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In various green building assessment systems involving sustainable building projects, certain specific acoustic
aspects are important. In Europe the most common system addressing the problem is the British system Build-
ing Research Establishment’s Environmental Assessment Method (BREEAM), American system Leadership in
Energy and Environmental Design (LEED), or German system Deutsche Gesellschaft fur Nachhaltiges Bauen
(DGNB). The green building certificate comprises the assessment of noise impact generated by technical equip-
ment of buildings on their external surroundings. The measures undertaken to counteract noise-generated pollution
involve green certification, but it is also a global challenge to find appropriate technological solutions contributing
to the protection of areas inhabited by people. We determined the impact of the surroundings of the assessed build-
ing in specific background noise conditions. We described the problem of appropriate selection of measurement
points and the impact of noise generated by building installations on the acoustic assessment of green buildings
in BREEAM system. A theoretical model of the simulated house was developed close to a road, with changes
to traffic parameters including heavy vehicles and the summary acoustic power of the equipment mounted on the
roof of the investigated house. We analysed the impact involving the location of the investigated building on the
possibility to obtain ‘credits’ in view of environmental acoustics. Instead of a single case study, we used simulation
to illustrate different situations such as the changing acoustic background represented by the existing traffic system
or changing noise of the sources represented by noise generating units.

1. INTRODUCTION

In many countries the ecological assessment systems of
buildings have become an indispensable element to be taken
into account during the construction of office complexes. Such
an approach has been enforced by the reduction of energy
consumption in the building construction sector which ac-
counts for 40% of global energy use. Such assessments are
closely related with sustainable building construction. Nowa-
days, it is commonly accepted that sustainable building con-
struction is based on three aspects: environmental, social and
economic.1, 2 Many publications describe most popular as-
sessment systems of green buildings.3–5 The present publica-
tion focuses on acoustic parameters in view of the Building
Research Establishment’s Environmental Assessment Method
(BREEAM) and the Leadership in Energy and Environmental
Design (LEED) assessments.

The BREEAM method was developed in 20116 and is the
most widely acknowledged scheme, applied to investigate over
2000 buildings in Great Britain.3 The key criteria and fea-
tures of BREEAM Offices are structured hierarchically into Is-
sues, Categories, and Criteria levels. At the top level, there are
ten distinct issues (the maximum number of obtainable credits
is shown in parentheses): Management (22), Health & Well-
being (14), Energy (30), Transport (9), Water (9), Materials
(12), Waste (7), Land Use & Ecology (12), Pollution (13), and
Innovation (10).3 Acoustic issues are investigated in Health
& Well-being (room acoustics and insulation acoustics) and in
Pollution (environmental acoustics). In the BREEAM assess-
ment, a scoring system of particular credits is applied. The
awarded credits are summed in a way that ensures an overall
scoring for each category is obtained. Then the overall result
as well as a percentage of the maximum achievable score for
all categories are obtained. The latter is used to determine the

overall grade of the assessment, which may be: Pass (≥30%),
Good (≥45%), Very Good (≥55%), Excellent (≥70%) or Out-
standing (≥85%). To obtain BREEAM certification, in addi-
tion to achieving a total percentage score that equals or exceeds
the minimum percentage score of an awardable grade, a min-
imum number of credits (defined for each category of assess-
ment pertaining to each rating level) and the number of credits
obtained in individual categories must not be lower than the
minimum number of credits specified for a given category.3

The second important assessment system is the American
LEED. The LEED system, designed in 2009, is divided into
two levels, categories and points, which is similar to Issues
and Categories in other schemes. The system consists of seven
categories: Sustainable Sites (26), Water Efficiency (10), En-
ergy and Atmosphere (35), Materials and Resources (14), In-
door Environmental Quality (15), Innovation in Design (6),
and Regional Priority (4). The maximum possible total score
is 110 points. The awarded points for individual aspects of as-
sessment are summed and compared against a rating scale to
yield an overall grade, which may be LEED certified with (40–
49 points), LEED silver with (50–59 points), LEED gold with
(60–79 points) or LEED platinum with (>80 points). As a con-
dition for earning a standard LEED certification, the applicant
project must satisfy all prerequisites and score the minimum
number of points, i.e., 40–49.3

