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ABSTRACT 

In the Republic of Croatia, the responsibility for the removal of municipal solid waste is on the 

municipalities and the local governments of 21 counties. They entrust the economic activity to 208 

private and public companies that are specialized in waste collection and treatment. Organised waste 

collection is covering the 99 percent of population. The mixed waste from households and enterprises 

is at various frequencies collected at door, transported by truck to the landfill, or in rare cases to the 

processing plant.  

In this paper, we research fuel consumption in Croatian MSW collection system and calculate fuel 

related CO2 emission. 
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1. INTRODUCTION 

Municipal solid waste removal represents both an obligation and an economic activity which should be 

optimised with the aim to achieve sustainability, maximize economic benefits and minimize 

environmental impacts and resource exploitation. When addressing such a complex issue, it is essential 

to rely on studies and analyses which are based on a scientific approach. The collection and transport of 

municipal solid waste are unitary processes that should be taken into consideration when analysing the 

environmental impacts thereof as well as when planning waste management [1-6] Most estimates of the 

waste impact on the environment either ignore waste collection and transportation systems or exaggerate 

their role therein [7-9]. As far as waste management systems are concerned, it is preferable to reduce 

their environmental impact, although usually such efforts are related to higher costs. According to some 

authors, fuel consumption within a waste collection system, measured per mass unit of collected waste, 

has the most significant impact on the environment [10, 11]. Reduction of both the mass of waste 

transported and the transport distance is essential for reduction of the waste management impact on the 

environment [12]. If wishing to accomplish environmental objectives, it is recommendable to balance 

regional specificities with the appertaining economic possibilities [13]. 

In the Republic of Croatia, the municipalities and local governments in 21 counties are held responsible 

for the removal of municipal solid waste. They entrust the respective economic activity to 208 private 

and public companies specialized in waste collection and treatment. Organised waste collection affects 

99 % of population. The mixed waste from households and enterprises is at various frequencies collected 

at the door and transported by truck to a landfill, or, rarely, to a processing plant. The average annual 

mass of municipal solid waste per capita totals 382 kg (in the year 2014). The national municipal waste 

recycling rate amounts to 17% (in the year 2014), with most of the waste being landfilled [14].  

As a member of EU, Croatia is currently increasing the recycling rates in order to meet the requirements 

of the European environmental policy, though the efforts do not result in target values. If striving for 

higher recycling rates, it is advisable to avoid higher environmental costs related to the introduction of 

changes related with more driving (increased fuel consumption) and increased CO2 emission of the 

waste collection system. This could be achieved through careful, knowledge-based planning and 

assessments. In order to be able to assess how much better or worse in terms of fuel related CO2 emission 
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is some new option under the consideration, it is necessary to know the existing or previous state, i.e. to 

have the reference level for fuel related CO2 emission from MSW collection system. 

Having in mind the potential negative consequences of changes in the waste management system, the 

initial idea in the research was to identify the current state and determine a reference point for future 

monitoring and assessment. Specifically, the research deals with the diesel-related CO2 footprint of the 

collection system. Part of the research presented herein was performed as a preparatory work in 2014 

[15]. 

 

2. MATERIALS AND METHODS 

The aim of this research is the estimation of diesel use and diesel consumption related CO2 emission of 

the MSW collection system. The sources of data are the waste collection companies (contacted by phone 

and e-mail). First we contacted all companies (total 208). Half of them have responded and delivered 

information on diesel consumption in 2013. The Croatian environmental protection agency kindly 

shared their Excel document with registry of all companies, counties they operate and quantity and type 

of waste they collected. From that file, we summed the quantity of MSW in each county collected by 

the companies that delivered their data on diesel consumption, and then we made the estimate. 

We performed our calculation in following way: 

1. Diesel data completeness check (companies delivered data / total companies in county) 

2. Calculate share (%) in waste collection for companies who delivered data (mass of waste 

collected in a county by companies who delivered diesel data / mass of total collected MSW in 

county) 

3. Ceteris paribus assumption and upscale of diesel data (diesel consumed by companies who 

delivered data / share in waste collection for companies who delivered data) 

CO2 footprint calculation we based on estimated diesel consumption. We found various values for CO2 

emission per litre of diesel burned (2.4; 2.67; 2.68 kg CO2) and we decided to use 2.67 kg CO2 per litre 

of diesel burned. This footprint does not represent life cycle of the system (including vehicles, diesel 

production and refining, etc.), it only represents the CO2 emission of diesel burned in process of the 

MSW collection (and transport). 

 

3. RESULTS  

In this chapter we present, the retrieved data on diesel consumption (Table 1), then we show the results 

of the calculation – diesel consumption estimate and related CO2 emission, and finally, we show the 

results for groups of counties – whole country, country without City of Zagreb, continental group of 

counties (City of Zagreb excluded) and coastal counties. 

