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The Energy Intensity of Office/Showroom Buildings

An Analytical Approach

The energy aspect is the prime consideration of this paper, being linked to the wider investigation into the energy de-
mands of office/showroom buildings. This paper looks into subjects dealing with the dfects of energy-use and the
data gathered will assst building personnel to produce energy-effident and cost-effective design solutions through
practical supporting guidance on how to plan energy use and make use of energy-saving measures.

1 INTRODUCTION

Energy efficiency is not a new criterion of design, for the
context of building has dways been defined by climate
and materid limitations. [1] Many examples of ancient
architecture have specid design features that provide
comfortable living conditions, without the expenditure of
conventiona energy sources. Unfortunately, the last 50-
75 years have seen planners ‘surrender’ to a wave of
optimism, extensvely usng and often abusing prefabri-
caed and indudtridlised dements. The most obvious
shortcomings were the dmost complete absence of any
rgoport with the environment, of any andyss, integra-
tion, sudy or enhancement of the natural ements, pa-
ticularly of sunlight and its correct utilisation.

1.1 Trendsin Energy Usein the Local Scenario

Energy utilisation in the Mdtese Idands is characterised
by atota dependence on imported foss| fuds, low dfi-
ciency utilisation and a lack of diffuson of dternative
sources. From recorded information it is clear thet there
has been an increasing consumption of primary energy
sources from 1.1 toe in 1980 to 2.1 toe in 1995, i.e. d-
most a doubling consumption over a period of 15 years.

[2]

Fossi| fud is utilised in four main sectors localy: eectric-
ity generation, transport, industry and domestic. The
percentage digtribution of the primary eergy used is
shownin figure 1- 1.
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It is clear that electricty generation consumes the gred-
est amount of primary energy, approximately two thirds
of dl thelocd foss| fuesimported.

Although the heating and cooling of buildings consume
the least energy when compared to other corsumptions
namdy in power and transport, the building sector being
a very sendtive one, is prone to sgnificant increases in
energy consumption with further improved standards of
living, given the charging climatic conditions and the pre-
sent poor performance of locd buildings. [2] This Stua-
tion has given rise to a steep increase in the ingtalation of
ar conditioning systems. Energy conservation measures
can mean subgtantid savings of energy without any loss
of comfort. The satting up of sandards indicating the e+
ergy rating of a type of building, through building legida-
tion, provides one of the most effective ways of intro-
ducing such messures in new buildings.

1.2 Conclusion




The whole objective behind the andlys's carried out in
this study is to provide technica guidance on the energy
rating of heavy consumer buildings such as commerciad
buildings, in order to hep reduce primary fossl fuds
used in this sector. The number of showroonvoffice
buildings developed during the past few years has been
subgtantia locdly. This can be seen from the data gaih-
ered by the Strategic Projects Monitoring Database,
Panning Authority with regards office buildings, shown
in table 1-1 below.

Table 1-1. Number of approved office projects®

Office 1993 1994 1995 1996 1997
Approvals

Projects 20 40 46 83 69
approved

Floor space 16,515 36,591 | 29,058 27,87 | 19,715
approved ( m? 1

)

A desk study carried out as part of the Commerce and
Industry Subject Study indicated that in early 1997, the
number of showrooms in the main locations were &
tabulated in table 1-2.

Table 12. Number of showrooms in main locations up to
1997

B'Kara Ham- | Msida | Qorm Victoo Gzira | Mosta
run i ria
38 29 28 27 25 22 20

It will be of great help to the devel opers of these building
types to get to know about passive messures that they
can adopt in order to reduce the energy consumption.
Thiswill not only be of benefit to the local environment,
but in the long-term will aso have a pogtive effect on the
economics of the company itsaf.

2 DESIGN DATA

Human beings are \ery sendtive to heat energy fluctua-
tions. To make up for the resulting discomfort in build-
ings, various heating/cooling systems are being adopted.
The amount of energy consumed when wsing these sys-
tems is largely dependent on the threshold vaue of tem
perature chosen for a‘ comfortable’ living.