As indicated in many research studies, when carrying out
the assessment of green buildings, we should take into account
local context, which depends on the geographical location of
a country and its economic situation.7–10 The local context
allows each country to define the parameters of such an as-
sessment in a different way. We can refer here to Seinre et
al.’s analysis of BREEAM and LEED requirements in terms of
the binding building construction regulations in Estonia.11 The
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certification of environmental performance leads to so called
Green Buildings which, as described by Wei et al., refer to the
structures created with the use of the principles and method-
ology of sustainable development.12, 13 Many research studies
have been published discussing the ‘fitting’ of environmental
certification systems to the real impact exerted by a building on
the environment. Such a problem was investigated by Schwe-
ber and Haroglu, where the authors examine the deviations of
such ‘fittings’ from the real impact exerted on the environment
using the BREEAM assessment.14 It can be observed that the
integration of the interdisciplinary project team is of great sig-
nificance as indicated in Ozorhorn’s research.15

As indicated in Berardi’s works, different assessment sys-
tems reflect different approaches to building assessment; there-
fore, as Berardi claims, a universal assessment category named
Sustainable Building Alliance was created.16, 17

In literature worldwide there are hardly any works describ-
ing the impact of an external acoustic climate on a green house
certification. One of the very few examples is Costello and
Roy’s paper, in which the authors analyse and compare the
LEED and BREEAM assessment systems in terms of acous-
tic conditions.18 In the same way, Kwok analyses acoustic
aspects using the most popular and known worldwide assess-
ment systems of green buildings.19 The assessment systems of
green buildings take into account the acoustic climate inside
buildings.20 Indisputably, the acoustic climate inside build-
ing structures is affected by reverberation parameters of rooms,
sound level in the immediate vicinity of the building elevation,
and acoustic insulation of the external building envelopes.21, 22

Gramez and Boubenider state that an appropriate acoustic cli-
mate should be planned at the designing stage of the building.23

Such an approach is consistent with the idea of environmental
certification, which is also taken into account as early as at the
designing stage. In several other works authors observe that
the unsatisfactory acoustics of the building are impacted due to
oversight the problem at the planning stage of the project.24, 25

The environmental aspect is referred to by Cole who presents
the context of building acoustics in the process of green prac-
tices and discusses the direct consequences of the impact ex-
erted by a building project on the environment.26

The LEED assessment system is focused principally on the
aspects of building assessment in terms of global warming
and the reduction of energy consumption. With respect to the
reduction of environmental impact, the American assessment
system LEED takes no notice of the issues of acoustic climate
in the environment, including the impact of near and far cli-
mate change after the building is put into operation. However,
this system does not leave out the acoustic comfort of the envi-
ronment inside the building. The BREEAM certification sys-
tem is based on the British norms involving the requirements
of acoustic properties of space, both the internal and external.
Noise pollution is included in the category POL - Pollution,
which gives a maximum of 12 points in the assessment. As we
can see, noise pollution is ranked relatively low in the global
assessment of the BREEAM certificate. Yet, the possibility to
obtain points with respect to the above depends on the location
of the building in the environment. The issue of noise level
determination discussed by Morillas et al. defined how peo-
ple can be affected by traffic noise occurring on the building
elevation.27 In “Pol 05 Reduction of noise pollution”, we can
read that the difference of noise level generated by technical
facilities of the building, measured at the place of the high-

est noise impact and allowing for the existing acoustic back-
ground, should not be higher than 5 dB during daytime and
3 dB during night time.28 28 We can see here that we have to
face the problem of building location with respect to the noise
background, e.g., traffic noise, and the problem involving the
selection of measurement points as the places affected by noise
the most. The impact of external noise on people staying in-
side the buildings was investigated by Pirrera et al.29 In prac-
tice, to analyse noise level, appropriate computer simulations
are frequently applied to model the existing traffic system and
mutual positioning of the existing buildings, small architecture
objects, and installed acoustic protection facilities.30–32

