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Abstract: Composting is one of the most extended alternatives to landfill disposal to reduce the 10 

environmental impacts of organic waste management, such as the emission of greenhouse gases 11 

(GHGs). A community composting system consisting in four 1 m3 modules was installed in a se- 12 

lected primary school in Bellaterra (Spain) and monitored through daily analysis of the main process 13 

parameters (temperature, moisture content and interstitial oxygen) and weekly analysis of gaseous 14 

emissions (CH4, N2O and VOCs). The composting process was successful and gaseous emissions 15 

were maintained under desirable values, which can be used to support and promote this kind of 16 

initiatives. 17 
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1. Introduction 20 

Waste management is one of the main challenges of modern society, and its im- 21 

portance is expected to increase as the world’s population keeps growing. The organic 22 

fraction of municipal solid waste (OFMSW) is especially sensitive, as its mismanagement 23 

results in serious environmental impacts such as global warming due to greenhouse gases 24 

emissions (GHG) [1]. Some decades ago, the final destination of organic waste was the 25 

disposal in controlled/uncontrolled landfills and the incineration with/without energy re- 26 

covery, and it is still the case in many places [2]. In recent years, biological processes such 27 

as composting and anaerobic digestion have appeared as a much more sustainable alter- 28 

native for organic waste management. These strategies offer a possibility to obtain value- 29 

added products from residues, including energy and other valuable bioproducts like com- 30 

post [3], which can help closing the organic matter (OM) cycle and moving towards a 31 

more circular economy.  32 

EU member states are obligated by the Landfill Directive (1999/31/EC) and the Waste 33 

Framework Directive (2008/98/EC) to reduce the amount of biodegradable municipal 34 

solid waste (MSW) sent to landfills and to recycle organic fractions using more environ- 35 

mentally friendly technologies [4, 5]. The European Commission (EC) adopted the “Cir- 36 

cular Economy Package” to lower limits for municipal waste going to landfills and set a 37 

target for recycling 65 % of municipal waste by 2035 [6]. Recently, European regulations 38 

have stated that biowaste must be source-separated and collected for its proper treatment 39 

and valorisation for resource recovery [7]. In Spain, new legislation requires municipali- 40 

ties to totally separate domestic biowaste in origin by the end of 2023 [8]. These policies, 41 

together with the rising prices and obstacles set to landfill disposal, will increase the de- 42 

mand for biological treatment processes. 43 

Composting is a widely known biological process in which OM is decomposed 44 

mainly by microorganisms under aerobic conditions producing compost, which can be 45 
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used as fertilizer [9]. Currently composting is mostly applied through centralized systems 1 

that treat the organic wastes of several municipalities at an industrial scale. The reasons 2 

behind this approach are that 1) industrial composting is more efficient, 2) different odor- 3 

ous compounds such as ammonia, hydrogen sulphide or a wide range of volatile organic 4 

compounds (VOCs) are produced during the composting process, which can be partially 5 

or totally treated in those industrial plants and 3) ordinary citizens might be unable to 6 

select the suitable waste and properly operate the process [10]. 7 

However, in the last years there has been a rise in small-scale composting initiatives 8 

in diverse communities (villages, neighbourhoods, apartment buildings, schools, hospi- 9 

tals, hotels, prisons, etc.) [11-13]. In these decentralized composting systems, the location 10 

where waste is generated and treated is close to where the compost is used, which mini- 11 

mizes material transportation and, therefore, reduces process costs, GHG emissions, road 12 

wear, traffic and noise generation [14]. Then, the utilization of the compost produced not 13 

only improves the soil quality, but also avoids the environmental impacts associated to 14 

the production of mineral fertilizers [15]. 15 

Decentralized waste management systems have a high potential to involve users and 16 

promote environmental education. Specifically, community composting systems have an 17 

even higher potential, as the process is relatively simple and can be understood by all 18 

