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1. INTRODUCTION AND BASICS 

Urban nexus 
The urban nexus approach aims at integrated planning and management processes which can 
contribute substantially to the sustainability of cities and their regions. The Economic and Social 
Comission for Asia and the Pacific (ESCAP) and the Deutsche Gesellschaft für Internationale 
Zusammenarbeit (GIZ) GmbH are implementing the project “Integrated resource management in 
Asian Cities: the urban nexus”, financed by the German Federal Ministry for Economic Cooperation 
and Development (BMZ). The project supports ten cities in six countries, by providing technical 
advice to municipal administrations for the design, planning and, where possible, implementation of 
practical nexus initiatives. Experiences gained at the local level will feed into regional dialogue, in 
support of scaling-up the urban nexus approach. 
 

2. LANDFILL SITE ASESSMENT 

2.1. LANDFILL DATA 

A site visit was performed on 10 June 2015. Information on the waste inputs, engineering details, 
and environmental conditions of the site are raised during this visit. Additional side Information by 
the municipality or other instances was not provided. A questionnaire was not filled.  
Data collected from other parties during the visit has been verified or information adjusted based 
on the results of site specific observations made during the visit. 
The following paragraphs highlight the data obtained and analyzed for Korat Landfill. 
 

2.1.1. CATCHMENT AREA 

Nakhonratchasima (Korat) is located in Nakhon Ratchasima Province of Thailand, the area around 
is called the “Khorat plateau”. The Khorat Plateau, one of the principal physiographic features of 
Thailand, is a shallow basin-shaped area tilted slightly to the southeast. It is bounded on the north 
and east by the Mae Nam Khong (Mekong River), on the west by the Thiu Khao Phetchabun, and 
on the south by the outward-facing Phanom Dang Raek escarpment. In general, the central part of 
the plateau is a monotonous plain broken by gently rolling hills; the altitude is about 150 meters, 
but in some places along the Phanom Dang Raek escarpment the altitude is nearly 700 meters 
above sea level. 
In 2013 Korat had approx. 173.000 registered inhabitants, but the city’s total population is estimat-
ed to be around 250.000 (considering also the unregistered people living at Korat’s municipal ar-
ea).   
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2.1.2. SITE LOCATION 

The Korat Landfill is located at Route 224, 12 km south-east of Korat on land possessed by the 
Thai military. The site is situated near the highway in a partly populated area and borders directly 
to industrial facilities and agricultural land.  
 

 
Figure 1: Satellite-view of Korat landfill (source: Bing. Maps) 

 
It was noted that high voltage transmission lines run adjacent to the landfill site. 
 

2.1.3. SIDE HISTORY 

The history of the site’s landfill operation began in 1999, at this time the site was operated as a 
plain “dump side”. In 2008 the site was converted in a “controlled dump1”, by lining the ground be-
fore waste disposal, proper landfill operation and final sealing of the disposed waste and covering 
the filled areas with soil.  
A project to sort the incoming waste and to separate out the organics from the waste with the aim 
to treat them anaerobically for biogas generation and to generate a “plastics” fraction with high 
calorific value was implemented in 2012. A waste sorting plant and a biogas plant with a CHP for 
electricity generation from the produced biogas had been installed (for more detailed information 
see chapter 3). 
 

                                                
1 Landfill category according to UNEP:  - Partly suited side, - Minimum construction standards, - Emissions management (partly) 
     - Side management 
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2.1.4. WASTE INPUTS 

In total approx. 400 to/d of MSW (Municipal Solid Waste) are brought to site. Additionally 20 to/d of 
organic waste are collected from households and markets to be processed in the biogas plant to-
gether with the organic fraction of the municipal solid waste (MSW). 
The city’s MSW is collected in a frequency of 24 hours (reasonable due to the hot climate) and 
transported to the landfill. A weighbridge is located at the site entrance and trucks were weighed 
prior to entry.  
 

2.2. WASTE COMPOSITION 

The composition of MSW in Korat is shown in Figure 2. Some physical and chemical data of the 
different waste fractions are summarized in Figure 3. 
 