Taking into account all the problems described above, the
authors of the present work attempt to analyse the impact of
the environmental noise on the acquisition of the final score
involving the category Pol 05 and to analyse the places exposed
to noise in order to identify the ones which are exposed to noise
impact the most.

The work undertaken by the authors of the present paper was
instigated principally by the fact that there are no clear criteria
in the BREEAM procedure for the selection of measurement
points which, ultimately, influence the assessment. Since there
are no physical means to ensure in the real environment all pos-
sible variants that would yield comprehensive and exhaustive
conclusions, all the analyses were carried out with the use of
computer simulations, taking into account virtual positioning
of the buildings.

In the present paper the authors are not investigating the so-
cial or economic conditions; as Berardi points out in his pub-
lications the assessment systems of green buildings have only
recently taken into account the aspects of local residents or the
impact of sustainable development on local communities.17

2. MODELLING OF ENVIRONMENTAL
NOISE

The impact of communication systems and buildings fitted
with various installations generating noise on the acoustic cli-
mate of the environment can be investigated using simulation
calculations compiled from an existing numerical model of
the terrain (obtained from geodesic records) and the numeri-
cal models involving the building sites being planned or being
reconstructed. The worked out elevation model should con-
sist of a spatial model of terrain surface (elevation points and
edge lines), reflecting (paved) surfaces, and absorbing (un-
paved) surfaces, as well as other surface or volumetric ele-
ments relevant for the propagation of noise - in this case: roads,
existing buildings, tall greenery, embankments, and acoustic
screens. The particular constituents of the numerical model of
the terrain prepared for the analysis make up a compact sur-
face, covering the total area subject to analysis. The modelling
is applied to different sources of noise; in most cases, traffic
noise and industrial noise are modelled. The model of traf-
fic source NMPB was described in the French national cal-
culation method NMPB-Routes - 96 (SETRA-CERTU-LCPC-
CSTB) and in the French Standard - in compliance with the
Appendix II directive involving the assessment and manage-
ment of noise level in the environment.33–35 The realization
of acoustic maps has been discussed in a paper by Marciniuk
et. al.36 As the input data, this method applies the emission
values from “Guide du bruit des transports terrestres, fascicule
prévision des niveaux sonores, CETUR 1980”. The emissions
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described in the method allow for different states of traffic,
both with smooth traffic and with accelerations or slowdowns
(see Fig. 1). The emission of noise is calculated from:

E = (LW − 10logV − 50); (1)

where V is the speed of the vehicle [kmh ].
The level of acoustic power LW and the emission of sound E
are calculated depending on the level of acoustic pressure LP

and the vehicle speed V , using:

LW = LP + 25. (2)

“Guide du brutt 1980” contains the nomographs presenting
the value of sound level LAeq for one hour in dB(A), separately
defining the emission for light vehicles (sound emission Elv)
and for heavy vehicles (sound emission Ehv) per hour. For
these two vehicle categories, E is the function of speed, traffic
congestion, and road slope.

The level of acoustic power LAWi of the elementary source
is calculated from the relation:

LAWi = [(EV L + 10logQV L)⊕ (EPL + ;

+10logQPL)] + 20 + 10log(li) +R(j) dB; (3)

where, using the European norm definitions,
⊕ is a symbol used for adding up the levels of sound;
EV L is the sound level defined for light vehicles;
EPL is the sound level defined for heavy vehicles;
QV L is the hourly flow of light vehicles for a given time pe-
riod;
QPL is the hourly flow of heavy vehicles for a given time pe-
riod;
lj is the length of the section of linear source; representing
a single point source; and
R(j) is the spectrum of traffic noise A.

