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1. Introduction

In Japan, electric power is mainly generated at power plants 

by generation operators and delivered to the consumers 

who need it by power transmission and distribution busi-

ness operators (general power transmission and distribution 

business operators, power transmission business operators, 

and specifi ed power transmission and distribution business 

operators) using transmission lines, substations, and other 

distribution infrastructure. While the reliable delivery of 

electric power is the top priority for these companies, they 

also need to consider commercial viability if they are to 

remain in operation.

Furthermore, most power transmission and distribution 

business operators have close ties to their region and are 

committed to resolving societal challenges and support-

ing the ongoing development of their local communities. 

Along with economic value for themselves, this means that 

enhancing social value for the entire community and region 

is another important consideration.

Given this environment, Hitachi has been considering 

the way forward for digital solutions for power distribu-

tion that can enhance social value in their regions as well 

as economic value for power transmission and distribution 

business operators and the companies from the local com-

munity that are likely to play an essential role in the future.
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Along with the reliable and economic supply of electric power, another important con-
sideration for power transmission and distribution business operators is that they con-
tribute to sustainable regional development. Hitachi has been consolidating the work 
it has done investigating potential future digital solutions for power distribution that 
will enhance both economic value for power transmission and distribution business 
operators and social value for communities. The goal is to build solutions that improve 
both economic and social value by combining digital twins of power distribution with 
cross-industry applications. This includes applications that deliver social value by opti-
mizing practices at a regional level through integration of the information and systems 
belonging to real estate developers, transportation operators, public agencies, and other 
local stakeholders, with the digital twins serving as tools for the centralized manage-
ment of a wide range of information relating to power distribution.

Future Digital Solutions for 
Power Distribution that Enhance 
Economic and Social Value
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2. Grand Design for Digital 
Maintenance Platform Service 
for Power Distribution and 
the Value it Delivers

As noted above, the reliable delivery of electric power is the 

top priority for power transmission and distribution busi-

ness operators. As standalone businesses, it is also important 

for these companies to reduce their operating and main-

tenance costs without compromising security of supply. In 

recent years, they have also had to deal with the emerging 

challenges of workforce shortages and aging equipment. 

To address these challenges, these companies have sought 

to enhance their own economic value by pursuing business 

process re-engineering (BPR), upgrading their information 

systems in tandem with a redesign of their workfl ows and 

organizational restructuring. Th ey are also adopting more 

advanced systems, including effi  ciency gains from artifi cial 

intelligence (AI) and the use of drones to automate visual 

inspection work. To do so, they need to be integrating the 

enterprise asset management (EAM) systems they use for 

maintaining transmission and distribution infrastructure 

with newly installed AI platforms and other systems for 

Internet-of-Th ings (IoT) sensors, robots, and three-dimen-

sional city models. Given that advanced systems like these 

are progressing at a rapid pace, the development of func-

tions for EAM integration also needs to be made easier.

In response, Hitachi is building digital twins of power 

distribution for the centralized management of a wide vari-

ety of information on electricity distribution. Th ese replicate 

real-world distribution systems in a digital space, including 

historic data. Th e shared use of these digital twins by other 

systems smooths and simplifi es the integration of EAM 

with other advanced systems.

Meanwhile, along with raising their own economic value, 

enhancing social value for the entire community and region 

is another important consideration for power transmission 

and distribution business operators. As reported elsewhere(1), 

an essential requirement for creating sustainable societies is 

to achieve the best outcome for everyone by also coordinat-

ing operation with the information and systems belonging 

to real estate developers, transportation operators, public 

agencies, and other stakeholders in the local community.

To do so, Hitachi has developed a suite of cross-industry 

applications for resolving the sort of societal challenges 

that are diffi  cult for individual organizations to address 

on their own, and which work by linking the digital twins 
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Figure 1 — Block Diagram of Digital Maintenance Platform Service for Power Distribution
The service smooths and simplifies the integration of EAM with a wide range of systems, such as those for AI, IoT sensors, and robots. It does this by 
creating digital twins of power distribution that provide centralized management of a wide range of information relating to power distribution, thereby 
replicating the actual environment for power distribution infrastructure in a digital space.

