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The municipal solid waste management system in UlanUde city is faced with significant 

environmental issues according to fulfillment of landfills and dramatically increasing of 

greenhouse gases (GHG) in a region. In these circumstances, insalubrious emissions which 

landfills produce, negatively affect on people's lifestyle. This Master's thesis evaluates 

scenarios which could become a solution for treatment of current problems in a region. The 

objective of this study is to design an optimal alternatives which tackle the environmental 

policy of a city. To determine which alternative is the best, three scenarios are considered. 

Baseline Scenario represents the current situation in a region, where all waste fractions are 

going to landfill. Scenario 1 simulate the waste management, where biowaste fraction is 

composted for soil enrichment production. Glass, metal and plastic are going to material 

recovery. And only RDF are used for energy use. In Scenario 2,  biowaste, and RDF are 

going to energy production from CHP facility. Other waste fraction like glass, plastic and 

metal are transported to recycling plant. As a environmental impact for comparison of 



 

scenarios are chosen climate change. For climate change, Global Warming Potential 

(GWP100) is an indicator of GHG influences on global environment. 

The results of study show that Scenario 2 has the most significant reduction of GHG 

emissions. In the case of this study incineration of waste is the most optimal alternative to 

solve the environmental problems in the city. Also, material recovery reduces the GHG 

emissions in a region and could be a good opportunity to minimize the costs of producing 

materials.  
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SYMBOLS AND ABBREVIATIONS 

GWMO     Global Waste Management Outlook 

USD          United States Dollar 

GDP          Gross Domestic Product 

OVAM      Authority For Waste Management And Soil Remediation 

JICA          Japanese International Cooperation Agency 

LFG           Landfill Gas 

MSW         Municipal Solid Waste 

CHP           Combined Heat and Power Production 

OJSC         Open JointStock Company 

FL              Federal Law 

SRF           Solid Recovered Fuel 

GHG         Greenhouse Gas 

RB            Republic Of Buryatia 

VS            Volitile Solids [%] 

TS            Total Solids [%] 

BVS         Biodegradable Volitile Solids [%] 

NBVS      NonBiodegradable Volatiles Solids [%] 

PET          Polyethylene Terephthalate 

kWh         Kilowatt Hour 

KJ            Kilojoule 

MJ            Megajoule 

TJ             Terajoule 

kt             Kilotonne 

kg            Kilogram 

T              Temperature [°C] 

GWP100    Global Warming Potential Per 100 Years 

CO2          Carbon Monoxide 

C              Carbon 

H              Hydrogen 

N             Nitrogen 
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O                Oxygen 

S                 Sulfur 

CH4             Methane 

N2O             Nitrous Oxide 

����	           The Mass Of Methane Emission [t/a] 

����          Total Amount Of MSW [t/a] 

����          Share Of Waste Disposed Into The Landfill 

MCF             Methane Correction Factor (Depending On The Type Of Landfill) 

DOC             Amount Of Degradable Organic Carbon In The Waste [kgc/kgsw] 

����            Share Of Degrading Organic Carbon [%] 

F                    Share Of Methane In Landfill Gas 

16/12             Ratio Between Molar Masses Of Methane And Carbon 

R                    Amount Of Recovered Methane [t/a]  

OX                 Oxidation Degree  

����	             The Amount Of BVS Which Is Degraded In The Compost Process [t] 

���	,�������   The Remaining Total Solids In Compost [t] 

��������        Compost Mass [t]
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1. INTRODUCTION 

 

One of the most important environmental problems in the urban territories is caused by 

damage from the waste generation. The negative impacts of waste are expressed primarily 

from releasing harmful chemicals and toxic substances into the environment which lead to 

contamination of soil, air and water. In recent years the amount of waste related problems 

have increased dramatically, because of increasing challenges in collection, recycling, 

utilization and disposal processes. 

 

For the last 5 years the territory of the Republic of Buryatia has a steady trend of 

increasing waste generation volumes. The average annual growth in the waste production 

is 14%. 

 

Today on the territory of the Republic of Buryatia, including the vicinity of  the UlanUde, 

there is a large number of unauthorized landfills (more than 400 units.). Only in 2012 in 

UlanUde generates more than 600 000 tonne of all types of waste, where 150 000 tonne of 

municipal solid waste (MSW) is transported to the landfills, and nearly 450 000 tonne are 

left unattended nearby by industrial sites (Ministry of Natural Resources Report, 2009). 

 

These circumstances cause negative consequences for environmental situation in the 

region, and may be an inclusive cause of social problems. 

 

The aim of this master's thesis is to estimate and compare the environmental impact of a 

number of different waste treatment approaches.  

 

The objectives of the thesis are the following:  

 Estimation of future scenarios for  solid waste management in the republic of Buryatia; 

 Identification of perspectives, benefits and consequences for evaluated scenarios  
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2. BACKGROUND 

 

2.1. Theoretical Overview of Solid Waste Management According to the 

Case Study 

 
Dramatic increase in volume and types of municipal solid waste as a result of continuous 

economic growth, urbanization and industrialization, is becoming a burgeoning problem 

for national and local governmental levels to ensure effective and sustainable management 

of waste. It was estimated that in 2012 the total amount of municipal solid waste(MSW) 

which generated globally reached 2 billion tonne per year , representing a 7% annual 

increase since 2003 (Global Waste Management Outlook GWMO, 2012). In addition, 

lower income cities in Africa and Asia will double their municipal solid waste generation 

within 1520 years, it mean that worldwide quantity of waste will still increase (GWMO, 

2012). To decrease the amount of generated waste and minimize the future negative 

consequence on the environment in the reason of uncontrolled waste management policy, it 

is necessary  to implement strategies of waste treatment solutions and methods. One of the 

key factor for changing the current situation in the world is enhancing the municipal solid 

waste management. That management system has an ability to bring waste under control. 

There are four main mechanisms which could be conductors for tackling the targets of  

declining the waste generation and reduction the volume of waste. These mechanisms are: 

minimization of uncontrolled dumping and burning, the control of hazardous waste, focus 

on waste prevention, focus on feedback loops (GWMO, 2012).  

 

The main idea of minimization of uncontrolled dumping is to provide an access for basic 

waste services like supply of appropriate waste collection for all in society, no matter on 

income level. This is a necessary first step towards environmental protection, because it 

ensures the controlled disposal of all waste.  

 

The control of hazardous waste means an affordable separation, management, and 

provision of hazardous healthcare waste from other waste fractions (GWMO, 2012). 

Mostly the hazardous waste could be the reason for significant air pollution and 

contaminations of soil and water. 
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The focus on waste prevention organize the reducing waste improves resource security to 

tackle the problem at the source. That waste reduction improves wellbeing and saves 

everyone money (GWMO, 2012). Also as a part of focus on prevention mechanism could 

be include increase of reuse, repair, remanufacture abilities of a product for future 

minimization of  waste disposal volumes. 

 

Following the natural principles of elementary economic every industry is keenly 

interested in reducing production costs and optimizing their profits, which can be easily 

achieved by devolving the technologies of  energy recovery, for residual waste that cannot 

be sustainably recycled or reused. These actions give an opportunity to create a clean 

products lifecycle (GWMO, 2012). 

 
Municipal solid waste management nowadays take an essential part for development the 

quality of people’s lifestyle, and decreasing the environmental impacts on the Earth system 

boundaries. 

 

Moreover, systems and solutions of solid waste treatment which are developed around the 

world show the discernible trend for cooperation between environmental protection and  

economic recirculation. It meant that environmental protection positively influence on 

making less that goes to waste. That is an approach which saves business money on raw 

material, energy and labor costs. It has been evaluated that the savings to business are 

hundreds billion of USD per year from designing an effective waste management systems 

(GWMO, 2012). 

 

There is an overall correlation between the generation of MSW, wealth (Gross Domestic 

Product, GDP per capita) and urbanization. In future, the forecast of  waste generation in 

the world is around 27 billion tonne by 2050, a third of which may be generated in Asia, 

especially in China and India. Figure 1 shows the relationship between municipal solid 

waste generation, population and GDP across the (GWMO, 2012). 

 

 The fractions of MSW alter depending on quality of citizens lifestyle. Generation of waste 

in low and middle income cities have a significant share of biowaste, whereas the 

proportion of plastic and paper are higher in highincome cities are more (Figure 2). The 
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changing composition of waste in turn influences the choice of technology and waste 

management infrastructure, and underscores the importance of waste separation(GWMO, 

2012). 

 

 

Figure 1. Correlation between Generation of MSW, Population and GDP (Modak , 2011) 

 

 

 

Figure 2. Composition of MSW according to a income of countries (UNEP, 2011) 

 

According to a case study of this Master's thesis, to overview the existing municipal solid 

waste management systems were take into account parameters which are correlate with 

considered region (UlanUde city). These parameters focus on the consideration of GDP 



12 
 

per capita, climate conditions, population. The general  information about UlanUde city 

are presented below: 

 

 The population of UlanUde city is 430 000 people (Ministry of Natural Resource 

Report, 2009); 

 GDP per capita in UlanUde city is 11,148 USD  (Worldbank, 2016); 

 Average temperature in the region  1,4 °C (Ministry of Natural Resource Report, 

2009) 

 

Refer to the basic information of case study region, it is possible to find out the cities that 

could be suitable for a municipal waste management overview. Rely on population, several 

cities in Europe could be consider as samples for developing the MSW management in 

case study region. The information about population resemblance is showed  in table 1. 

 

Table 1. List of cities according to population and GDP of a countries (Worldbank, 2016). 

City (Country) Population GDP per capita, USD  

Antwerp (Belgium) 470 000 44 093 

Piraeus (Greece) 450 000 26 636 

Murcia (Spain) 430 000 34 527 

The Hague (Netherlands) 500 000 48 332 

 

Based on population of UlanUde city, Antwerp (Belgium) is most interesting for overview 

the region, because of high efficiency of municipal solid waste management. Antwerp has 

the biggest separation rate in comparison with other cities which was included in the table 

1. The recycling rates in Belgium are generally very high (greater than 50 %), but Antwerp 

tackles a 60% of  recycling rates (OVAM, 2004, 18). That information is also represent in 

figure 3. 
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Figure 3. Total amounts of recycled material in a  between regions of Belgium. The percentages are 

calculated as % of generated MSW (Eurostat regional data, 2012) 

 

Antwerp is situated in the Flanders region which has a long history of waste management 

system planning, where the first project was initiated in 1986, and this project was 

designed for shutting down landfills and developing new ones with better quality standards 

(OVAM, 2004, 18). This plan also included the increasing of the existing usage of 

incineration capacity. From that period, the separate collection of municipal solid waste 

was started. Administration of a region gave an opportunity to promote waste separation 

approaches and material recovery by increasing costs for disposal and incineration. A 

second phase of the plan was focus on the separate collection of waste with the overall 

achievement of waste prevention and recycling. The waste management plan from 1997 to 

2001 initiated quantitative targets on the maximum decreasing the amount of solid waste 

generated by inhabitant (OVAM, 2004, 18). The plan also covered the promotion of 

organic recycling. Finally, a landfill and incineration ban of selected waste streams have 

been in place from 1998 (ETC/SCP, 2008, 48). These policy procedures made significant 

results in waste separation such as, 71 % of household waste was collected separately and 

only 4 % was disposed and the 25% was remained (OVAM, 2004, 18).  
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The current plan policy has four main points: more environmentally beneficial 

consumption, no more than 560 kg of waste produced per capita per annum and no more 

than 150 kg of residual waste per capita per annum (OVAM, 2004, 18). Generally, a 

number of instruments have been focused on prevention and material recovery.  

