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ABSTRACT

Reports of technology transfer initiatives often only

tell part of the story. The actual benefit of such initia-

tives to practitioners aspiring to use simulation to

improve their work practices, while at the same time

increasing profits and enhancing their reputation

within the design community, is less often discussed.

The Scottish Energy Systems Group (SESG) has been

assisting a number of large and small building design

and construction companies with the transfer of simu-

lation technologies into their businesses. The aim is

to show that simulation can make the design process

"quicker, cheaper and better", and that simulation can

become a mainstream design activity. All participating

organisations readily accept the need for changes to

current design practice in order to achieve this, but

few are prepared for what it means in practice.

The paper focuses on the practical experiences of a

number of professional firms striving to use simula-

tion to deliver information of value to their clients. It

exposes issues such as limitations in existing working

practices and the mismatch between language rou-

tinely used by facilitators and trainees as well as their

different expectations.

The paper also discusses the differences observed

between incremental implementation of simulation

within practices and firms who wished to "jump in at

the deep end". Lastly, it addresses the dilemma of how

to move simulation tools into the already busy sched-

ules and overloaded programmes of design practices -

successfully.

INTRODUCTION

Reports of technology transfer initiatives are often

presented as dry statistics and organizational charts

which, while appreciated by funding bodies, tell only

part of the story. The actual benefit of such initiatives

to practitioners aspiring to use simulation to improve

their work practices - at the same time increasing

profits and enhancing their reputation within the

design community - is less often discussed.

Over the last three years, the SESG has been assisting

building design and construction companies with the

transfer of simulation technologies into their busi-

nesses. The aim is to show that simulation can make

the design process "quicker, cheaper and better", and

that simulation can become a mainstream design

activity. The companies involved range from small,

specialised companies operating within niche markets

to large multi-disciplinary organisations of interna-

tional repute. All acknowledge the need for changes

to current design practice, but it has emerged from

this study that few were well-prepared for what this

would mean in practice.

The paper makes use of case study material from a

broad range of technology transfer deployments and

uses the experiences of a number of professional firms

attempting to use simulation to deliver information of

value to their clients. The aim was to explore whether

or not it is possible to deploy simulation successfully

in practice and to discover what key steps might make

the difference between success and failure. Along

with the bruised egos and raised voices there were the

serious issues of the short and long term effects on

productivity and existing working practices into

which new ways of working were being imported.

Also highlighted are exposes of the mismatch

between the language routinely used by trainers and

facilitators for the various simulation tools deployed

and the trainees - glazed eyes indicated an unwittingly

excessive use of jargon, not to mention differences of

opinion on the meaning of "user friendly" and "intu-

itive". Similarly, the unrolling of fifty sheets of plans

and sections for a first "simple modelling exercise"

indicated that misconceptions exist on both sides.

While some practices are willing to implement simu-

lation incrementally, to giv e their staff the time and

resources to build confidence and the practice’s part-

ners time to evolve work practices, we found others



that wanted to jump in at the deep end. Although it is

easier to nurture the former, sometimes the latter

proved unavoidable and results varied.

Lastly there is the issue of how to move simulation

tools into the already busy schedules and overloaded

programmes of design practices.

SESG RESUME

The Scottish Energy Systems Group (SESG) is a con-

sortium of simulation specialists, professional prac-

tices (Architectural, Engineering and multi-disci-

plinary), facilities managers, local authorities and con-

struction firms. The members who supply simulation

skills and tools and the members who subscribe have

a mutual goal that is to implement simulation-based

technologies within business in a way which limits

risk (commercial and professional) and provides easy

access to a range of tools and support for evolving

new ways of working.

The usual way this is accomplished is for members to

approach SESG with a specific project in mind and

depending on the nature of the work SESG would

arrange for one or more of the SESG specialists/ ven-

dors to support the technology in their offices using

one of several "loan" workstations pre-configured

with the relevant software. Where required, SESG

would also arrange for, and support, training at a con-

venient venue. A more detailed description of SESG

can be found in [1], [2].

