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ABSTRACT

Reports of technology transfer initiags oten only
tell part of the storyThe 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 communitys less often discussed.

The Scottish Engy Systems Group (SESG) has been
assisting a number of & and small kilding design
and construction companies with the transfer of simu-
lation technologies into theiruginesses. Thaim is

to shav that simulation can makthe design process
"quicker, cheaper and better", and that simulation can
become a mainstream designatyi All participating
organisations readily accept the need for changes to
current design practice in order to asiehis, hut

few are prepared for what it means in practice.

The paper focuses on the practicaperiences of a
number of professional firms sting to use simula-
tion to delver information of \alue to their clientslt
exposes issues such as limitationsiséng working
practices and the mismatch between language rou-
tinely used by dcilitators and trainees as well as their
different expectations.

The paper also discusses thefal#nces obseed
between incremental implementation of simulation
within practices and firms who wished to "jump in at
the deep end". Lastlit addresses the dilemma ofvo

to move smulation tools into the alreadyuby sched-
ules and werloaded programmes of design practices -
successfully

INTRODUCTION

Reports of technology transfer initiegs ae often
presented as dry statistics andjapizational charts
which, while appreciated by funding bodies, tell only
part of the story The actual benefit of such initiegs

to practitioners aspiring to use simulation to inygro
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 theinsb
nesses. Thaim is to shw that simulation can mak
the design process "quiek cheaper and better”, and
that simulation can become a mainstream design
actvity. The companies wolved range from small,
specialised companies operating within niche sk

to lage multi-disciplinary aganisations of interna-
tional repute. All acknovledge the need for changes
to current design practiceubit has emeyed from
this study that f& were well-prepared for what this
would mean in practice.

The paper mads use of case study material from a
broad range of technology transfer dgphents and
uses thexperiences of a number of professional firms
attempting to use simulation to dedi information of
value to their clients.The aim vas to &plore whether

or not it is possible to deplssimulation successfully
in practice and to diseer what key geps might ma&
the diference between success armdufe. Along
with the bruised g@os and raisedoices there were the
serious issues of the short and long terfiects on
productvity and eisting working practices into
which nav ways of working were being imported.

Also highlighted are »poses of the mismatch
between the language routinely used by trainers and
facilitators for the warious simulation tools depled

and the trainees - glazeges indicated an unwittingly
excessve wse of jagon, not to mention dérences 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 modellingercise"
indicated that misconceptionsigt on both sides.

While some practices are willing to implement simu-
lation incrementallyto give their staf the time and
resources to uild confidence and the practisgiart-
ners time to wlve work practices, we found others



that wanted to jump in at the deep enflthough it is
easier to nurture the formesometimes the latter
proved unavoidable and resultsavied.

Lastly there is the issue of Wwoto move smulation
tools into the alreadyusy schedules andverloaded
programmes of design practices.

SESG RESUME

The Scottish Engly 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 ha
a mutual goal that is to implement simulation-based
technologies within bsiness in a ay which limits
risk (commercial and professional) and\pdes easy
access to a range of tools and support faiveng
new ways of working.

The usual \ay this is accomplished is for members to
approach SESG with a specific project in mind and
depending on the nature of theork SESG wuld
arrange for one or more of the SESG specialigisf v
dors to support the technology in theific#s using
one of seeral "loan" workstations pre-configured
with the rel@ant software. Where required, SESG
would also arrange fpend support, training at a con-
venient \enue. A more detailed description of SESG
can be found in [1], [2].

FORCES OF CHANGE

Technology transfer initiaties exist to fill a perceied
gap between emging technology and current prac-
tice. Lets face it, if deplging simulation within pro-
fessional practice were straightfam, consortia lig
SESG would not «ist. If the marlet were more
mature, funding bodies auld be less interested in
providing support. Professional practices pereea
significant risk in deplging simulation. There are
indeed dragons to do battle with for early adopters of
such technologyWhen thg havemastered simulation
and made it part of their ongoingork practices the
often find that the have changed the ay in which
they carry out their bisiness actities.

So wty would the professional practicesamt to join
such a consortium and/or to seek to change te w
they do business?

* Clients are asking questions which mgprofes-
sional practices find ditult to answer with their
current skills and support infrastructureThe
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 Enegy and Emironmental
Modelling [3].

« Competition is diring the construction industry to
consider alternate gproaches. 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 «isting approach has been to enylbese
specialists as consultantstbat some point, the
question of doing suchark in-house arises.

