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The goals of this issue of IEEE 
Power & Energy Magazine are to assess 
state-of-the-art developments in energy 
management systems (EMSs) and dis-
tribution managements system (DMSs) 
over the last few years, contrast such 
developments against the original de-
sign from approximately 50 years ago for 
EMSs and 40 years ago for DMSs, and 
discuss changes needed for the years 
to come.

The first article, coauthored by re-
searchers from Texas A&M Univer-
sity, raises a question of how EMS and 
DMS design may evolve to address re-
siliency issues. Resiliency is a different 
consideration than the traditional reli-
ability requirement since, the authors 
say, “While minimizing the likelihood 
of large-area, long-duration outages 
is important, a resilient system is one 
that acknowledges that such outages 
can occur, prepares to deal with them, 
minimizes their impact when they oc-
cur, is able to restore service quickly, 
and draws lessons from the experience 
to improve performance in the future.” 

The resiliency issue is discussed by 
M. Panteli and P. Mancarella, in their ar-
ticles published in IEEE Systems Journal 
(vol. 11, no. 3, pp. 1733–1742, Sept. 2017) 
and the article by D.N. Trakas and N.D. 
Hatziargyriou in Proceedings of the IEEE 
(vol. 105, no. 7, pp. 1202–1213, July 2017). 
This notion is conveyed in Figure 1, which 
takes a view that resiliency is just a refor-
mulation of the reliability requirements to 

meet the conditions of rare but extreme 
events, and in Figure 2, which adds the 
complexity of resiliency viewed as a set 
of measures that will assure a quick re-
covery of the electricity supply. 

Typical examples of rare but poten-
tially disastrous events mentioned by 
the authors are catastrophic weather 
conditions (hurricanes, tornados, and ice 
storms), as well as fires, earthquakes, and 
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figure 1. Resiliency interpretation as an enhanced reliability for rare, but 
extreme, events.
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figure 2. Resiliency interpreted as a time line for a quick recovery. 
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geomagnetic interferences. The authors 
point out that resiliency considerations 
have to be incorporated into EMS design 
and also reflected in the market man-
agement system (MMS), and the two 
solutions need to be well coordinated to 
account for the resiliency arrangement 

between the physical electricity grid and 
its market conditions. The authors pro-
pose that risk-based metrics and predic-
tive features should become part of EMS 
and DMS design in the future to allow 
utility staff to make informed decisions 
under unfolding threats in the planning 

and operations stages as well as out-
age and asset management realms. 
They also suggest that future EMS/DMS 
designs should allow a systemwide view 
over the entire interconnection, with 
closely coordinated actions among opera-
tions, protection, and asset management, 
which is not traditionally done today.

The second article is prepared by a 
group of authors from Tsinghua Uni-
versity and a former chief engineer 
at the State Grid in China, who were 
intimately involved in the development 
of Chinese EMS systems for over a de-
cade. They point out that the new require-
ments to serve large-scale centralized 
systems consisting of many regional 
grids imposes critical considerations 
of built-in cybersecurity measures and 
standardization such as service-oriented 
architecture and the Common Infor-
mation Model. They also suggest that 
modern EMS design should benefit from 
synchophasor technology for certain ap-
plications, and they are exploring how in-
tegration among supervisory control and 
data acquisition remote terminal units 
and phasor measurement units may com-
plement each other. They have focused 
on the smart grid operation system recent-
ly pursued by both the State Grid and The 
Southern Grid, the two major state power 
companies in China.

The new architecture focuses on ho
rizontal integration and vertical pene
tration meeting the need to integrate 
relevant functionalities across multiple 
departments (horizontal integration) 
and coordinate operation among hierar-
chically positioned control centers in the 
various provinces (vertical penetration). 
Their use of the virtual private network 
assures the required separation between 
various security zones and yet allows for 
fast communication across different con-
trol system layers. The goal is to use an 
open platform for future developments 
and expansion of the system design and 
allow for the integration of products 
from different vendors. The final mes-
sage the authors convey is that further 
developments are needed: “Much more 
R&D work has to be done in the future, 
especially in dedicated control cloud, 
dedicated real-time Internet of Things, 
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distributed real-time big data, global 
grid operation, etc.”

The next article is from Japan, au-
thored by staff members from Chubu 
Electric and a professor from Toyo Uni-
versity with extensive experience in 
the vendor environment. It addresses 
the important issues that came out of re-
cent electricity sector reform in Japan: 
establishing the cross-regional coordina-
tion of transmission operators to enhance 
nationwide system operations in 2015, 
a full retail choice and full liberaliza-
tion of wholesale power generation in 
2016, and further securing the neu-
trality of the transmission and distri-
bution sector through legal unbundling 
in 2020. Such reforms were also driven 
by the Fukushima Daiichi Nuclear 
Power Station disaster as well as the 
rapid deployment of photovoltaic (PV) 

distributed generation. In meeting such 
requirements, EMS and DMS designs 
were integrated, and further assimila-
tion with a future independent market 
operator is envisioned. 

