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APPENDIX 1 

Indicative Technical Proposal - Reverse Osmosis Plant  
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LEACHATE TREATMENT PLANT 
MOBILE REVERSE OSMOSIS SYSTEM (200 m3/day) 

Ref. PROJ202209_072SL_a_UK_FCC_Calvert_OI200 

Figure 1: Reference AST - Landfill site in Tondela (Portugal) 2x200m3/day and 1x120 m3/day.
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1 Introduction 

The present technical proposal specifies the scope of supply of a Reverse Osmosis Leachate 
Treatment Plant for the waste landfill site Calvert, owned and operated by FCC Environment.  

This Reverse Osmosis (RO) plant has a three purification stages to guarantee a high discharge quality 
and give the client the possibility of reusing the purified water and reduce the hydric footprint of his 
business. 

The RO module has a treatment capacity of 200 m3/day of raw leachate. The maximum operating 
pressure is 80 bar, to minimize the concentrate production. The present solution considers a 3-stage 
treatment because, due to variations of leachate quality and temperatures, solutions with two stages 
have revealed to be insufficient in terms of the quality compliance of the treated leachate.  

The suggested technological solution will be completely installed inside one 40ft marine-type 
container, ready to use (turnkey solution), and its construction allows the direct feed with leachate 
from the usually used storage lagoons or tanks. On the other hand, it is a high-mobility solution, as 
the containers can rapidly be removed and set into operation in other landfill sites for the leachate 
treatment of those facilities. 

The technology on which this solution is based on enables a fast and easy adjustment to the 
naturally occurring variations of the leachate composition. 

The implementation of AST's new proprietary Turboclean® technology in leachate treatment systems 
enhances system availability, extends the membranes lifetime, and reduces the operational costs. 

There are more than 100 similar units of this type in the market. 

The design of these units was developed to minimize the operational costs, maximize service life, 
and enable a safe and easy operation. The following issues are crucial:  

• Production of high-quality purified water.
• Minimization of concentrate production.
• Low membrane replacement costs.
• Protection of the system against corrosion/degradation: Container is divided, having a

machine compartment and a monitoring and control compartment.
• Additional protection of the monitoring and control system by means of an air

conditioning system (to be provided locally by the client and not included in this offer
price) and forced air ventilation with activated carbon filtration to increase the service life
of the electrical installation and control system.

• High level of automation for a comfortable and safe operation.
• Electromagnetic flow measuring devices with a higher reliability, which are installed in all

important measuring points.
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• Visualization on a 19” monitor, color, for the easy and rapid perception of the process and
the operation parameters.

• Up-to-date and robust industrial computers by Siemens.
• Easy change of operation parameters to enable a better and a more rapid adjustment

regarding the change of the leachate.
• Remote control via Internet.
• Value and event recording system, with a report and graphic output.
• Container insulation (acoustical and thermal improvements)
• The container is constructed to serve as a retention basin, including a pump station and a

level sensor, to avoid a possible leachate spillage into the environment.
• Cleaning tank with the possibility to use liquid or powdery products (reduction of

operation costs).
• Acid injection system, completely closed in an acid-resistant housing and equipped with a

sensor that shuts down the system when there is a spillage.

1.1 Optional Extras 

1.1.1 Automatic cleaning program 

Is a cleaning necessary, chemical pumps feed the selected liquid cleaner medium into the CIP tank 
until the desired amount is reached. The washing program starts automatically for the pre-settled 
time or until the maximum allowed temperature is reached.  
The pH of the cleaning solution is constantly measured during the cleaning and corrected if 
necessary. 
This method ensures that the optimum amount of chemicals is used during the cleaning. Advantages 
of this cleaning program and the use of automatically dosing are safety, the saving of chemicals, 
workforce, and downtime.  

1.1.2 Operation in “Concentrate Mode” 

The plant allows processing the already produced concentrate with a proprietary and automatized 
mode. The first concentrate will be sent to an intermediate storage lagoon (by the client). When the 
tank is full, the plant will be changed through local operator by selecting concentrate mode. This 
solution will be implemented on the software and hardware side and includes a daily acid cleaning 
and soaking cycle. In this case, the second and third purifications stage will be deactivated and 
therefore permeate of the plant usually do not comply with direct discharge parameters and must be 
sent to the leachate lagoon with the positive side effect of diluting. By experience, it is possible to 
reduce concentrate at around 30%. Naturally, the wear of the membrane increases by factor 4-6.  
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1.1.3 Video Surveillance 

Video Surveillance will be implemented in the interior of the container and can be accessed by 
remote control. Two cameras (one in the machine room and one in the control room) are allowing 
the video on-line supervision to see liquid spills and permitting operator online support and control.  

1.1.4 Stripping tower 

We would like to offer you the option to install a stripping tower for the treatment of the permeate. 
The advantage of the stripping tower is that it increases the ph-value of the permeate, and as a 
result, no caustic soda is needed. It is possible to recover the investment of the stripping tower 
within two years (return of investment).  

1.1.5 Online measurement of ammonium 

Optionally we propose you a multi-parameter probe for the online measurement of ammonium 
connected to the plc. It is a reliable device outclassing conventional analyzers in terms of 
measurement stability and lifetime. Precision is guaranteed by real-time compensation of the 
ammonium value with temperature, pH and potassium and a high-performance reference electrode. 

Figure 1 – Three stage RO System, 200 m3/d, Brazil, Maceio. 
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2 Technical Description of the Reverse Osmosis System 

2.1 Technological principles of the Reverse Osmosis 

2.1.1 Cross-flow filtration 

Modern membrane processes are based on the "cross flow" dynamic filtration, instead of the 
ordinary "dead-end" statistic filtration. 

During the "cross flow" filtration, there is a high flow (volume) of the liquid that passes through the 
filtering membrane, to avoid the accumulation of particles on the membrane surface. 

Figure 2: "Classical" filtration. 

Figure 3: Cross flow – filtration. 

The cross flow - filtration is a process that separates the liquid flow at the entrance into two types of 
effluent: permeate1 and concentrate2. The relation between the two flows is the result of the 
concentration factor one of the indicators of the separation efficiency. 

