
1. INTRODUCTION 

Power outages caused by natural disasters such as 

typhoons and earthquakes, which have been increasing in 

recent years in Japan, increase the risk of serious damage 

in urban functions. To establish a countermeasure, 

discussions on utilizing distributed energy resources 

(DERs) on the demand side are underway [1], [2]. Previous 

research has considered resilience from the perspective 

of power systems [3] and from the perspective of using 

DERs on the demand side [4-8]. 

In our previous research, we also considered an energy 

management system (EMS) that realizes power exchange 

by sharing distribution lines among multiple consumers 

in a limited area and enhances resilience through mutual 

aid energy management in the event of a disaster [9-14]. 

However, this approach assumed that the distribution 

lines for power exchange would be available even in the 

event of a disaster. Nevertheless, in real natural disasters, 

such as earthquakes and typhoons, distribution lines are 

sometimes damaged, and in many cases, become 

unusable due to broken lines caused by fallen trees and 

utility poles. Therefore, the purpose of this study was to 

propose and evaluate a new mutual aid resilience EMS 

method that does not rely on distribution lines in the 

event of a disaster. 

Electric vehicles (EV) provide an alternative means of 

power exchange. Each consumer can estimate the 

consumer’s resilience level within the prediction horizon 

based on its own DERs, such as a photovoltaic generator 

(PV), battery energy storage system (BESS), and fuel cell 

(FC), as well as its load forecast. If a poor resilience 

condition is detected and the consumer has a larger power 

deficiency than other consumers, the consumer can use 

an EV to travel to a neighboring consumer to borrow 

power. Such actions would not occur periodically but 

would occur only when conditions based on a certain 

resilience index are met. Therefore, we focus on an EMS 

strategy based on an event-triggered control scheme [15,16]. 

In addition, unlike n to n transactions using power 

exchange via distribution lines, power exchange using 

the EV is negotiated and traded 1 to 1 with the other 

consumer, so it can be considered as Peer-to-Peer (P2P) 

trading. The purpose of this study was to build an 

evaluation model for a problem setting with such 

characteristics and evaluate the resilience performance of 

the EMS from various angles through simulations. 

In the following, Section 2 explains the problem 

setting related to resilience. In Section 3, we derive a 

globally optimal solution by rigorously formulating the 

problem of power exchange by EVs. In Section 4, a 

multi-agent simulation model of EV power exchange 

using P2P negotiation-based event-triggered control is 

proposed. In Section 5, numerical simulations are 

conducted and comparative evaluations of the two 

approaches are discussed. Finally, Section 6 provides a 

summary and presents future challenges. 

 

2. EVALUATION MODEL AND METRIC 

In this study, multiple consumers are represented as a 

consumer group using a multi-agent model. In Section 5 

assumed 512 consumers as a realistic size of multi-agent 

model on a single feeder scale in a power distribution 

system. The DER configuration of each consumer is 

shown in Fig. 1. 

Each consumer has a load, PV, BESS, and FC, and can 

suppress load (Lsup) or suppress PV (PVsup) depending 

on the energy balance condition. Each consumer also has 

an EV and can share energy with neighboring consumers 

within a certain range by charging and discharging the EV. 

There is also a communication network for mutual 

conversation and negotiation. A conceptual diagram of 

P2P energy sharing EMS with EVs for resilience on an event-triggered control scheme 
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Fig.1 Configuration of DERs at a consumer. 

 

the configuration is shown in Fig. 2. In this case energy 

sharing neighboring consumers j of consumer i is 

𝒩(𝑖) = {𝑖 − 2, 𝑖 − 1, 𝑖 + 1, 𝑖 + 2}. 

 

 
Fig.2 Configuration of Enegy sharing group of 

consumers.  

 

Fig.3 Definition of Resilience curve and area 𝑅𝐴𝑈𝐶 . 

Next, the resilience performance index for each 

consumer is defined as follows. For the i-th consumer’s 

power demand 𝐿𝑜𝑎𝑑𝑖(𝑡) , the degree of resilience is 

defined as the ratio of the actual power supplied as a 

result of load suppression 𝐿𝑜𝑎𝑑𝑖 (𝑡) − 𝐿𝑠𝑢𝑝
𝑖 (𝑡). 

