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1. Introduction

An cnergy system for heating, ventilating and air-conditioning of buildings,
consists of one or more of the following subsystems: a heating subsystem for adding
heat to a Nuid; a cooling subsysicm for removing heat from a fluid; a dchumidification
/humidification subsystem for controlling humidity; a distribution subsystem to carry a
fluid to the rooms that are to be heated or cooled; equipment for moving the fluid and
a terminal subsystem for transferring heat between the fluid and the room. The design
procedure for energy systems can be broken into the following stages (1):

1) Data gathering and discussions with building owner/architect;

2) Concept design i.e. configuring subsysiems and components into a system;
3)  Overall system layouts, sizing of major components and encrgy simulations;
4)  Detailed design i.e. design of lighting, heating and other components;

5) Specifications and contract documents;

6) Drafting.

Computerised aids are extensively used in the design process e.g. ESP (2), BLAST,
[ICC, and Superduct (3). Typically these are used for simulation, component sizing,
drafting and as word processing packages. However, at the predesign and concept
design stages, where the most important decisions are made, little use is made of

CAD.

The concept design stage involves the engincer in determining the outline form of the
final system. The design engincer combines various types of equipment to form a
system that provides specified indoor environmental conditions at minimum life cycle
cost, There are many possible system configurations from the numerous system
components available. Choice of components may be straightforward in small
buildings with conceptually simple systems. However, in larger buildings and/or il
serious altempts are made (o recover heat or to use more than one heating/cooling
source the systems can become very complex with many interacting subsystems and

components.

Many feasible configurations are ignored by the design engineer because of lack of
cxperience with particular systems and/or project time limits. In a growing
international market for consulting engineering services (4), and with continuing
technological developments, it becomes increasingly imporiant 1o make well informed
and speedy decisions. A computerised design aid with an casily c:}pnrtdzlbic knowledge
base, and capable of making expert design decisions would be an invaluable tool.
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Developing CAD tools for this level of design is not easy. Decisions made at this level
are not based on mathematical analyscs of system layout bul on knowledge,
accumulated through experience, of descriptions and capabilities of various systems
and components. Much of this knowledge is heuristic in nature, i.c. it is not based on
any fundamental principle or algorithm, and is difficult to represent using
contcmporary symbolic and mathematical methods.

2. Method of Approach

Design, and in particular, conceptual design has been studied from the point of
view of computer modelling (5, 6, 7, 8, 9). The approach to concept design used in
this research is the optimal search of a problem or search space. The scarch space
contains all potential solutions or configurations of an energy system and an expert
system is used to search for an optimal design solution.

The roots of expert systems lie in the field of artificial intelligence (Al), which may be
said to be the science thal tries to create intelligent behaviour on computers. An experl
system is a computer programme that performs a task normally donc by an expert or a
consultant and in so doing, it uses captured, heuristic knowledge (10).

Expert Systems differ in important ways from conventional daia processing systems in
that they employ (1) Symbolic representation, (2) Symbolic inference and (3) lleuristic
search. These features enable expert systems (o represent, in a manageable way, the
abstract knowledge, that is characleristic of conceptual design. This ability to make
expert decisions distinguishes them [rom conventional computer programmes which
manipulate numerical data. Advantages of using an cxpert system approach in design
of energy systems include:

1)  All feasible configurations are considered and evaluated;

2) Expert systems can be used as intelligent preprocessors and postprocessors to
numerical or algorithmic routines which are used to evaluate developing
syslem designs e.g. energy system simulalion programimes or heat gain/heat
loss routines;

3) The knowledge base can be modified or updated to consider changing trends
or advances in new technology.

2.1. Knowledge for Design

Knowledge provides the means for achicving a high degrec of problem solving
ability and needs to be formally siudied if one is to record it in a computerised
knowledge base. In Al, a representation of knowledge is a combination of data
structures and interpretative procedures that, if used in a certain way in a programme,
will lead to knowledgeable behaviour (11). These characteristics facilitate the
representation of experts’ knowledge in compuier programmes. Knowledge for the
design problem can be classified according to function as follows (1):

1) Domain Knowledge - knowledge about subsystems and components e.g
boilers, VAV systems, heal pumps;

2) Constraint Knowledge - constrainls imposed by building location, building
specifications, and economic limils;

3) Procedural Knowledge - knowledge ol how components can be selected and
configured into a system and evalualed;

4)  Analysis  Algorithms - knowledge of how 1o quantitatively  evaluate
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developing and final solutions e.g. use of simulation programmes;
5) Solution Knowledge - knowledge of the developing system as the design
proceeds e.g. sketches of the concept design.