FORCES OF CHANGE

Technology transfer initiatives exist to fill a perceived

gap between emerging technology and current prac-

tice. Let’s face it, if deploying simulation within pro-

fessional practice were straightforward, consortia like

SESG would not exist. If the market were more

mature, funding bodies would be less interested in

providing support. Professional practices perceive a

significant risk in deploying simulation. There are

indeed dragons to do battle with for early adopters of

such technology. When they hav e mastered simulation

and made it part of their ongoing work practices they

often find that they hav e changed the way in which

they carry out their business activities.

So why would the professional practices want to join

such a consortium and/or to seek to change the way

they do business?

• Clients are asking questions which many profes-

sional practices find difficult to answer with their

current skills and support infrastructure. The

ASHRAE and CIBSE guides no longer hold all of

the answers and indeed CIBSE has responded to

this by the publication of an Applications Manual

devoted to Building Energy and Environmental

Modelling [3].

• Competition is driving the construction industry to

consider alternative approaches. In Great Britain

there are a number of firms which specialise in

simulation-based support of the design process.

The increasing success of such specialists has

caught the attention of other professional firms.

The existing approach has been to employ these

specialists as consultants, but at some point, the

question of doing such work in-house arises.

• Changes in building regulations in the UK have

also created opportunities. The use of innovative

designs and innovative materials, if the design

teams can back-up any claim that the alternative

produces less atmospheric emissions than a con-

ventional design. This move tow ards performance

rather that prescriptive-based regulation seen as a

significant step in changing working practices.

• In addition, the balance between capital and run-

ning costs is being reconsidered by design teams

bidding on private finance initiatives (PFI). PFI

uses a mix of public and private finance to for

example, design, build and run a hospital complex

over a 30 year period. In such a context design

teams have an incentive to use alternative designs

which have lower running costs.

• There is a supply of technically proficient gradu-

ates who are not at all reticent about advising their

"steam-driven" colleagues and thus able to adopt a

more prominent position in the team at an earlier

stage in their careers. There is also an active and

growing market in such skills and which partners

are increasingly aware of.

CASE STUDIES

In this paper, the authors hope to convey, by way of

case studies, what actually occurred in practice when

SESG members took part in the deployment of simu-

lation-based tools and/ or expertise. The stories

which follow are true with the exception that some of

the details have been obscured to preserve the confi-

dentiality of the participants.

A SMALL ENGINEERING PRACTICE

Over the last two years, the integration of advanced

modelling into a small environmental engineering

company has been achieved through the SESG. The

first stage involved the company agreeing to send two



junior staff members to a training course on the simu-

lation packages identified as best meeting the com-

pany’s needs. Following on from this, in-house train-

ing, centred on a specific project was undertaken.

The decision to move to a modelling-centred

approach for this company is based on the nature of

their business. In this case, the practice specialises in

less conventional projects where simulation has

assisted the design of buildings with ground source

heat pump heating and complex natural ventilation

strategies. Simulation was seen as essential in devel-

oping the design on these projects, representing the

only available means of analysis that allows the prac-

tice to meet client needs and deliver leading edge

design solutions.

The young trainees were identified by the company as

being enthusiastic and well suited to the challenge.

However, it soon became evident that there was an

urgent need for their managers to become conversant,

if not proficient, in the tools in order to engage fully

in the process. Specifically, the managers needed to

combine their existing skills and experience with the

newly adopted procedures to ensure that quality assur-

ance and indemnity insurance were not jeopardised.

As a result, in order to oversee the new practices, the

managers were trained to the same level as the junior

staff. Although they admitted to finding the training

’challenging’ in the extreme, the company can now

proceed with greater confidence, armed with the

knowledge required to modify QA and design proce-

dures accordingly. In spite of initial concerns over the

cost-effectiveness of sending senior staff for training

in tools that they would not use, they are now reaping

the benefits of this additional investment in staff time

due to a more coherent approach than would have

been possible otherwise.

