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Solid Waste Management Company of Georgia – Consulting Services for Accompanying Measures	
[bookmark: _Toc34843518]Preface
In 2015 the project ‘Integrated Solid Waste Management Kutaisi’ (ISWM Kutaisi) has been started. Main objective of this project is the establishment of a regional solid waste management system for Kutaisi and the municipalities of the Imereti, Racha-Lechkhumi / Kvemo Svaneti regions based on the construction of a new sanitary landfill, a system of transfer stations and long distance transportation, and measures to enhance and develop waste services and recycling in the project area. Support in the implementation of the project is, among others, provided by an Accompanying Measures Consultant (AMC) with the aim to strengthen organisational and institutional development processes, improve financial management and build up technical expertise related to waste management, and to assist SWM stakeholders in the realization of pilot measures.
A particular challenge of the project lies in improving SWM services on rural and semi-urban level. Large parts of the project area are marked by dispersed settlements in mountainous areas with limited accessibility and low infrastructure progress. Helped by the assessment of current SWM capacities and performance, municipalities must be enabled to further the coverage, quality and efficiency of collection and adopt appropriate waste reduction options in order to ensure an environmental sound but affordable management of the waste generated by the local population and tourists. 
In the framework of support granted to the project municipalities on waste management planning, the AMC identified a particular need and readiness of the administration in the Municipality of Tsageri to take concrete action in the specified fields. New collection equipment supplied in the years 2017 and 2018 via the state provided the municipalities with better means to enlarge their waste services, yet at the same time it raised the demand to have these services organised in an effective and cost-efficient manner. That situation set the ground for investigating the current efficiency and to initiate pilot actions which would support SWM monitoring and allow for a short and medium term optimization of waste services and waste reduction potentials to be tapped in the future. 
A concept for this was proposed and discussed with the administration and acting SWM entities of the municipalities Tsageri and Lentekhi of the Racha-Lechkhumi and Kvemo Svaneti region. Regular field investigation campaigns on the collection performance and waste composition during a one year term were agreed and conducted by way of collection tour escorts and sorting analyses in the months of September 2018, May and August 2019. These one week campaigns were accompanied by presentations of the interim findings as well as their discussion with the local SWM stakeholders, and finalized with a dedicated training on the subject attended by the majority of the municipalities covered from the ISWM Kutaisi.
Primary aims of the initiated investigations were the following:
i. Evaluation of the collection practice in terms of logistic and efficiency aspects in order to provide instant advice and recommendations on tour arrangements, container siting and operational safety;
ii. Establishment of a first set of empirical data on the locally generated waste and its disposal to derive insights and solid information towards the potential for reducing and recycling waste in the different territorial units and structures of target municipalities and adopt adequate services and measures;
iii. Transfer of a corresponding knowledge to municipal and project staff enabling them to adopt the methodology for monitoring tasks, planning and/or carry out further such analyses;
iv. Provision of a set of base data, benchmarks and practical instruments for future collection monitoring complemented by information and technical advice on the appropriateness of the collection procedures, techniques and equipment employed;
v. Generation of input needed for a special study on the potentials of separate material collection and recycling and the preparation of pilots in this field.
This report presents again key aspects and activity components of the concept adopted for conducting the practical tour escort and sorting analyses in Tsageri municipality, including necessary information about the area conditions and starting situation. Some of these information and certain further details can also be found in a predecessor report from December 2018 and materials provided as part of training measures with the municipalities following completion of two campaigns. In particular this report therefore summarizes the findings and conclusions on the basis of the finally completed investigations and which can be drawn up from them for an optimization of waste services and SWM monitoring in large parts of the project area and the whole Georgia. 
These conclusions mainly address the municipal administrations and acting SWM entities (especially non-profit communal service ltds) whose main task is the provision of waste services in an operational reliable and safe, cost efficient and area-covering manner. Moreover they should become a concern also for state institutions such as the MRDI and SWMCG which are acting thus far as organizers of a centralized procurement and distribution of waste collection equipment, the MEPA as initiator and supervisory authority for the waste management regulations and methodological issues (e.g. waste data) and last but not least the authorities responsible for providing and controlling the state’s financial transfers to the municipalities in Georgia.
The report is split up into parts covering approach and findings related to collection performance and waste composition issues separately, even though the collection of data on both aspects was practically combined in each investigation campaign. 
Records taken during the tour escort supplied information on the collection process whilst sorting the waste collected by the municipal service on each collection tour eventually allowed to ascertain the material compositions and relate them to the different territorial structures of the municipality. Conclusions and recommendations how to further advance the quality and efficiency of the SWM performance in the semi-urban and rural setting of Georgia derive from the look on each aspect, the waste generation and collection practice, individually but likewise have a basis in the linking of the two issues.
Key results of the investigation campaigns and their incorporation in municipal decision-making and response actions meanwhile give regular subjects of reflection and discussion within the framework of municipal work groups formed specifically on the development of composting and extension of SWM to remote settlements. During dedicated work group sessions held in October 2019 and January 2020 representatives from both, the studied municipalities and alike areas used the opportunity to provide their views and verification for the various subjects addressed in this report. Consideration of such feedback was also made in this summarization and the given recommendations.   

[bookmark: _Toc34843519]Starting situation
[bookmark: _Toc34843520]Territorial Conditions
Main reference for this report are investigations undertaken in the Racha-Lechkhumi and Kvemo Svaneti region as a territory the Georgian government has included in her efforts to develop the ISWM Kutaisi and which hereby became one focus area for the EU/KfW-supported TA measure ISWM Kutaisi, AMC. The region covers a total area of nearly 5,000 km² in the northwestern part of Georgia with a small easternmost section currently being controlled by South Ossetia, however. It is the most sparsely populated region in the country with an estimated total population of about 37 thousand inhabitants. 
The area is administratively divided into four municipalities, namely the Ambrolauri municipality, Oni municipality, Lentekhi municipality and Tsageri municipality. All municipalities are basically faced by a restrained economic activity and decline in registered population in recent years and a trend change of the decreasing population is not also expected in coming years. On the other hand side there is a significant influx of homecomers and temporary residents noted by these municipalities during the summer months and tourists visiting the region during that time are also said to be considerable and constantly growing in number. 
Hilly land with deep gorges and elongated river plains characterize large parts of the topography of the municipal territories. Altitude ranges between 300 and 700 m above sea level in the area of the river plains where also the municipal centers and main urban agglomerations are located but rises up above of 2,000 m in other parts of the municipalities. Typical for each municipality is a larger number of village type or scattered settlements with quite low numbers of registered permanent residents, almost no public facilities or workplaces but individual homesteads, and no real industrial but farming activities at small land parcels and very low mechanized scale. It is often far more than half of all settlements which have a population of less than 200 people (see Figure 1), most of them are elderly persons. Moreover quite a number of these settlements are remotely located, with longer distances to the municipal town center and partly to the next settlement in the direct neighborhood. Accessibility of these places is seldom ensured by more than one driveway, whereby only few of these access routes have road quality but rather comprise rutted tracks so far. Where the villages are connected from ordinary roads, these normally take a very winding course over mountain shoulders or thru deep ravines and frequently show damages or narrow sections because of these conditions.
This overall topographical, social and economic situation has rendered all municipalities of the region to be legally classified under the status of ‘high mountainous municipality’ and entitles them to receive special state support and financial privileges under this status.
[image: ]
[bookmark: _Ref27132257][bookmark: _Toc34843554]Figure 1:		Number and size of permanently populated settlements in Tsageri municipality

The main place for conducting the field investigations and analyses on waste collection and future optimization of service efficiency was the area of the Municipality of Tsageri. It covers an area of 775 km² and borders in the east to Ambrolauri municipality and in the northern direction to Lentekhi municipality. The area by many of its features can be considered representative for the general conditions in the region and in other areas in Georgia. 
The municipality’s topography is marked by a medium-high and low mountain ridge landscape with deeply cut narrow valleys and elongated river plains embedded. By altitude the territory ranges from 320 m up to over 3,000 m above sea level. The location of Khvamli and Askhi Mountains to the south and west allow for quite a comfortable microclimate compared to the rest of western Georgia. In the lower zone up to an altitude of 800 meters above sea level, the average annual air temperature is 11.4° Celsius, in January the average temperature in this zone is 0° Celsius. The rainfall is significant, reaching close to 1200 mm in a year, with precipitation even during the driest month[footnoteRef:1].  [1:  climate-data.org] 

[bookmark: _Ref27729467]The number of total registered residents in the municipality accounted to 10,393 in the year 2016. Nearly 1,300 persons live in Tsageri town, the administrative centre of the municipality, whilst the rest of the population is spread across 58 settlements and villages (see Figure 1). In total 7,076 households are counted in the municipality[footnoteRef:2]. A small concentration of multi-apartment residential houses is only seen in the central parts of Tsageri town where these are said to have a 12% share in the total housing stock. Detached houses and homesteads are the common forms of dwelling in the area. Tsageri town has semi-urban characteristics whereas the rest of the municipality is of rural structure (see Picture 1). [2:  data from municipal registries and waste management plan] 

Tsageri town has about 0.9 ha classified as public green space, the street network comprises a total length of about 16 km which for the most part is asphalted and in reasonable state. From the municipal centre of Tsageri connections into the direction of Kutaisi and to the urban centres of Ambrolauri (57 km in distance) and Lentekhi (19 km in distance) via a paved road exist2. These roads pass thru a number of villages in each municipality and therefore form the major supply arteries and principal routes to provide waste collection and disposal services to the local population. A few additional non-asphalted driveways lead from the main roads into the villages nestling in the hillside. Many of these driveways include very steep and rutted sections which usually require vehicles to have all-wheel drive even in normal weather conditions. 
[image: ]
[bookmark: _Ref29293279][bookmark: _Toc34397592]Picture 1: Parts of the municipality and main town of Tsageri viewed in the northern direction 
towards Lentekhi municipality
[bookmark: _Toc34843521]Organization of Waste Services
Georgian municipalities according to the law of the “Local self-Government Code” of Georgia are obliged and authorized to execute the collection of the solid municipal waste generated in their jurisdiction. Adopting a common pattern in Georgia, waste collection and transportation in Tsageri municipality has been entrusted to a municipal-owned service provider, the non-commercial legal entity "Communal services". It is the responsibility and task of this provider to distribute and maintain the collection containers, plan the collection, maintain and operate the vehicles and empty the containers in the municipal territory. 
New collection equipment procured by the state for the municipalities in Georgia and distributed to them from 2016 to 2018 was also received in the region. Details are covered from a separate report [‘Recommendations towards the optimization of future procurements of technical equipment’]. Tsageri municipality like all other municipalities got additional collection trucks and waste containers.
Until mid of June 2018 the municipality received 150 new 1.1m³ containers in addition to the nearly 150 containers it had in use before that date. The same number of new 1.1m³ containers was also supplied to Oni municipality, Lentekhi received 100 additional containers, Ambrolauri double this amount. Unlike some municipalities which used most of the new supply to replace their older style containers, Tsageri used only a few of the new plastic containers to have part of the existing metal containers replaced. Most of the supply was used to supplement the already existing container stock in order to increase distribution density, and to set out containers in places that haven’t been served by collection before. In the overall, between 260 and 296 containers, including about 35 pieces of 0.6m³ older style metal containers were in use in the municipality at the moment of the investigations (see Picture 2). A simple tabular record kept from the "Communal services" lists the number of containers of different type and how many of them are placed in the different villages and areas of the central town.
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[bookmark: _Ref29293382][bookmark: _Toc34397593]Picture 2: The different types of mobile waste collection containers presently in use in Tsageri municipality
As part of the supply of new equipment, new collection trucks were also handed to the municipalities. Tsageri municipality received two of them and since then uses one Mercedes rear-end loading compaction truck with a gross body-volume of 13m³ and one Mercedes four wheel drive rear-end loading compaction truck with a gross body-volume of 7m³ for waste collection. Also still available but more seldom in use is a compaction truck from 1998 with 5m³ collection volume2. This situation of available collection vehicles is also comparable with that in many other municipalities of the semi-urban to rural type (see Picture 3). 
[image: ]
[bookmark: _Ref29293540][bookmark: _Toc34397594]Picture 3: Mercedes compaction trucks of different size (front: with 7m³, back: with 13m³ gross collection volume) used since 2017 in the municipalities of the Racha-Lechkhumi and Kvemo Svaneti region
The collection of waste in the Tsageri municipality follows a plan that both, municipal administration and the non-commercial legal entity "Communal services" have agreed and endorse (see Figure 2). This plan is the normal default and its implementation gets slightly changed seasonally and in the course of special and holiday events. In particular, additional collection trips are being included or tours are occasionally shifting to other days of the week then. The plan basically names which areas shall be served on which weekdays and what type collection truck is used for the tour. The tour length and number of containers served is only indicative. The plan does not prescribe a specific sequence or routing for the collection process itself.


