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Abstract

Energy Efficient Design (EED) of new industrial facilities
has been an important focus area in Danish and Irish energy
efficiency programs. Significant energy savings have been
achieved by applying a systematic approach from the very
early stages of the design process. Even well-designed plants
have achieved energy savings of the magnitude 30 % or more
applying EED.

The basic methodology - based on the “the Onion” diagram
- aims at targeting all aspects related to energy efficient op-
eration of a future plant. The methodology includes systematic
analysis of user requirements (URS), planned process types, de-
tailed plant and utility designs, control strategy as well as main-
tenance and housekeeping-activities. The methodology details
specific activities to implement during the design process on a
phase-by-phase basis.

This paper describes which barriers towards energy efficien-
cy are typically encountered when planning and designing a
new industrial facility, and how the methodology deals with
these barriers. In addition, recommended EED-activities are
described during the planning and design stages on a phase-by-
phase basis. The design of an autoclave system in a healthcare
industry, including the associated utility systems, is used as a
comprehensive example.

The paper further describes experiences gained from a
number of projects carried out in Western Europe since 2000
including how to organize EED work and which practical ex-
periences have been gained. A number of case studies are de-

scribed including identified savings, payback periods and the
degree of implementation in the final design.

The paper finally describes requirements for EED in the
IPPC directive and which efforts that shall be carried out re-
garding EED according to the BAT note on energy efficiency
for new industrial sites.

Introduction

It has been experienced during numerous energy audits of
industrial facilities that energy saving opportunities would be
significantly higher if basic design parameters could be recon-
sidered and if utility systems and production processes could
be redesigned for maximum energy efficiency. Energy savings
would be much higher this way and investments would be
much lower in comparison with the cost of rehabilitating an
industrial plant already in operation.

This fact was addressed in the Danish CO, Agreement
Scheme for energy intensive industries developed during the
1990s (/1/) which stipulated that companies joining the scheme
must introduce EED procedures to ensure that major new in-
vestments in process plants and utility systems were designed
for maximum energy efficiency. This obligation still exists.

In the late 1990s the Danish Energy Agency launched a com-
prehensive EED program to develop methods and procedures
for various project types as well as supporting guidelines, tools
and pilot projects (/2/).

Also in Ireland a significant focus has been put on EED as a
part of the SEAT Agreement Scheme (/3/). Several pilot projects
have been carried out, and a number of working groups com-
prising design engineering companies and industrial compa-
nies have developed guidelines and tools in this area (/4/).
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Figure 1. The “Onion”(Venn) diagram (/5/).

In both Denmark and Ireland emphasis has been put on the
following 3 aspects of EED:

1. To develop an approach where all aspects of energy efficien-
cy are considered in the design process

2. To establish procedures so as energy efficiency is in focus
through all phases of a design project

3. To implement pilot and demonstration project proving that
the concept works well.

This paper reports experiences from these 3 areas.

Best Practice Approach to Energy Efficiency

— The “Onion” (Venn) Diagram

The “Onion” diagram also called the Venn diagram (/5/) was
originally introduced for energy efficiency purposes as a part
of process integration studies (/6/) and later refined and ex-
panded under the Danish CO, Agreement Scheme (/1/), see
Figure 1.

The diagram aims to target all aspects of energy efficiency
from the “energy service” specified by the basic planning and
design parameters to “operator behaviour”, and is divided into
logical steps in order to establish a structured way to approach
energy efficiency.

Each layer of the diagram deals with specific issues relating
to energy efficiency:

e The “energy service” is the core reason why energy is re-
quired for a specific area or process. For example, an “en-
ergy service” can be a “clean room” or a required “quality of
a cleaning process (CIP/SIP)” in a pharmaceutical facility.