In this case, the ultimate intention is to integrate the

use of simulation in order that it can be available to

ev ery client. Experience to date has assisted the com-

pany to identify the following as being of critical

importance in integrating simulation within a small

practice, to ensure that simulation does not adversely

affect either the design process or the economics

adversely:

• It is easy to become mesmerised by the power of a

simulation tool, for this reason, the objectives of

the exercise must be clearly defined, and a novice

user must accept their limitations and allow exper-

tise to develop gradually. Support is vital at the

initial stages to ensure that an analysis is well

planned and executed. However, this support can

come from inside the organisation as well as from

specialist modellers and it is vital to engage staff at

all levels of experience in order to maximise the

benefits.

• Quality assurance procedures are crucial to ensure

that the novice modeller can be confident about the

results. These procedures also ensure that the

building performance is analysed according to

appropriate criteria.

• Refresher courses are useful as the practice

ev olves, especially if the tools they are using are

also evolving.

• There are risks associated with having one staff

member carry out most of the simulation work

within a small firm. This can place that staff mem-

ber under considerable stress if he or she is work-

ing on multiple projects. It also limits the flexibility

of the firm in scheduling work.

The experience of this small practice not only con-

firms the need for appropriate training and subsequent

support in deploying simulation, but also recognises

the fact that if support is available, reliable results can

be obtained quicker and better than by using tradi-

tional methods, thus saving the company money

through reduced design development.

As a result of SESG input and the investment in new

working practices the firm is now free to explore tech-

nical aspects that it could only guess at before. But

for other small practices the case study points out a

cautionary note:

The move should not be taken lightly, the main cost in

undertaking this commitment is not hardware or soft-

ware, but in staff training. In this case it was quickly

established that there is a need to train staff at all lev-

els in an organisation. It is also important to ensure

that skills are spread as evenly as possible throughout

the organisation in order to avoid the problem of los-

ing capability if staff leave. Thus, for a small practice,

the initial start-up cost in terms of staff time is esti-

mated at around £25,000 based on formal training and

time lost in moving from the old to the new methods.

Without appropriate support this cost could easily

double.

A LARGE ARCHITECTURAL PRACTICE

Another SESG member company has recently taken

the decision to incorporate building performance

modelling within its architectural design procedures.

The company, a large practice with offices throughout

the UK, has decided to make this commitment nation-

wide, in order that the company can in future draw on

the necessary skills from its offices across the country.



The aim is to become one of only a few architectural

practices in the UK that include thermal, lighting,

structural and cost analysis methods as an integral part

of the design process. In order to achieve this goal, the

practice has launched a two year programme with the

aim of developing an in-house simulation capability

[4]. The company recognises that many barriers will

have to be overcome (financial, training, personnel

issues, etc.) and these are being assessed.

With support from SESG, the practice has invested in

a new member of staff to facilitate the rapid adoption

of a formal modelling approach. The company is IT

literate and a key factor is seen as the need for the

development of unhindered transfer mechanisms for

CAD based design modifications to simulation tools.

The practice is also aware of the risk of error associ-

ated with adopting default engineering values in cases

of uncertainty and has taken two key steps to eliminat-

ing the risk of trainee modeller error.

• Firstly, the company is identifying and adopting

recommended engineering assumptions for use in

all cases of uncertainty [5] and is drawing up a

detailed set of procedures and working practices in

order to minimise the risk of user error.

• Secondly, in order to facilitate the unrestricted use

of simulation throughout a practice with limited

engineering competencies, the medium term goal

is to develop a custom- built interface. This inter-

face is intended to ensure that CAD data are reli-

ably transformed into the data structures used by

the simulation tool and that QA and abstraction

procedures are followed.

Initially, the practice did not have a full in-house

capability or resource to undertake the modelling it

desired, and assistance was sought from SESG. This

offered an opportunity to address thermal modelling

and visual comfort aspects on a live project using the

skills of the new member of staff working with SESG

personnel. The outcome improved confidence in the

integrated modelling approach and gav e rise to the

decision to adopt the approach.

