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Abstract The simulation of possible heating and cooling requirements of restaurant's building has been
presented in this paper, when simple Thermal Passive Techniques (TPT) such as Building materials selection,
Insulation, and careful design of the doors and windows have been applied to building’s construction in Sebha
city at the Libyan south. The known software for dynamic simulations (TRNSYS 16) has been used as an
environment of digital experimentation for this study. A model represents the building has been constructed
with the help of the available model of the Multi-zone Building modeling with Type56 and TRNBuild. The
thermal load on building’s construction with TPT (such as the control of building materials, insulation,
shading, infiltration and ventilation with window resizing) has been calculate under weather conditions of a
Typical Meteorological Year (TMY) of Sebha city . The simulation has been conducted successfully, where good
result of heating and cooling demands during JAN month of the building has been obtained. The maximum
about (21571 KJ/hr) of heating load for dining room, (34 KJ/hr) of heating load for kitchen, (12046 KJ/hr)
of cooling load for kitchen and didn’t has any thermal load for storage room.
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1. Introduction

The climate in Sebha city at the south of Libya is
mostly dry and moderately cold in winter, while it
is quite dry and extremely hot in summer Ref. to
Sebha Annual Weather Data Reports [1, and 3].
Under such conditions and for comfortable
functioning in the living spaces there is an
important need to control indoor temperature
(increased in winter and decreased in summer) and
simultaneously, keeping comfortable level of
humidity . In this context, the main problem facing
the building style currently applied in most Libyan
cities and especially at the South region is the
absence of thermal consistency between the
buildings and the environment. The wide use of
walls of hollow concrete blocks and heavy concrete
roofs without any kind of insulation, the use of non
proper sizing and glazing of windows, the lower
levels or even the lack of shading during summer
additional to the random building orientation and

the ignorance of the prevailing wind streams
additional to the missing of any ventilation control,
all these factors causes the evident residents
discomfort additional to the non-reasonable
consumption of expensive energy for air
conditioning.

The most important goal that should be taken into
consideration when start dealing with energy
conservation in buildings is to keep the levels of
energy loss or gain from or to the building -
depending on the season requirements - at
optimum level, using low cost technology as
possible. Based on this logic, it is very necessary to
have a clear view about the extent of the possible
can be calculate the thermal load which used the
so called Thermal Passive Technologies (TPT) [4].
The simplest of these techniques may be the choice
of building materials and orientation, the
application of the correct size of doors and
windows, the application of insulations, shading
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and infiltration control, the adoption of suitable
ventilation strategies. The TPT may be introduced
as a typical method to have an economical solution.
Through the application of an economically
optimum TPT in buildings higher standards of
health and thermal comfort may be achieved.
Through this research, and before any serious
application of active delivery of heating or cooling
to living space, the first step is to check the
effectiveness “thermally at least” of any possible
application of TPT, where, in spite of their negligible
effective running cost; their capital costs may be
high. Therefore, care must be taken to avoid
wasting the savings on electrical heaters or air
conditioners by using of costly TPT. To estimate the
thermal load of the TPT via experimental field
studies, one must spend much money and plenty
of time.

The known software for dynamic simulations
(TRNSYS 16) has been used as an environment of
digital experimentation for this research [5].

By simulation using TRNSYS16 (Klein et al.
[5], SEL [ii] and CSTB [i]) - at relatively low cost and
comparably shorter time - it was possible to make
a calculate of the thermal load behavior of a
restaurant building constructed with TPT during
JAN month at Sebha city.