The model describing the sources of industrial character is
included in the norm.38 In that model the noise sources are
characterized by the parameter of acoustic power level LW ex-
pressed in dB. The level of acoustic power is the basic quan-
tity which characterizes the emission of noise from its source;
hence, it is used to assess the noise generated by the facili-
ties mounted on the roof or on the elevation of the building
structure. Equation (4) describes the acquisition method of the
equivalent sound pressure level at the reception point:

LfT (DW ) = LW +Dc −A; (4)

where
LfT is the equivalent sound pressure level, dB;
LW is the level of acoustic power of a single point source, dB;
Dc is a correction resulting from the directivity of sound
source, dB; and
A is the sound attenuation, taking place during the propagation
of sound source to the reception point, dB.

3. GEOMETRIC ACOUSTIC MODEL

The acoustic simulations presenting the distribution of noise
level in the vicinity of the preset urban layout were carried out
with the use of the calculation package SoundPlan 7.4. The
current version of the software applied in the calculations com-
putes the impact of traffic noise in line with the model NMPB

Figure 1. Nomograph used to determine the level of input noise acc. NMPB.37

Routes-96 - a French method, and enables the modelling of the
equipment mounted on a building in line with the method rec-
ommended by the norm.38 The search algorithm of the prop-
agation routes of the acoustic wave between the source and
the receiver is based on setting the point, linear, and surface
sources of noise.

The calculations were based on the factors which have im-
pact on the generation and propagation of noise in a given area:

1. Operation of road communication routes:

• parameters of the communication system (road ge-
ometry, grade line inclination);

• the intensity of traffic (the number of vehicles mov-
ing along the homogeneous sections of the planned
and existing traffic systems, determined on the basis
of the average daily traffic obtained from the traffic
forecasts);

• percentage share of heavy vehicles in the traffic
flow;

• average speed of the moving vehicles;

• type of road ground and greenery present around;

• the existing building development; and

• the existing acoustic barriers.

2. Operation of industrial sources:

• acoustic power of the sources;

• source location; and

• times in operation.

In order to present the generalized situation on one picture, the
following procedure was applied:

a) One, predetermined, geometrical model of the terrain
(Fig. 2) was accepted, which reflected many different
building localizations. Maintaining the generalization as-
pect, we investigated objects (Fig. 3) located in the imme-
diate vicinity of the assessed noise sources as well as the
ones located further. The studies comprised the buildings
screened by other objects as well as those which were not
screened.
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Figure 2. Acoustic-geometric terrain model of the investigated object and its
vicinity.

b) The parameters of traffic were changed. The analysis
started with the base situation T0 (see Table 1), reflect-
ing the level of acoustic background of residential roads
or roads found in housing estates. Then, the share of
heavy vehicles was raised, which had impact on the level
of acoustic background reaching the parameters of a con-
tinuous road.

c) The analyses were carried out for all presented situations.
In effect, the generalized model could be investigated.

For the analysis of impact assessment, we accepted the noise
generating facilities mounted on the building object BUD 0
(a white building, see Fig. 2) and the vehicles moving along the
neighbouring communication arteries. All of these processes
were modelled and accordingly ascribed appropriate acoustic
and time parameters, depending on the duration of the partic-
ular acoustic events. Five air-handling units generating noise
were modelled. Each of them had the level of acoustic power
of 105 dB, and their maximum loading was modelled over the
entire accepted time period of acoustic simulation during day-
time and night time.
On the object BUD 0 (see Fig. 2) we successively modelled
one, two, three, four and five air-handling units generating
noise. The equivalent sound level was analysed on the succes-
sive objects BUD 1 - BUD 8, as seen in Fig. 3. On each floor
of the investigated objects, two receptors (reception points)
were analysed, except for the building BUD 1 on which one
receptor which had the highest exposure to noise was se-
lected. The investigated buildings subjected to noise protection
had the following heights: BUD 1 had 2 floors, BUD 2 had
3 floors, BUD 3 had 17 floors, BUD 4 had 4 floors, BUD 5
had 2 floors, BUD 6 had 2 floors, BUD 7 had 2 floors, and
BUD 8 had 2 floors.
The noise generated by two roads was applied as the acoustic
background. Traffic parameters were modelled along the axes
of the accepted roads, as presented in Fig. 3.