The next point of SESG support was to locate an

expert in the simulation tool work with the firm to fur-

ther evolve the customised interface. Interestingly, the

custom-built interface includes extra documentation

and cross-referencing which were found to be be use-

ful for a range of users of the simulation tool.

As with the previous case study, the decision to evolve

a simulation-based practice was not taken lightly.

Although operating with a large staff and a relatively

high turnover, there are still high costs and potentially

greater insurance risks in terms of maintaining control

and overseeing the new work practices. The practice

is addressing these issues through the development of

quality assurance procedures and the further develop-

ment of the tailored interfaces. It is now proceeding

to build up an in-house simulation capability as a mat-

ter of course. The practice sees this as an essential

capability that will be increasingly demanded by

clients.

A MEDIUM SIZED
ENGINEERING PRACTICE

Another SESG member company has recently taken

the decision to incorporate building performance

modelling within its core-base of skills. This company

has a main base in Scotland (around 60 personnel),

with smaller offices throughout the UK (totalling

approximately 100 staff). Mindful of previous experi-

ences where the company had a small simulation team

that was divorced from the design process and which

became isolated as a result, the company is now deter-

mined to avoid future reliance on a specialist team

based in one office. Rather, they are launching a new

initiative which they call ’gateway working’, whereby

staff in all of the company’s offices can communicate

and work freely on the same projects from different

bases. This mechanism, once in place, will allow

clear lines of communication and will ease the way

for integrating simulation into day to day practices.

In order to support this scheme, the company has

embarked on an intensive training programme involv-

ing eight staff from its two main offices undertaking

sustained training of a half to one day a week over a

period of months, with staff obligated to ongoing indi-

vidual study between formal sessions. In addition, in

order to test the effectiveness of the training, a live

project is being used as controlled test-bed for the the-

ory, whereby the trainees are undertaking a series of

supported studies on a refurbishment project on which

there is a large amount of monitored information

available to support the users in evaluating the validity

of the simulation outcomes.

One pattern observed during this part-time training

approach was that staff who carried on working with

the simulation tool between training sessions showed

a marked improvement in comparison with other staff

whose workload did not allow this. Another pattern

identified was that hypothetical studies, as necessary

as they are for learning basic skills, do not engage

staff to the degree that actual projects do. Where skills

were not quite up to working on a live project, for

example if it involved a tight time-scale or was overly

complex, a review of a recent project proved a



superior vehicle for training.

As with the case study of the large architectural prac-

tice, the decision to engage in simulation-based pro-

jects was considered thoroughly before making a final

decision. The company is confident that the adoption

of a ’gateway working’ approach will ensure that sim-

ulationists within the company will still be engaged in

the design process as full members of the team and

that they will still perform an engineering role.

In addition, the concept of ’gateway working’ sug-

gests a further evolution of simulation tools will be

required. For example, project managers of simula-

tion-based projects will need to co-ordinate project

databases, documentation and support materials

across many sites. Distributed simulation work has

been a point of (largely) theoretical discussions, ’gate-

way work’ will certainly identify limitations in how

current simulation software can cope with distributed

projects. It is thus anticipated that monitoring of the

ev olution of this project could yield long overdue

answers to key questions and problems relating to full

integration.

A LARGE, MULTI-DISCIPLINARY
DESIGN PRACTICE

SESG was asked to support the integration of simula-

tion in a large international, multi- and inter-disci-

plinary design practice. This practice has in-house

architects, civil/ structural and building services engi-

neers and already adopts an integrated approach to

design on many projects where it forms the main con-

tribution to the design team.