 

Table 1. Retrieved data on diesel consumption in MSW collection system in 2013 

County of 

Delivered data on 

Diesel consumed 

(L) 

Companies delivered 

data (%) 

Share of companies in 

collected waste (%) 

Zagreb 208297 40% 21,04 

Krapina-Zagorje 141528 67% 62,11 

Sisak-Moslavina 191830 58% 53,36 

Karlovac 102642 54% 53,35 

Varaždin 65256 50% 35,17 

Koprivnica-Križevci 141129 80% 71,69 

Bjelovar-Bilogora 145611 43% 63,91 

Primorje-Gorski 743305 50% 64,30 

Lika-Senj 106468 67% 47,44 

Virovitica-Podravina 10067 33% 9,06 

Požega-Slavonia 83945 100% 100,00 
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Slavonski Brod - 

Posavina 65188 38% 21,78 

Zadar 716205 62% 89,70 

Osijek-Baranja 553238 57% 83,57 

Šibenik-Knin 111666 53% 32,75 

Vukovar-Sirmium 114394 60% 59,51 

Split-Dalmatia 606901 48% 76,06 

Istria 417690 70% 70,82 

Dubrovnik-Neretva 277821 41% 58,13 

Međimurje 69000 33% 67,02 

City of Zagreb N/A 0% 0 

 

Table 2. Diesel consumption and diesel related CO2 emission estimate for Croatian counties in 2013 

County of MSW (t) 

MSW 

per 

capita 

(kg) Diesel (l) 

Diesel 

per ton 

of 

MSW 

(l/ton) 

Diesel 

per 

capita 

(l) 

CO2 

(t) 

CO2 per 

ton of 

MSW 

(kg) 

CO2 

per 

capita 

(kg) 

Zagreb 80164 246 990229 12 3 2644 33 8 

Krapina-

Zagorje 

27626 

218 227878 8 2 608 22 5 

Sisak-

Moslavina 

50473 

335 359470 7 2 960 19 6 

Karlovac 38815 309 192387 5 2 514 13 4 

Varaždin 32910 202 185519 6 1 495 15 3 

Koprivnica-

Križevci 

21247 

188 196854 9 2 526 25 5 

Bjelovar-

Bilogora 

26330 

252 227838 9 2 608 23 6 

Primorje-

Gorski 

130661 

441 1156028 9 4 3087 24 10 

Lika-Senj 24528 494 224418 9 5 599 24 12 

Virovitica-

Podravina 

23948 

284 111064 5 1 297 12 4 

Požega-

Slavonia 

13797 

206 83945 6 1 224 16 3 

Slavonski 

Brod - 

Posavina 

45597 

288 299274 7 2 799 18 5 

Zadar 95118 562 798428 8 5 2132 22 13 

Osijek-

Baranja 

73716 

245 662020 9 2 1768 24 6 

Šibenik-Knin 48202 441 340960 7 3 910 19 8 

Vukovar-

Sirmium 

42352 

244 192214 5 1 513 12 3 

Split-

Dalmatia 

201460 

443 797956 4 2 2131 11 5 

Istria 110611 536 589764 5 3 1575 14 8 

Dubrovnik-

Neretva 

64942 

528 477945 7 4 1276 20 10 

Međimurje 20708 183 102962 5 1 275 13 2 
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City of 

Zagreb 

304706 

391 2165375 7 3 5782 19 7 

TOTAL 1477911 N/A 10382528 N/A N/A 27723 N/A N/A 

AVERAGE 70377 335 494406 7 2 1320 19 6 

 

For County of City of Zagreb the estimate is based on average Croatian value of diesel consumption 

 

 
Figure 1. Differences in estimated diesel consumption and related CO2 emission in different groups of 

Croatian counties (21C – all counties, 20C – counties without City of Zagreb, Continental counties 

(city of Zagreb excluded) and Coastal counties) 

 

The figure 1 shows that the absolute diesel use and CO2 emission as well as the CO2 per capita in the 

MSW collection system is higher in the coastal part of the country and lower in the continental part. At 

the Country level, diesel intensity of the collected waste ranges 4-12 liters of diesel per ton of waste, 

and the CO2 intensity of waste collection ranges 11-33 kg CO2 per ton of waste. Average diesel 

consumption per capita related to waste collection is 2 liters of diesel per inhabitant. At counties level it 

varies between 1 and 3 liters per capita, which translated in CO2 ranges from 2 to around 13 kg of waste 

collection CO2 per inhabitant. When looked with more detail into the table 2, it can be noticed that diesel 

intensity of waste collection (liters per ton of MSW) in continental counties is somewhat higher (eg. 

Zagreb county with 12 l/t, or Osijek-Baranja county with 9 l/t in opposite to Split-Dalmatia county with 

4 l/t). The reason why it is so it is beyond the scope of this research and it would be worthy to look into 

it in the future research, however, it is indicating the existence of certain, “fixed” diesel consumption 

independent on the quantity of the waste. That quantity of diesel is required to cover all users of waste 

collection service, even if they produce significantly smaller quantity of waste (which is the case in 

continental counties). The indicator for diesel intensity of waste collection expressed in liters of diesel 

per ton of MSW collected would not be appropriate as a stand-alone indicator, because it can mask high 

waste intensity. The diesel intensity of MSW collection system is better to express as MSW related 

diesel consumption per capita. 
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4. CONCLUSION 

Our estimate of fuel related CO2 emission from MSW collection system at country level in 2013 is 

27723 t (10382528 l of diesel) Relative diesel use and CO2 emission (per ton of waste) is in average 7 l 

diesel and 19 kg CO2 per ton of MSW. In Coastal counties the absolute diesel consumption and CO2 

emission is significantly higher than in the rest of the Croatia. 

As an indicator of diesel intensity of MSW collection system, the MSW related diesel consumption per 

capita have shown better than the MSW related diesel consumption per ton of waste because the later 

can mask the high waste intensity. 
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