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Abstract: Noise is a major factor in dissatisfaction with the environment in residential areas, especially in a potentially 
tourist, coastal region. When the noise problem originates from the 24-7 working cement plant, solving solutions 
demands wide spectrum of the known noise protection measures, but the outcome is always doubtful. This article 
presents applications of the noise mapping technique as an efficient tool in the environmental protection master plan of 
the Holcim (Croatia) d.o.o cement plant. In order to quantify noise effects of the particular noise sources inside the 
cement plan, the extensive noise measurements inside have been performed. The visualisation of the existing noise 
levels inside and around the plant was performed with the sound immision contour lines overlaid upon geographical 
information. In order to improve the efficiency and accuracy, the level of detail of the complete noise mapping process 
was adapted to the purpose and desired level of detail of the entire noise protection master plan. The detailed noise 
map was taken as the basis for the various action plans and subsequent public consultation. The quality of the 
modelled action plans directly depends on the quality of the input data and the methods used in every step of the noise 
mapping process. The proper balance between the level of detail and the exactness among the different steps in the 
noise mapping process has been noticed. Such balanced action plans require a deep insight into the costs/benefits of 
alternative noise protection measures including possible integrated environmental approach 

 
Key words: Noise mapping, action plans, noise prediction 

 

1. INTRODUCTION 
 

In the most recent time, due to the need for the industrial 
sustainable development, solving environmental noise 
problems becomes one of the most important imperatives 
of the industrial sources integrated environmental 
protection plans. Tyteca [1] points out that “there is an 
increasing need for tools that would allow proper and 
objective quantification or measurement of the 
performance of firms with respect to the environment”. 
Making of balanced noise environmental protection plan 
is often very difficult task, because noise produced by 
industrial areas needs to be controlled to prevent noise 
from exceeding legislative acceptable levels. From our 
experiences, financial budgets for the environmental 
action plans are always structured in such way that the 
troubleshooting of the noise problems is at the bottom of 

the priorities. This article presents, somehow no typical 
situation for the Croatian reality, because the problems 
with the noise inside and around the cement plant 
"Holcim (Hrvatska) d.o.o." (HH) was noticed already 
earlier in the beginning of the 1990. Despite previous 
tries for solving problems by performing number of noise 
measurements and some small-scale noise mitigation 
measures, results were unfavourable. As a continuum of 
their proactive approach of the environment protection, 
HH contracted Brodarski institute for the innovative noise 
reduction project that involves holistic analysis of plant 
noise, e.g. creating a noise map of the cement plant and 
further help in the production and prioritization of noise 
reduction action plans. 
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2. DESCRIPTION OF THE PROJECT 
 

In the most recent times, projects of solving noise 
problems of a large industries or construction sites always 
includes wide spectrum of acoustical tools but the 
production of the noise map is “conditio sine qua non”.  
The EU Environmental Noise Directive 2002/49/EC [2] 
(END) requires strategic noise maps which are based on 
long-term noise emission levels with normalized, average 
long-term acoustic propagation to be produce by the 
middle of the 2005. In addition, action plans (for 
environmental noise management) are required. For the 
industrial sources, two major types of noise maps can be 
produced: 
- Noise map obtained from the short- or long-term noise 

level measurements, where no account is taken of the 
position of the noise sources. 

- Calculated maps based on an acoustic model where 
reverse engineering is used to determine source levels 
based on measurements. 

Cement production can have both positive and negative 
effects on communities. On the positive side, the industry 
provides jobs and can also provide services to the 
communities in which it operates. 

On the negative side, cement production create noise, 
disturb neighbours, create dust and make other nuisances. 
From the acoustical point of view, cement plant is 
extremely demanding industrial complex, because in 
every main production sub process (Fig. 1) noise is a one 
of the main environmental aspects [3]. Therefore, the 
whole project covers four main activities: 
 
- In-situ noise measurements of equipment and 

machinery followed by the measurement of 
environmental noise in the Koromačno village and 
ended with the noise source identification. 

- Noise map calculation of the present state. 
- Prioritizing and making of action plans through the 

modelling of the noise reduction measures. 
- Assessment of the effectiveness of implemented 

action plans. 
 