social groups [9]. In decentralized composting systems, waste generators become the peo- 19 

ple in charge of the process and the recipients of the final product, what increases their 20 

awareness on the impacts involved in MSW management and their own waste generation 21 

and tends to reduce this amount [16]. The waste separation at source also improves, as it 22 

is critical to the success of the initiative, which in turn improves the quality of the compost 23 

obtained [17].  24 

The main drawbacks of house and community composting are the problems to obtain 25 

stable mature compost and the unpleasant odours produced, which can be usually damp- 26 

ened by adding a suitable fraction of bulking agent to the raw material [3, 18]. Therefore, 27 

the quality of the compost and the gaseous emissions related to environmental impact and 28 

unpleasant odours are the key points for the successful application of community-scale 29 

composting systems. 30 

In the context of promoting the advantages of decentralized composting and ensur- 31 

ing the quality and efficiency of the process and the final product, the “CARE: Citizen 32 

Arenas for Resource Use and Waste Management” project aims to bring the composting 33 

science to children at primary schools, raising their awareness on the environmental im- 34 

pacts that their own biowastes can generate if they are not properly managed, and to give 35 

them the opportunity to learn the benefits that compost represents to the environment. 36 

With that purpose, a community composting system has been installed in a selected 37 

school in Bellaterra (Cerdanyola del Vallès, Spain), where organic kitchen waste is trans- 38 

formed into compost, which can later be used in the school’s green spaces. During the 39 

process, typical parameters such as material temperature, interstitial O2 or humidity, as 40 

well as gaseous emissions, are monitored continuously to ensure the proper functioning 41 

of the community composting system. 42 

2. Materials and Methods 43 

2.1. Characteristics of the feedstock 44 

The biowaste fed to the composting system is the organic fraction of waste generated 45 

at the school, which comes mainly from the meals prepared at the restaurant. Everyday 46 

approximately 400 meals are served, accounting for 50–60 kg OFMSW/day on average. 47 

Shredded pruning waste supplied by the gardening services at Universitat Autònoma de 48 

Barcelona is used as bulking agent. The residue and the bulking agent are mixed in a 1:1– 49 

1:1.25 volumetric ratio to adjust the porosity of the raw mixture and promote the air flow 50 

through it, which is one of the key parameters to ensure the efficiency of the process and 51 
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the quality of the resulting compost. This translates into a daily volumetric load of around 1 

100 L of mixture to the composting system. 2 

2.2. Community composting system 3 

The community composting system installed in the school consists in four compost- 4 

ing modules with a volume of 1 m3, and a storage compartment to keep the bulking agent 5 

(Figure 1). The system configuration allows continuous operation of the process, as each 6 

module is devoted to a specific phase of the composting process. Specifically, module 1 7 

(feeding) receives the daily loads and is where the process begins, and the temperature 8 

starts rising reaching the thermophilic range. When module 1 is full, the material is moved 9 

to module 2, where the thermophilic phase continues. The material transfer helps to 10 

properly mix and oxygenate the material and to liberate module 1 to continue with the 11 

feeding. When module 1 is full again, the material from module 2 is moved to module 3 12 

or 4 (maturation), where it is kept until it is fully stable and ready to use as fertilizer; the 13 

material from module 1 is moved to module 2, and so on.  14 

 15 

Figure 1. Community composting system installed at the selected primary school. 16 

2.3. Composting and compost analytical procedures 17 

There were four classes of 3rd and 4th grade involved in the project, with a total of 80 18 

students aged 8–10 years and 3 teachers. Through a series of formation and information 19 

sessions, the children and the teachers were introduced to composting terms, process pa- 20 

rameters and operation. Thereafter, there were joint practical sessions for preparing the 21 

biowaste (weighting the biowaste and the bulking agent, mixing, sorting impurities and 22 

loading module 1), measuring and understanding the key parameters (temperature, in- 23 

terstitial O2, and moisture content) and observing the process development (checking the 24 

module fill level, mixing the material, adding water or bulking agent to adjust the mois- 25 

ture content, noticing odours, etc.).  26 

2.3.1. Routine analytical methods 27 

Solid samples obtained along the operation were characterized in terms of moisture 28 

content, dry matter, OM, pH and electrical conductivity according to standard procedures 29 