! Structure Plan Review, Monitoring Report 1996 — 1997: Moni -
toring Report: 1996 - 1997, Planning Authority, January
1999, pg. 40.

The whole process of these hesting/cooling systems is
based on heat exchange between the external and the in-
ternal environment through the fabric of the building e+
closure. In order to carry out afarly accurate andyssof
the energy intengity of an office/ showroom building, it
was essentid to gather and compile al the data required
(externd and internd to the building itsdf) for identifying
the mgor culprits of energy flow. This datais being rep-
resented under two sections

one dedling with externd energy gains through dli-
matic factors,

the other dediing with internd energy gains through
the use of dectricd appliances, lighting equipment
and human occupancy.

2.1 Conclusion

If the loca Situation, regarding energy consumption in the
building sector, is to make consderable improvements,
efficient tools must be developed to provide smple
methods of andysis.

Owners should be provided with al the technical doo-
mentation regarding the different types of dant and go-
pliances incorporated in the respective buildings. Only in
this way can accurate analysis of energy usein buildings
be achieved.

Once such information is made available, the public ke-
comes more avare of energy use and there is a high
probability that substantial reductions in energy con-
sumptionin thelocd building sector will follow. This may
truly yidd dgnificant reductions of primary energy use,
improving not only the locd ewergy scenario, but on a
much larger scale, the globa energy scenario.

3 HEAT EXCHANGE PROCESSES

One important measure of the success of a building de-
dgn is the extent to which comfortable internd condi-
tions can be economicadly maintained. Caculations of
heat exchange processes occurring in the case-study
building, together with data regarding the building’ s elec-
tricity consumption, were evauated to establish the ex
ergy load of the building, clearly identifying those factors
that are attributing to its energy consumption.

3.1 Physical characteristics of the building



Hest is trandferred through and inside a building in three
different ways, by conduction, convection, and radiation.
Another important concept of heat flow is the thermd
transmittance or U-vaue which depends on the air-to-
air resistance.

Detailed information about the physical properties of
those building dements directly involved with the heat
exchange processes teking place, namdy the caling,
flooring, inner & outer wals, and apatures, was gath
ered, in order to establish the therma mass of each of
these dements.

3.2 Conclusion

The casedudy huilding made use of ‘comfort ar-
conditioning’ in order to supply comfortable conditions
for people through controlled inside temperatures, -
midity and cleanliness of the air. In order to make an es-
timateof the amount of the eectrica energy consumed
by such a system, a comparison method was adopted.

From the whole anadlys's carried out, one could conclude
that the designer should treat the various desgn factors
inthe order of priority indicated in table 3- 1.

Table 3-1. Priority Criteriaconsideredin Building Design

Criteria considered in | % effect on energy load of
building design buil ding

1 Solargains 20.7

2. Therma mass 201

3 Lighting 17.7

4. Buildingfabric 54

5. Electrical appliances 51

6. Airinfiltration 33

7. Human occupancy 11

4 APPLICATIONS OF PASSIVE MEASURES

To reduce the energy intendity of the building, the ther-
mal load caused by the above mentioned criteria should
be reduced. The objective of the whole aralyticd ap-
proach of this study was to examine design solutions
that dlow coupling of the building to the environment
leading to low-energy use and improved comfort, with
a conseguent reduction in dectricd energy consump-
tion.

The main drategic features of the low-energy desgn
proposed in thisandyss

= improved glazing system on the facade and provi-
sion of externa shading devices

= high effident lighting equipment

» increased therma mass

= good insulation of back concrete wall, and

= improved efficiency of heating/cooling system

have indicated that substantia savings can be achieved
for the case-sudy building.

However, each of these individud Strategies in isolation
is not very effective. The optimum results are achieved
through the correct combination of dl these systems.