 

According to GDP per capita of UlanUde city (11,148 USD) we could find out some  

countries cities with narrowly the same gross domestic product value.  

 

Table 2.  List of countries according to GDP per capita (Worldbank, 2016) 

City ( Country) GDP per capita, USD  

Lima (Peru) 12402 

Ulaanbataar (Mongolia) 12189 

Tunis (Tunisian Republic) 12000 

Male (Maldives) 14000 

 

ULaanbataar was chosen as an example of a region with practically the same level of GDP 

as the region study. Ulaanbataar is the capital of Mongolia, and that region has borders 

with casestudy region (Republic of Buryatia). Moreover, Ulaanbataar has the same 

climate conditions, as casestudy region (1.4°C). That's why Mongolian waste 

management rise an interest for an overview.  

Ulaanbataar likewise UlanUde, has the similar problems according to solid waste 

generation and disposal. In case of Ulaanbaatar city, the dramatic growth of population and 

urbanization are the reasons for current waste management problems in a region 

(Dashnyam Altantuya, Zhongrui Zhang, & Haomiao Li, 2012, 695697). The most 

significant issues which Ulaanbataar facing are: 

 

 Lack of proper disposal areas: Nowadays, there are only two waste landfills around  

the city and several open field areas in Ulaanbaatar city. These areas are being highly 

polluted because the wastes left behind on the field in a close vicinity to citizens 

(Dashnyam Altantuya, Zhongrui Zhang, & Haomiao Li, 2012, 695697).  

 

 Insufficiency of system techniques and transportation: Waste collecting trucks and 

other transports which are used nowadays by MSW management are mostly outdated. 
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Moreover, this type of transport is quite difficult to operate in the Mongolia’s harsh 

winter weather (Dashnyam Altantuya, Zhongrui Zhang, & Haomiao Li, 2012, 695

697). 

 

 Insufficiency of classification, collection and charge system: Only health care 

wastes have been standardized and  have a classification system, for other fractions 

there is no classification. That is why all households, enterprises and industries even 

governmental organizations throw their wastes for collection without any classification 

(Dashnyam Altantuya, Zhongrui Zhang, & Haomiao Li, 2012, 695697).  

 

 Insufficiency of human resources and financial resources: The Municipal 

Governor’s Office has only officer who is responsible for the city’s environmental 

policy planning. Environmental protection authority of the city which includes the air 

quality department consists of only 15 people (Dashnyam Altantuya, Zhongrui Zhang, 

& Haomiao Li, 2012, 695697). 

 

 Insufficiency of monitoring and interrelation of government agencies: the small 

amount of decrees and federal laws which are correlated with municipal solid waste 

management were accepted by the National Government, but most of municipal 

regulations, monitoring and classification system which could have ability to start 

movement from the dead point has been delayed. Moreover, there is no centralization 

and strict cooperation between governmental and municipal organizations. Thus, it is 

quite difficult to provide the coordination between these services (Dashnyam 

Altantuya, Zhongrui Zhang, & Haomiao Li, 2012, 695697).  

 

In  2000, Ulaanbaatar Governor’s Office signed a mutual agreement with foreign 

environmental companies to provide an appropriate implementation of MSW management. 

Japan  became the biggest investor the most influential partner and on the waste 

management field (Dashnyam Altantuya, Zhongrui Zhang, & Haomiao Li, 2012, 695697).  

 

Rich experience and hiend developed MSW management system from Japan was 

welcomed by Mongolian Government. From that moment, Japanese International 

Cooperation Agency (JICA) started implementation of the projects that intended to 
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research, evaluate the situation and develop methodologies of proper management for 

Mongolia. According to the JICA studies Master Plan for Ulaanbaatar city waste 

management was developed to tackle the targets of 2020 ( JICA, 2007).  

Japanese Government also made a decision to give a donation in 10 million USD $ for 

creation a new landfill in Ulaanbaatar. The construction of disposal site was started in 

2009. Ulaanbaatar has been implementing several numbers of projects during the 

international cooperation framework. These projects are represented below: 

 

 JICA development Study for “Solid Waste Management Plan for Ulaanbaatar City 

in Mongolia” from 2004 to 2007, also formulation of JICA Master Plan 2020 ( JICA, 

2007).  

 

 World Bank initiate a project “Public Services improvement of Ulaanbaatar city” 

grant project of  Australian Government “Waste Composition study of Ulaanbaatar” in 

cooperation with the World Health Organization (WHO) and American “Cal 

Recovery” company;” “Environmental Strategic Plan of the Capital city area of 

Mongolia” financed by Netherlands Government and World Bank (Worldbank,2013).  

 “Green Productivity Training” in cooperation with Asian Productivity 

Organization, South Korea: with KOICA 3R project 2010 (Dashnyam Altantuya, 

Zhongrui Zhang, & Haomiao Li, 2012, 695697). 

 

Both long and short term projects are focused on analysis of current MSW situation in city, 

and designed a plan which includes economic explanation of future development. These 

approaches are based on public surveys, field exploration and training local staffs. But 

most of their final reports resulted  that inhabitants lifecycle thinking according to waste 

management is so weak. Furthermore, there is a streaked trend for insufficiency of human 

resources for the maintain and operation of the system (Dashnyam Altantuya, Zhongrui 

Zhang, & Haomiao Li, 2012, 695697). Also, one of the most significant affects which 

convey the low results are the weak infrastructure, climate challenges, slow response and 

reaction of governmental organizations (Dashnyam Altantuya, Zhongrui Zhang, & 

Haomiao Li 2012, 695697). 
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The last parameter for overview of existed municipal solid waste management system is 

annual temperature. The average temperature of UlanUde city is 1.4°C. Cold temperature 

influences on efficiency of waste treatment processes, according to changes in velocity of 

anaerobic reactions which are quite sensitive to temperature amplitudes.  

 

 

Figure 4 .Climate map of the world (World Weather, 2015) 

 

 

Figure 5. Average annual rainfall (El Dorado Weather, 2014) 
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According to the climate map and rainfall map, only northwestern part of Canada has the 

same climatic condition which include from cool to warm summer and very low winter 

with small amount of precipitation. That territory indicates in blue color. Yukon region 

was chosen for on overview. 

 

According to the strategy and instructions which are related to MSW system, in 2010, the 

Yukon government released the Yukon Solid Waste Action Plan. The plan has several 

approaches and solutions to improve waste disposal facilities and make an integration of 

waste disposal, recycling and waste reduction. In 2012, open burning of waste was banned 

at most landfills , this has became a starting point for the future strategies. In 2013 the 

Solid Waste Working Group was founded to provide a conference for the Yukon 

Government and municipal governments to cooperate and make a first step for 

improvement of solid waste management in Yukon communities (Canadian Council of 

Ministers of the Environment, 2014). They have undertaken survey, analysis and 

discussions with communities, and the working group became the main information 

distributor to municipal governments.  

 

After municipal solid waste management plan was initiated, an education campaign to 

inform the local inhabitants about material recovery and composting has start. In Yukon 

there is no territorial organics diversion strategy, although one community has established 

a curbside compost collection program, and others encourage backyard composting 

(Cheminfo Services, 2010).  

 

A Solid Waste Working Group Findings Report from 2013 recommended to local 

government the needs to look at alternatives for managing organic waste suitable for 

northern facilities such as composting, digesting, regional or Yukonwide collection or 

backyard programs (Canadian Council of Ministers of the Environment, 2014).  

 

For a waste disposal mainly use inground cells and a few sites (e.g. Whitehorse) operate 

aboveground facilities. Transfer stations use containers aboveground (Artkis, 2012). There 

are no solid waste management facilities in Yukon in the reason of that, collection of 

landfill gas and leachate collection are not monitored (Artkis, 2012). 
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Yukon has one small incinerator for MSW. This incineration unit are situated in Old Crow, 

and was installed in 2012. It is a “Mobile Batch Oxidation System” designed specifically 

for remote locations and intermittent use. That combustion unit is good opportunity to 

reduce the amount of waste which goes strictly to the landfills which have less than 10 

years capacity remaining, and with the implementation of this unit the existing landfill is 

now estimated to be 100 years (Northern Territories Water and Waste Association, 2012).  

 

From 2012, was initiated the ban, which forbid the open burning of waste on public waste 

management facilities. In 2014 Yukon government strictly prohibited  open burring 

facilities in all regions (Canadian Council of Ministers of the Environment, 2014). 

 

The Yukon Solid Waste Action Plan has focused on obtaining the data about collection of 

solid waste, covering the information which has relativity to waste types and quantities.  

  

Specific decreasing of total amount of waste is not discussed for the region, but some 

municipalities do it. The city of Whitehorse has a Solid Waste Management Plan for 50% 

waste reduction of the municipal landfill by 2015. In 2012, overall the city of Whitehorse 

diverted 22% of its solid waste from landfills by material recovery and composting. 

Households with curbside compost collection diverted 44% of garbage from the City’s 

landfill (Canadian Council of Ministers of the Environment, 2014).  

 

For monitoring the groundwater in the region, was requested a quality control. This 

procedure held twice per year Northern Territories Water and Waste Association, 2012). 
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2.2 General Information Related To Solid Waste Management Situation 

In The Republic Of Buryatia. 

 
Nowadays in the territory of the Republic of Buryatia, there are only 5 solid waste disposal 

facilities. The area of existing landfills is 46 hectares, capacity  892 000 m3. Annually the 

volume of newly formed municipal solid waste in the republic is 1 346 000 m3 (342,9 kt) 

(Ministry of Natural Resources 2013). Currently in the Republic of Buryatia the problem 

of providing municipal entities with certified waste disposal facilities is acute. Moreover, it 

should be noted that Buryatia is faced with the absence of landfills for the disposal of solid 

waste with I and II classes of danger. The average distance of MSW transportation to the 

landfills is around 16 km (Federal Environment protection Law/89, 2003). 