[bookmark: _Ref530672035][bookmark: _Toc531005621][bookmark: _Toc34843555]Figure 2:		Regular tour schedule for the municipal territory of Tsageri as of June 2018
Waste collection services are said to reach all residents in the town centre of Tsageri whereas only about 40% (24 from 58) of the village settlements are connected to collection. The scattered dwelling structure and remoteness of individual homesteads leads to the situation that even in these connected villages certain parts of the population don’t actually get covered from waste services. The municipal administration estimates that service coverage for nearly half of the total population (47%) is so far ensured2. Difficult accessibility and conditions of driveways pose the main preventing factor to expand the services to additional areas in the municipality. The administration furthermore considers availability of collection equipment as limiting factor, yet before issues concerning the efficiency of collection in these areas give rise for concern. 
With the municipal sakrebulo decision from February 2017 the waste collection fee was increased by 100% and fixed at a monthly rate of 0.5 GEL per person. Another sakrebulo decision from April, 2018, regulates that persons with socially vulnerable status have to pay only 50% of that rate. However, talks held in the municipality support the assumption that the revenues received from waste fees are far below the expectancy level and mainly coming from payments made by commercial entities whilst the households show little willingness to pay. Older figures indicate that the actual payments made hardly go over 10% of the expectable amount. One has to consider, however, that more than 50% of the population is entitled to receive social allowance from the state and a significant number is classified as belonging to the group of socially vulnerable persons. 
Based on the tour plan shown above, about 10-14 m³ mixed waste are currently collected per day in the municipality. Collection in the area of Tsageri town also includes the waste from daily street sweeping works carried out manually on a total surface area of nearly 8 ha, and from the daily cleaning of 0.5 ha public park and garden land. This overall volume correlates with the waste amounts registered at the landfill site in Tsageri. It must be noted though that since 2017 the waste collected from two municipalities, Tsageri and Lentekhi is delivered to this landfill. For the year 2017 was registered the total equivalent of 1,252 tons (1039 tons from Tsageri and 213 tons from Lentekhi), and in 2018 the total equivalent of 1,800 tons[footnoteRef:3]. A considerable share of this increase in collected quantity must be attributed to the newly added collection capacity (container and trucks)  in both municipalities during the year 2018, and the more consistent deliveries of waste from Lentekhi to the Tsageri landfill. In the municipal waste management plan is expected that these waste amounts are going to triple up until the year 2022. Neither the population dynamics nor the yet existing deficits in collection coverage do support this assumption, however. Also can be noted that even with more than double the number of collection containers being set out since 2018 in both municipalities, the total landfilled waste quantity has not increased in the same proportion. [3:  according to data supplied from SWMCG] 

[bookmark: _Ref34828414][bookmark: _Toc34843522]Legal Obligations
Most relevant obligations pertaining the collection system for municipal solid waste and information about collection and collected waste contain the Waste Management Code of Georgia, the National Waste Management Strategy 2016-2030 and the Technical regulation on “The rules of municipal waste collection and treatment” (Ordinance №159, 01.04.2016). 
The Waste Management Strategy formulates as targets that 90% of the municipal waste is collected by the year 2020 and that in 2025 coverage has to reach 100%, meaning all residents are connected to collection services. Further hereto a separate collection for paper, glass, metal and plastic shall be fully established by 2025. Beginning from the year 2020 a certain minimum of the waste has to be recycled[footnoteRef:4]. Immanent to all that and consequently stipulated in each regulatory document is the need that corresponding data be reported and collected continuously. Likewise pointed out is the importance of these data in order to prove and improve the efficiency of the established systems and capabilities to managing them. [4:  nationally 30% of paper, 20% of glass, 70% of metal and 30% of plastic in 2020] 

More specifically this can be read for example from Article 9 of the Technical regulation on “The rules of municipal waste collection and treatment” which obliges municipalities to ensure the municipal waste collection services to be efficient and compatible with local geographical and socio-economic conditions. The same regulation contains the demands that the collection system in municipalities be improved and expanded based on consideration of the experience, and that sufficient information on operation and maintenance of the existing system shall be obtained for developing the system. Article 21 then prescribes the requirements for a collection system monitoring and management.

[bookmark: _Ref33178034][bookmark: _Toc34843523]Investigation arrangement and period 
Municipalities in the project region were for the first time sensitized about the needs and certain techniques for data collection and monitoring in the SWM field in the course of developing municipal waste management plans in the year 2017. Here, however, the focus had to be laid on generating base data to estimate the municipalities’ solid waste volumes and available resources to managing them, and to set a starting point for the planning first of all. The municipalities had been made aware that these data and the performance of waste services would have to become regularly examined subjects, and that waste sorting and tour escort analyses could be appropriate tools for that. Launching this investigation and therewith a more continuous monitoring of specific parameters for waste generation and SWM performance therefore marked the next step and another quality of data work for them. 
Tour escort and waste characterization studies give useful tools in support of SWM planning and performance measuring as far as is ensured that the data obtained are representative, i.e. won in an unbiased and systematic manner. This is associated with certain prerequisites. Knowing and adhering with certain methodological standards for the investigations (see chapter 4.1) and to prepare and conduct them with due respect to fundamental principles and local specificities are, among others, essential. Good communication and forward-looking agreements on these investigations with the crews/planners involved in waste collection whilst keeping an impartial position and the implementation as little as possible compromised by subjective preferences are not least important. 
The AMC component from that point of view gave an ideal framework to have pilot investigations on collection efficiency launched in a municipality of the project area with the help of the team of external SWM experts. Background and main driver however came from the yet poor, fragmentary and inconsistent information base on waste management processes in the municipalities in general and in relation to their efficiency and optimisation potential in particular. Improving this situation is envisaged in the municipal waste management plans. Moreover it is an urgent necessity with regard to further procurement processes and the increasing importance of cost and refinancing aspects, and is imperative as a basis to have services consequently optimized and monitoring obligations fulfilled.
Taking up this subject was therefore just as important for the development of technical capacities and eventually led to the combination of the field investigations with a corresponding practical training for municipal key staff, especially in the frame of the last study campaign.
Joint planning and co-ordination of the study procedures with key staff in the municipality indeed marked critical steps for the success of this pilot analysis. As the implementation of tour escorts are concerned full clarity must be attained on all sides about the exact tour schedule, parameters to be investigated, records/footage taken, mode of accompaniment and particularities on the collection tour. If need be corresponding permissions (e.g. for picture-taking, to enter certain areas or the driver’s cab) must be secured. Escorted tours should represent the ordinary collection settings without deviations from the normal routes and crew routines. It is not advisable to execute such studies in times of intense road construction works or any other extremes (e.g. weather) as such would jeopardise the result. Existing local knowledge about the seasonality and hotspots of waste generation poses a valuable input towards the planning of waste characterization and interpretation of results.
A first series of dedicated coordination talks was held with all relevant parties in Tsageri municipality during visits in June and September, 2018. Further written notes were exchanged in between for additional clarification. Each individual study campaign in addition was accompanied by meetings with the administration and acting staff of the communal services before and subsequent to the investigations. These talks served to mutually receive updates about the situation, tour plan and foreseen activities before the uptake of the tour escorts, and to discuss actual achievements, observations and issues in need of further explanation afterwards.
This approach helped strengthening the conviction of the local actors towards the benefits attainable from the investigations and their readiness to fully co-operate in the process. 
Backed by the talks and awareness on the requirements to attain conclusive results, three study campaigns to win field data on the collection and composition of waste had been eventually realized for this pilot investigation. These campaigns were seasonally distributed in a manner that periods of lower as well as the highest waste generation season could be covered and started after the new collection equipment (containers and trucks) had been fully put into operation.
The 1st campaign of tour escort and waste sorting analyses was conducted mid of September 2018 (13-18/09), at a time the peak season in the municipality was said to have come to its end. The 2nd campaign took place at the beginning of May 2019 (03-08/05), thus past the Easter celebrations (which usually cause a small peak in homecomers and waste generation too) but just at the moment life in the municipality was expected to gain its normal intensity. In August 2019 (07-12/08) which is supposed to mark the month with a peak of waste generation and visitors in the municipality, the 3rd campaign was implemented (see Figure 3).  
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[bookmark: _Ref29293968][bookmark: _Toc34843556]Figure 3:	Seasonal placement of field study campaigns viewed against the waste dynamics as recorded by the SWMCG at the landfill in Tsageri
[bookmark: _Toc34843524]waste collection Tour escort
[bookmark: _Ref531877115][bookmark: _Toc34843525]Methodological Approach
The efficiency of waste collection can be evaluated in qualitative and quantitative terms. 
For the qualitative evaluation experience and insights into best practice are needed for that the observed performance can be compared and rated against desirable standards. For that an experienced logistic expert who identifies weaknesses in the collection process, the equipment and the container sites should be involved in the investigations. Asking the actual recipients about their acceptance and satisfaction with collection services can become another component for a qualitative evaluation. 
Basically geared to help directing further the optimization of municipal services and developments of the SWM system as well as corresponding investments, the pilot investigations concentrated foremost on the expert assessment along a number of questions of key interest. An overview of these questions and the most relevant observation aspects can be found in the predecessor report. The priority, of course, was to see how far truck and container technology suit local conditions, supplied collection capacities/services suffice actual needs, and crew performance complies with good practice and safety requirements. The report section analyzing the actual findings informs about the evaluation result (see chapters 6.3 ff). 
Logistic indices are used for quantitative evaluation. These logistic indices are time-based and represent the segmentation of the collection tour into characteristic periods and activities. It is one of the main purposes of the tour escort to take records on the duration of these typical periods, i.e. measure how long it takes to carry out a certain collection activity. The efficiency of the collection tour is assessed by comparing the logistic indices of different collection tours considering the specific constraints like space patterns, collected waste fraction as well as types and number of containers to be emptied per location. 
Generally, a collection tour can be divided into characteristic segments for which the indices are defined as follows:
	· Loading time:
	Time the collection vehicle stops at the individual pickup locations (container sites) for loading the waste (e.g. container emptying).

	· Interim driving time:
	Time needed to travel between the pickup locations in the actual collection area. Effective collection comprises the sum of loading and interim driving. 

	· Transition time:
	Time for driving from the truck yard to the first pickup location, from the place of the last pickup to the site for waste discharge (waste deposit or handover facility) and from there back to the operating area or truck yard. 

	· Unloading/break time:
	Time needed to discharge the waste /empty the collection truck at the reception facility and spent for breaks or other inoperative events.


Records are taken by stopping start and end time whenever the respective event/activity occurs. Electronic systems (GPS tracker or telematics systems) provide an alternative for manual recording. These kind of devices are nowadays components in modern truck fleets and used for automated monitoring and fleet management. 
The simplest methods are escorting the waste collection truck with a car or by joining the crew for record taking directly on the truck. The collection process should not be influenced by the escort team, however. This might be the case when escort staff is riding with the truck and special attention must be given on his/her actions (leaving/entering the truck for taking records, etc.). 
All necessary data, i.e. the time-dependent one (e.g. the truck’s stop at each container site resp. pickup location, the time for unloading) and others (container number per site, filling level of the containers, any specificities at the site or during the pickup process) are protocolled during the escort. With the help of these data, the logistic indices are calculated and a tour profile can be drawn up (see Figure 4 as an example). 
Collection
Transition
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[bookmark: _Ref530670818][bookmark: _Toc531005622]
[bookmark: _Toc34843557]Figure 4:		Time and process division of a collection tour (theoretical example)
[bookmark: _Ref531952062][bookmark: _Ref33178108][bookmark: _Toc34843526]Implementation
Escorting by separate car was the option eventually chosen as it ensured the most practical solution and better sight on all processes throughout the collection tours in the municipal territory of Tsageri. The escorts were conducted with a 4WD-car and team of three persons (one expert/driver, two persons doing the time recording and on-the-spot container checks). The decision which tours are to be escorted during each campaign was made in dependence from the actual tour schedules in the respective period and arrangements achieved about with the municipal administration and communal services. Attention was paid in these decisions that all tours would be escorted at least once and that tour escorts in specific structures of settlement would be repeated in different seasons.
Data which characterise the different collection tours are displayed in Table 1.
[bookmark: _Ref529810388][bookmark: _Ref529810382][bookmark: _Ref531952028][bookmark: _Toc34397610]Table 1: Key data for the collection tours escorted and origin of analyzed waste samples 
	Tour index
	Tour routing 
(main locations served)
	Tour length
	No. of served sites/containers 
	Dates of escorts

	TCC*
	Tsageri town (commercial) centre
	9 km, 11 km
	69/82,
70/78
	15+18/9/18
4/5/19, 9/8/19

	TRP*
	Tsageri town residential part
	4 km
	29/29
	15/9/18

	TLP*
	Tsageri lower part-road settlements (Kveda Ts.)
	16 km,
19 km
	40/40, 
50/50
	15/9/18 
4/5/19 

	RUR (OLA)
	Lailashi-Tabori-Alpana-Tvishi-Zogishi-Spatagori-Lajana-Orbeli
	98 km, 99 km
	37/41,
42/44
	17/9/18, 
10/8/19

	RUR (OGL)
	Okureshi-Kulbaki-Green Lake resort-Makhashi-Lasuriashi-Dekhviri
	81 km
	35/39
	6/5/19

	Lentekhi
	Lentheki town area (no route records available)
	n.a.
	n.a.
	14/9/18, 7/5/19 
(sampling only)

	Lentekhi
	Village tour (no route records available)
	n.a.
	n.a.
	7/5/19, 9/8/19
(sampling only)


* Note that these normally represent only sections within continuous day tours (parts of the Monday, Wednesday and Friday tour according to the regular schedule, see Figure 2) which had been split up for analytical purposes to cover urban and semi-urban type areas and obtain waste sample from these separately. In that way the collection practice, tour indices and composition of the waste in the different structures of Tsageri town could be specifically examined and eventually compared. Differences in milage and sites must be attributed to this artificial division of the tour into sections.
The sampling and sorting analyses subsequently executed on the waste collected on each tour were done by the same team. As part of the practical training conducted in August 2019, the staff sent by 10 municipalities was introduced and integrated into the tour escorts and sorting analyses directly in the field (see Picture 4). Later on the core team performed additional escorts and sorting analyses again alone in order to complete the campaign.  
	[image: ]
	[image: ]
	[image: ]


