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OBJECTIVES

On behalf of Oxfam GB and the CxB WASH sector, Arup have conducted this 
Technical Assessment study of different Faecal Sludge Management (FSM) 
methods in the Rohingya camps in Cox’s Bazar (CxB), Bangladesh. This is a 
phase 2 study, following completion of phase 1 in 2019.

This phase of the study builds on existing FSM technical information and 
monitoring and evaluation (collected by others since 2019), broadens to include 
whole FSM chain, wider range of stakeholders and camp areas covered and 
focuses on current challenges of sustainability and environmental impact, 
space requirements and costs. The WASH sector will use findings of this study 
to inform development of a (longer term) FSM Strategy for the camps. To this 
end, this study aims to provide a technical assessment to answer the following 
questions, where costs and operational robustness are the key criteria:

1.	 Does the FSM chain meet the need? i.e., does each stage in 
the FSM chain have capacity to manage the sludge generated, 
what are the bottlenecks and inefficiencies, and how can these 
be addressed?

2.	 Which type of FSTP is performing best against most 
assessment parameters? This should include reasoning for 
improving or decommissioning FSTPs.

3.	 Which mode of FS transfer/transport is most cost effective and 
resilient? 

4.	 Does the containment type influence the sludge chain, and 
which containment is best?

5.	 Is the centralised or decentralised approach of FSM more cost 
effective and sustainable?

EXECUTIVE SUMMARY
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METHOD

A core team of FSM experts was formed from the CxB WASH sector group, 
to guide and support the project. Arup, Oxfam, and the core team identified a 
wider stakeholder group (eight NGOs operating FSM in the camps) to include 
in the study and to provide the evidence/data for analysis and FSTPs to visit. 
Review meetings where also held with DPHE and other technical experts when 
appropriate.

A series of ‘camp wide’ and ‘detailed field’ assessments were completed 
to draw conclusions on the whole FSM chain and inform the discussion on 
centralised and decentralised FSM systems. Camp wide assessments are 
based on existing data provided by the sector and stakeholder data collected 
on operational cost and performance of containment, desludge and transfer. 
The FSTP assessments are based on the field visits covering 20 FSTPs and 
eight technology types, conducted during this study by technical partner Oxfam 
Bangladesh. The FSTPs types1 were compared against a set of indicators to 
summarise performance, including: cost; footprint area; speed of construction 
and commissioning/decommissioning; operation and maintenance issues; 
pathogen inactivation and environmental impact.

In many cases the existing or collected datasets are limited e.g. do not cover 
the whole camp area or all parameters required, some assumptions and 
extrapolation of data has been undertaken. The findings from the report should 
therefore be treated as provisional and relevant to the particular context in CxB.

FINDINGS

The camp wide review of desludge and transport data gave an approximate 
‘total volume of sludge generation (at point of desludging)’ and the wet 
season variation, this was extrapolated to give an estimation of 1.1 l/h/d and 
a total monthly production of 29,718m3 of FS. Wet season impact resulted in 
approximately 26% more volume generated (at point of desludging). 

The analysis of the containment systems showed a wide range of latrines are 
used and the current dataset records many more types than the sectors ‘Unified 
Standard Design for Latrines’. Latrines are desludged more often either because 
of insufficient capacity for the number of users, mixed use (black and grey 
water), operational defects and/or poor infiltration. 

Analysis of the transport and transfer systems showed that IFSTN (permanent 
pipe networks) have a lower cost to operate and can transport increased 
volumes of sludge throughout the year. Their construction comes with an initial 
higher Capex but (based on available data) this investment can pay off within 
nine years when compared against other transport modes. The FS volume in 
transit during the wet season was noted as impacted by: poor access conditions 
to desludge and/or transfer, limited infiltration capacity (hence treatment 
capacity) at the receiving FSTP, and accessibility or overflowing of latrines in low 
land/flood prone areas.

(1) Lime, Anaerobic lagoons (centralised), Aerobic treatment (aeration), Biological multi-stage (central), 
Anaerobic baffled reactor (ABR). Waste Stabilisation Ponds (WSP), Anaerobic Digester System (ADS), Upflow 
filters (UFF) and Decentralised Wastewater Treatment System (DEWATs) 
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Review of camp wide treatment performance data and the detailed review of 
parameters for the 20 FSTPs visited, showed that generally the centralised 
plants were operating well and had the lowest overall cost for the volume 
treated. The WASH sector infrastructure data (2021) set shows the total FSTP 
daily treatment capacity of 879m3 across the camps. For a population in RCs 
of 904,639 and a sludge generation rate of 1.1 l/h/day we get a daily sludge 
production of 995m3. It is fair to consider that there is some sludge retention in 
the camps’ latrines and tanks, and that some people might still practice open 
defecation, so this slightly lower treatment capacity might accommodate for the 
sludge produced in camp. However, during the wet season the volume of sludge 
in transit increases and this treatment capacity might not be enough.

Eight out of the 20 FSTPs visited were not utilising their full design capacity at 
the time of the study, leaving a nominal 196m3 of underutilised capacity in total. 
Reasons stated as: site was under commissioning or decommissioning, poor 
final effluent quality, and variable volumes of incoming sludge depending on the 
season. If FSTPs not investigated in this study (included in the WASH sector 
infrastructure data) have a similar underutilisation, again this shows that the 
available treatment capacity is slightly below the demand (sludge generation). 

Across the 20 FSTPs visited the Capex of treatment per m3 ranged from 
approximately $1,000 to $14,000 USD and Opex from $1 to $44 USD.  

Several types of decentralised FSTPs were not achieving the DoE effluent 
standards but the WSPs, ABR and DEWATs showed potential for good 
performance, with some passing results from certain FSTPs or in certain 
months. The Aeration plant performs best against the effluent standards 
(passing COD, pathogen, pH and nutrient requirements). Centralised FSTPs 
showed generally a better performance than the smaller decentralised FSTPs. 

Lime FSTPs had high pH and generally poor performance for COD/BOD 
and nutrients removal. Lime sites are not appropriate for this stage of the 
emergency, given their high Opex and low treatment performance, and a majority 
are being decommissioned. GeoTubes and Constructed Wetlands (assessed in 
phase 1` and not phase 2) are poorly performing and not appropriate for use as 
a standalone technology and should be decommissioned.

FSTPs that are not meeting DoE effluent standards for most parameters, can 
pose a risk to human health and the environment. Most of the site visited use 
infiltration via soak pit or infiltration field as the final disposal for liquid, perhaps 
negating the need to meet the DoE (discharge to surface water) standards, it is 
likely that larger or additional treatment units, and hence a larger areas, would 
be required for these FSTPs to achieve better effluent quality. Where infiltration 
is the final disposal route for FSTP liquid effluent (and DoE pathogen standards 
are not achieved), risk assessments to ground water are required to properly 
design the infiltration area and upstream FSTP and define the capacity of the 
treatment and associated FSM chain.

Final solids products from FSTPs are generally being stored at sites and are not 
being widely reused or recycled. There is a need to understand the market and 
acceptability for sludge products (compost, gas etc) to understand if additional 
solids handling could be made cost efficient i.e., offset Capex and Opex costs by 
selling fertiliser or compost in local areas. Consolidation/centralisation of final 
solids handling can help move solids off FSTP sites, allowing for an efficient 
treatment to be established and a better use of FSTP area. Review would 
be required of if final solids require further ‘rewetting’ or ‘drying’ to facilitate 
process to produce saleable products, this may prove cost or logistically 
prohibitive. 



Page 7 TECHNICAL ASSESSMENT OF FAECAL SLUDGE MANAGEMENT IN THE ROHINGYA RESPONSE

In the shorter term e.g., next 5 years, improving the existing FSTP infrastructure 
is likely to have the lowest Capex and environmental impact (from materials 
use etc). However most existing sites do not have space for additional process 
stages required to achieve DoE effluent standards or accommodate population 
growth, therefore this is unfeasible. In the ‘longer term’ i.e., 5 to 10 years most 
FSTPs in this study will have reached their design life, it would be most cost 
effective, looking at whole chain cost, to provide a centralised FSTP with 
permeant pipe as transfer system.

General view of CxB camp
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INTRODUCTION1

1.1 BACKGROUND

In response to the influx of Rohingya refugees into Bangladesh from Myanmar, 
an unprecedented number of agencies have implemented Faecal Sludge 
Management (FSM) projects in Cox Bazar (CxB) camps. In 2018, Oxfam and 
Arup, with support from UNHCR and others, started a technical assessment 
study of Faecal Sludge Treatment Plants (FSTPs), with the aim of drawing 
conclusions, from evidence gathered through practical experience, on best 
practice in FSM for disaster response.

The initial technical study was completed in 2019 and included eight FS 
treatment technologies, with FSTPs treating over 5m3/d (the wider FSM chain 
was not included). The study included assessment of the following parameters 
for each FSTP: cost, footprint area, speed of construction and commissioning, 
operation and maintenance issues, process performance and resilience to 
natural disasters. The full publication can be found: here.

Since publication of the initial study there has been significant progress in 
various aspects of FSM in CxB, via a number of actors. Importantly this has 
included monitoring and evaluation (M&E) of some FSTPs, developing Minimum 
Standards for Sanitation in Emergencies (by the FSM TWiG) and signposting 
documents to assist development of a Strategic Plan for FSM. 

As the Rohingya emergency moves to the longer term, the WASH sector wants 
to focus their FSM efforts on FSTP and FSM chain technologies which have 
good treatment performance, limited operational input, low space requirements, 
and are cost effective. FSM systems in CxB are being rationalised, with a 
limited number of new facilities being built and the focus shifting to improving 
performance and sustainability of existing systems, while modifying or 
decommissioning unsatisfactory elements. The sustainability (cost, operational 
and environmental) of FSM systems is critical to ensure they can operate well in 
the long term, as donor support reduces.

This ‘phase 2’ of the FSM technical study will focus on CxB and aims to build 
on the initial study, but broaden the scope to the FSM chain, refine the data 
captured to align with recent M&E work (by others), and include a wider reach 
for stakeholder engagement to ensure relevant FSM data and experiences are 
captured.

1.2 OBJECTIVES OF THIS STUDY

The objective of this phase of the project is to provide a ‘Technical Assessment 
of FSM systems in CxB’, building on the initial study, and studies by others 
(UNICEF, UPM, ICDDR-B, IOM, UNHCR, DPHE, Oxfam, ITN Buet, MSF et al), see 
Appendix I for stakeholder identification and Chapter 5 for references. 

This study will be used by the CxB WASH sector to understand the performance 
and cost of the main FSM chains in use across the camps and to inform the 
long-term FSM Strategy for the camps (a future piece of work to be undertaken 

https://policy-practice.oxfam.org/resources/faecal-sludge-management-for-disaster-relief-technology-comparison-study-620943/
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by CxB WASH sector). To this end, this study aims to provide a technical 
assessment to answer the following questions, where costs and operational 
robustness are the key criteria:

1.	 Does the FSM chain meet the need? i.e., does each stage in the FSM chain 
have capacity to manage the sludge generated, what are the bottlenecks 
and inefficiencies, and how can these be addressed?

2.	 Which type of FSTP is performing best against most assessment 
parameters? This should include reasoning for improving or 
decommissioning FSTPs.

3.	 Which mode of FS transfer/transport is most cost effective and resilient? 

4.	 Does the containment type influence the sludge chain, and which 
containment is best?

5.	 Is the centralised or decentralised approach of FSM more cost effective and 
sustainable?

This ‘phase 2’ will:

•	 Review latest available information - Building on the initial study, aligning 
with established M&E studies and bringing in more relevant stakeholders. 
This phase will include a review of how the different FSTPs are performing 
and identify challenges that have emerged. Additional data (collected by 
others) on FSTP design, operational performance, and effluent quality 
is available since the initial study, and this has been reviewed to give an 
assessment of FSTP performance, including consideration of the FSM chain 
i.e., from contaminant to reuse/disposal. 

•	 Review long term operation and sustainability - Validating the initial study 
conclusions on which technologies are the most efficient and effective. 
This phase will update the focus to what is most efficient, based on local 
challenges, and in the long-term. 

•	 Include full FSM chain - The study will include assessment of operational 
costs and issues associated with the full FSM chain i.e., including 
contaminant and transport. This is in response to data gaps noted in 
formation of an FSM Strategic Plan (a separate study) and the need to 
understand the key influencing factors when deciding if a centralised or 
decentralised FSTP is most appropriate. 

1.3 STRUCTURE OF REPORT

This report briefly outlines the methodology and range of information collected 
in chapter 2, followed by camp wide assessments in chapter 3 and detailed 
field visit information in Appendix H.  The camp wide assessment includes a 
review of the containment, transportation, treatment and disposal. More detailed 
analysis is then undertaken for the 20 FSTPs visited during the study and 
presented in section 3.4 and Appendix H.  Conclusions are provided in chapter 4. 
The background data is attached in Appendices, and the accompanying Power 
BI Dashboard. Key points are highlighted throughout the report in blue boxes.
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2 METHODOLOGY

2.1 PROJECT STAGES

The main project stages are shown in Figure 1 below. Details of each are 
included in progress meeting records in Appendix K.

Stakeholder 
engagement and 
data collection 

Site survey 

Gap analysis

Analysis and 
reporting 

Workshop

Dissemination

1

4

2

5

3

6

Figure 1: Project stages

2.2 STAKEHOLDERS

A core team was established to guide this project. This included representatives 
from the CxB WASH Sector, Oxfam, IOM, UNICEF MSF and UNHCR. Regular core 
team meetings were held throughout the project to review findings and progress 
(see Appendix K for records). Review meetings where also held with DPHE and 
other technical experts when appropriate. 

A wider group of stakeholders was identified during the engagement stage. This 
included the NGOs operating the FSTPs and associated FSM chains. A full list of 
stakeholders and engagement notes are included in Appendix I.

Oxfam were the technical partner for the study and conducted all the field work 
in Bangladesh (Arup worked based in UK). A full list of contributors, including 
interviewees and field visit contributors, is provided in Appendix I. 

2.3 TECHNOLOGIES INCLUDED IN THIS STUDY

A list of the FSTPs included in this study is given in Table 1 below. The name 
and key components of each are provided. The FSTP selection was initially 
determined by Arup and Oxfam and then discussed and agreed with the core 
team during the initial stakeholder engagement stage. 
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Table 1: Technologies included in this study

The intention of the FSTPs selected was to capture the range of technologies 
that are being successfully used in the camps and are likely to be used in the 
mid to long term. Several FSTPs of each type were selected to understand 
any issues posed by different locations (hence different catchments and 
FSM chain), and different operators. FSTPs were also selected where they 
were known to have good available data e.g., were covered in existing effluent 
monitoring and evaluation studies, or are known to have good records available 
on the design, cost, and operation. It should be noted that this selection method 
can lead to a bias of investigating FSM chains that are better implemented, 
operated and maintained. However, it is believed that a majority of the main 
types of system in use are covered, and findings could be applicable to other 
FSM systems of the same type.

An attempt is made to classify the FSTPs by the main treatment process e.g., 
biological, chemical, or mechanical. However most FSTPs are made up of 
many elements (multistage) so are not simple to classify. It is also noted in the 
table, if they are considered centralised or decentralised. This is based on the 
area served and volume treated i.e., centralised treats sludge from a large area 
(multiple camps) and volume over 100m3/d. 

No FSTP reference number was assigned in this report, as there are multiple 
references in existence and there is a need to avoid further confusion (see 
recommendations in chapter 4).

TECHNOLOGY 
NAME/ KNOWN AS

KEY COMPONENTS  
(see Appendix H for a Process Flow Diagram 
of each)

COMMENT / CLASSIFICATION 
NUMBER OF FSTPS 

INCLUDED UNDER THIS 
STUDY

Camp 4X FSTP (aka 
Mega FSTP-1)

	- Anaerobic lagoons
	- UFF
	- Trickling filter
	- Polishing pond (final effluent (FE) to surface 
water outlet)

	- Planted drying bed (solids handling)

	- Largely biological treatment
	- Multistage / multi process  
	- Large scale +
	- FSTP considered as a 
‘centralised’ plant.

1

Kutupalong FSTP 
(FSTP-2)

	- Planted drying bed
	- Anaerobic filter
	- Vertical CW
	- Horizonal CW 
	- Polishing pond (FE to surface water outlet)

	- Largely biological treatment
	- Multistage / multi process  
	- Three process streams in 
parallel, operated by multiple 
agencies

	- Large scale FSTP considered 
as a ‘centralised’ plant.