1 The permeate is the clean effluent that passed through a membrane. 
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2.1.2 Diffusion and osmosis 

The phenomenon of diffusion is defined as being a process in which different concentrations has the 
tendency to equilibrate and homogenize/mix together, because of the random movement of its 
components: atoms, molecules, or ions. 

If there is a separation of two liquids through one semipermeable membrane with the selection only 
for the molecules of the solvent, the result is a unidirectional diffusion of the solvent through this 
semi-permeable membrane. The movement of the solvent molecules takes place through the 
membrane, in the direction of the more concentrated solution. The resulting pressure on the 
membrane is called osmotic pressure. 

Figure 4: Osmosis. 

When a high pressure is applied on the solution, with high concentration, the solvent diffuses 
through the membrane, starting from the more concentrated solution to the more diluted. This 
process is called REVERSE OSMOSIS.  

Figure 5: Reverse Osmosis. 

The membrane process by cross-flow filtration, based on this effect of the Reverse Osmosis, allows 
the separation of nearly 100% of molecules with a molecular weight higher than 100g/mol and 
around 95-99% of salt retention. Individual effects are depending on the form and charge of the 
molecules.  

2 The concentrate is the liquid effluent ("filter cake") that did not pass through a membrane. 
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2.2 Types of membranes 

Membranes used in the Reverse Osmosis systems have a high selectivity, as they should retain nearly 
all dissolved substances, allowing only the diffusion of water molecules and a very small fraction of 
these substances. The retention amount depends on the type of substance, varying between 85-
100%. 

The form of utilization of the membranes normally used in the leachate treatment are tubular, disk or 
spiral-type membranes. 

 Figure 6: Disk module     Figure 7: Tubular module. 

Figure 8: Spiral module. 
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The technological progresses of membranes have been considerable, especially in the conception of 
new structural forms. Spiral membranes are the result of this development and allow a best relation 
of membrane surface/space, this permitted the development of a dimensional "standard".  

Structurally, the spiral of the membrane is constructed by "gluing” the membrane sheets in the form 
of an envelope inserting the open side into a central tube. The permeate enters the space in the 
envelope-like form where it is conducted until the central tube. The channels in between the 
membrane sheets are created by the utilization of "spacers". The spiral membranes of "wide-spacer" 
type which are used in the proposed system show the best relation of 
price/handling/space/performance in the leachate treatment and are, for these reasons, our choice 
for the Reverse Osmose system. The active material in the membrane surface is polyamide with a 
high mechanical and chemical resistance. There are several types of membrane surfaces which 
influence, specially, the higher or lower salt passage. The used membranes are of the "high rejection" 
type (of salts) to improve permeate. 

Main characteristics and advantages of applied "wide-spacer" spiral membranes, compared to other 
current types: 

• Considerably lower replacement costs.

• Lower maintenance costs, due to the easy accessibility - fast control and change.

• Optimization of space, due to the good relation of membrane area/volume.

• Optimized hydraulic characteristics with a tangential flow at high velocity on the membrane

surface, resulting in a turbulent flow.

• Reduction of the blocking risk (phenomena of "Fouling and Scaling"3), resulting in a lower washing

frequency and the increase of lifetime.

• The membrane type is a high rejection membrane to allow a better quality of the permeate.

• TFC (Thin film composite) - type with an active surface of polyamide, resistant to a wide

temperature and pH range.

3 Precipitation due to biological and chemical reasons. 
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3 AST Technology for Leachate Treatment by Reverse Osmosis 

The proposed system of Reverse Osmosis is executed according to the current standard in this type 
of equipment and integrates a three-stage treatment to ensure a high quality of the treated effluent 
and with a higher operating pressure, up to 80 bar, to optimize the permeate flow. The system is 
equipped with “wide spacer” spiral membranes and with the properties mentioned in the previous 
chapter. 

It was found in many cases, that the treatment of leachate by Reverse Osmosis with a two-stage 
treatment is insufficient to reach permeate discharge quality. The proposed system has three 
purification stages, with the advantage of being able to treat heavy loads of leachate and being more 
adaptable to future situations in terms of variations of flow and quality of the affluent. 

The operation is completely automatized including various security systems switching off the system 
in case of problems increasing the unit’s level of protection. Each detail of the process is visualized 
and monitored, and all data are registered by software enabling the assessment of the operation and 
process parameters. Automation, of a modern industrial standard, embodies the highest level of 
comfort and safety for the operator, who can follow the process, on every step of the treatment and 
intervene with a “Mouse click”. The proposed system is developed and assembled in Portugal 
according to the highest quality standard levels, and the applied construction standards is ISO. 

3.1 Local integration of the Reverse Osmosis system 

The feeding of the system consists of an external pump, placed inside the leachate lagoon or tank, 
and controlled by the Reverse Osmosis module. As the topography varies from place to place, this 
pump must be made available locally (to be provided locally by the client and not included in this offer 
price). 

Figure 9: Reference: Landfill site in São Gonçalo – Rio de Janeiro (Brazil) 120 m3/day (31 700 gpd). 
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3.2 Flow 

In this proposal the plant ensures an adequate treatment with a constant entry flow at the plant of 
200 m3/day (constant 24h) of leachate with or without pre-treatment.  

For the balance of the masses in this proposal we considered an affluence of leachate with 
21 500 μS/cm conductivity. The annual capacity of the system must be calculated by the availability 
which is typically 90%. 

The complete system is assembled in a 40” container. The plant can also accept leachate with 
different conductivity values, with adapted operating parameters. 

3.3 Description of the process 

3.3.1 Feeding of the process 

The leachate is pumped to the container by the mentioned external supply pump. The pump is 
controlled by the level signal of the leachate reception tank in the Osmosis. The leachate enters the 
container, passes a sieve, and flows into the leachate reception tank which is equipped with two level 
sensors, one sensor for controlling the feed pump and the other sensor to avoid spillages. 

