i, which are obtained from Step
1.

» Step.3 For each bus i at iteration k, the Lagrange multipliers are
updated based on the ADMM iterative rules and the variables
obtained in previous steps. Hence, the Lagrange multipliers for
variable set x; are updated.

« Step.4 Increase iteration k by 1 till it reaches the maximum Bus ji

iteration number. Fig. 3. Local optimization solution exchange between control agents at
different buses

CB Pt
"Ii—l‘t”"\i—l.t.c}
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Algorithm Convergence: IEEE 13-bus System

Q(k+1)-Q(k)

_0-2 1 | 1 1
0 500 1000 1500 2000 2500

Iteration

Fig. 4. Convergence of the distributed optimization: Impact of different
penalty parameter p values

)

:1.05 k;

[\~

0 1000 2000 3000 4000 5000
Iterations

Fig. 5. Convergence of the distributed optimization: Iterative updates of bus
voltage magnitudes p=5

Bus Voltages (p.u

o
©
o

3. | -

a 61 | 1

o 4#

o 2

P

o 0

> —

=27 >

> ——

o -4r ‘ ‘ , ,

0 1000 2000 3000 4000 5000

Iterations

Fig. 6. Convergence of the distributed optimization: Iterative updates of PV
inverter reactive power outputs p=5

» Fig. 4 shows the convergence results for different values of p. Within certain range of p, the proposed algorithm can

converge faster with larger values. However, increasing

divergence.

to a too large value will cause numerical instability and

« Based on Fig. 5 and Fig. 6, it can be seen that most of variables converge after 3000 iterations, while only a few take more
than 4000 iterations to converge.




Numerical Results: IEEE 34-bus System
291H

—8—Base =0 =0Opt.1 =4#=0pt2 =—#==0pt3 =P=0Optd =--de-Opt5

3

12 ¢ 281 £ 1.059

: <
114 27tHH :

: a
10 ¢ 169 261 ®
Subsation 15 3 4 ¢ 7 8§ i 13 14 | 31 g
S ' —p-eere 154 ' S

r 9 25 30 32 5 0.95

) 4 a s : \ . I
s A ' 33 5 10 15 20 25 30
18 i 34 Bus number
Fig. 9. Case II: Voltage profiles at t=1 and for ¢4 of base case and cases
. R, Opt. Ito Opt. 5
—— Three-phase  @----- Single-phase 2 21 19 20
o  =@=Base =0 =QOpt1 ==0pt2 ==®=0pt3 ==O0ptd --de+Opt5

Fig. 7. Case II: Modified IEEE 34-bus test distribution system g 18t

T16

TABLE I 344l

ZIP COEFFICIENTS FOR EACH CUSTOMER TYPE [28] T
Z12f
Bus Type Zp Ip Pp Zq Iqg Pq . 1

Commercial 043 -0.06 0.63 4.06 -6.65 4.49
Residential  0.85 -1.12 1.27 1096 -18.73 8.77

Time interval (15 min)

2 4 6 8 10 12

Industrial 0 0 1 0 0 1
Fig. 10. Case II: Load power consumption for the base case and cases Opr.
ItoOpt. 5
TABLE 11
CASE II: Bus TYPE
. e N O+ (N Ot 2 IR Ot s [ 0pte —opts
Type Residential Commercial  Industrial § oz
2345910, Z 05
Bus number 11,12,13,14,16, 15,21, 27,29, §
) 17,18,19,20,22, 25,30,31 32 ; 01
24.26,28,33,34 =
DC_’ 0.05

* Different weight factors: Opt.1, Opt.2, Opt.3, Opt.4 and S

Time interval (15 min)

Opt5, (Wl, Wz) Change from (1,0) tO (O, 1) Fig. 11. Case II: Power losses for the base case and cases Opt. I to Opt. 5

Fig. 9 shows voltage profiles of a for all
cases, including the base case, in one
snapshot.  The optimal voltage
magnitudes of Opt. 1 to Opt. 5 are
generally lower than the base case
(black solid line), which shows the
voltage reduction effects of VVO.

Fig. 10 and Fig. 11 present the load
power consumption and power losses of
the base case and CVR cases Opt.1 to
Opt.5, respectively.

Among the cases Opt.1 to Opt.5 and the
base case, Opt.1 has the largest load
reduction and Opt.5 has the largest loss
reduction, which shows the effect of
various wl and w2, respectively.

Hence, it is corroborated that by
changing the weight factors in the
optimization model the trade-off
between CVR and loss minimization in
the final decision solution can be
controlled effectively.