1

Lime treatment

	- Lime lagoons/ stabilisation ponds
	- Dewatering / drying beds
	- Polishing pond (FE is infiltrated)
	- Solids incineration

	- Chemical treatment
	- Multistage / multi process  
	- Decentralised

3

Anaerobic baffled 
reactor (ABR)

	- Buffer tanks
	- ABR
	- Filter
	- Polishing pond (FE is infiltrated)

	- Biological treatment
	- Multistage / multi process  
	- Decentralised

6

Aeration 

	- Aeration tank
	- Settlement tank
	- Liquid filtration and chlorination (FE is to 
surface water via plantation)

	- Solid drying/ incineration

	- Biological treatment
	- Multistage / multi process  
	- Decentralised

2
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TECHNOLOGY 
NAME/ KNOWN AS

KEY COMPONENTS  
(see Appendix H for a Process Flow Diagram 
of each)

COMMENT / CLASSIFICATION 
NUMBER OF FSTPS 

INCLUDED UNDER THIS 
STUDY

Waste Stabilisation 
Ponds (WSP)

	- Drying beds
	- Anaerobic pond
	- Facultative pond
	- Maturation pond
	- Plantation bed

	- Biological treatment
	- Multistage / multi process  
	- Decentralised

2

Anaerobic Digester 
System (ADS)

	- Drying bed
	- Bio-digestion (aka anaerobic digester)
	- Liquid treatment – planted filters and 
polishing pond and soakaway (FE is 
infiltrated)

	- Connection for biogas transfer to allow use

	- Biological treatment2 
	- Multistage / multi process  
	- Decentralised

1

Upflow filters (UFF) 
and Decentralised 
Waste Water 
Treatment System 
(DEWATs)

UFF
	- Presettlement
	- UFF
	- Filtration
	- Soakaway (FE is infiltrated)

DEWATs
	- Bio-digestion3 
	- UFF
	- Liquid clarification & chlorination
	- Infiltration of final liquid and storage of 
solids.

	- Note, although 4 UFF were 
visited only useable data was 
provided for 3.

	- Biological and mechanical 
treatment

	- Multistage / multi process  
	- Decentralised

4 

Transport/ transfer 
technologies:

	- Vactug
	- Permanent 
pipe and pump 
networks or IFSTN 
(intermediate 
faecal sludge 
transfer network)

	- Temporary 
pipe and pump 
networks

	- Pit to pit transfer

	- Vactug – Vactug vehicle and associated 
hose, see Figure 10 for photograph.

	- Permeant pipe/ IFSTN is a permanent (below 
ground) pipe network with some gravity and 
some pumped sections and storage tanks.

	- Temporary pipe and pump are generally 
100m+hoses with transportable pumps, the 
hose and pumps are taken around to the area 
that needs desludging

	- Pit to pit transfer is shorted lengths of 
temporary pipe i.e., hose, area used with 
pumps to transfer sludge between pits to 
reach storage tanks accessible by road (for 
tanker collection) or from the final pit to the 
receiving FSTP.

N/A N/A

           

Table 1: 
Technologies 
included in this 
study

Technologies not included 
There are two technologies that were included in the initial study that were 
not included in this ‘phase 2’ i.e. GeoTubes and CW. These were identified as 
performing poorly as standalone technologies during the initial study, and 
from the discussion with the core team as to whether such technologies are 
continuing to be used, it was concluded that a majority are decommissioned 
or planned to decommission. Therefore, the decision was made not to include 
these. A comparison of FSTPs included in phase 1, and this phase 2 FSM study, 
is given in Appendix B.

GeoTubes and Constructed Wetlands are poorly performing as standalone 
FST technologies and should be decommissioned.
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2.4 INFORMATION COLLECTION AND PARAMETERS 
ASSESSED 

The following Table 2 outlines the parameters covered in this study, and gives 
details of how the information was collected and analysed for each. The 
parameters include cost efficiency and environmental sustainability, which 
is a particular sector focus as the emergency shifts to medium to long term 
solutions.

Information was collected via initial telephone interviews between Arup and the 
NGOs operating FSTPs, plus substitute data (e.g., for overall camp studies) held 
by WASH sector, DPHE and others (see chapter 5). stakeholders sent follow 
up information including site drawings and costs. Site visit questionnaires 
were drafted by Arup based on the initial engagement and reviewed with the 
core team ahead of field visits. Oxfam Bangladesh conducted field visits to 
each FSTP, holding interviews with senior site operators/managers and touring 
the site infrastructure. Several rounds of clarifications were made by Oxfam 
and Arup with NGO partners to close out any outstanding information4. Data 
requests for desludge and transportation information were drafted by Arup and 
disseminated to stakeholders via WASH sector leads. Examples of the forms 
used for the telephone interview and site visits are included in Appendix J.

(2) Bio digestion in ADS is a sludge holding chamber/tank under anaerobic conditions where sludge is held for 
a extended period of time (i.e. longer than bio-digestion used in DEWATS systems), this acts as a small-scale 
anaerobic digester. Biogas is generated and collects at the top of the chamber, connection points for the gas 
(pipework) are provided however gas is not being used and is just vented to atmosphere. 
(3) Bio-digestion in DEWATs systems is a sludge holding/settlement tank where sludge is help (for 
approximately one day), similar to a septic tank. Some digestion of solids occurs, and some settlement of solids 
also occurs. The tank is vented at the top but otherwise is a sealed tank.  
(4) A 'Red/Amber/Green’ table was presented to the core team (see Appendix K) showing the overall status of 
the data collected for each parameter for each FSTP i.e. green = good data and all received, amber = available 
data provided by insufficient / assumptions required for analysis and red = poor or no data available. 
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PARAMETER DATA COLLECTION METHOD ANALYSIS   

FSTP

Treatment capacity 	- Data collected from operator 
interviews during site visits and 
review of available FSTP design 
information – provided by site 
operator/manager.

	- FSTP treatment capacity normalised to average m3/d.
	- Review of treatment capacity for seasonal variation.
	- Review actual vs. design capacity.

Area requirements 
and scalability

	- Data collected from operator 
interviews during site visits – area 
occupied by treatment units (e.g., 
tanks) and whole site area.

	- Review of available design 
information – provided by site 
operator/manager.

	- Treatment units and total area per m3 sludge treated. 
	- Scalability – considered easily scalable if system is modular, 
based on prefabricated standard equipment.

Capital costs 
(Capex)

	- Data provided operating NGO.  
	- Initial capital cost with a breakdown 
plus any ‘repeat Capex’ i.e., capital 
cost of equipment that needs to be 
replaced during the design life

	- Cost converted from BDT to GBP and USD.
	- Capex per FSTP type, per m3 sludge treated and per site area.

Operational costs 
(Opex)

	- Data provided operating NGO.  
	- Average monthly operational costs 
and a breakdown of these. 

	- Cost converted from BDT to GBP and USD.
	- Review of Opex for seasonal variation or significant change 
over time.

	- Monthly average Opex per FSTP type, per m3 sludge treated 
and per site area.

Whole life cost 
(WLC)

	- Design life data provided operating 
NGO.  

	- WLC calculated = (Capex)+(Capex repeats during deign life)+ 
(Opex x design life)

Speed of 
construction and 
setup

	- Data collected from operator 
interviews during site visits – i.e., 
construction and commissioning 
time in days/months.

	- Construction time vs. scale (i.e., treatment capacity in m3)
	- Review on ease of set up, key reequipments e.g. topography, 
power supply, super structure, drainage etc. 

Expertise required 
for setup and 
operations

	- Data collected from operator 
interviews during site visits – i.e., 
number of skilled and unskilled 
labour, management etc. 

	- Number of staff and what skills

Operation and 
maintenance issues

	- Data collected during interviews and 
site visit.

	- O&M activities – how difficult and how often.
	- How many people required.

Treatment 
performance 

	- Laboratory data provided WASH 
sector and stakeholders, including 
studies by DPHE, Iccrdb, IFRC, 
Oxfam, WVI, IOM and WASH sector.

	- Data reviewed for sites visited. 
	- Final effluent vs. 2019 DOE standards and pathogen 
inactivation.

	- WHO (2006) standards for who guidelines for the safe use of 
wastewater, excreta and greywater

	- If sites are infiltrating narrative given on effluent quality 
requirements.

	- Actual performance vs. design (generally for BOD, solids, and 
pathogens)

	- Review through treatment process i.e. % removal of COD, 
BOD, SS, Nitrate (NH4, N), Phosphate (P), E.coli, helminths.

Treatment process 
complexity and 
pinch points 

	- Data collected from operator 
interviews during site visit.

	- Review of laboratory data at stages 
through the process.

	- Identifying underperforming elements/units (by calculation of 
% removal) and causes (narrative).

	- Complexity was a judgement based on number of treatment 
steps/ processes, amount and type of mechanical / electrical 
equipment and how sensitive (to changes in operation) the 
equipment and process is.

           

Table 2: Parameters assessed in this study
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DATA PRESENTATION  CONSTRAINTS / ASSUMPTIONS   

	- See section   3.4.2 	- No flow measurement data available. 
	- No site measurements taken to verify drawing or dimension information provided.
	- Limited qualitative data – detailed explanations difficult to get.

	- See section 3.4.3 	- No site measurements taken to verify drawing or dimension information provided.
	- In some cases, FSTP designed to suit site area i.e., sized to meet area available rather than on sludge 
generation/ treatment demand. Plus, treatment unit can be more spread out allowing good access etc 
around the site. Where this caused outlying data is has been noted.

	- See section 3.4.4 and 
dashboard

	- Exchange rates BDT to USD taken in April 2022 .
	- Capex repeats – NGO partners do not have visibility of this for the FSM chain so limited data provided. See 
WLC line for assumptions. 

	- No data was collected on desludge or transport Capex.

	- See section 3.4.4 and 
dashboard

	- Data overlaps - sometimes you have a crew in charge of multiple FSTPs therefore economies of scales are 
achieved and difficult to accurately assign total Opex to one particular FSTP.

	- Crew rotate and do different tasks, including desludging of latrines. Transfer networks cost shared with us 
do not include the staff.

	- See section 3.4.4 	- Design life – NGO partners do not have visibility of this so limited/uncertain data provided.
	- Capex repeats – limited knowledge from partner NGOs therefore the following assumptions have been 
assumed for Capex repeats within the FSTPs design life:

	- Capex repeats assumptions (within design life of plant) 
	- Plant with lots of mechanical equipment = 40% of original Capex
	- Plants with large infrastructure / civil works= 30% of original Capex
	- Small plants with simple prefabricated units/ in situ concrete tanks = 20% of original Capex
	- Small plants with simple inset units e.g., simple lined earth bunds for ponds (rather than constructing 
tanks) = 10% of original Capex

	- Section 3.4 and 
Appendix A.  

	- Where sites are being decommissioned ease/issues are noted.
	- Limited qualitative data – detailed explanations difficult to get.

	- Section 3.4 and 
Appendix A.

	- Limited qualitative data – detailed explanations difficult to get.
	- Skilled/Unskilled labour – was not defined in the question – and it is not always specified. De-sludge 
operators consider skilled labour.

	- Section  3.4.6 and 
Appendix A.

	- Limited qualitative data – detailed explanations difficult to get.

	- Summary in section 
3.4.7, details in 
Appendix A and 
Appendix C.  

	- Data range from 2019 to present. Number of data points and date range noted in this report.
	- Data on raw sludge and final effluent as well as some intermediate process point was available, see 
Appendix G.

	- Where no data available closest possible representative site chosen i.e., same type, size and operator. This 
is noted in the treatment performance review.

	- See section 3.4.11 and 
Appendix A.  

	- Only small data set where each stage in the process is monitored over a long period of time. Difficult to 
identify trends.
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PARAMETER DATA COLLECTION METHOD ANALYSIS   

FSTP

Disposal of final 
products

	- Data collected during interviews and 
site visit.

	- Final effluent vs. 2019 Department of Environment (DoE) 
standards and 

	- Pathogen inactivation vs. DoE and WHO agricultural reuse 
standards.

	- If sites are infiltrating narrative given on effluent quality 
requirements.

	- Comments on final solids volume and disposal route.

Resilience to 
disaster

Data collected during interviews and 
site visit.

	- Any special features noted in interview or design 
documentation (drawings etc).

Sludge chain (containm
ent and transportation)

Volume of sludge 
collected and 
transported

Data provided operating NGO.
(Sludge Transportation Data collection 
form circulated by WASH sector to key 
Stakeholders)

	- Volume of sludge desludged and transported (m3) per 
Transfer system (average, wet and dry seasons) 

	- Cox’s Bazar FSM chain – Average volume of sludge in transit 
per month 

	- Transportation Performance (wet/dry season resilience)

Desludging cost
Data provided operating NGO.
(Sludge Transportation Data collection 
form circulated with key Stakeholders)

	- Cost converted from BDT to GBP and USD.
	- Assessment of Transportation Mode Cost-effectiveness 
through the analysis of the cost per m3 sludge collected and 
transported.

	- Assessment on the highest and lowest operation cost for 
each Transportation modes.

Transportation cost
Data provided operating NGO.
(Sludge Transportation Data collection 
form circulated with key Stakeholders)

	- Assessment of Transportation Mode operational Cost-
effectiveness through the analysis of the cost per m3 sludge 
collected and transported.

	- Assessment on the highest and lowest operation cost for 
each Transportation modes.

Pinch points / 
influence on FSM 
chain

Data provided operating NGO.
Data collected during interviews and 
site visit.

	- Seasonal variation in desludging volume. Narrative on 
causes.

Whole chain costs Calculated 	- Monthly desludging cost + Monthly Transportation cost

Sludge transport 
mode

Data provided operating NGO.
(Sludge Transportation Data collection 
form circulated with key Stakeholders)

	- Cox’s Bazar FSM chain - Breakdown of volume of sludge in 
transit and coverage area per Transportation mode

FSTP catchment 
areas

Data provided operating NGO.
(Sludge Transportation Data collection 
form circulated with key Stakeholders)

	- Mapped based on camps/blocks provided by operating NGO.
	- Aim to show that coverage meets the need.

Latrines / 
containment

Data on latrine types and database of 
locations provided by WASH sector 
WASH_Infra(LT_Bath_TW)_GPS_
March_31_2022_Final_ta_rev.xlsx

	- Cox’s Bazar FSM chain – Number of latrine units and Type of 
facilities

           

Table 2: Parameters assessed in this study
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DATA PRESENTATION  CONSTRAINTS / ASSUMPTIONS   

	- See section 3.4.9 and 
Appendix A.  

	- No standards for quality required to infiltrate. 
	- No measurement/ good data for volume/ weight of final solids.

	- See section 3.4.10 and 
Appendix A.  

	- See Section 3.1
	- See Section 3.3.1 Cost-
effectiveness

	- See Section 3.3.2 
Transportation 
Performance

	- Based on/ limited to data provided by stakeholders i.e. data coverage not 100% of the camps/
stakeholders.

	- See Section 3.3.1 Cost-
effectiveness 	- Only operational cost, no Capex costs collected.

	- See Section 3.3.1 Cost-
effectiveness

	- Transportation cost not always specified in the transfer system. Such entries were not included in the 
Transportation Mode Cost-effectiveness assessment.

	- Only operational cost, no Capex costs collected.

	- See Section 3.2.2 
Containment 
Performance

	- See Section 3.3.2 
Transportation 
Performance

	- Challenge to understand the impact of Containment on the FSM chain using the Sludge Transportation 
Data collection form data since the Type of facility desludged is not specified and each block has more 
than one type of facility. 

	- Anecdotal evidence of Containment performance collected during interviews and site visit used for this 
assessment.

	- See Section 3.3.1 Cost-
effectiveness

	- See Section 3.3 
Transportation

	- See Appendix A 
	- See Dashboard

Catchment areas/ collection areas for each FSTP and transport mode provided by stakeholders from 
transport form and sketched during site visits. Effort made to close out discrepancies via queries to 
operators.

	- See Section 3.1 
	- See Dashboard

WASH_Infra(LT_Bath_TW)_GPS_March_31_2022_Final_ta_rev.xlsx still being updated at the time of writing 
this report, and no information on the containment for Camps 23, 24 and 25 was available.
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CAMP WIDE ASSESSMENTS 3

As part of this study several camp wide assessments have been completed. 
These focus on understanding the overall FSM chain across the camps i.e., 
understanding sludge generation, containment, transportation, treatment and 
disposal. The aim is to inform the WASH sector and stakeholders on generation 
and treatment capacity (study objective Q1), how the containment, collection 
and transportation is operating (study objective Q2 and 3), and which systems 
are cost effective and sustainable (study objective Q2 and 4). This will inform 
on which types of systems (centralised or decentralised) are performing better 
overall (based on operation and cost – study objective Q5). This section of the 
report uses camp wide data provided by stakeholders and the WASH sector 
for FSM chains, further supported with the more detailed analysis from the 20 
FSTPs visited.