[bookmark: _Ref29294298][bookmark: _Toc34397595]Picture 4: Waste sampling and sorting analyses with municipal staff from the region during the practical training conducted in August 2019 at the landfill in Tsageri 
Handheld Garmin™ GPS devices were helping the team during each tour escort to store geo data and produce tracking records. Such a tracking is serving a multitude of purposes. It can provide administrations and municipal services for the first time a mapping of the container stock and different tour routes (see Picture 5 ff.), supplies a means to verify collected tour information and to likewise undertake the comparison of tour data (monitoring). These tour data are generated in the course of the tracking in that the geo positions of each container site are stored together with geo-referenced photo images (JPG-files) taken from them. With the data pool obtained a data base on available container sites and stock including locations and physical state, and on performance parameters can be created and continuously feed. Together with other information it provides the basis for a container management and monitoring system. One proposed component of such system has been drafted and introduced to the municipalities with a register format subsequent to the pilot studies. It is again briefly described and presented in this report (see chapter 6.4.2). 
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[bookmark: _Ref29830241][bookmark: _Toc531005623][bookmark: _Toc34397596]Picture 5: GPS track of collection tours escorted in September 2018, TCC and RUR (OLA) repeat in August 2019
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[bookmark: _Toc34397597]Picture 6: GPS track of the collection tours escorted in May 2019
[bookmark: _Toc34843527]Results Analyses
[bookmark: _Toc530998662][bookmark: _Toc34843528]Quantitative evaluation
[bookmark: _Toc34843529]Tour parameters
Basis for the overall evaluation and recommendations towards a possible optimization of tour arrangements and collection efficiency (see chapter 6.3.1.2) are the observations and numerical results obtained from the tour escorts. These are presented here as a summary and in comparison of the three campaigns, first.
At the moment of the investigations about 90% of the container locations (container sites) in the municipality of Tsageri were equipped with only one container. Cases that more than two containers have been set up at the same site were found very rarely (<1%) and only in the very centre of Tsageri town. As can be seen in Figure 5 this is not a static situation, however. When the collection tour serving the town centre was repeatedly escorted, no such case has anymore been observed. This seems to indicate that containers might either be moved by the population to places considered as being more convenient or that slight adjustments in the placing of containers are done by the communal services. Generally was found that the set out containers remain in their places, however.
The average loading time per container site on the tours escorted in the different urban structures is shown in Figure 5. The difference in container settings per site can likewise be seen in this diagram (blue column = sites with 1 container, red = sites with 2 containers, green = sites with 3 containers). The loading time, of course, correlates with the number of containers found on a site. 	
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[bookmark: _Ref528328256][bookmark: _Ref529904345][bookmark: _Toc531005624][bookmark: _Toc34843558]Figure 5:		Average loading time per container site depending on the container number5
What the time records reveal is the fact that loading a single container is taking significantly longer in the rural areas compared to the other structures in the municipality (see also Figure 6). This difference is clearly attributable to the conditions found at the container sites. Undergrounds of the container sites in the rural areas in general are not favourable to move and attach the containers to the truck, also the distances of the containers to the truck stops are in many cases longer. 
Further can be seen in the records, that loading times become a bit longer in the season where the intensity of container usage (filling level) is usually lower. This can be considered a consequence of the suboptimal lifter design on the collection trucks. These lifters at their maximum lifting point show a tipping angle which is not quite ideal (and comparable more open than that of modern lifters) for emptying. Smaller amounts in the containers experience a lower force of gravity and don’t fall easily into the truck body as containers reach a less inclined position during lifting. In that case the crews have to initiate swinging movements with the lifter which consumes more time and energy. Another time consuming action is pressing the waste during loading operations, this effect influenced the records on loading time in particular on the RUR-OLA tour in August 2019. Such shortcomings in the equipment design and their consequences for collection operations are discussed in a separate report [‘Recommendations towards the optimization of future procurements of technical equipment’]. 
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[bookmark: _Toc34843559][bookmark: _Ref30159090]Figure 6:		Average loading time of a single container in the different structures[footnoteRef:5] [5:  Waste (CDW) delivered by residents to some sites in a loose form upon arrival of the collection truck must also be considered a cause for the differences in loading time when comparing the repeated TCC tour.] 

Loading times on the sites with one container in the urban and semi-urban structures stay in a quite narrow range between 80 and 100 seconds, exceptional situations excluded. The conditions found at the container sites in these structures are quite similar. More difficult are the conditions at the sites in rural areas and therefore the main cause for notable time differences for loading containers there (see Figure 6). A further reason derives from the fact that the loader team leaves and re-enters the drivers cab on each stop because of longer driving distances between the individual container sites. The records taken on these tours for the interim driving time illustrate that (see Figure 7). 
[bookmark: _Ref529971011][bookmark: _Toc531005628] sec
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LT=Loading time; IDT=Interim driving time
[bookmark: _Toc34843560]Figure 7:		Average for time parameters on the tours in different structures

Interim driving time is an indicator for container density and travelling speed.  The average measured for the interim driving time of the different collection tours varies between 49 and 118 sec. The longer distances between the container sites explains the longer interim driving time on the waste collection tours serving rural areas. Difficult road conditions in these areas cause the collection trucks to also travel at lower speeds. Data from the escorts show that on long sections of the tours in rural areas the collection effectively progresses at an average speed below 10 km/h only.
From the composition of the total tour time information about the profile of the tour, the arrangement of the collection process and general performance during a shift can be obtained. Short unloading/break times (in Figure 8 the purple column) for example indicate an efficient use of the working time, and that waiting processes in particular do not halt the collection unnecessarily. Waiting in traffic jams or to get the collected waste unloaded at the respective facilities such as transfer stations or landfills are typical incidents that impair the efficiency of collection tours. 
Such incidents obviously don’t play a role in the investigated region yet and are limited to exceptional cases only. Natural calamities like mudslides, rockfalls or uprooted trees as well as animals blocking roads are most relevant here at the moment. The issue might however gain in relevance once the process of delivering the collected waste to transfer stations and/or directly to the central landfill starts. Observing, recording and comparing time parameters of the collection tours regularly would then supply the evidence necessary to initiate or call for optimization measures, either in own operations,  those of the contractual partners or on both sides. Such adjustments can comprise changes in the collection days, in the arrangement of work shifts, tour routes or the opening hours of the facilities.
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UT/BT=Unloading time/Break Time; TT= Transition time; IDT=Interim driving time; LT=Loading time
[bookmark: _Ref529971759][bookmark: _Toc531005629][bookmark: _Toc34843561]Figure 8:	Collection tours in the different structures broken down by time components
The composition of tour time for the escorted tours in comparison does not reveal any significant changes on the tours throughout the seasons. The considerable difference in accumulated interim driving time for the urban and semi-urban areas compared to village tours finds an explanation in the higher number of container sites (container density) and longer time actually spent on collection in the first structures. Remarkable is the high proportion of time needed on the collection tours serving rural areas just for travelling (transition time). Between 60-70% of the shift are consumed by that (see Figure 9). The parameter therefore indicates an area where potentials for optimization should be critically examined and explored (see chapter 6.3.1). 

UT/BT=Unloading time/Break Time; TT= Transition time; IDT=Interim driving time; LT=Loading time
[bookmark: _Ref30165866][bookmark: _Toc34843562]Figure 9:	Comparison of collection tours serving different structures with regards to their time components
[bookmark: _Ref34657758][bookmark: _Toc34843530][bookmark: _Ref29826345]Intensity of container usage (filling level records)
The filling level of the waste containers and bulk density at the moment of collection are important parameters to appraise the waste generation and whether the container setup (distance resp. density), number per area and container volume provided on each site are appropriately planned. The findings on the container filling degree displayed in Figure 10 and Figure 11 as the average for each analysed territorial structure are derived from records made during the collection tour escorts. 
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[bookmark: _Ref501848390][bookmark: _Toc531005633][bookmark: _Toc34843563]Figure 10:	Filling degree per building structure
The average filling level of the containers (blue column) shows that most of the containers are filled significantly below capacity at the moment of collection. 
In the suburban structures which receive services almost at the same intensity like the town centre the lowest filling levels are noted. The waste quantity that accumulates between the collection days covers only one third of the available container volume on average. Just a very few containers (approx. 10%) are filled by over 80% when the collection truck arrives for emptying. Suburban structures receive services often in one run with the central town areas where the container usage is however much higher. On average half the container capacity is absorbed here when a truck arrives. Nearly one third of the containers is then filled up to a level which calls for emptying. The situation in the remoter rural villages is somewhere in between the other structures but tends to be a bit alike that in the town centre which is due to the expanded collection intervals and thus the longer time waste can accumulate in the containers. 
Cases of overfilled containers have very rarely been observed in any structures. It indicates that container capacity is enough and the population generally able and willing to use other containers for waste amounts that exceed the capacity of the nearest container. All that provides for a certain (capacity) reserve regarding the possibility to prolong the collection intervals. Also the intensity of container usage in the remoter villages would allow this as filling levels here show to lie in a safe corridor of reserve capacity.
Contrary to the assumptions made in view of the announced multiplication of the population in the summer season there has no drastic change of the situation been observed throughout the year.  The peak season in fact leads to higher container usage and filling levels across all structures (see Figure 11) but not to the extent that the municipality would run a big risk of littering or pollution by overflowing containers if service intervals were slightly prolonged in that period too. 
Such adjustments of course must be initiated in a sensible manner and tested at a very moderate scale first. Also must be taken into consideration the tour as a whole which ideally stays within the limits of a shift and ends up with the truck body being filled to the end. A prolongation of the service intervals for far way areas at the expense of trucks travelling back and forth to get their truck bodies in the interim several times emptied does not provide a useful alternative, of course. 
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[bookmark: _Ref29224474][bookmark: _Toc34843564]Figure 11:	Filling degree per building structure
Since weighing the container or truck loads aren’t available options in the investigated region until now, waste sorting data had to be used for an approximation of the bulk density. The results obtained from these calculations are therefore displayed and discussed together with the findings on the waste composition (see chapter 5.2.1 and Figure 16). 
With another limitation being that the actual number of container users cannot be established right now in the different structures, there is also no basis for reliably calculating the waste generation per capita. From census data and total landfilled quantities for Tsageri a theoretical daily waste quantity of 0.27 kg per person is derived. Bringing together data from the three campaigns and population figures available from the served settlements results in a per capita amount that is at least twice as high. Both values seem to be in certain harmony however, considering that collection services have so far reached about half of the populated settlements in the municipality only. Therefore can be rightly assumed that the average per capita waste generation in Tsageri amounts to approx. 230 kg/a. 
[bookmark: _Ref34397045][bookmark: _Toc34843531]Additional qualitative findings
Numerous additional observations (O#..) have been made during the tour escorts and can be summarized in the following way:
O#1 [bookmark: _Ref34397058]Completely full containers have been rarely observed, actually overflowing containers not at all. Citizens in a very few cases stopped the trucks to handover waste (often CDW) or brought such to the pickup site just when the truck arrived. The quantities would as well have fit into the public containers, also the distances to these containers did not appear as a possible problem here.  Littering along the served routes or waste placed beside containers was not obvious.  Relocating containers or moving them to other places with a very few exemptions had not taken place. 
 All the aforementioned speaks for a good acceptance of the established container sites, the suitability of the used container type for current collection needs and citizens who are generally obeying  the given rules for container usage and litter protection.  Each tour for container emptying was found to be offered in a more than appropriate frequency in any investigated season. Opportunities to get waste in moderate quantities but with special properties (e.g. bulky items, CDW) properly disposed are sought from the population already but have yet to be created (e.g. amenity site, special collection campaigns, extra [skip] container services).
O#2 [bookmark: _Ref34397090]In the period covered from the escort campaigns only small changes were noted in the collection crews and also the tour routing was not drastically altered. The crews consequently performed their job in a very consistent and continuous manner, neither impaired by the need to search for container sites or individual containers nor to get accustomed with the container or truck mechanics.  Handling these mechanisms and fixing small problems required obviously a certain familiarity and experience with them. To drive in the partly difficult terrain and reach containers directly without too many manoeuvres and unnecessary ways needs very good acquaintance and capabilities as well. The crews showed to have all that, they also were having some protective clothing in the form of safety vest and gloves although these could have been of a more sophisticated design. 
 These observations confirmed that the personnel hired by the municipality for waste services is generally well instructed, trained and sufficiently prepared for this work. However, an exposure to quite some challenges for personal health also must be noted and recognized.  For example hauling and fixing the containers to the truck for emptying is particularly difficult in the areas with uneven and rutted ground surface and consumes a huge exertion of physical force. Suboptimal features and design of the supplied collection equipment even add to that burdens and mark a field where deficits must be urgently addressed and quickly overcome (see separate report ‘Recommendations towards the optimization of future procurements of technical equipment’). Likewise seen during this investigation but also elsewhere on landfills in Georgia were extremely risky practices of crew members standing under elevated and moving parts of the truck or even climbing on them for cleaning works (see Picture 15).  
O#3 [bookmark: _Ref34397098]All tours could be finished within the time of ordinary work shifts, normally without interruptions for reasons of an interim emptying but with the truck body eventually loaded close to their carrying capacity. Among others this is being achieved by frequently activating the truck’s press mechanism although technical deficits also must be noted on this mechanism. Compacting the waste in the truck body is done in conjunction with the emptying of almost every second container, and therefore in rather high frequency and at the expense of a high consumption of additional energy. 
 Tour planning and tour routes are generally done in very practical ways although some optimization potential still exists to improve collection efficiency. In this respect rather critical and not under the influence of the municipal staff so far are technical shortcomings noted on the equipment (see separate report ‘Recommendations towards the optimization of future procurements of technical equipment’).   
O#4 [bookmark: _Ref34397103]While on the collection tour the trucks sometimes passed by containers without emptying them. In these cases the containers were of different type and dimension (0.6 m³ flat cover metal container) and thus not matching the lifter design on the truck presently in use. As a consequence of that another truck with the appropriate lifter had to be sent in an extra tour to these containers. Alternatively one lifter arm was adjusted at the end of the tour to suit the different container dimension and the truck had to go an additional round then. 
 The above indicates a clear need for the further harmonization of the container stock, which basically can be achieved in two steps. The quick one is grouping containers of the same type together in a tour or a certain section of it, the medium term solution comprises a substitution of the containers of different style and thus establishment of an uniform container standard.
[bookmark: _Toc34843532]Waste composition analyses
[bookmark: _Toc34843533]Methodological Approach
Empirical knowledge about local waste composition thus far has been missing in the region as the local Waste Management Plans of most of the municipalities reveal. Only for Kutaisi an analysis had been conducted some years ago, the information that exists about however seem to indicate that the applied concept was of a rather weak methodological nature. 
Reliable knowledge about local waste composition enables municipal administrations to determine waste management strategies and treatment measures tailored to the waste disposal patterns in the different territorial structures, deal more effectively with waste generation hotspots and tap the potentials for material recovery in a very targeted manner. 
Tour escort studies for this reason were directly combined with waste characterization/sorting analyses to obtain the maximum yield on waste management-related information from the field investigations.  Samples taken from the amount of municipal waste collected during each escorted tour and subsequent material sorting applied on them made it possible to establish the waste composition in relation to the different territorial structures of the municipality. For the sampling and sorting internationally recognized and proven methods and principles were followed. These and their application are discussed in more detail in the predecessor report from Dec. 2018, summarizing the 1st study campaign. A further reference on that contain the recommendations for sorting in this report (see chapter 6.1).
To give the waste generation dynamics throughout the different seasons and the territorial strata (different settlement structures) adequate consideration are essential issues in order to gain useful information from sorting analyses. Both aspects have been thoroughly addressed with the arrangements of the study campaigns (see chapter 3 and Figure 3) and for the tour escorts (see chapter 4.2 and Table 1). The results of the sorting analyses are therefore also presented in the same differentiation like those from tour escorts, i.e. by investigated structure and time of the analyses, as well as in average view. 
Taking samples from the individual truck loads was adopted as the most reliable approach. In practice that happened right after these loads were discharged at the landfill. Each sample comprised the content of 10 buckets of 60 litre volume, thus a total of 600 litres. That is about 5% of the uncompacted volume of the truck body and equal or more than 1% of the total gross container volume emptied on each collection tour. By general experience this can be considered sufficiently representative for a tour, although more statistically sound sampling modes are proposed for sophisticated examination goals. Each sample in addition reached a weight of 100kg in the minimum and thus was also comparable in size with the quantity sampled in by CENN in the sorting campaigns in Adjara and Kakheti.
Table 3 provides a complete overview on the sampling throughout the whole study period. All together 16 samples with a total weight of nearly 2 tons were analysed for this investigation. An impression about the process of sampling and sorting give the Pictures 7-9.
[bookmark: _Ref501847984][bookmark: _Toc34397611]Table 3:	Overview on the sampling
	Sampling over the study period / Basis for waste characterization analyses
	Total sorted quantity