Numerical Results: IEEE 123-bus System

29 30 250

3332’ 51 UL 100 12 113 114 * Different ZIP factors: ZIP1, ZIP2 and ZIP3
LA S . o 151300 °.1:7.‘.' """ bt * Different weight factors: Opt.1, Opt.2, Opt.3, Opt.4 and
L 2694 L 64 109 o Opt.5
2 » 1ng-—® 65 05 @@ 10
I V] 43 7106 B3
. vy T @ & 105 & @ e TABLE VII
n 2 T ® o 1?;7 0 . CASE III: SUMMARY OF LOSS, LOAD AND TOTAL ENERGY REDUCTION
o o 15y e ....‘-1"39 o 08 » ‘,,-;6 71. WITH DIFFERENT ZIP FACTORS AND WEIGHT FACTORS
. 1M ® e
®; .
@ . 59 g 160 A < 85 Cases Loss Load Total
- .Qz . o 61 610 72 73 . reduction reduction reduction
11 ®) & 53 \543 79
20 e 2 . 56 2 RGN Opt.l  4.60% 6.32% 6.20%
6 01 I I 0 Opt2  6.29% 5.36% 5.42%
1 e 1 ® o ex e o ZIP1
150 @ ..17’. VoL 8l (04.03.0.3) Opt.3  8.53% 4.08% 4.39%
0-e-e U @e TN B T g ee T Ooptd 1LT72%  2.98% 3.58%
H 16
4@ Opt.5 14.05% 2.23% 3.04%
&——— Three-phase @----- Single-phase . PV Inverter d Tap Changer —”— Capacitor Bank Optl 368% 968% 927%
- Opt.2 5.81% 9.13% 8.91%
Fig. 13. Case III: Modified IEEE 123-bus test distribution system Opt.3 8.19% R.48%, 8.46%
- - - (1,0,0) Opt4  10.34% 7.41% 7.61%
» For ZIP1 and ZIP2, loss reduction levels are increasing from Opt. 5 to Opt. 1, however, the load pt. -Da70 17 017
reduction and total energy reduction decrease at the same time. OptS 12.79% 6.65% 7.07%
 Since ZIP3 represents pure constant power loads, consumption levels are always the same as the base Opt.l -6.34% 0.00% -1.20%
case regardless of bus voltage levels, and the loss reduction and total energy reduction increase for Opt2 -5.89% 0.00% 1.12%
ZIP
Opt. 1 to Opt. 5. _ _ N 0? Opt3 -565%  0.00% 1.07%
 For voltage-dependent loads, ZIP1 and ZIP2, load reduction (due to voltage reduction) accounts for (0,0,1) Optd  -1.52% 0.00% -0.29%

the majority of the change in total energy savings.
* CVR has no impact on the constant power loads, ZIP3, for that case load reduction is zero and the
loss optimization is the only effective method to reduce the peak demand.

Opts 2.70% 0.00% 0.51%
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Overview of Decentralized VVC

Addressing the challenges of
* Limited and varying rates of communication links in current distribution systems
 Time variant operating conditions due to intermittent loads and renewable sources

Dynamic studies for local VVC [TSIPN 2017]
« Studied the impact of droop coefficient and level of dynamics on the performance of local
VVC mechanisms

Dynamic studies for hybrid VVC [TSG “2018]
 Developed a hybrid (consists both distributed and local control designs) VVC scheme that
adapts to varying rates of communications and dynamic operating conditions
» Studied the performance with real load and solar profile data

[TSIPN 2017] H. J. Liu, W. Shi and H. Zhu, "Decentralized Dynamic Optimization for Power Network Voltage Control," in IEEE Transactions on Signal and Information Processing over Networks, vol. 3, no. 3, pp. 568-579, Sept. 2017.
[TSG 2018] H. J. Liu, W. Shi and H. Zhu, "Hybrid Voltage Control in Distribution Networks Under Limited Communication Rates," in IEEE Transactions on Smart Grid, vol. 10, no. 3, pp. 2416-2427, May 2019.
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Conclusions

* Online load model parameter identification Is essential to assess CVR effects

* As the electricity prices and load consumptions are time-varying, It is expected
that the proposed CVR effects assessment model could be useful for more
detailed cost/benefit analysis

 For dominating fractions of voltage dependent loads, optimizing maximum
voltage reduction seems to be better than optimizing losses

* Proposed hybrid design noticeably improves the voltage regulation performance
even after the communication links fail

* CVR negatively affects the long-term load margin of the system
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Thank Youl
Q&A

Zhaoyu Wang
http://wzy.ece.iastate.edu
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