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Organizat ions of al l  kinds are required to pursue energy conservat ion, 
decarbonization, and high energy efficiency. In particular, factories consume huge amounts 
of energy, and thus even a small improvement in their energy efficiency may greatly reduce 
energy consumption. Factories can also reduce energy costs by optimizing the operation 
of in-house power generation systems, production plans, and the amount of electricity 
purchased from the power grid. To help these efforts, the introduction and standardization of 
the Industrial Facility Energy Management System (FEMS) is eagerly awaited. Yokogawa is 
leading projects to develop international standards for FEMS such as IEC 63376 and other 
methods for measuring energy management status such as ISO 50011. This paper describes 
these international standards for energy management and FEMS and overviews Yokogawa’s 
activities on developing international standards. 

INTRODUCTION

A growing number of companies are working on the 
Sustainable Development Goals (SDGs), which were 

set up in 2015 by the United Nations, by pursuing energy 
conservation, decarbonizat ion and energy eff iciency. 
Factories, as major consumers of energy, are striving to save 
energy and improve energy efficiency while maintaining 
productivity. Over the 20 years following the oil crises in the 

1970s, Japan improved its energy efficiency by about 35% 
through the introduction of highly efficient equipment and 
other measures(1). However, since around 1990 when major 
investment leveled off, it has become difficult to improve 
energy efficiency further, with additional savings reaching 
only about 10%. Accordingly, new energy-saving methods 
such as total optimization of energy use in factories are 
needed, as well as equipment renewal.

In addition to energy conservation, renewable energy 
should be introduced to achieve the SDGs. Renewable energy 
is affected by the weather and its output tends to fluctuate, so 
it is necessary to maintain the balance between supply and 
demand. Therefore, there are high expectations for factories 
that can f lexibly adjust their energy demand by reviewing 
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production plans and facility operation plans, thus helping to 
maintain the balance of supply and demand in the power grid.

To achieve the total optimization of factories and an 
appropriate supply-demand balance, energy management 
is essential. This includes the introduction and steady 
operation of energy-saving measures, determination of energy 
consumption, prediction based on production plans, and 
adjustment of production plans and facility operation plans 
for optimization. Such energy management requires efforts 
by the entire factory including top management and the 
exchange of information among various systems, such as the 
manufacturing execution system (MES) and each production 
facility in the factory. This is driving the need for international 
standards to help establish energy management systems, 
evaluate the status, and efficiently develop and operate systems 
that collect and exchange information from each production 
facility.

The International Organization for Standardization 
(ISO) and the International Electrotechnical Commission 
(IEC) have set up various technical committees (TC) to 
develop international standards for the energy management 
activities of organizations and methods for measuring energy 
efficiency. ISO TC 301 (Energy management and energy 
savings) has developed ISO 50001 (Energy management), 
and many other related standards. IEC TC 65 (Industrial-
process measurement, control and automation) has developed 
and published international standards such as IEC TR 62837 
(Energy efficiency through automation systems) and IEC TS 
62872-1 (System interface between industrial facilities and 
the smart grid). Yokogawa has been actively participating in 
the development of these international standards, and has also 
submitted proposals and been leading the development of ISO 
50011 (Energy management system) and IEC 63376 (Industrial 
facility energy management system).

This paper introduces the international standards being 
developed by these technical committees and outlines the 
international standards proposed by Yokogawa.

ENERGY CONSERVATION EFFORTS AND THE  
IMPORTANCE OF ENERGY MANAGEMENT

Efforts for Energy Conservation and Decarbonization
In recent years, an increasing number of companies have 

linked their organizational activities to the achievement of 
the SDGs. Some goals are related to energy conservation and 
decarbonization, such as “7. Affordable and Clean Energy” 
and “13. Climate Action.” To achieve these goals, energy 
management for conserving energy and introducing renewable 
energy are increasingly important.

In European countries and the U.S., energy consumption 
has been g reat ly reduced by establ ish ing an energy 
management system for organizat ions including top 
management. In Japan, energy has been saved by upgrading 
on-site facilities to highly efficient ones. Efforts to reduce 
waste and improve efficiency in the production process while 
maintaining production quality are known in Japan as “kaizen” 
and the term has spread globally.

In these improvement activities, it is important to grasp 
the energy consumption and the energy-saving effects of 
each facility and product, which increases the amount of 
information to be handled. Energy management systems 
(EMS), which calculate these data and visualize energy 
information, have become important. There are a wide range 
of EMSs, such as those that connect recorders to individual 
facilities and record their energy consumption and those 
that closely work with production systems. Improving the 
efficiency of collaboration between EMSs and other systems 
is also important, and so related international standards are 
needed.