Such design parameters are often stated in the User Re-
quirement Specification (URS) for a new production facility,
and are most often interpreted as a “legal requirement” by
the design team.

e The “energy service” can always be challenged. For exam-
ple, if it is necessary to maintain a very high standard in the
“clean room”, can the reasons why the room is not clean be
isolated or removed?
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e The “process” is the type of process selected to achieve the
energy service — most commonly the “process” for a clean
room is “filtration of air using filters”

Alternatives should be identified for every layer in the
diagram. For example, can “filtration of air” and air circula-
tion with a high level of air changes (and high energy con-
sumption) be replaced by “electrostatic filters”, or can other
and more energy efficient solutions be proposed?

e The “equipment” layer deals with the type and efficiency of
the equipment to be installed in order to fulfil the “process”.
Numerous aspects can be optimised in large HVAC sys-
tems for clean rooms including the amount of recirculation,
the type and efficiency of heat recovery, and the efficiency
of fan installation (SFP), etc. Several of these aspects may
be closely related to the utility design of the entire facility,
for example the establishment of systems for utilizing waste
heat for heating of air in HVAC systems.

e The “control” layer deals with the accuracy of control sys-
tems required to optimise plant operation in order to
minimise energy consumption when loads vary and the
demands for the “energy service” change.

VSD control and selection of band widths will also be im-
portant areas to analyse when designing an energy efficient
control strategy for HVAC systems for example. Often KPIs
must be established to ensure that control strategies are op-
erating correctly.

e The “operation and maintenance” layer must ensure that
utility systems and process equipment all have a structured
maintenance plan to ensure that the energy efficiency con-
forms to the level established at the design stage.

For example, experience has shown that regular cleaning
of heat exchangers is often not implemented in many sec-
tors with the result that the energy efficiency of carefully
designed utility systems and heat recovery systems (all with
low delta Ts) is significantly impaired over time.

¢ The “good housekeeping” layer comprises a wide variety of
focus areas to ensure that a facility is operated for optimum
energy efficiency.

Although housekeeping procedures can comprise ba-
sic instructions to switch off lights when leaving an empty
room, areas like operator training related to cleaning sta-
tions (CIP) and production processes are much more sig-
nificant factors for the energy efficient operation of a facility.

An energy saving analysis based on the “Onion” diagram can
often identify significant energy saving potential during the
design phase. Difficult issues will often be raised. For example,
whether the company applies a consistent “corporate stand-
ards” policy across production plants all over the world, or
whether these are defined by regulatory authorities. This typi-
cally happens in the pharmaceutical industry and in the food
and beverage sector.

Challenging such design parameters may be time con-
suming, so it is crucial that a design methodology based on
the “Onion” diagram” is early on in the planning and design
process because that is the only time that the project owner
and design organisation will be open for discussions on these
aspects.
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One of the main reasons why the “Onion” diagram is suc-
cessfully used is that minimisation of the “energy service” often
leads to smaller and therefore also cheaper utility systems. Sys-
tematically reducing the energy requirements by establishing
a better design baseline results in a lower investment to sup-
ply the energy. This design approach might also be called an
“inside-out” approach.

A real life example of the use of the “Onion” (Venn)
Diagram

An example of the use of the “Onion” diagram for the autoclave
system is shown in Figure 2.

The autoclave is designed for the sterilisation of small “stents”
to be inserted into the human body during surgery. After pro-
duction the stents are placed in a plastic bag with sterile water
and the bag is placed on a tray in an autoclave for heating to
120 °C for 50 minutes. After removal from the autoclave, the
bags are manually put in boxes and sent to hospitals for use
during surgery.

To operate the system a large steam boiler station delivers
heat to the autoclaves and a compressed air system maintains
a stable pressure in the autoclaves to prevent the bags from ex-
ploding when heated to 120 °C (above the atmospheric boiling
point for water at 100 °C).

An “Onion” analysis of this design reveals numerous and
significant energy saving opportunities that can be taken into
consideration during the planning and design stages of a new
autoclave system:

e Energy service. The energy service (the core reason why
energy is used) is obviously to “kill” bacteria on the stents
so that remain sterile when unwrapped during surgery in
a hospital. However, good design practice will also address
the following issues, namely:

— It does not appear logical that although they are steri-
lised in the production facility the stents are subse-
quently packed manually in a non-sterile environment.

6 compressors of
each 150 kW

delivering 8.5 bar Trays with
compressed air plastic tubes in
bags with
sterile water
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Therefore is it should not be necessary to sterilise the
plastic bags in the production process when, in reality,
the bags are re-sterilised during surgery?