3.3.2 Treatment stages in the Reverse Osmosis container 

The main treatment stages which are integrated in the container are the following: 

• Sieve with a 1,5 mm - mesh

• Pre-filtration by a pressurized sand filter

• Control of pH by dosing of sulphuric acid

• Addition of antiscalant

• Pre-filtration by microfiltration 10μm (1-10 μm)

• 1st stage of Reverse Osmosis

• 2nd stage of Reverse Osmosis

• 3rd stage of Reverse Osmosis

After the RO process it is necessary to remove the dissolved gases from the permeate. The degasifier 
is installed outside the container due to the corrosion of the emitted gases. It serves for the removal 
(“stripping”) of the dissolved gases in the permeate principally CO2. To control quality of permeate at 
the outlet conductivity value is measured inline. The permeate can be discharged to the environment 
or, alternatively, be used for irrigation or as process water, etc… 
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Figure 10: Scheme of a 3 stage containerized system. 

3.3.3 Pre-filtration 

As a pre-treatment and for the pumps and membranes protection there is a sieve with a 1,5mm 
mesh, a sand filtration and two microfiltration stations.  

Sand filtration is carried out in pressurized filters. The sand filters are cleaned by applying an elevated 
(automatism included), the cleaning liquid is leachate. The periodicity depends on the content of 
suspended solids in the leachate and is usually weekly. 

Figure 11: Cartridge filter. 

After the sand filtration, there are two filtration stations with 10μm cartridge (microfiltration, 
porosity adjustable to the sort of leachate between 20 to 1μm) to avoid the entry of small particles 
which may damage the membranes. Each station takes various filtrating cartridges adapted on the 
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size of the plant. In the case of blockage, a message appears on the system’s screen. Replacement of 
cartridges is fast, simple, and economical and due to the parallel system, it can be executed during 
operation. 

3.3.4 Chemical dosing system 

The chemicals used in the process are used to increase the solubility of the salts and to reduce the 
precipitation of less volatile salts. 

• pH adjustment with acid.

• Antiscalant.

Acidification is done with 96-98% concentrated sulfuric acid, which is usually the cheapest 
commercialized acid. The transportation and dosage pump are integrated in the container. For safety 
reasons, the acid injecting system is completely sealed in a chemically resistant box and equipped 
with a overfill sensor that switches the system off, in case of a spillage. 

The pH of the leachate is controlled by the sulfuric acid dosage system, before passing through the 
membranes. The acid is injected directly into the piping with a dosing valve. Advantage of this 
solution – injection in a closed and pressurized system allows avoidance of production of foaming 
and strong odors.  

Also, antiscalant and dispersant is added inline at a proper dosing station. Depending on the leachate 
composition, there are suitable products which are added to the process, to improve the 
performance of the plant in terms of treatment, washing cycles and lifetime of the membranes. 

The pre-treatment system is equipped with pressure, flow, conductivity, temperature, and pH 
sensors used for the control and monitoring of the process.  

3.3.5 Membrane system 

The three stages of the Reverse Osmosis system are equipped with pressure sensors for process 
control. In case of a malfunction (under- or overpressure), the process shut down automatically. In 
addition, there is an overpressure safety valve in the first stage to avoid damage to the system.  

3.3.5.1 1st Stage 

Downstream the filtration stage, a piston pump increases the pressure according to the operating 
parameters (which depend on the characteristics of the leachate). 

Several membrane modules are installed in a high-pressure tube, forming a block. In addition, each 
block is equipped with a recirculation pump which maintains the velocity at a high level, and thus, a 
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turbulent flow over the membrane surface, to reduce the effects of “scaling and fouling.” The high-
pressure pump and a pneumatic pressure control valve create and control the pressure inside the 
blocks. The flow of the final concentrate is measured by an electromagnetic flow meter and 
controlled according to the adjusted efficiency by a special anti-cavitation pneumatic control valve 
with highly resistant stellite components. Depending on the type of operation, the plant can be 
controlled also by the pressure. Each block can be switched off separately (by-passed), to adapt the 
plant to different operating conditions. 

The concentrates that result from the first stage can be sent to a specific area (to be defined), at the 
remaining pressure of the modules (max. 5bar). 

3.3.5.1 2nd and 3rd Stage 

To ensure a proper treatment of the leachate and to guarantee the compliance of the limit values of 
discharge, the Osmosis system is equipped with a second and a third treatment stage. Permeate of 
the 1st stage follows directly to this 2nd stage without buffer tank. The operation of the process of 
the 2nd stage is identical to the 1st stage, only the pressure is naturally reduced due to the lower 
osmotic pressure (max. 35bar) in this 2nd stage. This allows a simplification of the membrane system 
and equipment which is executed in only one block. The concentrate of the 2nd stage is recirculated 
and sent to the inlet tank of the leachate in the inside of the container. This concentrate is treated 
together with the leachate. 
The 2nd and 3rd stages can be switched off and permeate of the first stage can pass through the by-
pass, directly to the receiving environment. 

To ensure that there is no problem with the membrane system the permeate is monitored at the 
outlet by the conductivity value.  

Cleaned leachate (permeate) can be discharged directly to the environment or reused for irrigation, 
washing of equipment, as process water or in another way by the client. 

3.4 Concentrate 

The proposed Reverse Osmosis system can operate up to a pressure of 80bar, diminishing 
significantly the volume of concentrate. There are various final solutions for the concentrate. In most 
cases in Europe, the concentrate is infiltrated again into the mass of waste, in a controlled manner. 
We can propose an additional system for the reduction of the concentrate called “Stage of 
concentrate”. These systems have higher operational costs and, in many cases, do not compensate 
the level of reduction of the concentrate. 

The proposed Reverse Osmosis system can pump the concentrate to a significant distance and 
height, without any additional energetic costs and using solely the residual pressure after the 
regulation valve.  
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3.5 Expected lifetime of membranes 

The lifetime of the 1st phase membranes depends on the composition of the leachate and of the 
operating and the performed maintenance. In our experience, the modules from the 1st phase have 
to be replaced, on average, every 2 to 3 years, and the 2nd and 3rd phase membranes every 5 to 
10 years. AST has worked with the proposed membrane solution for more than 15 years; the 
accumulated experience allows to maximize the expected lifetime of the membranes by optimization 
of the operational parameters. For the operational cost’s calculations, we assume a change every 
two years. This also allows a higher system efficiency and saves cleaning times and costs. 