* Changes in bilding regulations in the UK ha
also created opportunitiesThe use of inneative
designs and innative materials, if the design
teams can back-up wrclaim that the alternate
produces less atmospheric emissions than a con-
ventional design.This mose bwads performance
rather that prescripte-based rgulation seen as a
significant step in changingasking practices.

« In addition, the balance between capital and run-
ning costs is being reconsidered by design teams
bidding on prvate finance initiaties (PFI). PFI
uses a mix of public and pete finance to for
example, design, wld and run a hospital comple
over a 3 year period. In such a comtedesign
teams hee an incentve © use alternatie 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-diven" colleagues and thus able to adopt a
more prominent position in the team at an earlier
stage in their careers. There is also arvacind
growing marlet in such skills and which partners
are increasinglywvaare of.

CASE STUDIES

In this paperthe authors hope to cesy, by way of
case studies, what actually occurred in practice when
SESG members took part in the dgphent of simu-
lation-based tools and/ orxmertise. The stories
which follow are true with the xeception that some of
the details hee been obscured to preserthe confi-
dentiality of the participants.

A SMALL ENGINEERING PRACTICE

Over the last tw years, the intgration of adanced
modelling into a small efronmental engineering
company has been achied through the SESG. The
first stage imolved the companagreeing to send tw




junior staf members to a training course on the simu-
lation packages identified as best meeting the com-
pary’s reeds. Bllowing on from this, in-house train-
ing, centred on a specific projecasvundertadn.

The decision to me& © a nodelling-centred
approach for this compwgris based on the nature of
their kusiness. Inhis case, the practice specialises in
less cowmentional projects where simulation has
assisted the design ofildings with ground source
heat pump heating and comypleatural \entilation
stratgies. Simulatiorwas £en as essential in

oping the design on these projects, representing the

only available means of analysis that alle the prac-
tice to meet client needs and deti leading edge
design solutions.

The young trainees were identified by the conypan
being enthusiastic and well suited to the challenge.
However, it soon becamewadent that there as an
urgent need for their managers to becomeve@ant,

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

in the process.Specifically the managers needed to
combine their @isting skills and rperience with the
newly adopted procedures to ensure that quality assur
ance and indemnity insurance were not jeopardised.
As a result, in order toversee the n& practices, the
managers were trained to the samellas the junior
staf. Although they admitted to finding the training
‘challenging’ in the gtreme, the compancan nav
proceed with greater confidence, armed with the
knowledge required to modify QA and design proce-
dures accordinglyIn site of initial concernswer the
cost-efectiveness of sending senior dt&br training

in tools that thg would not use, theare naw reaping

the benefits of this additionalviestment in stdftime
due to a more coherent approach thavuld have
been possible otherwise.

In this case, the ultimate intention is to grate the
use of simulation in order that it can besitable to
evay client. Experience to date has assisted the com-
pary to identify the follaving as being of critical
importance in intgrating simulation within a small
practice, to ensure that simulation does noessbly
affect either the design process or the economics
adwersely:

» Itis easy to become mesmerised by thevpoof a
simulation tool, for this reason, the objeet
the ercise must be clearly defined, and avine
user must accept their limitations and wailexper
tise to deelop gradually Support is vital at the
initial stages to ensure that an analysis is well
planned and»ecuted. Haovever, this support can
come from inside the genisation as well as from

specialist modellers and it is vital to eg stdfat
all levels of experience in order to maximise the
benefits.

* Quality assurance procedures are crucial to ensure
that the nwice 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
evdves, especially if the tools there using are
also @olving.

There are risks associated withvimg one stdf
member carry out most of the simulatioronw
within a small firm. This can place that sfahem-
ber under considerable stress if he or sheasgw
ing on multiple projects. It also limits thexibility
of the firm in scheduling ark.

The eperience of this small practice not only con-
firms the need for appropriate training and subsequent
support in deplging simulation, ot also recognises
the fact that if support isvailable, reliable results can

be obtained quiak and better than by using tradi-
tional methods, thus gimg the compay money
through reduced designwopment.

As a result of SESG input and thevéatment in nev
working practices the firm is mofree to &plore tech-
nical aspects that it could only guess at befdat

for other small practices the case study points out a
cautionary note:

The mare sould not be tadn lightly, the main cost in
undertaking this commitment is not hamhe or soft-
ware, lut in staf training. In this case it as quickly
established that there is a need to trairf stadll lev-
els in an oganisation. It is also important to ensure
that skills are spread asealy as possible throughout
the oganisation in order to\aid the problem of los-
ing capability if staffleave. Thus, for a small practice,
the initial start-up cost in terms of dtafme is esti-
mated at around £25,000 based on formal training and
time lost in meing from the old to the memethods.