International standards for EMS vary depending on 
the target. For example, IEC 62394 has been published by 
IEC TC 100 (Audio, video and multimedia systems and 
equipment) as an international standard for household EMS. 
This international standard defines ECHONET-Lite and data 
utilization by HEMS. ECHONET-Lite is a protocol that is 
used when lighting equipment, air conditioners, and storage 
batteries are connected to and controlled by household EMS. 
For building EMS, ISO 16484 (Building automation and 
control systems) has been developed by ISO TC 205 (Building 
environment design).

International standards for factory EMS (FEMS) have not 
been published yet. Since methods of using energy in factories 
vary depending on the type of products and manufacturing 
facilities, it is difficult to compile them into an international 
standard, and no proposals have been made.

Conventional Energy Conservation Activities in Factories
As mentioned earlier, energy conservation activities in 

Japan have focused on introducing high-efficiency equipment 
and improving the production process and efficiency in 
factories. Under the Act on the Rational Use of Energy, 
factories that consume more than 1,500 kL of oil equivalent 
energy are required to submit annual reports on energy use, 
and, as a medium- to long-term target, they are required to 
improve the unit energy consumption by 1% or more per year. 
Thanks to these requirements, energy efficiency was greatly 
improved during the 20 years from 1970.

However, after 1990 when such investments leveled off, 
it became difficult to make dramatic improvements in energy 
efficiency. While energy efficiency improved by about 35% 
in the 20 years from 1970, it only improved by about 10% in 
the next 20 years from 1990. One reason is that the existing 
equipment has a similar efficiency to the latest equipment. 
Equipment renewal is not expected to bring significant energy-
saving effects and meet the predetermined investment payback 
period, deterring further investment. Thus, many factories are 
struggling to make further energy savings.

Expectations for the Ability of Factories to Conserve 
Energy

Regarding energy conservation measures in factories, a 
different approach from the conventional approach of updating 
equipment is needed. While pursuing economic growth, the 
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Japanese government aims to conserve energy and improve 
energy efficiency, with the target of reducing energy demand 
by about 50.3 million kL oil equivalent by fiscal 2030(2). 
Industry has been asked to reduce energy consumption by 
10.42 million kL, and the following four measures were set to 
achieve this target.
(1) Promoting the low-carbon society action plan
(2) Visualizing production lines and improving energy 

efficiency
(3) Developing and introducing innovative technologies
(4) Introducing high-efficiency equipment across industries

Additional measures are also being taken to expand the 
range of facilities for which energy efficiency is calculated 
and optimize the energy usage and energy efficiency of the 
entire range. For example, some factories, where multiple 
compressors are used to supply compressed air, calculate the 
energy efficiency of each compressor and revise the recipe 
for operation to increase the load on those compressors with 
higher efficiency, thereby saving energy.

Other factories have expanded the scope of their energy 
conservation efforts to achieve total optimization. They 
exchange information on energy demand and production plans 
between the energy supply side and the energy demand side, 
and reduce the imbalance between supply and demand. In 
addition, the scope of total optimization has been expanded 
to include the entire organization or multiple organizations, 
and information and energy are exchanged within these 
organizations. For example, some urban areas and industrial 
parks have installed high-efficiency cogeneration systems to 
supply electricity and heat (cold/hot water and steam).

Factor ies usual ly car r y out product ion based on 
production plans, and grasp and control production processes 
with manufacturing execution systems. In addition, the 
Internet of Things (IoT) has made it easier to obtain 
information on energy consumption, production volume, 
and the environmental conditions of production facilities 
(temperature and other parameters). These production plans 
and conditions make it easy to derive formulas that determine 
the amount of energy needed for production. When this 
process is automated, energy efficiency is expected to improve 
further.

Improving the Ability of Factories to Regulate Renewable 
Energy

Factories consume huge amounts of energy. Many 
factories have their own power generation facilities in case of 
emergencies, and some factories use the power generated in-
house to reduce the amount of electricity purchased. Other 
factories review their facility operation plan to reduce the 
amount of electricity required.

As renewable energy-based power systems are introduced, 
the ability to adjust and match supply and demand will become 
even more important. If the power demand approaches the 
upper limit of the power that the grid can supply, then factories 
may reduce their power demand. However, the opposite case 
is also expected to occur: on sunny days in summer, solar 

power systems generate more power than demand, and some 
photovoltaic power plants are cut off from the power grid. To 
avoid this, factories are asked to increase their power demand 
to maintain the balance of supply and demand.