Section 3.1 outlines the sludge generation; containment is covered in section 
3.2; and transportation in section 3.3. It should be noted that the review of 
containment was limited in this study due to the availability of existing data 
and scope of study.  There is an accompanying Power BI Dashboard for data 
presented in these sections. Section 3.4 covers FSTPs and is based on the 
site visits (20 FSTPs) giving information for parameters outlined in Table 2. 
Stakeholder camp wide data is supplemented for the review of FSTP treatment 
performance. 

A ‘Sludge Transportation Data Collection Form’ was circulated with key 
Stakeholders to collect data and provide visibility of the FSM chains in CxB. A 
copy of the raw data collected is included in Appendix D.

Stakeholders completed these forms indicating which camp and block sludge 
is collected from within their coverage area, specifying monthly volume of 
sludge collected and the Target FSTP (where sludge is treated), amongst other 
parameters that will be further discussed in the following sections.

Camps 8W, 15, 16, 23, 25 and 27 were not included in this assessment because 
no data was received before the time of writing this report. Out of the 180 
blocks (plus camp 20X), data was received for 135 blocks (plus camp 20X). 
The area included in the camp wide assessment is shown in Figure 2. This area 
comprises a total of 668,532 people (estimated from the Bangladesh: Cox’s 
Bazar Refugee Response (4W at Camp Level) – November 2021), 34,927 latrine 
units of 29 types, and 146 different Target FSTPs.

3.1 SLUDGE GENERATION

Different stakeholders are using different sludge generation rates per person 
across the camps, to estimate sludge generated within their FSTP catchment 
area. The range for sludge generation being used was between 0.4 l/h/d and 
2.6 l/h/d. The total Rohingya population in CxB is 904,639 people. Assuming the 
range of sludge generated stated above, a total generation of between 362 and 
1,140 m3/day (or 10,860 to 34,200 m3/month) is expected. 
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A literature review of global sludge information in the initial study, gave an 
approximate average generation rate for public toilet latrines of 0.2 to 0.6 l/h/d, 
and 2 l/h/d for septic tanks5. The range used by stakeholder within CxB is above 
the average from literature, and therefore it is assumed that the lower end of the 
range (used by NGOs) is more accurate.

It is difficult to plan FSM with such a wide range for sludge generation. If the 
sludge transport data collected under this study is used, this gives an average 
of 21,962m3 of sludge transferred and treated per month for the area included 
in the camp wide assessment (Figure 2). As noted, this area includes 668,532 
people6. Based on these figures, the average amount of sludge collected is 
equivalent to 1.1 l/h/d. If this is extrapolated it gives an average production of 
sludge of 29,718m3/month for the 904,639 population. This is perhaps a more 
robust number than using the range based on stakeholder information, and can 
be used in planning FSM.

To improve the accuracy of this estimation further, camp wide data collection 
would be required on total volume of sludge transferred and treated. However, 
this will not account for ‘uncollected’ sludge either in unemptied containment 
or from volume lost to open defecation. Additionally, groundwater infiltration 
into the pit, in some areas, and seasonal variation, increases sludge volumes 
which should not be counted as a human generation rate. The frequency of 
desludging and the overall volume transferred and treated can also be impacted 
by poor infiltration out of the pit at containment, which can create errors in the 
estimation of the sludge generation rate.

(1) It should be noted that, measuring sludge generation at the user (while defecating and anal cleansing) is 
different to measuring at containment level (while desludging and as reported in the transport data collected) 
due to decomposition and direct infiltration within the latrine.  At user level the generation rate is always higher 
(around 1.5 - 2 l/h/d). 
(2) Estimated from the Bangladesh: Cox’s Bazar Refugee Response (4W at Camp Level) - November 2021.

Applying the range of sludge generation used by NGOs to the total 
Rohingya population of 904,639 people, gives a total generation of between 
362 and 1,140 m3/day.  

Due to the large range, it is difficult for NGOs/service providers to 
accurately size transfer and treatment facilities. The WASH sector could 
recommend a max/min generation rate that facilities should be designed 
for, and collect further evidence to substantiate these rates. Based on 
rationalising the existing rates used by NGOs a range of 0.8 to 1.5 l/h/d 
could be used. This is in line with the average generation rate of 1.1 l/h/d 
calculated from the sludge transfer and transport data.
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Figure 2: Camp Wide Assessment coverage area
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3.2 CONTAINMENT

The following section provides a summary of existing containment types (e.g.  
latrine), and number, based on the latest WASH sector infrastructure review in 
March 2022 (data provided by sector for this study).

3.2.1 Cox’s Bazar WASH Infrastructure Development Programme
A meeting was held in February 2018 to finalise the Unified/Standard Design 
for latrines in Rohingya settlements, and to ensure that the implementation 
of WASH infrastructure development programmes was in line with globally 
accepted humanitarian standards. 

The advantages and disadvantages of several latrine design options were 
discussed, and the following types of latrines were agreed as being suitable for 
the different landscape and topography contexts in CxB7:

1.	 Direct pit single cubicle (Figure 3)

2.	 Direct pit with offset soak well single cubicle (Figure 4)

3.	 Twin pit offset single cubicle (Figure 5)

4.	 Twin pit direct single cubicle (two types)

5.	 Twin pit offset four cubicles

6.	 Septic tank with drain field, four cubicles (Figure 6 and Figure 7)

7.	 Latrine cubicles with biogas plants (three types of biogas plants) (Example 
of latrine cubicles with biogas plants in Figure 8 and Figure 9 below.

8.	 Single cubicle bath house

Appendix E provides detail of the design of each type of latrine.

(7) In addition, it was concluded that biogas is a proven option for faecal waste management and has an 
additional benefit of producing energy that can be used as cooking fuel and may also reduce desludging 
requirements. As a result, it was agreed that latrine designs that suits the addition of a biogas link could be 
adopted (equally could not be adopted). Additionally waste treatment/disposal mechanisms should be designed 
to ensure future latrines would match space limitation and require low or no desludging.
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Figure 3: Direct pit single cubicle latrine example

Figure 5: Twin pit offset single cubicle latrine example

Figure 4: Direct pit with offset soak well single cubicle latrine 
example

Figure 6: Septic tank with drain field, four cubicles example 
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Figure 7: Septic tank with soak pit example 

Figure 9: Biogas latrine example 2

Figure 8: Biogas latrine example 1
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The March 2022 WASH Infrastructures dataset (shared with Arup in April 2022), 
was used to assess the containment facilities in CxB. This georeferenced 
dataset lists the number of latrines, segregated by latrine type, and provides 
an accurate representation of containment in CxB. It should be noted that the 
reviewed dataset was still being updated at the time of writing this report, and 
no information on the containment for camps 23, 24 and 25 was available. 

It was not possible to assess which type of latrine is most commonly used, as 
‘poo per loo,’ or containment volume is not recorded in this dataset. Additionally, 
no data was collected on the cost (Capex) of different containment types as this 
was considered outside the scope of this study.

The type and number of latrines shown in Table 3 are based on the March 
2022 dataset. The highlighted types (in red) appear to correlate with the types 
of facilities discussed in the Unified/Standard Design for Latrines in Rohingya 
settlements meeting. The remaining types of latrines recorded appear to 
generally agree with types classified in February 2018.

Type of latrine Number of latrine units 

Number of 
camps where 
this latrine is 

used

Durable Latrine 12,084 8

Septic tank (6) 7,774 22

Twin Pit offset (3 or 5) 5,238 14

Direct pit with soak pit (1 or 2) 4,577 17

Twin Pit Latrine (3,4 or 5) 4,188 14

Direct Pit (1 or 2) 3,772 23 

Direct pit offset pit (2) 2,301 12

Semi durable latrine 1,938 8

Single Pit offset 1,629 15

Bio-Fill Latrine 1,290 20

Bio-gas Plant (7) 1,172 10

Household Latrine 772 6

Single Pit 711 10

Communal Latrine 595 8

Emergency latrine 531 10

Durable 264 8

Table 3: Number of latrines per Latrine Type and Camp coverage
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There are a total of 49,530 latrine units in CxB. The latrine types used across 
most camps are highlighted in blue in Table 3. The most widespread type is 
the Direct pit (present in 23 different camps), followed by the Septic tank and 
Bio-Fill Latrine. The type of latrine with the greatest number of latrine units is the 
Durable Latrine, present in camps 6, 7, 8W, 8E, 14, 15 and 16.

There is some uncertainty on the type of latrine assessment, e.g., what is the 
difference between a Durable Latrine, Semi durable latrine and Semi durable? 
The Direct pit offset pit latrine type appears to refer to two different types of 
latrines. Further review of the WASH infrastructure dataset is outside of the 
scope of this study. However, it is recommended that a review of the types 
of latrine is carried out to adopt a standardised naming convention. Some 
suggestions for rationalising/grouping of latrine types, based on size of latrine/
pit, are given in Table 4 below, along with how these align with the Unified/
Standard Design for latrines.

The type of latrine most adopted in CxB is the Durable Latrine (24% of the 
latrine units are recorded as Durable Latrines). If the grouping for latrine types is 
considered, the group with the largest number of latrines is the ‘Unknown’ group 
(29%) followed by Group B – single pit (28%).

Type of latrine Number of latrine units 

Number of 
camps where 
this latrine is 

used

Holding Tank 177 5

Four pit 81 2

Septic tank latrine and bathing facility 70 3

Tank 64 1

Triple pit 62 3

Two latrine & one Bathing Shed 60 2

Disabled friendly latrine 55 3

Mobile Latrine 52 7

5th Pit 28 1

Latrine (Sub type Unknown) 20 3

Semi durable 20 6

Institutional Latrine 4 2

Emergency 1 1

Total 49,530

           

Table 3: Number of latrines per Latrine Type and Camp coverage
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Possible latrine grouping – for 
consideration by WASH sector

Type of latrine as noted in current 
available data 

Unified/Standard Design 
for latrines in Rohingya 
settlements

Group A - emergency/temporary 
latrines

	- Emergency latrine 
	- Emergency
	- Mobile Latrine

Not included

Group B - single pit

	- Direct pit with soak pit (1 or 2)
	- Direct Pit (1 or 2)
	- Direct pit offset pit (2)
	- Single Pit offset
	- Household Latrine
	- Single Pit
	- Disabled friendly latrine

Type 1 and 2

Group C - larger pits 

	- Twin Pit offset (3 or 5)
	- Twin Pit Latrine (3,4 or 5)
	- Bio-Fill Latrine
	- Bio-gas Plant (7)
	- Communal Latrine
	- Four pit
	- Triple pit
	- Two latrine and one Bathing Shed
	- Institutional Latrine

Type 3, 4 and 5
(bio gas type 7)

Group D – tanks or very large pits 

	- Septic tank (6)
	- Holding Tank
	- Septic tank latrine and bathing facility
	- Tank
	- 5th Pit

Type 6 and 8

Unknown and would need more 
details to be allocated to group

	- Durable Latrine
	- Durable
	- Semi durable
	- Latrine (Sub type Unknown)

Unknown

Table 4: Possible grouping for latrine types

3.2.2 Containment Performance 
The focus of the containment performance review was to draw a conclusion on 
which type of latrine is the most efficient with regard to frequency of desludging 
and wet/dry season resilience (study objective Q3 and 4). Information on the 
fields listed below was collected during this exercise:

•	 How many days (average) required per month to desludge the block

•	 Number of latrine chambers desludged per month (Nos)

•	 Volume of sludge m3 per month (annual average)

•	 Volume of sludge average m3 per month (wet season)

•	 Volume of sludge average m3 per month (dry season)

When cross referencing the data collected for the different blocks against the 
2022 WASH Infrastructures dataset it was concluded that each block has more 
than one type of latrine, making it difficult to draw conclusions on each field, 
or trends by latrine type. Additionally, detail of the latrine types desludged in 
each block was not collected in this study. Therefore, an assessment of the 
suitability/performance of the different types of latrines was not possible.
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Even though this assessment was not possible based on the camp wide data, 
information was collected during the field surveys of the 20 FSTPs. Appendix F 
provides detail on the anecdotal evidence collected via the site surveys for each 
latrine type – frequency of desludging, seasonal and location variations, and 
main issues. Conclusions are noted below:

•	 Single pit latrines are the type of latrine with the highest frequency of 
desludging (ranging from once a month to 4/5 times a month if located in a 
low-lying areas).

•	 The main reason for Single pit latrines being desludged more often is their 
lower storage volume/ capacity.

•	 For two of the FSTPs visited the type of latrine with the highest frequency of 
desludging was the Septic tank (1 to 2 times a month). Reasons noted were:

•	 Over population and poor infiltration out of the pit due to damage to 
soak pit,

•	 Design not adequate for the number of users, and 

•	 Connection of black and grey water.

•	 For one of the sites the type of latrine with the highest frequency of 
desludging was the Biofill latrine (twice a month) because of not operating 
as designed, and the sludge solidifying in the bottom of the latrine, thus 
reducing its capacity.

•	 In regard to the impact of the rainy season on the frequency of desludging, 
all operators agreed that the sludge volume increases during this period 
because of limited infiltration capacity out of pit at containment, and 
additional flow of rain, mud and sand into pits, from overland flows, drainage 
etc.

•	 A higher volume of sludge, and therefore a bigger strain on desludging, was 
also associated with low lying areas, where it was noted that infiltration is 
limited because of a higher groundwater table and natural drainage paths.

•	 A low frequency of desludging causes increased settlement of sludge at 
containment, leading to less available storage volume, accumulation, and 
solidification of sludge.

From anecdotal data collected during the FSTP site visits, latrines are desludged more often 
either because of insufficient capacity for the number of users, mixed use (black and grey 
water), operational defects and/or poor infiltration.

If further research confirms these limitations and targets areas with insufficient latrine 
units, actions can be taken to adopt suitable latrine designs and management plans for the 
contexts where these are implemented.

A tracking system of containment capacity and emptying will allow a desludging schedule 
to be better managed and lead to prompt desludging and efficient maintenance of the 
units’ volume. A tracking system could be regular visual inspection and feedback to the 
desludging schedule, or an automated level sensor that sends information to the service 
provider/desludging schedule.

It is recommended that the latrine naming/grouping is rationalised and in line with the 
Unified/Standard Design for latrines, and more data is collected to develop a proactive 
emptying schedule.
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3.3 TRANSPORTATION 

The main purpose of the Sludge Transportation Data Collection Form circulated 
to stakeholders during this study was to understand how sludge is transferred 
to treatment across the camp, and which transportation mode is the most cost 
effective and resilient to the different contexts in CxB (study objective Q4).

The transportation mode options were divided between ‘Single’ and ‘Mixed’, as 
more than one mode of transport can be applied in one FSM chain i.e., ‘Mixed’. It 
was reported that the following transportation modes are used in CxB:

•	 Vactug – a small  petrol or diesel vehicle designed to be able to access 
smaller roads/tracks, equipped with hose and vacuum pump, which pumps 
sludge out of containment to a 20m3 tank housed on the back of the vehicle.

•	 Intermediate Faecal Sludge Transfer Network (IFSTN) (see Figure 11) – a 
permanent below ground pipe network with some gravity and some pumped 
sections and transfer tanks within the network. Some sections of the pipe 
network are also flexible (non-permanent) and added as needed i.e., for last 
100m between latrine and transfer tank. IFSTN can be done at small scale 
or big scale (multi-camp, multi-stakeholder). 

•	 Pit transfer/ temporary pipe and pump – Temporary pipe and pump is 
generally hoses of 100m or more,  with transportable pumps. The hoses and 
pumps are taken around to the area that needs desludging. Pit to pit transfer 
uses short lengths of hose with portable pumps to transfer sludge between 
pits to reach pit/storage tanks accessible by road for tanker collection, or 
from the final pit to the receiving FSTP.

•	 Manual Desludging and Transport (Figure 12) – sludge is pumped or 
manually bailed from containment into barrels and carried between two 
people to the FSTP.

•	 Combination of the above when more than one transportation mode is 
used.

Figure 10: Example of VacTug
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Figure 11: Example of IFSTN transfer tank

Data was received for 188 transfer systems. As noted above, the data collected 
covered 135 blocks (plus camp 20X) out of the 180 blocks (plus camp 20X). No 
data was received for camps 8W, 15, 16, 23, 25 and 27 before the time of writing 
this report, hence they were not included in this assessment. The data coverage 
is approximately 68% of the total camps’ area. A summary of data received is 
shown in Table 5 below. 