 

In 2014, there were 1335 dumps on the territory of the republic, including 311 of 

authorized units (1131,9 hectares), and 1024 of unauthorized units (682,8 hectares). In 

2015, 1,088 of unauthorized dumps were liquidated (Federal Environment protection 

Law/89, 2003). Despite the ongoing work for elimination of unauthorized landfills, the 

number of unauthorized landfills does not decrease. 

 

In the some regions and cities of the republic there is no developed network for receiving 

secondary raw materials. Modern technologies for the separate collection, recovery and 

utilization of solid waste are not being introduced in Buryatia. Moreover, the secondary 

raw materials market is poorly developed. 

 

The  significant problem of municipal waste treatment from the dumps of the Dzhidinsky 

tungstenmolybdenum facility, which has been one of the most challenging environmental 

problems of the republic since the 1990s, requires urgent solution. The main number of 

recess residues are situated in three hotspots of the facility (Ministry of Natural Resources, 

2013): 

 storage of gravity concentration waste from ores  3 800 000 tonne on an area of 

20,1 hectares; 

 enrichment residue tails from ore,  37 000 000 tonne; 

 a dump of emergency discharge pulp, where a mixture of waste enrichment is 

located,  about 1 000 000 tonne 
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Another important problem is the disposal of banned and unusable pesticides and 

agrochemicals with expired shelf life. According to the Rospotrebnadzor in the Republic of 

Buryatia, a significant amount (103 kt ) of agricultural chemicals with expired shelf life are 

stored in agricultural enterprises of the republic, including those which are banned for 

usage on the territory of the Russian Federation. Granozan is an agricultural chemical 

which contains extremely dangerous substances, was imported into farms in the 70s80s of 

the 20th century, and other unsuitable means of plant fertilization in the Kyakhta, 

Pribaikalsk, Mukhorshibirsky, Ivolginsky and Dzhidinsky areas are stored in abandoned, 

unstable conditions, which leads to soil contamination and possible contamination of the 

aquifer. According to laboratory data, soil contamination by highly hazardous pesticides in 

the areas of the Ivolginsky and Pribaikalsky districts has been documented (Ministry of 

Natural Resources, 2013). 

 

Also, there is an essential  problem in recovery of municipal solid waste in the reason of 

absence of enterprises which could provide these kind of services in the whole region. 

 

The current situation in the solid waste management is characterized by the rapid 

formation of  hazardous waste volumes, it has become a real threat to the unique ecosystem 

of lake Baikal and the Baikal natural territory (Ministry of Natural Resources, 2013). 

Extensive damage to the coastline of lake Baikal is caused by mass tourism. The regulated 

norms of waste collection in places of people rest does not exist .  

 

The main directions of sanitary cleaning for settlements and places of mass recreation in 

the ecological zone are construction of waste transfer stations and waste sorting stations, 

acquisition of modern garbage trucks. This will reduce the cost of transporting waste.  

 

Also, a key solution for protection of soil, water and air in the Baikal natural area is the 

reduction of harmful chemical and toxic substances. The way of achieving that objectives 

is the usage of packaging which are made from environmentally friendly materials, in 

particular, the use of paper bags and textile bags instead of plastic . 
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Enterprises which engaged in the use of places for mass recreation on the territory of lake 

Baikal have to provide the following requirements (Ministry of Natural Resources, 2013): 

 

 personnel for cleaning areas for places of mass recreation; 

 containers for garbage collection, which should be located on concrete sites 

with convenient access for a transport; 

 contract for the export and disposal of garbage with authorized organizations. 

 

The implementation of new solutions will allow reduction of the environmental load on the 

natural area of lake Baikal, also it could be a step forward to partially production of 

secondary raw materials for republic. New solution could be initiated  by increasing the 

number of waste disposal facilities which could reduce transportation costs.   

The growing number of unauthorized landfills remains a problem, which, due to the impact 

of natural precipitation and processes in solid waste, contribute to the pollution of the 

atmosphere and water supply sources (Ministry of Natural Resources Report, 2013).. 

 

In majority of the settlements of the republic, the issues of collection and removal of solid 

household waste from residential areas of the private sector have not been resolved. 

Residents are engaged in selftransportation of waste to local landfills, which are not 

organized overall (Federal Environment protection Law/89, 2003). When that landfills are 

located far from populated areas, citizens illegally store a waste on the banks of water 

reservoirs, streets and green zone. Therefore, in many residual areas formation of 

"spontaneous dumps" are occurred. 
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2.2.1 Waste Managment Situation In The Ulan-Ude City 

 

In UlanUde city, the municipal unitary enterprises of the housing and communal services 

sector perform the function of waste management according to the scheme "apartment  

transfer station  landfill". To organize the collection and removal of household waste, the 

city administration operates 7 bunker trucks and 59 storage bunkers with a capacity of 10 

m3, which are installed in the private sector. However, in accordance with the scheme of 

sanitary cleaning in UlanUde, the need for storage bunkers is 171 units, and for bunker 

trucks 38 units (Ministry of Natural Resources Report, 2013). 

On the territory of UlanUde there is a waste sorting station with a capacity of 80 kt of 

waste per year. In 2013, on the southwestern part of the city, Administration of UlanUde 

began  the construction of a second waste sorting station with a capacity of 40 kt of solid 

household waste per year (Ministry of Natural Resources Report, 2013). 

 

The greatest amount of toxic waste is generated at large industrial enterprises in UlanUde 

(UlanUde Aviation Plant, UlanUde Train Maintenance Plant  branch of Russian 

Railways Company, UlanUde Coal Heat Power Plant1 (CHPP1), UlanUde Coal Heat 

Power Plant2 (CHPP2). Industrial waste is located on five authorized sites (Ministry of 

Natural Resources Report, 2013).: 

 

 the site for industrial waste disposal in the settlement of Matrosov is intended for 

storing of industrial waste from UlanUde Train Maintance Plant, a branch of OJSC 

Russian Railways. The area of the site is 7 hectares. The estimated capacity of the site 

(the abandoned clay pit) is about 1 000 000 m3 ; 

 a site for placing industrial waste in the territory of the airfield in Zagorsk is 

designed for storing toxic liquid industrial waste of OJSC "UlanUde Aviation Plant"; 

 a site for ash and slag wastes of UlanUde CHPP1 in Kirzavod. The area of the site 

is 12 hectares. The estimated capacity of the ash dump is about 150 kt. It is used in the 

winter, filled every year up to the approximated height  of 586 m  with accumulation 

from 60 to 150 kt, in summer ash and slag are pumped to a permanent slag disposal in 

the settlement of Taltsy; 

 a site for the placement of ash and slag wastes of UlanUde CHPP1 in the area of 

Taltsy (permanent ash dump). The area of the site is 102 hectares. The estimated 
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capacity of the ash dump is about 806737 m3 (8560 kt). The first turn of the ash dump 

with the capacity of 3680 kt is completely filled. The second turn of the ash dump with 

the capacity of 4880 kt is in operation since 2000. Estimated service life  13 years; 

 a site for ash and slag wastes of UlanUde CHPP2. The site is 10,3 hectares. The 

estimated ash disposal capacity is about 394 000 m3 (500 kt). Estimated service life is 3 

years. The construction of the ash dump "Crimson Log" with the capacity of 615 kt of 

ash and slag with an area of 147,2 hectares is under construction. 

 

The presence in the city of five authorized landfills does not solve the problem of industrial 

waste disposal from enterprises in UlanUde, including toxic waste. Part of the industrial 

waste is taken to the municipal landfill, also it could be stored in the green zone of the city, 

which worsens the ecological and sanitary conditions, and reduces the recreational value of 

urban forests. 

 

Also as a part of MSW management could be include the construction of a waste recovery 

facility in UlanUde City. This facility provides the phased involvement of solid household 

waste in recycling. 

 

The second phase of a project provides the creation a number of facilities for recycling 

commercial part of solid waste, including (Ministry of Natural Resources Report, 2013): 

 a unit for recycling highly contaminated waste polyethylene and polypropylene 

film, solid plastics with a capacity of 600 kg / h; 

 a unit for recycling plastic bottles with a capacity of 500 kg / h; 

 a unit for the recycling of worn tires with a capacity of 2,5 t / h; 

 a waste paper recycling unit (production of ecowools) with a capacity of 1,5 t / h; 

 implementation of incineration unit  of medical waste, including animal dead 

bodies, with a capacity of 200 kg / h; 

 implementation of unit  for the production of polymersand products; 

 A waste transfer station with a capacity of 20 000 tonne per year in the Kabansk 

settlement. 

 

As part of the second stage, expanding the existing landfill for increasing the estimated 

service life to 30 years are also envisaged. 
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2.2.2 Specific Environmental Challenges Of A Republic 

 

The information about specific climate conditions in case study region was provided by 

Administration of the Republic of Buryatia and the Government of the Republic of 

Buryatia. 

 

The Republic of Buryatia is a constituent entity of the Russian Federation and is a part of 

the Siberian Federal District. The area of the republic is 351 000 km2  (2% of the Russian 

Federation area). Buryatia is located in the center of the Eurasian continent, in the southern 

part of Eastern Siberia, and spread from the south to east of Lake Baikal (Ministry of 

Natural Resources Report, 2009).  On the western side of the lake Baikal is located Irkutsk 

region, with which Buryatia borders on the northwest and north, in the extreme southwest 

at a relatively short distance lies the border with the Republic of Tuva (Ministry of Natural 

Resources Report, 2009).In the south of the republic passes the state border of the Russian 

Federation with Mongolia. 

 

Within the borders of the Republic of Buryatia there are 21 administrative districts, 6 

cities, 29 urbantype settlements and 611 rural settlements. The population of the republic 

is 969 000 people. The capital of the republic  UlanUde (was founded in 1666) 

concentrates about 40% of the total population  430 000 people (Ministry of Natural 

Resources Report, 2009). 

 

The remoteness of the territory of the Republic of Buryatia from the oceans, its location in 

the center of the vast Eurasian continent and the mountainhollow relief determined a 

unique climate (Ministry of Natural Resources Report, 2009). A specific feature of the 

climate is its sharp and frequent spatial variability: the presence of mountain ranges of 

different heights and orientations, the existence of intermountain depressions and 

intermountain valleys greatly affects the local circulation of air masses, dramatically 

changing the main climatic parameters. 

 

The territory of the Republic of Buryatia is characterized by a sharply continental climate 

with large annual and daily variations in air temperature and with uneven distribution of 
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atmospheric precipitation by the seasons of the year (Ministry of Natural Resources 

Report, 2009). 

 

For the sharply continental cold winter and hot summer are characteristic. The average air 

temperature in January is 2030 °C below zero, and the coldest temperature is from 45°C 

to 55°C (Ministry of Natural Resources Report, 2009). Cloudless, windless or calm 

weather prevails with the minimum amount of precipitation a year. During this period, no 

significant precipitation falls and therefore the thickness of the snow cover is low. 