 
Figure 2: Characterization of Korat MSW (taken from Boonpa and Sharp 2013) 

 

 
Figure 3: Characteristics of different fractions of Korat MSW (taken from Boonpa and Sharp 2013) 
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2.3. WASTE MANAGEMENT AND  LANDFILL OPERATION  

The landfill is operated by the private company DEE (Development of Environment and Energy) 
Foundation as a subcontractor of the Korat municipality. 
Originally, it was planned, to treat 200 t/d of the MSW in the sorting plant, generating approx. 80 t/d 
of organic waste sent to the biogas plant and 50 -70 t/d refuse derived fuel (RDF), a high calorific 
waste fraction that could be used as fuel in cement industry. The residuals from the sorting plant 
should be disposed together with the remaining 150 t/d at the landfill. So, this process was de-
signed to reduce the MSW amount to be disposed by min. 50%.  
 

 
Figure 4: Total waste flow within NRCM based on data from DEE foundation (Taken from Boonpa and Sharp 2013) 

 
Due to operational problems with the sorting plant and the biogas plant the throughput of these 
processes was never reached and so the amount of MSW directly send to the landfill is higher than 
proposed (see Figure 4). Data collected during the visit stated that more than 75% of the incoming 
waste is sent to the landfill directly. More information on the problems of the sorting facility and the 
biogas plant are shown in chapter 3. 
Significant scavenging activities at the site were observed, as large uncovered tipping areas exist. 
The plant manager reported, that the waste pickers are charged for the scavenging permission. 
 

2.4. LANDFILL HEALTH AND SAFETY 

During the site visit different issues that may collide with general Health and Safety (HS) rules were 
observed like: 
 Insufficient security due to missing fencing of the side’s dangerous areas (tipping areas, 

leachate ponds and exhaust gas pipes)    
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 Scavenging around working machinery  
 People (unauthorized?) at open tipping areas 
 Inadequate personal protection equipment 
 Non-compliance with ATEX-rules within the biogas installations 
 Unimpeded emission of landfill gas (no air quality monitoring, no fencing of these areas). 

 
Due to the importance and the complexity of this topic it was not possible to address all HS issues 
during the site visit. We therefore strongly recommend an additional HS-survey of the site.  
 

2.5. LANDFILL FIRES 

No landfill fires or signs of subsurface combustion were either reported or observed during the site 
visit. 
 

2.6. SITE CONSTRUCTION 

The general site conditions and engineering design features were examined during the site visit. 
Waste inflow and composition data were discussed, and operational practices observed. The sub-
sequent sections describe the pertinent features observed at the site. 
 

2.6.1. GENERAL OBSERVATIONS 

The design of the site is a mound fill bounded mainly by agricultural land, industrial facilities and a 
lake in the north western edge of the site. Based on the information provided by the site operator, 
the landfill comprises three waste mound deposit areas (see Figure 5). Cell 1 was operated from 
the beginning of disposal and was closed 4 years ago. Cell 2 is operated since 2011 and was 
closed in 2014. Finally cell 3 is under operation. It is estimated, that the capacity of cell 3 will run 
out in 2018.  
 

 
Figure 5: Landfill cells of Korat landfill 
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Figure 6: Scavengers at an open area of cell 3 

 
The landfill is located in a plain area with no general slope of the bottom. The active tipping area 
was not well managed; larger areas are utilized for tipping. Other areas of the operated cell were 
uncovered.  
Scavenging took place directly at the tipping area as well as along the uncovered part of the oper-
ated landfill cell. 
 
 

 
Figure 7: Pictures of the operated cell and its tipping area 

 
The landfill cells 2 and 3 are equipped with a bottom-liner with geo-membrane. It was reported that 
these cells are equipped with a leachate collection system as well, whilst the first cell isn’t. Proper 
Landfill gas (LFG) wells are not installed during the fill progresses to bring on a gas collection sys-
tem online relatively quickly, for improving collection efficiency and emissions reduction.  
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The closed cell 2 was reportedly lined with geo-synthetic lining system. Advanced containment 
design features like interlocking sheet piles are not installed to retain waste placed along the pe-
rimeter of the landfill cells. The closed cells were covered with geo-membrane and soil (cell 1) as 
interim cover materials. LFG discharge pipes were installed to degas the closed cells to the envi-
ronment (additional information see chapter 2.7.1). 
Information about the leachate management infrastructure is to be found in chapter 2.7.2 
Office buildings and a workshop/maintenance depot is located behind the gate on the landfill 
ground. A police guard post is located immediately at the gate. 
 

2.6.2. ENVIRONMENTAL DATA 

According to available meteorological data (World Weather Information Service at 
http://worldweather.wmo.int/en/home.html), the average annual rainfall at Korat is 85,7 mm, and 
the temperature ranges from 29,1 to 36,6°C (see Figure 8). The site is therefore categorized as 
extremely wet and hot, potentially enhancing the rate of waste degradation and leachate genera-
tion. 
 