In this project, the industrial noise map includes noise 
emitted from the industrial sources that operates through 
the industrial shift work (afternoon and/or nighttime) 
together with the noise caused by transport activities of 
the heavy vehicles to and from the factory location. 
 

 

 
 

Fig.1. Main environmental aspects of the cement plant  
 

196



2.1. Noise measurement & noise source identification 

According to the (Fig. 1), cement manufacturing consists 
of four processing steps: crushing of raw material, 
grinding of raw material, pyroprocessing, and grinding of 
clinker and packing. Whole process is characterized by 
high noise levels due to the striking, loading and 
transportation of materials (rock, clinker and steel balls), 
the traction systems of the mills and the fans & blowers 
for the transport of gasses and materials. 
For the purpose of the noise measurement, the industrial 
complex has been divided into 8 parts that correspond to 
the different processing steps of the cement 
manufacturing (grinding of the raw material, coal 
crushing unit & coal dust silos, control building & 
crushing unit of the raw material, homogenization silos, 
rotary kiln, cement crushing unit, cement storage silos, 
packaging & shipping). At the each part of the process, 
every significant noise source has been characterized by 
the measurement of the Lp / dB. By this procedure, it was 
possible to acoustically describe every noise source by its 
technical data, linear narrow band spectrum and levels of 
the 10 most significant discreet frequencies. The example 
for the coal crushing unit is presented in the (Fig.2.) and 
(Table 1.). 

 
Fig.2. Linear narrow band noise spectrum of the coal-

crushing unit 

f / Hz Lp / dB 
156 94.1 

125.2 86.7 
379.4 84.9 
322.3 84.5 
312 84.3 
468 84 
66.7 83.1 

406.5 83 
256.3 82.9 
446 82.8 

462.2 82.5 

Table 1. Most significant discreet frequencies of the coal-
crushing unit 

Performed measurements inside the industrial complex 
revealed that high noise levels persist in most of the areas 
of a cement plant. It is determined that the majority of the 
sources have the emitted noise levels LA,eq,T=1 min in the 
range of 67-112 dB(A) at 1 m from noise source. For the 
purpose of the later action planning around the most 
significant sources, simplified procedure of the sound 
power level measurements has been performed [4]. 

The noise measurements have been conducted inside the 
industrial complex and as well in the Koromačno village 
during different industrial shifts and during day and night 
period. Special attention has been paid to the premises 
where the previous studies showed highest noise levels. 
At each measurement position, during each measurement 
trial, the LAeq,T=5 min has been measured. Simultaneously 
with the measurement with the SLM, the characteristic 
samples of the noise were recorded for the latter post 
processing. After digitalization of the recordings, the 
narrow band spectral analysis has been performed. For 
every measurement position, two different analyses have 
been performed: 
- A-weighted narrow band spectrum during night 

(22:00-06:00), (Fig.3) and 
- Three overlayed linear narrow band spectrum for the 

three different industrial shifts and different part of the 
day (DUR-1, NUR i DUR-2); (Fig.4). 

 
Fig.3. A-weighted narrow band spectrum during night 

 
Fig.4. Overlayed linear narrow band spectrum for the 

three different industrial shifts and parts of the day 
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Parallel with the post processing of the recordings, for the 
purpose of the noise source identification and 
determination, the source emission database has been 
created. Besides the name of the source, the ten most 
significant discrete frequencies, has been allocated into 
single database entry. By that procedure, for every 
measurement position (Fig.5.) it was possible to 
determine the origin of the discreet frequencies in front of 
façade of the habitants' premises. 

The example for the measuring position (MM) No. 11 is 
presented in the (Table 2.). This procedure was also very 
helpful tool for the later prioritizing action plans for the 
management of the HH. Namely, at the end of the 
procedure it was easy to collect number of occurrence of 
particular noise source and the corresponding noise levels 
at some positions, so the priorities from the acoustic point 
of view is very clearly defined. 
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Fig.5. Measurement positions in the Koromačno village 

MM Spectral line 
frequency / Hz Corresponding noise source 

300,3 Cement mill fan, Outlet of the raw material crushing unit 
246,8 Warm gases fan; Fans of the clinker cooler, around the raw material crushing unit 
413 Near poldos fan, level of the low outlet 

