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SUMMARY

The simulation of a building as a whole offers an image of its behaviour, reflecting the
complex relation established between the outdoor environment factors, the building
characteristics, the use by its occupants, and the parameters which intervene in satisfying the
comfort criteria. This paper gives an overview of the use of building simulation in Romania.
It focuses on summer comfort.

INTRODUCTION

In specific climatic conditions (cold winters and hot summers), the housing fund of Romania,
characterised, to a great extent, by a low level of insulation and high occupancy, is a great
consumer of energy. Mention should be made that in the social mass housing units the energy
is consumed exclusively to heat the space during winter time, the use of air conditioning
plant not being the preferred choice. As the thermal climate rehabilitation measures are
focused on saving the energy consumed for heating, the preoccupation for achieving comfort
during summer time by passive measures appears as markedly topical.

Knowledge concerning the thermal climate parameters, their influence on the occupants and
the influence of buildings and systems is today relatively known and established in
international standards. Energy consumption of buildings depends significantly on the
demands for the indoor environment, which also affects health, productivity and comfort of
the occupants. The indoor environment is mentioned in prEN 15251 :2005 Criteria for the
indoor environment including thermal, indoor air quality, light and noise. This standard
presents IEQ (Indoor Environmental Quality) performance demands that can be used as input
or default value for energy calculations, energy evaluations and building quality labeling.

One of the issues that is addressed in prEN 15251:2005 is the maximum allowable upper
temperature in summer. For naturally ventilated buildings with a high degree of occupant
control (e.g. access to operable windows and no strict clothing policy) the standard allows for
the use of an adaptive criterion.

THERMAL COMFORT : MODELS AND CRITERIA

The environmental parameters that constitute the thermal environment are: temperature (air,
radiant, surface), humidity, air velocity and personal parameters (clothing together with
activity level). Criteria for an acceptable thermal comfort (PMV-PPD index) are evaluated by
Fanger model. In the Fanger model the optimum internal condition for a building (i.e. one in
which occupants will report comfort) is correlated exclusively to parameters referring to









<

s

Figure 2. Test house
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By running the Energy Plus program there have been obtained data referring to the parameters
which influence the comfort level. There have been considered such factors as indoor air
temperature (fig.3), relative humidity (fig.4). The variation in time of the PMV index is
shown in fig.5. and infiltrations (fig.6). On the bases of this information, it was possible to
analyse the extent to which the comfort exigencies are met as against the Fanger and Adaptive

model.
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Figure 3. Mean Air Temperature

Fanger PMV

t (hours)

‘I B_zone m C_zone A_zone ‘

Figure 5. Fanger PMV , Simulation I
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Figure 4. Air Humidity Ratio
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Figure 6. Infiltration Volume




It can be seen from fig.5 that the PMV index for the 3 zones varies between 1, 2, and 4, which
means that not even the minimum conditions, for class C of comfort, are met. The least
favourable situation is found in zone B, with double exposure.

The Adaptive Model: The operative temperature values for the 3 zones have been calculated
and compared to the optimum ones recommended by the Adaptive Comfort Model (table 2,
Simulation I). In the given situation the comfort criteria for zone A are satisfied, while in zone
C the operative temperature values are relatively near the design ones. The research was
resumed for a situation where passive measures were used in view of improving the comfort,
such as: replacing glazing (table 2, Simulation II) in zone B and using blinds. The results
obtained by running EnergyPlus are shown below:

Table 2. The operative and recommended temperature’s values

Outdoor Temp | Design Simulation I Simulation II
Value Zone operative values Zone operative values
A B C A B C
17.8 24.7 24.4 33.1 26.2 23.1 23.8 25.0
18.0 24.7 24.4 33.0 26.2 23.1 23.8 25.0
18.1 24.8 24.4 33.0 26.1 23.1 23.8 25.0
18.3 24.8 24.5 32.9 26.1 232 23.8 25.0
18.4 24.9 24.5 32.9 26.1 232 23.9 25.0
18.8 25.0 24.7 32.9 26.2 234 24.0 25.0
19.2 25.1 24.8 33.0 26.3 23.6 24.2 25.2
19.7 253 25.0 33.1 26.5 23.8 24.4 254
20.1 25.4 25.2 33.2 26.7 24.0 24.7 25.6
20.5 25.6 25.4 334 26.9 242 24.9 25.8
21.8 26.0 26.0 33.7 27.2 24.9 25.5 26.2
22.7 26.3 26.5 34.2 27.8 25.4 26.1 26.8
23.5 26.6 26.9 34.5 28.2 25.8 26.5 27.2
24.4 26.9 27.4 34.9 28.6 26.4 27.0 27.7
24.8 27.0 27.8 35.2 29.0 26.7 27.3 28.0
253 27.1 28.8 37.1 30.9 27.7 28.5 30.1
25.7 27.3 29.1 37.9 315 28.1 29.0 30.6

The values presented in table 2, Simulation II, show that the comfort criteria are satisfied,
over the simulation time, according to the adaptive model in the three zones, as follows:

Zone A — 100%
Zone B —83.3 %
Zone C — 66 %

If a difference of 0.2 °C against the designed value is accepted.
The Fanger Model,[5]: The values of PMV index (fig.7) which vary between 1 and 2.5 for

zone A orientated in the most favourable position, show that not even in this situation the
minimum comfort criteria (class C) are met.
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Figure 7. Fanger PMV, Simulation II

CONCLUSIONS

This paper gives an overview of the use of building simulation in Romania. It focuses on
summer comfort. Summer comfort,[6] depends on the characteristics of the building
envelope; in particular, the transparent components and the materials play a relevant role. In
summer time, most of the cooling loads depend on the solar gains, coming from the
transparent surfaces of the building. The analysis presented in this paper gives some useful
information, concerning energy simulation of buildings. Transparent components deeply
affect the energy balance of the building. The simulation of a building as a whole offers an
image of its behaviour, reflecting the complex relation established between the outdoor
environment factors, the building characteristics, the use by its occupants, and the parameters
which intervene in satisfying the comfort criteria.

The Adaptive Comfort Model constitutes an instrument of realistic assessment of the quality
of the indoor environment from the point of view of comfort in the naturally ventilated
buildings, thus contributing to saving energy in air conditioning. Applying simple passive
measures with minimum costs may led to achieving a summer time comfort which is
acceptable even in dwellings of low surfaces and high occupancy degree.
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