The transportation mode most used in CxB is the Pit transfer/temporary pipe 
and pump, transferring an average of 64% of the volume of sludge in transit in 
CxB every month.

Figure 12: Example of manual transport

Transportation Mode Sample
Volume of Sludge 
m3 per month 
(annual average)

Coverage Area (ha)

Single: Pit transfer/ 
temporary pipe and pump 112 14,155 2,026

Mixed (Specify in Remarks 
with ratio of usage) 36 3,620 324

Single: IFSTN/ permanent 
pipe network and pump 22 2,332 196

Single: Manual Desludging 
and Transport 17 1,667 238

Single: VacTug 1 188 8

Total 188 21,962 2,792   

Table 5: Break down of volume desludged and coverage area in CxB by transportation mode
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3.3.1 Cost-effectiveness
The annual average monthly desludging and transportation operational costs 
were collected to understand which desludging/transportation mode is the 
most cost effective. There were some entries (29/188) where there was not a 
Transportation cost associated with the transfer system. For those entries, the 
ratio of cost per m3 of sludge transported was not derived and not included in 
the overall assessment. The reasons that no costs were provided were stated 
as:

•	 Centralised sludge management systems constructed and operated by 
different Stakeholders than the ones desludging the latrines (2/188)

•	 Latrines located near the treatment plant, and therefore desludged directly 
to the FSTP (7/188)

•	 Incomplete entry and query not addressed at the time of writing this report 
(20/188)

A total expenditure of $53,563 and $33,331 USD was reported for desludging 
and transport respectively for an average month in the areas included in 
the camp wide assessment (refer to Figure 2). Comparing this to the total 
volume in transit per month, gives an average $2.43 and $1.51 USD per m3 of 
sludge desludged and transported respectively, or $3.94 USD per m3 for total 
conveyance to the FSTP. 

Figure 13, below, shows the average monthly desludging and transportation cost 
per m3 of sludge transported for each type of transportation mode. It can be 
concluded from this assessment that the Manual Desludging and Transport has 
the highest average desludging and transportation costs, and that the IFSTN / 
permanent pipe network the lowest.  

It must be noted that Capex was not included in the Sludge Transportation Data 
Collection, and even though the cost of the sludge transfer system was queried 
during the site visits, the costs collected were sometimes referring to multiple 

Average of desludging cost per m3 Average of transport cost per m3

Single: Manual desludging and transport

Mixed (Specify in remarks with ratio of usage)

Single: Pit transfer/temporary pipe and pump

Single: IFSTN/permanent pipe network and pump
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Figure 13: Monthly desludging and transportation costs per m3 of sludge 
and Transportation Mode (USD/m3/month)
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Table 6: CAPEX payback based on potential Opex saving if using IFSTN

transportation modes, hence it was challenging to find a correlation between 
initial investment and volume transferred, and to provide a robust assessment 
including Capex. Despite this data limitation, an attempt was made to 
understand the impact of the initial capital investment on the cost-effectiveness, 
and analysis was carried out using the pilot study by UNHCR and Oxfam in 2018.

UNHCR and Oxfam piloted an IFSTN in camp 3 and 4 to understand if such 
transportation mode is more efficient than a VacTug system. In this study two 
different metrics for Capex of an IFSTN were presented:

•	 Average 10M BDT of capital expenditure required for tanks, pipes, pumps 
and necessary fittings procurement and installation for a camp of 30,000 
population

•	 Pilot IFSTN Capex of 48M BDT for a total population of 119,770

This resulted in a Capex ranging from 333 to 400 BDT per person.

The higher Capex per person was used in this assessment (400 BDT/person). 
For all the IFSTN/permanent pipe network entries collected through the Sludge 
Transportation Data collection, a population was estimated and an average cost 
per Volume of Sludge per month (annual average) calculated (refer to Appendix 
E for detailed data). The data from the Inter Sector Coordination Group 4W at 
camp level, from November 2021, was used to estimate the population per 
block.

Table 6 below shows in how many years the initial investment of building an 
IFSTN transportation mode would be paid back, based on the monthly savings 
in Opex compared against the other transportation modes used in CxB.

Due to data limitations this assessment did not consider the Capex of building 
each of the transportation modes compared against the IFSTN systems. If 
this cost is to be considered the range of years required to pay back the cost 
of building a IFSTN system should decrease from the 1.7 to 8.7 years range 
obtained.

Transportation Mode
Monthly ave Desludging and 
Transportation cost per m3 
(USD/m3/month)

Potential ave OPEX saving if 
using IFSTN per m3 transported 
(USD/m3/month)

CAPEX payback based on 
potential saving (years)

Single: Pit transfer/ temporary 
pipe and pump 4.4 1.7 8.7

Mixed (Specify in Remarks with 
ratio of usage) 6 3.4 4.5

Single: IFSTN/ permanent pipe 
network and pump 2.6 n/a n/a

Single: Manual Desludging and 
Transport 11.8 9.1 1.7

Single: Vacutug 6 3.3 4.6
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Building an IFSTN/permanent pipe network comes at a greater construction 
capital cost than Manual Desludging and Transport. However, the lower Opex 
per m3 pays off the initial investment after an average maximum of 1.7 years. 
Even though manual sludge carrying provides paid work and contributes to 
CxB’s economy it is low performing in terms of health and safety, and volume 
transported, and therefore should be considered at the bottom of the hierarchy 
of transfer options.

The low monthly average desludging and transport cost per m3 for the Pit 
transfer/ temporary pipe and pump option, compared to the Capex of building a 
IFSTN / permanent pipe network, means it takes comparatively the longest, with 
average of 8.7 years.

This analysis is revisited in Section 3.3.2 below where the Opex costs of the 
transfer and treatment systems per volume of sludge transported and treated 
are merged for the FSTPs visited in Phase 2. The Whole Chain Cost (WCC) 
analysis has the purpose of understanding if the investment in apparently more 
expensive technologies results in an overall higher WCC.

3.3.2 Operational cost of whole FSM chain
As introduced above, key Stakeholders completed sludge transportation data 
collection forms to provide information on the FSM chains in CxB. Details on the 
coverage area and Opex of each transfer chain were provided as well as for the 
FSTP where sludge is transferred and treated. 

Out of the 20 FSTP sites visited, 15 provided information in the Transport Data 
forms collected and so were included in the analysis of the Whole Chain Cost 
(WCC). The WSP and UFF sites visited in Camp 7 are included in the 15 sites/
chains abovementioned, however transportation Opex were not provided, and 
these plants were excluded from this analysis. 

The WCC should include both construction and running costs (i.e., CAPEX and 
OPEX), however, the ‘Sludge Transportation Data Collection Form’ circulated 
did not query on the transfer systems’ construction costs (Capex) and the level 
of assumptions required to get these retrospectively was not deemed suitable 
i.e., the number of assumptions would mean the assessment was not robust/
realistic. In addition stakeholders interviewed did not have good certainty/easy 
access to data on the initial capex costs for desludge or transport equipment.

The WCC analysis only includes OPEX costs for each of the chain elements 
(Desludging, Transportation and Treatment). The units used are USD/m3 so a 
comparison between different chains can be made. Figure 14, below, shows the 
operational WCC cost for the 13 sites where this assessment was possible, the 
same data is shown in Table 7.
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Monthly Desludging OPEX (USD/m3) Monthly Transportation OPEX (USD/m3) Monthly Treatment OPEX (USD/m3) WCC (USD/m3)

Figure 14: Whole Chain Cost Opex

Lime treatment_1 W: VacuTug- 20%, Pit Transfer-80%

Centralised_Kutupalong: VacTug and Pit transfer

UFF_9: Pit transfer/ temporary pipe and pump

Lime treatment_26: Pit transfer/ temporary pipe and pump

ADS_26: Pit transfer/ temporary pipe and pump

ABR_5: Pit transfer/ temporary pipe and pump

ABR_14: Pit transfer/ temporary pipe and pump

UFF_12: Manual Desludging and Transport

ABR_21: Manual and IFSTN

Centralised_4: IFSTN/ permanent pipe network and pump

Aeration _19: 50% Temporary Pipe+Pump and 50% Manual Desludging+Transport 

Aeration_18: 40% Temporary Pipe+Pump and 60% Manual Desludging+Transport 

ABR_18: 40% Temporary Pipe+Pump and 60% Manual Desludging+Transport 
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149
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47

18
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443

619

FSTP visited Transportation mode
Monthly 
Desludging 
OPEX (USD/m3)

Monthly 
Transportation 
OPEX (USD/m3)

Monthly 
Treatment 
OPEX (USD/m3)

Whole Chain 
Monthly OPEX 
Cost (USD/m3)

Lime treatment_ 
1W VacuTug- 20%, Pit Transfer-80% 1.54 2.66 103 108

Centralised_
Kutupalong VacTug and Pit transfer 1.82 8.74 35 45

UFF_9 Pit transfer/ temporary pipe and 
pump 1.43 3.18 27 32

Lime treatment_26 Pit transfer/ temporary pipe and 
pump 2.83 1.89 144 149

ADS_26 Pit transfer/ temporary pipe and 
pump 4.49 3.00 12 19

ABR_5 Pit transfer/ temporary pipe and 
pump 1.72 1.12 35 38

ABR_14 Pit transfer/ temporary pipe and 
pump 1.62 0.46 14 16

UFF_12 Manual Desludging and Transport 1.91 1.84 20 24

ABR_21 Manual and IFSTN 2.33 3.74 41 47

Centralised_4 IFSTN/ permanent pipe network 
and pump 2.94 1.01 14 18

Aeration _19 50% Temporary Pipe+Pump and 
50% Manual Desludging+Transport 0.91 0.88 110 112

Aeration_18 40% Temporary Pipe+Pump and 
60% Manual Desludging+Transport 1.33 1.60 440 443

ABR_18 40% Temporary Pipe+Pump and 
60% Manual Desludging+Transport 0.43 0.52 618 619

Table 7: Whole Chain Cost Opex
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The Temporary Pump and Manual desludging arrangement highlighted in blue 
in Table 7 have the lowest desludging and transportation costs, however the 
highest treatment Opex in Camp 18 results in the highest Whole Chain Cost / 
m3.

For the FSTPs visited the highest proportion of Opex is in the operation of the 
plant (Monthly Treatment Opex).Figure 15, below, shows the percentage of Opex 
for each chain element in the WCC.

Monthly Desludging OPEX (USD/m3) Monthly Transportation OPEX (USD/m3) Monthly Treatment OPEX (USD/m3)

Figure 15: Whole Chain Cost percentage breakdown

Lime treatment_1 W: VacuTug- 20%, Pit Transfer-80%

Centralised_Kutupalong: VacTug and Pit transfer

UFF_9: Pit transfer/ temporary pipe and pump

Lime treatment_26: Pit transfer/ temporary pipe and pump

ADS_26: Pit transfer/ temporary pipe and pump

ABR_5: Pit transfer/ temporary pipe and pump

ABR_14: Pit transfer/ temporary pipe and pump

UFF_12: Manual Desludging and Transport

ABR_21: Manual and IFSTN

Centralised_4: IFSTN/ permanent pipe network and pump

Aeration _19: 50% Temporary Pipe+Pump and 50% Manual 

Aeration_18: 40% Temporary Pipe+Pump and 60% Manual 

ABR_18: 40% Temporary Pipe+Pump and 60% Manual Desludging+Transport 

The ADS system in Camp 26 also shows a high percentage of the WCC 
associated with the Desludging and Transportation costs. Similar to the 
Centralised plants the reason behind this proportion lies on the low Opex of this 
FSTP

It is not believed that including construction costs (Capex) in this assessment 
will impact the conclusions significantly, i.e. costs of treatment will still be the 
governing WCC and therefore the WCC will be dictated by the treatment WLC. 
Nevertheless, it is advised that in future assessments include construction 
costs (Capex) for completeness.
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Transportation Mode
Sample size   
(number of 
systems)

Average of Wet 
Season deviation

# of Systems with 
a Wet Season 
deviation    < 1

Average of Dry 
Season deviation

# of Systems 
with a Dry Season 
deviation > 1

Single: Pit transfer/
temporary pipe and pump 112 1.22 4 0.94 17

Mixed (Specify in Remarks 
with ratio of usage) 36 1.19 1 0.90 0

Single: IFSTN/permanent 
pipe network and pump 22 1.26 1 0.90 1

Single: Manual Desludging 
and Transport 17 1.06   3 1.02 5

Single: Vacutug 1 1.19 0 0.94 0

Table 8: Transportation Mode performance

3.3.3 Transportation Performance
Like the review carried out in Section 3.2.2, the performance of the different 
transport modes was assessed. Wet and dry season deviation factors were 
derived from the data collected to draw a conclusion on which transportation 
mode is the most efficient in regard to transporting increased volumes of sludge 
during the wet season (study objective Q3), as follows: 

•	 Volume of sludge m3 per month (annual average)

•	 Volume of sludge average m3 per month (wet season)

•	 Volume of sludge average m3 per month (dry season)

•	 Wet season deviation = Volume of sludge average m3 per month (wet 
season) / Volume of sludge m3 per month (annual average)

•	 If greater than 1, more sludge is transferred and treated during the wet 
season; if less than 1 less sludge is transferred and treated during the 
wet season

•	 Dry Season deviation = Volume of sludge average m3 per month (dry 
season) / Volume of sludge m3 per month (annual average)

•	 If greater than 1, more sludge is transferred and treated during the dry 
season; if less than 1 less sludge is transferred and treated during the 
dry season

Based on the containment review it was expected that the wet season would be 
associated with higher desludging and transport volumes. However, some data 
showed lower desludging and transport volumes in the wet season (wet season 
deviation < 1), and higher volumes in dry season (dry season deviation > 1). 
Table 8 below shows the performance of the different transportation modes in 
CxB.

The IFSTN/permanent pipe network and pump reports the greatest increase in 
volume desludged and transported during the wet season (highlighted in blue in 
Table 8), while Manual Desludging and Transport reports the smallest increase 
(highlighted in red in Table 8). This trend was discussed with key stakeholders, 
and the reason behind the Manual Desludging and Transport showing the 
smallest increase is reported to be because of the poorer conditions of the 
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Technology Type Average of Wet 
Season deviation

UFF 1.70

Constructed Wetland 1.48

WSP 1.43

ABR 1.30

Centralized 1.28

ABR and Lime 1.21

ABR and Centralized 1.20

ABR and Geotex Tube 1.20

ABR, Geotex Tube and Lime 1.20

Table 9: Average Wet Season deviation per Type of Technology

Technology Type Average of Wet 
Season deviation

ADS, ABR and Geotex Tube 1.19

ADS 1.18

Solid Separation Unit (SSU) 1.13

UFF and ABR 1.12

Aeration 1.10

Waste stabilization pond (WSP) 1.07

Lime 1.06

DEWATS 0.98

Geotube  0.94

roads and access to move sludge. During the wet season it is preferable to 
desludge and transport smaller volumes to keep the latrines in use, than to 
desludge the latrines fully and manually transport a large volume of sludge on 
muddy roads/paths.

Another reason for a wet season deviation < 1, not related with the 
transportation mode applied, is a reduced infiltration capacity at the receiving 
FSTP, impacting the volume disposed/ throughput (hence a bottleneck to 
upstream transportation and treatment). So, while a reduced infiltration capacity 
at containment can increase the volume of sludge collected and treated during 
the wet season, a reduced infiltration capacity at the FSTP, or a challenge to 
transport can reduce the volume of sludge transferred and treated. Anecdotally, 
10% of the latrines in Camp are built in flooding areas due to lack of space and 
poor areas allocated to sanitation, causing these to overflow during the wet 
season.

An assessment of which type of treatment technology could better cope with 
increasing volumes of sludge during the wet season was carried out (see Table 
9). However, it should be kept in mind that a lower wet season deviation does 
not necessarily relate to the target FSTP not being able to treat incoming flows. 
A lower wet season deviation can be because of a bottleneck in the transport 
of sludge and/or a reduced infiltration capacity of treated effluent (e.g., FSTP 
located on a low land, flood prone areas, or area with high water table).

The transfer systems where the target FSTP is a UFF show the greatest capacity 
to transport and treat increasing volumes during the wet season (as listed in 
Table 9). As mentioned above, possible explanations include higher resilience of 
the transportation mode or FSTP effluent infiltration capacity.

The Constructed Wetland, Solid Separation Unit and Geotube technologies were 
not included in this study from a treatment performance perspective, but these 
were included in the camp wide containment and transportation assessments 
because existing data was available.
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IFSTN are cheaper to run and can transport increased volumes of sludge. 
Their construction comes with an initial higher cost but this investment 
can pay off within 1.7 to 8.7 years. 