	Data / tour index
	Total number of samples / volume (weight)
	Waste origin
	

	Lentekhi
	4 / 2.4 m³ (506 kg)
	Municipality of Lentekhi
	≈ 9.6 m3
(1,915 kg)

	TCC (commerc. cent.)
	4 / 2.4 m³ (405 kg)
	Municipality of Tsageri
	

	TRP (residential part)
	2 / 1.2 m³ (272 kg)
	
	

	SUB (suburban parts)
	2 / 1.2 m³ (255 kg)
	
	

	RUR (remote settlem.)
	4 / 2.4 m³ (477 kg)
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	[bookmark: _Ref33183796][bookmark: _Toc531005630][bookmark: _Toc34397598]Picture 7: Sampling was done on the truck loads from different collection tours and structures after their discharge at the landfill
	[bookmark: _Toc531005631][bookmark: _Toc34397599]Picture 8: Waste samples were won via vertical slots dug stellar like into these waste loads in accordance to recognized sampling instructions
	[bookmark: _Toc531005632][bookmark: _Toc34397600]Picture 9: The samples were taken to sorting in a sheltered place. There the whole sample was sorted by material >30 mm in size


All samples were sorted separately by hand. A rake with a prong distance of about 30 mm was used instead of a screen to make a screen cut for smaller sized components. The components >30 mm were sorted in defined material fractions. These are the 12 sorting fractions displayed in Table 4. The screen cut <30 mm was not sorted and considered as one fraction, consisting of fines. Based on analytical experience can be assumed that this fraction comprises mainly organic and inert (mineral) material. Sorting a mix of such small sized components is difficult, time-consuming and thus rather inefficient for the additional knowledge that can be gained this way on total waste composition. It is also a material fraction which in that composition and size makes other treatment options than composting or biological stabilization not practical.
[bookmark: _Ref501848042][bookmark: _Toc34397612]Table 4:	Sorting fractions[footnoteRef:6] [6:  Photos from all sorted fractions and samples were taken in the course of sorting. This photo documentation is frequently used for presentations and in the production of training materials but can be made available upon request also.] 

	Sorting fraction
	Typical components


	paper/board
	cardboard packaging, writing paper

	glass
	jars, bottles, window glass

	metal
	beverage cans, aluminium foil, metal stripes, nails

	plastic foil
	packaging film, shopping bags

	hollow plastics
	beverage bottles/beakers, polystyrene and packaging for liquids

	kitchen waste
	single rotten fruits, cooking residues, food remains, peels of vegetables, wet tissues

	yard waste
	leaves, plants, weeds, fallen fruits, materials from clipping 

	textiles
	clothing, blankets, towels, shoes

	mineral waste
	ceramics, porcelain, bricks, stones

	wood
	branches, fragments from woodwork or wooden consumer products 

	dangerous waste
	pharmaceuticals, batteries, gas discharge lamps, dyes, solvents, electrical equipment

	other materials
	mainly diapers, other unidentifiable items

	< 30 mm
	sawdust, grass clippings, dust


Eventually, all sorting fractions and the fine fraction were weighed separately (tara weight) to establish the share the different materials have in the total waste amount. Individual contents weight and volume of the filled buckets allowed the density of the samples to be theoretically calculated. The aggregated values obtained can be considered nearly representative for the average bulk density of the collected waste in the public containers. The results with their seasonal variation are shown in Figure 16.
[bookmark: _Toc34843534]Results Analyses
[bookmark: _Ref34384157][bookmark: _Toc34843535]Waste composition
[bookmark: _Toc34843536]Overall material composition
Figure 12 shows the material compositions of the waste collected from different territorial structures at different times of the year. Variations in the compositions are clearly noticeable for the samples won from the waste of the same collection tours (=settlement structures) during different seasons. Also the differences between the composition of the waste collected from remoter settlements and the urban centre of the municipality can be seen. 

[bookmark: _Ref501987840][bookmark: _Toc531005635][bookmark: _Toc34843565]Figure 12:	Waste compositions in the different territorial structures
In general the material proportions in the peak (summer) season and in spring in fact were more alike compared to those found during the autumn campaign. Especially notable is the inverse trend which the proportions of yard and kitchen waste take in comparison of the two seasons. Both can also be seen in the consolidated results for all three study campaigns (see Figure 13). 

[bookmark: _Ref33187142][bookmark: _Toc34843566]Figure 13:	Seasonal variation of the waste composition
Yard waste and fines <30 mm in size in general give the main fractions over all analysed samples. Next to this follow kitchen waste and inert waste. The proportion of materials that suit for composting is thus everywhere the highest. For the most structures this share of waste comes close to 60% in weight. In the suburban structures and parts of the town dominated by residential premises the highest proportion of biodegradable waste can be found. Kitchen and food waste as well as leftover materials from gardening are of particular relevance as there is no such livestock raising or abundant space like in the villages existing in these places so that home owners seek solutions for a quick disposal.  
From the material fractions with high recycling potential paper/cardboard is dominating followed by plastic film and hollow plastic bodies (mainly bottles). Only small portions of the paper remain in a recyclable quality however after their disposal in a mix with other waste. Significant were these amounts in the commercial centre of Tsageri town where shops and restaurants generate larger amounts of transport boxes, packaging and wrapping material and where paper waste comes from schools and administrative buildings. 
Waste items from plastic and glass are more evenly contained in the waste collected across all structures. 
Textiles were a notable part of the waste collected in the residential parts of the town and the remoter village areas. 
Diapers made up another considerable share of the waste from those village areas, a kindergarden in the settlement Lailashi appeared as being one of the largest single sources for this type of waste. 
Dangerous components with a maximum share of 0.1 % seem to play a very insignificant role in the waste across all structures. Pharmaceuticals, household chemicals and cosmetic products were the items most frequently found in this category.
Due to the efforts made in the course of this investigation to align the method applied for the sorting analysis in the study area with the one CENN has used in the Adjara region, a comparison of the findings can be drawn up (see Figure 14). 
The analysis shows that the average waste compositions are not dramatically different but that the waste in Adjara contains slightly more recyclables compared to the waste collected in Racha-Lechkhumi/Kvemo Svaneti where the share of organic components was found to be higher. It has to be mentioned though that the fractions sorted by CENN and the allocation of materials to these fractions in their analyses weren’t completely identical with the conducted method for this study. CENN analyses, for example, did not work with a fraction of fines whereby it remains unknown how the allocation of undetectable small particles to the proper material fraction was actually achieved. 

[bookmark: _Ref531005757][bookmark: _Toc531005637][bookmark: _Toc34843567]Figure 14:	Waste compositions established in two different places in Georgia in comparison
[bookmark: _Toc34843537]Valuable material potential
In the investigated Racha-Lechkhumi and Kvemo Svaneti region the fractions <30 mm[footnoteRef:7], kitchen waste and yard waste in aggregate make up between 48 % and 77 % of the waste’s total weight (see Figure 15). Organic components consequently have the highest share in the waste and form a material fraction with a very high local treatment potential.  [7:  It was visually assessed that nearly the entire screen cut consists of organic material; also in the photos made from all fractions this can be seen] 

The share of recyclables, comprising paper/cardboard, glass, metal, plastic foil and hollow plastics, varies between 6 % and 35 % of total weight. The largest portion is paper, which consists mostly of cardboard and other packaging paper. Some container sites close to the school and public administration buildings should be particularly mentioned as the locations where visual inspections at the moment of collection showed considerable portions of this material in the waste containers. 

[bookmark: _Ref528159226][bookmark: _Toc531005636][bookmark: _Toc34843568]Figure 15:	Waste composition – share of recyclable materials
The highest share of recyclables in aggregate was contained in the samples from the commercial centre of Tsageri town. In this place a constant proportion above of 20% was found, 26% in average across all seasons. About half of that amount is made up from paper/cardboard and glass, the other half are plastic materials. Generally higher recyclable shares were seen in the peak season but a comparable level of these materials was already present in spring, although product consumption on the occasion of Easter celebrations can be assumed to have had an influence here. 
[bookmark: _Toc34843538]Bulk density
The average bulk density varies across the territorial structures and the collection date. Within the entire period of the investigations bulk densities between 164 kg/m³ in the commercial centre and 250 kg/m³ for the residential areas of Tsageri town were found. Samples from Lentekhi municipality ranged from 187 to 244 kg/m³ (see Figure 16). 
The share of leaves, kitchen waste and bulky material (cardboard containers, plastic bottles) in the samples has a strong influence. Whether these components are dry or rather wet makes a huge difference, too. When the waste is actually disposed of and how is protection from weather in the container does play a significant role. Containers that tend to be unclosed or where covers are incapacitated to close automatically must be viewed very critical. Both is happening on the metal and the plastic type containers but for the latter this is already somewhat inherent in their design and hence more frequently observed.
The waste composition analyses confirm that lower bulk densities in the area of the commercial centre in general can be attributed to higher amounts of recyclables in the waste mix, whereas higher proportions of fines and thus organic and mineral content cause bulk densities to rise in the more rural areas. More container capacities are usually needed where bulk densities are lower.
Containers in the commercial centre, for example, can quickly fill up due to bulky packaging items disposed of on days where shops receive wholesale supplies and unpack their products.
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[bookmark: _Ref501848434][bookmark: _Toc531005634][bookmark: _Toc34843569]Figure 16:	Bulk density per building structure

[bookmark: _Toc34843539]impacts analyses and conclusions
[bookmark: _Ref34391201][bookmark: _Toc34843540]Conclusion and Recommendations towards Further Sorting Analyses in Georgia
For the pilot investigations and sorting analyses for waste characterization in the Racha-Lechkhumi and Kvemo Svaneti region of Georgia approved methodologies were adopted.  Sampling for waste characterization analysis has to follow certain principles and rules to make sure that information on the waste will be obtained in a sound and comparable manner and the analyses eventually deliver a representative picture of the actual situation. Territorial stratification and proper sampling are essential to secure the representative status of the data. Appropriate guidance for that comes in the form of sorting guidelines. 
Under the WMTR project, which is implemented jointly by USAID and CENN, a first draft of such guidelines for Georgia was developed and propagated. In the English translation this comprises a document of nine pages in total, titled “Municipal Solid Waste Composition Study Methodology”. Field testing and sorting campaigns on the basis of this methodological guidance were conducted by CENN in the Adjara and Kakheti regions between 2015 and 2016. 
The guidance this CENN document can provide for waste characterization is quite incomplete thus far. It refers, for example, to the need for a high confidence level in waste characterization data, this however without providing any further insights or support with regard to the factors to be considered for obtaining representative samples or to understand better the statistical backgrounds. Instead is pointed on a paper from 2004 reviewing diverse waste characterization approaches and examples, and on materials published 2008 and 2009 in the US and Japan about standards for waste data collection (accessing them is partly even chargeable!). In the guidance document itself only a sample weight of 100kg is named as a recommendable size and its sorting in 9 major material categories proposed. No reference or links are contained to the specific objectives and foci one may want to adopt and which can strongly vary for waste characterization studies. Neither is explained how a representative sampling is done and which influence the sampling source may have on the results. Rather detailed attention in the guidance is paid though on equipment needs and safety aspects for executing a waste composition study. Also mentioned is the possibility to sort into 42 sub-categories of waste materials but, except of a terminology, it is not outlined how the materials shall be distinguished during the sorting, how their sorting can be supported (e.g. working with ‘screen cuts’) and which limits apply. 
Sorting guidelines available in Germany provide a more established and scientifically sound methodological concept and guidance. The principles and methodology laid down in the widely used ’Sorting Guideline of the Federal State of Saxony („Richtlinie zur einheitlichen Abfallanalytik in Sachsen – Sächsische Sortierrichtlinie 2014”)’ which also got a recognition at EU level[footnoteRef:8] were adopted and applied with some adjustments for the sorting campaigns in the Racha-Lechkhumi and Kvemo Svaneti region. Adjustments in the approach are being made in consideration of local specificities (e.g. the collection system) and to respond to the particular information objectives and existing constrains. In the present study case these concerned the number of sorted fractions and the size classification (‘screen cuts’)[footnoteRef:9] in particular. Doing refinements of that sort in a sound manner without compromising the quality of the results requires certain expertise and experience. Certainly helpful in this respect has been the responsibility INTECUS (themselves authors of the ‘Sächsische Sortierrichtlinie’) assumed via the SWM-KE for preparing and his direct participation and supervision in each campaign.  [8:  reviewed in the EU-FP5 - project for the development of a harmonized waste characterization method – “S.W.A.-Tool”]  [9:  The number of sorted fractions was reduced, in particular it was unnecessary to sort packaging along the greater spectrum of types covered under different legal schemes in Germany. Classification by size (screening) was applied only at about 30 mm in order to have fines divided from the rest and this rest clearly material-identified.] 