The model presented in Figs. 2 and 3 was generalized,
changing the level of acoustic background. The parameters
presented in Table 1 were accepted as the starting point.
In order to differentiate the acoustic background, the percent-
age share of heavy vehicles in the traffic flow of vehicles was
changed. The changes were modelled as the base situation
0. Then, the share of heavy vehicles per hour was increased,
from 80 vehicles to 160, 240, 320, 400, 480, until 560 vehi-
cles per hour. The following denotation was accepted: T0,

Figure 3. Arrangement plan of receptors on the investigated buildings.

T80, T160, T240, T320, T400, T480, and T560. The analysis
comprised all combinations of the generated variants involv-
ing the number of switched-on units generating noise and the
share of heavy vehicles having impact on the values of acoustic
background, which altogether yielded 40 different situations.
All the situations were subjected to analysis in 68 calculation
points, which yielded 2720 values of sound level in all recep-
tors. The number of the situations is so high that only computer
simulation methods can facilitate such an analysis.

4. RESULTS AND DISCUSSION

Using the simulation, we first want to obtain information
about the places which have 1) the highest exposure to noise
under the highest acoustic load generated from the source with-
out the contribution of acoustic background, and 2) about the
highest impact of the acoustic background alone, without the
contribution of the source. Figure 4 presents the distribution of
noise on the particular floors at the measurement points placed
on each floor of the building generating noise (BUD 0).

We can see from the graphs presented in Fig. 4 that with the
maximum level of acoustic background, its value determines
the summary level of sound calculated for BUD 0. Further-
more, the noise at the reception point Rb is considerably higher
than that at the reception point Ra.

Similar results were obtained for the buildings located clos-
est to BUD 0 (see Fig. 5). The distances of these build-
ings from BUD 0 are: BUD 1 located at the distance of
67.90 m, BUD 2 located at the distance of 14.40 m, BUD 5
at the distance of 9.53 m, and BUD 8 at the distance of
32.92 m. The results were presented only for the receptors in
which the noise was higher.

Based on the results presented in Fig. 5, we can observe that
the highest level of noise emitted by the air-handling unit can
be found in the receptors located on BUD 1. It is all the more
surprising that the building is located at the longest distance
from the sound source. The lowest recorded sound level is on
BUD 5, which is quite surprising, since the building is located
the closest to the sources of noise generated by technical facili-
ties. Such a distribution of sound levels can be explained by the
fact that the building is low and is located in the area of acous-
tic shadowing. BUD 8 is screened by the remaining buildings
from the sources of noise making up the acoustic background;
hence, the total equivalent sound level is the lowest of all the
investigated cases.

The BREEAM procedure suggested the measurement of the
acoustic background at the place most acoustic-sensitive and
most exposed to noise, without the acoustic impact of technical
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Figure 4. Equivalent level of sound on all floors of the building 0. BUD 0 C shows calculated sound levels of 5 units working simultaneously when the
background is switched off; BUD 0 T shows calculated levels of sound generated by the acoustic background when the units are switched off, and BUD 0 CT
shows calculated levels of sound with five units working and with the maximum loading of the acoustic background (560 heavy vehicles per 24h).

