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Chapter 1 
 

Project Information 
 
Sustainable Energy for Development (SED) programme, supported by the Ministry of Power, 
Energy, and Mineral Resources and the German Federal Ministry for Economic Cooperation and 
Development (BMZ), and implemented by the Deutsche Gesellschaft für Internationale 
Zusammenarbeit (GIZ) GmbH, is working to promote the use of renewable energy, as well as 
efficient use of energy. This is done by improving the framework conditions towards building 
markets for sustainable energy solutions, through (i) building capacities of relevant stakeholders 
and (ii) promoting the application of energy efficient (EE) technologies and technologies for the 
generation of renewable energy (RE). SED directly assists the Government of Bangladesh (GoB) 
by technical piloting of new technology, developing business models and scaling-up of RE and 
EE technologies. One of SED‟s interventions is to popularise the use of biogas plants all over the 
country. Slaughter house waste management using biogas technology is a relatively new idea in 
Bangladesh.In urban areas, slaughter house waste is not properly managed. This waste is 
openly disposed in surrounding areas and polluting the surrounding environment. In this 
circumstance, slaughter house based biogas can be a sustainable solution.  

In 2006, GIZ first piloted the concept but these plants did not sustain long as there was no 
systematic management system. Later on in 2011, GIZ in collaboration with Local Government 
Engineering Department (LGED) has constructed another slaughter house waste based biogas 
plant in Gazipur. The plant is still functional but there are still scopes of improvisation in the 
model. Considering the situation GIZ constructed a new 89 m

3
 volume biogas digester inside the 

premises which has a capacity of daily input 900 kg. 

LGED is one the largest government agency in Bangladesh entrusted for planning and 
implementation of local level infrastructure development programs. The Department is 
responsible for growth centre and market infrastructure development as well as waste 
management. LGED also operates in close collaboration with municipality authorities through 
Bangladesh Municipal Development Fund (BMDF), and Local Government Division (LGD). At 
this stage, it is important to continue the pilot initiative further and develop a full-fledged 
composite idea with technical specification as well as business model. 

In this backdrop, initially a contract was signed between German Development Cooperation, GIZ 
Office Dhaka, Bangladesh and Waste Concern Consultants on November 15, 2015. But due to 
change of project location the contract was revised and under this special amended agreement  
the start date of th assignment was changed to 10.05.2018 and end date of the assignemnt was 
30.10.2018.  

 

1.1 Main Objective 
 
Consulting to assess the Slaughter House Waste Management using Biogas Technology at 
Gazipur City Corporation and provide solution to improve the operational efficiency and bio-slurry 
management system. 

 
1.2 Scope of Work 
 
To achieve the object, the consultant is expected to fulfil the following task: 
 

 Demonstrate specific technology of bio-slurry dehydration as sand bed filter constructed 
at Tongi, Gazipur Slaughterhouse based biogas plant. 

 Analyse the nutrient content of dewatered bio-slurry and provide solutions to convert it 
into balanced organic fertilizer. 

 Monitor bio-slurry dehydration technology as sand bed filter for a specific time period 
and provide solution to make the system operational at its optimal level. 

 Provide recommendations for the optimal use of by-products of biogas plant. 

 Provide training to plant authorized representative for future opertion and maintenance. 
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1.3 Timeline and Deliverables 
 

The tasks assigned under this agreement will commence from 10
th
 May 2018 to 30

th
 October 

2018. 

Table1.1: Table showing Deliverables 
 

Deliverables Activities Comments 

Deliverable 1 Demonstration of dehydration 
technology 

Completed 

Deliverable 2 A detail report, including nutrient 
content of the dehydrated slurry, 
technical specification, technology 
identification and management to 
convert it into organic fertilizer. 

Completed 
 

Deliverable 3 A final report containing project 
learning. 

Completed 
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Chapter 2 
 

Detail report 
 
The major assignment was to effectively treat bio-slurry coming out of a biogas digester. A 
number of low cost technologies have been introduced for this pilot intervention, which starts 
from Sand bed filter dewatering liquid slurry and then treating liquid percolate with the help of 
trickling filter (coco-peat filter). Finally co-composting of the dry sludge collected from the drier to 
produce a sanitize product compost.Using this process bio-slurry can be dried, co-composted 
with organic waste to produce a sanitized product. Co-composting is the controlled aerobic 
degradation of the organics using more than one material (bio-slurry and organic municipal solid 
waste).  
 
WCC under the contract was requested by GIZ to construct a pilot demonstration project in a 
slaughterhouse site located in Tongi, where bio-slurry generated from biogas digester can be 
managed safely. A number of technologies where introduced for the pilot project where both the 
solid and liquid from the slurry can be treated, they are 1. Sand bed filter: to separate the dry 
portion of the liquid slurry and separate the liquid part from the slurry. 2. Waste Water/Percolate 
Tank: to collect the liquid percolate from the sand bed filter slurry in the anaerobic tank; 3. 
Trickling filter: specially designed filter with filtration system using coconut husk, coconut dust, 
gravels of different thickness to treat the liquid percolate. 4. Compost Box: In this system dry 
slurry from the sand bed filter is collected and added with organic waste and processed through 
an aerobic composting system.At present GIZ built an 89 m

3
 volume digester in the site. The pilot 

bio-slurry drier was built adjacent to this newly build biogas digester for only demonstration 
purpose. Considering limited available space and fund, it can only treat 80kg of bio-slurry/ 
Digestate every day. 
 