While preparing and implementing the sorting analyses under above specified framework, consideration was also made of the methodology provided from CENN and corresponding sorting trials undertaken in Adjara. Main goal was to make the results comparable to the extent possible. A particular challenge was to achieve a certain degree of compatibility when assigning the different materials to the sorting fractions. Both investigations obviously had slightly diverging information objectives[footnoteRef:10], the Adjara sorting moreover used the category of ‘other waste’ as a fraction for anything not sorted and didn’t give any respect to ‘fines’, instead. With some effort a way to generate comparable data was found, the meaningful result of that is provided with Figure 14. [10:  in the Racha-Lechkhumi and Kvemo Svaneti studies a focus was laid on establishing the really recyclable and compostable material portions under a very practical perspective (processability and marketability aspects) ] 

Sampling during the sorting campaigns in the Racha-Lechkhumi and Kvemo Svaneti region had been done under consideration of the seasonal changes, different settlement structures (i.e. territorial strata) as well as sample spots, and the influence these are having on the waste generation and sorting results (see the predecessor report from Dec. 2018, summarizing the 1st study campaign). Also for sample taking established procedures were followed. All samples were obtained from slots dug with the help of shovels in vertical direction into the waste heap unloaded by the truck. This is a valid method under the above cited sorting guidelines in Germany for which the instructions can be found in the German LAGA-PN98 on sampling (see LAGA-PN98 in list of abbreviations). 
Although the details available about are rather scarce, it can be assumed that the Adjara and Kakheti campaigns had been based on sampling procedures at a lower degree of representativity. Photo images in the reports leave the impression that sample taking was done at more random (e.g. materials picked only from the surface and base of the waste heap and transferred into sacks) and without applying a consistent territorial stratification approach.
RECOMMENDATIONS: 
It is proposed and necessary that further waste characterization work shall be undertaken in Georgia to enhance the knowledge base about the actual waste generation and disposal patterns of the population. Additional challenges such as the implementation of EPR schemes for certain waste material streams and compliance monitoring for the politically determined collection and recycling quotas, the establishment of different material shares to assess recyclability, risk potential and treatability options, and to set compensation rates also require waste characterization activities. For all that a scientifically sound and practical basis must be provided and the necessary guidance supplied. The documents (methodological guidance) and training capacities currently available in Georgia do not ensure this in a sufficient manner. Corresponding projects to change this situation must be defined and launched within a shorter period. 
The sorting campaigns initiated and led by the AMC SWM-KE in the Racha-Lechkhumi and Kvemo Svaneti region of Georgia have laid a good basis for realizing above recommendations. Their successful implementation in the field, the quality of the results and the way how municipal staff trained for conducting a sorting practical responded to instructions and carried out the analysis showed that the approach is well understandable and easily replicable in Georgia. With an appropriate guidance at hand and some further pilots to gain additional experience it should be possible to motivate and run waste characterization studies in the country at a larger scale. However, the success of launching these as a municipal initiative has so far failed to materialize, despite the appeals and support provided by the AMC to other municipalities. This indicates a need to create certain mandatory requirements as well as financial incentives and support for such studies on the side of the state authorities. 
[bookmark: _Toc34843541]Conclusion and Recommendations for the Minimization of Waste for Disposal
The sorting analyses in the Racha-Lechkhumi and Kvemo Svaneti region of Georgia show a generally
a. low presence of waste items that must be categorized as dangerous waste,
b. low presence of waste items that would suit second-hand purposes after repair or refurbishment (reusable waste), 
c. moderate presence of waste that truly suits for material recycling (recyclable waste),
d. high presence of biodegradable materials (compostable waste)
in the municipal collected waste.
Minimizing the amounts of waste that must be disposed on the regional landfill and thus requiring longer transportation can be achieved in the municipalities by way of individual waste avoidance measures, a separation at source and sale respectively recycling of the separated materials, and with an onsite treatment. 
The potentials to individually avoid waste are rather small in the investigated region. In the overall a consumption behaviour of the population far below the level of the more urbanized areas is observed. There is hardly anything seen in the waste that is reusable, was possibly disposed of prematurely or as an act of excess. 
Much of the daily needs and food is still locally produced and purchased unpacked, which means that the influence on packaging which comes with the supplies from outside is limited. Further is known that traveling merchants frequently show up in the municipalities to buy metal scrap and repairable items, yet a widespread practice are also second-hand markets and the passing on of reusable products within families or to relatives and neighbours. Much of the kitchen waste and food residues are used to feed animals, especially in the rural type villages and remote settlements. The most common waste avoidance potentials are already exploited to large parts through these practices. 
Separation at source and an effective marketing respectively recycling of the separated materials face quite some limits too in the area. The relatively low individual quantities of recyclable waste generated in most parts of the territory and the corresponding low efficiency of collecting and marketing them call for solutions that specifically address these conditions and set the main focus for this on a few selected territorial units or structures. This is discussed in more detail and underpinned with recommendations in chapter 6.3.2.1.
Treatment onsite can take the biodegradable components in the focus. The high presence of material of the said type in the collected waste indicates a significant potential to promote the avoidance and reduction of such waste by way of different composting practices. Tour escort data confirm that providing collection services in rural areas is extremely costly, meaning that any efforts taken at home to minimize such waste would directly lead into a possible optimization of collection efficiency, for instance by extended collection intervals. To engage in home composting is a practicable and easy to imagine scenario in all settlement structures, with the exception of the densely built-up commercial town centers. 
Dedicated collection offers targeting biodegradable waste components specifically and in particular during periods of their highest accumulation (see chapter 5.2.1) could provide a second effective option. Such offers/campaigns would allow to aggregate the critical quantities needed to organize and run a village-scale composting site effectively. 
In both cases it is extremely important, however, that those engaging in composting do experience an immediate benefit from these activities for themselves. Without workable mechanisms for charging municipalities gate fees at the landfill or effectively imposing waste service fees on households and integrating discounts for those engaged in home composting, neither a good basis for such benefits exists nor can such be practically felt yet.
A few hotspots for the generation of other specific waste components (e.g. diapers) were clearly identifiable during the tour escorts. These are, for example, nurseries and kindergardens (e.g. in Lailashi village). Such place should become the subject of very dedicated waste minimization efforts.   
RECOMMENDATIONS (covering 6.2):  
Particular efforts should be directed on the introduction and promotion of home and village-scale composting activities in the Racha-Lechkhumi and Kvemo Svaneti region and all comparable territories of Georgia. For this an intensive awareness-raising needs to be conducted but also financial incentives and training have to be offered. Home composting can be applied to all sorts of biodegradable discards (e.g. yard and kitchen waste) produced from households. Focussing on green waste (yard waste and waste from public green/public maintenance works) is recommended for village solutions. For remoter settlements composting must be established as a main practice to deal with the locally generated waste. Services on demand, announced collection campaigns for other waste types (e.g. dangerous waste, CDW) as well as permanently available bring arrangements should be organized and offered to give such scheme the necessary support in these places. 
The AMC has meanwhile started furthering this concept by way of corresponding training measures (e.g. Municipal composting training in October 2019) and with the formation of a dedicated work group joined from municipalities that showed interest in following such approach. In the frame of this work group, knowledge and additional expertise on composting will be shared with municipal key staff, it shall be another objective however to have concrete ideas and activities for promoting this management strategy developed and to launch first practical measures (such as awareness campaigns and the installation of home composters) on pilot scale and as replication examples.
[bookmark: _Toc34843542][bookmark: _Ref34909318]Conclusion and Recommendations for the Collection Practice and Planning of Services
[bookmark: _Ref34827083][bookmark: _Toc34843543]Waste collection practice
[bookmark: _Ref34739677][bookmark: _Toc34843544]Container siting and tour routing
Observations and findings won from the tour escort studies (see for example in chapter 4.3.2, observations O#1 and O#2) show that the container sites, as a general rule, are practically chosen. Just a very few sites showed to be in places that are not optimally located for truck operations, i.e. requiring reverse driving or difficult turning manoeuvres. To attain an optimization here would mean to find compromises between convenient locations for the container users and for driving but not let individual comfort prevail in the siting decision.  
Also the routing of the collection tours proves to be useful (see for example observation O#3). It has been established though that the loading time in the municipality is about 50 % above that known from countries like Germany. This is less a matter of the crew performance which actually showed to be quite good, but must largely be attributed to shortcomings noted on the equipment and truck technology. These deficits are addressed in a separate report (see ‘Recommendations towards the optimization of future procurements of technical equipment’) together with recommendations for overcoming them.  
Another reason are the conditions of the underground and difficulties they cause for hauling on a number of container sites (see Picture 12). These can only be overcome with direct investments in the improvement of such sites, for example by way of a concrete flooring or paving these sites.
A rather instant optimization would be possible with regards to the containers used from the available stock at the different sites. Metal type containers certainly provide the best option at the moment on the most difficult sites in terms of underground conditions and exposure to wind and rainfall (see also the separate report ‘Recommendations towards the optimization of future procurements of technical equipment’). Especially the mixing of containers of different type and standard within one tour area (see observation O#4 in chapter 4.3.2) indicates however a clear need for the further harmonization of the container stock. 
The largest and most pressing reserves for optimizing the collection practice derive from the efficiency that has been established for servicing remoter settlements in the project area. To illustrate this some parameters for measuring efficiency have been compiled in the Picture 10 and Picture 11 for certain sections on rural collection tours.
[bookmark: _Ref34403872][image: ]
[bookmark: _Ref34404902]Picture 10:  RUR (OGL) collection tour including the section (red circled) which provides the village of Kulbaki (sites 124-127) as well as the Green Lake resort (sites 122-123) waste services and the tour parameters established for this section
From these parameters and the calculated efficiency (orange values) can be seen that servicing remoter settlements via mobile standard containers in a pickup arrangement of regular frequency is very costly. Only partly this can be explained by the difficult conditions of the roads and for container hauling. Smaller quantities of waste in combination with relatively high available container capacities and frequent emptying are more particularly the reasons here. 
Not even highlighted in the two pictures but to be looked at in addition is the total manpower allocated for the collection process. For optimizing the collection, meaning the efficiency, various options have to be considered. Switching to other arrangements respectively intervals in the collection (e.g. bring arrangements or pickup on demand; see chapter 6.3.1.2) and working with different staff models (see chapter 6.3.1.3) perhaps make up the most prominent concepts here. 
[bookmark: _Ref34403878][image: ]
[bookmark: _Ref34404925]Picture 11:  RUR (OLA) collection tour including the section (red circled) which provides the village of Tvishi (sites 14-17) waste services and the tour parameters established for this section

The fact that the quantities of waste disposed at the landfill in Tsageri between 2016 and 2018 have not grown proportional to the increase of waste container capacities in the same time allows for the following interpretations:
· Certain waste amounts have just moved from one container to another, i.e. residents who are believed to have been newly connected to waste services with the distribution of additional containers in the municipal area and villages in particular did in fact dispose of their waste already before via containers which were just located in larger distance then. This indicates a readiness among parts of the population in remoter areas as well as certain practical opportunities to have waste amounts carried to more distant regular disposal sites. Bring schemes instead of pickup arrangements seem therewith a feasible option.
· Storage capacities of the individual containers were used to a lesser extent compared to the times with yet fewer containers available in the same served areas, i.e. the container filling level at the moment of collection has decreased since additional containers were set out. This supports the thesis that certain waste amounts may just have moved and furthermore indicates that the container density might already be too high in some places or that the collection intervals are too short now for such density, respectively.
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	[bookmark: _Ref34400737][bookmark: _Toc531005626][bookmark: _Toc34397601]Picture 12:  Conditions - seen here on the example of container sites and conditions for hauling- are significantly different in the urban/suburban structures (left side) and remoter settlements (right side) and so must collection be optimized in various ways and with efficiency aspects always making up a central issue  