Figure 5. Equivalent level of noise on the floors of the buildings located in the immediate vicinity of BUD 0 (unobstructed ones). X stands for building number,
C demonstrates that only units on object 0 are working, T is the level of acoustic background with the switched on units, and CT illustrates all units are working
and acoustic background from the road is switched on.
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Table 1. Traffic parameters for the base situation T0.

Vehicles per hour [veh/h] Percentage share [%]
Road axis 1 2 3 4 5 6 1 2 3 4 5 6
Light veh. 863 708 863 680 604 634 93.4 97.7 93.4 97.7 97.7 98.8
Heavy veh. 61 17 61 16 14 8 6.6 2.3 6.6 2.3 2.3 1.2

Figure 6. Levels LAeq in all receptors. Ra depicts receptors a on the left, Rb depicts receptors b on the right. In nC, n refers to the number of switched on
units. In k P k refers to the number of buildings while P refers to the number of floors.

facilities present in the investigated building (if possible), as
well as the measurement of the total level of sound emitted by
all sources of noise. As we can see, the examples alone demon-
strate how important it is to select the measurement points of
noise. Without a detailed analysis - preferably with the help of
computer simulations - we are not in a position to correctly as-
sess which object subjected to protection is exposed the most
to noise impact. It is worthwhile to mention that the highest
levels of noise are on higher floors because the impact of traf-
fic system is the only source of acoustic background.

In order to complement the presented analysis, Ta-
ble 2 shows the results for the remaining objects, which are
presented in the form of equivalent noise level. It can be
clearly seen that for the buildings BUD 3 and BUD 4, the level
of sound from the air-handling units is higher in the recep-
tors placed inside the investigated complex of buildings (see
Fig. 3), and for the acoustic background it is outside the com-
plex. Furthermore, we can see that for the receptor Ra the
level of background is so high that it surpasses the noise gen-
erated by the units. It is confirmed by the obtained results of
the total noise level, which is close to the level of the acoustic
background alone. For the receptor Rb the levels of noise gen-
erated by air-handling units and by the acoustic background
have similar values, and the total level of sound is much higher
than each of them separately. In the objects BUD 6 and BUD 7
the situation is reversed.

In the BREEAM in POL 05 reduction of noise procedure we
can read the following:

“Criterion 1 - The noise level of a building being designed,
measured at the closest place, or at the place with the high-
est exposure to noise shall not be higher than +5 dB during

Table 2. Equivalent sound levels in the receptors Ra and Rb. Denotation: 5C
stands for five switched on units; T560 stands for acoustic background with
the use of 560 heavy vehicles per hour; and 5C T560 stands for five turned on
units and acoustic background with the use of 560 heavy vehicles per hour.

5C T560 5C T560
Ra

(dB)
Rb

(dB)
Ra

(dB)
Rb

(dB)
Ra

(dB)
Rb

(dB)
BUD 3 P0 49.5 57.0 73.1 51.0 73.2 63.2
BUD 3 P1 49.9 57.4 74.0 53.3 74.1 64.1
BUD 3 P2 50.3 57.9 74.1 55.3 74.2 64.8
BUD 3 P3 48.8 56.9 74.1 58.3 74.1 64.9
BUD 3 P4 43.2 57.6 73.9 59.5 73.9 65.9
BUD 3 P5 43.4 58.2 73.6 59.7 73.7 66.4
BUD 3 P6 43.4 58.8 73.4 60.0 73.4 66.9
BUD 4 P0 50.1 57.8 73.0 52.6 73.2 64.6
BUD 4 P1 50.4 58.1 73.8 54.8 73.9 65.0
BUD 4 P2 50.6 58.5 73.9 56.5 74.0 65.6
BUD 4 P3 49.6 58.8 73.8 58.1 73.9 66.1
BUD 6 P0 54.9 45.5 58.8 54.4 63.4 62.3
BUD 6 P1 55.5 47.1 62.9 57.5 65.6 63.4
BUD7 P0 52.6 46.6 53.5 51.3 61.3 63.1
BUD 7 P1 56.7 47.7 57.5 54.1 64.3 63.8

the daytime as compared to the acoustic background, and not
higher than +3 dB during the night time.”
The above provision raises some doubts. First, we have al-
ready expressed some doubts mentioned before involving the
place with the highest exposure to noise (it does not have to be
the closest locality). Second, the question is whether we can
by any means satisfy the criterion with the difference being less
than +5 dB during daytime and +3 dB during the night time. In
order to verify the said criterion, further computer tests were
carried out.