The representational characteristics of this knowledge are described in some detail in
(12). The following sections describe how IIVAC systems’ components can be

modelled in a hierarchical fashion.

2.1.1. HIVAC Systems and Components - Domain Knowledge

Designers reduce the complexity of an air-conditioning system by partitioning it
into subsystems and components. The entire sysiem can then be understooed in terms of
its component picces and their interrelationships. Figure 1 shows the partial
hierarchical decomposition of the air-handling plant. This breakdown is based on
Carricr (13). Each of these subcomponenls are composed of many subtypes and
subcomponents. In this way a tree like hierarchy can be derived.
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Figure | “Approximale” Hierarcly of Energy Sysiems - breakdown
by component [Part only shown)

A truc hierarchy, however, is only an approximation to a real system. A single
component may perform more than one function. Heat pumps, for example, may heal
or cool a space. Also, a single function may require more than one piece of equipment.
lleating, for example, requires a terminal unit and a hot fluid, and also heating plant (o
heat the Muid. This introduces the concept of an “approximate hierarchy”.

Figure 2 shows a tree like classification of HVAC systems, with the full expansion of
the air-waler subtype. This tree is based on the classifications given in (14).
Classification into a tree like hierarchy simplifies selection of a system, where a
subtype shares many of its parent’s general characleristics.

285

RUL KVl
ALL-&1R AL WATER AR L WATER HATIFLE PALRAGD
NIt
- PR LR
MO T FAH RADIANT HOUL 110N FAN AADANY
K ;M\ 7:(\1 R o PANEL
Ly v [av vav (v v L v [av v (mA\m'
CAY - COWSTANT AR WOLLME WAY - WARIABLT AR wOLUME

Figura 2 Classihcalion ol Energy System T ]
I
y ay 2y ypas (Full HVAC only

2.2. Constraints

_mcs:u;g;rsal::;s describe the requirements that must be satisficd by the final system
e B cx“:": ?day_ be project constraints or component configuration ges: n
ki, 50 a]:' shs in the form ol" constraints. Constraints may be classi.ﬁgcd
b iy imypo:ccs! obwy“ I(T) F;ga.u_r;::j _3. Pro;cclrconmaims are specific 1o a given problem

an uilding specifications, (ii) lLocation a :
restrictions. An example of a project constraint is given by the fnllowi::- . e
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2.3. Design of HIVAC Systems - Procedural Knowledge

The view of a system in terms of subsysiems comesponds to the view of the
design procedure in terms of goals and subgoals. In some cases the goals and subgoals
will be independant of each other. In general, however, _1I1c. subgoals do l_uleram‘(:r
only looscly) and this is handled by constraint propagation between the interacting
subproblems. For example, consider the energy conversion plant of the Building
Energy System shown in Figure 4. The system operates on the principle that the heat
pump recovers heat from building zones which need cooling and dehumidification and
supplies the energy to zones which simultaneously need heating, Conventional boilers
and refrigeration units provide the extra heating and cooling that is needed at certain
times of the year. In the design procedure, addition of heating and cooling plant to
HVAC systcm may be treated as two scparate  subgoals if refrigeration units or boilers
are used. llowever, these subgoals obviously interact when a heat pump is being
selected. This is illustrated in Figure 5.
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FIGURE 5 Ihustration of Intaracling Goals

Figure 4 Block Schemalic of a Typical Energy Syslem

A powerlul tool to help in the sclection ol @ system is a raling stratcgy which
evaluates the comparative performance of various systems under given design
specifications. Selection is usually a compromise between what is ideal and what is
practicable for a given situation. A system under consideration has specific operating
and maintenance costs and also has some characteristics and operation performance
which dilfers from other systems. It is important, therefore, 1o compare the sysicms
on a common basis. A useful rating strategy and one amenable to programming is that
used by Dubin (15). A list of characleristics or "items af‘ consideration (10C’s) are
considered for cach system. The importance of each 10C for a given application is
determined and assigned a number (P factor) from 1 to 10. Fach encrgy system will
differ in degree of performance for cach 10C. A Weight Factor (W) on a scale from |
to 10, with 10 being the most satisfactory, is assigned to each system for each 10C. A
Relative Benefits Factor (RBF) may be defined as follows:

RAF(IOC) = P x W )]
The total RBF of each system, for a given application, maybe evaluated:

Total RBF = i RBE(IOC) (2)
HWK=|

The Cost Benefits Factor may then be calculated as follows:
CBF = Total RBFI(Total operating costs + Total owning cosis) M

The system with the highest RBE or the lowest CBI is the optimum systen.
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3. Functional Description of the Expert system

The preliminary design of energy systems has been successfully modelled using
an expert system IDABES (Intelligent Design Assistant for Building Energy Systems)
which is under development in the Mechanical Engincering Dept., University College
Galway. The decision making and "experts” knowledge of IDABES is coded in OPS5,
a general purpose Al programming language, while the analysis and graphical routines
are written in FORTRAN.

3.1. Architecture of Expert System

The architecture of IDABES is similar 1o a pure Production Systems layout (16)
with some additional components and is shown in Figure 6.

A Rule-Based Programme or Production System is a computer programme that
explicitly incorporates production rules to represent knowledge. A production rule is a
conditional statement composed of conditions and actions. It consists of an 1F pan and
a THEN part; IF condition 1, condition 2, ... THEN action I, action 2. An action
typically modifies a data base or it may be some arbitrarily defined function.

‘The wuser interface is is a display manager and arranges input and output data in an
easy to read manner.

The control sirategy contains the procedures, implicit and explicit, that determine the
overall order of problem solving activities. It acts upoun problem data and knowledge
in the rule base to solve the design problem.

The global data base reflects the state of the developing solution. A description of the
building, its characteristics and of the selected system are stored here during execution.

The rule base contains the production rules of the expert sysiem and represent most of
the design knowledge. The production rules are organised into modules which are
responsible for the goal nature of the design.

Data base I contains knowledge of energy system characteristics represented in tabular
and linked-data format (17). Various design procedures are also represented here.

Data base 2 contains weather data stored in conventional sequential data files.

The analysis routines which are called by the production rules, are used to calculate
the thermal load and ventilation requirements of the building.
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Figure 6 Arctulectune: of b aped System
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3.2. Design Procedure

The design procedure as implemented is

comprised of the following subgoals: ll ot
1) Formulation of building specifications T
- includes data gathering; Pt
2) Determination of thermal characteristics
of the building; :-"\\
3) Determination of priority factors of the lone At

building and evaluateion of systems;
4) Selection of a basic syslem type;

ANALYSE
A goal oriented approach to the solution is
implemented by using rule modules. Each module i
is responsible for a specific goal or subgoal. Rules EVALUATE
within a module are independent pieces of codg Fscine
and interact via the global data base, which is I
modificd by the action of the rules. Typically there e |
is a single rule in a module that is activated when l e

the goal has been achieved or cannot be achieved
given the current availability of information. The

following is an example of such a rule. FIGURE 7 Flow Chant of Design Procedure

IF Goal is Analyse Building Temperature
AND  All relevant data has been formulated
THEN Modify Goal to check if sufficient areas of the building have been analysed.

If sufficient area has not been analysed in order to determine the buildings’ overall
characteristics the expert system will decide on a further relevant arca, and will in turn
reactivate the goal "Get Room Datad” before any morc analysis is performed.

‘The thermal characteristics of the building are analysed using FORTRAN-coded
routines, based on CIBS guide. The input data for these is obtained and arranged by
the production rules of the expert system. In this way the expert system bchaves as a
preprocessor of input data.

The goal "Determination of Priority Factors® of the building evaluates quantitatively
the priorities for the building in terms of its air-conditioning requirements. The priority
factors are determined using experts experiential knowledge coded in production rules.
Fach rule in this module contains a piece of knowledge about a particular factor
influencing the selection of an HVAC system. Due 1o the independance of rules from
cach other a particular rule will be activated only if it is relevant; irrelevant rules will
simply not be considered.

