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Abstract 
Industrial motor-driven systems use more than 2194 billion kWh annually on a global basis and offer one 
of the largest opportunities for energy savings.1  The International Energy Agency estimates that 
optimization of motor driven systems could reduce global electricity demand by 7% through the 
application of commercially available technologies and using well-tested engineering practices.  Yet many 
industrial firms remain either unaware of or unable to achieve these energy savings.   
 
The same factors that make it so challenging to achieve and sustain energy efficiency in motor-driven 
systems (complexity, frequent changes) apply to the production processes that they support.  Yet 
production processes typically operate within a narrow band of acceptable performance.  These 
processes are frequently incorporated into ISO 9000/14000 quality and environmental management 
systems, which require regular, independent audits to maintain ISO certification, an attractive value for 
international trade.   
 
It is our contention that a critical step in achieving and sustaining energy efficiency of motor-driven 
systems specifically, and industrial energy efficiency generally, is the adoption of a corporate energy 
management standard that is consistent with current industrial quality and environmental management 
systems such as ISO. 
 
Several energy management standards currently exist (US, Denmark, Ireland, Sweden) and 
specifications (Germany, Netherlands) others are planned (China, Spain, Brazil, Korea). This paper 
presents the current status of energy management standards development internationally, including an 
analysis of their shared features and differences, in terms of content, promulgation, and implementation. 
The purpose of the analysis is to describe the current state of “best practices” for this emerging area of 
energy efficiency policymaking and to suggest next steps toward the creation of a truly international 
energy management standard that is consistent with the ISO principles of measurement, documentation, 
and continuous improvement. 
 
Introduction 
 
Industrial motor-driven systems consume more than 60% of global manufacturing electricity annually and 
offer one of the largest opportunities for energy savings2. The International Energy Agency estimates that 
up to 7% of global electricity demand could be saved by more energy-efficient motors and motor systems.  
At present, both markets and policy makers tend to focus exclusively on individual system components, 
such as motors or pumps, with an improvement potential of 2%–5% instead of optimizing systems. 

                                                 
1 2194 billion kWh annually based on analysis conducted by Lawrence Berkeley National Laboratory, Alliance to 
Save Energy, and Energetics July 2004, updated 2005. 
2 Ibid. 



Equipment manufacturers have steadily improved the performance of individual system components 
(such as motors, pumps and compressors) but these components only provide a service to the users’ 
production process when operating as part of a system.  
 
While the energy efficiency of components, such as motors, may be quite high, when viewed as an entire 
system their overall efficiency is quite low.  Motor systems, on average, lose 55% of their input energy 
before reaching the process or end use.3  Some of these losses are inherent in the energy conversion 
process; for example, a compressor typically loses 80% of its input energy to low grade waste heat as the 
incoming air is converted from atmospheric pressure to the desired system pressure.4  Many losses, 
however, can be avoided through the application of commercially available technologies and good 
engineering practices.  The potential for motor system energy efficiency improvement has been well-
documented at 20% or more by program experiences in the US, UK, China, and elsewhere.   
 
The same factors that make it so challenging to achieve and sustain energy efficiency in motor-driven 
systems (complexity, frequent changes) apply to the production processes that they support.  Yet 
production processes typically operate within a narrow band of acceptable performance.  These 
processes are frequently incorporated into ISO 9000/14000 quality and environmental management 
systems, which require regular, independent audits to maintain ISO certification, an attractive value for 
international trade.   
 
Motor System Energy Efficiency: Potential vs Reality 
 
The energy savings potential of motor systems remains largely unrealized because it is deeply embedded 
in industrial operational and management practices.  Industrial motor-driven systems are ubiquitous in the 
manufacturing environment, but their applications are highly varied. System optimization cannot be 
achieved through component standards or labeling or “one size fits all” approaches.  The presence of 
energy-efficient components, while important, provides no assurance that a motor-driven system will be 
energy-efficient. In fact, the misapplication of energy-efficient equipment in industrial motor systems is 
common.  The disappointing results from these misapplications can provide a serious disincentive for any 
subsequent effort toward system optimization.   
 