In Fig. 6 we present two graphs. Graph 6a presents the
equivalent levels of sound in receptor Ra with different acous-
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Figure 7. Levels LAeq of the acoustic background in all receptors. Ra on the left and Rb on the right.

tic load generated by the units mounted on the roof of BUD 0
with a switched off acoustic background. Graph 6b shows
the equivalent levels of sound in receptor Rb with different
acoustic load generated by the air-handling units mounted on
the roof of BUD 0, not taking into account the acoustic back-
ground.
The graphs in Fig. 6 clearly demonstrate a paradox that shows
that for the building located the farthest from the sound source,
the levels are the highest. It can only be explained by the fact
that the sound source is located at a great height, and therefore
all buildings located closer are in a so-called acoustic shadow-
ing.
The acoustic background is substantially higher at the mea-
surement points Ra, and the noise generated by the air-
handling units is slightly higher at points Rb (Fig.7).

The last analysis presented in this work involves the verifi-
cation of Criterion 1, i.e., the differences between the level of
noise generated by the air-handling units mounted on BUD 0
and levels generated by the existing acoustic background.

On the graphs presented in Fig. 8, the continuous line in
bold represents the difference between the noise generated by
the preset noise sources and the acoustic background, which
was +5 dB. The broken line stands for the same difference at
the level of +3 dB. Based on the analysis of the results pre-
sented in Fig. 8, we can state that with respect to the investi-
gated system, it is difficult to satisfy the requirement provided
in Criterion 1, even in the case when only one unit is making
noise. Hence, for BUD 7 (the lowest noise emission), the pre-
set acoustic standards were surpassed in receptor Ra. With re-
spect to receptor Rb, such standards are also surpassed in most
of the buildings. It is probably caused by the fact that these
places are characterized by low level of acoustic background,
which makes the level of that difference too high. The conclu-
sions drawn from the analysis of Fig. 5 can be confirmed by
the analysis of noise maps calculated at particular heights, as
presented in Fig. 9.
The cross-sections presented in Fig. 9 confirm that depending

on the geometry of the system, the impact of excessive noise
can apply to buildings both smaller and located at further dis-
tance from the investigated noise source.

We can discern the difference in acoustic background levels,
depending both on the depth of urban interior and on the floor
at which excessive noise levels are analysed. Ultimately, the
distribution of noise levels is dependent on the impact of tech-
nical equipment installed on the assessed object and on other
building objects which function as screening elements.

5. SUMMARY

The environmental acoustics as one of the aspects of the as-
sessment of green houses are frequently underestimated. If by
any chance it is taken into account, the approach to this issue
is not always clear and correct. The permissible levels of noise
generated either by traffic or industrial installations are defined
in various regulations for each individual country. Although
the entry Criterion 1 in the BREEAM procedure consists of
one complex sentence, it can bring about several unclear in-
terpretations and misunderstandings. Therefore, the present
paper investigates the distribution of sound levels in a sim-
ulated environment based on a real project in which BUD 0
is simulated. In the performed research studies, the parame-
ters of noise sources (air-handling units) and the parameters
of acoustic background were purposefully selected to ensure
the acquisition of (possibly) the broadest gamut of results for
analysis. The levels of sounds generated by the source and
recorded at the measurement points were changing within the
range of <42.1 dB; 66.1 dB>, and the variability of the acous-
tic background was within the range of <43.1 dB; 75.5 dB>.
Such a broad gamut of variations allowed the authors to anal-
yse 2720 cases of calculation results in the preset receptors.