 

Summer is short, dry air conditions in the first half of a period, but cyclonic activity 

gradually increases, as a result of moist air masses enter from the Pacific Ocean. The wind 

speed increases and the bulk of precipitation falls: in July and August, 6070% of the 

annual precipitation rate falls. The average temperature of the warmest month of July is 15

20 °C, and its absolute maximum is 3038 °C above zero ( Ministry of Natural Resources 

of RB, 2013 ). 

 

Autumn is short and dry with sharp daily fluctuations in temperature and often with early 

frosts. 

A significant feature of the climate of Buryatia is the long duration of sunshine of 1900

2200 hours (Ministry of Natural Resources Report, 2009). 

 

That type of climate creates a great challenge for solid waste management in the reason of 

sharply and unpredictable changes of temperature and atmospheric pressure. In some cases 

that changes play a significant role for stabile operational efficiency of waste facilities. The 

annual temperature in the republic of Buryatia is 1,4 °C below zero, it means that reaction 

rate for anaerobic digestion could affect dramatically (Ministry of Natural Resources 

Report, 2009). Moreover, all landfills are usually situated on a open air and slow separation 

rates may increases the risk of self inflammation. 

. 

The possibility for spontaneous combustion and smoldering covers different waste classes 

such as wood, paper and plastic. These products could produce a huge variety of harmful 

compounds, which makes smoke highly insalubrious for human's health and environment. 

As was mentioned before, Republic of Buryatia has a tendency to windless conditions, it 
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could be an indicator that smoke which occur from selfignition of waste would cover the 

city which situated 12 km away from landfill (Ministry of Natural Resources of RB, 2013).  
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2.3 Regulations And Instructions Framework 

 

The state control over activities in the field of waste management in accordance with 

Federal Law No. 89FZ , June 24, 1998 " Municipal and industrial solid  wastes " is carried 

out by federal executive authorities and executive authorities of the subjects of the Russian 

Federation in accordance with their competence (Federal Environment protection Law/89, 

2003). The Federal Executive Authority, which provide state control and supervision over 

activities in the field of waste management system, is the Federal Service for Supervision 

of Natural Resources in the Republic of Buryatia. 

 

State environmental control over activities in the field of waste management which located 

on the territory of the Republic of Buryatia, is carried out by the Republican Service for the 

Protection, Control and Regulation of the Use of Wildlife Objects, Referred to the objects 

of hunting, control and supervision in the field of nature management (In the edition of the 

Decrees of the Government of the Republic of Buryatia from January 27, 2010/569). 

 

State control over activities in the waste management system, includes the following 

statements (Federal Environment protection Law/89, 2003): 

 

 control over compliance with environmental requirements (state environmental 

control) in the field of waste management; 

 control over the implementation of sanitary and epidemiological and other 

requirements in the field of waste management; 

 monitoring compliance with requirements for transboundary movement of waste; 

 control over compliance with fire safety requirements in the field of waste 

management; 

 monitoring compliance with the requirements for the prevention and elimination of 

emergencies arising from the management of waste; 

 monitoring compliance with requirements and rules for the transport of hazardous 

waste; 
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 control over the implementation of measures to reduce the amount of waste and the 

involvement of waste in the economic circulation as additional sources of raw 

materials; 

 monitoring the reliability of the information provided in the waste management 

system and reporting on waste; 

 the involvement in the established procedure of individual entrepreneurs and legal 

entities to account for violation of legislation in the field of waste management, the 

imposition of penalties, the presentation of claims for compensation for damage caused 

to the environment and human health as a result of violation of legislation in the field 

of waste management. 

 

In order to improve the collection and recovery  of waste in the Republic of Buryatia, the 

Government of the Republic, declares the Ratification of the Concept for waste 

management system in the Republic of Buryatia (Decrees of the Government of the 

Republic of Buryatia from January 27, 2010/569). 

 

The main goal of the Concept is to create a unified system for integrated management of 

waste to preserve and develop a comfortable environment conditions for the population, as 

well as to ensure the environmental safety of the republic. 

 

The main objectives for achieving the main objective are (Federal Environment protection 

Law/89, 2003): 

 creation of a regulatory legal and technological basis for the implementation of a 

unified state policy in the sphere of handling waste products at various levels of 

management at the territory of the Republic of Buryatia; 

 construction of modern landfills for solid household waste. Construction of 

industrial waste landfills; 

 prevention of unauthorized waste disposal and return territories which occupied by 

unauthorized landfills to the economic circulation; 

 maximum use of selective collection of municipal solid waste in order to obtain 

secondary resources; 

 stimulation of waste recycling, reuse of materials and reduction the toxicity of 

waste; 
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 development the secondary raw materials market and its products; 

 reduction of the waste volume to prevent their generation, more efficient use of 

resources and creation of more sustainable recovery patterns; 

 increase in the share of recycled waste in relation to waste disposal without 

recovery; 

 attraction of small and mediumscale business to the waste management system; 

 development of a database for municipal solid wastes in the Republic of Buryatia; 

 environmental education and public education, including raising the level of culture 

and raise the interest of the population in the source separation. 

The results of the Concept implementation should ensure (Ministry of Natural Resources 

Report, 2009): 

 creation of a regulatory legal and technological basis for the implementation of a 

unified state policy in the sphere of handling waste products at various levels of 

management at the territory of the Republic of Buryatia; 

 development of a database for municipal solid wastes in the Republic of Buryatia; 

 a 1520% reduction of the negative impact from waste on the environment; 

 improvement of the sanitary condition of settlements and recreational areas; 

 a 40% reduction of the volume of waste which disposed at landfills through the 

organization of selective collection and construction of waste sorting facilities; 

 creation of labor market in the waste sorting and recovery facilities; 

 ecological safety of the system which focused on solid waste management 

 improvement of the system of ecological education and upbringing. 

 

In general, the implementation of the Concept will improve the conditions of the natural 

environment, reduce risks from the impact of anthropogenic pollution, thereby stabilize the 

ecological and sanitaryepidemiological situation on the territory of the Republic and 

improve the health indicators of the population (Decrees of the Government of the 

Republic of Buryatia from January 27, 2010/569). 
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 2.4  Review For Possible Waste Treatment Technologies  

 

Based on the reviews of a municipal solid waste management in Republic of Buryatia and 

UlanUde City and after the identification of the environmental and economic targets, the 

possible waste treatment technologies which could be: waste recycling facility, waste 

separation  facility, material recovery, incineration and  landfilling (Ministry of Natural 

Resources Report, 2009). 

For choosing the method of recycling and utilization of solid waste for the Republic of 

Buryatia, the latest achievements in this field in Russia and abroad were taken into 

account. 

For the last several decades the world has been rivaled by two main directions in solving 

this important environmental problem: incineration and recycling. Both of these methods 

have advantages and disadvantages, however, in the last few years, there has been a clear 

trend in majority of countries to refuse the direct combustion of solid waste due to the 

harmfulness of associated emissions (mainly dioxins), the complexity and high cost of 

equipment, harmfulness of combustion residues (Ministry of Natural Resources, 2013 ). In 

addition, MSW in its mass contain materials suitable for further use (recycled materials), 

as well as nitrogen, phosphorus, potassium, which makes it possible to produce compost 

from them  organic fertilizer. So the "recycling"  the return of useful components, is 

possible only in the processing of waste, and not with their destruction in the fire (Ministry 

of Natural Resources Report, 2009). 

Dozens of incineration plants have been closed in connection with the tightening of 

emission standards(Ministry of Natural Resources of RB, 2013).  

Air pollution control systems are very expensive, and there should be several to achieve 

the necessary efficiency. There is no domestic equipment for incineration yet, also there 

are big problems with spare parts, incineration plants are unprofitable and operate on 

subsidies (Ministry of Natural Resources of RB, 2013). 

Moreover, in USA, Europe, Canada, and Japan is now widespread the separation of waste 

with the recovery of secondary raw materials (Ministry of Natural Resources of RB, 2013). 

This reduces the mass of waste which are taken to the disposal, and gives an economic 

benefit from the sale of recoverable components. Mostly at the waste sorting stations, the 
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selection of fractions is done manually, for which the workers are provided with 

comfortable working conditions. 

 

In the future, it is advisable to receive fuel from the unutilized part of the waste by 

incineration with the aim of obtaining thermal and electric energy. This approach will 

reduce the disposal of municipal solid waste at landfills by 38%. About 300400 kWh of 

electricity can be generated from each tonne of waste. The location of incineration plants 

requires the presence of heating systems (Ministry of Natural Resources of RB, 2013). This 

practice is widely used in Sweden, Germany, Finland and other European countries. 

 
 

The choice of technologies for selective collection and sorting of waste which used in 

Russia is quite wide. These are waste sorting plants, waste sorting and garbage transfer 

stations. 

 

The maximum use of waste selective collection involves: 

 implementation  of separate collection in certain districts of UlanUde (mainly in 

new buildings), urbantype settlements of the republic and places for mass recreation; 

 collection of secondary raw materials from the waste of public and commercial 

organizations and institutions, the quantity and quality of which is higher than the 

quality of the secondary raw materials contained in the solid household waste; 

 organization of a network of places which could receive  secondary raw materials. 

 

One of the possible approaches to reduce the  transportation costs is the transition to a two

stage export system with the use of interdistrict waste sorting, waste transfer stations and 

heavyduty trucks (Federal Environment protection Law/89, 2003). 

 

The implementation of waste transfer stations, as well as a system of centralized collection 

of waste in cities and settlements which are situated at the coastal regions of the republic 

will allow (Federal Environment protection Law/89, 2003): 

 to reduce transportation costs by 30%; 

 to reduce by 1520% per year, and with a clear organization  up to 25% the flow of 

waste to landfills and, consequently, the load on the natural environment; 
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 to return secondary material resources to the market and thereby to compensate cost 

for the creation of sorting facilities; 

 Compressing the waste material can optimize the storage capacity of the landfills 

 to reduce of costs for disposal of solid waste; 

 

This approach is applicable both for UlanUde and for surrounding areas. 