It is well known that the Japanese 
industry is always looking at new tech-
nologies to solve complex problems, so IT 
solutions are the main focus of the article. 
The Chubu Electric special design in the 
planning area interfaces transmission sys-
tem operators, Organization of Cross-
Regional Coordination of Transmission  
Operators, and Japan Electric Power 
Exchange to optimize the nationwide 
network operation. Chubu Electric EMS 
and DMS designs are merged since the 
utilities still own both transmission and 
distribution segments of the grid. 

Due to the penetration of renewables, 
particularly solar PV generation, their 

central dispatch center has an extensive 
PV output forecast system connected 
to the Japan Meteorological Agency 
for continuous monitoring of solar ra-
diation and other weather conditions. A 
new control and protection system pre-
vents cascading events as a part of the 
EMS/DMS design. They are also using 
Internet Protocol networks and antici-
pate integrating data across substations 
and feeders, including smart meters and 
specialized sensors. The authors discuss 
the importance of integrating dispersed 
databases for asset management, diverse 
IT systems, and geographic informa-
tion systems, resulting in an IT system 
for transmission planning, operation and 
maintenance. The final goal is the inte-
gration of EMSs and DMSs with enter-
prise resource planning and enterprise 
asset management systems.
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In the following article, a group of 
authors from RTE France presents a 
number of crucial developments in the 
EMS area: 1) the use of the large-scale 
grid as a smoothing mechanism (expan-
sion in large systems), 2) dynamic load 
management, 3) the optimal use of the 
system by operating the grid closer to 
its limits and taking minimal preventive 
margins through the full use of all grid 
control variables (topology and manage-
ment of transmission flows and voltage), 
4) the implementation of power storage 
strategies, and 5) pooling different ener-
gy systems into one delivery ecosystem. 
In response to such challenges, the au-
thors describe EMS functionalities that 
will be implemented in the RTE con-
trol center in 2018 as well as the smart 
substation design, which is already op-
erational in one substation and will be 
rolled out in subsequent years to others. 

In the EMS realm, emphasis is on 
the proactive and action-oriented tools 
to improve short-term planning (Day 
+ 2) ahead. They are also focused on 
tools to address uncertainties. The smart 
substation design has some unique fast 
communication features with redundant 
communication protocols and low-power 
instrument transformers that facilitate 
digitalization in the substation switch-
yard for more reliable measurements 
during dynamic transient conditions. 
The authors’ goal is to achieve a self-
healing design that will also offer 
much higher sampling rates and entail 
an open platform design. Their focus 
is on improved monitoring techniques 
for asset assessment. They also con-
sider acquiring more weather-related 
data from specialized sources. Con-
sequently, they see computational re-
sources as necessary enhancements 

to deploy new data analytics inten-
sive functionalities.

The final article is from an advanced 
DMS (ADMS) vendor and coauthored 
by one of its customers, Duke Power 
Company. This article articulates some 
of the leading features used in DMSs 
today: monitoring and control, loss 
optimization, distribution system de-
mand response, emergency control, and 
storm tracking. The authors focus on an 
elaborate solution for volt/var optimiza-
tion integrated with the near-term load 
forecasting, load flow, and state estima-
tion. They propose a very rich design of 
ADMS functionalities to meet custom 
demands in different DMS environ-
ments. The design framework integrates 
traditional grid monitoring, analysis, 
operation, and management with fault 
location, isolation and supply restora-
tion, as well as the outage management 
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systems. Their interest is also in meet-
ing the mobility needs for web-based 
operation and incorporating measure-
ments from thousands of specialized 
voltage sensors distributed along the 
feeders. The authors’ emphasis on load 
peak reduction and associated advanced 
emergency control tools reflects their 
desire to provide more resilient ser-
vice even under rather difficult envi-
ronmental and operational conditions, 
such as the polar vortex experienced in 
Duke’s service territory in 2014. The 
additional challenge is to manage over 
1,000 MW of solar and other distrib-
uted energy resources and coordinate 
them to support grid operation during 
extreme peak load demands.

In summary, this issue of IEEE Pow-
er & Energy Magazine has achieved the 
goal of pointing to the future require-
ments and design options for the EMS 
and DMS solutions, with a clear mes-
sage that more integration across EMS, 
DMS, and MMS designs is needed. 
Almost all the contributions introduce 
some advanced technologies and infor-
mation and communications technol-
ogy solutions that are heavily utilized to 
achieve the goal of resilient operation. 
While the authors have indicated that 
further studies are needed to accommo-
date fast-evolving changes in the grid, 
they have not speculated what these fu-
ture systems should look like except for 
the examples provided and future direc-
tions recognized as “work to be done.” 

Based on the lessons learned from 
a few examples of the most advanced 
solutions, it becomes clear that there is 
a need to more precisely define how 
the resiliency requirement should be 
fulfilled in the future, along with all 
the other operational objectives that 
companies may pursue based on their 
internal service area needs and require-
ments. We hope this issue will stimu-
late further discussions in the IEEE 
and broaden the design paradigm and 
objectives for the next 50 years while 
keeping in mind that the electricity grid 
is undergoing perhaps its most dramatic 
and wide-scale change since it was in-
vented over 130 years ago.
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