Without appropriate support this cost could easily
double.

A LARGE ARCHITECTURAL PRACTICE

Another SESG member compahas recently tadn
the decision to incorporateuitding performance
modelling within its architectural design procedures.
The compay, a lmge practice with dices throughout
the UK, has decided to malhis commitment nation-
wide, in order that the compgian in future drev on
the necessary skills from itsficies across the country




The aim is to become one of only avfarchitectural
practices in the UK that include thermal, lighting,
structural and cost analysis methods as agiatgart
of the design process. In order to aghitis goal, the
practice has launched adwear programme with the
aim of dereloping an in-house simulation capability
[4]. The compary recognises that mgrbarriers will
have b be overcome (financial, training, personnel
issues, etc.) and these are being assessed.

With support from SESG, the practice hage@ted in

a rew member of stdfto facilitate the rapid adoption
of a formal modelling approach. The compas IT
literate and a &y factor is seen as the need for the
development of unhindered transfer mechanisms for
CAD based design modifications to simulation tools.

The practice is alsoware of the risk of error associ-
ated with adopting dafilt engineeringalues in cases
of uncertainty and has tak two key geps to eliminat-
ing the risk of trainee modeller error

» Firstly, the compan is identifying and adopting
recommended engineering assumptions for use in
all cases of uncertainty [5] and is diag up a
detailed set of procedures andrking practices in
order to minimise the risk of user error

» Secondly in order to fcilitate the unrestricted use
of simulation throughout a practice with limited
engineering competencies, the medium term goal
is to develop a custom- bilt interface. Thisinter
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 folieed.

Initially, the practice did not e a ull in-house
capability or resource to undertalthe modelling it
desired, and assistancasvsought from SESG. This
offered an opportunity to address thermal modelling
and visual comfort aspects on eeligroject using the
skills of the nev member of stdfworking with SESG
personnel. Theutcome impreed confidence in the
integrated modelling approach an@wg rise to the
decision to adopt the approach.

The net point of SESG support ag to locate an
expert in the simulation tool @rk with the firm to fur

ther evolve the customised intaate. Interestinglythe
custom-liilt interface includes »@ra documentation
and cross-referencing which were found to be be use-
ful for a range of users of the simulation tool.

As with the preious case studyhe decision towlve

a dmulation-based practice a8 not takn lightly.
Although operating with a lge staf and a relatiely
high turnarer, there are still high costs and potentially
greater insurance risks in terms of maintaining control

and werseeing the ne work practices. The practice

is addressing these issues through theldpment of
quality assurance procedures and the furtheelde-

ment of the tailored intestes. Itis nav proceeding

to huild 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 compahas recently tadén
the decision to incorporateuitding performance
modelling within its core-base of skills. This compan
has a main base in Scotland (around 60 personnel),
with smaller ofices throughout the UK (totalling
approximately 100 stf Mindful of previous eperi-
ences where the compahad a small simulation team
that was diorced from the design process and which
became isolated as a result, the corgpamow deter
mined to &oid future reliance on a specialist team
based in one &ite. Ratherthey are launching a ne
initiative which they call 'gatevay working’, whereby
staf in dl of the compay's dfices can communicate
and work freely on the same projects fromfdient
bases. Thismechanism, once in place, will alo
clear lines of communication and will ease thayw
for integrating simulation into day to day practices.

In order to support this scheme, the conypéas
embarled on an intengé training programme wolv-

ing eight stadffrom its two main ofices undertaking
sustained training of a half to one day a weedr a
period of months, with sthbbligated to ongoing indi-
vidual study between formal sessiors. addition, in
order to test the #dctiveness of the training, avé
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 lage amount of monitored information
available to support the users ivaliating the walidity

of the simulation outcomes.

One pattern obseed during this part-time training
approach s that stdfwho carried on wrking with
the simulation tool between training sessionsasth

a marked impravement in comparison with other dtaf
whose verkload did not aller this. Another pattern
identified was that gpothetical studies, as necessary
as thg are for learning basic skills, do not exge
staf to the dgree that actual projects do. Where skills
were not quite up to erking on a e poject, for
example if it involved a tight time-scale orag werly
compl, a review of a recent project pred a



superior ehicle for training.

As with the case study of the ¢@r architectural prac-
tice, the decision to eage in simulation-based pro-
jects was considered thoroughly before making a final
decision. The companis mnfident that the adoption

of a 'gatewvay working’ approach will ensure that sim-
ulationists within the compgrwill still be engaged in

the design process as full members of the team and
that the will still perform an engineering role.