 

In other areas, the following technologies are preferred: 

 

 Ministation for sorting solid municipal waste in urban conditions. To sort the garbage 

right in the apartment and take out bottles separately, separately paper or plastic, 

neither the residents nor the public utilities are ready yet. But the option, when the 

sorting goes directly on the covered container area, turned into a sorting complex, fully 

corresponds to our realities (Federal Environment protection Law/89, 2003). The cost 

of a ministation with an area of 100 m2 is 1 500 000 rubles. It allows recycling of solid 

household waste of a district of 9 thousand people (Ministry of Natural Resources of 

RB, 2013). The housing organization gets an opportunity to save monthly on waste 

removal to the landfill up to 150 000 rubles. Due to the fact that 30% of the secondary 

raw materials are seized and sold, and the nonrecyclable residues are pressed before 

being transported to the landfill(Federal Environment protection Law/89, 2003); 

 

 Waste sorting site on the area of 50 m2 with equipment for separating polyethylene, 

plastic packaging and packaging, glass, metal, waste paper. The cost of equipment is 

0.5  1 000 000 rubles (Federal Environment protection Law/89, 2003); 

 

 Mobile sorting lines  a technology for the separation of solid waste into fractions from 

the residential sector and commercial organizations. It allows you to get up to 40% of 

useful fractions, which after sorting come for sale (Ministry of Natural Resources of 

RB, 2013). 

 

Separation of solid household waste by a mobile sorting line allows: 

 produce raw materials for production; 

 additional profit is taken; 
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 volumes of solid household waste and landfills are reduced; 

 the risk of  spontaneous solid waste burning and the emission of harmful toxic 

substances into the atmosphere is reduced. 

 

By completing the sorting line with a power plant which has capacity of 50 kW, the waste 

can be sorted at spontaneous landfills where there is no electricity (Decree of the 

Government of the Republic of Buryatia, 22.09.2010 No. 411). 

 

Development of a network for receiving secondary raw materials by types of a waste 

fraction. In European union, for 10 000  15 000 inhabitants there is one facility of 

secondary raw materials collection (scrap paper, polymers, glass, metal cans) (Ministry of 

Natural Resources Report, 2013). The area of one receiving point is about 100 m2. 

 

The organization of selective collection of municipal solid waste involves the installation 

of specially equipped container sites, the purchase of modern waste trucks. 

 

Thus, in order to increase the share of municipal solid waste which will involve in 

economic circulation, it is advisable to build waste sorting and garbage handling stations in  

the following areas: Kyakhta, Gusinoozersk, Barguzinsky, Kabansky, Pribaikalsk regions, 

and in a special economic zone of a touristrecreational type. In the district centers of the 

Bichursky, Dzhidinsky, Zaigraevsky, Ivolginsky, Mukhorshibirsky, Tarbagataysky 

districts and large settlements, it is necessary to create site for the collection of secondary 

raw materials, in rural settlements of the Central Ecological Zone and places for mass 

recreation it is advisable to organize sites for separate waste collection (The paragraph was 

introduced by the Decree of the Government of the Republic of Buryatia, 22.09.2010 No. 

411). 

 

One of the main indicators that determine the effectiveness of the system for handling 

waste products is the rate of their use. Implementation of material recovery technologies 

allow to use more than 30% of municipal solid waste. 

 

When recycling cullet in European countries, preference is given to those technologies that 

do not have harmful effects on the environment and do not require large energy costs. 
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Therefore, processing systems with circular motion of heat carriers, melting and filtration 

of glass according to modern 'gas" technology, have become widespread. The glass mass 

obtained after the appropriate processing can be used for manufacturing various building 

materials, structures and products: glass blocks, doubleglazed windows, ordinary window 

glass, and other products (Ministry of Natural Resources Report, 2013). 

Also the main direction of the use of glass cullet is the production of packaging. Cellulosic 

material is widely used for the manufacture of printing products, packaging, heat and 

electrical insulation, etc. 

 

American manufacturers of glass containers developed a new kind of white and colored 

bricks, made from waste paper (old newsprint) and cullet. Their weight is less by 2/3 than 

conventional bricks, and the cost is lower by 30% (Ministry of Natural Resources Report, 

2013). Bricks are fireproof and water resistant. 

 

Analysis of the application for secondary plastics focuses its market, primarily on non

polymeric areas, for example, on the production of woodpolymer slabs, concrete, etc. For 

these purposes, such a high rate of purification and separation of secondary polymers is not 

required (Ministry of Natural Resources Report, 2013). 

 

A special place among the polymer waste is occupied by bottles for drinks made of 

polyethylene terephthalate (PET). Regenerated PET can be used for the production of 

polyester insulated products (jackets, coats, etc.), for carpets, containers, trays and pallets 

for nonfood products, bumpers, grills and door panels of cars, etc (Ministry of Natural 

Resources Report, 2013). 

 

For the processing of old tires, the most effective method is mechanical grinding. The 

received rubber crumb can be used for road construction and production of building 

material. 

 

From food waste it is possible to receive electric and thermal energy. Standard composition 

of biowaste 6 m3 produces 0.6 t of organic fertilizer per day, 24 m3 of biogas (equivalent 

for electricity  48 kWh, or 17 kg of fuel oil), 432000 kJ of heat energy per day. Cost  350 

000 rubles. For that energy production required  a farm for 15 to 20 heads of cattle, a pig 
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farm for 150 to 180 animals, or a poultry farm for 1500 to 1800 animals). To accommodate 

the needs of the area of 20 m2, and 5 kW of outsource power (Ministry of Natural 

Resources Report, 2013). 

 

To significantly increase the volume of recycling and use of secondary raw materials, it is 

necessary to carry out a set of organizational measures that would allow creating an 

efficiently functioning market of waste. 

 

Disposal of waste  treatment of waste, including incineration, in order to prevent the 

harmful effects of waste on human health and the environment. 

 

Wastes of 1  2 classes of danger, unutilized "tailings" from the waste separation unit, 

pesticides and agrochemicals with expired shelf life should be thoroughly recycled and 

rendered harmless (Ministry of Natural Resources Report, 2013). There are various 

technological developments that allow processing in a single stage both highly toxic 

industrial (oily, mercurycontaining) and nontoxic solid waste and packaging waste. 

 

Waste which could not become a secondary raw material has to be sent to landfills of 

municipal and industrial waste. Landfills now remain an essential element of the 

technological cycle for handling waste (Ministry of Natural Resources Report, 2009).  

While there is a scarcity of capacities for industrial recycling of waste, landfills will remain 

part of the general technological chain of handling waste, the optimal facility for waste 

disposal. 

To reduce the negative impact of waste on the environment, it is necessary to provide for 

the construction (retrofitting) of municipal solid waste landfills in each district center and 

cities of the republic. The construction of landfills should take into account the subsequent 

reclamation. The further use of the reclamated territory is determined by the direction of 

reclamation, which may be sanitaryhygienic or construction, exception is only for capital 

construction objects. To solve the problem of overfilling the industrial waste landfills, 

nowadays, it is necessary to provide the future planning of a new landfills for industrial 

waste. And implement the new solutions for handling the waste generation issues. 
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3. CASE OF ULAN-UDE CITY 

 

3.1 Introduction Into Waste Composition 

 

The composition of MSW is based on the morphological features which are divided into 

components: paper, cardboard, food waste, metal glass, plastic, solid waste residues. 

According to the uniform methodology adopted by the Council for Mutual Economic 

Assistance (CMEA) countries, if necessary, that the "garden waste" will be added. When 

designing the enterprises for the treatment of municipal solid waste, the information about 

waste composition has to be included (CMEA, 2001). Composition of municipal solid 

waste in Republic of Buryatia are represented at the table 3. 

 

Table 3. Municipal solid waste composition in  the middle climatic zone of Russian Federation 

Waste Fractions In the middle 
climatic zone of 
the Russian 
Federation, 
% 

Waste share in 
cities and 
settlements of 
urban type, 
% 

Waste Share in 
Republic of 
Buryatia, 
% 

Biowaste 35  45 25,2 
31,7 

Paper, Cardboard 32   35 28,4 
28 

Metal 3,5   5,5 10,2 
7,7 

Glass 2   3 11,2 
7,2 

Plastic 3   4 7,6 
5,2 

Heavy Fraction 20   25  
20,2 

 

Seasonal changes in the composition of waste are characterized by increasing in the 

content of food waste from 20  25% in spring, to 40 55% in autumn, which is associated 
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with a large consumption of fruits and vegetables in the harvest period (Ministry of Natural 

resources Report, 2013). 

Paper, food waste, and glass are significantly affect on the composition of solid waste 

collection in the city. Annually observations show that over time, the composition of solid 

domestic waste varies slightly (Ministry of Natural Resources Report, 2009). The content 

of paper, polymer materials is increasing during the years. With the transition to 

centralized heat supply in major cities of Russia, the amount of coal and slag in the solid 

domestic waste was reduced sharply. 
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3.2 Analysis Of Recycling Facilities In A City 

 

Construction and operation of a waste recovery facility is also included as a part of MSW 

management in UlanUde City which provides the phased involvement of solid household 

waste in recycling. 

City waste management plan f has two stages, which are represented below:  

 Stage 1  system for separate collection, sorting and recycling of waste; 

 Stage 2  creation of facilities for obtaining energy and fuel from waste and 

increasing the share of recycling (Ministry of Natural Resources Report, 2009). 

 

The construction of facilities for the recycling of municipal solid waste is carried out in 

two stages: 

 

 Stage 1  creation of waste sorting stations 1, 2 and two landfills for disposal of 

nonrecoverable part of solid waste. The fractions selected for further utilization and 

recycling are sent to recycling companies of secondary raw materials (Ministry of 

Natural Resources Report, 2009); 

 Stage 2   the construction of unit for separating recyclable materials of solid 

household waste as secondary resources for the release of new products (ecowool, 

polymersand products), preparation of semifinished products for selling abroad to 

outside enterprises for further usage (PVC flakes, rubber chips, etc.). 

 

At present, the implementation of the first stage for production unit for the recycling of 

solid domestic waste is complete: 

 The waste sorting station 1 with the capacity of 120 kt per year and the first stage of 

the landfill with a capacity of 440 kt were put into operation in 2018, which allowed to 

close the authorized dump near the city  and greatly improved the ecological situation 

in the town surrounding are (Ministry of Natural Resources Report, 2009); 

 commissioning of the waste sorting station 2 and the second stage of the landfill is 

scheduled for 2019. 

Mechanic separation unit in UlanUde City has an ability for preliminary mechanical 

treatment of waste products. Separation includes manual separation, crushing, screening, 
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magnetic separation air classifier, storage and dosing by the packaging system for valuable 

components. The flowchart of waste in mechanic separation facility is shown in figure 6. 

 

  

Figure 6. Flowchart of  existing mechanical separation facility  in UlanUde city 

 

As a result of the process, metals and inert fraction are separated for recycling, and the 

biological fraction for further use as soil enrichment material or covering of landfills. The 

waste fractions which are not appropriate for recovery material are transported to the 

landfill. According to mechanical separation scheme and recovery rate of the facility, we 

could estimate an amount of waste which will be use as secondary raw material, and fuel 

for energy production. 
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The recovery  factors   for  the  mechanical separation process unit components are refer to  

a  study of  Caputo & Pelagagge (2002a). 