As renewable energy is increasingly introduced, it is 
important to maintain the balance between supply and demand 
in the power grid. Therefore, there are high expectations for 
factories that can flexibly adjust their electricity demand based 
on production plans and supply-demand adjustment contracts.

ENERGY-RELATED EFFORTS OF ISO AND 
IEC IN TERMS OF STANDARDIZATION

Energy-related International Standardization
As ment ioned above,  the impor t ance of  energ y 

management is increasing, and various technical committees 
of the ISO and IEC are drawing up international standards.

ISO TC 301 has  been developi ng i nte r nat iona l 
standards for energy management systems and methods for 
measuring reductions in energy consumption through energy 
conservation measures and has published 20 international 
standards since 2011.

The IEC has also been developing international standards 
in the field of electrical and electronic technology. As shown in 
Figure 1, various technical committees have been established, 
such as IEC TC 57 (Power systems management and associated 
information exchange), IEC TC 82 (Solar photovoltaic energy 
systems), and IEC TC 88 (Wind energy generation systems), 
which published 983 international standards. Since there are 
a wide range of target users in the areas of energy saving 
and decarbonization, related international standards are 
being actively developed; several technical committees were 
convened to establish a system committee (SyC) for Smart 
Energy and Smart City.

Yokogawa is participating in both ISO TC 301 on energy 
management standards and a working group (WG) under 
IEC TC 65 on factory EMS and energy usage control. The 
following sections outline the international standards that 
Yokogawa is helping to develop.

Figure 1 Energy-related TCs and SyC in IEC, and the 
number of international standards published
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International Standards Being Developed by ISO
The most representative international standard developed 

by ISO TC 301 is ISO 50001 (Energy management), which was 
first published in 2011. ISO 50001 defines the requirements 
for an organization’s energy management system, including 
top management. This system includes the organization’s 
structure for energy management and the introduction of 
energy performance improvement activities based on the 
PDCA cycle (plan, do, check, and action). This standard has 
been adopted in Europe, China, India, and other countries. In 
2017, about 22,000 companies around the world were certified 
to this standard. The second edition was published in 2018, 
with the text structure changed to High Level Structure, which 
is common to ISO 9001 (Quality management systems) and 
ISO 14001 (Environmental management systems).

As shown in Figure 2, ISO TC 301 has developed a 
number of guidance standards for the main items of the 
requirements specified in ISO 50001. These include ISO 
50005, a guideline on how to gradually introduce the 
requirements of ISO 50001, and ISO 50009, a guideline on 
how to introduce ISO 50001 in multiple organizations. Also 
included are ISO 50006, which describes how to measure 
an organization’s energy performance and establish energy 
performance indicators (EnPI) to verify the effects of 
improvement; ISO 17741, which measures the amount of 
energy saved by energy conservation measures; and ISO 
50047, which calculates an organization’s energy savings. 
Yokogawa is leading the development of ISO 50011, which 
serves as a guidance for determining the status of energy 
management (the yellow square in Figure 2).

Figure 2 International standards being developed by 
ISO TC 301

Energy-related Efforts by IEC
IEC TC 65 has been developing international standards 

for systems and their components used in industrial process 
measurement, control, and automation. The two working 
groups are developing energy-related international standards: 
JWG 14 (Energy efficiency in industrial automation) and JWG 
17 (System interface between industrial facilities and the 
smart grid).

JWG 14 covers the management of the efficiency of 

general energy handled in factories, such as heavy oil, 
electricity, and steam, while JWG 17 covers information for 
coordinating the f low of electricity from the smart grid to 
factories and vice versa.

International standards developed by JWG 14 include IEC 
TS 62837 on energy management units (EMU) for managing 
energy efficiency within a factory, and ISO/IEC 20140-
5 on the assessment of the energy efficiency of production 
systems and other factors affecting the environment. JWG 14 
was established as a “joint” working group because ISO TC 
184 (Automation systems and integration) is involved in the 
development of the ISO/IEC 20140-5 standard.

J WG 17 develope d  I EC TS 62872-1,  t e ch n ica l 
specifications that summarize the use cases for exchanging 
information between factories and smart grids based on 
demand response. This document describes eight use cases, 
such as notifying a factory of the hourly power unit price of the 
smart grid, reducing the power demand of a factory when the 
power supply is tight, and requesting a factory to increase the 
power demand when solar power stations generate excessive 
power due to fine weather. JWG 17 also developed IEC 62872-
2, which summarizes the information exchange between IoT 
use cases in factory equipment and the smart grid. JWG 17 
was established as a “joint” working group because ISO/IEC 
JTC 1/SC 41 (Internet of things and digital twin) is involved in 
the development of the IEC 62872-2 standard.