3.5.1 Change of membranes 

The modules of the membranes are exchanged on site, this work can also be performed by the client 
after training. The duration of the membrane exchange operation takes approximately 4 hours. 

3.6 Membrane cleaning  

There is an internal buffer tank receiving the first produced permeate, which is used for the washing 
and cleaning of the system (CIP Tank – Cleaning in Place Tank). The level of this tank is controlled and 
supervised by the system and can be altered by the operator.  
 
Throughout the system’s operating the phenomena of scaling and fouling are occurring naturally. 
The time until these effects are taking place depends on the composition of the leachate. Taking into 
consideration that the system controls the flows, an increase of pressure in the system indicates the 
need to wash the membranes. In case of a significant increase of pressure, the integrated safety 
system automatically initiates an operating system with pressure control, and in case of excessive 
pressure it switches off. 
 
The cleaning frequency depends on the type and specific composition of the leachate and of the 
operation and it is usually weekly. Cleaning is made with the permeate originating from the internal 
tank with adequate products. 
 
The cleaning process can be done by remote control, or by the operator by adding the cleaning 
product and starting the automatic cleaning cycle.  
 
We foresee a cleaning cycle with weekly intervals (“typical” leachate) using for that effect a specific 
solution, which is pumped at high velocity and low pressure through the system. 
 
The use of individual or combined cleaning depends on the consistency of the leachate. To increase 
the efficiency of the cleanings, these can be done with high temperatures, these cleanings must be 
made with accompaniment of AST. 
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The cleaning products are regularly available in the international and national markets. Based on its 
practical experience of over 15 years with these plants AST uses a cleaning system which makes it 
possible to utilize of powdery or liquid cleaners. 
 

 

Figure 12. RO Leachate System treatment in three stages, flow rate of 250 m3/d, and OR System for 

concentrate reduction followed by evaporation, Ibiza, Spain. 

3.7 Command and control system 

The functioning of the process is continuous and automatic, through a programmable automaton 
(PLC), in case of malfunctions, the plant automatically stops. Flow control is done by electro-
pneumatic automatic valves, which are controlled by PLC. The transmission of signals to the valves is 
done with a Profi/Asi-Bus system.  
 
In addition, the system is equipped with a remote-control system which allows remote visualization 
of all the control and supervision of the process on an external PC, including access permission and 
modem connection. The system enables a more comfortable control, simplifies the detection of 
malfunctions, and increases the speed of technical assistance (direct connection to AST). Remote 
alterations of the monitoring and control system can be done by the PLC programmers. It is also 
possible to connect other automation systems if they are compatible with the Profibus protocol. This 
interconnection is not covered in this proposal. 
 
The control of the plant is done through a programmable automaton, PLC. An industrial PC, by 
SIEMENS serves as a parameter control unit. The visualization and control of the process, such as the 
acquisition, evaluation and data visualization are made through the PC screen and the visualization 
Software (SCADA). The control surface and the control system of Reverse Osmosis of the plant will be 
in English language, with aid of the client we can translate additionally to local languages. The 
operative system will be Windows 7 or a more recent version. Additionally, a program on electric 
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tension supervision will be furnished, with a protection for the control system by UPS. For additional 
protection of the electronic system, tension stabilizers are installed. 

Figure 13. SCADA - Main screen from an AST RO unit. 

3.8 Turboclean Technology 

In the forefront of leachate treatment by Reverse Osmosis membrane systems and the more than 20 
years of experience of AST's collaborators, allowed AST to acquire the sensitivity and knowledge 
necessary to develop/design and implement solutions to optimize the conventional process of 
Reverse Osmosis. 

Reverse Osmosis membrane treatment systems are one of the standard solutions for landfill leachate 
treatment. Due to various chemical components and colloidal solids typically contained in leachate 
and other industrial wastewater, membrane purification systems can experience fouling resulting 
from the deposition of particles on their surface and in the channels of the membrane spacers, which 
we call particular fouling.  

The removal of this fouling is extremely difficult and requires aggressive and prolonged chemical 
cleaning, in some cases cleaning is impossible and membrane replacement is inevitable.  
AST is strongly committed to develop and improve its membrane systems not only to increase 
availability and robustness, but also to reduce operating costs. In this context. Therefor AST's 
engineering and design team have developed a proprietary technology that allows the flow direction 
over the membranes to be reversed during operation, "Turboclean®". 

mailto:office@ast-ambiente.com


- 19 -

AST - Soluções e Serviços de Ambiente Lda. 

Sede: Rua do Bairro, 400; 4485-010 Aveleda, Vila do Conde; Portugal| Email: office@ast-ambiente.com | Telefone: +351 220163277| 
Capital Social 50.000 Euros | Conservatória do Registo Comercial do Porto | Contribuinte nº: 508787394 

This flow direction change system is fully automated and, although it can be activated manually, it 
has been designed to operate automatically. 

For extreme applications, the mode of operation in directional flow change allows the clearing of 
membranes exposed to strong particular fouling effects. In this way, the AST solution reduces the 
frequency of flushing and increases the availability of the systems. In turn, a lower number of washes 
is not only reflected in a reduction in the consumption of cleaning chemicals, but also in the wear and 
tear on the membranes caused by cleaning, thus increasing their useful life. 

3.9 Operation of the system 

The mass balance - flow diagram with the results of the estimated flow calculations of the system 
operation is shown in another chapter. The calculations for the balance are based on the flow and 
the typical leachate composition, as shown in table 1. It is possible to operate the plant with higher 
concentration factors or conductivity, but the balance varies, of course, for each situation. 

The proposed system is extremely flexible and allows the adaptation to different flow situations and 
effluent qualities. 
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4 Technical Data of the Reverse Osmosis System 

4.1 Leachate flowrate 

The base data which have been considered for the plant design and calculations are the following: 

Table 1: Leachate flowrate considered in plant design. 