[19]. 30 

For a qualitative control of moisture content, the “fist test” or “squeeze test” was per- 31 

formed, which is based on taking a handful of mixture and squeezing it. If the material 32 

drips liquid is too wet and bulking material must be added, while if it totally disintegrates 33 

is too dry and it must be watered. If the material remains aggregated without leaching, 34 

the moisture content is appropriate. 35 

2.3.2. Temperature and interstitial oxygen 36 

Temperature was measured daily using three different temperature probes simulta- 37 

neously, placing one in the centre of the composter (more active and warmer zone), an- 38 

other one in an intermediate zone and the last one next to the composter wall (theoretically 39 

less active and colder zone). The action was repeated for all modules with material inside, 40 
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even though in this case there was only one active module. The ambient temperature was 1 

also recorded. 2 

Interstitial O2 was measured in the same locations as the temperature by means of an 3 

O2 probe equipped with a manual air pump connected to an O2 sensor (Sensotran, Spain).  4 

2.4. Gaseous emissions sampling and analytical procedures 5 

A semi-spherical stainless steel flux chamber (0.443 m of base diameter, 0.154 m2 of 6 

base area and 0.045 m3 of volume) provided by Scentroid (IDES Canada Inc., Whitchurch- 7 

Stouffville, ON, Canada) was used to perform emissions sampling [21]. Nalophan®  bags 8 

were used to store gas samples, which were obtained before and after mixing the material 9 

inside the corresponding composting module. The gaseous samples were obtained once 10 

per week, corresponding to days 15th, 23rd, 32nd, 37th, 44th and 49th of running. 11 

CH4 and N2O analysis were performed using an Agilent 6890 N Gas Chromatograph 12 

(GC) and an Agilent 8860 GC, respectively (Agilent Technologies, Inc., Santa Clara, CA, 13 

USA). For CH4 analysis, the Agilent 6890 GC was equipped with a flame ionization detec- 14 

tor (FID), whereas for N2O analysis, the Agilent 8860 GC was equipped with an electron 15 

capture detector (ECD). Both GCs were equipped with a HP-PLOT Q semi-capillary col- 16 

umn (30 m × 0.53 mm × 40.0 μm, Agilent Technologies, Inc.) with N2 as carrier gas at 13,79 17 

kPa pressure coupled to a post-column particle trap (2 m, nº 5181-3352, Agilent Technol- 18 

ogies, Inc.). The injection volume used for each sample was 250 and 500 μL and the total 19 

time of analysis was 4 min and 6 min for CH4 and N2O, respectively. 20 

To perform VOC analysis, a MiniRAE 3000 portable analyser was used (RAE Sys- 21 

tems, San José, CA, USA), which is equipped with a 10.6 eV PID lamp with a detection 22 

range from 0 to 15000 ppmveq isobutylene [21]. 23 

3. Results and discussion 24 

3.1. Composting performance 25 

The daily material loads accounted on average for 65 kg mass, accounting both for 26 

the organic waste (OFMSW) and the bulking agent (VF). Considering the feeding ratio in 27 

the school and that the material was loaded 3 to 4 days per week, a total of 3 weeks were 28 

needed to fill module 1, reaching an accumulated mass of 450 kg. Due to the school’s 29 

summer holidays, only one round of compost will be produced, but the material was 30 

transferred to module 2 once the first module was full to promote the mixing. The accu- 31 

mulated mass shown in Figure 2 represents the fresh material loaded into the composting 32 

system. The subsequent volume reduction due to degradation and water loss has not been 33 

considered, but by the end of the period depicted in Figure 2, the remaining material had 34 