Even though priority should be given to changing transport modes that 
are proven to be less cost efficient and resilient, an IFSTN can still require 
the support of other desludging and transportation techniques because of 
access limitations. Challenging topography requiring lots of pumping (and 
cost of fuel) could also make the IFSTN Opex increase to an unsustainable 
level. In those instances, the conditions to apply other transportation 
modes should be improved, e.g., better paths to allow VacTug access or to 
lay down temporary pipe (for last 100m) for transfer.

Treatment capacity at a FSTP level will dictate how much volume is 
transferred and if an IFSTN can be cost effective. Therefore, the full 
FSM chain should be investigated when assessing cost of which the 
transportation mode. 

3.4 TREATMENT 

The following section analyses the different types of FSTP visited against the 
parameters previously described in Table 2 and highlights which technology 
types are performing better against each. Information is based on the 20 FSTPs 
visited, unless otherwise stated.

3.4.1 Number of FSTPs and total treatment capacity
The sludge transportation data collected covers 146 different FSTPs. A 
comparison was made against the FSTPs reported in the WASH Infrastructures 
dataset from October 2021.

Table 10 shows the 164 Sanitation FSM sites listed in the WASH Infrastructures 
dataset from October 2021 (WASH IF dataset_Oct 21). Out of the 164 sites, 
101 have been covered in the transportation data collection forms, with 45 
facilities that could not be matched. This suggests that there are either more 
facilities than the 2021 WASH Infrastructures dataset, or that different names 
or locations were used when referring to the same plant (leading to double 
counting).

The WASH sector Infrastructure data (2021) set shows the total FSTP daily 
treatment capacity of 879m3 across the camps, the accuracy and coverage of 
this was not investigated in detail during this study. Some existing monitoring 
regimes collect information on treatment capacity of each FSTP that could be 
used to update the 2021 data set e.g., DPHE effluent monitoring data, and the 
WASH infrastructure 2022 dataset; Although neither are a full data set (DPHE 
monitoring rounds are ongoing picking up different FSTPs each round) it is the 
best available data to understand total treatment capacity available across the 
camps. As the DPHE dataset builds it should be cross refenced against the 
WASH infrastructure database to understand total capacity. 

The Constructed Wetland, Solid Separation Unit and Geotube technologies were 
not included in this study from a treatment performance perspective, but these 
were included in the camp wide containment and transportation assessments 
because existing data was available.
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The WASH sector Infrastructure data (2021) set shows the total FSTP 
daily treatment capacity of 879m3 across the camps. For a population in 
RCs of 904,639 and a sludge generation rate of 1.1 l/h/day we get a daily 
sludge production of 995m3. It is fair to consider that there is some sludge 
retention in the camps’ latrines and tanks, and that some people might 
still practice open defecation, so this slightly lower treatment capacity 
might accommodate for the sludge produced in camp. However, during the 
wet season the volume of sludge in transit increases and this treatment 
capacity might not be enough.

As the DPHE dataset of actual FSTP capacity builds it should be cross 
refenced against the WASH infrastructure database to understand total 
capacity.

WASH IF dataset_Oct 21 Transportation Data (collected in this study)

Type of Technology Total
Covered in 
Transportation 
data

Total
With a ‘WASH IF 
dataset_Oct 21’ 
match

Possible facilities 
not included in the 
‘WASH IF dataset_
Oct 21’

Lime Stabilization Ponds 
(LSP) 36 25 29 25 4

Solid Separation Unit 
(SSU) 39 31 34 31 3

Centralized 1 1 2 1 1

Anaerobic Baffled Reactor 
(ABR) 29 22 38 22 16

Up Flow Filter (UFF) 27 5 11 5 6

Waste Stabilisation Pond 
(WSP) 16 6 11 6 5

Anaerobic Digester 
System (ADS) 1 1 1 1 0

Aeration 1 1 2 1 1

Constructed Wetland 
(CW) 1 1 2 1 1

Decentralised Wastewater 
Treatment System 
(DEWATS)

9 7 12 7 5

Geotube 0 0 3 0 3

Other 4 1 1 1 0

Total 164 101 146 101 45

Table 10: Correlation between FSTP sites of the WASH IF dataset_Oct 21 and Target 
FSTPs of the Transportation Data collected
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From a high-level analysis of the WASH IF dataset_Oct 21, there are 6 sites with 
the same Facility ID but located in different blocks or locations (see Table 11).

3.4.2 Design Capacity versus actual capacity
From the FSTPs visited, the highest design capacity was the Mega FSTP 1, with 
up to 180m3 per day. The technologies with the lowest design capacity were the 
WSPs and UFFs, maximum 5m3 and 6m3 per day respectively. 

Eight out of the 20 FSTPs visited were not utilising their full design capacity at 
the time of the study, leaving a nominal 196m3 of underutilised capacity in total, 
see Figure 16 to see the percentage capacity utilisation. The main reasons were 
the following: 

•	 Plants were being commissioned/brought into operation and the process 
was being fed progressively with an increased sludge load to achieve 
optimal performance (under commissioning). This was the case for the 
multistage biological process in the FSTP in Kutupalong, and the ABR in 
camp 18.

•	 Plants that are going to be decommissioned such as the aeration plant in 
camp 18. 

•	 Not enough faecal sludge could be collected and transported to the site 
with the current methods, such as in the aeration plant in camp 19 where 
70% of sludge collected is by manual transfer with no holding tank available.

•	 Problems with the FSTP final product quality, such as in the ABR for camp 
12 which cited issues with the TSS in the final liquid effluent.

•	 Variable production of sludge depending on the season. FSTP in camp 
4 was treating 120 m3/d at the time of the visit (dry season), the amount 
linked to the sludge produced by the served population. However, the plant 
was designed to treat 150 m3/d during the wet the wet season and is being 
upgraded to reach 180m3/d.  

Facilities_ID or barcode_1 Block Name  Type of Technology Latitude
(Decimal Degrees)

Longitude 
(Decimal Degrees)

D- 001 C10_A Other 21.193 92.153

D- 001 C10_B Other 21.194 92.154

FSM-Camp 24 C24_D Lime Stabilization Ponds (LSP) 20.970 92.243

FSM-Camp 24 C24_D Lime Stabilization Ponds (LSP) 20.969 92.243

IOM-DLT-2018-10-C20-005(KSR-015) C20_B Solid Separation Unit (SSU) 21.190 92.141

IOM-DLT-2018-10-C20-005(KSR-015) Camp 20X Solid Separation Unit (SSU) 21.194 92.137

Table 11: Different FSTPs with the same Facility ID, WASH IF dataset_Oct 21
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% DESIGN CAPACITY UTILISED

Figure 16: % of design capacity utilised for FSTPs visited
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3.4.3	 Area required 
The area required by each technology is expressed in m2 of land used by the 
treatment units (i.e. tank areas plus an additional 5% added to account for 
essential access roads and paths) per m3 of sludge treated (using the design 
capacity). 

The total site area is often dictated by what land is available / allocated for 
the FSTP and, where space is available, sites have ancillary facilities (e.g. 
laboratories, washrooms etc). Therefore, referring to the area used by the 
treatment units plus the space for access roads and paths provides a more 
realistic indicator of the actual area needed than using the total site area.

The data collected shows that sites with WSP and ABR technologies require the 
lowest area per m3 sludge treated. 

The range of area required per m3 sludge treated is shown in Figure 17.

Four of the six ABR sites visited required less than 27m2/m3 of sludge treated. 
For the WSP, the area required ranges from 8.4 to 16.8m2/m3 of sludge treated. 
However, consideration needs to be given to the scalability of these solutions. 
The WSP technology can only be scaled up by adding more ponds (i.e., three 
in parallel), with the required length: width: depth ratios (for retention times), 
which require significant additional space. ABR plants are not easy to scale up 
as the existing units (concrete or brick tanks) were designed for the specific 
treatment capacity. New (parallel) construction would be possible, or bypass/
flow management is required to increase an existing ABR’s treatment capacity. 
It should be noted that the ABR in camp 18 has a higher area requirement than 
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TREATMENT AREA REQUIRED PER M3 OF SLUDGE TREATMENT 
CAPCITY (M2/M3)

Figure 17: Area required per m3 capacity for FSTPs visited
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the other ABRs. This site has a relatively high number of sludge drying beds and 
solids handling area, driving up the site footprint. Discussion with stakeholders 
indicated this site has been well designed to allow for the actual solids handling, 
and the area is not thought to be an over allowance. 

UFF, DEWATS and Aeration are similarly efficient in terms of area required. 
The components required for the treatment in these technologies allow for an 
efficient use of the space, and because these are modular, they are scalable. 
Building modules together to provide a higher capacity can be a more efficient 
use of space. For example, one aeration site visited could treat double the 
volume of sludge, needing only to increase the treatment area by 30%. Common 
components are shared between modules, and the volume of the tanks can be 
increased without expanding the footprint area. 
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3.4.4 Capex, Opex  and Whole Life Cost
Figure 18 and Figure 19 below show the capital cost (Capex in USD) per m3 of 
sludge (design capacity); and operational cost (Opex in USD) per m3 of sludge 
per day (volume currently treated).

The data shows that the technologies with the lowest Capex per m3 capacity 
are:  lime treatment, anaerobic digester, and ABR. These technologies are 
relatively simple, and their construction does not require major civil engineering 
works. The lime however, has relatively significant Opex due to the cost of the 
chemicals. The anaerobic digester has the lowest Capex and Opex. However, 
only one site for an anaerobic digester system was visited, and more data 
should be collected to conclude whether this is the lowest cost technology. 

The UFF is the technology with highest Capex per m3(note limited capex 
data), along with the centralised multi-technology plants. The data shows 
that DEWATS, however, have a much lower capex than the UFF, despite of 
being based in similar processes. The UFF sites visited used multiple tanks 
and incorporated different components such as downstream constructed 
wetlands which require additional civil works. UFF sites were using ‘assemble 
on site’ tanks, which increased the initial cost and labour. By contrast, the 
DEWATS visited were using infiltration trenches to dispose the effluent. The 
Opex recorded for both, DEWATS And UFFs, is relatively low, as with the 
multi-technology centralised sites. Reasons for outliers are highlighted and 
investigated in Appendix A.

CAPEX $/ DESIGN CAPACITY M3

Figure 18: Capex per m3 capacity for FSTPs visited
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WLC was calculated to give a view of the overall cost of an FSTP for its full life 
cycle. Transportation costs have not been included; they have been analysed 
separately in section 3.3. A comparison of WLC per year per m3 capacity showed 
that most types of FSTP are within the range of USD $500 to $1,500. The 
centralised plants were at the lower end of this range, showing that, across their 
lifecycle, they are comparable or more cost effective than (most) decentralised 
FSTPs (noting limited data set and assumptions). There are three outliers, of 
which two are ABRs and one aeration. These can be explained by the relatively 
high initial Capex, or limited detail on Capex, leading to over estimation of Capex 
and Capex repeats. 

An attempt was made to include the transfer chain in the WLC but information 
of initial Capex of transfer was not available for this assessment, hence only 
FSTPs are covered. The WLC assessment includes assumptions on Capex 
repeats (as stated in Table 2). A majority of operators were not clear on this as 
FSTPs had not been operating long enough to incur any need for replacement/
refurbishment of large elements. There was also limited clarity on design life. 
Therefore, these WLC figures should be treated with caution. 

DAILY OPEX $ /M3 SLUDGE CURRENTLY TREATED

Figure 19: Daily Opex per m3 treated for FSTPs visited
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Figure 20: WLC per year per m3 capacity

3.4.5 Site specific influencing factors 
The data collected only showed two trends cited for how the site conditions 
were influencing the FSTPs:

1.	 The topography influenced the mechanism used to move the sludge through 
the plant. Flat sites required pumping, which increases the complexity of the 
treatment, the risk of failure and the Opex costs. By contrast, sites with a 
slope benefit from gravity flow.

2.	 Sites with limited road access present more challenges in transferring 
sludge to the FSTP and tend to rely on manual transfer of sludge. These 
sites are more susceptible to changes in incoming sludge volumes which 
can impact the treatment performance for biological treatment processes.
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3.4.6 Operation and Maintenance
The specific operation and maintenance activities for each treatment type have 
been described in Appendix H. However, there are some common issues worth 
highlighting:

•	 Replacement of filter media also includes cleaning or disposal of the old 
filter media and flow management during this activity which can be onerous. 
This item will be applicable to all FSTPs using filters i.e., UFF, DEWATs, mega 
FSTP 1 and all ABRs with downstream filters. The Mega FSTP 1 has some 
resilience as it has two parallel process streams for the upstream (phase 
1) elements including UFFs i.e., one could be used when the other is offline 
for maintenance. Other smaller/decentralised sites have a single process 
stream which means taking elements offline for maintenance is more 
difficult. Bypass pipes to facilitate maintenance should be considered in the 
design.

•	 Unless spare parts are stored, there is a supply chain risk when replacing 
gate valves to control flow. A majority of sites had used locally available 
valves so that spares are available. Larger centralised plants, where bigger 
valves are required, may have more supply chain difficulties as the larger 
sizes may not be in common use on Bangladesh.

•	 Blockages in pipework and flow controls are frequent. Some sites had 
designed in rodding points/ access chambers for blockage clearance or 
enough valves to isolate certain sections of pipework (e.g. DEWATS). This 
helps to manage blockages if they occur.

3.4.7 Treatment Performance
A review of the treatment performance of the FSTPs was undertaken based 
on the available (camp wide) monitoring data provided by the WASH sector, 
Stakeholders and FSTP operators. Monitoring data was available for raw 
(incoming) sludge and final (liquid) effluent for approximately 165 FSTPs8, 
and in some cases (for 13 FSTPs) long term data was available for additional 
monitoring points through the treatment process. The focus of the review 
was on the 20 FSTPs visited during this study. This was supplemented with 
a general review of available camp wide data by FSTP type, especially where 
additional monitoring was available. The key sources, data range and coverage 
of laboratory monitoring data are shown in Appendix C. It should be noted that 
limited information was available for two (of 20) sites visited (FSTP 2 and one of 
the aeration sites). This was because they were being commissioned at the time 
of visit, so no historic monitoring had been undertaken, and only a few samples 
were taken to aid commissioning. 

The FE standard achieved for each FSTP was compared against the Bangladesh 
Department for Environment Guidelines (2019) Schedule 7 standards for 
sewage discharge (to surface water), with the key pollutants and pathogens 
reviewed. It is important to note that these standards do not include helminths. 
Therefore, this data was also compared against the WHO wastewater reuse 
for agriculture standard i.e., 1 egg/l. In addition, the FSTP performance was 
reviewed against performance of similar type FSTPs within the camps, and 
between FSTP types. This aimed to give an indication of which technologies are 
operating well. A summary of findings is given in below, and a detailed review is 
included in Appendix C, with key items for each plant visited in Appendix A.
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The key quality parameters reviewed were:

•	 pH and temperature

•	 BOD and COD

•	 Nutrients: Nitrate, Phosphate and Total Nitrogen

•	 Suspended Solids and Total solids

•	 Pathogens: E. coli, helminth eggs, V. cholerae and Enterococcus

(8) This is the total (approx.). number of FSTPs sampled across all agencies.  Note data was provided for some 
sites that are of technology types not included in this study hence data points were not used. There is also some 
overlap in data where slightly different X, Y coordinates given so not clear which is the receiving FSTP potentially 
leading to double counting.
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Key findings from the treatment performance review were:

•	 A majority of FSTPs fail to meet the DoE effluent standards for most 
parameters, hence the effluent can pose a risk to human health and the 
environment.

•	 Performance for all FSTPs is better against pH and nutrients (Nitrate and 
Phosphorus), although a majority fail in Total Nitrogen . The raw incoming 
sludge is generally already below the nitrate and phosphorus standards, 
likely due to the domestic nature of the wastewater i.e., limited pollution 
from agricultural runoff or industrial sources, hence FSTPs meet the effluent 
standards. It should be noted that the raw sludge would be classified as 
a ‘Category A’ under the Bangladesh Standards and Guidelines for Sludge 
Management10 i.e., sludge is produced in a sewage treatment plant treating 
only domestic or urban wastewater.

•	 The aeration plant (activated sludge) performs best against the standards, 
passing the COD and pathogen requirements, as well as pH and nutrients. 
This plant also showed consistent performance, achieving the standards 
most of the time. This FSTP also had regular monitoring and good access 
to a laboratory, providing evidence of its consistent performance. The plant 
(camp 18) is being decommissioned but the data can be used as evidence 
of potential performance should this technology be used again in the future.