— Further it does not appear logical that sterile water is
used when filling the bags because in reality this water
is sterilized 3 times when also taking the sterilisation in
hospital into account.

e Process. The product developers and the clients in this ex-
ample have chosen a process in which the stents are steri-
lized by thermal treatment in a bag filled with sterile water.
Nonetheless, alternative processes can be considered:

— For example, it might be possible to use other and
maybe more energy efficient sterilisation methods such
as chemical sterilisation, microwaves, X-rays, vacuum
packed tubes, etc. This is a “delicate” question to raise
during a design process, but nevertheless crucial when
evaluating the efficiency of the overall process from an
energy point of view.

e Equipment. Once the decision has been taken to use thermal
sterilisation as the preferred process, alternative methods
could be evaluated. Alternative methods could be:

— Hot water or warm air system. Hot water sterilisation
is widely used in the food industry, however mostly at
temperatures below 100 °C which means that systems
do not have to be pressurized. The advantage of a hot
water solution is that the heat from sterilisation can be
recovered relatively easily, allowing the heat supplied for
one batch to be recovered and used for the next batch,
thereby keeping thermal energy consumption at an ab-
solute minimum. This is not possible with a steam based
system, which means that energy consumption will be
at least 50 % higher.

e Control. The control of the process aims to ensure that all
bags reach their target temperature of 120 °C for a period of
3 minutes or more. Digital tags are placed on each tray so

Sterilisation of
products at 100%
humidity and 120C

for 50 min.

8 bar

steam

aaga
a

Compressed air
reciever at 8.5 bar

Figure 2. Autoclave for sterilisation of healthcare products.

10C
water

20 autoclaves of each 15 meter
length and 2 meter diameter
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temperatures can be logged and products traced after pro-
duction. Nonetheless, important process parameters can be
considered:

— The sterilisation time of 50 minutes is very high when
compared with the required 3 minutes so it is realistic to
ask whether the process design and control system can
be improved. Actually a pressurized hot water system as
proposed above would ensure a better heat transfer thus
allowing for a shorter process time.

— The compressed air pressure of 8% bars is significantly
higher than the boiling pressure in the plastic bags of
approximately 2.1 bars. This results in very high pow-
er consumption by the compressed air plant. Power
consumption by the compressed air system could be
reduced by more than 70 % if the system is designed
to operate at a pressure closer to what is needed by the
process. Another benefit is that a much smaller com-
pressor station could be installed, thereby reducing the
investment costs.

e Operation and Maintenance. The main questions related to
operation and maintenance of the system is how leaks of air
and heat can be avoided and how the idle load of compres-
sors and boilers can be kept at a minimum.

— It is essential that the system is delivered with ready-
to-use maintenance instructions to cover areas such as
leak detection etc. Enquiries should also be made to see
whether monitoring systems (e.g. air meters, steam me-
ters, etc.) can be used to provide information about key
aspects of the process.

e Good Housekeeping. Recommendations regarding “good
housekeeping” are usually more generic, but because these
often influence operator behaviour they can have a signifi-
cant impact on energy efficiency.

— In the autoclave system several aspects relating to op-
erator behaviour can be questioned including: how are
autoclaves managed (filling, venting, cleaning), etc.?

Because the approach outlined above might be considered to
be a little “academic” and many of the questions impossible
to answer, it may be that engineering design consultants will
often not want to consider such aspects during the design proc-
ess, where “safety” is a crucial question. However, reviewing
the questions raised above one by one identifies several simple
solutions, which could lead to a significant reduction of oper-

Owner
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ating costs for the future system. Following a careful mapping
of the energy consumption for the autoclave system illustrated
in Figure 2, operating costs for energy appeared to be as high
as 0.5 mill. Euro per year. This came as a big surprise to the
facility owner.