60 % of the initial volume. 35 

The moisture content, although not shown, was maintained within a range of 40–60 36 

%, which is recommended to facilitate the activity of the microbial degrading populations 37 

and to avoid the generation of leachates throughout the process. 38 
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Figure 2. Accumulated material mass, considering the organic and vegetal fractions (OFMSW + VF) 2 
and main process parameters (average temperature and interstitial O2) measured during the com- 3 
posting process. The vertical lines represent the different phases of the composting process (meso- 4 
philic, thermophilic and maturation). 5 

Temperature is the key parameter ruling the composting performance. The curve ob- 6 

served from the composting system established in the school shows the typical phases of 7 

the composing process: a first mesophilic phase from ambient temperature up to 45 °C, 8 

followed by a thermophilic phase up to 70 °C, where maximum OM biodegradation oc- 9 

curs, to end up with a cooling and maturation period (below 45 °C), where material is 10 

finally stabilised. It is considered that the thermophilic phase should last for at least 14 11 

days to ensure the material sanitisation and that, after the peak, the temperature must 12 

descend back to ambient values to consider the material stable and optimally mature [9]. 13 

Both conditions were accomplished in the system, which guarantees the quality of the 14 

composting process and the compost produced. 15 

Interstitial O2 gives valuable information about the biological activity. There is an 16 

inverse relation between temperature and interstitial O2, as high temperatures entail high 17 

biological activity, which leads to an increase in O2 consumption and a decrease in its 18 

concentration. A concentration of 10 % O2 is considered the limit value to make sure that 19 

microorganisms have enough O2 to degrade the OM aerobically; below that value, anaer- 20 

obic degradation processes may take place, resulting in problems related to material rot- 21 

ting, unpleasant odours, etc. [9]. Interstitial O2 was maintained over 18,5 % throughout 22 

the process, thus avoiding anaerobic degradation and ensuring aerobic conditions 23 

throughout the process. 24 

3.2. Emission of GHGs and VOCs 25 

Composting of organic wastes in centralized/decentralized facilities are a green al- 26 

ternative to reduce the environmental impacts of landfill deposition, but still poses some 27 

problems regarding the emissions of GHGs including carbon dioxide (CO2), methane 28 

(CH4) and nitrous oxide (N2O) [22], and compounds responsible for odour pollution like 29 

volatile organic compounds (VOCs) [23]. During the composting process operation, gas- 30 

eous emission samples were obtained weekly to monitor the associated emission of CH4, 31 

N2O and total VOCs, as shown in Figure 3.  32 
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Figure 3. Temperature curve and gaseous emission rates (CH4, N2O and tVOCs) measured during 2 
the composting process. The vertical lines represent the different phases of the composting process 3 
(mesophilic, thermophilic and maturation). 4 

The average CH4 concentration measured was around 2.4 ppmv except for a 39.7 5 

ppmv peak observed at the end of the thermophilic phase, coinciding with a period of 10 6 

days with no mixing, what may lead to the formation of some anaerobic spots within the 7 

material and the subsequent punctual emission. In terms of CH4 emission rate, the ob- 8 

served average was 183.7 mg/d. N2O emissions were low from the beginning of the oper- 9 

ation through the thermophilic phase -around 2.0 ppmv- until the material’s temperature 10 

went down below 45 °C, when a peak of N2O was observed -14.5 ppmv- and its emission 11 

followed a regular increase. At this mesophilic temperature conditions together with a 12 

possible limitation in carbon sources, denitrifying bacteria tend to reduce available NO3- 13 

forming N2O as an intermediate, provoking its subsequent emission [24-27]. Regarding 14 

N2O emission rates, the observed average was 299 mg/d. Considering the Global Warming 15 

Potential on a 100-year frame of CH4 and N2O (27 and 263 times higher than that for CO2, 16 

respectively) [28], the process average GHG emission rate was 86.8 g CO2-eq/d. Finally, 17 