The international standards developed by both JWGs are 
interrelated. For example, changes in the electricity demand 
in a factory and the amount of electricity supplied from the 
factory to the power grid are requested as demand response. In 
this request, an international standard developed by JWG 17 
is used to exchange information between the factory and the 
smart grid while one developed by JWG 14 is used to examine 
whether the factory responds to the request by changing its 
production plan and operation plan.

YOKOGAWA’S APPROACH TO ENERGY 
MANAGEMENT

Approaches to Energy Management Standards
Yokogawa has been participating in ISO TC 301 to 

develop international standards related to energy management 
and actively making proposals through deliberations on draft 
standards and international meetings. In Japan, the discussions 
are held at the ISO TC 301 National Committee, with the 
Energy Management Standardization Technical Committee of 
the Japan Electronics and Information Technology Industries 
Association (JEITA) serving as secretariat. The ISO TC 
301 National Committee is also engaged in public relations 
activities for the international standards developed by ISO TC 
301. Among these, important ones cover EnPIs for evaluating 
the energy performance of facilities and for determining the 
amount of energy saved by the efforts of organizations. For 
example, energy conservation measures by changing the 
way of using energy, such as turning off lights during lunch 
breaks, will be easier to continue if the effects are quantified. 
When introducing energy conservation measures that require 
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investment, it will help to estimate the reduction in energy 
and costs and determine whether it is worth investing. It is 
also possible to determine whether the measures have been 
properly implemented by comparing the estimated energy 
savings and the results. If necessary, corrective measures can 
be introduced.

To publicize these international standards, the committee 
compiled guidebooks (3)(4) on how to set EnPI, which are 
available on its website. Since EnPI values and energy 
consumption vary depending on the production volume, 
ambient temperature, and operation mode, these guidebooks 
describe how to adjust variables and set the same condition for 
comparing EnPI values and energy consumption.

For example, when an energy conservation measure 
is introduced, it is not easy to determine the amount of 
energy reduction because various conditions change due to 
the introduction of the measure. Therefore, it is necessary: 
first to analyze the relation between the energy usage before 
introducing the measure and the related variables; then 
measure the related variables after introducing the measure; 
and then estimate the energy usage in the case when the 
measure is not introduced. The amount of energy reduction 
is the difference between this estimated energy use and the 
actual energy use after introducing the measure.

These EnPI values and energy reductions are the result 
of the organization’s energy conservation activities. However, 
as the activities progress, it becomes more difficult to improve 
EnPI values and reduce energy significantly. This is already 
the case in the manufacturing industry in Japan in recent 
years, and the same situation is expected to be seen in Europe 
and other countries where energy conservation is advancing. 
Therefore, Yokogawa studied an international standard 
that not only measures the amount of energy reduced by 
an organization but also evaluates its energy management 
system and energy conservation measures and proposed it 
to ISO TC 301. A ballot session was held from April to June 
2020 on whether to develop this proposal as an international 
standard, and it was approved by a majority vote. Then, WG1 
was appointed to develop the standard in March 2021 as “ISO 
50011 Energy management system      ‒ Measurement of energy 
management progress.” This international standard aims 
to evaluate an organization’s energy management based on 
three aspects: the organization’s system, energy conservation 
measures, and achievement of energy conservation targets. As 
the proposer of this standard, the author was appointed as the 
project leader and has been leading the development toward 
publication in April 2023.

Approaches to the FEMS Standard
Yokogawa has been participating in JWG 14 to develop 

standards for energy efficiency and in JWG 17 to develop 
standards for use cases for information exchange between 
factories and smart grids. In Japan, deliberations are carried 
out at the relevant working groups under the IEC TC 65 
National Committee, with the Japan Electric Measuring 
Instruments Manufacturers’ Association (JEMIMA) acting as 

secretariat.
In IEC TR 62837 (Energy efficiency through automation 

systems), JWG 14 defines the energy management unit (EMU) 
for each device and function. EMU differs for each object 
to be managed, such as individual equipment, production 
lines, and entire factories. EMU is applicable to Yokogawa’s 
products related to energy management. Meanwhile, JWG 17 
has been discussing use cases that adjust supply and demand 
of electricity by exchanging information between the smart 
grid (energy supply side) and factories (energy demand side).

Through discussions on EMU and demand response in 
smart grids, it has become clear that FEMS plays a crucial 
role. However, since each factory makes different products and 
uses energy in different ways, there has been no discussion 
on international standards. Even though each EMS works 
with various systems in factories for energy optimization, 
FEMS has not been discussed. Therefore, many factories are 
struggling to construct FEMS. For example, they use existing 
communication standards and transmit data in comma-
separated value (CSV) files.