 𝑅𝑟𝑎𝑡𝑒
𝑖 (𝑡) =

𝐿𝑜𝑎𝑑𝑖 (𝑡)−𝐿𝑠𝑢𝑝
𝑖 (𝑡)

𝐿𝑜𝑎𝑑𝑖 (𝑡)
          (1) 

The resilience ratio 𝑅𝑟𝑎𝑡𝑒(𝑡)  is a function of time 

determined from the supply and demand balance 

conditions for each customer during the disaster period 

and can take the shape shown in Fig. 3. Here, the area 

under the curve in the figure is defined as the resilience 

area under the curve: 𝑅𝐴𝑈𝐶
𝑖 =

1

𝑇
∫ 𝑅𝑟𝑎𝑡𝑒

𝑖 (𝑡)𝑑𝑡
𝑇

𝑡=0
, where, 

0 ≤ 𝑅𝐴𝑈𝐶
𝑖 ≤ 1        (2) 

When the 𝑅𝐴𝑈𝐶   is closer to 1, the required power 

demand is closer to being met. This index is used in the 

evaluation of each proposed method in the subsequent 

Section 5. In the following discussion, the time variable t 

is treated as a discrete time with a 30-minute period. 

 

3. FORMULATION OF ENERGY SHARING 

PLANNING OPTIMIZATION METHOD 
Here, we consider mutual aid by power interchange 

through EV charging and discharging among a group of 

consumers i = 1,…, N. A day is divided into 48 × 30-

minute intervals (t = 1,…,48), and one power interchange 

is assumed to involve charging at another consumer at 

time t, traveling at time t + 1, and discharging within one's 

own facility at time t + 2. The execution and suspension 

of power interchange is expressed as the integer variables 

EVin(t) = {0,1} and EVout(t) = {0,1}. Their optimization 

is formulated below as a mixed integer linear 

programming (MILP) problem. 

 

Nomenclature 

EVin(t): Power provision from EV discharge for  

energy sharing: integer variable {0,1}. 

EVout(t): Power consumption for EV charge (Ibid.) 

IB(t): An integer variable {0,1} as simultaneous 

charging and discharging prohibition flag. 

Lsup(t): Load suppression amount [kWh/30min]. 

PVsup(t): PV generation suppression [Ibid.]. 

Bin(t): BESS charging power amount [Ibid.]. 

Bout(t): BESS discharging power amount [Ibid.] 

SoC(t): State of charge in BESS [%] 

FCgen(t): Fuel cell generation power amount 

[kWh/30min] 

Csup: Incentive price for demand suppression 

[yen/kWh] 

Cin: Unit cost for receiving energy via EV sharing 

[yen/kWh] 

Cout: Unit incentive price for providing energy via EV 

sharing [yen/kWh] 

Cfc: Unit cost of fuel cell power generation [yen/kWh] 

Load(t): Consumer’s demand [kWh/30min] 

PV(t): Potential power generation of Photovoltaic 

generation system (PV) [kWh/30min] 

Bmax: Upper limit of BESS charge/discharge [Ibid.] 

SoCmax: Capacity of BESS [kWh] 

FCmax: Capacity of fuel cell generation [kWh/30min] 

𝜂𝑖𝑛, 𝜂𝑜𝑢𝑡 : Efficiency of BESS charge/discharge[%]  

EVmaxin, EVmaxout: Unit energy for sharing with EV 

per one charge/discharge action [kWh]. 

𝐸𝑉𝑚𝑎𝑥 : maximum EV utilization for energy sharing 

per a day for each consumer. 