In addition, the concept of &evay working’ sug-
gests a furtherwelution of simulation tools will be
required. Br example, project managers of simula-
tion-based projects will need to co-ordinate project
databases, documentation and support materials
across may sites. Distriluted simulation wrk has
been a point of (lgely) theoretical discussions atg-
way work’ will certainly identify limitations in ha
current simulation softare can cope with distuibed
projects. It is thus anticipated that monitoring of the
evdution of this project could yield longverdue
answers to &y questions and problems relating to full
integration.

A LARGE, MULTI-DISCIPLINARY
DESIGN PRACTICE

SESG vas askd to support the ingeation of simula-
tion in a lage international, multi- and int&isci-
plinary design practice.This practice has in-house
architects, diil/ structural and bilding services engi-
neers and already adopts an gngged approach to
design on manprojects where it forms the main con-
tribution to the design team.

In this case, SESGas askd to assist the architects
and engineers on refining the daylighting andedix
mode entilation stratgies for an auditorium in a we
building that was already under constructioit. was
initially anticipated by the SESG sfathat ming in
simulation to an already irdeated practice wuld be

a draightfornard task, gien that the practice wwuld
already hge in-place a system to support igtated
working. However, the outcomes were not quite as
anticipated and for the follding reasons:

» It proved difficult for the SESG stato maintain
momentum with the project due to thacf that
access to the companstaff was restricted due to
the project being on site stabeing heaily
engaged in this actity. As a esult, the SESG sfaf
ended up doing more of theovk and so thexer-
cise became more consultgnand less training
orientated.

* The compan does all of its architectural dréngs
on computerand was able to pnide a detailed

CAD model to assist with thexercise, havever
this proved difficult due to the way in which the
model had been constructed.

« Despite the dct that the companis in name a
multi-disciplinary practice, it becamevident over
time that the architectural arm dominated and the
engineering diisions preided more of a support
role than SESG had anticipatedHowever, the
engineers felt strongly that by eaging in simula-
tion, they could hae nore influence wer the
design. Unfortunatelythe pace of the project
resulted in the ndce simulationists being pulled in
multiple directions and this caused some concern
as the pace of agtties resulted in a lack of control
over QA, which was often undertan later in the
process than auld be ideal.

This eercise indicated that it is important for compa-
nies to start slely and to accept the limitations of
trainees. Thexisting CAD model could hae ketter
facilitated the deelopment of the thermal and lighting
simulation models if it had been constructed in a more
structured mannerThis had a major &ct on the
project timescale and has been highlighted to the
compayn as a ley issue with rgard to making a simu-
lation capability viable within the companIf CAD
models were in future constructed axifitate export

to other tools, then timescaleoud be significantly
reduced.

For SESG the deplgment highlighted theafct that it
can be perilous to assume that because a contaan
a multi-faceted capability it will automatically operate
in an intgrated mannerNotwithstanding dice poli-
tics and hierarchiesxisting procedures can makt
more dificult to integrate nev methods than might be
expected.

The issues highlighted by this studywlancouraged

the compan to re-assess what tools it needs and ho
these might best be incorporated into the process.
There is also a desire txanine the possibility of
improving dialogue between architects and engineers
and so the position of an ’archi-teer’ to bridge the
identified @p is being created.

UNEXPECTED FINDINGS

More often than not, SESG member firms wished to
deploy simulation within projects which demanded
mature simulation skills andvelved working prac-
tices as opposed to projects which were of a caxple
ity readily grasped by a mize. This vas usually not a
bad thing because the benefits xflering simulation
within the contgt of a real project are significant. It
did imply that the SESG support d$tadr vendor




would be able to step in and ensure that thekwas
completed on time and of reasonable qualigw
vendors are willing to ta& on such risks and notvery
member firm vas initially ready to deolve aich risks.

There vas a markd diference in the>pectations of
managers and the trainees of SESG member firms
with regard to the required time westment in both
training and follev-up self learning with managers
often expecting too much too soohere is a signifi-
cant diference between the skills acquired irotar
three days of training and that required to use simula-
tion within the compleity of the design process.
Vendors often dil to point out that sesral weeks can

be required for useful erking 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 deploents than to ramp-up
their in-house skills. This tended to happen in projects
which were somghat more compbethan their skills
base. Stdfwere (sensibly) apprehewmsigbout stretch-

ing their skills and so relied more on the specialist
support stdfthan is ideal if truly aiming toxpand a
skill base.