5 CONCLUSIONS

In the broadest use of the term, any action on energy
conservetion involves an economic decison. In other
words, any conservation measure implies the conaump-
tion of some resources in order to reduce the consump-
tion of some other. This action is aworthwhile undertak-
ing if the cogt of the consumed resourcesiis less than the
cost of the resources conserved.

In order to complete the whole andytica study, a com
parative analyss was carried out (comparing one pro-
posd with another) reducing the above mentioned vari-
adbles to mere condants (adlowing for vaues that
represent the loca scenario as much as possible). Re-
sults should be compared with those of other solutions,
S0 that one might be in a pogition to evauate the feasibil-
ity of a paticdar solution. From an economic point of
view, the optimum strategy is to keep the capita in an
dternative invesment until the appropriate time for a-
tion is reached. [3] This Stuation may be prompted
through incentives set out by the government, the private
sector and lending ngtitutions encouraging the use of e+
ergy conservation.

51 Resaultsand discussions

The results of the most practical measures presented in
this andys's are summarised in table 5-1 with the cost of
implementation and the corresponding savingsin energy.
This table dso indicates the payback periods and rate of
return on investment on each of the different proposas.
The order of feeshility for the various systems investi-
gated in this sudy is presented in table 5-2.

Table51 Payback Periodsand Return on | nvestments



Proposd Cost (LM) | Saving Snyple Actual Snplerate
Share (LM) Payback payback of raurn
Period, F| period, y| on invest
(vears) (vears) met, R
(%)
Lighting 3021 133 22.7 22.6 4.4
Glazng 2748 233 11.8 12.0 8.5
Shading 3000 429 7.0 7.1 14.3
Devie
Bxposed 4810 4 1300.0 | 546.4 0.1
soffit mesh
Insulation 732 74 9.9 10.1 10.1
Option 1
Insulation 630 59 10.6 10.8 9.4
Qption 2
Table52 TheOrder of Feasibility
Order Energy-saving commaodity
of fea- | Efficient Efficient | Shading exposed | Insulation
sihbility | lighting glazing device meshed of back wall
scheme system for the | soffit
for  the | facade
facade
% T o
tion | tion
1 2
1 X
2 X
3 X
4 X
5 X
6 X

A variation of back wall construction has been considered. The
insulation system adopted with option 2 made use of weather-
proof insulation boards directly applied on existing wall, whilst
that adopted with option 1 made use of aluminium cladding with
an air gap in between and insulation resing against existing
wall.

The following comments ensue from the feasibility study
carried out above:

=  From the anaysis, the shading device scheme
has come out ahead. It would take only 7 years,
a the current eectricity cost profile, before the
svings began to bresk even with the capitd
charge. This esult should be enough evidence
why shading devices should be incorporated
with large glazing facades.

= The fact that the exposed mesh soffit provides
such a low rate of return indicates that through
our loca massive condruction thereislittle or no
gan in increesng the therma mass.

= Table5-2 rates the proposed lighting scheme in
the 5" place. This is no reason why lighting
should not be made as energy-effective as pos-
gble, paticularly snce it is responsible for con+

Ssequentid  energy  consumption by the air-
conditioning plant.

6 RECOMMENDATIONS

In order to andyse critica data about a building and its
immediate environment, accurate tools and meesure-
ments are required. Further studies, localy, should em
phasise on:

» Detaled derivation of more theoreticaly based
modes, which more fully define the assumptions
and limitations of the complete modd.

» |Increased sophisticated computer programs for
information processing regarding locad westher
factors ard thermd characterigtics of wals and
windowsinloca building congtruction.

» Dealed andyses of energy-use in different
building types based on floor area, type, location
and orientation.

It is vitd thet after suffident scientific invedtigation
maregeable codes of practices should be set up so
that the architect may evduate the therma perform
ance of buildings according to a set of clear cut rules
without any cumbersome andyss.
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