Even when plant engineering and operations staff recognize the importance of optimizing a system and 
identify system optimization projects, they frequently experience difficulty in achieving management 
support.  The reasons for this are many, but central among them are two: 1) a management focus on 
production as the core activity, not energy efficiency and 2) the existence of a budgetary disconnect in 
industrial facility management between capital projects (incl. equipment purchases) and operating 
expenses.  Incentive structures within companies are frequently structured to reward lowest first cost 
rather than life cycle cost purchasing practices, which can also impede motor system optimization.  As a 
further complication, experience has shown that most optimized systems lose their initial efficiency gains 
over time due to personnel and production changes.  Since system optimization knowledge typically 
resides with an individual who has received training, detailed operating instructions are not integrated with 
quality control and production management systems. 
 
The authors have previously presented the case for addressing these concerns through an Industrial 
Standards Framework, which would establish a link between International Organization for 
Standardization (ISO) management systems and industrial system optimization.  The Framework includes 
energy efficiency standards, policies, training, and tools that have the net effect of making system 
optimization for energy efficiency as much a part of typical industrial operating practices as waste 
reduction and inventory management.  The purpose of this paper is to provide a detailed look at a key 
                                                 
3 U.S. Department of Energy, (2004), Energy Loss Reduction and Recovery in Industrial Energy Systems, 
http://www.eere.energy.gov/industry/energy_systems/analysis.html  
4 Compressed Air Challenge™ and the US Department of Energy (2003), Improving Compressed Air System 
Performance: A Sourcebook for Industry, 
http://www1.eere.energy.gov/industry/bestpractices/techpubs_compressed_air.html 
 



element of the Framework, an effective energy management standard, by examining the current status of 
energy management standards in six countries (China, Denmark, Ireland, Sweden, Netherlands, and the 
United States).  Particular attention will be given to their link to ISO 9000/14000 quality and environmental 
management systems, their policy and program context, and their possible role in realizing the potential 
from motor system optimization. 
 
Elements of an Effective Energy Management Standard 
 
The purpose of an energy management standard is to provide guidance for industrial facilities to integrate 
energy efficiency into their management practices, including fine-tuning production processes and 
improving the energy efficiency of industrial systems.   Although the focus of this paper is industrial 
energy efficiency, it is important to note that the energy management standards referenced here are 
equally applicable to commercial, medical, and government facilities.   
 
An energy management standard requires a facility to develop an energy management plan. In 
companies without a plan in place, opportunities for improvement may be known but may not be 
promoted or implemented because of organizational barriers. These barriers may include a lack of 
communication among plants, a poor understanding of how to create support for an energy efficiency 
project, limited finances, poor accountability for measures, or perceived risk in changing the status quo.    
 
All of the energy management standards studied for this paper use the “plan-do-check-act” approach as 
illustrated in the diagram below from the Danish DS 2403:2001, Energy Management-Specification. 
 

 
Source: Danish DS 2403:2001, Energy Management-Specification. 
 



Typical features of an energy management standard include: 
 
• a strategic plan that requires measurement, management, and documentation for continuous 

improvement for energy efficiency; 
• a cross-divisional management team led by an energy coordinator who reports directly to 

management and is responsible for overseeing the implementation of the strategic plan; 
• policies and procedures to address all aspects of energy purchase, use, and disposal; 
• projects to demonstrate continuous improvement in energy efficiency; 
• creation of an Energy Manual, a living document that evolves over time as additional energy saving 

projects and policies are undertaken and documented; 
• identification of key performance indicators, unique to the company, that are tracked to measure 

progress; and 
• periodic reporting of progress to management based on these measurements. 
 
In addition, for Denmark, Ireland, and Sweden, the standard includes explicit reference to a commitment 
to adhere to other applicable relevant regulations and requirements that pertain to the company’s energy 
use. 
 