In this case, SESG was asked to assist the architects

and engineers on refining the daylighting and mixed-

mode ventilation strategies for an auditorium in a new

building that was already under construction. It was

initially anticipated by the SESG staff, that moving in

simulation to an already integrated practice would be

a straightforward task, given that the practice would

already have in-place a system to support integrated

working. However, the outcomes were not quite as

anticipated and for the following reasons:

• It proved difficult for the SESG staff to maintain

momentum with the project due to the fact that

access to the company staff was restricted due to

the project being on site staff being heavily

engaged in this activity. As a result, the SESG staff

ended up doing more of the work and so the exer-

cise became more consultancy and less training

orientated.

• The company does all of its architectural drawings

on computer, and was able to provide a detailed

CAD model to assist with the exercise, however

this proved difficult due to the way in which the

model had been constructed.

• Despite the fact that the company is in name a

multi-disciplinary practice, it became evident over

time that the architectural arm dominated and the

engineering divisions provided more of a support

role than SESG had anticipated. However, the

engineers felt strongly that by engaging in simula-

tion, they could have more influence over the

design. Unfortunately, the pace of the project

resulted in the novice simulationists being pulled in

multiple directions and this caused some concern

as the pace of activities resulted in a lack of control

over QA, which was often undertaken later in the

process than would be ideal.

This exercise indicated that it is important for compa-

nies to start slowly and to accept the limitations of

trainees. The existing CAD model could have better

facilitated the development of the thermal and lighting

simulation models if it had been constructed in a more

structured manner. This had a major effect on the

project timescale and has been highlighted to the

company as a key issue with regard to making a simu-

lation capability viable within the company. If CAD

models were in future constructed to facilitate export

to other tools, then timescales would be significantly

reduced.

For SESG the deployment highlighted the fact that it

can be perilous to assume that because a company has

a multi-faceted capability it will automatically operate

in an integrated manner. Notwithstanding office poli-

tics and hierarchies, existing procedures can make it

more difficult to integrate new methods than might be

expected.

The issues highlighted by this study have encouraged

the company to re-assess what tools it needs and how

these might best be incorporated into the process.

There is also a desire to examine the possibility of

improving dialogue between architects and engineers

and so the position of an ’archi-teer’ to bridge the

identified gap is being created.

UNEXPECTED FINDINGS

More often than not, SESG member firms wished to

deploy simulation within projects which demanded

mature simulation skills and evolved working prac-

tices as opposed to projects which were of a complex-

ity readily grasped by a novice. This was usually not a

bad thing because the benefits of exploring simulation

within the context of a real project are significant. It

did imply that the SESG support staff or vendor



would be able to step in and ensure that the work was

completed on time and of reasonable quality. Few

vendors are willing to take on such risks and not every

member firm was initially ready to devolve such risks.

There was a marked difference in the expectations of

managers and the trainees of SESG member firms

with regard to the required time investment in both

training and follow-up self learning with managers

often expecting too much too soon. There is a signifi-

cant difference between the skills acquired in two or

three days of training and that required to use simula-

tion within the complexity of the design process.

Vendors often fail to point out that several weeks can

be required for useful working practices and commu-

nication channels to become established.

Some SESG member firms, during their transition

between the use of specialists consultants and a sub-

stantial in-house capability found it easier to rely on

repeated technology deployments than to ramp-up

their in-house skills. This tended to happen in projects

which were somewhat more complex than their skills

base. Staff were (sensibly) apprehensive about stretch-

ing their skills and so relied more on the specialist

support staff than is ideal if truly aiming to expand a

skill base.

Different companies have different ways of evolving

working procedures. Some write detailed procedural

documents, some evolve their procedures as they

ev olve their understanding of the tools they are evalu-

ating, some claim it is not yet an issue. One successful

technique was for managers to undertake the same

training as their staff even though they would tend not

to be directly using the tool. This appeared to go a

long way towards enhancing the companies’ under-

standing of how to most efficiently deploy the tools

and the sorts of information which could be gathered

for a given resource. It also clarified concerns about

QA, indemnity insurance and timescales.

