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ABSTRACf: the combination of building, HVAC plant, and solar energy features forms a highly integrated, 
dynamic system. To prcdict the perform~ce of su~h ~ con~g~tion, a de~igner _needs to have p~per t<~ls. 
In recent time there has been an impress1ve evolutton m bu1lding energy s1mulauon tools and therr ap~h~a
tion capabilities. However there are also signs that there is (a risk of) an increasing gap between sophisti
cated simulation tools and building design professionals. 
This paper addresses two approaches aimed at bridging this gap: (_I) us~r training, which is. a sol~tion with 
immediate effect; and (2) future work in terms of development of mtelhgent front-ends wh1ch wtll act as 
intelligent assistants totheuser when employing energy simulation in building design. 

1. INTRODUCTION 

Solar energy systems are usually highly integrated with the 
building and the hearing, ventilating, and/ or air-conditioning 
(HVAC) plant. This is certainly true for active solar systems but 
even more so for passive solar systems. Effectively we want to 
address a highly integrated, dynamic system comprising sub
systems like the occupants, the building structure, auxiliary and 
solar systems - each of which is subjeeled toa control strategy 
and to (dynamic) outdoor elimate conditio!]s. There is a ~w- . 
ing realization that traditional design tools cannot cope w1th th1s 
complexity. 

Both with respect to environmental impact and economics, the 
ability to make sensible and well based decisions regarding 
such designs, is of the utmost importance. One of the most pow
erfut techniques currently available for the analysis and design 
of complex systems, is computer rnadelling and simulation. 
(Modelling is the art of developing a model which faithfully . 
represents a complex system. Sirnularlon is the processof usmg 
the model to analyze and preeliet the behaviour of the real sys
tem.) 
With current computers, performance analysis by simulation of 
complex building and plant contiguration became available for 
most of the research community and to teading edge engineer
ing and design practices. 

However there are also signs that there is (a risk of) an increas
ing gap between sophisticated simulation tools and the users. 
Currently a non-trivia! investtnent is required to use the current 
generation of tools. The practical efficiency of building energy 
simulation tools is dependent not only on the facilities affered 
by the tools and the rigour of the underlying (dynamic thermal) 
calculations but depends also on the skilis of the user in terms 
of abstracting the essence of a problem into a model, choosing 
appropriate boundary conditions, setting up simulations and 
interprering the results. 

After a briefdescription of the evatution and the current capa
hilities of building energy simulation tools, two approaches 
aimed at bridging the increasing gap between sophisticated sim
ulation tools and their users, will be addressed. 
The first approach may have an immediate impact, and con~ms 
user training. The second approach is related to future work m 
termsof development of intelligent front-ends which will act as 
intelligent assistants totheuser when employing energy simula
tion in building design. 

2~ STATE-OF-THE-ART IN SIMULATION TOOLS 

Early 3rd (current) generation approaches to building energy 
simulation, often focussed on either the building side of the 
overall problem domain (especially workers with building engi-

neering backgrounds),.or on the (solar) plant side (often 
mechanica! engineering backgrounds). In the farmer approach 
the influence of the plant system is more or less negleeled by 
over-simplification of the plant; it was/ is common practice to 
base the estimation of energy consumption on some presumed, 
imposed indoor air temperature profile. In the latter approac~ 
the complex building energy flow paths are usually grossly slm
plified, and the building (or each building zone) is commonly 
regarded as just another component which in this case imposes 
a thermalload on the plant. 
Now it is feit that neither approach is preferabie for the majority 
of problems which are affected by the thermal interaction of 
building structure and solar or auxiliary system. 
It is better to start from the principle that both building and 
plant have to be approached on equallevels of complexity and 
detail while taking into account all major fluid flow and heat 
transfer couplings. 

3. USING SIMULATION 

It has been found that the efficacy of dynamic thermal perfor
mance simulation tools in the classroom, laboratory, design 
office or consulring practice is dependent not only on the facili
ties affered by the tools and the rigour of the underlying calcu
lations but on the skilis of the user vis-a-vis abstracting the 
essence of the problem into a product model, choosing appro
priate boundary conditions, setting up simulations and in terprel
ing their results (Hand and Clarke 1992). 

How users acquire such skilis and how simulation tools can be 
made more accessible is therefore a topic of some importance. 
Many aspects of simulation training are generic rather than . 
application specific, this paper will concentrale on the genene 
as much as possible. Where specifics are required the point of 
reference will be the ESP-r building and plant energy sirnula
non environment (Clarke 1985; Hensen 1991; Aasem et al. 
1993). 

Many of the difficulties associated with the inlegration o~ simu
lation into the design process can be traeed to the followtng 
causa! factors: . 
• Training having been almost exclusively on the mechanics of 

interaction with the tooi. 
• Exemptars were almost always "toy" problems - minimal 

complexity in terms of the form, fa brie and temporal nature of 
the problem. 