Parameter Value / Unit 

Plant Influent Flowrate 200 m3/day 

8,33 m3/h 

6.083 m3/month 

73.000 m3/year 

Plant Design Availability 90% 

Plant Effective Influent Flowrate 180 m3/day 

7,50 m3/h 

5.475 m3/month 

65.700 m3/year 

Operating time 7.884 h/year 

For the estimated balance of the leachate – permeate/concentrate, with calculated flows, see flow 
diagram in chapter 5. 

4.2 Parameters for process calculation 

As the base of process calculation, we considered the reference values for leachate which we 
received from the client. The following table shows these values, as well as complementary values to 
have been considered, necessary for the design of the system and to the guarantees related. 

The calculations for the balance which is presented in this proposal are based on the shown values. If 
the leachate parameters remain within the limits of the following table, the system operation will 
achieve the predicted balance defined in this proposal; the operation costs will be according to the 
presented estimation, and the values of the discharge will attend the values which are shown in the 
table.  

Regarding the operation guarantees and the costs for the normal operation of the RO unit, we also 
presumed that there are no substances in the leachate that damage or clog the membranes. 
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Table 2: Leachate composition considered for the plant’s design and quality and efficiency performance. 
 

Parameter Value / Unit 

Conductivity 21500 µS/cm 

pH 8 

BOD 723.8 mg/L 

COD 4710 mg/L 

Chloride as Cl 21500 mg/L 

Ammoniacal Nitrogen as N  1370 mg/L 

Total Sulphur as SO4 (Dissolved) 280 mg/L 

Zinc as Zn (Dissolved) 0.244 mg/L 

Nickel as Ni (Dissolved) 0.202 mg/L 

Lead as Pb (Dissolved) < 0.01 mg/L 

Copper as Cu (Dissolved) < 0.01 mg/L 

Chromium as Cr (Dissolved) 0.253 mg/L 

Cadmium as Cd (Dissolved) < 0.002 mg/L 

Parameter maximum concentrations for design criteria: 

Total suspended solids < 200 mg/L 

Iron < 10 mg/L 

Fluoride < 1 mg/L 

Manganese < 3 mg/L 

Oils and greases < 1 mg/L 

Calcium < 100 mg/L 

Magnesium < 40 mg/L 

Silica < 10 mg/L 

addition and grouping of heavy metals 
(Zn+Pb+Cd+Cr+Cu+Hg+Ni) (in solution)  

< 10 mg/L 

each heavy metals (Zn+Pb+Cd+Cr+Cu+Hg+Ni) (in solution) < 0,3 mg/L 

 
Table 3: Guaranteed reduction rates. 

 

Parameter 
Reduction rate  

(Cin-Cout)/Cin 

BOD 98-99% 

COD 98-99% 

Total Nitrogen Kjeldahl 96-98% 
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4.3 Operation data 

 
Table 4: Technical data of the RO plant. 

 

Parameter Unit Value 

Leachate 

Transport capacity (“Feed”) m3/h 7,50 

Temperature (calculation base) °C 20 

Concentration factor  2 – 5  

Min-max. efficiency  % 50– 80 

pH after acid dosage  6 – 7 

   

Pressures (20 °C) 

Pressure, outlet concentrate  bar ca. 5 

Pressure, outlet permeate (max.) bar 0,5 

Normal operation pressure bar 
Controlled by concentrate 

flow 

Leachate pressure at inlet bar 0,5 – 2 (1) 

Max. pressure 1st stage bar 80 

Max. pressure 2nd stage bar 35 

Max. pressure 3rd stage bar 35 

   

Electric components (supply according to European Standards) 

System – three phase supply  V 400 

Control voltage 1 (internal) V 230 

Frequency Hz 50 

Control voltage 2 (internal) V 24 DC (stabilized) 

Installed electrical power kW 70 

Specific electric energy consumption kWh/m3 8 

 
 
 

4.4 Dimensioning of organs and equipment 

All pumps, pipes, connections, filters, and other equipment are designed in order to resist to 
pressures that are higher than the expected maximum pressure in the respective organ. The piping 
and the transport capacity of the pumps were designed to allow the movement of the expected 
maximum leachate flow which has the composition as shown in Table 2. The geometric dimensions 
of the main components of the plant are shown in the drawing of the container presented in 
chapter 7. 
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4.5 Chemical reagents 

a) Sulfuric acid 96-98%; 

b) Antiprecipitant – Antiscalant; 

c) Powdery or liquid acid cleaning agent for membranes; 

d) Powdery or liquid alkaline cleaning agent; 

e) Buffer solutions for pH sensor; 

f) Cleaning agents for the container: Washing-up liquid, etc. 

 

The products can be purchased freely in the market! 

4.6 Applied materials 

Materials in contact with leachate: steel 1.4401, 1.4539, 1.4571; PVC, PVC-C, PEAD, PP, PVDF, PTFE, 
NBR and glass fiber reinforced polyester. 
 

4.7 Unit structure 

The system is installed in a 40-foot container with standard dimensions: 
 

L x W x H: 12,192 x 2,438 x 2,55 m 
 

 

The container is thermally and acoustically isolated and includes the RO unit with all 
electromechanical equipment, tanks, electrical cabinets and a monitoring and control system. The 
monitoring and control system is installed in an independent compartment and equipped with a 
pressurizing system and air filtration by activated carbon filter. Air conditioning system for the 
control cabinet must be installed locally, physical space and electrical connections are included. 

mailto:office@ast-ambiente.com


- 24 -

AST - Soluções e Serviços de Ambiente Lda. 

Sede: Rua do Bairro, 400; 4485-010 Aveleda, Vila do Conde; Portugal| Email: office@ast-ambiente.com | Telefone: +351 220163277| 
Capital Social 50.000 Euros | Conservatória do Registo Comercial do Porto | Contribuinte nº: 508787394 

5 Calculated Mass Balance 

Calculation parameters:

Normal flowrate 200,00 m3/day

8,33 m3/h

Maximum theoretical flowrate 73 000,00 m3/year

Availability rate 90,00 %

Effective flowrate 65 700,00 m3/year

Conductivity (25 ºC), base of 

calculation
21 500,00 µS/cm

Raw Leachate

21,5 mS/cm

200,00 m3/d

#REF!