[bookmark: _Ref34735574][bookmark: _Toc34843545]Collection frequency
Neither the tour analyses nor observations made during different seasons in the field indicate an acute shortage of waste containers respectively available container capacities in the well-accessible and most populated areas of the municipalities. This, however, is a generalized conclusion which does not exclude individual cases where a higher density of container sites or supply with additional containers might still be desirable. The needs and appropriate places for this must be established on the basis of a regular exchange with the operative staff and the public (PR mechanisms) and via a container monitoring (see chapter 6.4.2 for this). 
Collection efficiency as well as overall cleanliness of the landscape in the investigated territories do not point on a lack of containers or container capacities as a pressing problem in the municipalities. That sort of a problem cannot even be derived if population and waste generation figures or the stipulation of Ordinance № 159 requiring the “location of the deployed containers in the service area and to the waste generators served within a distance not exceeding 200 meters” were applied as benchmarks. Rather evident is the need for optimization with regards to the collection efficiency and the potential role that adjustments in the collection frequency can be playing here. 
The principal cause to arrive at this conclusion is the average filling level of the containers which goes below a usually acceptable average (see chapter 4.3.1.2). This delivers a clear indication for the existence of certain reserves in collection capacity and hence a possibility to prolong the collection intervals. Further to the fact that overfilled containers have very rarely been observed during the study campaigns has been established that only one third of the available container volume on average is used when the collection truck arrives for emptying. Just 10% of the containers are filled by over 80% at this moment. Only in the central town areas half the container capacity is absorbed when trucks arrive. Nearly one third of the containers is then filled up to a level which calls for emptying. The peak season in fact leads to higher container usage and filling levels across all structures (see Figure 11) but not to the extent that the municipality would run a big risk of littering or pollution by overflowing containers if service intervals were slightly prolonged in that period too. Each tour for container emptying was found to be offered in a more than appropriate frequency in any investigated season. To stretch the intervals for the mixed waste collection to double the length seems feasible on most tours.
As soon as municipalities start introducing containers for the collection of source-separated materials these intervals have to be thoroughly examined and reassessed again. Not the total quantity for collection will increase but a division of this amount to the various containers is taking place and leads to the absorption of container capacity at much different pace.     
Waste from the cleaning of parks, the market areas and drainage system as well as bulky cardboard boxes (mainly in the town’s commercial centre) have been detected as making a big contribution where container capacities get faster absorbed than usual. These are material fractions for which separate solutions of collection and/or onsite treatment should be sought by the municipality in the medium term, anyway. Cardboard shall be collected as a well recyclable material whereas parts of the waste from the public cleaning of parks and the drainage system may suit for composting. Leaves disposed of in large amounts in the containers around parks were found to be the reason for the few cases of overflowing containers recorded during the September tour escort.    
[bookmark: _Ref34735602][bookmark: _Toc34843546]Staffing of services 
With the rather long driving distances, the smaller number of container sites and comparatively low efficiency of the collection in rural villages in mind the question of appropriate modes for the staffing of the collection crews must be raised. A high share of transition time in the corresponding collection tours (see Figure 7 and Figure 8) for instance suggests that the loader crew (always two persons assigned at present) could be reduced because these persons usually have little to work during this period. In fact the driver and just one loader together could haul the containers for emptying to the truck and show almost the same performance on such a tour like a crew of three. 
The overall conditions in the collection area must be duly taken into account, however. Numerous containers which must be moved on inclined territories over soft or stony ground pose a very power-sapping work that, for the time being, should be carried out from sufficiently large loader crews who also have a chance to recover and regain strength during the tour. Also other social components, such as the job aspect in an area with generally little employment opportunities must not be ignored. In future though, personnel spared on certain collection tours could be tasked to operate a public amenity site on that very day. 
[bookmark: _Toc34843547]Collection safety 
Common working standards and safety principles for collection processes are generally known and observed from the collection crews. General safety, collection performance and challenges to staff health though can be significantly improved in the more rural type territories if in future containers will be allocated on flat ground and/or these sites will be flattened and asphalted (see chapter 6.3.1.1). 
Safety of staff during collection can be furthermore enhanced in that for the location of the container sites and tour routing the possibility to stop directly beside the containers is strictly considered as a criteria. This has to include that, for example, projects for road repair should commence with a temporary relocation of the container sites to places where the collection crew has access to them, for example at the opposite kerbside. During tour escorts was observed that containers remained in the construction zone, thus requiring the collection crew to cross highly trafficked road sections, enter unsafe areas, or to leave containers unemptied. 
Keeping collection staff sensitive about the risks at work must be understood as a general obligation and joint task of the responsible municipal units and the service provider. High-risk practices, such as climbing or even riding on top of truck superstructures, have been occasionally observed in the course of the pilot investigations as well as during other events in and outside the actual study area and framework in Georgia (see also the example in Picture 13). The need to provide regular instructions to staff and crew members cannot be emphasized enough. Due to yet existing deficits with regards to safety components on the trucks (see separate report ‘Recommendations towards the optimization of future procurements of technical equipment’) it is for instance important to instruct crews not to do reverse driving maneuvers whilst personnel is staying at the loader platforms. 
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[bookmark: _Ref33032324][bookmark: _Toc34397609]Picture 13: Service staff must receive safety instructions and information on possible dangers regularly in order to avoid critical situations like this (person standing under elevated and moving parts of the truck) 
RECOMMENDATIONS (covering 6.3.1):
A harmonization of the container stock basically can be tackled in a step-by-step process comprising two consecutive stages. The quickest step is grouping containers of the same type together in a tour or a certain section of it. This gives a separate tour for a collection truck of the appropriate type or at least a narrowly defined tour section trucks can cover after adjusting their lifters. Ideally then this section would be created close to the place where such adjustment occurs. In the medium term a substitution of the containers of different style and thus establishment of a uniform container standard should follow. The stipulations of Article 13 of Ordinance № 159, stating that “for optimized efficiency, municipalities shall, to the degree possible, standardize the equipment that they utilize for service provision including both vehicles and containers” get properly addressed this way.
For remoter settlements and faraway places that have been supplied containers but experience strong fluctuations in container usage the adoption of service models which orient more “on demand” seem imperative. A pickup on demand could for instance be organized by assigning someone in the place with a responsibility to give the waste service unit in the municipality a call when the container(s) fill up to critical levels. It has been learnt from other municipalities in the project region that this kind of solution is here and there applied. The container sites in the area of the Green lake resort (see sites 122-123 in Picture 10) and in Tvishi village (see sites 17-18 in Picture 11) may suit well to pilot test this. In both locations people with the necessary capacities and benefiting directly from the container sites can be found close to them (Green lake: operator of resort, operator of hydropower station, Tvishi: operator of village store).    
Alternatively, and especially for those remoter areas not receiving services via containers yet, the installation of bring arrangements should be seriously considered. Also pulling off the containers again from those places that show a very low collection efficiency and installing bring arrangements instead must be regarded as a valid option. The establishment of public amenity sites to realize such bring arrangements has already been discussed in the frame of the plans for constructing the transfer stations[footnoteRef:11] in the project region. Municipalities could realize different bring solutions (see Picture 14) also within their own authority, however.  [11:  Unfortunately, no commitments on the part of the operator or intentions to purchase the appropriate equipment have arisen thus far as a result of the discussion and proposals made towards this direction] 
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	[bookmark: _Ref34409475]Picture 14:  Examples of (bring) arrangements and container settings realized elsewhere in Europe for collecting waste from remoter settlements  


Furthermore is recommended that the provision of services with expanded collection intervals and other staffing models shall be tested for selected tours. Such adjustments of course must be initiated in a sensible manner and tested at a very moderate scale first. Also must be taken into consideration the tour as a whole which ideally stays within the limits of a shift and ends up with the truck body being filled to the end. A prolongation of the service intervals for far way areas at the expense of trucks travelling back and forth to get their truck bodies in the interim several times emptied does not provide a useful alternative, of course. 
Improving the safety features of used and to be procured equipment is an equally important task for municipalities as are regular instructions to staff and crew members about the risks at work and safety issues. Municipal authorities and service providers should undertake jointly the assessment of risks and address them efficiently, for example via mechanisms and the instruments of quality and safety management (QMS/OHS).  
[bookmark: _Toc34843548]Planning of future services
[bookmark: _Ref34759719][bookmark: _Toc34843549]Offers for source separated materials 
With more reliable information about the waste composition at hand the local administration(s) can now lay a focus on certain materials and parts in the municipality where a separate collection or onsite treatment (composting) promises the highest potential output and/or efficiency.
The waste analyses show in particular a very high proportion of biodegradable and thus potentially compostable material components over the entire course of the year. In contrast, there are relatively small amounts of actually recyclable and valuable substances in the municipal waste. On the one hand, this indicates a rather low urgency for establishing a very intensive separate collection of valuable materials in the examined areas, and for its fast expansion to the rural and semi-urban structures in particular. On the other hand, there is a high potential to achieve a reduction and useful treatment of waste on site by way of installing and promoting composting practices.
Dangerous components
The waste in general thus far shows a very low content of items that must be categorized as dangerous, still a notable proportion are pharmaceutical products. Local pharmacies could be sensitized (and/or obliged) to facilitate that residents can bring expired, non-identifiable or any not entirely consumed or surplus amounts of pharmaceutical products and medicines back to their stores. Here these should be stored in safe containment until handing them over to specialized mobile collection services or during campaigns organized specifically for dangerous waste becomes possible. Co-operations with local hospitals to manage such waste jointly can also be sought. In the current small amounts these wastes would not pose a problem on a modern sanitary landfill though.
Recyclable components
For the recyclable material components, there are clearly identifiable hotspots in the municipality that therefore must be the first addressed and exploited in regard to the municipalities' separate collection obligations. These hot spots promise comparatively high yields for a separate paper/cardboard, glass and plastic material fraction and are mainly located in the commercial urban centers, i.e. the places where administrative and service buildings, school and shopping facilities (incl. fresh markets) concentrate. 
These areas already often show a higher density of container sites and larger number of sites equipped with several containers. The introduction of a separate collection for selected recyclables can be implemented relatively quickly and easily by simply repurposing some of the existing containers for the collection of a specially defined material group with high presence. Doing this, for example, for a paper/cardboard fraction would not only help to collect these materials separately and in the necessary cleanliness for recycling, but at the same time relieve the containers and release additional collection volume for other waste materials. Commercial centres for this reason shall be considered focus areas for the separate collection of recyclables. Recovering recyclables is obligatory for municipalities and separate collection a field they must actively pursue since the end of 2019.
Since only a migration and less an increase in waste materials are to be expected, no additional containers are initially required to accommodate the separate collection. However, the emptying intervals must be closely monitored and adjusted if necessary. In order to keep the pollution and enforced misthrows at low levels the containers for collecting paper/cardboard should now be emptied (and inspected) more often, whilst for mixed waste collection intervals may even be extended. That viewed as concept respectively proposal for a pilot in the very town centre of Tsageri and comparable areas in other municipalities underlines the importance to test this approach over a longer period with certain adjustments and the support from PR and technical attendance.
Remarkable in this respect is a change seen in the portions of paper/cardboard and glass between the first and repeated collection tour escort in the commercial centre. The first sample contained double the amount of paper/cardboard but only half the amount of glass compared to the sample taken from the second tour. Such difference can have its cause in variances associated with sampling but at the same time be the result of waste generation patterns in such specific collection area.
Containers in the commercial centre, for example, can quickly fill up and contain high amounts of paperboard material on days where shops receive wholesale supplies and unpack their products from large cardboard boxes. A proper waste collection management would have to take such into account and organize dedicated, material-specific services and/or adjust the collection schedule accordingly if this practice will repeat on a regular basis on specific days. 
If shops get their supplies on a very irregular schedule there may however no such peak days exist for the disposal of cardboard materials. It can be a good idea then to shift to bring arrangements for cardboard in the municipality and impose a strict order on the commercial entities not to dispose of bulky cardboard packaging via the ordinary collection containers. A collection monitoring in the described way is quite indispensable to obtain a reliable information basis for such decisions.
Compostable components
Definitely in the foreground are biodegradable waste materials, food and kitchen residues as well as garden and other green waste. Here, the data on the waste composition clearly show a seasonal change and reversal in the respective proportions and their dominance over the course of the year. Especially in the late summer and autumn months, there is an increasing amount of garden and green waste, which is particularly suitable for centralized composting at village level. This points at a possibility to create special collection offers and campaigns for these types of waste, especially in these periods.
In the remaining months, kitchen/catering waste and food residues take up a higher proportion. These are rather problematic components for village composting solutions and handling them in smaller volumes by home composting or with the residual waste is the better option then. The biodegradable amounts that end up in containers and must be disposed at the landfill can be reduced considerably if during these months at least opportunities for delivering green and garden waste by households to central points in the municipality are created in parallel. In addition should be ensured that green waste from public areas does not end up in the mixed waste collection.
If installing composting at the village level is successful, an acceptance point for household green waste can also be created here. It is then up to the municipal administration to also instruct the service providers and service staff working in the public sector to keep green waste separate and to hand it over directly to this acceptance point or to ensure that it is picked up by municipal vehicles and taken there. 
Other components
Components of the material group of ‘textiles’ have a strikingly high share in current waste (approx. 7% on average). Although the state determined during the sorting analysis does not initially promise a high degree of reuse of the textile pieces, these materials are definitely suitable for various forms of recycling. In any case, it seems appropriate and feasible to examine the proportion of potentially reusable or reprocessable textiles once more in depth at the moment these become discards of the household, and to assess possibilities of targeted collection along the results. Specially announced collection campaigns lend themselves as a good option for this.
RECOMMENDATIONS:
Promoting in various ways composting at home or village scale is highly recommended and municipalities should take that seriously into consideration as presumably the most effective measure in order to cope with the particular challenges of managing the waste in semi-urban and rural areas and to reduce the waste amount requiring transports and landfill disposal. 
Installing separate collection for recyclables in the municipality should start in the commercial centres as the areas with the highest potential of valuable material components in the waste, good infrastructure conditions (e.g. short distances, asphalted areas), a relative ease to effectively address the target groups and the least difficulties to ensure a system of social control and surveillance from the side of the authorities. 
Significant amounts of paper observed in the containers close to the school, administration buildings and market point to a valuable material of high presence and certain collection hotspot. This strongly speaks in favour of promoting separate collection schemes for paper/cardboard first and foremost in these places. Pupils and teachers suit perfectly as addressees for this subject and environmental education can very well be developed on the basis of the paper recycling topic.
It is worth exploring collection solutions for other municipal waste components of particular concern via the organization of on demand services, specially announced collection campaigns or public amenity centres. That some households still handed over certain waste (mainly CDW and bulky items) separately to the collection crew when trucks came for emptying the container nearest to their place signals that such additional service offers might be useful and appreciated. 
The public appreciation of the waste services should lay a good basis for discussing the gradual introduction of (higher) fees in the municipalities, too. 
[bookmark: _Toc34843550][bookmark: _Ref29831527]Further Applications of Pilot Data and Materials Produced
[bookmark: _Toc34843551]Map supported monitoring of waste services and equipment
Appropriate software allows the production of maps showing container sites and collection coverage (tours and served areas) on the basis of geo-referenced data in a rather easy way. The targets formulated in the National Waste Strategy require the municipalities to generate kind of such evidence sooner or later (see chapter 2.3). Maps moreover enable municipalities not only to visualize and administer the collection infrastructure in an efficient manner but also support any monitoring, planning and optimization exercises for container allocation, maintenance and collection routing. Online tools which are partly available as freeware[footnoteRef:12] provide sufficient means to produce said maps ad hoc or on occasional basis. In a longer term perspective it is however recommendable to establish this as a continuous process and create dedicated software and data storage environments for mapping and visual-supported route planning in the municipalities.  [12:  for example currently under the names GeoSetter (https://www.geosetter.de/en/main-en/) or Silverpeaks (https://whereis.silverpeaks.de/), the latter has been used for demonstration purposes in this report] 