2.1    Proposed Concept for implementation of Bio-slurry Treatment System 
 

Co-composting bio-slurry and MSW is advantageous because the two materials complement 
each other. The slaughter house waste is relatively high in N content and moisture and the MSW 
is relatively high in organic carbon content and has good bulking quality. Furthermore, both these 
waste materials can be converted into a useful product. High temperatures attained in the 
composting process are effective in inactivating pathogens contained in the bio-slurry and will 
convert both wastes into a hygienically safe soil conditioner-cum-fertilizer. Bio-slurry has a high 
moisture and nitrogen content while bio-degradable solid waste is high in organic carbon and has 
good bulking properties (i.e. it allows air to flow and air to circulate). Co-composting is a natural 
process allowing good hygienisation of sludge in a relatively short time. This is due to high 
temperature of 50 to 70ºC, which is reached during thermophilic degradation process. In 
practice, the ideal combination of wastes as input material for composting must be determined by 
trials. It takes some time to learn the composition and chemical analysis of your local waste. 
Laboratory tests of your waste can assist in finding the ideal ratio but are not crucial. Table 1.3 
shows the comparative advantage of aerobic composting compared to other treatment options 
practiced. It shows that within a week we can get rid of bacteria, virus, protozoa and helminthes 
eggs from the compost product which is required for compost quality. A large number of 
pathogens or parasite‟s eggs are excreted in faeces and many thousands or even millions are 
excreted each time. However these pathogens eventually die or become incapable of causing 
diseases.  
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Table 2.1: Survival Time (in days) of Pathogen by Different Treatment Method 
 

Types of Treatment Bacteria Virus Protozoa* Helminthes** 

Night soil, faeces at 20-30 C 90 days 175 days 10 days Many months 

Composting (anaerobic) septic tank/ pit latrine 60 days 60 days 30 days Many months 

Thermophilic Composting 50-60
0

C 
7 days 7 days 7 days 7 days 

Waste Stabilization Pond 
Retention time >20days 

20 days 20 days 20 days 20 days 

Source: Sida (1998) 

 

* excluding Cryptosporidium parvum 
** mainlyAscaris; other parasite eggs tend to die quicker 
 

The treatment concept proposed for bio-slurry treatment has been developed considering mainly  
 

a) Minimum operation and maintenance requirements 
b) Hygienisation and safe operation  
c) Maximum treatment efficiency 

 
Bio-slurry received at the pilot facility would be treated in various stages using different treatment 
modules.In the proposed concept, the incoming bio-slurry, flows through un-planted drying beds. 
Here solid liquid separation takes place as the solids get retained on the filter bed with plants and 
the liquid percolates through the filter bed and is collected in a waste water/ percolate collection 
tank and then the treated effluent is further treated in trickling filter and pond for aerobic 
treatment before it can be reused for irrigation. 
 
Design Parameters for the Pilot Bio-slurry Treatment Project 
 
The following Table 2.2 is showing the parameters considered during the designing of the bio-
slurry treatment project. 
 
Table 2.2:     Design Parameters 
 

Sl Parameters Capacity 

1 Capacity of Each Drying Beds  0.5 m
3 
/day 

2 Total Capacity of the Drying Bed 1.0 m
3
/day 

3 Retention Period  10 days 

4 Dry Sludge from the drying bed from each 10 days 
cycle 

100kg  

5 Percolate from the Drying Bed 0.9 m
3
 

6 Capacity of the waste water/ percolate Tank 1.66 m
3
 

7 Tube well (one) Capacity 8.5 liter/minute 

8 Trickling Filter Capacity of Each Bucket 
There are 2 buckets in the trickling filter 

18 Liter 

 Co-composting  

9 Capacity of the Compost Plant 1 m
3
 

10 Organic Waste Resident Time (box method 
aerobic) 

40 days 

11 Considering Density of Waste in the Pile 800 kg/ m
3
 

12 Input in Compost Box Capacity 
10kg dry Sludge+6kg Organic Waste 
Every 10 day cycle 160kg input 

16kg/day  
 

13 Compost Produced 100 kg/month 
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Table 2.3:   Specification of the newly constructed biogas plant is shown below 
 

Sl Particular Amount 

1. Input Amount / Day  900 kg 

2. Cow  use / day 40 Number 

3. Size of Digester (Volume)  89 cum 

4. Hydraulic Chamber   18 cum 

 
 
 

 
 
 

 
Plate 2.1: Photos showing the constructed 
slurry drying unit with sand filter percolate 
tank and the trickling filter in the proposed 
site. 

 
Plate 2.2: Site Plan on the left hand side 
showing the location of biogas digester 
and location of bio-slurry drying unit with 
compost box for co-compostig bio-slurry 
with organic waste located at the Slaugter 
house, Zone-1, Tongi, Gazipur City 
Corporation. 

Figure 2.1: Site plan of the pilot project locate at Tongi, Gazipur City Corporation. 
 
 

Material Flow Diagram of the Process Flow: 
 
As the proposed treatment facility is integrated with the solid waste management facility, the 
dried sludge collected from these beds can be co-composted to make compost that can be used 
in agricultural fields.  
 
The Figure 2.2 show the pilot project can receives 1m

3
 of slurry every day and subsequently the 

slurry is dried and co-composted using compost box and the liquid percolate is treated using 
trickling filter.  
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Figure 2.2: Material flow diagrams showing how bio-slurry is dewatered, treated and composted 
 
 

2.1.1 Drying Bed - Unplanted drying beds (UPDB) 
 
An Unplanted Drying Bed seen in Figure 2.3 below is a simple, permeable bed that, when loaded 
with sludge, collects percolated leachate and allows the sludge to dry by evaporation. 
Approximately 50% to 80% of the sludge volume drains off as liquid. The sludge however, is not 
stabilized or treated. The effluent that is collected in the drainage pipes needs further appropriate 
treatment for safe disposal. 
 
Unplanted drying bed is a tank with graded filter media. The slurry from the biogas digester outlet 
(1m

3
/day) is designed for loading in the drying bed. During the drying process, the liquid 

percolate from the solids, percolates through the filter media and is collected at the bottom of the 
tank and conveyed to percolate treatment system through the perforated pipe provided at the 
base of the beds. Considering the climatic conditions of Bangladesh, it is estimated that each 
cycle of bio-slurry emptied into the bed will take at least 10 days for drying. The dried sludge from 
the drying beds to be removed once in 10 days and land-filled (if there is no re-use opportunity) 
or transferred to the compost processing unit (if there is re-use opportunity). The bed has 
different layers of filter material with thickness of each layer as per the design requirement- top 
layer with sand with grain size of 1-4mm for 200mm depth, stone aggregate/pebbles of size 5-
7mm for 100mm, stone aggregate/pebbles of size 12-16mm for 150mm, stone 
aggregate/pebbles of size 50-70mm for 150mm at the bottom layer. 
 