Different companies ka dfferent ways of &olving
working procedures. Some write detailed procedural
documents, somevelve their procedures as the
evdve their understanding of the tools thare evalu-
ating, some claim it is not yet an issue. One successful
technique as for managers to underéakhe same
training as their stheven though thg would tend not

to be directly using the tool. This appeared to go a
long way tavards enhancing the companies’ under
standing of he to most eficiently deply the tools
and the sorts of information which could bathgered

for a given resource. It also clarified concerns about
QA, indemnity insurance and timescales.

In another case, the introduction of detailed simula-

deployment within eisting working practices and
information sources. A classic caseaswvan initial
deployment for a project that the design team had
been vorking on for a year and where the CAD files
spanned seral CDs. It vas assumed that: a) other
parties could easily grasp the conxitie of the pro-
ject, b) that the CAD files were complete and error
free, ¢) that the information theised for a simplified
steady-state assessmendswsuitable for supporting
detailed thermal and visual simulation modelhis
proved much more difficult than was epected in prac-
tice.

More than once, technology depioents illustrated
how misunderstandings in design intent could distract
design teams and support &t&fozens of assessments
were carried out to xplore the sensitity of one
design parameter when iaw, in fict, a diferent ficet
of the design which as of concern to the design
team. At the otherxtreme a tool usually used for
directed &plorations of specific design option®wd
be coerced to attempt n X n X n paramekeuesions
by support stdfwho were not in a strong position to
question the methodology of the design team.

Marny firms who were prepared to pay a premium for
engineering softare and who assumed that this
would reduce training costs andpedite their use of
simulation within the design process were disap-
pointed. Simulation softare is only one part of the
equation. Man of the issues of simulation deplo
ment identified by [5] are not yet embodied in simula-
tion software and require attention to other aspects of
professional practice. Ceersely member firms who
began with limited expectations of simulation and a
longer term vier were able to use their membership
in SESG to rplore a range of possible approaches
and to liild on these xperiences to re-mould their
working practices and range of services.

CONCLUSION

tion caused considerable embarrassment because theln spite of the dct that the abe@ @ase studies high-

additional performance information that the &teére
generating \as bgond the capacity of their managers
to absorb In the end, this comparopted for a sim-
pler tool for use in-house and the use of outside con-
sultants for more compteprojects. Ultimatelymem-

ber firms had to reach an agreememgamting what
could reasonably bexpected of trainees, what part
simulation could play in the design process and which
elements of a design requirecpert’ input.

There vas sometimes a mismatch in theectations

of managers and SESG support fstakndors for
what could be accomplished within a technology

light the problems of depjing simulation real time
within the design process, all of the companies
involved in the SESG are still pursuing an greged
design process that includes modellirigaving been
exposed to simulation in this protectedvieanment,
they all acknownledge that there are undoubted bene-
fits. Somehaving been gposed to one tool ka row
decided that it is arth perseering with that system
(perhaps because thperceve a $seep learning cuey
with all such tools), others ha tested more than one
tool in an attempt to find the ideal for their needs.
One thing is clearhoweve, and that is that all



participants recognise the benefit of this type of tar
getted training on Vie projects @er the type usually
supplied by endors which tends to focus oxemplar
projects which run smoothlynlike real life design
situations.

Thus, the SESG mechanism for technology deplo
ment has pneen itself to be a poerful device, lagely
because it prades support while protecting the train-
ing is an intgral part of a dmiliar process and is
undertalen in the real time, real scale corteof
design practice.

It should also be noted that SESG encourages all par
ticipating \vendors to allv potential customers to try
out software before themake any serious ivestment

in order to reduce the risk to companies of purchasing
an inappropriate toolln other words the benefits of
the softvare should be demonstrated in a commercial
setting before mone changes hands. In thisay
companies are also able wrleiate the fitness for pur
pose of alternate programs before making a decision
to invest.

The case study practicesveamade a commitment
because the see simulation as the only ay of
addressing the design challenges with whicly #re
now faced. The believe that if they do not accept this
challenge nw, 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 thayw
they nevetheless éce a transition phase, between old
and nev practices while still meeting day to day pro-
gramme requirements and deadlindhey have all
expressed a need for on-going support during this
transition.

It is difficult to maintain a balance that does not
adwersely afect productrity. This may e&plain wty

up until nav, most of the associated adty has been

in larger practices.

» Finally and in conclusion, contemporary modelling
systems can be costiedtively deplojed where
appropriate support izvalable.

» The lagest portion of the cost relates to btedin-
ing, not to the acquisition of haréwe and soft-
ware.

» A change in wrk practices is needed if the profes-
sion is to mee © anew best practice based on a
computational model of desigrBarriers and bot-
tlenecks can be minimised through training support
and by setting achieble goals.
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