In another case, the introduction of detailed simula-

tion caused considerable embarrassment because the

additional performance information that the staff were

generating was beyond the capacity of their managers

to absorb. In the end, this company opted for a sim-

pler tool for use in-house and the use of outside con-

sultants for more complex projects. Ultimately, mem-

ber firms had to reach an agreement regarding what

could reasonably be expected of trainees, what part

simulation could play in the design process and which

elements of a design required ’expert’ input.

There was sometimes a mismatch in the expectations

of managers and SESG support staff/ vendors for

what could be accomplished within a technology

deployment within existing working practices and

information sources. A classic case was an initial

deployment for a project that the design team had

been working on for a year and where the CAD files

spanned several CDs. It was assumed that: a) other

parties could easily grasp the complexity of the pro-

ject, b) that the CAD files were complete and error

free, c) that the information they used for a simplified

steady-state assessment was suitable for supporting

detailed thermal and visual simulation models. This

proved much more difficult than was expected in prac-

tice.

More than once, technology deployments illustrated

how misunderstandings in design intent could distract

design teams and support staff. Dozens of assessments

were carried out to explore the sensitivity of one

design parameter when it was, in fact, a different facet

of the design which was of concern to the design

team. At the other extreme a tool usually used for

directed explorations of specific design options would

be coerced to attempt n x n x n parameter excursions

by support staff who were not in a strong position to

question the methodology of the design team.

Many firms who were prepared to pay a premium for

engineering software and who assumed that this

would reduce training costs and expedite their use of

simulation within the design process were disap-

pointed. Simulation software is only one part of the

equation. Many of the issues of simulation deploy-

ment identified by [5] are not yet embodied in simula-

tion software and require attention to other aspects of

professional practice. Conversely, member firms who

began with limited expectations of simulation and a

longer term view were able to use their membership

in SESG to explore a range of possible approaches

and to build on these experiences to re-mould their

working practices and range of services.

CONCLUSION

In spite of the fact that the above case studies high-

light the problems of deploying simulation real time

within the design process, all of the companies

involved in the SESG are still pursuing an integrated

design process that includes modelling. Having been

exposed to simulation in this protected environment,

they all acknowledge that there are undoubted bene-

fits. Some, having been exposed to one tool have now

decided that it is worth persevering with that system

(perhaps because they perceive a steep learning curve

with all such tools), others have tested more than one

tool in an attempt to find the ideal for their needs.

One thing is clear, howev er, and that is that all



participants recognise the benefit of this type of tar-

getted training on live projects over the type usually

supplied by vendors which tends to focus on exemplar

projects which run smoothly, unlike real life design

situations.

Thus, the SESG mechanism for technology deploy-

ment has proven itself to be a powerful device, largely

because it provides support while protecting the train-

ing is an integral part of a familiar process and is

undertaken in the real time, real scale context of

design practice.

It should also be noted that SESG encourages all par-

ticipating vendors to allow potential customers to try

out software before they make any serious investment

in order to reduce the risk to companies of purchasing

an inappropriate tool. In other words the benefits of

the software should be demonstrated in a commercial

setting before money changes hands. In this way,

companies are also able to evaluate the fitness for pur-

pose of alternative programs before making a decision

to invest.

The case study practices have made a commitment

because they see simulation as the only way of

addressing the design challenges with which they are

now faced. They believe that if they do not accept this

challenge now, they will be overtaken by their com-

petitors.

A key message from all four is that while machine

deployment and in-house training will ease the way,

they nev ertheless face a transition phase, between old

and new practices while still meeting day to day pro-

gramme requirements and deadlines. They hav e all

expressed a need for on-going support during this

transition.

It is difficult to maintain a balance that does not

adversely affect productivity. This may explain why

up until now, most of the associated activity has been

in larger practices.

• Finally and in conclusion, contemporary modelling

systems can be cost-effectively deployed where

appropriate support is available.

• The largest portion of the cost relates to staff train-

ing, not to the acquisition of hardware and soft-

ware.

• A change in work practices is needed if the profes-

sion is to move to a new best practice based on a

computational model of design. Barriers and bot-

tlenecks can be minimised through training support

and by setting achievable goals.
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