A successful program in energy management begins with a strong commitment to continuous 
improvement of energy efficiency.  A first step once the organizational structure (energy coordinator, 
management team) has been established is to conduct an assessment of the major energy uses in the 
facility to develop a baseline of energy use and set goals for improvement. The selection of key 
performance indicators and goals help to shape the development and implementation of an action plan. 
An important aspect for ensuring the successes of the action plan is involving personnel throughout the 
organization. Personnel at all levels should be aware of energy use and goals for efficiency. Staff need to 
be trained in both skills and general approaches to energy efficiency in day-to-day practices. In addition, 
performance results should be regularly evaluated and communicated to all personnel, recognizing high 
achievement. The use of energy monitoring and process control systems can play an important role in 
energy management and in reducing energy use.  
 
Table 1 compares the elements of the energy management standards in the countries studied. For all five 
countries with existing energy management standards (or specifications), the standard has been 
developed to be entirely compatible with the ISO quality management program (ISO 9001:2000) and 
environmental management program (ISO 14001).  In the case of Denmark, Ireland, and Sweden, the 
assumption is that industrial facilities participating in ISO 14001 will integrate the requirements of the 
standard into their existing management documentation and procedures. 
 



Table 1. Energy Management Standards, Details 
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Existing

Denmark yes yes yes yes yes yes yes yes yes
suggests 
annual yes optional1 2001 60%2

Ireland yes yes yes yes yes yes yes yes yes
industry 
sets own yes optional1 2005 25%

Netherlands3 yes yes yes yes yes yes yes yes yes yes yes optional1 2000 20-90%4

Sweden yes yes yes yes unclear yes yes yes yes yes1 yes optional1 2003 50%elect

United States yes yes yes yes yes yes yes yes yes
industry 
sets own no no 2000 <5%5

Under Development

China yes yes yes yes yes yes yes yes yes
industry 
sets own not avail not avail

1 Certification is required for companies participating in voluntary agreements (also specified interval in Sweden). In Denmark, Netherlands & Sweden linked to tax relief eligibility. 
2  As of 2002, latest date for which data is available
3 Netherlands has an Energy Management System, not a standard, per se, developed in 1998 and linked to Long Term Agreements in 2000.
4 800 companies representing 20% of energy use have LTAs  and must use the Energy Management System. The 150 most energy intensive companies, representing 70% of the energy 
use, have a separate, more stringent, bench marking covenant and are typically ISO 14000 certified, but are not required to use the EM System.
5 To date, the US government has encouraged energy management practices, but not use of the standard, therefore market penetration has been very limited.  Program policies new in 
2007 are designed to address this.



Supportive Policies and Programs 
 
In the six countries studied, the energy management standards are designed to be applicable to all types 
and sizes of companies; however, in each instance the largest, most energy intensive industries are the 
focus of additional programs and initiatives.  By concentrating efforts on these large energy users, policy 
makers seek the greatest reduction in industrial energy consumption and overall GHG emissions.  Not 
surprisingly, the proportionally greatest impact on industrial energy consumption has been in Denmark, 
which has had financial incentives since 1992, in the form of a CO2 –tax rebate, coupled with voluntary 
agreements and, as of 2001, energy management standards.  An entirely different approach has been 
taken in the US, which has concentrated on educating industry about system energy efficiency 
opportunities.  The US has not explicitly promoted use of its energy management standard nor offered 
either financial incentives or penalties for meeting energy reduction targets. As a result, relatively few 
plants are using the energy management standard. Table 2 below provides a comparison of these 
supporting policies. 
 
Table 2. Energy Management Standards, Programmatic Context 
 

Participating 
Countries Vo

lu
nt

ar
y 

or
 

M
an

da
to

ry
 S

ta
nd

ar
d

Fi
na

nc
ia

l I
nc

en
tiv

es
 

fo
r C

om
pl

ia
nc

e
Te

ch
ni

ca
l A

ss
is

ta
nc

e 

Av
ai

la
bl

e
Pe

na
lti

es
 fo

r N
on

-

Co
m

pl
ia

nc
e

Re
co

gn
iti

on
 P

ro
gr

am
Li

nk
ed

 to
 V

ol
un

ta
ry

 