• Novices attempting complex problems and being swamped by 
the combinatorial explosion of topology and project manage
ment tasks. 

• The importance of paper, pen ei! and planning. One of the 
most irrepressible urges, aftlicting the novice as well as sea
soned users, is to immediately approach the workstation when 
given a thermal appraisal to carry out. Without exception this 



has been observed to be a costly mistake. 
• Confidence in the system - nol in tenns of fonnal validation 

exercises, important as they are, but the confidence gained by 
use over time where the user begins to pay less attention to the 
interface and more to the purpose of undertaking simulation. 

The power and, at the same time, the weakness of ESP-r (and 
likely other tools) is its ability to offer users multiple ways to 
represent and analyze problems in an attempt to emphasize par
ticular design aspects and deal with parameter uncertainty. 
While an ex pen will detive great power from this, a novice will 
typically fee! unnerved. The differentiation of an elegant defini
tion of reality in pursuil of a complex problem (by an ex pen) 
from syntactic correct garbage (of the novice) is one area where 
current tools inevitably fall down as they have no intemal capa
bility to check semantics. This problem is tosome extent miti
gated as applications introduce more unambiguous feedback of 
their product models but the responsibility is still on the user to 
confinn the correctness of the model. 

3.1. User Types & Training 

Based on case study reviews, observing, training and working 
with a range of users, several user classes became apparent 
(Hand 1993). Each user class has a different affinity for simula
tion, diffeting training needs and varying success in attaining 
proficiency. The following is a summary of those observed: 

• Previous users of simulation: Having absorbed the syntax and 
the philosophy of one simulation model, such users usually 
adapt quickly to the syntax, philosophy and product model of 
another as wellas appreciating the importance of simulation 
methodology. 

• Background in building physics: This class of user generally 
has a reasonable aptitude for leaming advanced simulation 
techniques and using them as a tooi for investigating specific 
heat and mass flow issues. Typically, such a user will access 
souree code, detive sophisticated parametrie studies but not 
venture into problem desctiptions which -had any great geo
metrie or control detail. 

• Technicians: Users whoabsorb the techniques of how to 

manage data input and run simulations, but are not attracted to 
higher simulation issues make useful members of a team but 
are inclined to be ill-equipped to define product models, plan 
strategies or manage simulation work. Their ability to leam is 
variabie as is their confidence. 

• Single issue users: This class of user has one overtiding 
use/focus for simulation and it is difficult forthem to absorb 
skills which they label as outside of this focus. As such they 
often make poor use of a simulation tooi. 

• Traditionalists: Th is group of users do not easily cope with 
iterative use of simulation, concepts of simulation methodol
ogy, abstraction of reality into models. More profoundly, they 
consistently demanded that the tich set of flow, temperature 
and flux pattems be re-expressed in tenns of lumped indices. 

• Students: Being truly naive they attempt the impossible, take 
prompts literally, happily ignore pages of wamings and 
believe simulation results are carved on stone tablets. Having 
no concept of time and an in fini te capacity to explore they will 
eventually be able to navigate almost any simulation tooi. 
They are wonh their weight in gold for the robustness they can 
force on an application. 

3.2. Current Training Methods 

As with most advanced engineering applications, the leaming 
curve associated with any simulation system which is capab1e 
of modelling a diverse set of problem types, is non-trivial. 
Among other skilistheuser must acquire 0) (often) knowledge 
of the English vocabulary/ jargon associated, 1) basic skilis 
related to the machine environment, 2) a command syntax and 
interface interaction skills, 3) a hierarchy of descliplive en ti ties 

which make up the product model, 4) a sequence of tasks 
~uired to create a product model, vetify it, present it for simu
lanon and explore simulation results. 

From previous expetiences with techniques ranging from for
~al workshops toon-site training in the context of actual pro
JCCIS, the following training methods can be summarized: 

• By the book: Access to a workstation, users manual and sufti
eient time to 'son things out' by trial and error is a common 
training technique. lt occasional works. However, without 
~tion most self-taught become "tooi-led". In recognition of 
thts ESP-r was equipped with an on-line tutotial, context sen
silive help and doeurnenled exemplars. 

• Fonnal tuition: As a technique this is particularly good to get 
users past the initial part of the leaming curve. In the case of 
ESP-r, many novices progress to an intennediate level duting 
a standard three day course involving an instructor to user 
ratio of 1:4 to 1:7. 

• lnfonnal tuition: This is a variant wherein the user gets limited 
fonnal training and then ad-hoek access to expen users as they 
progress in a self teaching mode, often with a goal of adding 
new facilities or contributing to a joint project. 