11 

952 Near poldos fan, south side; level of the high outlet 

Table 2. The example of the noise source identification
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Based on the produced high quality acoustic data, for the 
purpose of the noise map calculation, it was necessary to 
obtain geographical information of the same quality. 
Without that demand, the quality of the produced noise 
map could be doubtful. Obtained geoinformations 
contained data about numerical terrain model (grid points 
and altimetric lines), intersection of platforms with 
numerical terrains, buildings (height above ground). The 
ground characteristics were collected on site. After 
collecting all necessary data, it was possible to produce 
calculation of the noise map [5]. For the calculation of the 
noise map, we were used software LimA by the Bruel & 
Kjaer. 

 
Fig.6. Noise map of the Holcim (Hrvatska) d.o.o. and 

Koromačno village 

2.2 Prioritizing and making of action plans through 
the modelling of the noise reduction measures. 

As shown in (Fig.6.) the noise levels, in the area of 
Koromačno village is among the (50 – 65) dB(A). For the 
land use type that correspond to the Koromačno village, 
the legislation in Republic of Croatia [6] allows 
maximum night-time noise level; LrA=50 dB(A). 
Therefore, on some measurement positions the 
exceedance of the allowed noise limits for the nighttime 
is up to 14 dB(A). The long-term aim of the Holcim 
(Hrvatska) d.o.o. is achieving LrA=50 dB (A) during 
nighttime. 
The scenario for the action planning includes almost 
every known noise control actions, but due to the 
technological process, some of them were not even 
considered because these methods are unfeasible. 

 
Fig.7. Road traffic noise map of the Holcim (Hrvatska) 

d.o.o. and Koromačno village 

For example, some of the major noise sources cannot be 
transferred away from the noise sensitive area or not even 
turned around where the noise reduction can be achieved 
through the noise reduction due to the directivity of the 
source. 
Most of the action plans includes enclosures simply 
because these measure usually give an reduction of 
between 10 and 25 dB(A) and therefore it is the most 
satisfactory solution. In enclosing any source, the 
provision of adequate ventilation, access and maintenance 
facilities were considered. As a addition to the enclosure, 
the use of the silencers were treated as s accompanied 
measure, because the generated noise levels when air, gas 
or steam flows in pipes or ducts are exhausted to 
atmosphere were with very high levels and impulse 
character. The use of the silencers in the action planning 
falls into two possible forms: 
- Absorptive, where sound is absorbed by an acoustical 

absorbent material inside the duct or its ending. In 
acoustical model, such measure is modelled as a 
reduction of a noise on the duct outlet. 

- Reactive, where noise is reflected by changes in 
geometrical shape and direction of the duct outlet. In 
acoustical model, such measure is modelled as a 
change of a directivity of the duct outlet. 

On the similar way with the enclosure measures, the 
damping with the acoustical panels can bring significant 
reduction if the acoustical treatment is performed in a 
good manner and on the proper place (fitting of 
proprietary damping pads, fitting stiffening ribs or using a 
double skin absorptive construction). 
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On some peculiar positions, the acoustic screens can be 
effective in reducing the direct field component noise 
transmission but in these project, these measure wasn’t 
used simply because the noise sources applicable to this 
countermeasure were placed on the height over 40 m, so 
the possible outcome were doubtful with bringing number 
of construction problems (wind). After prioritizing of 
possible action plans, vital part of each action plans is 
“cost-benefit” analysis. According to the budgeted 
amount for the noise control project, action plans 
provides technical information about possible acoustical 
outcome of the plan. In almost every action plan, the key 
point for the decision was ratio of the achieved noise 
level decrease for some financial investment (dB(A) per 
thousands of kuna). In this article, the action plan for the 
building of the raw material crushing unit is presented. 

2.3 Noise control action plan for the building of the 
raw material crushing unit 

Noise control action plans are completely made with the 
use of the software for the noise prediction and 
propagation analysis of the sound emitted of the sources 
with known acoustical characteristics in the geographical 
area of known shape and characteristics. 
 