MDMS: meter data management system   AIP: asset investment planning   EAM: enterprise asset management   FSM: field service management   
APM: asset performance management   AI: artificial intelligence   IoT: Internet of Things   PDCA: plan, do, check, act
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of power transmission and distribution business opera-

tors with the operational systems of other stakeholders 

such as real estate developers and transportation operators. 

Th ese link the information handled by digital twins with 

the operational systems belonging to the many diff erent 

organizations involved in running a city, such as those for 

commercial districts or mobility. Th e resulting social value 

includes the optimization and reallocation of resources 

across entire communities.

Finally, Hitachi is contributing to enhancing economic 

value for power transmission and distribution business 

operators and social value for local communities by pro-

viding a digital maintenance platform service for power 

distribution in the form of a total solution that combines 

EAM with the digital twin of power distribution, advanced 

systems, and cross-industry applications (see Figure 1).

Th e following sections describe the digital twin of power 

distribution and the cross-industry applications that are key 

components of the digital maintenance platform service for 

power distribution.

2. 1
Digital Twin of Power Distribution

In the digital maintenance platform service for power dis-

tribution, the digital twin of power distribution handles 

three-dimensional data on distribution infrastructure and 

on buildings and other urban facilities (see Figure 2). Th e 

procedure for doing so is as follows.

(1) Step 1 is to replicate simplifi ed building information 

modeling (BIM) data in the digital twin of power distribu-

tion from equipment management data in EAM. In this 

step, the level of detail (LoD) of the models managed by 

the digital twin of power distribution is low and they are 

“as-designed” models that show the equipment as it was 

designed in the original plans.

(2) Step 2 improves the LoD of the overall model by pro-

gressively increasing the precision of position data for each 

object in the digital twin using point cloud data collected 

onsite. As this data records the actual form of the equip-

ment, it means that the digital twin can now work with 

“as-built” model data.

(3) Step 3 is to keep the model data in the digital twin up to 

date by re-acquiring the point cloud data each time the site 

is inspected. Th at is, the digital twin is able to maintain “as-

is” model data depicting the current state of the equipment.

While step 3 provides as-is model data with the highest 

LoD, more cost and eff ort are involved in its acquisition and 

administration. For this reason, a more pragmatic approach 

is to only progress along as many steps as is warranted given 

the importance of the equipment concerned.

Interlinking the digital twin of power distribution with 

EAM gives access to EAM functions such as risk analysis 

and the tracking of equipment maintenance costs. Th is 

integration means that the digital maintenance platform 

service for power distribution can manage information as a 

fi ve-dimensional model, with the three-dimensional spatial 

information being augmented by a time dimension (the 

condition of the equipment when fi rst built, as it is now, 

and how it is likely to be in the future) and a cost dimen-

sion (capital and subsequent maintenance costs). Hitachi 

has built up expertise in the fi elds of power plants and 

transmission and distribution infrastructure over many years, 

including in three-dimensional spatial design and four-

dimensional simulations of engineering work. By using this 

expertise as a basis for building fi ve-dimensional digital 

twins of power distribution, Hitachi can deliver economic 

value to power transmission and distribution business 

operators in ways that include cost savings from the reso-

lution of operational issues and the development of optimal 

investment plans.

Figure 2 — Example Digital Twin of Power 
Distribution
The data on power distribution infrastructure 
handled by EAM is replicated in digital space as a 
simple building information modeling (BIM) model. 
Accurate positional information is then obtained 
by superimposing point cloud data collected onsite 
and this is used as feedback to digital space.
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Figure 3 shows how a digital twin can also be used to 

reform power distribution workfl ows. Th e digital twin can 

be used to conduct a variety of risk assessments based on 

multiple data sources (not just point clouds), such as the 

risk of economic losses, power outages, or asset damage. 

Th is enables work on the distribution system to proceed in 

a waste-free manner, with comprehensive and data-driven 

decision-making on the assessed risks and costs.