 

The recovery  factors indicate the rate of the mass flow continuing further in the process. If 

the recovery factor is R and the input to the  system  is  U,  the  quantities  of  the  waste  

components  in  the  stream  which  continues further in the process  and the stream 

separated for material use or as reject  are respectively X  and Y where X = RU and Y = (1 

– R)U. They are approximated separately both for the mass of the dry MSW and the mass 

of water in each waste component. The recovery factors for different unit process 

equipment of waste mechanical separation are showed in table 4 (Anttila, 2013, 85). 

 

Table 4. Mechanical separation rate according to a waste fraction (Caputo & Pelagagge 2002a) 

 

 

Refer to a study Caputo & Pelagagge was estimated the mass flow of waste which will be 

transport to different municipal solid waste facilities according to management system. 

That information and methods which are mentioned earlier, helps us to determine the 

quantity of each fraction for scenarios calculation. The results of estimation are shown in 

table 5. 
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Table  5. Amount of waste after Mechanical Treatment 

Waste fraction Share, 

% 

Share in kt/year Amount of separated 

materials, 

kt/year 

Biowaste 31,7 47,8 12 

Metal 7,7 11,5 6 

Glass 7,2 10,8 3,1 

Plastic 5,2 7,8 1,8 

Heavy Fraction 48,2 72,3 1,1 

Total 100 150 24 

 
 

Ferrous metals are separated from waste flow by magnetic separation unit. Nonferrous 

metals are extracted by eddy current technology. Manual separation are focused on plastic 

and glass fractions. For future composting of biowaste, mechanical separation facility uses 

a screening as a method of biomass segregation from total waste mass. Air classifier is 

separated heavy fraction out of the waste stream for disposal. 

In UlanUde, with the reception of 150 kt of solid waste per year for waste sorting stations, 

the amount of secondary resources will be: metal  6 kt, plastic  1,8 kt, glass  3,1 k, 

biowaste  12kt. Other residuals from mechanical separation (124,9 kt) use as RDF for 

incineration in CHP facility which are mentioned in Scenario 1 and 2.The amount of RDF 

vary according to alternatives which are presented in scenarios. 

 

At present, a system of 2stage waste removal is being implemented in UlanUde 

(collection and recovery of recyclable fractions at the waste sorting station and disposal of 

a nonrecoverable part of solid waste at the landfill). In 2010, the volume of secondary raw 

materials accounted for 15% of the total volume of solid waste received by the waste 

sorting station, in 2011 there was practically no sorting, and MSW were sent directly to the 

disposal site for a landfill. The reasons were the absence of the enterprises for the recycling 
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of solid household waste, is the market for secondary raw materials (Ministry of Natural 

resources Report, 2013). 

In the future, it is planned to produce biogas from food waste and garbage dumps, which 

will increase the secondary use of solid waste by another 15%. According to the heat of 

combustion, 1 m3 of biogas is equivalent to: 0.8 m3 of natural gas, 0.7 kg of fuel oil, 0.6 kg 

of gasoline, 1.5 kg of firewood (in absolutely dry condition), 3 kg of dung briquettes. 

Biogas, like natural gas, is one of the cleanest types of fuel (Decree of the Government of 

the Republic of Buryatia, 22.09.2010 No. 411). 
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3.3 Scenarios For Solid Waste Management 

 
 

Based on current municipal solid waste management situation in UlanUde, the main 

objectives of Master's thesis will be design and analysis of environmental scenarios, and 

comparison of them to choose the best alternative for a future development. According to 

the background information, the most relevant scenarios are shown in figure 7 and table 6. 

Rely on this information, it could be possible to summarizes  the  different  results of each 

alternatives to ensure the beneficial approach for MSW targets. 

    
 

 

Figure 7. FlowChart of MSW scenarios in UlanUde 

 

In this study, the amount of waste input to the system of each fraction is the same in all 

scenarios, but the end products vary depending on the treatment method. For example, if 
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using  composting  as  a  waste  treatment  method,  compost,  which  can  be  used  to  

replace  soil enrichment,  is  produced,  however  it  is  not  produced  if  CHPplant  is  

chosen  as  the  treatment method. Because, when CHP is used for incineration of mixed 

waste, separation of biowaste is not provided. Calculations of GHG emission in scenarios 

do not cover all processes like emissions from waste transportation, flue gas treatment, 

energy consumption of facilities. Also the system boundaries of scenarios does not include 

the rejects from  energy recovery, like ash from incineration. Only the main emitters are 

taken into account, according to estimation of GHG emissions. Waste management 

approaches which could reduce GWP emissions are also considered.  

 

Table 6. The different scenarios studied in this thesis, where CHP refers to Combined Heat Plant. 

Scenario Biowaste RDF Metal Glass Plastic 

Baseline Landfill Landfill Landfill Landfill Landfill 

Scenario 1 Composting CHP Recycling Recycling Recycling 

Scenario 2 CHP CHP Recycling Recycling Recycling 

 
 

 
Casestudy for UlanUde city has three municipal solid waste management scenarios. 

Baseline scenario shows the movement of flow waste strictly to a landfill disposal. This 

scenario simulate a real situation in case study region. Scenario 1 describes the possible 

alternatives, which include material recovery, composting, incineration and landfilling 

solutions for current environmental situation in a city. It considers the appropriate way of  

mechanical separation plant operation in UlanUde which was described in figure 6. 

Scenario 2 has only two approaches to tackle the tasks. There are incineration and material 

recovery. The system boundary does not cover the air pollution control approaches and 

emissions from transportation. This type of MSW management is more focused on energy 

recovery from solid waste.   
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3.3.1 Baseline Scenario 

 

 Baseline scenario simulate the current situation in UlanUde city, when all waste fractions 

come to a landfill. The parameter which helps to indicate the changes in environmental 

impact of scenarios is GWP100  CO2  equiv. (ISO 14044, 2006). That indicator will be the 

conductor of future decision making. 

 

If we analyze a landfills as a potential hazardous objects, we see that the amount of factors 

which influence health of people and environment could be higher than waste management 

options. 

 

For a long time, influence of landfills emissions impact not only the quality of people’s 

lifestyle, but it also effects safety of people who live in close vicinity to a disposal sites. 

Insalubrious air emissions, contamination of water, soil pollutions is not a full list of 

reasons for people’s anxiety.  

 

Total amount of waste which was generated in UlanUde is 150 kt, and 100% of total 

amount are disposed (Decree of Ministry of Natural Resources RB, 2013). 

According to the landfill treatment calculations we need to estimate (IPCC, 2006): 

 the amount of waste disposed in landfill 

 the amount of biogas produced in landfill 

 the amount of greenhouse gas emissions CO2  equiv 
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In the mass balance method, the biogas emissions from landfill will be calculated with 

following equation (IPCC, 2006): 

(2) 

����	=����� ×���� ×��� × 	��� × ���� ×
��

��
− �� × (1 − ��) = 

 

����	 The mass of methane emission [t/a] 

����  Total amount of MSW [t/a] 

����  Share of waste disposed into in the landfill 

MCF  Methane correction factor (depending on the type of landfill) 

DOC  Amount of degradable organic carbon in the waste [kgc/kgsw] 

����  Share of degrading organic carbon [%] 

F  Share of methane in landfill gas 

16/12  Ratio between molar masses of methane and carbon 

R  Amount of recovered methane [t/a] equal=0 

OX  Oxidation degree equal = 0 

 

 

The share of decomposable organic carbon (����): 

(3) 

���� 	= 	0,014� + 0,28 = 0,014 × � + 0,28 = 0,45	 

 

T  Temperature [°C] 

 

Temperature of landfill waste levels is about 12 °C for the landfills located in UlanUde 

(Ministry of Natural Resources RB, 2009). 

According to information from Report of Ministry of Natural Resources, methane 

correction factor (MCF) is 0,5. The amount of degradable organic carbon in a waste (DOC) 

is 0,3 kgc/kgsw and share of degrading organic carbon (DOCf) is 45%. 
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Methane is formed: 

                                                                                                                                (4) 

����	 = �150,000 × 1 × 0,5 × 	0,3 × 0,45 ×
��

��
− 0� × 1	= 13 500 t/a 

 

For baseline scenario there is no methane collection process for  energy use. In the reason 

of that, all landfill gases emit strictly to the atmosphere. According to GWP100 the methane 

equals to carbon dioxide as 23/1 (ISO 14044: 2006). It means that to calculate the GHG 

emission have to be multiplied on 23. The total amount of GHG emissions in Baseline 

scenario is  3,1*108 kg CO2equiv. 
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3.3.2.  Scenario 1 

 

Scenario 1 simulate the situation where, after mechanical separation biowaste, glass, 

plastic and metal  are transported to material recovery. The overall amount of waste which 

goes to recycling is 24 kt (26%). In this scenario, RDF 124,9 kt (73%) goes to energy 

production. Other waste fractions 1,1 kt (1%) are disposed in a landfill. 

UlanUde's Organic waste contents: fruit and vegetable residues, spoilt foodstuffs, 

leftovers, withered cut flowers, coffee grinds, tealeaves, egg shells, garden waste, grass 

cuttings and dead leaves are valuable materials which can be composted. Total amount of 

separated organic waste is 12 kt/a (Ministry of Natural Resources of RB, 2013 ). 

 

According to the composting calculation we need to calculate: 

 the amount of composting product 

 the amount of produced GHG emissions from composting 

 

Calculation of composting product  

 The aim of composting is that the ready compost is not too wet. Usually good value 

for TS content after composting is 60%.  

 NBVS means nonbiodegradable volatile solids. And ash is inert material.  

 Since the NBVS and ASH remain after composting the compost amount can be 

calculated using the assumed TS content. 

 

All calculation made according to guidelines and instructions (Tchobanoglous, G., 

Theisen, H. & Vigil, S. A. 1993) 

By using  the  data from literature, and scientific papers we calculate the amount of 

compost: 

 12 000 tonne of raw material  

 moisture content of raw material = 40% (60% is TS)  

 VS% of TS = 80% 

 BVS% of VS = 60% 

 Assuming compost TS% = 60% 

 Calculating the amount of BVS which is degraded in the compost process: 

                                                                                                                             
(5) 



50 
 

����	=12,000 × ��% × ��%	���� × ���%���� = 3,5	�� 

 

 Calculating the remaining total solids in compost: 

                                                                                                                             

(6) 

���	,�������	=	���	,���	�������� − ����	 = (12,000 × ��%) −����	 = 3,7	�� 

 

 Calculating the compost mass: 

                                                                                                                             

(7) 

�������� =
���	,�������		

	��%�������
= 6,1	�� 

 

Municipal waste management in UlanUde could produce 6,1 kt/a of Compost mass. 