The present paper is not investigating the problems sepa-
rately for road infrastructure or a housing estate. The analysis
was not carried out in the same manner as Sharifi and Mu-
rayama’s work, limiting the assessment to the local level.4 It
should be emphasized that the situation analysed in the paper
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Figure 8. Sound levels, allowing for all combinations of acoustic source load (the units) and acoustic background (the share of heavy vehicles). C 1 is one
switched on unit, 2C is two switched on units, ..., continuing up to 5C five switched on units. T0 shows no heavy vehicles in the traffic. T80 is the share of
80 heavy vehicles in the traffic, ..., continuing up to T560, the share of 560 heavy vehicles.

Figure 9. Three cross-sections of noise distribution in the environment when the acoustic background is of T80 type and with one unit located on the roof of
BUD0. The first cross-section refers to the height of 4 m from the ground level, the second to the height of the lowest acoustically-sensitive building, and the
third to the height of the highest acoustically-sensitive building.
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refers to the place in the vicinity of the existing road infrastruc-
ture. If we investigated the problem from the perspective of a
housing estate located at a certain distance from the communi-
cation system, then, in terms of acoustics, only the parameters
of acoustic background would be different. Therefore, we can
state that the situation presented in this paper embraces a wider
range of situations. Assuming the acoustic background at the
level within 45–75 dB, as analysed in the paper, we can accept
that the analysis also involves housing estate roads. When we
accept higher levels of acoustic background, we acknowledge
that the situation is changing towards the location with road
infrastructure.

The following conclusions can be drawn from that analysis:

a) The selection of measurement points is very significant,
and ultimately has an impact on the final assessment re-
sult of the investigated building. The choice of the clos-
est place does not necessarily imply the highest exposure
to noise. Moveover, most frequently, the higher building
floors are exposed to noise, standing in opposition to the
common practice of carrying out the measurements only
at the height of 4 m above the ground. It is important
that the designing stage of a building should comprise the
distribution analysis of sound levels in the whole environ-
ment surrounding the planned object.

b) Depending on the geometry of the whole investigated lay-
out, we may witness a situation where the building located
the farthest from the sound source has the highest expo-
sure to noise. The distribution of sound levels for the sit-
uation most beneficial for the environment - i.e., for one
working air-handling unit and the level of acoustic back-
ground of T80 - is presented on the maps in Fig. 9.

c) The difference of +5 dB by day and +3 dB by night re-
quired for a positive assessment between the sound level
generated by the source and the level of acoustic back-
ground may be impossible to achieve. We can venture
to say that, having taken into account all the situations
presented in this paper and having investigated the dis-
tribution of noise in the whole environment, we would
certainly be able to find places outside the standard mea-
surements where the above limits are surpassed.

d) The assessment, due to the introduction of noise to the
environment, is a component of the Pollution criterion in
the BREEAM assessment. For the entire Pollution cri-
terion we can attain merely 13 credits out of 132, which
accounts for about 10%. Taking into account the fact that
the noise stands for 1 credit, we can accept that in terms of
the present assessment the lack of one credit is rather in-
significant. Therefore, in terms of BREEAM assessment,
conclusion 3 cannot weigh on the whole assessment. Yet,
taking into account life comfort and health aspects, all
analyses contributing to the reduction of noise in the en-
vironment are of great significance today.

It is worth pointing out that the assessed building investi-
gated in the paper was a high office building. The situation can
be entirely different for buildings occupied by educational es-
tablishments, administration offices, or shopping galleries. It
would also be interesting to carry out an acoustic analysis of
the interiors of the investigated buildings involving the insula-
tion of building envelopes, or the reception of speech sounds.

Such issues have not been referred to in the present paper, and
they will be developed by the authors in further research stud-
ies.
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