 
Figure 8: Korat Climatological Information (taken from World Weather Information Service) 

 

2.6.3. WASTE DEPTH 

No data concerning the installation depth of the waste were provided. Site observations during the 
site visit are indication for a waste depth of approximately 20 to 25m in the closed cells. Shallow 
waste (less than 5 m) was deposited in some areas of cell 3 (still in operation). 
 

2.6.4. WASTE PLACEMENT 

A weighbridge was located at the entrance to the landfill and the trucks were weighed before dis-
posal at the active tipping area or the sorting and biogas facility. Waste is brought to the site in 
open vehicles, offloaded in the tipping area, spread and pushed to the edge of the leading waste 
slope by track-mounted dozers. 
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It observed that there are trucks available for cover soil transport, no compactor, different excava-
tors and loaders and a water spraying vehicle. All machinery was observed in fair conditions. 
Track-mounted excavators were in operation at the time of the site visit, but no compactors. The 
waste density was not reported. 
 

2.6.5. SLUDGE PLACEMENT 

No sludge placement, past or present, was reported by the landfill management, or observed dur-
ing the site visit.   
 

2.6.6. BASE LINING 

It was reported that the landfill was constructed with a geo-composite base and side-slope lining 
system for cell 2 and cell 3. During side visit the existence of the liner in cell 3 was determined (see 
Figure 7). 
 

2.6.7. CAPPING LAYER 

The not operated / closed cells are either interim covered with geo-membrane and soil (cell 1) ore 
geo membrane alone (cell 2). Compaction of the waste body appeared to be well performed due to 
no signs of differential settlement being observed during the site visit. Compaction and stability of 
the soil cover appeared not to be very good. Altogether with inadequate grading, the soil starts to 
be abraised by erosion at cell 1 (see Figure 9 ). Surface water ponds on the interim cover of cell 2 
are indicating a missing slope to allow the rainwater to drain from the top of the covered waste (see 
Figure 10). 
 

 
Figure 9: Covered landfill cell 1 
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.  
Figure 10: Intermediate cover of landfill cell 2 
 

2.6.8. SURFACE WATER MANAGEMENT 

Diversion channels were observed around the waste disposal areas to divert storm-water away 
from the waste mass. These appear to be somewhat effective in reducing the amount of rainwater 
entering the waste. However, it is not clear to where all the runoff is directed. Some of the channels 
are made of concrete and are routed to the leachate treatment system others are just digged into 
the ground, to let the surface runoff seep into the soil. Additionally waste is polluting the channels 
and leachate seems to intrude into the surface water diversion system (see Figure 11). 
 

 
Figure 11: Surface water runoff system at an open but not operated tipping area 
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2.7. GAS AND LEACHATE  

2.7.1. GAS 

Landfill gas was vented from the existing waste mass through numerous passive vents. These 
passive vents were apparently constructed with perforated HDPE pipes and some of them were 
protected by an outer perforated pipe filled with gravel. Nevertheless, some vents were observed 
to be off vertical and it is believed that they may have been damaged by on site machinery opera-
tion (or landfill settlement).  
Via the vents the whole amount of generated landfill gas is escaping to the environment. The only 
duty of the gas vents is to route the landfill gas out of the waste body. No measures are taken to 
avoid environmental impacts coming from the landfill gas emissions. Air quality measurements 
were not performed but the odor nuisance near the landfill cells is tremendous.  
Next to the odor emission problem health threats due to suffocation hazard and risks of explosion 
exist. 
 

 
Figure 12: Passive vents for LFG discharge to the ambient air 

 

2.7.2. LEACHATE 

Leachate is the liquid produced by contamination of water within the landfill site by a wide range of 
solutes resulting from the disposal and decomposition of waste (including organic and inorganic 
components) in landfills. The water content results from drainage of moisture from the original 
waste, water resulting from degradation, and infiltration of surface water (rainfall). Leachate can be 
highly contaminated and usually has a very low concentration of dissolved oxygen. 
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It was reported, that a leachate drainage system 
consisting of drainage channels that divert the 
leachate collection pipes was built at the base of 
the landfill during the landfill construction. The 
gravity drainage system was reported to send the 
leachate to pump champers outside the disposal 
cells from where the leachate is routed to the 
leachate treatment plant (LTP).  
During the side visit it was not possible to verify the 
functionality of the pump chambers, but the cham-
pers seemed to be in bad shape and was filled with 
waste instead of being filled with leachate (see 
Figure 13). 
The LTP is located at the western edge of the site 
right behind cell 2. It is an open pond (aerated 
pond?) treatment system consisting of three ponds. 
The ponds are not equipped with any technical 
measures like mixing, aeration or measurement 
devices. It could be observed, that the ponds con-
struction is very basic. The ponds are heavily pol-
luted themselves by solid waste (see figure 14. It was reported, that the treatment efficiency is very 
limited.)  
 