•	 The ‘mega FSTP’ anaerobic lagoons also showed good performance with 
relatively consistent COD and BOD removal over the year i.e., no evidence 
of seasonal variation in treatment performance. Although the BOD and COD 
standards were not achieved the FE was not significantly over the standard. 
This FSTP also performed well for pathogen removal with most samples 
(even over long term) passing for E. coli and helminth eggs. This FSTP 
also had regular monitoring over 2020 and 2021, providing evidence of its 
consistent performance.

•	 The two ‘centralised’ FSTPs showed generally better and more consistent 
performance than the smaller ‘decentralised’ FSTPs. The consistency is 
likely to be related to size i.e., larger plants have more built-in retention 
time and larger flows so can cope better with changes in raw sludge (e.g., 
a small strong load would have limited impact when mixed at the inlet 
works and diluted) and are able to smooth out any shock loading. The good 
performance may also be due to adequate design sizing i.e., designed and 
sized with some redundancy/ growth capacity.

•	 Some smaller (or decentralised) FSTP samples meet the standards for 
solids, COD and pathogens. However, this performance was not consistent 
by FSTP types (e.g., one UFF might be passing whilst another fails) and 
there was no clear trend in design, raw sludge or operation, that could 
determine reasons for better performance. 

•	 Of the smaller (decentralised) FSTPs, the ABRs and ADS perform the best 
for BOD/COD, although most results were still breaching the DoE standards. 
Plants that are not operating at their design capacity are underloaded which 
can affect the removal rates e.g. biological treatment cannot build up to its 
optimum performance. 

•	 Lime sites had high pH and generally poor performance for COD/BOD and 
nutrients removal. Some lime FSTPs show passing results for pathogens 
but this is not consistent across lime sites, and there was no clear trend in 
design, raw sludge, or operation, that could determine reasons for better 
performance.
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•	 The review of DEWATS and UFF showed they were performing relatively 
poorly compared to other decentralised FSTPs. There was some limited 
evidence that the smaller systems (12m3/d capacity) had lower solids 
removal than the larger systems (21m3/d capacity), and hence lower BOD 
and COD removal.  BOD and COD removal was generally poor across all UFF. 
Both DEWATs and UFFs had added a stage of retention/settlement ahead of 
filtration (since phase 1 review) which is helping the process and avoids the 
issue of frequent filters blocking. 

•	 It was noted during the core team meetings that many FSTPs dispose 
of treated liquid final effluent via a soakaway or infiltration system, and 
hence do not discharge to surface water, perhaps negating the need to 
meet the DoE standards and allowing smaller FSTPs with lower treatment 
performance to be used. There are no specific Bangladesh standards 
relating to disposal of final effluent via infiltration, though there is a standard 
for pit latrines, where the bottom of the pits should be 1.5m above the 
ground water table. The contamination risk to ground water and nearby 
surface water (and potentially to drinking water supplies), is well understood 
(by WASH sector, stakeholders and operators of FSTPs etc). It was 
acknowledged that a site-specific risk assessment was required to assess 
the risk of groundwater contamination and the potential (consequential) 
pollution of drinking water supplies. 

3.4.8 FSM chain influence on treatment performance
The data for the raw (incoming) sludge was reviewed against the transport 
method, with the aim of seeing if the different upstream sludge chains 
influence the quality of the raw sludge arriving at the FSTP, and impacting 
the downstream performance. One key parameter reviewed was solids (total 
solids and suspended solids) to understand if conveyance and transport 
systems that include storage tanks, influence the solids content of raw sludge 
arriving at the FSTP, e.g., to see if solids are removed / settled out in storage 
tanks in the network and sludge with a higher liquid content arrives at the 
FSTPs. A summary is given in Table 12 below. While limited data restricted this 
assessment, an attempt was also made to compare a chain within network 
storage, and one without, camp 15 was used as the example for an area with 
lots of storage tanks within the network.

The data showed no significant difference in the raw sludge solids content from 
the differing transport modes, or from a network with lots of storage tanks. 
The VacTug showed slightly lower average solids, which was not expected (no 
network settlement would occur for the Vactug mode). However, the range of 
data (2-15 mg/l TS) was similar to other modes of transport, but less consistent 
e.g. can transport a load with more solids or less but limited ability to mix within 
the VacTug capacity or at inlet to FSTPs (where there are generally no buffer 
tanks). The deviation in consistency (of values from average solids) was also 
slightly higher for the example with several storage tanks, indicating that a ‘slug’ 
of solids might hit the network when tanks are fully emptied. The piped systems 
generally deliver more consistent raw sludge.

(10) https://doe.portal.gov.bd/sites/default/files/files/doe.portal.gov.bd/publications/2398e6c5_
c300_472d_9a0c_0385522748f3/Bangladesh%20Standards%20and%20Guideline%20for%20sludge%20
management-%20September%202016.pdf 
(11) Extract from Standards and Guidelines for Sludge Management 2015 - To protect groundwater and surface 
water from pollution, the following buffer zones are recommended between the area of application and the 
water receptor: - Depth to aquifer => 5 m - Distance from surface water/borehole => 200 m shall be prohibited.
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Transport  mode Ave raw sludge solids Comment

Single: IFSTN/ permanent pipe 
network and pump

8.0g/l Total Solids and 
5.1g/l TSS     

13 data points. Data reasonably 
consistent.

Mixed: VacTug 6.4g/l Total Solids, and 
3.3g/l TSS 

12 data points. Average lower 
than other modes. Relatively 
inconsistent e.g. limited 
ability to mix within the vactug 
capacity.

Single: Manual Desludging and 
Transport 

Limited raw sludge 
quality data for 
camps where we have 
transport data (i.e., 
camp 12)

2 data points i.e. not enough to 
draw conclusions

Single: Pit transfer/ temporary 
pipe and pump

7.9g/l Total Solids and 
5.0g/l TSS 19 data points for TS and TSS

FSM chain / FSTP catchment 
with lots of network storage 
tanks 
(Camp 15 used as an example 
transport data not provided)

4.9g/l TSS 

Similar TSS to others, deviation 
from Ave TSS is greater 
indicating some ‘slugs’ of 
solids maybe occur when tanks 
are fully emptied

Table 12: Raw sludge solids by transport mode

3.4.9 Disposal of final products
Liquids were infiltrated, evaporated or discharged to the environment. No site 
reported the reuse of the effluent. More detail can be found in the treatment 
performance review, section 3.4.7.

Where infiltration is used and effluent is not meeting the DoE pathogen 
requirement one standard that could be considered is the Bangladesh is 
from the Standards and Guidelines for Sludge Management12, which sets out 
groundwater protection ‘buffer zones’ for sites where treated sludge solids are 
spread i.e., sewage sludge reused for agriculture. Although this relates to the 
solids portion of the treated sludge (i.e., not the treated final liquid) it could be 
used, along with previous WASH sector guidance, as a starting point for setting 
groundwater protection zones around FSTP final effluent infiltration. 

Final disposal of solids was not investigated in detail during the study. Disposal 
routes were noted for the 20 sites visited. Three sites were using incinerators to 
dispose of the final solid and using the ashes in agriculture. Another three were 
sending the solids to compost off site (not visited). Two sites reported using 
the solids for landfill. The rest of the sites were currently storing the sludge 
on site. Not all of them had a further plan in place, although some operators 
were assessing different options for circular sanitation, such as  the idea of 
composting the sludge . 

As noted in phase 1, there was often limited space at the FSTPs for storage, 
disposal or reuse of the final solids, which led to poor management. There 
may be opportunities to consolidate final solids handling and safe disposal 
or reuse, e.g., with a more centralised composting or other solids treatment 
process (e.g. Omi processor). Although this would add another handling step 
to the FSM chain i.e., moving the final solids to a further treatment site after 
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the FSTP, it would ensure the safe disposal/reuse of the final solids, and allow 
efficiencies to be made in treatment i.e., a minimum scale for composting or 
other processes to operate efficiently could be achieved. It would also allow 
sludge products (compost or energy) to be safely reused. It should be noted that 
solids treatment technologies such as digestion need a certain solids content, 
and dewatering or rewetting of the final solids from FSTPs might be needed to 
facilitate further treatment and energy recovery. The future solution adopted 
would need to be adequate to the context (considering site conditions; capacity 
to  set, operate and maintain it).

The potential value of the final solids as a useful product has not been explored 
in the FSM chain, as operating NGOs are focused on safe disposal and reducing 
the volume of final solids (several mentioned composting). There is a need to 
understand the market and acceptability for sludge products (compost, gas 
etc) to understand if additional solids handling could be made cost efficient i.e., 
offset Capex and Opex costs by selling fertiliser or compost in local areas. 

 

3.4.10 Resilience to natural disaster
Resilience to heavy rain and flooding was accounted for in the design of most of 
the FSTPs visited. The main measures taken are: 

•	 Providing adequate drainage around the site for surface water management

•	 The treatment units are placed on elevated platforms

•	 Slope protection is installed to avoid landslide around the site, such as 
retention walls

One of the sites visited that was being commissioned was particularly looking at 
how to become more energy efficient and exploring using easy-to-repair items in 
the units to become more resilient.

3.4.11 Pinch points 
Information on the pinch points for each site was limited. Any data recorded has 
been shared in in Appendix A for each FSTP type. The main pinch points that 
can be highlighted are: 

•	 Not enough capacity to collect the volume of sludge to meet treatment 
capacity

•	 Infiltration of final liquid is limited by high ground water levels in the rainy 
season, as described in Table 8.

3.4.12 Summary of findings for treatment technologies 
The Table 10 below provides a holistic summary of the performance of each 
technology against each parameter assessed. At the initial phase of the 
emergency, parameters like construction time and skills required to set up and 
operate the system were key, due to the time limitations. However, at the current 
stage, the focus is on technologies that are cost-effective and resilience, to 
ensure long-term sustainability. 

(12) Extract from Standards and Guidelines for Sludge Management 2015 - To protect groundwater and surface 
water from pollution, the following buffer zones are recommended between the area of application and the 
water receptor: - Depth to aquifer => 5 m - Distance from surface water/borehole => 200 m shall be prohibited.
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PARAMETERS Centralised Lime ABR Aeration WSP Anaerobic 
digesters UFF DEWATS

Design Capacity 
m3/day

165 ave
(150 to 180)

7 ave
(5 to 10)

10 ave 
(6 to 15)

23 ave
(15 to 30)

3.25 ave
(2.5 to 4)

5 3 ave
(3)

4.5 ave
(3 to 6)

Treatment area 
m2/m3

45 ave
(33 to 58)

47 ave
(17 to 98)

49 ave
(9 to 175)

23 ave
(18 to 28)

13.5 ave
(9 to 18)

61 28 ave
(28)

29.5 ave
(20 to 39)

Scalability Medium Medium Low High Low Medium High High

Capex UDS $/
m3

5,517 ave
(4,646 to 6,388)

2,891 ave
(1,554 to 4,060)

5,758 ave
(1,564 to 
13,907)

3,983 ave
(3,333 to 4,633)

5,244 ave
(2,600 to 7,888)

1,392 8,133 ave
(8,133)

3,555 ave
(3,555)

Opex UDS $/
m3*

3.65 ave
(0.60 to 6.7)

5.94 ave
(3.44 to 9.57)

11.7 ave
(0.4 to 44.2)

29.46 ave
(26.75 to 31.4)

3.3 ave
(2.6 to 4)

0.39 4 ave
(1.4 to 7.22)

0.8 ave
(0.69 to 0.91)

Whole life cost 653 ave
(474 to 831)

2,188 ave
(1,607 to 2,858)

3,063 ave
(419 to 8,530)

3,579 ave
(1,553 to 5,604)

1,584 ave
(1,248 to 1,921)

306 939 ave
(939)

500 ave
(453 to 548)

Construction 
time (months) 12 1.3 ave

(1 to 2)
4.5 ave

(2 to 8)
9 ave

(8 to 10)
2.5 ave

(2 to 3)
2 1.5 ave

(1.5)
1 ave

( 1)

Complexity of 
process Medium Medium Low High Low Low  Low Low

Treatment 
performance     Good Poor Poor (for 

pathogens) Good Medium Medium Medium Medium

Table 13: Review of parameters for each FSTP

Multi-technology centralised FSTPs (‘Centralised’ in table 12), have the highest 
capacity to treat sludge. Despite having a high Capex, they are cost efficient, 
with a low Opex and WLC.  The data shows that they can provide better and 
more consistent performance than the smaller ‘decentralised’ FSTPs. They 
are also able to cope with variability of the sludge, which can happen during 
rainy seasons or when different methods to transport the sludge are used. It 
is important to note that centralised data is based on two sites, one of which 
is under commissioning. More data would be needed to confirm these initial 
findings.

Lime treatment sites have a low Capex and the technology can be set up fast. 
This made lime a viable choice for rapid emergency response. However, for this 
phase, they should not be a preferred solution. Their Opex is significant due to 
constant use of chemicals, and the need to manage lime poses a health and 
safety risk to the operators. In addition, the data shows that they are performing 
poorly. 

DEWATS and UFF are not meeting DoE FE standards. UFFs show a high Capex, 
while for DEWATS both capex and opex is low. Both technologies are quick to 
deploy and to commission and decommission.

Aeration plants require a low land area and are modular and scalable. The 
data (from camp 18) shows that aeration plants can perform consistently, 
achieving necessary standards. The Opex for this plant is high, but it could be 
reduced by transitioning to solar energy to operate the mechanical equipment. 
This technology is complex to operate, and the stakeholders do not consider 
it very appropriate for the context. The good effluent quality and low land take 
need to be considered alongside the complexity when choosing a technology 
in the future i.e benefits of final effluent quality might outweigh concerns over 
complexity.
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ABR and WSP are the technologies that do not require a lot of area, and they 
do not have extremely high Capex or Opex. However, data shows treatment 
performance is below DoE standards. Consideration needs to be given to 
the scalability of these technologies too. ABR and WSP are not modular, and 
therefore, they are difficult to scale up and adapt to treat higher volumes without 
adding a parallel process stream. 

Only one site with an anaerobic digester system was visited. The data showed 
low Capex and Opex, and limited performance. More data would be needed in 
this technology to raise any conclusion. 

Variations in the quantity and quality of sludge to be treated during rainy season (due to more 
challenging transportation of sludge, and limited infiltration of the final effluent) can impact the 
treatment performance and needs to be considered in design. 

The FSTP design needs to consider the sludge collection area (catchment) and the transport mode 
and ensure they will not be a bottleneck to the FSTP reaching its design capacity.  Multiple transport 
systems for FSTPs can lead to variations in the raw sludge (solids). Technologies that can absorb 
this variation without affecting their performance should be preferred. The addition of buffer or 
balancing tanks at the FSTP can help smooth flows and loads but care must be taken to avoid solids 
accumulation in these tanks.

The main factors that influence the Capex of an FSTP are the civils work needed, the labour required, 
construction time, materials, and components. Purchasing materials and components locally, such 
as local tanks and bricks, reduces the initial investment and help facilitate ongoing maintenance 
(spare parts). 

The Opex of FSTPs is heavily influenced by energy use (usually for pumping), and chemicals required 
(such as lime or chlorine); as well as the number of operators needed, and the rent of the land.  
Topography that allows gravity flow should be preferred to minimise costs related to pumping. When 
pumping is required, solar energy could be used to reduce the Opex cost. A thoughtful layout design, 
which minimises the space used could also help to reduce the cost, by reducing the rent and the area 
in need of general site maintenance.

Treatment is the highest proportion of the Whole Chain operational Cost and therefore WLC of the 
FSTP if an important governing factor in total cost.

14 sites visited were storing the final solids on site without a further plan to reuse it or safely dispose 
of it. A long-term plan for solid disposal is needed. Consideration should be given to a centralised 
solution, and investigation into the potential (local) markets for sludge products, i.e., adding value to 
sludge could help offset costs of a centralised solids treatment site. 

The final liquid effluent from the sites is currently infiltrated, evaporated or discharged to the (surface 
water) environment. A majority of FSTPs fail to meet the DoE standards which can pose a risk to the 
environment and human health. For sites that infiltrate the FE, a ground water risk assessment and 
infiltration capacity testing should be a standard step in the design. For existing sites, groundwater 
risk could be retrospectively assessed, and improvements put in place e.g., for sites with soak pits. 
Sites that discharge to surface water should ensure pathogen inactivation via improvements to 
treatment or additional disinfection processes at the back end of FSTPs.