For the calculation of emission and sound propagation of 
the industry sources, EU recommends [7] use of the HRN 
EN ISO 9613-2: ‘Acoustics — Abatement of sound 
propagation outdoors, Part 2. that is used in this action 
plan. Similar to the procedure of the calculation of the 
noise map, necessary input data is divided into two 
groups: 
 
- Detailed geographical data upon the area of the action 

plan, 
- Detailed acoustical data about noise sources inside the 

subject of the action plan. 
 
Geographical data (Fig.8) used for the making of the 
noise map were wided up with the characteristics of the 
building elements primarily by using known acoustical 
characteristics of the typical building constructions, but in 
some occasions the calculations of the apparent sound 
reduction indexes were made with the use of the software 
BASTIAN by the Datakustik GmbH. 
The modelling of the noise sources were conducted 
through the measurement of the position (placement and 
height) and dimensions of the noise sources. All the 
manufacturers of the machines (noise sources) were asked 
for the sound power level LW of the purchased equipment, 
expressed through the A-weighted octave or one-third 
octave spectrum values or overall level. The overall 
response were very poor, namely one of 13 manufacturers 
provides the necessary information. Therefore, we used 
our noise measurements and calculate sound power levels 
of the sources according to the ISO 3746, but with the 
smaller accuracy. In this action plan, over 20 different 
noise sources were modelled (point, line or area noise 
sources). 

 
Fig.8. Used 3-D model of Koromačno village 

For each version of the action plan the calculation of the 
sound immision contour maps were conducted, together 
with the placement of the permanent 6 individual receptor 
points for the easier validation of the action plan. For the 
easier visual comparison, the sound immison contour 
maps (SICM) are calculated for the present state of the 
noise source (Fig.9).   
Different version of the action plans consisting of varying 
the area that will be covered with the sound absorptive 
panels (SAP) with different apparent sound reduction 
indexes and coefficient of absorption. In addition to 
enclosure measure, in some action plans variants, 
implementation of the silencers was modelled too. Short 
description of the action plans (AP) together with the 
corresponding sound immision contour maps (SICM) are 
given below: 
AP1 – total cca 75 m2 covered with the SAP – Type 1 

(Fig.10). 
AP2 – AP1 + additional 72 m2 covered with the SAP – 

Type 1. 
AP3 – AP2 + additional 40 m2 covered with the SAP + 

enclosure of the conveyers. 
AP4 – AP3 + additional covers of the raw material 

crushing unit with the SAP (Fig.11). 
AP5 – AP4 + total enclosure of the north/west side of the 

building with the SAP. 
AP6 – AP5 + total enclosure of the south/west side of the 

building with the SAP + silencer on the warm gas 
fan. 

AP7 – AP6 + enclosure of the south/east side of the 
building with the SAP (Fig.12).  

The noise levels calculated for the each version of the 
action for the permanent 6 individual receptor points 
inside the Koromačno village, and for the 4 individual 
receptor points inside the industrial complex are 
presented in the (Table.3.) 
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Fig.9. SICM of the modeled noise source(year 2004) 

 

Fig.10. SICM of the action plan 1 

 

Fig.11. SICM of the action plan 4 

 

Fig.12. SICM of the action plan 7 
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Table 3. Calculated noise levels at the receptor points in the Koromačno village and inside the industrial complex 

 
The action plans shows that on the 6 individual receptor 
points inside the Koromačno village is it possible to 
achieve (1-10) dB(A) noise reduction depending of the 
chosen action plan. For the individual receptor points 
inside the industrial complex, it is visible that the 
reduction is even larger. Therefore, such approach also 
shows the application of noise mapping technique for the 
noise management of the workplace. The acoustical 
model gives the opportunity for modelling wide range of 
the acoustical materials with accent towards the different 
apparent sound reduction indexes or absorption 
coefficients. The possibility of calculating noise levels in 
the one-third octave spectra also presents additional 
helpful tool for the proper noise prediction of the peculiar 
noise sources. 

3. DISCUSSION AND CONCLUSION 

The application of the noise mapping techniques in such 
complex industrial environment shows that with the 
reliable acoustical and geographical data, proper noise 
map and action planning can be calculated. Even the 
procedure for noise mapping of industrial sources in the 
literature is relatively well described, this project shows 
that without acoustic measurements or reliable databases 
isn't possible make noise map of the industrial source.  
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