The given data is used to estimate the amount of greenhouse gas emissions, and it was 

given that composting emits 90 kg CO2equiv /tonne compost (Heres, 2007, 30). This value 

has been chosen, because the compost is managed actively and turning activities take place 

regularly. Also because of low precipitation in the region (the compost is irrigated instead), 

anaerobic circumstances are rare. However, it must be mentioned that no measurements on 

nitrous oxide and methane emissions have been carried out. The total emissions of GHG 

from composting process are 5,6*103 kg CO2equiv.  

 

Emission calculation from CHP  

 

In Scenario 1, RDF comes to heat and power sector. The main source of heat and energy in 

UlanUde is CHP facility. As it was mention before (figure 7), after mechanic separation 

plant only 126 kt of RDF goes to incineration facility. It is mean that fraction which are 

used as energy resources from will supply that type of power station . The  objective  of  

these  part  is  to  calculate  impact  of  all emissions from power sector which include 

RDF. According to the goal and scope , the selection of impact categories, category 

indicators and characterization models should satisfy the requested targets of the master's 
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thesis. It is meant that impact  category  for  evaluation  of  GHG  reduction  is  Climate  

Change  (ISO 14044, 2006). 

 

The  main  producers  of  GHG  emissions  are  CO2,  CH4,  and  N2O.   

As a category indicator was chosen the Global Warming Potential (GWP100). The GWP100 

shows the relationship  of 1 kilogram of CO2  equivalents per functional unit  (ISO 14044, 

2006) 

 

For calculating the GWP which is produced by waste incineration, it is necessary to find 

out the lower heating values and the composition of each municipal solid waste fraction. 

The  data for further calculations is presented at the table 7.  

 

Table 7. The composition of different waste fractions.(Ilkin, 2012) 

Component C H O N S Ash Heating Value (as 
received),Mj/kg 

Molar mass 12,011 1,008 15,999 14,007 32,06 
  

Biowaste 50,5 6,7 39,6 2,7 0,4 2,0 3,5 

Paper  46,3 6,3 46,9 0,3 0,2 8,0 17,6 

Cardboard  44,0 5,9 44,6 0,3 0,2 3,0 17,5 

Paper & 
Cardboard 

43,58 5,98 44,09 0,3 0,2 5,85 17,64 

RDF 52,1 6,3 18,2 1,2 0,1 22,2 12,0 

Plastic 66,7 7,9 25,4 0,0 0,0  22,0 

Glass 0,5 0,1 0,4 0,1 0,0 98,5  

Metals 4,5 0,6 4,3 0,1 0,0 95,0  

 

Also one of the most significant value for further calculation is the emission factor. 

According to  Scenario 1 only RDF are used into incineration process. For determination 

of default emission factor the information from table 8 is crucial. 
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Table 8. Emission factors according to a type of fuel ( IPCC, 2006) 

 

 

For calculation of RDF emission factor, the composition of fuel has to be estimated. Based 

on table 5, after mechanical separation, remains from biowaste, heavy fraction, plastic, 

metal and glass are need to be taken into account. The RDF composition is presented in 

table 9. 
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Table 9. The composition of RDF in Scenario 2 

RDF composition 
Amount of waste fraction, 

kt/a 

LHV, 

MJ/kg 

Residues from plastic  6 22 

Residues from biowaste 35,8 3,5 

Heavy fraction 72,3 12 

Residues from glass 5,5  

Residues from metal 7,7  

Total 124,9 12 

 

Heavy waste fraction includes 42kt (28% from total waste) of paper and cardboard. 

Biowaste content is 47 kt (32% from total waste). It means that biogenic part of total 

amount waste  is 60%. The type of RDF which are used in Scenario 1 does not include 

biomass fraction in composition. To calculate RDF emission factor, it has to be consider 

that nonbiogenic fraction of waste is 40%. And from that share of nonbiomass fraction, 

only plastic (5% of total waste) and heavy fraction which doesn't include paper and 

cardboard (23%) has an ability to provide energy from incineration process. Due to this, 

the Lower Heating Value of nonbiomass part is calculated by : 

(8) 

�����	��	�������	��	���

�����	��	�����������	��������
× ���������� +

�����	��	�����	��������	��	���	

�����	��	�����������	��������
× ��������	�������� = 	9,7	��/��	

�����������

  

(9) 

Calculation of the Lower Heating Value of nonbiomass RDF:  
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�����	�ℎ���	��	��� − ��������	����	��	����� × �������������� 	

= 3,9
��������������

�����
 

For estimation the Emission factor for nonbiomass RDF, conversion of MJ into TJ 

[10�	MJ] has to be assumed: 

(10) 

��������������	���×��������	������	��	�����������	�����

���	
=

�,�	
�����
�����

×�����		

���
= 0,357

�����

�����
  

The type of RDF which are used in Scenario 1 does not include biomass fraction in 

composition. In the reason of that we used an emission values for municipal waste with 

nonbiomass fraction. According to calculations, emission factor for estimation emissions 

from CHP incineration is  0,357	
�����

�����
. 

Calculation of GHG emissions from CHP plant implement by Intergovernmental Panel on 

Climate Change  (IPCC, 2006). 

                                      (11) 

��������� = ���� × ��������������	��� × �� 

 

��������� = Mass of CO2 , CH4 , or N2O emitted [kg/a] 

���� = Total mass waste fraction combusted [kg/a] 

��� = Fuel heat content (higher heating value), in units of energy per mass of waste 

[Mj/kg] 

�� = CO2 , CH4 , or N2O emission factor per unit 

Calculation of CO2 emissions which are formed during RDF incineration annually:  

(12) 

��������� =

124,9 ∗ 10�	��
���

× (3,9 × 91700)
��

��2
	

	��
���

	

10�
	

= 4,5 ∗ 10�	��	��2 − �����./� 
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Based on Global warming equivalents of primary GHG, results of CH4 and N2O have to be 

converted into kg of CO2 equivalent (USCC, 2008). It means that CH4 has to be multiplied 

on 23, and for N2O the factor is 310. GWP factors of these gases was changed in the Third 

Assessment done of IPCC. But previous values of GWP factors are still used in impact 

assessments. (Brown, Suber, 2008, 3738). 

Calculation of CH4 emissions which are formed during RDF incineration annually:  

(13) 

��������� =
124,9 ∗ 10�	����� × (3,9 × 23 × 30)

�����	
	�����

	

10�	
= 3,4 ∗ 10�	��	��2 − �����./� 

Calculation of NO2 emissions which are formed during RDF incineration annually:  

(14) 

��������� =

124,9 ∗ 10�	��
���

× (3,9 × 	4 × 310)
��

��2
	

	��
���

10�

= 6 ∗ 10�	��	��2 − �����./� 

 

The total GHG which emitted from CHP incineration of solid waste residues are calculated 

by sum of CO2, NO2, CH4 emission. These amount of GHG emissions is equal to 4, 6 ∗

10� kg of CO2 equivalent. 

 

For estimation of energy production  from RDF incineration the calculation is presented 

below (IPCC, 2006): 

(15) 

������	���������� = �����	����	��	�������� × ��� × ������	���������� 

 

������	����������	= energy factor including energy losses of incineration and energy 

transport systems[%] 
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CHP plant in UlanUde city has a energy efficiency of 70% (Ministry of Natural Resources 

Report, 2009). The energy production of local CHP plant during the combustion of RDF is: 

(16) 

������	���������� = 124,9 ∗ 10� × 12,0 × 0,7 = 10,5 ∗ 10� MJ 

 

During the incineration of RDF, CHP plant in UlanUde city produces 10,5 ∗ 10� MJ of 

energy. This amount of energy could compensate the burning of  41 kt of hard coal with 32 

MJ/kg of lower heating value (IPCC, 2006). The emissions from coal incineration at CHP 

facility according to required energy production is 6,8∗ 10� kg CO2/t. 

 

Table 10. Avoided emissions from incineration of RDF at CHP facility 

Type of fuel Emissions from incineration, 

 kg CO2/a 

RDF 4, 6 ∗ 10� 

Hard coal 6,8 ∗ 10�  

Avoided emissions, 

kg CO2/a 

 2,2 ∗ 10�  

 

According to a table 10, avoided emissions of using RDF as a fuel for energy production is  

 2,2 ∗ 10� kg CO2 /a. 

 

According to Scenario 1 fractions of glass, plastic and metal are transported to recycling 

and after the material recovery process could be used as second raw material. After 

mechanic separation plant, some amount of these fractions are going into economic 

recirculation. The main point of these part is to compare the emissions which produce by 
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recycling facility during the processing of second raw material, with the same materials 

which produced in traditional way. 

 

To produce one tonne of iron by traditional way the amount of emission will be 2,1t of 

CO2 (Worldsteel, 2008). In comparison with emission which produced from traditional 

ways of iron production, the recycling facility emits 500 kg of CO2/t (Worldsteel, 2008). 

Carbon dioxide emissions depend primarily on the source of iron: using recycled iron or 

scrap is much less energy and carbon intensive than using virgin iron by reducing iron ore. 

 

For production of 1 tonne of plastic the emission is 6 tCO2/t. As for material recovery 

facility recycled plastic produces about 3.5 t CO2 compared to 6 t of CO2 for new plastic 

(Pusch, Thema, Umwelt, 2009). 

 

The glass industry is classified as an energy intensive sector and is responsible for GHG 

emissions of some 843 kg of CO2 per tonne as a result of energy consumption. For 

recycled glass the amount of GHG emission is 528 kg of CO2 per tonne of product 

(Enviros Consulting Report, 2004). The results of whole lifecycle emissions from 

production of tonne of glass represent in table 11. 
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Table 11. Lifecycle emissions from glass manufacture (Enviros Consulting Report, 2004) 

 

Table 10 shows that the CO2 emissions are reduced by 314 kg/t of containers if recycled 

glass is used as a feedstock rather than virgin raw material i.e. a reduction in emissions of 

37%. 

Based on emission data of two approaches for producing materials, it is possible to 

calculate the GHG emission for waste fractions which are covered in material recovery. 

Based on Scenario 1 the share of fraction which comes to material recovery plant from 

mechanical separation are shown in table 5. The results of calculation shown in table 12. 
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Table 12. Emission from recovery materials in Scenario 1 

Fractions Amount of 

material, 

t 

Emissions 

from 

new material 

production, 

kg CO2/t 

Emissions 

from 

recovery 

material, 

kg CO2/t 

Variation, 

% 

Avoided 

emissions 

from material 

recovery 

Glass 3,1 2,6*106 1,6*106 39%  1*106 

Plastic 1,8 10,8*106 6,3*106 42%  4,5*106 

Metal 6 12,6*106 3*106 77%  9,6*106 

Total 10,9 26*106 10,9*106 59%  15,1*106 

  

As it is shown in table 12, the GHG reduction of usage the recovery material according to 

production of new material is 59%. After the comparison of two ways of material 

production, the total amount of avoided emissions is 15,1*106  kg CO2 equiv. 