Aeration plants perform well against DoE standards. They are easy to scale and more space-efficient 
when treating higher volumes. They have high Opex, due to the constant energy required. However, 
this technology is not considered appropriate for the context due to its complexity. 

DEWATS plants have a low WLC, they are scalable, and can be set up quickly. The data shows that 
they are not meeting DoE standards however FE is infiltrated limiting exposure. 

Lime treatment sites have a low Capex, and the technology can be set up fast. However, they are not 
performing well. Their Opex is significant, and they can pose a health and safety risk to the operators 
(from lime powder). Decommissioning and replacement of this technology should be considered. 
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3.5 CENTRALISED AND DECENTRALISED FSTPS

A comparison between Centralised and Decentralised FSTPs was done to 
assess if adopting centralised treatment plants in the future in CxB is a good 
strategy. 

Centralised plants are those designed to treat the highest volumes of sludge 
in CxB (120 to 180m3/day). The increased treatment capacity comes with the 
largest catchment area and FSTP site area and has the highest Capex reported. 
Two sites were classed as centralised within this study (FSTP 1 aka Mega FSTP 
1 with treatment process based on anaerobic lagoons; and the new FSTP 2 in 
Kutupalong, with a multistage biological treatment). 

Figure 21 and Figure 22 show the performance of the centralised plants for 
treatment area required (per m3 of sludge treated) and Capex (per m3 design 
treatment capacity) against the minimum, maximum and average performances 
of the Decentralised plants.

Even while having the largest treatment areas and Capex, the centralised plants 
show an average treatment area required (per m3 of sludge treated) and Capex 
(per design treatment capacity) ratios similar to, or lower than, decentralised 
plants.

TREATMENT AREA REQUIRED PER M3 SLUDGE TREATED (M2/M3)
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Figure 21: Relative performance of Centralised plants for 
treatment area required (per m3 of sludge treated)
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DAILY OPEX / M3 SLUDGE TREATED ($/M3)
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Figure 23: Relative performance of Centralised plants in regard 
to Daily OPEX per volume treated
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The data collected from the FSTPs visited shows that the centralised plants 
are amongst the cheapest to operate (a number of ABR and Aeration plants 
report higher Opex per m3 than the centralised plants). It should be noted that 
costs displayed are for the FSTP only and that the Mega FSTP 1 is served by the 
IFSTN. If sludge was transported via road vehicle or other non-permanent pipe 
system, the Opex cost of conveying such a large volume of sludge would be 
larger than any other system, see section 3.3.1 and 3.3.2.

The centralised plant in Kutupalong is in commissioning stage. Given the 
biological nature of its treatment, time must be allowed for the biological 
treatment to establish and be optimised. Once the treatment process is stable, 
optimisation could reduce overall operational cost. However, this is not likely 
to change the total FSPT Opex significantly. Despite this, the operational cost 
per m3 of sludge treated of the centralised plant in Kutupalong is still scoring 
below the above mentioned ABR and Aeration plants, and one of the Lime plants 
visited. Overall, the centralised plants show one of the best scores in regard to 
the daily Opex and WLC/year per volume treated (Figure 23 and Figure 24). 

FSTP WLC / YEAR / M3 CAPACITY ($/M3)
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Figure 24: Relative performance of Centralised plants in regard to 
WLC per volume treated
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From the data collected and analysed in this study the centralised plants 
proved to be performing above average in the capacity utilisation, footprint 
area and cost performance ratios while treating to a relatively good 
standard.

Centralised treatment technology can cope with a wider range of variation 
of incoming sludge, which can cater for the diverse transportation modes 
currently used in CxB.

The overall cost of the centralised system (Mega FSTP 1) would be 
significantly higher with a different form of sludge transfer i.e. not a piped 
network. 

In the shorter term e.g., next 5 years, improving the existing FSTP 
infrastructure is likely to have the lowest Capex and environmental impact 
(from materials use etc). However most existing sites do not have space 
for additional process stages required to achieve DoE effluent standards or 
accommodate population growth, therefore this is unfeasible. In the ‘longer 
term’ i.e., 5 to 10 years most FSTPs in this study will have reached their 
design life, it would be most cost effective, looking at whole chain cost, to 
provide a centralised FSTP with permeant pipe as transfer system.

Because of the greater transportation and treatment capacity of the Centralised 
FSTPs and associated chains, it is expected that the initial investment (Capex) 
is higher than for small-scale or decentralised FSTPs. However, the review of 
WLC in section 3.4.4 showed the centralised plants were at the lower end of the 
WLC per volume of sludge treated range, showing that, across their lifecycle, 
they are comparable or more cost effective than most decentralised FSTPs, 
(noting the limited data set and assumptions).

Additionally, Section 3.3.2 showed that for the whole chain operation costs 
treatment Opex was the most influential factor, and this is dictated by 
the treatment WLC. It was also highlighted in Section 3.3.3 that the initial 
investment in IFSTN systems (that are expected to be transferring sludge to 
centralised plants) is paid off through the respective lowest running cost per 
volume of sludge transferred. 

As highlighted in Section 3.4.7, the two centralised FSTPs showed generally 
better and more consistent treatment performance than the smaller 
‘decentralised’ FSTPs, perhaps linked to available retention capacity to cope 
with changes in raw sludge or process conditions. This is beneficial for areas 
where different transportation modes are used, potentially impact consistency 
of the raw sludge.
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3.6 SUMMARY OF CAMP WIDE FINDINGS   

Sludge generation 

•	 Sludge transferred is (approximately) equivalent to 1.1 l/h/d. If this is 
extrapolated it gives an average monthly production of sludge of 29,718m3 
(for the 904,639 population). A range of 0.8 to 1.5 l/h/d is thought to be 
representative.  

•	 It was difficult to assign a sludge collection catchment area to each FSTP 
as there is some overlap of catchment, and variation in sludge chains/
collection areas over time. 

Containment 

•	 There are eight types of containment agreed to be used in CxB. However, 
many more types are noted as being in use across the camps, and recorded 
in the WASH database/data collection. The number and naming of types 
should be rationalised by the sector where possible.

•	 There is always a mix of containment types within each FSTP catchment 
area/ across the camps. This means that no particular type of containment 
is influencing the downstream FSM chain i.e., no influence on quality or 
quantity of raw sludge.

•	 The desludging frequency (of all types of containment) can reduce in the 
rainy season due to challenges with transportation and FSTP infiltration 
capacity

Transport / transfer

•	 Sludge transport is mainly via five modes. Most FSTP catchments use a mix 
of more than one mode to transport sludge to their sites. 

•	 The cost ranges between $0.35 to $25 USD per m3 sludge transported. The 
most cost effective per m3 sludge transferred is the IFSTN.

•	 The mode selected is largely governed by the surrounding infrastructure 
(roads, access etc) and size of the FSTP catchment.

Treatment

•	 There are over 165 FSTP sites across the camps, where the main 
technologies are those covered in this study. Different (sector) datasets 
do not align on exact number of FSTPs, with discrepancies between the 
available data on the overall number. The WASH sector Infrastructure data 
(2021) set shows the total FSTP daily treatment capacity of 879m3 across 
the camps. The total ‘actual’ treatment capacity is not consistently reported. 

•	 The Capex per m3 ranged from approximately $1,500 to $14,000 USD/m3 
and Opex from $0.6 to $44 USD/m3.  

•	 A majority of FSTP types use low/no energy or chemicals, and therefore 
are good for long term sustainability i.e., all except lime treatment and 
aeration. Sites with a lower use of construction materials will have a lower 
environmental impact in terms of construction (not effluent impact), e.g., 
simple lined earth structures such as the Mega FSTP 1 lagoons, Kutupalong 
FSTP 2, some of the lime sites or the WSPs. FSTPs such as the ABR and 
biogas use lined brick or concrete for watertight structures. These have a 
higher embodied energy and associated environmental impact, although it 
should be noted that bricks are locally available.
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•	 Sites that are easily scalable (up or down) provide further resilience to 
change in population or camp layout e.g., Aeration and DEWATs can easily 
have additional (prefabricated) units added or removed to provide required 
treatment capacity. However, Aeration is complex and relatively difficult to 
operate in camp context. 

•	 Looking at the whole FSM chain, the most cost effective FSTPs are shown 
to be the centralised system with the IFSTN. The centralised plants have 
also shown lower Opex and better treatment performance.

•	 Treatment is the largest proportion of the whole chain Opex.

Disposal

•	 If sites are infiltrating final liquid, an adequately sized infiltration trench/
area is needed based on site survey and taking into account season 
variation in ground water level. Risk assessments should determine the 
minimum treatment requirement, but it is likely these should meet the DoE 
discharge standards for pathogens (albeit they relate to surface water). If 
not achieved, chlorination or other disinfection should be used to reduce risk 
of spreading disease via pathogens contaminating the local environment. 
Sites discharging directly to water courses/ surface water drainage systems 
are often not meeting the FE standards and therefore chlorination or other 
disinfection should be used to reduce risk of spreading disease.

•	 As noted in phase 1, storage, disposal or reuse of the final solids often had 
limited space at the FSTPs which led to poor management. There may be 
opportunities to consolidate final solids handling and safe disposal or reuse, 
e.g., with a more centralised composting or other solids treatment process 
(e.g. Omi processor).  The solution adopted would need to be adequate 
to the context (considering site conditions; capacity to set, operate and 
maintain it). Simple and low cost on site solutions could be more suitable 
than complex, very technical process.  
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CONCLUSIONS4

The following section outlines the key conclusions and recommendations of 
this study and provides responses to the study objective questions set out in 
section 1.2.

Total Rohingya population 
in CxB is

Unknown volume lost to open defecation

Unknown volume of uncollected sludge or latrine 
overflowing of latrines during the rainy season

•	 Wide range of latrines used

•	 Latrines are desludged more often either because of 
insufficient capacity for the number of users, mixed use 
(black and grey water), operational defects and/or poor 
infiltration

•	 Public health risk during wet season because of latrine 
overflowing and poorer latrine maintenance

•	 29,718 m3 of FS in transit per month (26% average increase 
in wet season)

•	 Volume in transit during the wet season can be impacted by:

•	 Volume limited due to poor conditions to desludge and/or 
transfer

•	 Limited infiltration capacity at treatment

•	 Overflowing of latrines in low lands

•	 Latrines not accessible

904,639 
people

1. USER

2. CONTAINMENT

3. TRANSFER

1.1 l/h/d
Average generation rate 
estimated at
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Figure: Desludging and Transport cost per m3 ($/m3)

Desludging cost per m3 ($/m3) Transport cost per m3 ($/m3)

IFSTN are cheaper to run and can transport 
increased volumes of sludge. Their 
construction comes with an initial higher cost 
but this investment can pay off within 1.7 to 
8.7 years.

•	 It was not possible from the current data to determine the 
total available treatment capacity, hence not possible to 
estimate if total capacity meets the sludge generated.

•	 164 Sanitation FSM sites listed in the WASH Infrastructures 
dataset from October 2021 (WASH IF dataset_Oct 21), but 
data collected during this study suggests there are either 
more facilities than the 2021 WASH IF dataset or different 
naming conventions are used for the same site.

•	 A majority of FSTPs fail to meet the DoE 
effluent standards for most parameters, 
hence the effluent can pose a risk to 
human health and the environment.

•	 Risk assessment of contamination of 
ground water is required to properly design 
the FSTP and define the capacity of the 
treatment and associated FSM chain

•	 There is a need to understand the market and 
acceptability for sludge products (compost, gas etc) to 
understand if additional solids handling could be made 
cost efficient i.e., offset Capex and Opex costs by selling 
fertiliser or compost in local areas.

•	 Consolidation/centralisation of solids can help move 
solids off FSTP sites, allow for an efficient solids 
treatment establishment and a better use of FSTP area 
(maybe refine treatment and achieve better treatment 
quality).

4. TREATMENT

5. DISPOSAL SOLIDS DISPOSAL

LIQUIDS DISPOSAL

Single: pit transfer/temporary

Single: IFSTN/permanent

Mixed

Single: Manual desludging

Single: VacTug
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CATCHMENT AREAS OF 20 FSTPS VISITED UNDER THIS STUDY

Overview
8 out of the 20 FSTPs visited were not utilising their full 
design capacity at the time of the study, leaving a nominal 
196m3 of underutilised capacity in total. Reasons being:

•	 Under commissioning

•	 Under decommissioning

•	 Poor final effluent quality

•	 Variable production of sludge depending on the 
season

Treatment performance
•	 The Aeration plant performs best against the 

standards (passing COD, pathogen, pH and nutrient 
requirements)

•	 Centralised FSTPs showed generally a better 
performance than the smaller 'decentralised' FSTPs

Technology / catchment area

Lime stabilization ponds (LSP)

Centralized

Waste stabilization pond (WSP)

Anaerobic Baffled Reactor (ABR)

Up flow filter

Aeration

Anaerobic Digester System (ADS)
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Average treatment area req per m3 of sludge treated (m2/m3)

Average CAPEX / design treatment capacity ($/m3)

Average daily OPEX / m3 sludge treated ($/m3)

Average FSTP WLC / year / m3 capacity ($/m3)

The centralised plants proved to be performing above 
average while treating to a relatively good standard. 
This treatment technology can also cope with a wider 
range of variation of incoming sludge, which caters 
for the diverse transportation modes currently used in 
CxB.

Before any decision to build new centralised plants, an 
assessment of camp wide needs must be undertaken, 
as the current available data does not allow a sludge 
generation vs. existing FSTP capacity to be assessed.

Improving the existing FSTP infrastructure is likely 
to have the lowest Capex and environmental impact 
in the shorter term e.g., next 5 years. However, in the 
‘longer term’ i.e. after 5 to 10 years when most plants 
in this study have reached their design life, it would 
be most cost effective, looking at whole chain cost, 
to have centralised with permeant pipe as transfer 
system.

The modular 
components of Aeration 
and UFF technologies 
allow for an efficient 
use of space, these 
technologies are also the 
most scalable.

The main factors that 
influence the CAPEX of 
an FSTP are the civils 
work needed, the labour 
required, construction 
time, materials, and 
components

OPEX is heavily 
influenced by energy 
use, chemicals required, 
number of operators 
needed, rent of the land.

The higher number of 
sludge drying beds 
and solids handling 
area of the ABR in 
camp 18 drives up the 
site footprint and the 
technology average.

Purchasing materials 
and components 
locally, such as local 
tanks and bricks, could 
significantly reduce the 
initial investment and 
help facilitate ongoing 
maintenance (spare 
parts).

Solar energy can be used 
to reduce the OPEX. A 
thoughtful layout design, 
which minimises the 
space used can reduce 
the rent and the area 
in need of general site 
maintenance and OPEX.

Centralised plants are 
at the lower end of the 
WLC range, showing that, 
across their lifecycle, 
they are comparable 
or more cost effective 
than most decentralised 
FSTPs, (noting the 
limited data set and 
assumptions).
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4.1 RESPONSE TO RESEARCH QUESTIONS

Does the FSM chain meet the need? i.e., does each stage in the 
FSM chain have capacity to meet sludge generation, what are the 
bottlenecks and inefficiencies, and how can these be addressed?
•	 Limited progress has been made against this research question due to 

limitations of existing data and alignment of data sets for each stage in the 
FSM chain. Effort was made to collect data and extrapolate information. 
However, this will not give an accurate summary of the actual situation in 
camps.

•	 The total sludge generation (at point of desludging) is estimated at 1.1 l/h/d 
giving a total estimated monthly production of 29,718m3 of FS. Wet season 
impact is 26% more volume.

•	 The total containment volume was not calculated as part of this study. 
Therefore, it is not known if this can meet the generation rate. Given the 
number of latrines (from existing data) and population, coverage should be 
sufficient, and the installed capacity should not be a bottleneck. However 
actual available capacity is governed by desludging frequency and this 
was not determined as part of this study. From anecdotal data, latrines are 
desludged more often either because of insufficient capacity for the number 
of users, mixed use (black and grey water), operational defects and/or poor 
infiltration. 

•	 The transport/transfer capacity for the area included in this study was used 
to determine the sludge generation hence this will show that capacity is 
met. However, this may not give the full picture as there maybe unserved 
areas not covered in the data collected. 

•	 The WASH sector Infrastructure data (2021) set shows the total FSTP daily 
treatment capacity of 879m3 across the camps. For a population in RCs of 
904,639 and a sludge generation rate of 1.1 l/h/day we get a daily sludge 
production of 995m3.

•	 A majority of FSTPs (13 of 20 visited) were operating at 100% of their 
design capacity. This could indicate that available FSTP capacity just meets 
demand i.e., plant is already running at full flow. However, it is more likely 
this shows that capacity is below demand (plants running full and not whole 
catchment collected) and offers no room for (population) growth. Many 
FSTPs visited were not clear on their design life, and this could be evidence 
that growth had not be included in the design.