Ag
re

em
en

t
Tr

ai
ni

ng
 A

va
ila

bl
e 

on
 

St
an

da
rd

 C
om

pl
ia

nc
e

In
du

st
ria

l S
ys

te
m

s 

Tr
ai

ni
ng

 A
va

ila
bl

e
Ca

se
 S

tu
di

es
 

Pu
bl

is
he

d
Ta

rg
et

ed
 P

la
nt

s

Existing
Denmark vol yes1 yes yes1 yes yes yes not known yes yes
Ireland vol yes yes no yes yes yes limited4 yes yes
Netherlands vol yes2 yes yes2 yes yes yes limited5 yes yes
Sweden vol yes3 yes yes3 yes yes no no planned yes
United States vol no yes no planned no planned yes yes yes
Under Development
China vol yes yes

1 Denmark has had a CO2 tax since 1992 that affects larger industries. Tax relief is linked to participation in a voluntary agreement.

3 Sweden has  had a energy tax since 1/2005.Tax relief for process-related electricity linked to participation in a voluntary agreement.
4 Ireland plans to expand training offerings
5 Netherlands has training available on specific topics

2 Netherlands' Long Term Agreement participants must develop an energy management plan

info not yet available 

 
 
Denmark 
 
Denmark has had a CO2 tax in place since 1992 on all energy sources in Denmark.  Because of concerns 
that the tax would make energy-intensive Danish industries non-competitive, the government introduced 
voluntary agreements that offered a CO2- tax rebate for adopting energy management practices and 
undertaking energy efficiency measures.  To be eligible, companies had to be listed by the Danish Energy 
Authority as energy-intensive and the company’s energy-tax load had to exceed 4 percent of the 
company’s value added in the year prior to signing the agreement.  These agreements have become an 
important driver in encouraging use of the energy management standard in Denmark. Energy-intensive 
companies that enter into agreements for tax benefits must implement all energy-efficiency measures 
related to heavy processes with a payback period of four years or less; for less energy intensive 
companies signing agreements, the implementation requirement expends to measures with payback 
periods of six years or less. 
 



According to Persson and Grudbjorg [2006]- 
 

The Danish Energy Authority has implemented several different policy measures to make industry invest in 
energy-efficiency and energy conservation actions. The most effective ones used by the Danish Energy 
Authority have been: 
 
• Voluntary agreements 
• Subsidies 
• Information activities 

 
The Danish Energy Authority, as the result of a 2002 evaluation of the voluntary agreement system, found 
that half of the companies involved had reduced their energy usage by 20%.  According to Larsen, et al 
[2005]- 

The intentions behind the development of Danish energy management during the last 10 years has been to 
transform it from a rather technical monitoring and measurement system to a management system with 
more focus on information, communication, internal and external audits and employee involvement. 

 
The energy management system (introduced as a standard in 2001) was felt to be an advantage to the 
participating companies. Participating companies have cited other benefits such as better product quality, 
increased production capacity, and increased employee engagement. Active energy management in 
Denmark has been positively correlated for industrial firms with number of employees, CO2- tax 
agreements, subsidies, and the number of environmental inspections by the local government.  The role 
of training in system optimization techniques in achieving energy savings needs clarification. 
 
Ireland 
 
Sustainable Energy Ireland (SEI) has a well-integrated array of program offerings to encourage use of 
their energy management standard, IS 393, introduced in 2005.  A three-day training session is offered 
on energy management that addresses topics such as energy management goals, benchmarking, 
establishing energy performance indicators, and an overview of energy improvement opportunities with a 
focus on motor driven systems.  Companies are encouraged to join the Large Industry Energy Network 
(LIEN) to share and learn from each other during implementation of the energy management standard.  
The most energy intensive sites in Ireland (annual energy bill of €2 million or greater) are being recruited 
to participate in the Energy Agreements Programme, entering into an agreement with SEI that requires 
implementation of IS 393, including certification of compliance by an outside party.  The target group 
comprises 60-100 industrial energy users, particularly those subject to the requirements of the EU- 
Emission Trading Scheme. As of January 2007, 25 companies were participating. Participants are eligible 
for an array of services to assist them in setting and meeting their energy management goals. 
Participation in a recognition program and case studies are also encouraged.  A separate program for 
smaller companies is under development. 5  
 
Netherlands 
 
In The Netherlands, guidance for establishing an Energy Management System based on the ISO 
standard for environmental management systems has been developed in support of the Long-Term 
Agreements. This Energy Management System Specification was developed in 1998 in cooperation with 
Bureau Veritas, an ISO 14001 certification institute, and introduced into the Long–Term Agreements 
(LTA) program activity in 2000. Companies that signed or joined LTA2 have the obligation to implement 
an energy management system within two years. 
 