Barriers towards energy efficiency when planning and
designing industrial facilities

Even though industry is increasingly aware of sustainability is-
sues, energy efficiency of new industrial facilities still encoun-
ter major barriers, by example:

e Lack of priority. Energy costs and sustainability is an area of
low interest during the design process — cost control, pro-
duction logistics and “time-to-market” etc. are considered
key aspects to watch during the design process. Future op-
erating costs for energy is usually of less importance.

e Time constraints. The planning and design process is usually
hurried - especially after the initial planning stages where
overall project scope is defined. Once the detailed design
phase is initiated, project engineers will be reluctant to in-
troduce new solutions and to risk using any alternatives to
well proven technologies.

e Lack of data. It is most often unclear how much energy a
new facility will use in the future — and therefore it is un-
clear which issues need to have special attention until after
the design project is well under way at the detailed design
phase. At that time it is often too late to influence most of
the design work. Utility systems are therefore frequently
designed on inaccurate data and are therefore significantly
over dimensioned for safety reasons.

e Lack of knowledge. Even though many specialists are in-
volved in a typical design project, important decisions re-
garding process- and design parameters are often taken by
project staff who are not experienced in energy efficiency
— typically staff from the quality control department, or
product specialists responsible for specifying production
equipment. Staff such as these have no understanding of
the consequences of operating a process with a higher air
pressure or whether the process requires that glycol from a
refrigeration system should be at a lower temperature.

e Unclear responsibilities. Often, there are no clear definitions
as to who is responsible for energy efficiency in the design
organisation. The project owner or the project manager

Project
Manager

Building Mechanical Electrical

IT/Scada Process

Figure 3. Typical design organisation for industrial facilities.
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will typically expect utility engineers to be specialised in
this area whereas the most important “energy parameters”
should be defined by other parts of the organisation. Fre-
quently, nobody dares challenge solutions proposed by
manufactures when it comes to energy efficiency.

* Budget constraints and value engineering. More than ever,
the success factor that determines new industrial facilities
is considered to be the need to minimize investment costs.
Even though “value engineering” phases are included in the
design work with the aim of balancing investment costs and
later operating costs, experience shows that such work usu-
ally only focuses on reducing investment costs and not on
balancing investment costs and later operating costs over a
fixed period (by example 2-3 years).

A description of the typical set-up of the design organisation,
and which roles the design engineers take during planning and
design of a new industrial facility is shown in Figure 3.

Typical Design Organisation
Figure 3 illustrates the typical structure of a project organisa-
tion with competence areas that is used for planning and de-
signing a new industrial facility.

From an energy efliciency point of view the crucial aspects
of this structure are:

¢ Staff members responsible for specifying processes and pro-
duction machinery are often from the project owners own
organisation (e.g. process specialists, staff from a quality
department etc.). Employees in this category are mostly not
experienced in energy efficiency except from sectors where
energy costs constitute a significant fraction of the total op-
erating costs (e.g. cement industry and refineries, etc.).

¢ Design engineers from consulting companies are typically
responsible for civil engineering areas, and typically carry
out work based on a User Requirements Specification (URS)
prepared by the users/project owner and their specialists.
Design engineers are not expected to challenge the URS.

¢ No part of the organisation is clearly responsible for energy
efficiency and cross-organisational solutions (e.g. central
heat recovery systems, selection of KPIs for energy manage-
ment etc.). The mindset of the user/project owner is usually
that the staff responsible for designing the boiler station and
the refrigeration plans (utility systems) will also take care of

Consulting Engineer

QA, FDA, “vets” etc.
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energy efficiency - even though these persons often do not
have any opportunity to influence design parameters fixed
during the early project phases.

Based on the above considerations, the overall influence on
energy efficiency in a planned, new industrial facility often is
divided as illustrated in Figure 4.

According to Figure 4, consulting design engineers are often
only responsible for a limited part of the future energy bill for a
planned, new facility, whereas the project owners in-house staff
and manufactures based on their being in control of impor-
tant design parameters and various requirements influencing
energy consumption will be responsible for a majority of the
energy bill for the future plant.

Also legal requirements and regulatory authorities (e.g. FDA
in the pharmaceutical sector) may have a significant influence
on energy consumption in the new facility.

The pie chart in Figure 4 (e.g. showing who should be in-
volved and where are the priorities for additional analysis)
should be kept in mind when planning an effort to improve
sustainability of a new industrial facility.

EED Methodology

Based on the aspects discussed above, the recommendation in
the developed EED procedures in both the Danish and Irish
programs, is that EED is best carried out by an independent
energy expert with a kind of QA role in the design organisation
as illustrated in Figure 5.