The mapping of collection routes and container site locations as established in the escorted tours is shown hereunder and visualizes the complete spectrum of collection services and tours currently offered for collecting the municipal solid waste in Tsageri municipality (see Picture 15 to Picture 20). 
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[bookmark: _Ref29316638][bookmark: _Toc34397602]Picture 15: Track and container mapping from the Tsageri town (TCC/TRP) tour in May 2019
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[bookmark: _Toc34397603]Picture 16: Track and container mapping from the RUR (OGL) tour in May 2019
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[bookmark: _Toc34397604]Picture 17: Track mapping of the TLP tour (May 2019)
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[bookmark: _Toc34397605]Picture 18: Container mapping from escorts of the TLP tour in September 2018 and May 2019
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[bookmark: _Toc34397606]Picture 19: Track mapping of the RUR (OLA) tour (August 2019)
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[bookmark: _Ref29316651][bookmark: _Toc34397607]Picture 20:  Container mapping from escorts of the RUR (OLA) tour in September 2018 and August 2019
Synchronizing the geo data or a simple comparison of the locations recorded during the tour escorts in different seasons and marked in the maps make any changes in container density and distribution easily visible. Also can be established where containers have disappeared or been relocated. Maps are furthermore helpful to get new staff and service crews trained and instructed on their upcoming duties. Adopting an electronic mapping under the use of GIS applications leads to further benefits.  These can be exemplified with the below closeup of a corresponding map image (see Picture 21). Consecutive numbers in the given example refer to the order of emptying the containers during the escorted tour. 
[image: ]
[bookmark: _Ref29319054][bookmark: _Toc34397608]Picture 21: Container mapping covering the commercial centre and residential parts of Tsageri town 
For each container being registered under a distinct ID code and position in a database and corresponding map, information such as on the container type, capacity, physical state, target material and collection day can likewise be attached and stored. Mapping and registry tools therefore complement each other (see also chapter 6.6).
That would provide the entrance into a simple but cost efficient container management system which is sufficient and affordable under the local conditions. Proper asset management which is becoming increasingly important for municipalities in context of phasing out the policy of central government subsidies for SWM has to include the container stock and therefore should adopt such an instrument. Chip carrying containers and telematics solution which make up features of more sophisticated and developed monitoring and planning systems on the other hand must be considered exaggerated and premature for the time being. 
To a certain, albeit incomplete extent, the tour escorts have fulfilled kind of a monitoring task in comparison with the information and documentation so far available on the equipment stock. The number of container records taken on each collection tour in the Tsageri territory (229 units in aggregate) is quite in correspondence with the information available on the total container stock in the municipality. Considering the equipment supplies received in 2017 (100 units of 1.1m³ metal containers) and 2018 (150 1.1m³ plastic containers), some containers apparently still must be kept in reserve. Also is assumed that a certain portion from the older container stock was to be replaced because of damages or an otherwise bad state. 
The findings made thus confirm that the municipality uses the supplied stock of waste containers in a reasonable manner. Information received from municipal officials that from the new container supply the municipality partly had replaced old containers, added containers to sites with higher intensity of use and set out containers in completely new locations in order to enlarge service provision, support this monitoring result. 
[bookmark: _Toc34843552][bookmark: _Ref34844147][bookmark: _Ref34909438]Registry supported monitoring of waste services and equipment
The question of the practiced stocktaking and monitoring of waste containers, their state, current location and intensity of use had a central meaning from the outset of the investigations. Not only because of the relevance for planning the tour escorts but also with regard to the possibility of identifying optimization reserves and get such eventually tapped. For this reason, the topic was discussed beyond the actual study area also with administrations and executive bodies for waste management in other municipalities. This discussion revealed fundamental differences in the available overviews and detailedness of corresponding information. 
Most frequently found in the municipalities are simple tabular lists. These contain the total number of containers in the stock and their differentiation by type. Quite often they show as well the number of containers totally allocated to certain settlements, subdistricts and, at best, entire streets. As a rule, these overviews are kept more or less statically. It primarily needs events such as a larger delivery or exchange of container units that trigger a complete new list or a revised version. 
In only a very few cases, these tabular lists are supplemented by maps that visualize the locations of containers in core urban areas, often however in a suboptimal resolution or scale. As far as is known, these are also static maps for which there exists neither an automated mechanism for their synchronization or updating nor an electronic link to object data or additional information (e.g. GIS-based). Tsageri like the large majority of municipalities did not avail of mapping as a tool to record and monitor the collection service and distribution of containers in the past at all.
Hand-painted numbering that can partly be seen on older containers in the field was described as a previous attempt to keep an overview of the number of containers, particularly during their distribution, and for total revisions or inventory processes. However, it was easy to determine the inadequate suitability and use of this system as a means for container administration or stocktaking, if only because of the lack of consistency in numbering and records available about. In fact, respondents also confirmed that this system had never been completed, maintained and as a consequence was abandoned at some point. In view of this former approach it proved to be rather unproblematic though to attract interest and create an understanding for the merits of producing and running a container registry.
The investigations carried out, the applied systematic and the data obtained provide a good basis and approach for setting up a simple and practical system for the administration and monitoring of the container stock, in short the container management in the municipalities.
Towards this end, a register for containers and container sites was also proposed to the municipalities, a basic format practically developed for that and eventually filled with demonstration data obtained from the tour escorts in the area of the Tsageri municipality.
The proposal was for the first time explained in very detail together with the draft demonstration in the course of the in-depth presentation of the pilot investigation concept and intermediate study results end of 2018. Also in the practical training for municipalities on waste characterization and tour analyses in August 2019 the topic was taken up again. It has been incorporated in further talks with the municipalities about efforts for implementing the municipal WMPs, data improvements and possible assistance in the frame of the AMC since then, however without attracting the desired attention yet.
The register is Excel-based and should therefore be relatively easy to integrate into the software system environment of the municipalities. The basic components of the register are two directories (worksheets), each of which is used to record and manage container- or location-specific information (see Picture 22 and Picture 23). Both, the container site and container-specific registries can be maintained and read out separately from one another, but at the same time are coupled so that the site register can be used to view the relevant information about the containers located there and, conversely, for each container entry the corresponding site information is available.
Each container site and waste container is assigned a characteristic individual identification code, and for each identification code specific features (for description) and records (for monitoring) are stored. Geo-coordinates for the location and the number of set out containers belong to the records which characterize each specific container site, while any container identification code is, for example, associated with information about the type, capacity and the condition of the respective container.
It is possible to add features or monitoring records to any extent, for demonstrative purposes have been entered data that inform about the container site(s) and container(s) assigned to a specific collection tour and therewith about the regular cycle of emptying that applies to these objects. It is also conceivable that notes about the accessibility of container sites are entered to describe operational specificities, or about the observed intensity of use or the recurrence of specific incidents such as damages, overfilling, relocation etc.
With appropriate maintenance the registries can serve a variety of purposes, not only as a means of inventory and for continuous monitoring. They also give valuable support, for example, for route planning or optimization, to optimize container siting and as an instrument that facilitates quick user information (e.g. about pickup dates) or a complaint management.
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[bookmark: _Ref34838095]Picture 22:  Image of the proposed structure for the registry of container sites (draft for Tsageri municipality)   
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[bookmark: _Ref34838116]Picture 23:  Image of the proposed structure for the registry of waste containers (draft for Tsageri municipality)  

To have the proposed registers finally established, set to functionality and enable their application by the municipalities, important pre-requisites must first be created and further steps are necessary. While the basic format for the registers has already been created and could be adopted directly by the municipalities, there is an imperative for the initial data recording. The pilot studies and demonstration version of the register for the Tsageri municipality provide the role model for this.
A starting pool of container site and waste container-specific information can only be generated by means of a full-scale inventory or by way of comprehensive tour escorts, which each municipality has to carry out for itself. 
While container sites can be georeferenced and also clearly identified using geo coordinates, the container itself also needs its own identification mechanism. Since this is not yet the case in Tsageri (and most likely other municipalities too), the proposed registry system cannot be implemented completely and directly after the pilot investigations but can only be created via further steps and survey work also in this place.
A unique serial number, which is at least engraved on the recently distributed plastic type waste containers, can be a very useful support and has for this reason already been proposed and demonstratively used as an identification aid for these containers.
The manufacturer and supplier of the majority of the 1.1m³ plastic type containers, the company ESE, answered a corresponding inquiry confirming that each of the approx. 10,000 containers delivered to Georgia has an individual serial number and thus could be clearly identified by that (see Picture 24). To set up a container register, it would not only be necessary to enter these numbers individually, but also to provide the remaining containers with a unique identification code. Stamping or again hand-painting numbers on the metal containers, or placing stickers on their body could be possible options to give other container types their unique identification number. 
[image: ]
[bookmark: _Ref34841625]Picture 24: Unique serial number engraved in the new mobile plastic waste containers (of ESE) delivered to Georgian municipalities  
A firm decision of the municipalities to set up the proposed registers would have to precede any of the preparatory measures, of course. Such decisions are yet outstanding despite the interest and understanding shown by most officials with regards to the usefulness of this instrument. In any case, the proposed register represents a solution that is independent of the individual characteristics of the municipalities and thus can be implemented uniformly across the country.
What has also manifested itself in the pilot studies are the smaller and larger destructions and losses of new plastic containers due to their lack of fire resistance. In the project area alone, the losses experienced in the different municipalities fluctuate in the range from single-digit case numbers up to a several dozen containers within just one season. The registers would also help to document this fact properly and even reveal the hotspots of such incidents. However, with the currently existing documentation practice about the container stock, its conditions, the intensity of use and changes, it is still hardly possible to determine actual container needs and plan the procurement in an adequate manner. 
RECOMMENDATIONS:
It is a legal requirement but also for other reasons strongly proposed that the municipalities shall introduce or implement a significantly expanded, more specific and targeted monitoring of their waste management infrastructure and services and develop and use additional respectively more sophisticated instruments and tools for this. Working with registries and applying easy to implement tour/container monitoring measures (e.g. tour escorts, tour lists managed by the collection crews about container site emptying) have to be seriously considered here. Decisions with regards to the adoption of any of these measures have to be made and any necessary resources planned, taking into consideration that certain labour-intensive preparatory works (site inventories, geo-referencing,   coding of containers) must be undertaken in that context first. 
Comparing the filling level of the same waste containers via a systematic monitoring supplies information about the efficiency of their usage, whether the provided volumes and collection intervals are appropriate or in need of adjustment. It is therefore very recommendable as a method that helps especially in the phase when new containers were set out or added, to see how well the chosen design, distribution pattern and individual location work and match to citizen’s needs. 
The conduct of such one-by-one comparison of container usage could not been undertaken right away with the data records obtained from the tour escorts, either due to the limitation to repeat escorts for the same tour in all cases or because of slight changes made in the routing and collection sequence between each campaign. Although the combination of the GPS (container location) and handwritten (container filling) records taken would still allow to conduct such exercise for selected tours at any time now, it is no quick work to synchronize them. It becomes worth and more reasonable to undertake this effort should the proposed container registry at some point be adopted and complemented from the municipality/ies.