2. System models

The heating requirements of a restaurant will be
considered. The restaurant consists of three zones:
the dining room, the kitchen, and a storage area. A
floor plan of the building is shown in Figure (1). The
dining room faces directly south and has a large
double-glazed window. General data concerning
the restaurant is as follows:
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Figure (1) Floor Plan of Restaurant
There are two types of walls: exterior and interior.
The floor consists of a concrete slab on the ground,
an insulation layer and stone tiling. The only
window, located in the dining room, has two
glazings. The flat roof has the following structure
(from inside to outside):
plaster board, air gap, insulation, concrete, roofing.
The heat transfer coefficient at the outside of the
exterior walls and roof varies with the wind speed.
Note that the heat transfer coefficient of the floor is
set to a very small value since we want to impose
the surface temperature to be equal to the ground
temperature [6].
2.2. Air Flows
The infiltration rate is fixed at a half an air change
per hour during un-occupied times. For the dining
room, there is an additional infiltration that follows
the influx of customers and reaches a maximum of

a quarter of an air change per hour. Part of this
extra infiltration is considered to flow from the
dining area to the kitchen. The maximum
convective coupling from the dining room to the
kitchen is 25 kilograms per hour. The kitchen is
also ventilated during working hours at a rate of a
half of an air change per hour [0].

2.3. Gains

There are gains from people and lights in both the
dining room and kitchen. The kitchen also has
gains associated with the stoves. The lights are on
whenever the building is occupied. The schedule of
customers differs for weekdays and weekends. The
storage room has fixed gains from a freezer [6].
2.4. Heating

The kitchen and dining room are maintained at 20
degrees Celsius during occupied hours and at 15
degrees other times. The storage area is unheated
[6].

2.5. Cooling

A small room air conditioner is located in the
kitchen which turns on if the temperature rises
above 25 degrees Celsius [6].

Suitable components Multizone Building modeling
with Type56 and TRNBuild from the simulation
program TRNSYS 16 were used to represent the
previously mentioned building, the calculate
Heating/Cooling demands has been evaluated by
studying the thermal interaction of the restaurant
building with TPT and the environment. The TPT
of the restaurant building includes (The selection
of less conductive building materials, fitting of
insulations, resizing the windows with the
installation of selective double glazing, controlling
of ventilation, controlling of infiltration and
providing more shade). The aim of this process is to
offer comfortable indoor conditions (15 to 20 °C
indoor temperatures and 0.0075 relative humidity).
3. Simulation procedures

The mentioned restaurant building case were
constructed wusing the available TRNSYS 16
components ‘Types’ as shown in Figures 1, where
various system models for input, processing and
output of data are presented.
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Figure (2) Graphical interface of the Multizone
Thermal Zone represents the project of Sebha
restaurant Building with TPT
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An appropriate control of building thermal
properties (i.e. conductance, emittance,
reflectance, transmittance, absorptance, and
diffusivity) for walls, floor and roof has been
performed through the use of selective building
materials and the process has been expressed in
TRNSYS 16 via component parametrical
modifications. The associated thermal properties
that affect the indoor air were also controlled within
the possibilities offered by TRNSYS components to
reflect the thermal conditions inside the restaurant
building in Sebha [4].

Because the weather data of the TMY should
represent as possible near real climatic conditions
at the site, the TMY as presented by Domanski and
Azzain [2] has been applied to the building
structure to produce realistic thermal profiles for
the House-Office building in Sebha. This TMY is
used as forcing function to simulate the impact of
the weather conditions on the temperature levels
and the humidity ratio inside the restaurant
building.

Due to the large number of models involved in this
simulation process it is not convenient to present
their mathematical descriptions. Nevertheless,
their details can be found in the TRNSYS 16
manual. The general fundamentals of the thermal
load calculations are derived basically from
transfer function approach as described in
ASHREA Handbook of Fundamentals 2001 [2].

4. Mathematical Description of Type 56

The general case, which does not include the
simplified model of the heating and cooling
equipment is presented first. If separate equipment
components are used, they can be coupled to the
zones as either internal convective gains or
ventilation gains. Following this, the simplified
method of providing heating and cooling equipment
within the TYPE 56 component is described.