Several steps need to be followed to operate the drying bed and coco peat. Drying bed can 
receive bio-slurry all-round the year without any interval if emptied regularly (see detail design in 
Annex 1). 
 
STEP 1: Bio-slurry should be poured into the disposal channel of the drying bed shown above 
and from here bio-slurry is passed into the sludge drying bed by natural gravity. When the drying 
bed gets filled up to certain point (600mm), it is kept there for a few days (10 days depending 
upon season) so  that  sludge  gets  dried  and  the  percolate  is  filtered with gravity into  the  
connected percolate tank.   
 
STEP 2: Percolate stored in the percolate tank then should be pumped to the coco peat filter. 
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STEP 3: After 10-12 days the dry sludge on the top of the drying bed should be scooped up 
manually and taken to the compost box for co-composting. 
 

 

 
 

 
Figure 2.3: Section Showing Unplanted Drying Bed 

 
 

Depending on the sludge characteristics, sludge contains large volumes of liquid which drains 
out as percolate from the drying filter. Experience shows that evaporation process removes 20% 
to 50% of moisture of bio-slurry from the drying beds. For further treatment these harvested 
sludgefrom the drying bed is taken to the co-compost plant for conversion of this nutrient rich dry 
sludge in sanitized in the ratio of 1:3 to 10. During the aerobic co-composting process with high 
temperature pathogens are removed and as a result the sludge is converted into compost that 
has an estimated Carbon Nitrogen ratio of 20:1.  
 
For further treatment these harvested sludge from the drying bed is taken to the co-compost 
plant for conversion of this nutrient rich dry sludge into sanitized compost. After reaching the 
desired dryness, the sludge is removed from the bed manually or mechanically. Further 
processing for stabilization and pathogen reduction may be required depending on the intended 
end use option. 
 
 

  
Plate 2.3: Pilot drying bed with coco peat filter 
beside the bio-slurry outlet of the biogas plant 

Plate 2.4: Side view of the Drying bed and coco 
peat filter. 
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Plate 2.5: Inside view of the drying bed. Plate 2.6:  Drying bed visited by the 

consultants. 
 
 

 
 

Figure 2.4:  Plan of the pilot drying bed, percolate tank and the trickling filter. 
 
 
 

Waste Water/ Percolate Collection Tank 
 
The percolates from the drying bed goes to the waste water tank. Dissolved solids and organic 
content in the percolate still remains in this water coming from the dryingbed and therefore it 
needs to be treated further through introduction of Trickling Filter using layers of coco peat,coco 
dust and stone gravels (detail design shown in Annex I). This module provides partial nutrient 
removal, hygienization, organic load reduction and ready for discharged safely. This percolated 
storage system is a watertight structure made of concrete/brick for the storage and treatment of 
percolate water from the drying bed. Settling and anaerobic processes reduce solids and 
organics, but the treatment is only moderate as the retention time provided is between two to four 
days. Figure 2.5 shows that from 1 m

3 
digestate filtered through the drier after evaporation loss 

becomes 0.69 m
3
 percolate which accumulates in the percolate collection tank. The percolate 

tank is designed to store percolate for more than 7 days. The tank is designed to store percolate 
for 3-4 days. 
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Trickling Filter 
 
The trickling filter is a fixed-bed, biological reactor that operates under (mostly) aerobic 
conditions. Pre-settled wastewater is continuously „trickled‟ or sprayed over the filter. As the 
water migrates through the pores of the filter, organics are degraded by the biofilm covering the 
filter material. The trickling filter is filled with a layer of high specific surface area material, such 
as rocks, gravel, coco nut husks, coco pits. A high specific surface provides a large area for bio-
filmformation. Organisms that grow in the thin biofilm over the surface of the media oxidize the 
organic load in the wastewater to carbon dioxide and water, while generating new biomass. The 
incoming pre-treated wastewater is „trickled‟ over the filter, e.g., with the use of a tumbler with 
alternate rotation cycle. In this way, the filter media goes through cycles of being dosed and 
exposed to air. However, oxygen is depleted within the biomass and the inner layers may be 
anoxic or anaerobic.  
 
 

 
Figure 2.5: A typical cross sectional view of a trickling filter  
 

  
Plate 2.7: Sectional view of a trickling filter Plate 2.8: Sectional view of a trickling filter 
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Figure 2.6: Sectional view of a trickling filter using layers of coco peat, coco husk and 
different grades of gravels 

 

 

2.1.2    Co-composting of bio-slurry Sludge using Box Method 
 
As mentioned earlier, bio-slurry is a rich source of nutrients such as nitrogen, phosphorus and 
potassium. In bio-slurry, most of the organic matter is contained in bio-slurry, while most of the 
nitrogen (70-80%) and potassium are contained in urine. Before using human excreta as a 
fertilizer, it must be made safe. Co-composting of dry sludge collected from the drying beds can 
be processed in combination of organic waste using Box Method of composting. 
 
Collection of Dry Sludge from the Drying Bed 
 
Digestate or bio-slurry from the AD is taken to the drying bed. Drying bed consist a number of 
layers of fine and coarse sand filter with brick shingles. The Drying bed is designed to receive 
100kg of slurry every day. Initially digestate is poured into the sand drying bed using natural 
gravity. When the drying bed gets filled up, it is kept there for a few days (10 days depending 
upon season) so that sludge gets dried and the percolate is transferred into the connected 
percolate tank. There are two drying beds each having 0.5 m

3
 capacity. The percolate is pumped 

into the trickling filter unit for further treatment. This specially designed trickling filter has several 
layers of coconut husk, coconut husk power and gravels. Percolates are sprayed from the top 
and treated water comes out from the outlet located below the filter.This filtered water has high 
nutrient value and be used for the composting process, anaerobic digesters, growing vegetable or 
can be safely released to agricultural land for irrigation purpose. 
 