When this goal has been achieved the goal "Selection of a Basiv System Type” begins.
Selection of a system type is donc using @ combination of results of the thermal
analysis and the priority factors as previously determined. The first step in the
selection of a system is 10 select a basic system type from the three basic subtypes:
Heating Only with Natural Ventilation; lleating Only with Mechanical Ventilation or
FFull HVAC. The expert sysiem behaves as a postprocessor of output from the analysis
routines and selects a basic system type. An example of a rule that is relevant to this
part of the design is as follows:

IF Goal is Analyse thermal load
AND  Perimeter does not require air conditioning
AND  Perimeter does not require mechanical ventilation
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TUHEN Select "Heating Only with Natural Ventilation" as the basic system type.

Selection of a subtype from lower in the hierarchy i i
: 1 t ¢ y is done using the val f Tot:
Enl':ll"lz; (:::Lcllr:bed in lsec:u':u?n . Data base 1 is searched using a bcim se:?cicpgra‘ggl‘::
ing system i i i i
i v ofg‘hz sysle:. output to the user via the interface. Figure 8 illustrates
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Figure 8 Example Oulpul

4. Conclusions

Expert systems have potential in i
. the concept design stapges of energy sys

5 51 5 Systcim
design. They can successfully encapsulaie the abstract and experiential ﬁ.’fmfw l(:
characteristic of this kind of design. ' £

E:;I::r::llcsoi d:cts:;)nsh or concepts is an essential part of any design and analysis
ccrlginlies : :ll'l:'l an ds ould be used for analysis of buildings and for evaluation of
e IcS|gl1f :cnsuon_s.. An interesting feature of the use of expert systems at
sy ly slag sho the design, is that it now becomes more feasible (o do analysis

simulations that were previously considered oo time consuming. Expert sysicms

cian bc used as pi:p‘ OCES50rSs Df dd[cl and ])ﬂsl WOCCSSOrs Wllcl't,' "'It'y analyse and make
CSS0r%, } L
I by ]\{,

Expert systems have the abilit i
: s ¢ ity lo evaluate all suitable sysiems for sclection. This i
time consuming and ledious il performed by hand and in fact, is rarcly ever (Iil'ﬁn::l_m "

i(i:;gﬁl::‘,:cplrgsfhnl? limpl;‘:emel;nled in a simple way, is recognised as being of great
; e future development of an cx as this is the way ine
communicate their designs. . peft pysiem e Whis i Uie ey engineens

This research provides a basic framew
¢ : ork for future developments in the area of
gg:;g:l;; :;debce!c::loir:;;?;ua: cli:dsrg[n of lil\{.i\g systems. The preliminary stages of the
. bee men or a limited group of systems. Fuiure development
::ould_can'fldcr_. the selection a!ltlf Fonﬁgulalinn of further subsystems and Lcnl:l;n::::l:
: wcrI cl; the hierarchical tree. This will require expanding the knowledge base with
nowledge of HIVAC subsystems and components to various levels of abstraction,
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1. Intr ion

The availability of direct solar radiation in winter in reside
presented an important problem in wurban design, in par
communities. One aspect of the problem is the minimum
between buildings, taking into account their orientation and |
provide direct solar radiation to all residents while keep
density.

One way to design a solar community with solar rights w0 ea
apply an evaluation CAD technique. In this way the solution i
l.rial and error, i.e.,, by examining the effect of change in all ¢
like height, distance, etc., and laler changing each one so
optimal selution. Our discussion will focus on another teci
generaling CAD method.

In direct generating CAD technique, the computer programs
solutions which satisfy predetermined requirements, in
evalu‘alive programs that are used to analyze and compare
solutions generated manually by the designer. Althoug
program can generate an unlimited number of design soluti
run, it does not require a very detailed data set to describe 1
its surroundings like evaluative programs do. Therefore d
fIAD tools can be easily used in the first design stage wh
important design decisions are made, while evaluative CAD
used in the late design stages.

The principles of the method are similar to those applied in
developed by Shaviv for designing shading devices (1-5) and &

1. Determine the period and time of day during which insol
2. Derive a nomogram of the envelope of all possible locati

with their allowed heights to enable the insolation of a
solar collector.