VOCs were found to be emitted mainly during the thermophilic phase, where the most 18 

easily biodegradable OM is consumed and volatiles are much more easily formed and 19 

emitted [21]. The highest total VOC concentration observed was 255 ppmv, whereas VOCs 20 

average concentration was 53.9 ppmv. Therefore, it is important to notice that community 21 

composting systems must be managed properly to avoid undesirable gaseous emissions 22 

to ensure not only the comfort of the people nearby the system, but also the environmental 23 

sustainability of the process. 24 

4. Conclusions 25 

The composting process presented here has been successfully operated, regarding 26 

the loading and transfer of the material and the main process parameters analysed. The 27 

temperature curve shows that the treated material has gone through all the expected 28 

phases of a composting process and that it is therefore properly sanitized and matured. 29 

Interstitial O2 decreased during the temperature peak as a result of the intense microbial 30 

activity but remained way over 10 % throughout the process, thus avoiding anaerobic 31 

degradation processes. Emissions of GHGs (CH4 and N2O) and odour pollutants (VOCs) 32 

were generally maintained under desirable limits, except for sporadic peaks. The correct 33 

management of the process is key to ensure the successful implementation of community 34 

composting systems like the one installed in the school, while avoiding any significant 35 

detrimental effects on the environment from the process. 36 

37 



Eng. Proc. 2023, 5, x FOR PEER REVIEW 7 of 4 
 

 

References 1 

1. Friedrich, E.; Trois, C. GHG emission factors developed for the collection, transport and landfilling of municipal waste in South 2 
African municipalities. Waste Management 2013, 33(4), 1013-1026. https://doi.org/10.1016/j.wasman.2012.12.011 3 

2. Sánchez, A. Decentralized Composting of Food Waste: A Perspective on Scientific Knowledge. Frontiers in Chemical Engineering 4 
2022, 4:850308. https://doi.org/10.3389/fceng.2022.850308 5 

3. Rashid, M.; Shahzad, K. Food waste recycling for compost production and its economic and environmental assessment as cir- 6 
cular economy indicators of solid waste management. Journal of Cleaner Production 2021, 317:128467. 7 
https://doi.org/10.1016/j.jclepro.2021.128467 8 

4. Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste. 1999 Official Journal of the European Communities.  9 
http://data.europa.eu/eli/dir/1999/31/oj 10 

5. Directive 2008/98/EC of the European Parliament and of the Council of 19 November 2008 on waste and repealing certain Di- 11 
rectives. 2018 Official Journal of the European Union. http://data.europa.eu/eli/dir/2008/98/oj 12 

6. Friant, M. C.; Vermeulen, W.; Salomone, R. Analysing European Union circular economy policies: words versus actions. Sus- 13 
tainable Production and Consumption 2021, 27, 337-353. https://doi.org/10.1016/j.spc.2020.11.001 14 

7. Directive (EU) 2018/851 of the European Parliament and of the Council of 30 May 2018 amending Directive 2008/98/EC on waste. 15 
2018. Official Journal of the European Union. http://data.europa.eu/eli/dir/2018/851/oj 16 

8. Ley 7/2022, de 8 de abril, de residuos y suelos contaminados para una economía circular. 2022. Boletín Oficial del Estado. Num. 17 
85. BOE-A-2022-5809. https://www.boe.es/eli/es/l/2022/04/08/7/con 18 

9. Haug, R. The Practical Handbook of Compost Engineering, 3rd ed.; Amsterdam University Press: Amsterdam, The Netherlands, 19 
1993. 20 

10. Neugebauer, M.; Sołowiej, P. The use of green waste to overcome the difficulty in small-scale composting of organic household 21 
waste. Journal of Cleaner Production 2017, 156, 865-875. https://doi.org/10.1016/j.jclepro.2017.04.095 22 