Supplementary note
Raw data and diagrams used to produce this report are stored in a series of MS-Excel files along with an extensive amount of image file formats. All together this makes up a huge volume of data which to transfer via data networks and store on computers occupies significant space and time. Where such original files as well as the photo documentation and GPS data saved from the collection process are explicitly needed by the client and partners, these can be separately requested and supplied. 
Loading time per container site
site w./ 1 container	Rural (RUR-OLA)	Rural (RUR-OLA)	Rural (RUR-OGL)	TownCentre (TTC)	TownCentre (TTC)	TownResidential (TRP)	TownResidential (TRP)	Tsageri suburbs (TLP)	139.90909090909028	165.64999999999961	159.12500000000031	82.119323671497838	90.28813559322036	93.482758620689026	98.659999999999926	85.274999999999196	site w./ 2 containers	Rural (RUR-OLA)	Rural (RUR-OLA)	Rural (RUR-OGL)	TownCentre (TTC)	TownCentre (TTC)	TownResidential (TRP)	TownResidential (TRP)	Tsageri suburbs (TLP)	224.24999999999909	240.50000000000242	214.00000000000307	133.46666666666661	224.55555555555532	0	0	0	site w./ 3 containers	Rural (RUR-OLA)	Rural (RUR-OLA)	Rural (RUR-OGL)	TownCentre (TTC)	TownCentre (TTC)	TownResidential (TRP)	TownResidential (TRP)	Tsageri suburbs (TLP)	0	0	0	199.24999999999838	0	0	0	0	
sec

Time for loading one container in the different structures
Rural (RUR-OLA)	Rural (RUR-OLA)	Rural (RUR-OGL)	TownCentre (TTC)	TownCentre (TTC)	TownResidential (TRP)	TownResidential (TRP)	Tsageri suburbs (TLP)	139.90909090909028	165.64999999999961	159.12500000000031	82.119323671497838	90.28813559322036	93.482758620689026	98.659999999999926	85.274999999999196	
sec

Interim driving time in different structures
Rural (RUR-OLA)	Rural (RUR-OLA)	Rural (RUR-OGL)	TownCentre (TTC)	TownCentre (TTC)	TownResidential (TRP)	TownResidential (TRP)	Tsageri suburbs (TLP)	117.83333333333373	92.217391304347643	141.68749999999957	53.450947971781133	62.267857142857054	49.172413793103757	76.41935483870968	70.378378378379111	
sec

Time parameters in different structures
LT	Rural 	TownCentre	TownResidential	154.89469696969672	86.203729632359099	96.071379310344469	IDT	Rural 	TownCentre	TownResidential	117.24607487922697	57.859402557319093	62.795884315906719	

Composition of the tour time
LT	Rural (RUR-OLA)	Rural (RUR-OLA)	Rural (RUR-OGL)	TownCentre (TTC)	TownCentre (TTC)	TownResident (TRP)	Tsageri suburbs (TLP)	0.25873961803763196	0.27418981481481436	0.22330399563829037	0.58672492800186382	0.6506109438639992	0.50231610153788853	0.41617862371888331	IDT	Rural (RUR-OLA)	Rural (RUR-OLA)	Rural (RUR-OGL)	TownCentre (TTC)	TownCentre (TTC)	TownResident (TRP)	Tsageri suburbs (TLP)	0.13270142180094829	8.1828703703703529E-2	8.8285692032089469E-2	0.33700251491990796	0.30874800779174771	0.26422086344265522	0.3177159590043957	TT	Rural (RUR-OLA)	Rural (RUR-OLA)	Rural (RUR-OGL)	TownCentre (TTC)	TownCentre (TTC)	TownResident (TRP)	Tsageri suburbs (TLP)	0.58350147810989716	0.62384259259259323	0.65452916893839064	4.0344667181951496E-2	0	5.3548267556052145E-2	0.23682284040995683	UT/BT	Rural (RUR-OLA)	Rural (RUR-OLA)	Rural (RUR-OGL)	TownCentre (TTC)	TownCentre (TTC)	TownResident (TRP)	Tsageri suburbs (TLP)	2.5057482051522549E-2	2.0138888888888703E-2	3.3881143391229357E-2	3.5927889896276724E-2	4.0641048344253188E-2	0.17991476746340426	2.9282576866764172E-2	

Time structure of collection tours in different structures
LT	Rural 	Town	0.25207780949691222	0.57988399113458378	IDT	Rural 	Town	0.10093860584558044	0.30332379538477028	TT	Rural 	Town	0.62062441321362705	3.1297644912667878E-2	UT/BT	Rural 	Town	2.6359171443880201E-2	8.549456856797806E-2	

Composition of waste from the same collection tours in different seasons
paper/board	09/18-analys	08/19-analys	09/18-analys	08/19-analys	09/18-analys	08/19-analys	Lentekhi	Orbeli/Lailashi/Alpana	Tsageri TownCentre	2.768756311236047E-2	5.3333570767148654E-2	2.2288792922070741E-2	6.6070613995073441E-2	8.4155041634406264E-2	6.7811158798283255E-2	glass	09/18-analys	08/19-analys	09/18-analys	08/19-analys	09/18-analys	08/19-analys	Lentekhi	Orbeli/Lailashi/Alpana	Tsageri TownCentre	2.1915340738516961E-2	6.1738727829617493E-2	2.4030047927885958E-2	4.557978286652678E-2	3.08549664980741E-2	4.2136385312350977E-2	metal	09/18-analys	08/19-analys	09/18-analys	08/19-analys	09/18-analys	08/19-analys	Lentekhi	Orbeli/Lailashi/Alpana	Tsageri TownCentre	6.7274364782620565E-3	1.4263836455588005E-2	9.3140247118818804E-3	8.8495575221238937E-3	1.0632803111787671E-2	1.6614210777300905E-2	hollow plastics	09/18-analys	08/19-analys	09/18-analys	08/19-analys	09/18-analys	08/19-analys	Lentekhi	Orbeli/Lailashi/Alpana	Tsageri TownCentre	1.8776780109713162E-2	6.8220670987962112E-2	2.9706540746947601E-2	3.9850378615089867E-2	3.19336644622722E-2	4.6523605150214593E-2	plastic foil	09/18-analys	08/19-analys	09/18-analys	08/19-analys	09/18-analys	08/19-analys	Lentekhi	Orbeli/Lailashi/Alpana	Tsageri TownCentre	1.8462924046832783E-2	7.9920222238051147E-2	3.2338152898786263E-2	7.9208101450597576E-2	4.2086625472198866E-2	5.2665712923223654E-2	textiles	09/18-analys	08/19-analys	09/18-analys	08/19-analys	09/18-analys	08/19-analys	Lentekhi	Orbeli/Lailashi/Alpana	Tsageri TownCentre	1.4737589039600447E-2	0.11300662440344754	6.0807798725239517E-2	8.1835598941702406E-2	1.8325222625745069E-2	0.15555555555555556	kitchen waste	09/18-analys	08/19-analys	09/18-analys	08/19-analys	09/18-analys	08/19-analys	Lentekhi	Orbeli/Lailashi/Alpana	Tsageri TownCentre	3.8467836576512648E-2	0.19846499038393048	0.10366669572617343	0.27749292947723747	0.15116516853699016	0.15515498330948974	yard waste	09/18-analys	08/19-analys	09/18-analys	08/19-analys	09/18-analys	08/19-analys	Lentekhi	Orbeli/Lailashi/Alpana	Tsageri TownCentre	0.26196064517889794	5.7286843792292895E-2	0.39442664841359598	0.12345588906121704	0.32899189386696381	0.13939914163090128	wood	09/18-analys	08/19-analys	09/18-analys	08/19-analys	09/18-analys	08/19-analys	Lentekhi	Orbeli/Lailashi/Alpana	Tsageri TownCentre	2.1042002128762862E-2	6.2682527245530306E-3	4.5556116806380019E-3	6.8606878934403797E-3	2.5069465019459117E-2	2.0162136385312352E-2	mineral waste	09/18-analys	08/19-analys	09/18-analys	08/19-analys	09/18-analys	08/19-analys	Lentekhi	Orbeli/Lailashi/Alpana	Tsageri TownCentre	5.0080510903086704E-2	2.2704608590355439E-2	7.7549879468329697E-2	3.6766718365112673E-2	8.7386280444325878E-2	2.73724368144969E-2	dangerous waste	09/18-analys	08/19-analys	09/18-analys	08/19-analys	09/18-analys	08/19-analys	Lentekhi	Orbeli/Lailashi/Alpana	Tsageri TownCentre	1.0916732621926257E-4	1.2678965738300449E-2	0	6.568743727762066E-4	3.5164347053597868E-4	1.8102050548402481E-2	other materials	09/18-analys	08/19-analys	09/18-analys	08/19-analys	09/18-analys	08/19-analys	Lentekhi	Orbeli/Lailashi/Alpana	Tsageri TownCentre	4.868862749379111E-2	8.1825628606026074E-2	0.12079055968892718	0.14690265486725665	2.2290167203725883E-2	6.4511206485455413E-2	<	 30 mm	09/18-analys	08/19-analys	09/18-analys	08/19-analys	09/18-analys	08/19-analys	Lentekhi	Orbeli/Lailashi/Alpana	Tsageri TownCentre	0.47134357686744355	0.23028705748272668	0.12052524708952375	8.6470212571845631E-2	0.16675705765351506	0.19399141630901287	Seasonal variation of waste composition in the study area 
-average of all samples-
paper/board	09/18_analys	05/19-analys	08/19-analys	3.9352765841962574E-2	6.0080068198607589E-2	6.2405114520168448E-2	glass	09/18_analys	05/19-analys	08/19-analys	2.5811650315609717E-2	5.7758816143337645E-2	4.9818298669498419E-2	metal	09/18_analys	05/19-analys	08/19-analys	9.8127011042240409E-3	2.5005616911805806E-2	1.3242534918337601E-2	hollow plastics	09/18_analys	05/19-analys	08/19-analys	2.5870747685055675E-2	3.4054877356437696E-2	5.1531551584422186E-2	plastic foil	09/18_analys	05/19-analys	08/19-analys	3.0894271990105516E-2	5.8199490117718022E-2	7.0598012203957464E-2	textiles	09/18_analys	05/19-analys	08/19-analys	4.019023646978221E-2	5.3696669383385985E-2	0.11679925963356851	kitchen waste	09/18_analys	05/19-analys	08/19-analys	0.10270589193466714	0.13743014556865663	0.21037096772355257	yard waste	09/18_analys	05/19-analys	08/19-analys	0.34083945745735306	0.1186069336758318	0.1067139581614704	wood	09/18_analys	05/19-analys	08/19-analys	1.5093685948586165E-2	2.0968498809036173E-2	1.1097025667768587E-2	mineral waste	09/18_analys	05/19-analys	08/19-analys	7.0425185551577688E-2	6.4903215798760211E-2	2.8947921256655004E-2	dangerous waste	09/18_analys	05/19-analys	08/19-analys	1.1606489532731713E-4	7.3292492435225098E-3	1.0479296886493045E-2	other materials	09/18_analys	05/19-analys	08/19-analys	6.2291828291801167E-2	7.7214113142913307E-2	9.7746496652912726E-2	<	 30 mm	09/18_analys	05/19-analys	08/19-analys	0.23659551251394778	0.2847523056499866	0.17024956212119505	Regional waste compositions in comparison
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Microsoft_Excel_Worksheet.xlsx
Bins in Tsageri



						Tsageri

		№		Number and capacity of containers 

				Municipality of Tsageri		Plastic containers      1,1 m3		Metal containers  1,1 m3

										Metal containers   0,6 m3

		1		Rustaveli str.		10		11

		2		Tamar Mepe str.		2		3

		3		Kostava str.		3		5

		4		Aghmashenebeli str.		7		12		7

		5		Ninoshvili str.		8		6

		6		Tsereteli str.				3

		7		Aslanikashvili str.		1		1

		8		Asatiani str.		2		1

		9		Tskaro				1

		10		Green theatre		2

		11		Leselidze str.				2

		12		Goletiani str.						2

		13		Isiani str.		1		2

		14		Baratashvili str.		1				1

		15		Akhvlediani str.		1		1

		16		Liberty str.		5		1		1

		17		Vazha-pshavela str.		2				4

						45		49		15

								109





Bins in Municipality

						Tsageri



		№		Number and capacity of containers

				Municipality of Tsageri		Number of metal containers 1,1 m3		Number of plastic containers 1,1 m3		Notes



		1		[Town of] Tsageri		64		45

		2		Vill. Kveda Tsageri		4		4		35 units

		3		Chalistavi		4		4

		4		Bardnala		4		1

		5		Tsiferchi		2

		6		Larchvali		2		1

		7		Chkumi		2		1										Orbeli, Lajana, Spatagori, Lailashi, Meburishvilis Tskaro, Alpana

		8		Kulbaki		1		1

		9		Zubi		4

		10		Okureshi		1		1

		11		Ladzgveeriis Tskaro		1		1

		12		Makhashi		4

		13		Lasuriashi				2

		14		Dekhviri				1

		15		Chkhuteli		9

		16		Orbeli		5		2

		17		Lajana		4		1

		18		Spatagori		1

		19		Lailashi		3		1

		20		Alpana		2

		21		Meburishvilis Tskaro		1

				Total		118		66		35

								219





Schedule





				Schedule of trucks in Tsageri and villages 





		N		Name of the village		Days of the week														Truck type		Tour length		Container stock

						Monday		Tuesday		Wednesday		Thursday		Friday		Saturday		Sunday

		1		Tsageri (town)																2WD		19 mi		94 (1.1), 15 (0.6)

		2		Kveda Tsageri, Chalistavi, Bardnala, Tsiferchi, Chkhuteli 																2WD		30 mi		32 (1.1)

		3		Tsageri, Kveda Tsageri																4WD		18 mi		117 (1.1)

		4		Lasuriashi, Makhashi, Zubi, Chkumi, Kulbaki, Okureshi, Ladzgveriis Tskaro 																4WD		35 mi		19 (1.1.)

		5		Orbeli, Lajana, Spatagori, Lailashi, Meburishvilis Tskaro, Alpana																4WD		58 mi		20 (1.1)
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