C2 26%

Concentrate C1

53,00 m3/d

C3 #REF!

#REF!

Permeate

74% 147,00 m3/d

Three Stage Reverse Osmosis Treatment of Landfill Leachate

Preliminary Balance

FCC UK - Calvert Landfill

RO 1 x 200 m3/day; 3 stages

Sulphuric Acid

Reverse Osmosis
Stage I

max. 80 bar

Reverse Osmosis
Stage II, max 35 bar

Landfill

Leachate storage - Lagoons 
Homogeneization, Sedimentation

Internal Pretreatment
Sieve, Sand filter, Microfiltration, 

Dosing Stations

Reverse Osmosis
Stage III, max 25 bar

Degasifier (external)

External Leachate Pumping 
(controlled by the RO plant)

Recirculation and 
Reinfiltration of 

Concentrate

Purified Water - Discharge or Reutilization

Reverse 
Osmosis

Leachate

External Treatment
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6 Operational Costs 

Bases for Calculation

Leachate Conductivity 21 500 µS/cm

Estimated Efficiency 73,50%

Concentration Factor 3,77

Maximum Input Flowrate 73 000 m3/year

Availability 90%

Operation Hours 7 884 h/year

Average Input Flowrate 65 700 m3/year

Permeate Generation 48 290 m3/year

Operational Costs Annual Cost

Energy:

Electrical consumption 0 525 600 kWh/year  €

Consumables:

Sulfuric acid 96% -98% 229 950 kg/year €

Acid cleaner 986 kg/year  €

Alkaline cleaner /kg 2 628 kg/year €

Inhibitor/Antiscalent  €/kg 657 kg/year  €

Cartridge filters  €/un 920 un/year

Bag Filters  €/un 104 un/year  €

Wear and spare parts

Annual average  €/year 1 un/year  €

Membranes:

Membranes 1st Stage  €/un 15 un/year  €

Membranes 2nd and 3rd Stage  €/un 3 un/year  €

Labour

Technician  €/month 12 /year  €

Total anual operation costs €

Specific cost per volume of raw leachate fed to the RO plant  €/m3

Specific cost per volume of RO permeate  €/m3

Estimation of Operational Costs (based on actual EU Costs)

Estimated Cost Consumption

Three Stage Reverse Osmosis Treatment of Landfill Leachate

FCC UK - Calvert Landfill
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7 Similar System’s Scheme 
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8 Basement Diagram and Connections of the System 
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9 Pictures of a Similar System 
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10 Confidentiality 

Any and all information contained in his document is, for all and any intents and purposes considered 
as Confidentiality Information. 

The Confidentiality Information in this document cannot be copied or used for any other purposes. 

The agent/Person who, violates the set out on the above paragraphs and divulges to third parties any 
Information contained in this document and which might result in offence, losses, and damages, 
ceasing profits, direct, indirect, or emerging damages, as well as moral damages, shall be held 
responsible civil and criminally, may inclusively incur in the following crimes: 

(1) Crime of unfair competition;
(2) Crime of disclosure of secret;
(3) Crime of violation of professional secrecy;

and will be prosecuted corresponding to the law in force. 

The receiver assumes the commitment to immediately return, upon request, at any time, or at the 
termination of the relationship one intents to contract, all papers, drawings, annotations, 
memorandums, instructions, specifications, projects, documents, CD’s, and any other physical 
means, containing or divulging any Confidentiality Information. 

mailto:office@ast-ambiente.com


 

 
Registered Office:  InTec, Parc Menai, Bangor, Gwynedd, LL57 4FG 
Tel: 01248 672666 
Email: contact@caulmert.com 
Web: www.caulmert.com 

 

 

 

 

                                             

                APPENDIX 2 

                Knottingley Waste to Resource Equipment Tag Spreadsheet 

 

 

 

 

 

 

 

 

 

 

 

 



Process Identifier Item Type/description Tag Number Capacity 

Waste Processing 01 Extraction Hood (EP01) P01-AP-1 1 15800m³/hr

Waste Processing 01 Extraction Hood (EP09) P01-AP-2 1 15800m³/hr
Waste Processing 01 Storage Bay P01-BS-0 1 n/a
Waste Processing 01 Storage Bay P01-BS-0 2 n/a
Waste Processing 01 Storage Bay P01-BS-0 3 n/a
Waste Processing 01 Storage Bay P01-BS-0 4 n/a
Waste Processing 01 Crusher P01-CP-0 1 n/a
Waste Processing 01 Shredder P01-SP-0 1 n/a
Waste Processing 01 Process Building P01-ZP-0 1 n/a
Waste processing 02 Carbon filter (EP02) P02-AP-0 1 3510m³/hr
Waste processing 02 Storage Bay P02-BS-0 1 n/a
Waste processing 02 Storage Bay P02-BS-0 2 n/a
Waste processing 02 Storage Bay P02-BS-0 3 n/a
Waste processing 02 Storage Bay P02-BS-0 4 n/a
Waste processing 02 Crusher P02-CP-1 1 n/a
Waste processing 02 Shredder P02-SP-1 1 n/a
Waste processing 02 Process Building P02-ZP-0 1 n/a
Waste Processing 03 Carbon filter (EP03) P03-AP-0 1 24600m³/hr
Waste Processing 03 Storage Bay P03-BS-0 1 n/a
Waste Processing 03 Storage Bay P03-BS-0 2 n/a
Waste Processing 03 Storage Bay P03-BS-0 3 n/a
Waste Processing 03 Quarantine Area P03-BS-0 4 n/a
Waste Processing 03 Shredder P03-SP-1 1 n/a
Waste Processing 03 Shredder P03-SP-2 x n/a
Waste Processing 03 Process Building P03-ZP-0 1 n/a
Waste Processing 03 Water Tank WS1-TP-1 1 n/a
Waste Processing 04 Carbon filter (EP04) P04-AP-0 1 4570m³/hr
Waste Processing 04 Scrubber (EP14) P04-AP-0 2 3510m³/hr
Waste Processing 04 Scrubber (EP13) P04-AP-0 3 3510m³/hr
Waste Processing 04 Filter Press P04-FP-1 1 n/a
Waste Processing 04 Filter Press P04-FP-2 1 n/a
Waste Processing 04 Filter Press P04-FP-3 1 n/a
Waste Processing 04 Precipitation Vessel Tank P04-TP-1 1 30m³
Waste Processing 04 Precipitation Vessel Tank P04-TP-1 2 30m³
Waste Processing 04 Precipitation Vessel Tank P04-TP-1 3 30m³
Waste Processing 04 Precipitation Vessel Tank P04-TP-2 1 30m³
Waste Processing 04 Precipitation Vessel Tank P04-TP-2 2 30m³
Waste Processing 04 Precipitation Vessel Tank P04-TP-2 3 30m³
Waste Processing 04 Precipitation Vessel Tank P04-TP-3 1 30m³
Waste Processing 04 Precipitation Vessel Tank P04-TP-3 2 30m³
Waste Processing 04 Precipitation Vessel Tank P04-TP-3 3 30m³
Waste Processing 04 Tank P04-TP-x x 30m³
Waste Processing 04 Tank P04-TP-x x 30m³