Co-Composting of Dry Sludge 
 
Every cycle of 10 days the drying bed is expected to general 100 kg of dry sludge, which means 
it every day 10kg of dry sludge is expected to generate. The capacity of the compost box 
constructed has a capacity of 1m

3
. Considering 800 kg/ m

3
 density the compost box can 

accommodate 800 kg of inputs. Everyday combination of dry sludge (10kg) along with organic 
waste (6 kg), altogether 16 kg can be used as feed stock. The composting process in the box 
takes 45-50 days. Co-composting of dried slurry from sludge drying bed and biogas digesters are 
treated in the compost box dedicated in the same area. When digestate is co-composted with 
thermophilic composting technique, the digestate becomes sanitized and suitable for farmers for 
use. Experience shows that box system requires less space, labour and convenient for an 
operator to monitor the compost process. For example because of cubic shape of the pile within 
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a box, it can accommodate more waste in the same covered floor space. Box system requires 
less turning compared to windrow system, as a result number of labour required to handle that 
same amount of waste is more in window system. Another positive side of this system is that 
waste water from the compost box is drained out to a collection tank in controlled way. This 
waste water with high concentration of nutrient is taken to the biogas digesters. So, house-
keeping is easier and aesthetically this system is much attractive to an operator. 
 
Basics of composting 
 
In natural environments, the slow decomposition of organic matter by different microorganisms 
and invertebrates produces a black-brown earthy material called humus – a valuable component 
of good soils. Composting runs along the same lines, but is accelerated by optimised and 
controlled process parameters like input material, temperature, moisture, and pH. This 
distinguishes composting from natural decomposition. The quality of the input materials and 
certain biological and physical parameters has a major influence on the quality of the compost 
and on the occurrence of operational problems with the composting facility. A properly 
constructed compost pile can be compared to an interactive biological and ecological system. It 
contains various microorganisms dependent on the nutritional and environmental condition of the 
pile. It is important for composters to understand the physical, chemical and biological processes 
involved in the decomposition of biodegradable organic material. Any well managed compost 
heap contains water and air in the pore spaces between the solid particles as shown in Plate2.6. 
 
 

 
 
 

 

 

The solid material is the biodegradable waste, the moisture inside and outside of the waste is the 
liquid part and the air in the gaps between the solid particles the gaseous phase. All three 
constituents play a key role in the composting process, as the main activity of microorganisms 
can be observed at the interfaces of these three phases. Microorganisms can only make use of 
dissolved nutrients found in the liquid phase. However, they require oxygen for their metabolism, 
which they draw from the air in the gaps. 

 

Aerobic "hot" composting 

The composting process can be divided into three phases: 

1. Degradation phase 

2. Transformation phase 

3. Synthesis or maturation phase 

 

Plate 2.9: Compost contains solid, liquid and gaseous phases–all play an important role 
during composting 
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As natural microorganisms such as bacteria, actinomycetes, fungi, and some protozoa are 
already present in organic waste, the degradation phase starts directly after piling. These 
aerobic microorganisms degrade carbohydrates and amino acids present in food and yard waste 
into simpler compounds, carbon dioxide and water. Under favourable conditions, they multiply 
exponentially and generate a large amount of heat as a result of oxidative processes. The 
temperature within the heap rises to over 60 °C. If high temperatures are maintained for one 
week, and all of the material experiences such temperatures (the cooler outer layer being 
relocated to the warm interior as a result of the turning process) pathogens and weed seeds are 
destroyed during this phase. To ensure a favourable environment for aerobic microorganisms, it 
is important to control the oxygen supply during this phase. After about one month, the process 
slows down and temperatures drop slightly. Different species of fungi become predominant in the 
compost pile and develop a white or grey colour just under the surface of the compost heap. 
Fungi are important for the decomposition of proteins and cellulose substances. During this 
phase, the compost process has to be controlled and adjusted frequently to ensure optimum 
conditions for the microorganisms. 

 

After about 45-50 days, the temperature drops to 30-40 °C and the compost heap enters the 
transformation phase. The heap becomes populated with various invertebrates, such as mites, 
millipedes, beetles, earwigs, earthworms, slugs, and snails. As the material is a nutrient source to 
them, they continue the degradation process and cut down the coarse compost material into a 
crumbly soil-like substance. Though the material looks like compost, it is not yet stable and 
chemical substances (e.g. nitrite) may inhibit plant growth if applied directly to the flora. 

 

The compost heap enters the synthesis or maturing phase after approximately ten weeks 
when the insects abandon the compost. On-going chemical processes transform nitrite to nitrate 
and slowly link the short-chained humic substances into stable and nutrient-rich humus. 
Depending on the local conditions (e.g. temperature and input material), the compost is mature 
after 3-6 months. 

 

 

 

Figure 2.7: Temperature and processes during composting 

 

Key factors of the co-composting Process 
 

The key factors affecting the biological decomposition processes and/or the resulting compost 
quality are listed below. They comprise: 
 

 Carbon to nitrogen ratio 
 Moisture content 

 Oxygen supply, aeration 
 Particle size 
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 pH 
 Temperature 
 Turning frequency 
 Microorganisms and invertebrates 
 Control of pathogens 
 Degree of decomposition 
 Nitrogen conservation 

 
Steps of Co-composting Process 
 
A number of steps need to be carried out during the co-composting process; they are shown in 
the Figure 2.8 
 
 

 
 

Plate 2.10: Small 1 m
3
 capacity compost 

plant constructed for the piloting 
purpose. 

Plate 2.11: Perforated base introduced 
at the bottom of the compost box to 
drain extra water from the waste pile. 