Most importantly the role of the energy expert is:

e Data collection. To establish an overview of the expected
future energy consumption already during early project
phases so as important focus areas and design parameters
can be identified and receive priority before it is too late.

For example challenging air change rates may take sev-
eral months to complete, which means that by the detailed
design phase (where HVAC engineers start to plan installa-
tions) it will be much too late to implement any modifica-
tions.

o Review design parameters. To review URS and design pa-
rameters during early project phases to identify issues that
should be challenged, and eventually changed, involving
the project owner’s own organisation in order to minimize
the energy requirements as well as to optimize important
project parameters.

Company (URS)

Manufacturers

Figure 4. Who influences energy efficiency during design of a new industrial facility?
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Factory

Energy expert

Planning Design Tendering

- S =

Review

of basic Analysis of

alternative
or new

design

Parameters enio
(URS) echnology

Figure 6. EED during the design phases.

Reviewing these parameters may involve several techni-
cal disciplines and requires a committed project manager
to “carry” investigations from one part of the organisation
to another.

Identify energy efficiency projects. To identify important ener-
gy efficiency projects (e.g. Best Available Technology(BAT))
as early as possible in the design process and inspire owners,
manufacturers and consulting design engineers to imple-
ment such improvements.

Often, “cross-organisational” projects such as the utilisa-
tion of waste heat for heating purposes should be proposed
at the early project phases in order to have such solutions
introduced when detailed design begins.

Being a “terrier”. To pursue important energy aspects dur-
ing the entire design process by continuing to address all
unsolved questions or opportunities.

A typical problem is that because manufacturers are re-
luctant to change solutions or supply more detailed infor-
mation concerning energy aspects, somebody must pursue
such questions if these are seen to be important during the
initial data collection phase.

Elaborate business cases. To prepare business cases for the
most important extra investments and to assess IRR/pay-

Manufacturer
Contractor
Consulting engineer

Architect etc.

Quality
dssurance
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Figure 5. Recommended organisation for implementing an EED in Danish and Irish programs.

Contract Erection

of detailed
design

back for each of these during early project phases in order
to ensure that these are not eliminated during Value Engi-
neering.

If data is not available, these must be advanced as “good
ideas” although these are usually turned down if benefits
from these can’t be backed up by data.

* Hand over projects. To hand over important energy efficien-
cy projects to the design organisation and to ensure that de-
sign engineers grasp ideas and are prepared to implement
the appropriate design.

The project owner will often play an important role in this
phase because design engineers tend to be conservative and
think “safety first” and therefore consider new solutions as
“no go” areas.

Based on these core activities it is important to understand that
the energy expert must have considerable interpersonal skills as
well as significant experience with industrial energy efficiency.
EED is a cross-organisational activity requiring dialogue across
areas of potential conflict. Further the energy expert must pos-
sess a significant technical understanding.

In terms of the core activities it also appears that EED has
to follow the design process during the various design phases,
starting with the early project phases as illustrated in Figure 6.
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Each of the design phases will comprise the main activities
outlined in Table 1 (also including certain activities in later
project phases).

The workflow described above is somewhat “standardised”.
Industrial design projects can be organised and carried out in
many different ways and the EED actions should be adapted
to various project types — typically by planning EED activities
phase by phase.

Furthermore, it can be difficult to foresee exactly which input
(man hours) is required by the energy expert when the EED
project is planned. Specifying the man hour input phase by
phase is always recommended. The further forward the design
project gets the more concrete the EED actions become. At-
tempts to prepare EED budgets for the entire process during
the initial phases usually fail as the project owner still considers
the project as somehow abstract, and therefore finds is difficult
to allocate significant budget for an activity that is also abstract.

The recommendation therefore is always to analyse the pro-
posed design project carefully during the early stages in order
to identify and give priority to areas where challenges must be
expected due to economic constraints, due to lack of knowl-
edge in the project organisation or due to commercial/techni-
cal conflicts between major participants in implementation of
the project.

Experiences from large scale industrial Projects

The EED principles described above have been tested in a sig-
nificant number of pilot projects carried out in Denmark and
Ireland (e.g. see (/7/, /8/, /9/ and /10/)).