N: Total number of consumers 

i: index number of each consumer (0 ≤ 𝑖 ≤ 𝑁) 

 

Formulation 

𝐶𝑜𝑠𝑡 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛:       𝐽 = ∑ 𝑓𝑖
𝑇

𝑁

𝑖=1

𝑥𝑖 → 𝑚𝑖𝑛 (3) 

𝑓𝑖 = [𝐶𝑖𝑛, 𝐶𝑜𝑢𝑡, 0, 𝐶𝑠𝑢𝑝, 0, 0, 0, 0, 𝐶𝑓𝑐]𝑇 

𝑥𝑖 = [𝐸𝑉𝑖𝑛, 𝐸𝑉𝑜𝑢𝑡, 𝐼𝐵, 𝐿𝑠𝑢𝑝, 
             𝑃𝑉𝑠𝑢𝑝, 𝐵𝑖𝑛, 𝐵𝑜𝑢𝑡, 𝑆𝑜𝐶, 𝐹𝐶𝑔𝑒𝑛] 
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𝑥 = [𝑥1, 𝑥2, ⋯ , 𝑥𝑁]𝑇 

Constraint conditions: for each consumer i=1,…,N 

Power balance condition: 

𝐸𝑉𝑚𝑎𝑥𝑖𝑛･𝐸𝑉𝑖𝑛(𝑡) − 𝐸𝑉𝑚𝑎𝑥𝑜𝑢𝑡･𝐸𝑉𝑜𝑢𝑡(𝑡)

+ 𝐿𝑠𝑢𝑝(𝑡) − 𝑃𝑉𝑠𝑢𝑝(𝑡) 

−𝐵𝑖𝑛(𝑡) + 𝐵𝑜𝑢𝑡(𝑡) + 𝐹𝐶𝑔𝑒𝑛(𝑡) 

= 𝐿𝑜𝑎𝑑(𝑡) − 𝑃𝑉(𝑡) (4) 

       

BESS SoC conditions: 

0 ≤ 𝑆𝑜𝐶(𝑡) ∙ 𝑆𝑜𝐶𝑚𝑎𝑥 = 𝑆𝑜𝐶(𝑡 − 1) ∙ 𝑆𝑜𝐶𝑚𝑎𝑥 

+𝐵𝑖𝑛(𝑡) ∙ 𝜂𝑖𝑛 −
𝐵𝑜𝑢𝑡(𝑡)

𝜂𝑜𝑢𝑡
≤ 𝑆𝑜𝐶𝑚𝑎𝑥 (5) 

 

Upper and lower limit conditions: 

0 ≤ 𝐿𝑠𝑢𝑝(𝑡) ≤ 𝐿𝑜𝑎𝑑(𝑡) (6𝑎) 

0 ≤ 𝑃𝑉𝑠𝑢𝑝(𝑡) ≤ 𝑃𝑉(𝑡) (6𝑏) 

0 ≤ 𝐵𝑖𝑛(𝑡) ≤ 𝐵𝑚𝑎𝑥 ∙ 𝐼𝐵(𝑡) (6𝑐) 

0 ≤ 𝐵𝑜𝑢𝑡(𝑡) ≤ 𝐵𝑚𝑎𝑥 ∙ (1 − 𝐼𝐵(𝑡)) (6𝑑) 

0 ≤ 𝑆𝑜𝐶(𝑡) ≤ 100[%] (6𝑒) 

0 ≤ 𝐹𝐶𝑔𝑒𝑛(𝑡) ≤ 𝐹𝐶𝑚𝑎𝑥 (6𝑓) 

Area EV sharing power balance condition: 

∑ 𝐸𝑖𝑛𝑖(𝑡 + 2)
𝑁

𝑖=1
= ∑ 𝐸𝑜𝑢𝑡𝑖(𝑡)

𝑁

𝑖=1
(7) 

Area power balance condition: 

0 ≤ 𝐸𝑖𝑛𝑖(𝑡 + 2) ≤ ∑ 𝐸𝑜𝑢𝑡𝑗(𝑡)
𝑗∈𝒩(𝑖)

(8) 

Max EV utilization times: 

∑ 𝐸𝑉𝑖𝑛𝑖(𝑡) ≤ 𝐸𝑉𝑚𝑎𝑥

48

𝑡=1
(9) 

 Eq. (6c) & (6d) means simultaneous charge and 

discharge of BESS is prohibited. Eq. (7) means Total 

charge into EVs and total discharge from EVs for energy 

sharing should be balanced in each time. Eq. (8) means 

only neighboring consumers 𝒩(𝑖) can provide energy 

to consumer i. Eq. (9) means a consumer can use EV for 

energy sharing only EVmax times per a day. 