 
 

Step 1: Incoming Waste Weighing 
 
Manual or electronic digital weighing machine can be used for this purpose. Usually rickshaw van 
or truck loaded with waste enters the gate and unloads the waste in unloading platform of the 
compost plant. Depending on the size of the plant weigh bridge capacity can be from 250-500 kg 
capacity. During this step, incoming waste can be weighed using 50-100 litre bucket or basket.  
Plant operators shall note the numbers of the licence plates and register it as incoming weight.  It 
should be noted that keeping the record of incoming waste in a compost plant is required for 
claiming carbon trading as well as important to run a business. The important requirements are that 
both waste delivery and residual collection be regular and that waste be delivered in a fresh 
condition. 
 
 
Step 2: Sorting 
 
Compost quality is mainly determined by the quality of the input material. Hence, the sorting of 
the waste plays a vital role. Substances which are not biodegradable need to be separated from 
the biodegradable fraction. Sorting is especially crucial with regard to hazardous materials. They 
must be removed before they are loaded in the compost box.  Otherwise they will contaminate 
the entire pile and severely compromise the final compost quality. If households are willing to 
segregate their waste at source it saves a tremendous amount of time and costs for the 
composting scheme. Moreover, it increases the quality of both biodegradable waste and 
recyclables. Hence, the long term goal should be the introduction of source segregation of waste 
in households. 
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Figure 2.8: Screening, Bagging and Marketing of Compost Product (Waste Concern 2014) 

 
 

Step 3: Mixing 
 
Under the activity `Mixing‟, balancing of carbon and nitrogen ration is necessary for composting 
process. The ratio of carbon (C) to nitrogen (N) - also called C/N ratio - is very important for the 
biological degradation of organic waste. Both C and N are feedstock for micro-organisms 
responsible for the degradation of the organic matter. While carbon is important for the cell 
proliferation, nitrogen is the nutrient. The text explains the effects of a too high or a too low C/N 
ratio in the composting process and how problems can be avoided. Generally one can classify 
"green" materials as being high in nitrogen and "brown" materials as high in carbon. The input 
material should have a carbon/ nitrogen ratio of 25:1 to 40:1. This mixture allows for the most 

Sorting of incoming waste 

 As soon as the organic waste arrives at the composting site, it is separated manually into biodegradable 
material, recyclables, and rejects. 

 Manual sorting can be done in different ways: on the ground with a small rake. Workers must wear 
protective gloves, boots and masks as they are close contact with the waste. 

 Rejects and recyclables are sorted into different buckets and/or baskets.  

 Rejects are either disposed of in nearby municipal waste bins or temporarily stored on-site before being 
transported to the landfill.  

 No waste should remain overnight on the sorting platform as it can attract vermin and cause smell. 
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rapid and efficient degradation of the organic material. The wide range of the C/N ratio already 
indicates that a certain variation of waste components is possible. It is recommended to keep 
incoming “brown” waste (i.e. from parks) separate from “green” household waste and to add it 
later depending on the composition of the household waste. For a start, these “green” materials 
and “brown” materials are mixed in equal volumes.  
 
 

Figure 2.9: Showing how bio-slurry is harvested from the drying bed and added with municipal waste 
for co-composting 
 
 

This ratio may need to be adjusted if the composting process is not satisfying. For instance, if the 
waste is very wet with little structure (e.g. kitchen or restaurant waste) the fraction of “brown” 
materials has to be increased (not only to correct the C:N ratio, but also to reduce the moisture 
content and to encourage the movement of air). It also indicates that household waste is already 
close to the ideal C:N ratio and normally needs just a little additional “brown” material high in 
carbon. In practice, the ideal combination wastes as input material for composting must be 
determined by trials. It takes some time to learn the specifics of your local waste. Over time, the 
plant manager will get a keen sense of how to mix the different incoming waste types and when 
to add wood chips or bio-slurry. Laboratory tests of your waste can assist in finding the ideal 
ratio. 
 
By combining bio-slurry and organic waste, the benefits of each can be used to optimize the 
process and the output product. Co-composting is a natural process allowing good hygienisation 
of sludge in a relatively short time. This is due to high temperature of 50 to 70ºC, which is 
reached during thermophilic degradation process. Co-composting of pre-treated and thickened 
bio-slurry with solid waste might be a good solution, even for large sludge volumes.  
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The right waste mixture in a nutshell: 
 

 An efficient composting process needs a C:N-ratio within the range of 25:1 to 40:1. 

 Wood chips or sawdust (high C) or manure (high N) may be mixed with the organic waste to 
optimize the C:N ratio. Wood chips can also increase the pile porosity, thereby improving 
aeration. 

 Organic screening residues from previous piles can be added to fresh piles as a carbon source. 
As the screening residues already contain micro-organisms, they also accelerate the start-up of 
the composting process. 

 
 

Step 4: Composting Process 
 
The box is constructed with perforated walls, a perforated bottom grid and vent-pipes allowing air 
circulation through the waste. The construction of the box in combination with the layer technique 
ensures sufficient aeration and additional turning is not necessary. Air is supplied to the organic 
material through holes in the walls and through the perforated vertical pipes embedded in the 
pile. The perforated bottom of the box additionally acts as drainage for excessive water. As in the 
box system, the temperature within the mass increases within a few days up to 60 °C, ensuring 
that the final compost product is free of viable pathogens or weed seeds. Typically, a box is filled 
within 5-7 days and the waste in the box decomposes aerobically for 45-50 days before it is 
removed from the box. This decomposed product needs another 15 days for maturing in the 
Maturing Box. All the compost boxes are placed under a covered roof to protect the composting 
process from rain and excessive sun. 
 
If one box is not sufficient, the remaining waste has to be spread in a second box. Assuming an 
input load of 3 tons per day with a density of 800kg/m

3
 with 15 tons capacity, one box may be 

filled within 5 to 6 days. The box receives one layer (3 tons/day) of waste per day. Every time a 
layer is added it is loosely mixed with the previous layer using a fork or shovel. When the box is 
full the waste is left for 45-50 days to go through a thermophilic composting process. For 
measuring the moisture weekly dig several holes into the compost and check the moisture 
content according to the description of Moisture control of this guideline. If the material is too dry 
spray water over the compost and level the material again. After 45-50 days one side of the box 
are opened and the decomposed organic matter is removed from the box and kept in a Maturing 
Box for 15 days and after the produce is matured the fresh compost product is dried (if 
necessary) or screened and stored. 
 