The energy savings achieved in these pilot projects have been
carefully monitored to avoid reporting energy savings that are
related to ongoing improvements in technology, so as to iden-
tify which results the “Onion” diagram has contributed to the
project.
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For example, the installation of VSDs for controlling air
changes in HVAC systems has not be considered as an EED ac-
tion in these pilot projects unless the project owner has directly
specified that “VSDs are not required”

Table 2 summarizes the energy savings achieved in 4 of the
pilot projects (/7/-/10/).

Table 2 shows that significant energy savings have been
achieved in quite energy intensive industrial facilities, and in
all cases overall payback times covering investments as well as
consultancy fees for the energy expert are attractive.

The main results in each of the cases in Table 2 in relation to
the use of the “Onion” diagram have been:

e Abattoir
- Requirement for cleaning procedures has been reduced
— Comprehensive waste heat recovery project established

- New “mild” freezing process at higher temperature in-
troduced

- Sterilisation process eliminated.
¢ Ready meal company
— Comprehensive waste heat recovery project established
- Freezing process changed from nitrogen to ammonia
- Ovens converted from electricity to natural gas.
e Pharmaceutical
- Air change rates reduced
— Comprehensive waste heat recovery project established

— Wider band width introduced in operation of HVAC
systems

- Amount of recirculation in HVAC systems increased

Table 1. Main EED activities during design phases when planning a new industrial facility.

Design Phase EED-Activity

Basic design/

Enforced data collection for energy usage in new facility (costs and pie-charts)

Conceptual Design

Analysis of project organization and identification of responsibilities
Review of basic design parameters (URS) influencing energy cons.
Minimization of energy services

Identification of Best Available Technology

Preparation of draft business cases for most important areas

Detailed design

Design of optimal process plants and utility systems (composites)
Process Integration /heat recovery systems (Pinch Technology “light”)
Assessment of needs for control and instrumentation

Minimization of pressure losses, temperature losses etc.

Selection of efficient motors, drives, pumps, ventilators etc.
Specifications to tendering material regarding energy efficiency
Hand-over of EED-projects to design engineers an manufacurers

Tendering process

Ask tenders and manufactures for more energy efficient solutions
Quality control of plant designs and specifications in tenders
Performance guarantees and KPIs

Assistance in contract formulation

Construction and Erection

Follow-up detailed design of system design
Quality control of specifications for installed equipment

Commissioning

Securing control of processes and utilities according to specifications

Operational phase

Energy audits
Energy management
Etc.
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Table 2. Energy savings achieved in 4 EED pilot projects in Denmark and Ireland (*in this project, after energy savings, EED activities resulted in a much lower
investment in utility systems, thereby reducing overall capital expenses and leading to a “negative” payback).

Industry Implemented Implemented Extra EED Payback for EED
energy saving saving (%) investment investment (years)
(Euro per year) (Euro)

Abattoir 2,000,000 30 4,000,000 2%

Ready meal 1,000,000 50 2,000,000 2

company

Pharmaceutical 600,000 35 -10,000,000%* <0

Laboratory 500,000 40 1,000,000 1%

- “Once-through” cleaning procedures (CIP) reduced
- Efficiency of “kill” process increased

- Quality of water reduced for certain purposes

- New utility structure introduced.

e Laboratory

- Air change rates in HVAC systems reduced

- Comprehensive waste heat recovery project established
for heating the building

- Standby consumption of equipment to be controlled.

From a methodology point of view, important lessons learnt
from the projects are namely that:

e As stated above it is crucial to start EED input during the
early project phases because it will take time to change any
parameters linked to corporate standards.

In general the “success rate for dealing with difficult is-
sues” in the projects has been around 30 %, which is quite
satisfying seen from the perspective that the energy savings
from this approach usually have relatively short payback
periods.

The experience has sometimes been that questions
“turned down” because of time constraints have actually
been taken up later during a more general review of corpo-
rate standards. At least one American-based pharmaceuti-
cal company has changed its global standard for air change
rates based on the findings in the EED projects.

Handover of energy saving concepts to design engineers
is problematic and should be headed up by the project own-
er and not the EED expert.