• Workshops: Simulation has many facets, some of which are 
best approached after expetience with a system. Workshops 
have been successfully used to explore the setting up and 
interpretation of mass flow networks, simulation of passive 
solartest cells, and the like. An instructor to user ratio of 1:3 
to I :6 is sustainable. 

• Within a project: An organization which has a "real" simula
tion based project can train "on the fly" by obtaining the ser
vices of an ex pen who then directs and trains nominally com
petent staff as the project progresses. This mode is particu
larly good for ex ploring methodology, problem desctiption 
techniques and project management skilis and can result in 
highly profleient staff. 

3.3. Emerging Training Topics 

As mentioned above "toy" problems have only a limited train
ing potential. Much of the art of using simulation is in the com
position of problems. ESP-r now includes in the system distri
bution doeurnenled and annotated exemplars ranging from 
dwellings to office blocks. Many of these are drawn from con
suhing projects and, having evolved under time constraints, are 
elegant solutions in suppon of design. The use of such exem
plars is proving to be one of the best vehicles for technology 
transfer and advanced instruction. 

Methodology deals with flows of infonnation, deelsion points, 
relationships between simulation facilities, generation of pat
tems and their interpretation. It is methodology which allows 
one to elegantly and cost effectively use simuiadon to provide 
suppon for the design process. lt is methodology which gives 
the ex pen power and the Jack of it which drags the technician 
down. 

Current generation simulation tools presurne that the user has 
the background and intuitive or analytical faculties to confinn 
simuiadon results as being within the probable. This is prob
Iernatie for the novice who, unlike the veteran, has a tendency to 
not subject simuiadon results to ctitical review. lt is mostly 
beyond the state-Qf-the-art for the system to recognize non
intuilive results as being from ill-defined problems as from cor
rect interactions within the scheme. Such limitations stem from 
the inherent interconnectedness of thennal problems. lt falls to 
training to provide the attitudes and skilis necessary for users to 
recognize and cope with the complexity of simulation. 

4. DESIGN SUPPORT VIA SIMULATION 

In the field of building energy related issues, there is a eertaio 
tradition of using computer simulation for design suppon, 



invalving the geiieïiïiori öf knowledge wiiich is subsequently 
transferred to the design profession. This kind of design suppon 
is thus basedon knowledge transfer from "specialists" in a cer
tain pan of the overall problem domain, towards the design pro
fession. With respect to the transfer process itself, there are may 
different approaches. At one end of the spectrum of possibilities 
one finds the so-called design-aids, while consultancy work for 
a specific design could be located at the other end of the spec
trum. To demonstrate both these approaches by an exarnple: 

"Design-Aids" 
This is a form of knowledge transfer in which the "specialists" 
try to generate generic knowledge which is supposed to be suit
able for a range of buildings and which is usually aimed at 
being used by the designers. This kind of knowledge is com
monly basedon regression techniques applied to the results of 
multiple paramettic runs of more powerfut rnadelling systems. 
The results to emerge can often be reduced to simple relation
ships or presented in tabular or graphical form. Figure I is a 
typical exarnple (from CEC 1986) showing summer overhearing 
assessment graphs for medium-weight houses. 
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Figure I Summer overhealing assessment graphs 
for medium-weight houses (from CEC 198!)) 

It is obvious however, that there are a number of drawbacks 
from such an approach, the most imponant ones being: (I) a 
particular aspect is regarded in an isolated manner, (2) this 
approach is only possible fora limited number of variables, and 
(3) the results are only valid fora eenaio combination of envi
ronment, building, installation, and occupancy pattem which is 
quite similar to the one used to generale the results. 

"Consultancy Work" 
In the current context this involves the generation of specific 
knowledge fora particular design by a specialist. A particular 
case study concemed an environmental assessment of hospital 
spaces located in central Scotland, where air flow rates were 
judged to be critica] in limiting summer overhearing in zones 
with significant solar radialion gain (Hand 1990). Figure 2. 
shows the pan of the hospita! under consideration, which con
sist of a dayroom and adjoining dining room. As can be seen, 
the dayroom has very large glazing areas. 
lt was requested to advise on useful operating strategies and/or 
possible modifications to the building in order to better control 
its summenime indoor thermal environment. 
After reduction of solar gain, the priniary means of prevenring 
summer overhearing is 'free cooling' by increasing the infiltra
tion of arnbient air. This may be achieved by for exarnple open
ing of windows. Both the resulting cooling load by infiltration 
air and the indoor temperature, are influenced by the 
iemperature ditTerenee between outside and inside, and by the 
actual air flow rates. In building thermal performance simula
tions, it has thus far been very probiernatie and time consuming 

Figure 2 Schematic representation of the day
room and adjoining dining room, when viewed 
from the south-west. 

to realistically incorporate the air flow rates. The main reason 
for this is that the rate of air flow depends on pressure ditTer
ences which may be caused by wind or by stack effects due to 
temperature differences. Especially with a free floating indoor 
air temperature problem - like in the present case study - heat 
removal and air flow are closely coup led. 
This is also a typical exarnple of a problem for which it is 
"impossible" to devise some simplilled design tooi, while a sim
ulation based approach is readily available for the design pro
fession. 
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Figure 3 Predieled dayroom air temperature for 
July 7 and 8, assuming various window control 
strategies. 