 

In the scenario 1, there are only 1,1 kt of waste fraction (1% of total waste amount) which 

is still transported to landfill disposal after mechanical separation. But instead of baseline 

scenario, the share of biomass is equal to zero, in the reason of composition of residual 

waste. Disposed waste fraction mostly content inert materials which does not produce 

GHG emissions. It means that, the amount of produced methane does not need to be 

calculated. 

 

According to calculated emissions data from all the facilities which are list in a Scenario 1 

, the total amount of GHG emissions are shown in table 13. 
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Table 13. Total amount of emissions from Scenario 1 

Emissions Producers GHG emissions, 

kg CO2 equiv. 

Composting plant 5,5*103 

CHP facility  2,2*107 

Material recovery plant  15,1*106 

Total  3,7*107 

 

The results of GHG emission in scenario 1 is  3,7*107 kg CO2 equiv. The reduction of the 

total GWP in comparison with baseline scenario is 112%. 
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3.3.3. Scenario 2 

 

According to Scenario 2 where is only two treatment methods for handling the MSW. 

There are: incineration facility and material recovery. For incineration treatment, four 

fractions of  waste (heavy fraction, and RDF) are implemented into power sector of a Ulan

Ude. Plastic, metals and glass after mechanical separation are transported to the material 

recovery facility. In that scenario, there is no approaches for biowaste treatment. It means 

that 138 kt (92%) of waste are going to energy use, 10,9 kt (7%) for material recovery and 

1,1 kt (1%) is disposed. 

 

In Scenario 2, biowaste, paper and cardboard, and RDF comes to heat and power sector. 

As it was mentioned in the figure 6, after mechanic separation plant 120 kt of waste goes to 

CHP plant. 

 

For estimation the GWP which is produced by waste incineration, it is necessary to find 

out the lower heating values and the composition of each municipal solid waste fraction. 

The  data for further calculations is presented at the table 7. For calculations of paper, 

cardboard and biowaste and RDF the default emission factors are chosen for a solid waste 

include biomass fraction. Data about heating values for incineration is given in table 8. The 

results of the total GHG emissions which produced from CHP incineration are represent at 

table 14. 
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Table 14. The composition of RDF in Scenario 2 

RDF Fractions 
Amount of waste fraction, 

kt/a 

LHV, 

MJ/kg 

Residues from plastic  6 22 

Biowaste 47 3,5 

Heavy fraction 72,3 12 

Residues from glass 5,5  

Residues from metal 7,7  

Total 138 12 

 

Based on equation 12 and table 14 it is possible to calculate the energy  production of 

waste fraction from incineration plant. Energy efficiency of CHP plant is 70%. The total 

amount of produced energy of incineration of waste by CHP plant is 11,5*10� MJ. This 

amount of energy could be an compensator for 51 kt of coal incineration with 32 MJ/kg of 

lower heating value (IPCC, 2006). The result of emissions comparison are shown in the 

table 15. 
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Table 15. Avoided emissions from incineration of  biowaste, RDF, paper and cardboard at CHP facility 

Type of fuel 
Emissions from incineration, 

kg CO2/a  

RDF 4,8 ∗ 10� 

Hard coal 9,5∗ 10� 

Avoided emissions, 

kg CO2 equiv. 
 4,7 ∗ 10� 

 

Implementation of that type of fuel could reduce the GHG emissions which produced by 

CHP plant nowadays. The avoided emissions from incineration of waste is  1∗ 10� kg 

CO2 equiv. 

 

According to Scenario 2 fractions of glass, plastic and metal are going to recovery process 

practically in the same way as in Scenario 1. The main difference between these scenarios 

is that biowaste are not in material recovery process. 

 

Table 16. Emission from recovery materials in Scenario 2 

Fractions 

Amount of 

material, 

t 

Emissions from 

new material 

production, 

kg CO2/t 

Emissions from 

recovery 

material, 

kg CO2/t 

Variation, 

% 

Avoided 

emissions 

from 

material 

recovery 

Glass 3,1 2,6*106 1,6*106 39% 1*106 

Plastic 1,8 10,8*106 6,3*106 42% 4,5*106 

Metal 6 12,6*106 3*106 77% 9,6*106 

Total 10,9 26*106 10,9*106 59% 15,1*106 
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According to a comparison of two ways of material production, the total reduction is 59% 

of GHG emissions. Avoided GHG emissions according to comparison is  15,1*106 kg 

CO2 equiv. 

 

After the collecting of all data from calculations, the final results of emissions from 

facilities which are mentioned in Scenario 2 is represent at the table 17. This calculations 

do not include  landfill gas emissions in the same reasons as in Scenario 1.The composition 

of waste mostly consist of sand, stones which don't produce landfill gas.  

 

Table 17. Total amounts of emission in the scenario 2 

 

Emissions Producers 
GHG emissions, 

kg CO2 equiv. 

CHP facility 4,7 *10� 

Material recovery plant  15,1*106 

Total 6,2*107 

 

The total greenhouse gas emissions in scenario 2 is 6,2*107 kg CO2 equiv. That result 

reduces the amount of GHG according to baseline scenario on 120%. 
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4. RESULTS AND DISCUSSION 

 

This Master's thesis had proposed three different alternatives for a municipal solid waste 

management of UlanUde city and compared the amount of greenhouse gas emission in all 

of the scenarios. The results of total GHG emissions are represented by figure 8 and table 

18. 

 

Figure 8. Total emissions from scenarios of UlanUde city 

 

Table 18. Comparison of the total emissions for three scenarios for UlanUde city. 

Scenarios 
GHG emissions, 

kg CO2 equiv. 

Baseline 3,1*108 

Scenario 1 3,7*107 

Scenario 2 6,2*107 

 

According to the results of calculations it is possible to recommend the scenario 2, as the 

most optimal alternative to reduce greenhouse gas emissions in a region. Scenario 2 shows 

120 % of reduction in comparison with baseline scenario, and 46 % in comparison with 
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scenario 1. In scenario 1 separated waste fractions mostly come to material recovery, in the 

reason of that, waste emissions that could be occur from CHP incineration are minimal. 

But the production of energy in scenario 2 is significantly higher than in all scenarios. It 

means that usage of waste as a fuel for power sector reduces the GHG emissions, because 

this fuel is an external supplier for fossil fuels. The results of calculation is showed in table 

19 and figure 9. 

 

Table 19. Energy production according to a waste incineration from CHP facility. 

Energy production of waste from Scenario 1, MJ 10,5 * 108 

Energy production of waste from Scenario 2, MJ 11,5*108 

Differences, % 10 % 

 

 

 

Figure 9. Energy production according to a waste incineration from CHP facility. 

 

It could be a great opportunity to use a waste fractions as a external compensator for 

existing energy system. Moreover, replacement of energy sources effect positively on 

reduction of GHG emissions in a case study region. It could be also a suggestion for future 

development. One of the main characteristic which could become a crucial in decision 

making of MSW management is reduction of disposed waste flow. Scenario1 and 2 has the 
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greatest results refer to reduction of waste flow which goes to landfill. The results are 

presented in table 20. 

Table 20. Disposed mass flow according to all scenarios 

Scenario Mass flow, kt/a Variation, % 

Baseline scenario 150 +  

Scenario 1 1,1  99 

Scenario 2 1,1  99 

 

To perform the sensitivity analysis, the unit with the highest carbon dioxide equivalent 

emissions has chosen to be analyzed and taken into account. For the current master's thesis 

it is a landfill gas emission. In this study sensitivity  analysis  was conducted by changing 

the share biowaste in Baseline scenario. Changes in the results refer to amount of emitted 

greenhouse gases are indicated  in table 21.  

The other parameters used in the calculation of landfill gas emissions are: 

  ����  Total amount of MSW [t/a] 

 ����  Share of waste disposed into in the landfill 

 MCF  Methane correction factor (depending on the type of landfill) 

 DOC  Amount of degradable organic carbon in the waste [kgc/kgsw] 

 ����  Share of degrading organic carbon [%] 

 F  Share of methane in landfill gas 

 16/12  Ratio between molar masses of methane and carbon 

 R  Amount of recovered methane [t/a] equal=0 

 OX  Oxidation degree equal = 0 

 

Table 21. Default and Higher share of degrading organic carbon 

Default share of degrading organic carbon, % 31,7 

Higher share of degrading organic carbon, % 45 

 

By changing the biowaste share in the total amount of waste from annual (31,7%), to 

seasonal (45%) share in UlanUde city, it was achieved a 34% greenhouse gas increasing. 
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Figure 11 indicates the variation of greenhouse gas emission refer to share of biowaste 

content. 

 

 

Figure 11. Results of landfill gas emissions, according to changes in the share of biowaste 

 

The information about waste composition which was provided by Ministry of Natural 

Resources of Buryatian Republic, could has some data collection issues. The reason of 

these premises could be an unstable control of waste fractions which were registered at the 

mechanic separation plant. Moreover, from the period of 20152016, the mechanical 

separation facility, was worked seasonally, that could be also a reason of uncertainties in 

data. Moreover, the separation units are not suitable for material collection  for composting 

and RDF producing.  
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 5. CONCLUSION 

 

Municipal solid waste management take a significant part for increasing the quality of 

people's lifestyle and also become a key for environmental protection. In this Master's 

thesis several options of treatment methods were observed, and when considering only the 

greenhouse gases production, it seem that, the most optimal way for waste handling is the 

incineration at CHP facility. However, the material recovery of waste, also could be a 

compromise for emissions reduction in case study region. Scenario 2, which exposes 

promising results in reduction of GHG emissions by 136% in comparison with baseline 

scenario. Moreover, this scenario achieves 99% of landfill waste mass reduction.  

 

The most emissions causing unit process in a scenario 2 is waste incineration. But this 

emissions which produced by RDF combustion, release less GHG than combustion of hard 

coal. Also, replacement of coalbased fuel to RDF give an opportunity to reduce the 

electricity cost in the City, which nowadays is quite high.  

 

In this study, the consideration of air pollution control methods do not include in a system 

boundaries of UlanUde. As well as for ash recovery and flue gas treatment. 

 

It could be recommended to make changes in methods of mechanical separation of waste.  

These changes could positively effect on increasing the amount of collecting biowaste 

fraction and production of better quality RDF. Also for future development, it will be 

reasonable to implement into the landfill a gas collection system, to provide more 

dramatically reduction of the GHG emission and energy production for UlanUde city.  

 

It  was resulted in sensitivity analysis that changing the share of biowaste which are going 

to landfill, has a significant effect on the total emission of the scenarios. This was observed 

by changing the share of organic waste  from annual to the seasonal values in a region. 
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