•	 Key bottlenecks identified were the FSTP infiltration capacity for disposal of 
the final liquid effluent; and the ability to access latrines in wet season for 
desludging and transporting the sludge.

Which type of FSTP is performing best against most 
assessment parameters? Including reasoning for improving or 
decommissioning FSTPs.
•	 The best overall performing technologies against the DoE standards are the 

centralised and aeration. 

•	 It was noted during the core team meetings that many FSTPs dispose 
of treated liquid final effluent via a soakaway or infiltration system. Risk 

1

2
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assessment of contamination of ground water is required to properly design 
the FSTP and define the size and capacity of the treatment and associated 
FSM chain.

•	 Final solids handling, and potentially reuse, could be consolidated/
centralised. This would help to move solids off FSTP sites where storage is 
sometimes unplanned.

•	 The centralised FSTPs are the most expensive to build (initial Capex) but 
the lower Opex means the WLC is lower compared to decentralised plants. 
When the Capex per m3 of sludge treated is also considered, this technology 
is again the best solution.

•	 The Capex of treatment per m3 ranged from approximately $1,000 to 
$14,000 USD and Opex from $1 to $44 USD.  

•	 A majority of FSTPs fail to meet the DoE effluent standards for most 
parameters, hence the effluent can pose a risk to human health and 
the environment. It is noted that there is limited benefit in in optimising 
the efficiency and cost of the upstream FSM chain if the FSTPs are not 
achieving good effluent quality or have inadequate capacity or space to 
expand to improve performance.

•	 Many FSTP types use low/no energy or chemicals and therefore are 
good for long term sustainability. Sites with a lower use of construction 
materials such as the simple lined earth structures used in Mega FSTP 1, 
or lagoons in Kutupalong FSTP 2, will have a lower environmental impact 
from construction. FSTPs such as the ABR and biogas use lined brick or 
concrete for watertight structures which have a higher embodied energy and 
associated environmental impact.

•	 Sites that are easily scalable provide further resilience to change in 
population e.g., DEWATs or UFF. Though these technologies appear 
attractive options for sustainability and flexibility, they are not providing 
the best quality effluent. The treatment performance of these small/
decentralised biological systems can be more sensitive to changes in 
quality or quantity of raw sludge e.g., impacting retention times and 
process stability. Care should be taken in the FSTP design sizing to ensure 
the required retention time can be achieved throughout the year, and that 
the required dimensions to allow settlement and biological treatment are 
provided. Additional space for this is a challenge.

•	 Given that available space is one of the largest constraints to FSTPs in the 
camps, and finding a large available area for a larger (centralised) FSTP 
is challenging, it is likely that this will be a less central location. If large 
volumes of sludge need to be transferred long distances, the design of the 
transfer system must be included in the costing, and a pipe network should 
be considered as this has shown relatively low Opex costs. Considering 
both treatment and transfer, this is likely to be most cost effective option in 
the long term. 

•	 Lime sites had high pH and generally poor performance for COD/BOD 
and nutrients removal. Lime sites are not appropriate for this stage of the 
emergency, given their high Opex and low treatment performance, and a 
majority are being decommissioned.

•	 GeoTubes and Constructed Wetlands are poorly performing and 
not appropriate for use as a standalone technology and should be 
decommissioned.
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Which mode of transfer/transport is most cost effective and 
resilient?  
•	 IFSTN data showed this was the lowest Opex per m3 transported, and can 

transport a relatively large volumes of sludge. The key influencing factors 
for the cost effectiveness of the existing IFSTN were achieving the economy 
of scale, e.g. camp 4 is transferring over 100m3 sludge per day meaning that 
a piped system was more cost effective than other transfer modes. Limited 
data on other size of IFSTN was available for this report therefore it is not 
clear if the system would be as cost effective at smaller scale. 

•	 The data shows that the transportation mode that is preforming better at 
transporting the increased volumes during the wet season is the IFSTN. 
However, the pinch point is at the treatment (final liquid disposal), meaning 
an efficient transfer chain might not perform to its best capacity because 
the sludge transported cannot be treated.

•	 Other transfer systems faced challenges in wet season due to access and 
the condition of roads, meaning they are less resilient than a piped network. 
However, transfer systems not showing an increase in sludge volume in wet 
season, does not mean they are not accommodating the population they 
service e.g. some level of pit emptying still occurs to keep the containment 
functional. 

•	 Transfer networks with lots of tanks did not show any significant change in 
solids in the downstream sludge (at the FSTP raw inlet), and therefore it is 
believed these are reasonably well managed to avoid solids accumulation in 
the network/tanks. 

Does the containment type influence the sludge chain and which 
containment is best?
•	 No detailed review of containment performance was included. Single pit 

latrines are the type of latrine with the highest frequency of desludging 
because of their lower storage volume/capacity (ranging from once a month 
to 4/5 times a month if located in a low land)

•	 Factors such as inadequate design for the number of users, connection of 
black and grey water, sludge settling and solidification, and poor infiltration 
also increase the frequency of desludging.

•	 Rainy season and latrines located in low lying areas are also associated 
with highest frequencies of desludging and risks of overflowing, hence risk 
to public health.

•	 There is no camp area with uniform containment type, and so the type of 
containment does not influence the downstream FSM chain i.e. all FSTPs 
were receiving a mixed flow. 

Is the centralised or decentralised approach of FSM more cost 
effective?
•	 Reviewing the whole chain Opex, the most cost-effective system is the 

IFSTN and centralised treatment. Although centralised had a high overall 
Capex, the Capex per m3 capacity and Opex per m3 treated were generally 
lower than other FSTPs. Noting that no Capex information was included for 
desludge or transportation. 

3

5

4
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•	 From the data collected and analysed, the centralised plants are shown 
to be performing above average in the capacity utilisation, area and cost 
performance ratios, while treating to a relatively good standard compared 
with DoE effluent standards.

•	 Analysis of long-term data (over several years) showed centralised 
treatment technology can cope with a wider range of variation of incoming 
sludge, which caters for the diverse transportation modes currently used in 
CxB. Noting that only one centralised plant (Mega FSTP 1) had long term 
data available for this analysis.

•	 The whole chain operational cost of the centralised (Mega FSTP 1) would 
be significantly higher with a different form of sludge transfer i.e. not a 
piped network. Nevertheless, before any decision to build new centralised 
plants, an assessment of camp wide needs must be undertaken, as the 
current available data shows that existing FSTP capacity just meets sludge 
generation in the dry season. 

4.2 COMPARISON TO PHASE 1 STUDY

Reflecting on the phase 1 study conclusions, the progress is noted below.

•	 During the phase 1 study decentralised systems (particularly DEWATS and 
UFF) scored best overall against the assessment parameters. Although 
these still perform well for construction and scalability, given the effluent 
quality data available in this phase 2 study, there are concerns over the 
treatment performance of these technologies. 

•	 The aerobic (aeration) and anaerobic lagoons showed good treatment 
performance during phase 1 and continue to do so. The long-term FE 
monitoring data showed consistent, and relatively good, performance over 
time. 

•	 Lime was identified in phase 1 as a good technology in the immediate phase 
of the emergency. This still holds but the evidence collected on OPEX shows 
that the lime systems are not sustainable in the long term. In addition, FE 
data reviewed in phase 2 raised concerns over the relatively poor treatment 
performance of this technology.

•	 Phase 1 noted that final disposal of liquids and solids was not always 
adequately designed/sized. This was investigated again in phase 2 and 
it was found that this issue can be a pinch point to the whole FSM chain 
i.e. infiltration area of final liquid effluent was a pinch point to treatment 
and hence collection. In addition, some NGOs were still storing solids on 
site, and this will become an increasing space challenge. There may be 
opportunity to centralise final solids handing disposal/reuse and gain value 
from usable sludge products e.g. the planned Omni processor.
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4.3 KEY CONSIDERATIONS  

•	 Naming convention of FSTPs, and whole chain – there were multiple 
reference systems and naming conventions in existence for FSTPs and FSM 
chain. Where possible it is recommended to unify these references/names, 
to avoid double counting or missing information. 

•	 The existing data, and that collected as part of the study, did not allow an 
accurate estimation of whether sludge collection and treatment are meeting 
sludge generation i.e. supply meeting demand. This is due to a range of 
factors, noted below. Recommendations for how these data gaps could be 
filled are included:

•	 Latrine data set includes many types that are not in the Unified/
Standard Design for latrines. This should be rationalised, and attempt 
could be made to assign average volume and population to each type or 
group.

•	 Different sludge generation rates are adopted which gives a range of 
sludge produced camp wide. Based on rationalising the existing rates 
used by NGOs, and reviewing the average generation rate calculated in 
this study, a range of 0.8 to 1.5 l/h/d could be used. 

•	 Transportation data was collected under this study for a portion of the 
whole camp. Data for the whole camp could be collected and used to 
verify findings. Capex data for transport/transfer systems should be 
collected and added to the WLC analysis of the whole FS chain.

•	 There is evidence that not all the FSTP sites are in the current (2022( 
WASH sector dataset, and for the ones listed in the dataset, not all 
have a volume associated to them. The DPHE monitoring plan includes 
collecting data on capacity (90% of DPHE sample results have the FSTP 
capacity noted) and, as the monitoring rounds continue this dataset will 
become populated. The WASH sector data and DPHE should be aligned, 
and this can limit the need for two sets of field data collection.

•	 Bottlenecks/ pinch points to whole FSM chain should be identified when 
planning new or decommissioning old FSM infrastructure. This study has 
shown that, during wet season, the pinch point is often the infiltration 
capacity of the FSTP for final liquid effluent disposal, or challenges to 
transportation from the wet weather conditions. DEWATs had good design 
practice for infiltration sizing. This should be shared with the sector and 
final disposal planned during the FSTP design (not a standard size at each 
site). Some guidance to infiltration testing is shared in Appendix G. Where 
sites discharge to surface watercourses, plant requires improvement or 
additional steps to disinfect final liquid effluent to DoE standards. This may 
reduce capacity i.e., space needed to achieve adequate FE.

•	 Simplified pipe networks (IFSTN) can be the most cost-effective transfer 
system, but scale and topography need review for each FSTP catchment. 
Available treatment capacity at a FSTP level will dictate how much volume 
is transferred and if an IFSTN can be cost effective (along with topography 
and site-specific factors). The full FSM chain should be investigated when 
assessing the transportation mode costs. Care should be taken if storage 
tanks are included as these are susceptible to solids settlement if not 
managed. 
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•	 Care should be taken in the FSTP design sizing to ensure the required 
retention time can be achieved throughout the year, and that the required 
dimensions to allow settlement and biological treatment are provided. The 
design loading rates should allow for seasonal changes e.g. wet season 
higher volume, lower pollution load; dry season lower volume and more 
concentrated/higher pollutant loads. This may mean plant is underutilised 
during the dry season. An ‘underutilisation’ of 0-20% (by volume) was noted 
in the FSTPs visited. 

•	 Data was collected manually during the site visits for this study. A more 
efficient method would be to use a digital questionnaire to avoid double 
handling of information e.g. the kobo app or similar could be used for 
further studies.

•	 This report covered technical only, with no consideration of social context, 
management, and governance. This needs to be considered in the FSM 
strategy (by others) and when planning/delivering new FSM infrastructure.



Page 70 TECHNICAL ASSESSMENT OF FAECAL SLUDGE MANAGEMENT IN THE ROHINGYA RESPONSE

REFERENCES5

The following documents were used to inform this study. This does not include 
the questionnaire and data returns provided by stakeholders (collected as part 
of this study) but does note additional design information they supplied as 
supporting information. 

Documents studied (title) Owner/ supplied by Author Date

Oxfam VacTug vs. pipe OPEX
	- Comparison VacTug IFSTN-OXFAM v1
	- IFSTS OXFAM Technical Document-OXFAM,V1
	- Comparison - Sludge Transportation -Detailed data-5-8-21

Oxfam Oxfam April 2021

OXFAM , Centralzied Fecal Sludge Treatment  Plant , KTP FSTP-1  
Fact Sheet Oxfam Oxfam 2021

IFRC Lab Test Reports all
FS Lab Results Camp-19 IFRC IFRC IFRC October 2021

Compiled FSTP dataset Oxfam CxB Wash sector July 2021

A new approach to communal wastewater treatment in an 
emergency response context – Waste water journal article IFRC IFRC 2020

IFRC Video on aerated FSM system in CXB IFRC IFRC 2020

UNICEF_ICDDRB FSM Progress Report rounds 5 to 9 and up to 
round 13 CxB Wash sector Icddr,b To December 2021

Feasibility Study_FSM_SWM_ CxB Wash sector INT Buet / DPHE May 2020

Oxfam FSTP data
FSTP 1 (mega FSTP)
	- FSTP 1 CAPEX & OPEX
	- FSP 1 aera comparison
	- FSTP design documents
	- FSM monthly bulletins
	- FSTP 1 test results

FSTP 2
	- Kutupalong fecal Sludge Treatment Plant-2- Brief -30721
	- FSM ( UNHCR -OXFAM ) - DPHE - 15-6-21 presentation
	- Site layout KTP -1
	- Design files Oxfam and MSF (site layout, design drawings/
diagrams etc)

Oxfam Oxfam and MSF 
and UNHCR 2020 to 2021

Wash sector reports from sites and stakeholders covered in this 
report
	- BRAC_DEFLT 01 Characterization of Faecal sludge
	- BRAC_DEFLT 2. faecal sludge laboratory
	- Key criteria for FSM Strategy Plan development
	- Lime stabilisation pond 1 (ISCG)
	- Oxfam FSM CXB Inception Report Feb 2020 WASH sector
	- FSTP centralized OXFAM

CxB Wash sector
Various (Oxfam, 
BRAC, ITN Buet, 
Iccdr,b )

2019 to 2020



Page 71 TECHNICAL ASSESSMENT OF FAECAL SLUDGE MANAGEMENT IN THE ROHINGYA RESPONSE

Documents studied (title) Owner/ supplied by Author Date

Latrine database - wash_infrastructures_gps_master_
spreadsheet_september_30_2021 AND
WASH_Infra(LT_Bath_TW)_GPS_MArch_31_2022_Final_ta_rev
FSM database  - Compiled FSM dataset_July 27_2021
Sanitation TWG files

Oxfam Various Various

220113_DPHE Faecal Sludge Laboratory - Mode of operation DPHE DPHE January 2022

IOM DEWATs information
	- Laboratory testing data
	- BoQ of DEWATS
	- Design of DEWATS
	- DEWATS fact sheet
	- Map_DEWATS_20220125
	- WaSH SoP_DEWATS Installation Vfinal2
	- WaSH SoP_DEWATS O&M Vfinal2

IOM IOM Various

Brac
	- FSTP mapping data
	- FSTP Opex data
	- Drawings ABR camp 21, LSP1W-Plan view
	- One pager_Fecal Sludge Transfer Network_C21 (UNHCR)
	- OPEX and CAPEX Data-FSTP
	- OPEX C_21

Brac Brac 2021

DPHE Lab data and visit plan
	- Camp wise
	- Organisation wise
	- Technology wise
	- Visit plan (round 1)
	- Summary of Analysis Report and FSTP visit plan 
	- 2022.03.24 DPHE FSM Strategy Meeting PPT slides

DPHE DPHE 2022

WVI 
	- Guidelines for WSPs
	- Influent and effluent testing data
	- WSP flow chart
	- WSP layout, plus more detailed layout of each element

WVI WVI various

Teknaf Sludge Transport Cost Analysis  Format – example data 
collection spreadsheet Oxfam

VERC- FSM list and SL Number Verc Verc March 2022

FSM Strategy Development Meeting Minutes
FSM Strategy Development Meeting Compiled Slides CxB Wash Sector CxB Wash Sector March 2022

GIS map of roads
BGD_Camps_Access_Roads_Aug2020_LOGSector_Ver1 Oxfam sector 2020

Unified Standard Design for Latrines CxB Wash Sector CxB Wash Sector 2018

Who guidelines for the safe use of wastewater, excreta and 
greywater WHO WHO 2006



CONTRIBUTORS

We are grateful that the following contributors 
were part of the study and provided evidence, 
guidance and their time to support the 
study. See Appendix I for a detailed list of 
contributors interviewees etc.  

CxB Wash Sector, Oxfam, UNHCR, IOM, 
UNICEF, Brac, Verc, NGO forum, MSF, World 
Vision, IFRC and BDRCS, DPHE

© July 2022