The 150 most energy intensive companies, representing 70% of total industrial energy use, have a 
separate bench marking covenant with the government.  These industries are required to be among the 

                                                 
5 For more information, see http://www.sei.ie/  and http://www.sei.ie/index.asp?locID=158&docID=-1  



top 10% most energy efficient in their sector worldwide.  Many of these companies are also ISO 14001 
certified.6 
 
Sweden 
 
Sweden has had a voluntary agreement program since 1994, but only added an energy management 
standard as a program requirement in 2003.  Prior to that time, the voluntary agreement had few 
incentives for participation and the results of the program could not be measured.7  In 2005, after Sweden 
imposed a tax on industrial process-related electricity, the Programme for Improving Energy Efficiency in 
Energy-Intensive Industries (PFE) was launched.  Managed by the Swedish Energy Agency, the PFE 
offers reduced taxation for companies that introduce and obtain certification for a standardized energy 
management system and undertake electrical energy efficiency improvements.  The program requires a 
five-year initial commitment, with specific milestones to report by the end of two years, as follows: 
 
• implement the energy management standard that is certified by an accredited certification body;  
• complete an in-depth energy audit and analysis to baseline use and identify improvement 

opportunities.  A list of measures identified in the energy audit with a payback of three years or less 
must be submitted to the Swedish Energy Agency; 

• establish procurement procedures that favor energy efficient equipment, and 
• establish procedures for project planning and implementation. 
 
By the end of five years, the company must implement the listed measures, demonstrate continued 
application of the energy management standard and procurement procedures, and assess the effects of 
project planning procedures.  As of January, 2007, 126 companies had signed up to participate in PFE, 
representing approximately 50% of all industrial electricity use.  To join, companies must be in certain 
eligible classes, use electricity in their manufacturing process, have energy costs of at least 3% of 
production value or pay at least 0.5% of value-added in energy-related taxes, and have the economic 
means to carry out the program.  To assist companies in compliance, the government has published 
handbooks on energy management, energy audits and analysis, routines for purchasing and planning, 
and a template for calculating life cycle cost in accordance with program requirements. The role of 
training for participating companies needs to be clarified.8  
 
United States 
 
Georgia Institute of Technology (Georgia Tech) first developed a comprehensive energy management 
standard for industry in 2000 that has served as a model for several subsequent national standards.  
Although the standard was adopted by the American National Standards Institute (ANSI), it has received 
little public recognition or support and is not widely used in the US.  The US has, however, developed a 
great deal of technical capability in industrial energy efficiency, especially motor, steam, and process 
heating systems.   
 
Since 1993, the US Department of Energy (USDOE) has been developing and offering a wide array of 
technical training and publications to assist industrial facilities in becoming more energy efficient through 
its BestPractices program.  In October 2005, USDOE initiated a program to offer an Energy Saving 
Assessment (ESA) demonstration for steam or process heating systems in 200 plants with an annual 
energy use of 2TBtu or higher.  Eight months after completion of the assessments, 134 plants had 
reported almost $222 million worth of energy savings recommendations either completed, underway, or 

                                                 
6 For more information, see http://www.senternovem.nl/Energiezorg/english/index.asp 
7 Linden and Carlsson-Kanyama, 2002, as cited in Price 2005 
8 For more information, see http://www.stem.se/ and 
http://www.stem.se/WEB/STEMEx01Eng.nsf/F_PreGen01?ReadForm&MenuSelect=F78F2B2CB1DE4525C12570
FB00428BD8  



planned.  Based on the success of the first year, the program was expanded in 2006 to include motor 
systems.9  
 