One of the important factors during the composting process is to ensure sufficient supply of air. 
Within a few days, aerobic micro-organisms exponentially proliferate, consuming an enormous 
amount of oxygen. A lack of oxygen likely favors the growth of anaerobic organisms which cause 
unpleasant odors. Furthermore, anaerobic conditions slow down the degradation process 
resulting in a longer composting period. Thus, attention must be given to ensuring and adequate 
air supply. 
 

 Box composting requires less space than windrows. The piles can be moved closer together 
and piled higher (to a maximum height of 1.5 m) to save space. 

 Box composting requires less manpower than windrow composting. Tturning is no longer 
necessary.  

 Box composting is less labour-intensive than windrow composting. Only little watering is 
necessary, if the piles are too dry. 

 During the rainy season, keep the compost under a roof to prevent it from getting soaked. 
Rain might leach valuable nutrients from the compost. 

 Continue daily temperature monitoring until the compost is at the ambient temperature. If the 
temperature of the compost rises when water is added to it, the compost is not mature and 
needs additional days for final curing. 

 The presence of white or grey colour indicates the presence of fungi, which are important 
micro-organisms for the composting process. Their appearance also indicates that the pile is 
still in the mesophilic phase. 
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 Mature compost appears dark brown, has an earthy smell and a crumbly texture. 

 Frequency of Water Addition Water needs to be introduced to the compost pile to initiate 
microbial activity and assist in reaching temperatures in excess of 65 degrees Celsius.  

 Free Air Space (FAS) is important to allow for the movement of air and moisture within the 
compost pile. Various products can be used, but the most logical and suitable is ground 
wood chips or saw dust. Too much air space increases porosity - moisture will be readily lost 
and excess air flow will be too drying, thereby preventing the windrows from reaching 
optimum temperature rates for pathogen reduction. A lack of sufficient FAS will cause the 
compost pile to go anaerobic (without oxygen), which can cause odor and process problems. 

 
The plastic perforated pipes increase the oxygen supply by passive aeration through the 
perforated side walls and bottom. The box should not be filled within a day; filling of box with 
organic waste should be done incrementally in layers. If the box is filled in a day, the pile may 
become anaerobic. The depth of each layer should be kept within the range of 30-45 cm so that 
it allows additional oxygen to the pile when the waste comes into contact with fresh air. The 
presence of steam is a good indicator of the effectiveness of the composting process.  
 
 
 
 
 
 
 
. 
 

 
Step 5: Maturing 
 
After about 45-50 days, the materials in the piles changes into colour like soil and the pile 
temperature falls below 50 °C. This indicates that the process has entered the curing or maturing 
phase. After 45-50 days residence time in the compost box, the pile is unloaded and taken to the 
maturing box. It is a specially designed box with a drying bed (with layers of coarse sand and 
brick or stone ships) to absorb extra moisture from the pile. This box has a blower to maintain the 
moisture content before screening. Compost with high moisture becomes difficult to comply with 
regulations of compost standard and also difficult to screen. If the moisture is too high during this 
stage, forced aeration shall be provided with mobile blower (1 horse power). The blowers will be 
kept running for hours with interval, till the piles have the required amount of moisture. If the 
moisture is too much during the monsoon, blower can reduce the moisture content within a short 
time. During this stage complex organic materials further break down while producing 
substances somewhat like topsoil. Residence time at this stage is 14-15 days in maturing box, 
which is necessary to ensure that the compost is mature and suitable for direct application to 
plants. During this phase the compost needs less oxygen and less water. The temperature 
constantly goes down to the ambient temperature. This process is gentler, since the easily 
degradable structures have already been decomposed during pre-composting. This means that 
less heat is generated. The temperature during this process is around 40 to 50°C.  Measurements 
for temperature, moisture content are carried out in the same manner as in Pre-composting cells. 
After 14-15 days, the material, which has undergone final composting, is transferred for screening. 
 

Step 6: Screening 
 
The mature compost has a rather coarse texture. The particle size of the compost strongly 
depends on the size of the individual pieces and the composition of the input material and the 
turning frequency. In many cases finer compost is required and so the compost must be 
screened. The screening is done either by using a flat frame sieve or a rotating drum sieve. Each 
size and type of sieve with its particular mesh size is suited for a particular throughput and 
application. In any case they need to be adjusted to the local conditions and compost structure. 
 

There are several advantages of layered filling of waste, they are: 
 

 helps to keep the pile temperature within the optimum range of 60 – 65 °C:  

 Ensures that all biodegradable material gets in contact with air, thus avoiding “anaerobic zones” 
causing unpleasant odor. 

 Allows outer layer of the pillow exposed for a day and ensures a better hygienisation (killing of 
fly eggs and pathogenic microorganisms) of the final compost 
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 The frame sieve (a rectangular wooden frame with a wire mesh stretched across it) is 
propped up in a sloping position. The raw compost is thrown onto the sieve and rubbed 
through the mesh. 
 

 A manual rotating drum sieve is more expensive but can have a higher throughput. It also 
protects the workers from close contact with the compost. 
 

 There are four different grades of compost, which may be referred to as coarse, medium, fine 
and superfine. Screens with four centimeter square openings are used for the medium grade 
of compost and a one centimeter mesh is used for fine grade of compost.  

 Compost should be virtually free of all foreign matter such as pieces of plastic or broken 
glass. Small inorganic particles, which were missed during the initial sorting, should be sent 
to the disposal site together with other residues. 