For example, the design of waste heat recovery systems
as part of an overall utility structure is considered to be a
completely new technology by many design engineers. Con-
sequently the focus is on risks and problems presented by
such solutions rather that the significant cost savings the
solutions will bring to the project owner.

Turnkey projects end up being difficult and have impor-
tant consequences in terms of energy efficiency. Once the
contract for delivery is signed, the contractor will try to cut
investment costs at every opportunity with the result that

very poor designs have been encountered in such projects.
This is simply because any equipment necessary to minimise
energy consumption (e.g. meters, VSDs, etc.) can be elimi-
nated from the design in order to reduce installation costs.

Turnkey projects require special attention, and when
negotiating contracts, specific requirements for energy ef-
ficiency should be included - either in the form of actual
solutions required by the project owner or by describing a
process in which the EED expert is allowed to scrutinize the
detailed design and ask for improvements before installa-
tion begins.

e Budgets for the EED expert should be prepared and negoti-
ated with the project owner phase by phase, and not at as a
total lump sum covering the entire EED process. Depend-
ing on the scale of the design project, the following man
hour inputs for EED are considered necessary for the types
of projects summarised in Table 2:

— Initial planning phase: 100-200 hours
- Analysis during detailed design: 200-800 hours
- QA and follow-up: 50-200 hours

In all cases, the man hour input for EED is calculated to
be 1-2 % of the total man hour input for design engineers.

e The EED expert should preferably be from an external com-
pany not connected with the project owner or any of the
design companies involved on the project.

An external person - given that he/she has the right pro-
file and combines interpersonal skills with a significant in-
sight in to technical questions and energy efficiency - brings
“fresh eyes” to the project organisation and will be more free
to address difficult issues.

Finally it is important to state, that the EED effort must be an-
chored at the top of the project owner’s organisation. Several
aspects of EED the work involve potential conflicts between the
participants (e.g. when the EED expert asks the busy QA de-
partment to reconsider alternative design parameters or when a
conservative design engineer is asked to design a new technical
solution). In these situations, the project owner must be ready
to back up the EED expert as this person has no real power in
the organisational diagram shown in Figure 5.
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EED as implemented in the IPPC directive

Already in 2006 steps were taken by EU to include the above
positive experiences into the IPPC directive thus making EED
evaluations mandatory for large industries regulated by this
directive.

This was done by specifying the EED methodology as a “Best
available technique” (/11/) to be considered for new invest-
ments.

A recent status update for this type of activity in Denmark
(/12/) has shown that local authorities are not aware of this
aspect of their inspection and approval work. Further design
engineering companies are not aware of these requirements.

In Ireland more proactive actions have been taken because
Enterprise Ireland (/13/) has applied EED experiences to pro-
mote Ireland as a sustainable environment to foreign compa-
nies investigating whether to base new production facilities in
the country.

Development of an EED Methodology in Ireland

The Sustainable Energy Authority of Ireland (SEAI) has as an
initiative of their Energy Agreements programme focussed on
the EED process and its application for new plant and process.
An objective is to further its utilisation and to standardise the
process to maximise the potential for avoided energy savings
with new investments (/18/).

SEAI EED METHODOLOGY — (SUSTAINABLE ENERGY AUTHORITY OF
IRELAND)
The EED Methodology was developed and published originally
by SEAI in 2010 and updated in 2011 (/5/). The methodology
is aligned in many respects to the Danish experiences which
was in effect a starting point in its development. The ‘Onion
Diagram’ principle — referred to as the Energy Venn Diagram
within its Methodology, is the underlying principle to deter-
mine new design challenges and opportunities throughout the
design process. The SEAI EED Methodology was developed by
an EED Working Group which collaborated with representation
from large industrial energy using companies, engineering de-
sign companies and energy services companies — all operating
from Ireland either as a multinational or an indigenous industry.
The common barriers identified and referenced within this
paper are addressed by adhering to this methodology during
a design project. It is comprised of two main aspects — organi-

Figure 7. Project organisation for EED implementation.
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sational structure and EED process. An organisation structure
is recommended which includes the EED-expert already ref-
erenced — and also a new role referred to as EED-Owner. The
roles, responsibilities and lines of reporting and communica-
tion are defined within the overall project organisation struc-
tures of both the design and investor organisations. The process
and organisational setting should (in theory) countermeasure
the common risks of design decisions being made without ap-
propriate investigation or effort conducted to determine viabil-
ity. The process defined is a three-phase process with defined
inputs & outputs for all phases. Figure 7 & 8 provides schemat-
ics of the organisation structure and process.