The Thermal Zone of building model in TYPE 56 is
a non-geometrical balance model with one air node
per zone, representing the thermal capacity of the
zone air volume and capacities which are closely
connected with the air node (furniture, for
example). Thus the node capacity is a separate
input in addition to the zone volume [6] .
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Figure (3) Heat balance on the zone air node

The followed some mathematical equations:
4.1. Convective Heat Flux to the Air Node:

QI' ) Qsmﬁ * Q infi t Qvenr i Qg,c,;‘ +Q ol (0

whereQ " is the infiltration gains (air flow from outside only)
Sl
Q,,fV'p"p'(Tﬂ' W) (2)

Q ) is the ventilation gains (air flow from a user-defined sourca, like an HVAC system, given
e,
by

Q.,.fV'P“.'(TmrTe) (3)

Qw is the intemal convective gains {by people, equipment, illumination, radiators, elc.), and

Qwismegaimdmto(oonnecﬁve)a‘rﬂuwfmrnzonelorboundaryoondnion.givsnby

erlli =V‘P“,‘[Tu1' dr) (4)

4.2. Coupling:

The coupling statement allows the definition an air
mass flow a zone receives from another zone,
considered as a heat flow from or to the air node.
The statement does not automatically define the air
flow back to the adjacent zone as would occur in an
interzonal air exchange [6] .
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Figure (4) coupling statement
4.3. Radiative Heat Flows (only) to the Walls
and Windows:

q wall gain
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Figure (5) Radiative energy flows considering one
wall with its surface temperature node
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4.4. Total Gains from Surfaces in a Zone:
The total gain to zone i from all surfaces is the sum
of the combined heat transfers [6].
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wher 4, is the inside area of surface s,
Both sides of an intemal wall are considered s inside surfaces and must be included twice in

An energy balance on the star node

Q-ﬂ =t(f,,-f,) (7)

Any more information about equation 6 to the
express the inside surface heat flux for an external
wall as a function of the boundary air
temperatures, and The long-wave radiation
exchange between the surfaces within the zone and
the convective heat flux from the inside surfaces to
the zone air are approximated using the star
network refer to reference [6].

5. Simulation Results

The energy control system inside the restaurant
building has been set to start heating if Tset < 15 °C
and start cooling if Tset > 20 ‘C, where Tset is the set
point temperature. Simultaneously the same
control keeps relative humidity at 0.0075.

Figure 6, 7, and 8 shows the calculated integrated
changes of thermal loads during winter season
January.

The maximum values of the calculated heating and
cooling loads for the conventional restaurant

building with TPT of Sebha are respectively 21571
KJ/hr for heating dining room figure 3, 34.49
KJ/hr for heating kitchen figure 7, 12046 KJ/hr for
cooling kitchen figure 8, and The storage area is
unheated and didn’t have cooling load in this
month.

Generally, it is clear that the highest load at the site
is the heating load which covers large period of JAN

month in the dininﬁ room.
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Figure (8) cooling load of kitchen
6. Conclusions
From the simulation about 21571 KJ/hr of
maximum energy demand for heating in the dining
room and 12046 KJ/hr of maximum energy
demand for cooling.
There are several general achievements of this
research which may be presented as follows:
The choice of the most suitable building materials
has significant importance as first step towards the
successful implementation of the TPT. The second
thing is to control the infiltration and applying
effective optimal ventilation strategy. The positive
effect of shading and un-shading is also an
important factor that should be optimized to offer
useful results for the building by solar heating in
winter and insulation prevention in summer, The
control of ambient temperature and humidity
around buildings should have the priority when
comfortable indoor conditions have to be achieved.
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The creation of optimum microclimate (i.e. year-
around controlled outdoor conditions at the
buildings nearby areas) may be performed by the
application of several methods. Among these
methods for cooling are the trees implantation, the
creation of green areas as much as possible,
construct and operate in an optimum manner
various kinds of fountains and choosing the
optimum building positioning to make use of the
prevailing winds while achieving optimum use of
insulation and shading with building overheat
prevention. Since that the heating season in the
research area is need more heating load therefore,
the use of the TPT may offer good results to reduce
the heating load. We also recommend calculating
the thermal load of the restaurant building without
applying the negative thermal techniques and then
making a comparison between them.

Acronyms

(TPT), Thermal Passive Technologies.

(TMY), Typical Meteorological Year.
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