 

4. MULTI-AGENT MODEL WITH P2P 

NEGOTIATION AND EVENT-TRIGGERED 

SCHEME 

In the previous section, a central solution was 

presented for a resilience optimization EMS using EVs. 

However, this method has the disadvantage that it 

requires all information from individual consumers to be 

collected in the central server, and that it requires solving 

a large-scale MILP optimization problem, resulting in 

huge communication costs and computer resource costs. 

Therefore, in this section, the algorithm is reconstructed 

using a distributed coordinated control system scheme. 

Its features are as follows: 

- Each consumer agent can learn the average resilience 

performance of the entire region through a consensus 

algorithm by communicating only with neighboring 

agents and can monitor the relative deviation value of its 

own resilience performance. 

- A sparse EV usage plan is realized through event-

triggered control [15,16], in which an agent negotiates with 

neighboring agents for power sharing when its own 

resilience performance declines. 

- When an event occurs, the best partner is selected 

through negotiations with neighboring agents, and EVs 

are activated via P2P to share power. 

Based on these characteristics, each agent only needs 

to communicate and negotiate with neighboring agents, 

and share power with EVs, resulting in simple logic that 

is easy to implement. In addition, the framework of a 

distributed coordinated control system is expected to 

have the advantage of being robust against partial 

communication outages and partial road closures during 

disasters. 

The proposed algorithm is shown below. 

Resilience EMS method: 

The consumer agent i calculates its own resilience 

performance 𝑅𝐴𝑈𝐶
𝑖   based on its own demand and PV 

generation forecast, and battery charge/discharge plan. 

The following consensus algorithm is used to obtain the 

average value and standard deviation of the resilience 

performance of the region, and to find its own resilience 

performance deviation value 𝜎𝑅𝐴𝑈𝐶
𝑖 . 

𝑥𝑖(0) = 𝑅𝐴𝑈𝐶
𝑖 (10𝑎) 

𝑥𝑖 (𝑡 + 1) = 𝑥𝑖 (𝑡) + 𝜀 ∑ (𝑥𝑗 (𝑡) − 𝑥𝑖 (𝑡))𝑗𝜖𝒩𝑖
(10b) 

𝑥𝑖
2(𝑡 + 1) = 𝑥𝑖

2(𝑡) + 𝜀 ∑ (𝑥𝑗
2(𝑡) − 𝑥𝑖

2(𝑡))𝑗𝜖𝒩𝑖
  (10c) 

𝜀 ≤ (max
𝑖

|𝒩𝑖|)
−1

(10d) 

t∞:  𝜇 = 𝑥(∞),  𝜎2 = (𝑥2 (∞) − 𝜇2) (10e) 

Self-resilience performance index: 

𝜎𝑅𝐴𝑈𝐶
𝑖 =

𝑅𝐴𝑈𝐶
𝑖 − 𝜇

𝜎
(11) 

Where 𝜇  is average and 𝜎  is standard deviation of 

resilience performance 𝑅𝐴𝑈𝐶
𝑖  . Event-triggered control 

determines EV operation as follows: 

 

𝐼𝐹 𝜎𝑅𝐴𝑈𝐶
𝑖 ≤ 𝜎𝑚𝑖𝑛  then start EV control (12) 

 

 
Fig.4 Procedure of the proposed resilience EMS. 
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The negotiation between consumer agent i and its 

neighboring agents is as follows: 

Find agent j: s.t. {𝑗|𝜎𝑅𝐴𝑈𝐶
𝑗

≥ 𝜎𝑅𝐴𝑈𝐶
𝑘 , 𝑗, 𝑘 ∈ 𝒩𝑖  },then do 

the P2P energy sharing between agent i and j by EV 

charge at agent j on time t, move back on time t+1 and 

discharge at agent i on time t+2. 

 Fig.4 shows the procedures of the proposed resilience 

EMS method based on distributed coordinated control. 

 

5. NUMERICAL SIMULATION 

5.1 Conditions for simulation 

Here, the proposed method described in Sections 3 and 

4 is evaluated with numerical simulations. The 

simulation conditions are summarized in Table 1. 

Table 1. simulation conditions. 