 
Figure 14: Leachate treatment pond 

 
The quality of the raw leachate as well as the treated leachate is not reviewed on the basis of regu-
lar analyses. The daily/monthly accruing quantities of leachate are not detected. From our point of 

Figure 13: Waste filled leachate pump chamber 
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view, the leachate treatment system at Korat landfill seems to be working as an evaporation only 
treatment. During the hot and sunny daytime the water and the volatile pollution of the leachate 
(e.g. Ammonia/Ammoniac) evaporates with the effect that strong odor emissions are generated. 
This treatment may partially lead to a reduction of the leachate amounts in the ponds but due to 
the very humid climate during the summer months (see Figure 8) rainfalls refill the ponds and over-
flows of untreated leachate could happen. This should be avoided at any instance, because right 
behind the LTP ponds at the north-western edge of the landfill a lake is located (see Figure 1).  
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3. RECOMMENDATIONS 

The existing MSW treatment concept and the established technology on site in Korat do not create 
proper results. During the stay in Thailand, the possibility was granted to inspect the plant condi-
tions and to discuss problems the staff is facing on regular base. 
Due to these discussions and our observations, we suggest the following first actions to improve 
the situation on site, the result of the MSW treatment and the quality of the valuable RDF product. 
A more detailed design of the concept to meet the requirements of the client and the site can be 
developed, but requires deeper knowledge on the process and local conditions. This can be ob-
tained in further steps. 
Figure 18 on page 20 provides an overview of the treatment concept, incorporating our recom-
mended positions for process enhancement or improvement. In the following we will refer to these 
individual positions according to the capital letters they are marked with. 
 

3.1. AUTOMATIC BAG OPENING 

During our site visit we noticed, that workers in the manual sorting stage were busy emptying not 
fully opened plastic bags, to access their contents.  
This means, that the following effects are occurring: 
 
 The bag opener does not function 

properly 
 Contents of the unemptied bags are 

not processed in the subsequent drum 
screen, hence too many MSW compo-
nents pass the drum screen and end 
up in the manual sorting cabin 

 Manual sorting capacity is occupied by 
emptying out bags, instead of sorting 
valuable fraction from the screened 
MSW 

 
 
 
Since the automatic bag opener does not open all bags in the MSW properly, all subsequent 
treatment stages are affected: The drum screen does not process the content of the bags, since it 
is not accessible, which results in the whole bags leaving the screening stage to be treated in the 
manual sorting stage. 
In consequence, the workers in the manual sorting cabins have to do the job of the automatic bag 
opener and open and empty out not fully opened bags, instead of focusing on valuable collection. It 
can also be expected, that due to that the quantity of material entering the manual sorting stage is 
increased. 

Figure 15: Automated Bag Opener installed in Korat MSW Treat-
ment Plant; Photo Taken During Site Visit in 2015 
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Due to that, the quality of the material leaving the manual sorting cabins is lowered, i.e. the RDF 
product. 
As first step of process improvement, we recommend to: 
 
 Re-adjustment of the bag opener to work properly or  
 Exchange of the automatic bag opening aggregate by a machine better meeting the condi-

tions of the MSW. 
 
The expected effects due to properly opened bags will be  
 
 reduction of the material quantity entering the manual sorting cabin 
 increase of the material quality entering the manual sorting cabin 
 improvement of the efficiency of the subsequent drum screen 
 improvement of the efficiency of the manual sorting stage. 

  

3.2. MANUAL SORTING AND VALUABLES RECOVERY 

After the automatic bag opening system is working properly, the focus of the manual sorting sys-
tem is relieved from:  
 
 the increased material flow and  
 the task to open and empty unopened bags.  

 
The workers can now focus on:  
 
 recovering valuables from the material 

stream  
 to gain profit and  
 to contribute to material recovery from 

waste. 
 
As consequence, the output from the manual 
sorting cabins will be:  
 valuables e.g. metals or  
 high caloric RDF material, mainly con-

sisting of plastics and 
 the overall process is relieved from mis-

guided materials. 
 