In addition, two new concepts are introduced — Design for
Energy Management (DfEM) and Operations Optimisation
using the EED Methodology. Design for Energy Management
puts the planning for operational energy management on the
design agenda. Operations optimisation applies the EED Meth-
odology to smaller projects within an operational setting, i.e.,
EED principles are not just applicable to new large scale invest-
ments, the same principles can be applied to new processes,
upgrades and retrofits.

INTEGRATION OF EED METHODOLOGY INTO ENERGY PROGRAMMES
The application of the EED Methodology has been integrated
within the Irish Energy Agreements scheme as follows:

e The EED Methodology is proposed to be utilised when
establishing requirements of 4.5.6 Design and 4.5.7 Pro-
curement of energy services, products, equipment and energy
within ISO 50001.

¢ The application of EED has become an objective to address
for any sectoral or technology focussed Special Working
Groups, e.g., HVAC, Food Beverage & Dairy, Data Centre
and Commercial buildings Special Working Groups, (/19/,
120/, 121/).

¢ Relationship managers that are an important support mech-
anism provided to Energy Agreements members are trained
in the application of the EED Methodology. They actively
promote its use and assist where feasible in its implementa-
tion as an element of the SEAT support offering.

e The SEAI public sector partnership programme includes
a service offering for EED reviews using assigned EED ex-
perts (/4/).

FEPORTING

4—) COMMUNICATIONLINES
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Figure 8. EED Methodology implementation process.

There are some indicators of success:

e Many companies have integrated the main principles of the
EED Methodology with their ISO 50001 standard and some
multinationals are adopting as a corporate standard.

e Some companies have re-developed their own version of
the EED Methodology using their preferred language and
providing some constraints on the process in order to fit
company culture or protocol. These companies then impose
the requirement from tendering through to commissioning
and operation of new plant and process.

¢ Some Engineering design companies have adopted the EED
Methodology as a strategy for EED as part of their business
and tender proposals (/17/).

e The EED Methodology is being referenced with grant appli-
cations for the SEAI Better Energy Workplace grant schemes
in 2011 & 2012 to highlight the source of the project invest-
ment decision having been derived as part of this process.
Some examples are highlighted in Table 3.

STANDARDISATION OF THE EED METHODOLOGY IN IRELAND — FUTURE
PLANS

Ireland is planning to develop an Irish Standard on EED utilis-
ing the SEAT Methodology as the blueprint. This work has been
initiated already by SEAI in collaboration with the National
Standards Authority of Ireland (NSAI). This step has been
taken to ensure higher levels of use and to help standardise the
process with the following additional value proposition:

e It can serve as an accompanying standard to ISO 50001 -
design is a requirement within ISO 50001.

e A design standard for engineering design organisations.

Facility Energy Balance ~ [«++=3 -

Analyse & Challenge ~ [+++e9 >

------ ) Implementation sessedy
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OUTPUTS

« EED Implementation Plan
« Facility Energy Bal. Report

« Energy Savings Register
« Supplier URS

« EED Summary Report

e A design standard for energy service companies that pro-
vide design capability and support services.

e A design standard for any company to ‘qualify’ the applica-
tion of best practice in EED during the design of new facil-
ity, new plant, new process and new projects.

e The standard can be used within a strategy for investing
companies to challenge design norms and set criterion for
new design contracts.

e The design standard can be utilised during a facilities life cy-
cle with natural re-generation of product and process cycles.

e ISO 50001 focuses on energy management. This will focus
on delivery of a more energy efficient facility with capability
for better operational energy management considered dur-
ing the design phases.

¢ The greatest potential for energy avoidance saving with the
most attractive return of investment is available during the
design process from concept to detailed design phases. It
should therefore be structured by a management standard
to optimise this potential.
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