Waste Processing 04 Tank P04-TP-x x 30m³
Waste Processing 04 Offload P04-TS-0 1 100m³
Waste Processing 04 Offload P04-TS-0 2 100m³
Waste Processing 04 Sodium Hydroxide P04-TS-0 3 30m³
Waste Processing 04 Filtrate P04-TS-0 4 100m³
Waste Processing 04 Sulphuric Acid P04-TS-0 5 50m³
Waste Processing 04 Sulphuric Acid P04-TS-0 6 50m³
Waste Processing 04 Sodium Sulphate P04-TS-0 7 30m³
Waste Processing 04 Metal Recovery Building P04-ZP-0 1 n/a
Waste Processing 05 Dust/Carbon filter (EP05) P05-AP-0 1 19500m³/hr
Waste Processing 05 Dryer P05-YP-1 1 n/a
Waste Processing 05 Process Building P05-ZP-0 1 n/a
Waste Processing 06 Carbon filter (EP06) P06-AP-0 1 3510m³/hr
Waste Processing 06 Carbon filter (EP11) P06-AP-0 2 3510m³/hr
Waste Processing 06 Scrubber (EP10) P06-AP-0 3 3510m³/hr
Waste Processing 06 Filter Press P06-FP-1 1 n/a
Waste Processing 06 Filter Press P06-FP-1 2 n/a
Waste Processing 06 Filter Press P06-FP-2 1 n/a
Waste Processing 06 Filter Press P06-FP-2 2 n/a
Waste Processing 06 APCr Silo P06-LS-3 6 100m³
Waste Processing 06 APCr Silo P06-LS-3 7 100m³
Waste Processing 06 APCr Silo P06-LS-3 8 100m³
Waste Processing 06 Conditioner P06-RP-3 1 n/a
Waste Processing 06 Reaction Vessel P06-TP-1 1 50m³
Waste Processing 06 Reaction Vessel P06-TP-1 2 50m³
Waste Processing 06 Reaction Vessel P06-TP-1 3 50m³
Waste Processing 06 Reaction Vessel P06-TP-2 1 50m³
Waste Processing 06 Reaction Vessel P06-TP-2 2 50m³
Waste Processing 06 Reaction Vessel P06-TP-2 3 50m³
Waste Processing 06 Acid Tank P06-TP-3 1 50m³
Waste Processing 06 Effluent Tank P06-TS-1 1 100m³
Waste Processing 06 Product Tank P06-TS-1 2 100m³
Waste Processing 06 Product Tank P06-TS-1 3 100m³
Waste Processing 06 Reagent Tank P06-TS-1 4 50m³
Waste Processing 06 Bulk Tank P06-TS-1 5 100m³
Waste Processing 06 Bulk Tank P06-TS-1 6 100m³
Waste Processing 06 Treated Residue Tank P06-TS-1 7 100m³
Waste Processing 06 Effluent Tank P06-TS-2 1 100m³
Waste Processing 06 Product Tank P06-TS-2 2 100m³
Waste Processing 06 Product Tank P06-TS-2 3 100m³
Waste Processing 06 Reagent Tank P06-TS-2 4 50m³
Waste Processing 06 Bulk Tank P06-TS-2 5 100m³
Waste Processing 06 Bulk Tank P06-TS-2 6 100m³
Waste Processing 06 Treated Residue Tank P06-TS-2 7 100m³