For the dayroom and dining area, a building thermal simulation 
model (re presenting dayroom, dining area, air leakages, and 
wind pressures) Occupant behaviour was simulated Figure 3 
shows predieled dayroom air temperatures for July 7 and 8 of a 
reference year, and assuming various window control strategies. 
Of course these control strategies are just exarnples and may be 
changedat wiJl. 

These are merely two exarnples, more or less demonstraling 
both ends of the spectrum of knowledge transfer I design deci
sion suppon possibilities in the area of building energy use. 
Obviously there are various intermediale approaches; these 
often take the form of some simplified calculation method. The 
envisaged user profile usually shifts from more designer-like 
towards more specialist-like as the metbod shifts from design
aids towards the full simulation model. 

Since buildings are complex mechanisms, invalving phenomena 
such as transient conduction and air movement, there is a grow
ing realization that traditional design tools cannot cope with this 



complexity. 
Panicularly at the earlier stages of the design process, there is a 
need for rapid feedback on the oost and performance conse
quences of alternative design scenarios. The preseill system of 
specialist consultants, while adequate for the detailed design 
and final specification phases, faits to provide this immediate 
'ad hoc' advice. 

4.1. Future Directions 

It may be apparent that while development of sophisticated 
building performance evaluation tools as indicated above will 
comprise a valuable addition to the building engineer's toolkit, 
they also create new problems deriving from the conflict 
between the necessity for the tools to be powerful, comprehen
sive and according to first thermodynamic law principles to ade
quately re present the real world complexity while also being 
simpte, straightforward and intuitive to facilitate user interac
tion. Such problems are not restricted to novice users but they 
apply to experienced users as well. 
As Clarke (1991) points out, the conflict between power and 
case of use is further exaggerated by the divergence of the con
ceptual outlook of the design orientated program users and the 
technically orientated program developers. And to complete the 
confusion, there is the subtly different terminology of the vari
ous engineering professions. One - very promising - way to 
tackle these problems, is by utilization of Knowledge Based 
System (KBS) and Human-Computer Interaction (HCI) tech
niques to create an Intelligent Front End (IFE). 

Using these techniques it is possible to construct a user inter
face which incorporates a significant level of knowledge in rela
tion to building description - in the face of real world uncer
tainty and realistic performance assessment methodologies. 
Such a system would direct a user's line of enquiry, allowing 
'What do you suggest ?' and 'Why do you ask ?' type 
responses. lt would also be expen enough to devise an appropri
ate performance assessment methodology and to coordinate 
model operation against this. 
Using an IFE, the powerfut simulation core may be invoked 
much earlier in the design process, because it is readily 
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Figure 4 Current and future route of knowledge 
transfer I design decision suppon staning from 
simulation tools with an inlegral approach of 
building, solar and HVAC system. 

available to the designer. Obviously specialist consultancy will 
still be necessary, but this can be limited to the more common 
questions I problems. 
This shift from the more traditional approach using design-aids 
and via specialist consultancy, towards future direct application 
of powerfut simulation tools by the design profession, is indi
cated in Figure 4. This future kind of design decision suppon in 

· the area of building energy and indoor elimate thus derives its 
power from its simulation core and its ease of use from some 
intelligent interface. 

5. CONCLUSIONS 

From observations, applying various training techniques and 
feedback the main conclusions are: 
• One should not underestimate the need for training and soft

ware suppon or the resources required to become au fait with 
performance assessment tools. 

• Training should begin with an emphasis on simulation 
methodology, problem abstraction and the rationale/ approach 
of the simulation tooi to major performance appraisal topics. 
Next the focus should shift to the environment within which 
the simulation tooi operates and only when the user appreci
ates its implications should the user team the syntax and pro
cedural aspectsof the simulation tooi and associated produc
tivity aids. 

It is counterproductive to give the impression that simulation 
does not require carefut attention to detail, that complex 

· interactions are not involved or that it is a particularly easy task · 
to undenake. The more the user appreciates this and confirms it 
at a limited scale the more probable that the mind-boggling 
complexity needed to suppon the design process will be 
attained. 

There is a very promising future prospective in the form of 
intelligent front-ends which wilt act as intelligent assistants to 
the user when employing energy simulation in building design. 
This will "automatically" bridge the gap between sophisticated 
simulation tools and building design professionals. However, 
until then (and maybe still thereafter) we wil! have to provide 
proper training. 
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