2. 2
Cross-industry Applications

Th e digital twins of power distribution described above are a 

core element in the digital maintenance platform service for 

power distribution, which is primarily intended as a solu-

tion for improving economic value for power transmission 

and distribution business operators. Th is section describes 

cross-industry applications that link these digital twins to 

the operational systems of other stakeholders such as real 

estate developers or transportation operators and provide 

a suite of functions for resolving the sort of societal chal-

lenges that these stakeholders fi nd diffi  cult to address on 

their own. Specifi cally, it will describe one such application 

for working with real estate developers.

Factors that today’s real estate developers need to con-

sider include how to reduce their load on the environment 

and how to deal with a shift in working practices toward 

a mix of offi  ce work and telework. Hitachi has consulted 

with such developers to identify the issues that arise in 

development projects, whether for individual buildings or 

larger sites. After looking at solution ideas for using its 

digital twins to address these challenges, Hitachi developed 

its building performance indicator prediction service (see 

Figure 4). Th e service provides real estate developers with 

an effi  cient means of predicting performance indicators for 

new builds that they can use during the early stages of the 

core building design.

One of the issues for real estate developers is that they 

face high coordination costs due to the many diff erent con-

sultants they need to engage during the early stages of the 

core design for building development, making it diffi  cult 

for them to assess performance indicators in terms of a 

complex mix of diff erent factors. As this issue is one that 

also involves other stakeholders, including power transmis-

sion and distribution business operators, local government, 

and the community, it is not easy for developers to address 

on their own.

In response, the service can estimate performance indi-

cator values for a building from the early stages of its core 

design when the architectural drawings and BIM are com-

pleted. It works by using performance indicators for existing 

buildings with similar design parameters as a benchmark, 

adjusting these to allow for the features of the planned site. 
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Figure 3 — New Electricity Distribution Workflow Using Digital Twin of Power Distribution
Precise and low-cost forms of input data such as point clouds are used and this is then utilized to achieve waste-free electricity distribution through 
comprehensive and data-driven decision-making on costs and risks that is based on social, power flow, and asset considerations.

SCADA: supervisory control and data acquisition   CAPEX: capital expenditure   OPEX: operating expenditure   DB: database   3D: three dimensional
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Th ese design parameters are variables determined during 

the core planning and design phase, including building 

height, total fl oor area, construction area, number of fl oors, 

number of tenants, number of air conditioning systems, 

total window area, number of fl oors of each type (such as 

retail, residential, offi  ce, or logistics), and the type of build-

ing energy management system (BEMS) to be used. Th e 

design parameters give an indication of the neighborhood 

traffi  c volume, power consumption, and how the building 

will look once it enters use, allowing the development plans 

to be reviewed on the basis of a complex mix of factors. It 

is anticipated that this service will reduce the cost to real 

estate developers of coordination with other stakeholders 

and of having to make major revisions after the plans are 

completed. Th ey also allow for a quantitative assessment of 

the development plans based on a complex mix of factors. 

Identifying appropriate benchmark buildings and passing 

on this information to the architects also allows them to 

settle on a direction for their development plans quickly 

and effi  ciently. As the costs associated with electricity sup-

ply infrastructure in the vicinity of the building also form 

part of these coordination costs, the service should also help 

power transmission and distribution business operators cut 

the expense of costing this work.

By making a number of cross-industry applications like 

this available, Hitachi is supporting society-wide opti-

mization by encouraging collaboration between power 

transmission and distribution business operators and local 

community stakeholders.

3. Conclusions

Th is article has reviewed the outlook for digital solutions 

for power distribution that are likely to be an essential 

requirement for the power distribution industry in Japan 

as it experiences change in both its business environment 

and societal role.

By using this newly designed digital maintenance plat-

form service for power distribution as a basis for co-creation, 

not only with power transmission and distribution business 

operators, but also local community stakeholders such as 

real estate developers, transportation operators, and public 

agencies, Hitachi will continue to create digital solutions 

that enhance economic value for individual stakeholders 

while at the same time resolving societal challenges.
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