 

Figure 16: Situation in Manual Sorting Cabin; Photo Taken 
During Site Visit in 2015 
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3.3. UPGRADE: LIQUEFACTION OF MSW ORGANICS FOR AD (ANAEROBIC DIGESTION) 
AND RDF (RESOURCE DERIVED FUEL) QUALITY ENHANCEMENT 

During our site visit, we observed  
 
 a certain amount of organic residues in the RDF (Resource Derived Fuel) product, lowering 

the RDF quality 
 a RDF production which is lower than the RDF potential. 

 
Due to re-adjustment of the automatic bag opener, we consider these effects to be reduced drasti-
cally. In addition, to enhance the biological treatment stage of the whole MSW treatment plant, we 
recommend installing an aerobic hydrolysis stage prior to anaerobic digestion.  
 
 The small and mid-size throughput of the drum screen will be fed to this new process step, 

in which organic matter of the treated material will be liquefied and provided as COD en-
riched process water for better biogas results in the anaerobic digestion (AD) stage.  

 This water can be used in the homogenizer to condition the additionally added organic 
waste or be fed into the existing AD system for increased biogas production directly.  

 The remaining solid phase is mechanically dewatered and dried using a thermal aggregate, 
using the excess heat from the CHP heat exchanger. The dried solid phase mainly consists 
of non-organic matter with energetic value, which can be used as high quality RDF.  

 A subsequent treatment step will remove floating particles and sediments from the process 
water to minimize problems in the AD stage due to sedimentation and floating layer for-
mation. 

 
By washing out liquefied organics in the aerobic hydrolysis,  
 
 salt concentrations are reduced at the same time,  
 which contributes to a lowered chlorine content of the RDF,  
 which results in an increased value of the RDF. 
 If required, the high quality RDF can also be mixed with the RDF from manual sorting 

stage, to increase the calorific value of the RDF mixture. 
 The exhaust air of the aerobic hydrolysis stage can be beneficially used for aeration in the 

aerobic waste water treatment, to reduce exhaust air treatment costs.  
 Problems in the AD stage due to sedimentation and floating layers are minimized. 
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Figure 17: Example of an Aerobic Hydrolysis Pilot Plant Reactor, used for trials on Thai MSW 

 

3.4. OPTIMIZATION OF THE HYDROLYSIS TANK OF EXISTING AD SYSTEM 

The installed AD System of the MSW treatment plant comprises a two staged digestion: a hydroly-
sis and pre-acidification reactor and an anaerobic digester. 
The hydrolysis tank is operated in plug-flow mode with no further installations for mixing and ho-
mogenization. Against that, the anaerobic digester includes an externally positioned pump-based 
mixing system. 
 
 It is reported, that the hydrolysis tank was and is subject to heavy formation of floating lay-

ers. 
 It is also likely, that sedimentation occurs as well. 

 
 We recommend to install a mixing system (by stirrers or pump mixing analogous to the an-

aerobic digester). 
 
Due to the improved bag opening stage, its advantageous effect on the performance of the drum 
screen and the manual sorting system and the installation of the aerobic hydrolysis stage with in-
cluded reduction of floating and settling particles, these problems for the hydrolysis tank are re-
duced drastically: 
 
 remaining effects of sedimentation and floating layer formation are minimized by this instal-

lation. 
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3.5. ANAEROBIC DIGESTER HEATING 

During the site visit it was reported, that the anaerobic digestion stage does not produce enough 
biogas to operate the CHP continuously, but in batch operation. 
 
 This causes problems to the heat management of the digester, since the fed substrate is 

heated up via CHP excess heat. 
 Hence, the digester’s internal temperature cannot be controlled sufficiently and the opera-

tion temperature is below optimum conditions.  
 Due to this, the biogas production is inhibited, resulting in insufficient biogas amounts to 

keep the CHP running continuously. 
 
We recommend focusing on stabilizing the heat management: 
 
 by feeding process water containing liquefied organics, which are easily biodegradable, the 

biogas production will be stabilized and actual conditions will be improved. 
 

But it will take some time to improve the biogas production rate of the AD system and this cannot 
take place beyond a sufficient temperature level inside the digester.  
 
 Therefore it is recommended to support the heating system via an external heating device 

during the (re-)commissioning phase of the digester, until sufficient excess heat is produced 
by the CHP itself. 

 
 If the temperature inside the digester is stable at optimum operating conditions, the biogas 

production rate will both, increase and stabilize at the same time. 
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Figure 18: Overview of the treatment concept, incorporating our recommended positions for process enhancement or improvement 
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