Items                 Conditions 

Number of consumers:  512 

Evaluation period:    One day (a sunny day in May) 

Consumers load data: NEDO Ohta city open data[17,18] 

PV generation data:  Calculated from solar radiation 

PV capacity:  4.4 [kW] [18] 

EV Power capacity:   EVmaxin=3.0[kWh/30min] 

                   EVmaxout=4.0[kWh/30min] 

BESS PCS capacity:  Bmax=4.4 [kW] [18]  

(= PV capacity) 

BESS capacity:     SOCmax=5.5 [kWh] [18] 

BESS efficiency:     ηin=ηout=0.95 

Fuel cell capacity:    FCmax=0.7 [kW]  

Cost Parameters:     Cin=50 [yen/an EV discharge], 

Cout=-20 [yen/an EV charge], 

Csup=100 [yen/kWh], Cfc=33.2 [yen/kWh] 

 

5.2 Simulation results 

 The following was assumed as a simulation case: 

Case1: |𝒩𝑖| = 0 

Case2: |𝒩𝑖| = 2 

Case3: |𝒩𝑖| = 4 

Case4: |𝒩𝑖| = 8 

Case5: |𝒩𝑖| = 16 

Case6: |𝒩𝑖| = 32 

This means that the number of neighboring consumers 

who cooperate with each other in energy sharing 

gradually increases from Case 1 to Case 6. The event-

triggered control method (ETC) defined in section 4 is 

compared to the central solution (CS) defined in section 

3 for each case. Demand and PV generation in the 

evaluation day are shown in Fig.5. 

 
Fig.5 Demand and PV generation in day pattern. 

The following graphs in Fig.6 are results of a day pattern 

(left graph) and comparison between case 1-6 and each 

method: CS & ETC (right graph). 

 

 
(a) Load suppression 

 

 
(b) PV curtailment 

 

 
(c) BESS SOC pattern and variation 

 

 
(d) Fuel Cell generation 

 

 
(e) EV energy sharing 
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(f) Resilience performances 

 

Fig. 6 Results of each DER behaviors. 

 

Finally, the equality of resilience performance of 

each consumer was evaluated by Gini coefficient 
[14,19,20] as an evaluation index. The closer the 

coefficient is to 0, the more equal it is. The results 

are shown in Fig. 7. 

 

 
Fig.7 Equality of resilience performance 

of each consumer 

 

In Fig.6 (a), load suppression for each consumer 

occurs more frequently in the morning and evening. 

There is not much difference between the cases. The 

amount of suppression is slightly less in ETC than 

in CS. 

Fig.6 (b) shows PV utilization with curtailment 

during the day. CS reduces PV curtailment more 

than ETC, making more effective use of PV power. 

In Fig.6 (c), the SOC change pattern of the BESS 

does not so differ between the cases. CS utilizes 

slightly more BESS capacity than ETC. In ETC, the 

use of BESS decreases as well as the number of 

neighboring consumers. This means that BESSs are 

being replaced by EVs. 

In Fig.6 (d), the operation pattern of the FC does 

not so differ between the cases. CS generates 

slightly more FC power than ETC. In ETC, the 

amount of FC power generation increases as well as 

the number of neighboring consumers. This means 

that FCs are contributing to other consumers 

through EVs. 

Fig.6 (e) shows the frequency and amount of 

energy sharing using EVs. Compared to CS, ETC 

keeps the occurrence of events to a minimum, 

realizing sparse EV utilization. However, the 

amount of energy sharing is considerably limited 

compared to CS. 

Fig.6 (f) shows the resilience curve and resilience 

index 𝑅𝐴𝑈𝐶  as the average resilience performance 

of all consumers. The index 𝑅𝐴𝑈𝐶  is kept above 0.9 

throughout the day, that means more than 90% of the 

required power is always supplied. The difference 

between CS and ETC is not so large. 

Finally, in Fig.7, the result of evaluating the 

equality of resilience performance between 

consumers shows that ETC sacrifices equality 

slightly compared to CS. 