 In 2002, the US Environmental Protection Agency (USEPA) began a voluntary program, Climate 
Leaders, which works with companies to develop long-term comprehensive climate change strategies. 
Using the GHG emissions protocol developed by the World Resources Institute and the World Business 
Council for Sustainable Development, 59 companies have set and report progress on a corporate-wide 
GHG reduction goal to be achieved over 5 to 10 years. These goals are evaluated against the projected 
performance of the relevant sector. In 2003, the USEPA began offering information on energy 
management guidelines and benchmarking as part of its ENERGY STAR for Industry program.  The 
program also includes energy performance indicators for selected industries that companies can use to 
benchmark their performance, gaining recognition if they are in the upper quartile.10   
 
Collectively, these activities encourage companies to manage energy, but do not explicitly encourage use 
of an energy management standard. However, recently USDOE and USEPA have joined together to 
develop a collaborative program to certify plants for energy efficiency that implement energy management 
standards, based on an updated version of the Georgia Tech/ANSI energy management standard.  This 
program is expected to greatly increase use of the standard by US industries. 
 
China 
 
The China Standard Certification Center (CSC) has been authorized by the Chinese government to 
develop a series of national energy management standards. Three standards are planned for release by 
March 2008: Management System for Energy - Requirements, Management System for Energy - 
Guidelines for Performance, and Management System for Energy - Guidelines for Auditing. The draft 
Requirements standard has much in common with the other energy management standards in use 
elsewhere. 
 
The Chinese government has selected the Top-1000 Energy Consuming Enterprises as a major source 
of potential energy savings to meet national energy reduction goals.  The Chinese energy management 
standards will be completed in 2008 and will be added to the portfolio of policy instruments and program 
offerings to assist these plants in meeting their goals. 
 
Going Global: An International Approach to Industrial Energy Management 
 
As shown in Table 1, the existing energy management standards have many features in common.  This is 
not accidental.  All the standards reviewed in this paper have been developed by individuals well-versed 
in the ISO management model for continuous improvement. The US standard, developed by Georgia 
Tech/ANSI, was based on ISO management principles.  The Danish standard, issued a year later, has 
most of the same features and makes explicit references to ISO 14001.  Both the Irish and Swedish 
standards acknowledge their similarity and relationship to the Danish standard.  The Chinese standard 
now under development is using the Georgia Tech/ANSI standard as a reference.  Brazil, Spain, and 
Korea have also initiated work on an energy management standard. 
 
The European Committee for Standardization (CEN) and the European Committee for Electrotechnical 
Standardization (CENELEC) have formed a task force and undertaken development of a set of three 
European standards related to energy management including: energy service companies – ESCOs, 
energy managers and experts, and energy management systems. The Task Force 189- Energy 
Management convened in November 2006 with 24 participants from 10 countries, and decided to create 
three ad hoc Project Teams to develop the standards.  The standard on energy management systems 
has been assigned to Sweden and will be a simple compilation of existing Danish, Swedish and Irish 
                                                 
9 For more information about BestPractices see http://www1.eere.energy.gov/industry/bestpractices/; for information 
about Energy Saving Assessments, see http://www1.eere.energy.gov/industry/saveenergynow/  
10 For more information on ENERGY STAR, see 
http://www.energystar.gov/index.cfm?c=industry.bus_industry&layout=print 



Standards and the Netherlands Specification, conform to the ISO 14 000 structure and requirement. It will 
also take in account the German VDI Specification on EMS. 
 
A dialogue on international harmonization of energy management standards has recently been initiated 
by the ISO Secretariat, UNIDO, CEN, and the countries with experience with energy management 
standards who participated in a UNIDO experts’ group meeting on this topic in March 2007.  Developing 
countries have requested UNIDO’s support to conduct a feasibility study to identify opportunities, costs, 
and barriers resulting from widespread adoption of an international energy management standard. 
UNIDO has made a commitment to proceed with both the feasibility study and with an experts working 
group to begin the international process for harmonization among existing energy management standards 
in the coming year. 
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