Based on the discussions on EMU and demand response, 
Yokogawa proposed an international standard that facilitates 
the construction of FEMS to IEC TC 65/JWG 14. This 
standard defines the necessary functions of FEMS and the 
automation of each function and describes use cases of 
communication with other systems in a factory. Figure 3 
shows the scope of the international standard for FEMS, which 
defines the functions and the classification of FEMS. It also 
describes how to exchange information with in-house systems 
(production management system, in-house power generation 
system, storage batteries, and so on) and external systems 
such as the smart grid. Use cases of energy conservation using 
FEMS are also noted.

Figure 3 Scope of the international standard for FEMS

The proposal for developing this standard was put to 
an international vote during the period from October 2020 
to January 2021 and was approved by a majority vote. The 
development was started as IEC 63376 “Industrial facility 
energy management system (FEMS) ‒ funct ions and 
information f lows.” As a proposer of the development, the 
author was appointed as the project leader and has been 
leading the development toward publication in April 2023.
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Energy Conservation Through Total Optimization
An increasing number of factories are saving energy 

through the total optimization of multiple devices. Yokogawa 
is participating in JEITA’s Control and Energy Management 
Technical Committee WG1 (energy conservation), which 
advocates this kind of total optimization as RENKEI control(5).

In this control, equipment on the supply side and the 
demand side will exchange information such as a production 
plan, the amount of energy required, and an equipment 
operation plan, and then optimize the operation. RENKEI 
control can be introduced at each level of EMS. Figure 4 
shows an example. Equipment on the supply side and on the 
demand side send information such as energy consumption, 
production information, and settings to the RENKEI control, 
which calculates the amount of energy required when the 
production plan is executed and sends instructions to the 
equipment on the supply side. As a result, the necessary and 
sufficient amount of energy for production is supplied to the 
equipment on the demand side.

Figure 4 Outline of RENKEI control

Without information exchange, the supply side supplies 
more energy than actual demand for stable operation, causing 
the surplus energy to be wasted. RENKEI control eliminates 
this mismatch and saves energy. This concept is introduced in 
the annex of IEC TR 62837.

RENKEI control has been adopted not only in Japan but 
also overseas. In 2020, the Japanese government proposed 
the Cleaner Energy Future Initiative for ASEAN (CEFIA), 
a public-private collaborative initiative to promote energy 
conversion and low-carbon development in the ASEAN 
countries and RENKEI control was adopted as a measure. 
Currently, JEITA is working on its dissemination across the 
region.

JEITA discussed how to facilitate RENKEI control and 
concluded that when a large number of facilities exchange 
information it should not leave them to do so as they like, 
but should arrange FEMS and other systems to collect and 
exchange the information. Such cases are considered FEMS 
use cases. Specifically, these involve selecting appropriate 
equipment, optimizing the operation of each equipment, and 
optimizing equipment on the supply side, that on the demand 
side, and then both (Figure 5). For this reason, the international 
standard for FEMS, which Yokogawa is playing a central role 
in developing, includes these use cases in Annex A.

Figure 5 Use cases of the FEMS international  
standard under development

CONCLUSION

This paper described energy saving and decarbonization 
in Japan, the efforts of factories toward this goal, as well as 
their ability to adjust the supply and demand of renewable 
energy. It also reported on the international standards being 
developed by the ISO and IEC and Yokogawa’s efforts in 
international standardization.

Great expectations are placed on factories to implement 
more energy-saving measures and act as a buffer for the power 
grid. To ensure energy conservation, the importance of FEMS 
is increasing, which automatically follows changes in the 
energy management system of the organization and the supply 
of renewable energy. Thus, there is a growing need to develop 
international standards for FEMS and various organizations 
are actively involved in doing so.

In response, the ISO and IEC have created a number 
of international standards for energy management and 
information exchange between smart grids and factories via 
FEMS.

Yokogawa has been participating in the development 
of these standards and is leading an ISO TC 301 project to 
evaluate the progress of energy management and an IEC 
TC 65 project to develop international standards for FEMS 
functions. Both projects are being carried out as business 
activities adopted by the Ministry of Economy, Trade and 
Industry (METI) under the Fiscal 2021 Project for Acquisition 
and Promotion of International Standards Related to Energy 
Conservation. Yokogawa is also working on the dissemination 
of RENKEI control as a method of improving energy 
efficiency through total optimization, in cooperation with 
companies participating in the JEITA industry group.

To achieve the SDGs, Yokogawa will continue to work on 
international standardization and related industry activities 
that contribute to energy conservation, decarbonization, and 
energy efficiency.
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