11. De Souza, L.; Drumond, M. Decentralized composting as a waste management tool connect with the new global trends: a sys- 23 
tematic review. International Journal of Environmental Science and Technology 2022, 19(12), 12679-12700. 24 
https://doi.org/10.1007/s13762-022-04504-1 25 

12. Ghosh, S.; Kapadnis, B.; Singh, N. Composting of cellulosic hospital solid waste: a potentially novel approach. International 26 
Biodeterioration & Biodegradation 2000, 45(1-2), 89-92. https://doi.org/10.1016/s0964-8305(00)00042-1 27 

13. Omune, B.; Kambona, O.; Wadongo, B.; Wekesa, A. Environmental management practices implemented by the hotel sector in 28 
Kenya. World Leisure Journal 2021, 63(1), 98-108. https://doi.org/10.1080/16078055.2021.1888001 29 

14. Bortolotti, A.; Kampelmann, S.; De Muynck, S. Decentralised Organic Resource Treatments – Classification and comparison 30 
through Extended Material Flow Analysis. Journal of Cleaner Production 2018, 183, 515-526. https://doi.org/10.1016/j.jcle- 31 
pro.2018.02.104 32 

15. Bong, C.; Lim, L.; Ho, W.; Lim, J.; Klemeš, J.; Towprayoon, S.; Ho, C.; Lee, C. A review on the global warming potential of 33 
cleaner composting and mitigation strategies. Journal of Cleaner Production 2017, 146, 149-157. https://doi.org/10.1016/j.jcle- 34 
pro.2016.07.066 35 

16. De Kraker, J.; Kujawa-Roeleveld, K.; Villena, M.; Pabón-Pereira, C. Decentralized valorization of residual flows as an alternative 36 
to the traditional urban waste management system: The case of Peñalolén in Santiago de Chile. Sustainability (Switzerland) 2019, 37 
11(22):6206. https://doi.org/10.3390/su11226206 38 

17. Bhave, P.; Joshi, Y. Accelerated In-vessel Composting for Household Waste. Journal of The Institution of Engineers (India): Series 39 
A 2017, 98(4), 367-376. https://doi.org/10.1007/s40030-017-0258-3 40 

18. Bergersen, O.; Bøen, A.; Sørheim, R. Strategies to reduce short-chain organic acids and synchronously establish high-rate com- 41 
posting in acidic household waste. Bioresource Technology 2009, 100(2), 521-526. https://doi.org/10.1016/j.biortech.2008.06.044 42 

19. Thompson, W. H.; Leege, P. B.; Millner, P. D.; Watson, M. E. The test methods for the examination of composting and compost 43 
(TMECC). United States Composting Council 2001, https://www.compostingcouncil.org/page/tmecc 44 

20. Ponsá, S.; Gea, T.; Sánchez, A. Different Indices to Express Biodegradability in Organic Solid Wastes. Journal of Environmental 45 
Quality 2010, 39(2), 706-712. https://doi.org/10.2134/jeq2009.0294 46 

21. González, D.; Guerra, N.; Colón, J.; Gabriel, D.; Ponsá, S.; Sánchez, A. Filling in sewage sludge biodrying gaps: Greenhouse 47 
gases, volatile organic compounds and odour emissions. Bioresource Technology 2019, 219:121857. https://doi.org/10.1016/j.jhaz- 48 
mat.2019.03.131 49 

22. You, C.; Rajiv, S.; Weijin, W. Emission of greenhouse gases from home aerobic composting, anaerobic digestion and vermicom- 50 
posting of household wastes in Brisbane (Australia). Waste Management & Research 2010, 29(5), 540-548. 51 
https://doi.org/10.1177/0734242X10375587 52 

23. González, D.; Colón, J.; Sánchez, A.; Gabriel, D. A systematic study on the VOCs characterization and odour emissions in a full- 53 
scale sewage sludge composting plant. Journal of Hazardous Materials 2019, 373, 733-740. https://doi.org/10.1016/j.jhaz- 54 
mat.2019.03.131 55 