 

 Coarse organic material which has not been completely composted normally remains in the 
screening residues. This material is a valuable carbon source and should be mixed with fresh 
incoming waste. It already contains micro-organisms that can accelerate the decomposition 
of the incoming material.\ 
 

 The screening process generates two fractions. The particle size and amount of the compost 
is determined by the mesh size of the sieve through which is passes. For instance, a sieve 
with a 10 mm mesh size produces fine compost (1 mm up to 10 mm) and; 

 

 Screening residues containing both coarse organic material and inorganic residues (> 10 
mm). 

 
If required, several screens with decreasing mesh size can be put in a row allowing the 
production of several compost qualities. However, in most cases one compost quality - fine (1-10 
mm) - is sufficient. 
 
 
Step 7 & 8:   Storage and Bagging 
 
Depending on your customers you might store compost in bulk or pack it in bags of different 
volumes. If compost reheats above ambient temperature after the screening process it still is not 
completely mature. In this case sprinkle little water and let the compost rest for another week. 
Check the temperature again before you start bagging it. The compost should be relatively try 
when it is bagged to avoid transporting large amounts of water with the compost (moisture 
content < 40 %). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 Store the mature and screened compost in a dry and covered place. Rainwater would leach out 
valuable nutrients. 

 The storage of compost should not be for longer than two years as the nutrient value of the 
product and the organic matter content slowly decrease over time. 

 Compost is usually sold in bulk (delivered loosely) or in bags of different sizes (e.g. 5 kg, 10 kg, 
and 40 kg). Some bulk purchasers may be content to use a coarser grade of compost if the price 
is attractive. 

 Pack the compost into bags only just before it is to be sold.  

 The bags should be waterproof but permeable to air as compost is still a “living” material requiring 
air. Woven polypropylene bags proofed to be very suitable for compost. 
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Chapter 3 
 

Demonstration of dehydration technology 
 
After completion of the construction of the dehydration technology along with trickling filter and 
compost box, 2 (two) trial runs were conducted to see the performance of the system. Slurry from 
the biogas outlet were collected and poured manually in the sand drying bed. Effluent from the 
slurry was stored for 3-4 days in the waste water tank. From the waste water tank effluent is 
poured in the trickling filter Effluent samples were collected from the waste water tank and 
sprayed filtered water from the outlet of the trickling filter. 
 

 

 
 
Plate 3.1: Drying bed at the far left, underground waste water tank in the middle 
and trickling filter located on the far right seen in the pilot demonstration project. 
Man standing on the top of the hydraulic chamber of the biogas digester and 2 
(two) chambered settlement tank can be seen in front of him. 
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Plate 3.2: Slurry samples being collected from 
the adjacent biogas hydraulic chamber. 

Plate 3.3: Settlement tank for slurry connected 
with the slurry outlet tank. Settlement tank 
introduced for settlement of solids in the slurry 
before discharging in the sand trying bed. 
 

  
Plate 3.4: Slurry from the slurry settlement 
tank connected with biogas outlet is poured in 
the sand filter (drying bed).  

Plate 3.5: Hand pump introduced to pump 
effluent from the anaerobic waste water 
chamber. 
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Plate 3.6: Effluent is sprinkled in the specially 
designed coco peat filter using pipes with 
smaller nozzles. 
 

Plate 3.7: Specially designed buckets are 
introduced to equally spay effluent in the 
perforated screen to filter efluent uniformly. 
 

 
 

Plate 3.8: Effluent sample coming the from the 
outlet of the trickling filter being collected for 
laboratory testing.  

Plate 3.9: Closeup view of the effluent sample 
being collected from the outlet of the trickling 
filter being collected for laboratory testing. 
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Plate 3.10: Aerobic co-composting process 
carried out using specially designed compost box 
with tin roof and bamboo column support. 

Plate 3.11: Dry slurry used in 1:3 proportion 
(1 part dry slurry: 3 part organic waste) to 
maintain the nutrient content in the compost 
 

 

 
Plate 3.12: Final out from the co-composting 
system is mature stable product called compost. 

Plate 3.13: Collected samples of effluent and 
compost being tested in the quality control 
laboratory  
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Chapter 4 
 

Laboratory Test Results 
 
The following section shows the protocol followed during the testing of slurry and effluent 
collected from the biogas digester, anaerobic waste water tank and trickling filter outlet. 
 
 
4.1      Slurry and Effluent Sampling 
 
Date of Sampling: October 10, 2017, May 20, 2018 and May 31, 2018 
 
Procedure of Sampling:  
 
Devices and Methods: 
 
Automatic Samples - These devices collect samples by periodically pumping a sample into a 
sample bottle. The sampler is triggered to sample by a set time or by the amount of liquid that 
passes by a flow-measuring device. 
 
Sample Types: 
 
a. Grab- Each sample shows the characteristics of the water at the time of sampling only     and 
should not exceed a sampling time of 15 minutes. Grab sampling is done for such procedures as 
batch discharge, constant waste stream characteristics and when the parameter tested 
deteriorates rapidly such as cyanides, volatile organic compounds and phenols. 
 
b. Composite- There are two methods that are most common to collecting  composite    samples. 
Time paced is when samples are collected at set increments of time. Flow paced samples are 
taken when a measured volume of water flows over the sensor of a flow meter. The preferred 
method of sampling is by flow pacing. This gives the most representative sample. Metals, 
Base/Neutral/Acid Organics, BOD and TSS samples may be collected by this method. 
 
c. Volatile Organic Compounds Grab-These samples are collected in a clean glass beaker and 
transferred to 40-milliliter vials, usually with HCL acid for a preservative. The cap has a flexible 
septum in it. There must not be any air bubbles in the vial, so the cap must not have an air space 
under it. The vial must be filled the liquid crowns and the cap screwed until the septum bulges. 
 
 

 1
st

 Group of Samples: Slurry from Biogas Digester: 
 
Altogether 4 (four) samples were collected from the slurry tank of the existing biogas plant. A 
number of scientific tests were carried out to assess the pH, Turbidity, Dissolved Oxygen (DO), 
COD, BOD5, Total Solid (TS). (see Table 1, 2 & 3). Laboratory analysis is showing that all the 
samples collected from the slurry tank of the anaerobic biogas digester are complying with the 
set standards prescribed by the Government of Bangladesh (GoB). 
 