 

5.3 Considerations 

 The essential role of the proposed method is to level the 

imbalance in resilience performance between consumers 

by energy sharing using EVs. If the power distribution 

system is available, ideal leveling is possible by 

continuous energy sharing and a distributed coordinated 

control scheme. However, the means using EVs are 

discrete, and the ETC mechanism is introduced to aim for 

a sparse operation plan considering travel time and 

driving effort. As a result, the opportunities for energy 

sharing are restricted, and there is a certain limit to the 

improvement of resilience performance. Furthermore, in 

comparison with CS, the results of this simulation show 

that although the difference in average resilience 

performance is small. On the other hand, ETC is not 

enough in terms of equality between individual 

consumers, and this will be an issue of future research. 

 

6. CONCLUSION 

This paper proposed an energy management 

optimization method for power interchange between 

consumers using EVs to improve the resilience 

performance of consumer groups during power outages. 

First, as the central solution, an optimization problem 

was formulated to determine the consumer pairs and 

timing of power interchange through EV charging and 

discharging. Next, the consumer groups were modeled as 

multi-agents, and an algorithm for a P2P negotiation 

process using an event-triggered control method was 

proposed. The two methods were compared using 

numerical simulation, and the latter multi-agent P2P 

method with its event-triggered manner provided results 

that were close in a sense to the global optimal solution 

of the former, demonstrating its effectiveness as an EMS 

method that can be realized with a simple mechanism in 

practical operations. 

 

ACKNOWLEDGEMENTS 

This work was supported by Council for Science, 

Technology and Innovation (CSTI), Cross-ministerial 

Strategic Innovation Promotion Program (SIP), the 3rd 

period of SIP “Smart energy management system” Grant 

Number JPJ012207 (Funding agency: JST). 

702



REFERENCES 

[1] METI: Ministry of Economy, Trade and Industry, 

Expert Committee for Quantitative Assessment of 

Energy Resilience, 1st-5th, 2020. 

https://www.meti.go.jp/shingikai/energy_environm

ent/energy_resilience/index.html 

[2] METI: Ministry of Economy, Trade and Industry, 

“Energy Supply Resilience”, Public meeting 

materials of the 22nd Subcommittee of the Safety 

and Consumer Product Safety of the Industrial 

Structure Council, 2020. 

https://www.meti.go.jp/shingikai/sankoshin/hoan_

shohi/denryoku_anzen/pdf/022_02_00.pdf 

[3] Special Issue: Collaborative Planning with the 

Institute of Electronics, Information and 

Communication Engineers, “Electrical Energy 

Security for Disaster Prevention and Mitigation”, 

Journal of the Institute of Electrical Engineers of 

Japan, Vol. 140, No. 12, 2020 (in Japanese). 

[4] H. Nagao, A. Uemichi, M. Yagi, Y. Yamasaki, S. 

Kaneko and S. Bando, “Proposal of an 

Optimization Method for Installing Co-Generation 

Equipment Considering Business Continuity 

Planning Under Disaster Cases”, Journal of Japan 

Society of Energy and Resources, Vol.38 No. 4, 

pp.10-23, 2017 (in Japanese). 

[5] K. Nishikura, R. Komiyama and Y. Fujii, 

“Quantitative Analysis on Resilience of Distributed 

Energy Systems with Approximate Stochastic 

Dynamic Programming Models Considering 

Disaster Predictability”, Journal of Japan Society 

of Energy and Resources, Vol.44, No. 2, pp.74-86, 

2023 (in Japanese). 

[6] A. Uemichi, M. Yagi, Y. Yamasaki and S. Kaneko, 

“Development of Multi-Objective Optimization 

Tool to Determine Amount of Distributed Power 

Generation Equipment Considering Economy, 

Environment, and Resiliency”, Journal of Japan 

Society of Energy and Resources, Vol.39, No. 6, 

pp.6-18, 2018 (in Japanese). 

[7] T. Ohta, Y. Akimoto and K. Okajima, “Economic 

Evaluation of Solar and Storage Battery Systems 

considering the Value of avoiding Power Outages 

during Normal and Emergency Operations”, 

Journal of Japan Society of Energy and Resources, 

Vol.43, No. 6, pp.255-265, 2022 (in Japanese). 