24. Quirós, R.; Villalba, G.; Muñoz, P.; Colón, J.; Font, X.; Gabarrell. Environmental assessment of two home composts with high 56 
and low gaseous emissions of the composting process. Resources, Conservation and Recycling 2014, 90, 9-20. 57 
https://doi.org/10.1016/j.resconrec.2014.05.008 58 

https://doi.org/10.1016/j.wasman.2012.12.011
https://doi.org/10.3389/fceng.2022.850308
https://doi.org/10.1016/j.jclepro.2021.128467
http://data.europa.eu/eli/dir/1999/31/oj
http://data.europa.eu/eli/dir/2008/98/oj
https://doi.org/10.1016/j.spc.2020.11.001
http://data.europa.eu/eli/dir/2018/851/oj
https://www.boe.es/eli/es/l/2022/04/08/7/con
https://doi.org/10.1016/j.jclepro.2017.04.095
https://doi.org/10.1007/s13762-022-04504-1
https://doi.org/10.1016/s0964-8305(00)00042-1
https://doi.org/10.1080/16078055.2021.1888001
https://doi.org/10.1016/j.jclepro.2018.02.104
https://doi.org/10.1016/j.jclepro.2018.02.104
https://doi.org/10.1016/j.jclepro.2016.07.066
https://doi.org/10.1016/j.jclepro.2016.07.066
https://doi.org/10.3390/su11226206
https://doi.org/10.1007/s40030-017-0258-3
https://doi.org/10.1016/j.biortech.2008.06.044
https://www.compostingcouncil.org/page/tmecc
https://doi.org/10.2134/jeq2009.0294
https://doi.org/10.1016/j.jhazmat.2019.03.131
https://doi.org/10.1016/j.jhazmat.2019.03.131
https://doi.org/10.1177/0734242X10375587
https://doi.org/10.1016/j.jhazmat.2019.03.131
https://doi.org/10.1016/j.jhazmat.2019.03.131
https://doi.org/10.1016/j.resconrec.2014.05.008


Eng. Proc. 2023, 5, x FOR PEER REVIEW 8 of 4 
 

 

25. Ermolaev, E.; Jarvis, A.; Sundberg, C.; Smårs, S.; Pell, M.; Jönsson, H. Nitrous oxide and methane emissions from food waste 1 
composting at different temperatures. Waste Management 2015, 46, 113-119. http://dx.doi.org/10.1016/j.wasman.2015.08.021 2 

26. Ermolaev, E.; Sundberg, C.; Pell, M.; Smårs, S.; Jönsson, H. Effects of moisture on emissions of methane, nitrous oxide and 3 
carbon dioxide from food and garden waste composting. Journal of Cleaner Production 2019, 240:118165. 4 
https://doi.org/10.1016/j.jclepro.2019.118165 5 

27. Beck-Friis, B.; Smårs, S.; Jönsson, H.; Eklind, Y.; Kirchman, H. Composting of source-separated household organics at different 6 
oxygen levels: Gaining understanding of the emission dynamics. Compost Science & Utilization 2003, 11(1), 41-50. 7 
https://doi.org/10.1080/1065657X.2003.10702108 8 

28. IPCC Sixth Assessment Report - Climate Change 2021: The Physical Science Basis. Chapter 7: The Earth's Energy Budget, Cli- 9 
mate Feedbacks and Climate Sensitivity. https://report.ipcc.ch/ar6/wg1/IPCC_AR6_WGI_FullReport.pdf 10 

 11 

http://dx.doi.org/10.1016/j.wasman.2015.08.021
https://doi.org/10.1016/j.jclepro.2019.118165
https://doi.org/10.1080/1065657X.2003.10702108
https://report.ipcc.ch/ar6/wg1/IPCC_AR6_WGI_FullReport.pdf