 

 2
nd

 Group of Samples: Effluent from Anaerobic Waste Water Tank: 
 
2 (two) samples were collected from the anaerobic waste water tank connected to the drying 
bed. This waste water tank is designed to store water for 3-5 days. A number of scientific tests 
were carried out from the collected samples to assess the pH, Turbidity, Dissolved Oxygen (DO), 
COD, BOD5, Total Solid (TS). (see Table 1, 2 & 3).Laboratory analysis is showing that all the 
samples collected from the slurry tank of the anaerobic biogas digester are complying with the 
set standards prescribed by the Government of Bangladesh (GoB). 
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 3
rd

 Group of Samples: Effluent from the Trickling Filter outlet: 
 
2 (two) sample were collected from the outlet of the Trickling Filter. Effluent from the Waste 
Water Tank is pumped with hand tube well installed on the top of the Waste Water Tank and 
sprayed from the top using rotating bucket and perforated screen placed on the top of the filter 
layers.  A number of scientific tests were carried out from the collected samples to assess the 
pH, Turbidity, Dissolved Oxygen (DO), COD, BOD5, Total Solid (TS). (see Table 1, 2 & 
3).Laboratory analysis is showing that all the samples collected from the slurry tank of the 
anaerobic biogas digester are complying with the set standards prescribed by the Government of 
Bangladesh (GoB). 
 
 
4.2    Co-Compost Sampling 
 
Date of Sampling: 02/09/2018 
 
Procedure of Sampling: 
 

- Collect each of 500 gm material from near the surface, midway to the core and near the 
core of pile; 

- Thoroughly mix the materials in the bucket to ensure homogeneity and take composite 
sample for testing. 
 

Place the material in a sealed waterproof suitable clean container and label the container to 
identify the sample. 
 
 

 4
th

 Group of Samples: Final compost product after co-composting process 
 
2 (two) samples of matured compost were collected from the compost box after 45 days 
residence time. Composting process was conducted in Waste Concern‟s similar composting unit 
in Dhaka. Consultants were not allowed to conduct the composting process by the caretaker of 
the site.  A number of scientific tests were carried out from the collected samples to assess the 
pH, Turbidity, Dissolved Oxygen (DO), COD, BOD5, Total Solid (TS). (see Table 4 & 5). 
Laboratory analysis is showing that all the samples collected from the compost box are 
complying with the national standards prescribed by the Government of Bangladesh (GoB). 
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Comparison of Test Results 

 
The comparison of test results shown in the table 4.1 below shows that after treatment samples 
are complying with the set standards of the Government of Bangladesh. 
 
Table 4.1: Comparison of Test Results 

 
Sl. 
No. 

 

Source Tested parameter  Remarks 

1 Untreated Waste Water pH, Turbidity, DO, COD, BOD5, 
TS 

Not Complying with 
EQS, DOE, ECR 

2 Waste Water from Trickling 
Filter  

pH, DO, COD, BOD5, TS Complying with EQS, 
DOE, ECR  

3 Dried Slurry Physical Properties: Color, 
Physical condition, Odor, Moisture 
Content, Inert materials 
Chemical Properties: pH, 
Organic Carbon, Nitrogen (N), 
Phosphorus (P), Potassium (K), 
Zinc (Zn), Copper (Cu) , 
Chromium (Cr), Cadmium (Cd), 
Nickel (Ni)    

Not Complying with 
National Fertilizer Act 
2008 

4 Co-composted Slurry Physical Properties: Color, 
Physical condition, Odor, Moisture 
Content, Inert materials 
Chemical Properties: pH, 
Organic Carbon, Nitrogen (N), 
Phosphorus (P), Potassium (K), 
Zinc (Zn), Copper (Cu) , 
Chromium (Cr), Cadmium (Cd), 
Nickel (Ni)   

Complying with 
National Fertilizer Act 
2008  
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Table 4.2: Analysis of Slurry from Biogas Digester  
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Table 4.3:  Analysis of Slurry from Biogas Digester and Effluent from Anaerobic Tank & Trickling Filter 
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Table 4.4:  Analysis of Slurry from Biogas Digester and Effluent from Anaerobic Tank & Trickling Filter 
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Table 4.5: Analysis of Co-compost Sample 
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Table 4.6: Analysis of Co-compost Sample 
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Chapter 5 
 

Project learning 
 
 

1. Bio slurry generated from anerobic biogas digester using slaughter house waste can be 
treated and converted into a sanitized fertilizer using low cost filtration system and aerobic co-
composting method. 

2. Laboratory tests conducted with the treated sludge, compost and effluents show that it 
complies with the standards set by the government of Bangladesh. 

3. The proposed pilot drying technology can also be introduced for the biogas plants operated in 
the rural areas of Bangladesh. 
 

4. Slurry drying and co-composting technology can be replicated in the slaughterhouses in 
Bangladesh.  
 

5. Compost produced from the sludge bio-slurry has required nutrients set by the fertilizer 
standard in Bangladesh and can be sold in the market with economic incentives. 
 

6. Compost application in the soil can improve soil condition and crop yield. 
 

7. Co-composting technology can reduce Greenhouse Gas emission. 
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     ANNEX 1      Detail Design 
 
 
 

  
Construction of the foundation work of the Drying 
Bed under process. 

Base work of the drying bed, underground 
percolate tank and trickling filter completed 

    
PVC Perforated pipes 
are introduced in the 
base of the drying bed 
and trickling filter  

Stone chips of different 
grades and sand has 
been introduced in the 
system. 

Small compost box 
introduced to co-
composting the dried 
sludge and convert it 
into a sanitized 
product. 

Perforated PVC 
sheets are introduced 
in the trickling filter to 
accommodate equal 
spread of percolates 
in the filter. 
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