[8] R. Sugawara, Y. Akimoto and K. Okajima, 

“Resilience Evaluation considering Power 

Interchange in Multiple Public Facilities in the 

Area”, Journal of Japan Society of Energy and 

Resources, Vol.43, No. 2, pp.87-96, 2023 (in 

Japanese). 

[9] Yutaka Iino, “Coordinated Energy Management 

Systems for Multi-Energy Negotiated Transaction 

with Marginal Cost Information and Its Properties 

from the Viewpoint of Graph Complexity”, SICE 

JCMSI, Vol.11, No.6, pp.486 – 494, 2018.  

[10] Yutaka Iino, Yasuhiro Hayashi, “Distributed 

coordinated energy management system for DERs 

to realize cooperative resilience against blackout of 

power grid”, 61st Annual Conference of the Society 

of Instrument and Control Engineers (SICE), 2022. 

[11] Takuro Tobo, Norio Sakai, Nobuhisa Takezawa, 

Reiko Takahashi, Shun-ichi Habuka, Yutaka Iino, 

Kuniaki Yabe, Yasuhiro Hayashi, “Development of 

quantitative resilience evaluation model for 

blackout, - Overview of the evaluation process and 

image of social implementation –”, 2022 National 

Conference of IEEJ, Institute of Electrical 

Engineers of Japan, 2022 (in Japanese). 

[12] Yutaka Iino, Kuniaki Yabe, Yasuhiro Hayashi, 

Takuro Tobo, Norio Sakai, Nobuhisa Takezawa, 

Reiko Takahashi, Shun-ichi Habuka, 

“Development of quantitative resilience evaluation 

model for blackout (2) - A study of resilience curve 

estimation method for buildings –”, 2022 National 

Conference of IEEJ, Institute of Electrical 

Engineers of Japan, 2022 (in Japanese). 

[13] N.Sakai, T.Tobo, R.Takahashi, Y.Iino, K.Yabe, 

Y.Hayashi, “Development of Evaluation Process 

for Demand-Side Resilience against Power 

Outage”, CIGRE Science & Engineering (CSE), 

2024. 

[14] Yutaka Iino, Yasuhiro Hayashi, “A resilience 

management method for power outages with 

dynamic prioritization of consumer resources”, 

15th International Conference on Power, Energy, 

and Electrical Engineering (CPEEE 2025), 2025. 

[15] Xiaohua Ge, Qing-Long Han, Lei Ding, Yu-Long 

Wang, Xian-Ming Zhang, “Dynamic Event-

Triggered Distributed Coordination Control and its 

Applications: A Survey of Trends and Techniques”, 

IEEE Trans. Systems, Man, and Cybernetics, Vol.50, 

No.9, pp.3112-3125, 2020. 

[16] M. Chaitanya Babu, P. C. Sekhar, S. R. Samantaray, 

“A Review on Distributed Control Strategies in 

Cyber-Enabled Microgrids”, IEEE 11th Power 

India International Conference (PIICON), 2024. 

[17] Yasuhiro Hayashi, et al., “Versatile Modeling 

Platform for Cooperative Energy Management 

Systems in Smart Cities”, Proceedings of the IEEE, 

Vol.106, No.4, pp.594-612, 2018. 

[18] Shogo Fukui, Teru Miyazaki, Yutaka Iino, Wataru 

Hirohashi, Yasuhiro Hayashi, Naoya Matsumoto, 

Yu Matsumoto, Shin Inagaki, “Voltage Regulation 

of Distribution system by Demand Side Battery 

Control Method Considering Coordination with 

HEMS”, IEEJ Trans. on Power and Energy, 

Institute of Electrical Engineers of Japan, Vol.141, 

No.5, pp.336-344, 2021 (in Japanese). 

[19] Fuqiang Zhang, Hui Luo, Meizhao Liu, Nana Li, 

Dong Zhang, “Investment allocation model based 

on Gini coefficient and its application to electric 

power subsidiaries”, 5th Int. Conf. Electric Utility 

Deregulation and Restructuring and Power 

Technologies (DRPT), 2015. 

[20] Jiye Yang, et al., “Gini coefficient constraint 

method for making monthly trade schedule of 

directly dispatched thermal power generation units”, 

IEEE PES APPEEC2016, 2016. 

703