Waste Processing 06 Treated Residue Tank P06-TS-3 1 100m³
Waste Processing 06 Effluent Tank P06-TS-3 2 100m³
Waste Processing 06 Slurry Tank P06-TS-3 3 100m³
Waste Processing 06 Slurry Tank P06-TS-3 4 100m³
Waste Processing 06 Slurry Tank P06-TS-3 5 100m³
Waste Processing 06 Process Building P06-ZP-1 1 n/a
Waste Processing 06 Process Building P06-ZP-2 1 n/a
Waste Processing 06 Process Building P06-ZP-3 1 n/a
Waste Processing 07 Carbon filter (EP07) P07-AP-0 1 4570m³/hr
Waste Processing 07 Balance Tank P07-TP-0 1 250m³
Waste Processing 07 Denitrification Tank P07-TP-1 1 180m³
Waste Processing 07 Nitrification Tank P07-TP-1 2 500m³
Waste Processing 07 Nitrification Tank P07-TP-1 3 500m³
Waste Processing 07 Post Aeration Tank P07-TP-1 4 180m³
Waste Processing 07 Post Denitrification Tank P07-TP-1 5 50m³
Waste Processing 07 Denitrification Tank P07-TP-2 1 180m³
Waste Processing 07 Nitrification Tank P07-TP-2 2 500m³
Waste Processing 07 Nitrification Tank P07-TP-2 3 500m³
Waste Processing 07 Post Aeration Tank P07-TP-2 4 180m³
Waste Processing 07 Post Denitrification Tank P07-TP-2 5 50m³
Waste Processing 07 Stripping Column P07-TP-3 1 n/a
Waste Processing 07 Scrubbing Column P07-TP-3 2 n/a
Waste Processing 07 Concentrating Column P07-TP-3 3 n/a
Waste Processing 07 Humidification Vessel P07-TP-3 4 n/a
Waste Processing 07 Offload Tank P07-TS-0 1 600m³
Waste Processing 07 Offload Tank P07-TS-0 2 600m³
Waste Processing 07 Discharge Tank P07-TS-0 3 200m³
Waste Processing 07 Acetic Acid Tank P07-TS-0 4 20m³
Waste Processing 07 Sulphuric Acid Tank P07-TS-0 5 20m³
Waste Processing 07 Ammonia Solution Tank P07-TS-0 6 50m³
Waste Processing 07 Leachate Treatment Building P07-ZP-1 1 n/a
Waste Storage 01 Drum Storage Bay S01-OS-0 1 n/a
Waste Storage 02 Acids Storage Bay S02-BS-0 1 n/a
Waste Storage 02 Environmental Hazard Storage Bay S02-BS-0 2 n/a
Waste Storage 02 Alkalis Storage Bay S02-BS-0 3 n/a
Waste Storage 02 Oily Rags Storage Bay S02-BS-0 4 n/a
Waste Storage 02 Non Hazardous Storage Bay S02-BS-0 5 n/a
Waste Storage 02 Non Hazardous Storage Bay S02-BS-0 6 n/a
Waste Storage 02 Non Hazardous Storage Bay S02-BS-0 7 n/a
Waste Storage 02 Quarantine Storage Bay  S02-BS-0 8 n/a
Waste Storage 02 Packaged Waste Storage Building S02-ZS-0 1 n/a
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Summary of Emission points with their corresponding Grid references.   
 

 

 

 

 

 

 

 

 

 

 

 

 



ID NEW ID OLD TANK ID Grid References 
SW1 SE 51236 23988
S1 SE 50944 23920
SP1 SE 51349 23903
SP2 SE 51345 23903

SITE WIDE
EP01 EP01 GS1-TS-01 SE 51202 23827
EP02 EP02 SE 51155 23906
EP03 EP03 SE 51074 23822
EP04 EP04 SE 51301 23757
EP05 EP05 SE 51234 23838
EP06 EP06 SE 51292 23832
EP07 P07-AP-0 1 SE 51326 23924
EP08 EP08 SE 51324 23809
EP09 EP11 SE 51193 23826
EP10 EP26 SE 51292 23853
EP11 EP16 SE 51314 23832
EP12 EP18 SE 51333 23792
EP13 EP24 P04-AP-0 3 SE 51355 23764
EP14 EP14 P04-AP-0 2 SE 51349 23764

WASTE PROCESSING 04
EP15 P04-TS-0 3 SE 51346 23761
EP16 P04-TS-0 1 SE 51339 23758
EP17 P04-TS-0 2 SE 51339 23749
EP18 P04-TS-0 4 SE 51352 23758
EP19 P04-TS-0 5 SE 51350 23751
EP20 P04-TS-0 6 SE 51349 23745
EP21 P04-TS-0 7 SE 51354 23752
EP22 P04-TS-1 1 SE 51360 23761
EP23 P04-TS-1 2 SE 51360 23758
EP24 P04-TS-1 3 SE 51360 23755
EP25 P04-TS-2 1 SE 51359 23752
EP26 P04-TS-2 2 SE 51359 23749
EP27 P04-TS-2 3 SE 51359 23746
EP28 P04-TS-3 1 SE 51366 23760
EP29 P04-TS-3 2 SE 51366 23757
EP30 P04-TS-3 3 SE 51366 23754
EP31 P04-TS-3 4 SE 51365 23751
EP32 P04-TS-3 5 SE 51365 23748
EP33 P04-TS-3 6 SE 51365 23745

WASTE PROCESSING 06



EP34 P06-TS-1 1 SE 51276 23867
EP35 P06-TS-1 2 SE 51280 23867
EP36 P06-TS-1 3 SE 51285 23867
EP37 P06-TS-1 4 SE 51276 23862
EP38 P06-TS-1 5 SE 51276 23857
EP39 P06-TS-1 6 SE 51280 23857
EP40 P06-TS-1 7 SE 51285 23857
EP41 P06-TS-2 1 SE 51298 23867
EP42 P06-TS-2 1 SE 51303 23867
EP43 P06-TS-2 3 SE 51307 23867
EP44 P06-TS-2 4 SE 51298 23862
EP45 P06-TS-2 5 SE 51298 23857
EP46 P06-TS-2 6 SE 51303 23857
EP47 P06-TS-2 7 SE 51307 23857
EP48 P06-TS-3 1 SE 51320 23867
EP49 P06-TS-3 2 SE 51324 23867
EP50 P06-TS-3 3 SE 51320 23862
EP51 P06-TS-3 4 SE 51324 23862
EP52 P06-TS-3 5 SE 51329 23862
EP53 P06-LS-3 6 SE 51320 23857
EP54 P06-LS-3 7 SE 51324 23857
EP55 P06-LS-3 8 SE 51329 23857

WASTE PROCESSING 07
EP56 P07-TS-0 3 SE 51279 23922
EP57 P07-TS-0 2 SE 51286 23928
EP58 P07-TS-0 1 SE 51286 23915
EP59 P07-TP-1 1 SE 51295 23929
EP60 P07-TP-0 1 SE 51295 23921
EP61 P07-TP-2 1 SE 51295 23914
EP62 P07-TP-1 2 SE 51303 23928
EP63 P07-TP-2 2 SE 51303 23915
EP64 P07-TP-1 3 SE 51314 23928
EP65 P07-TP-2 3 SE 51314 23915
EP66 P07-TP-1 5 SE 51322 23930
EP67 P07-TP-1 4 SE 51322 23926
EP68 P07-TP-2 4 SE 51322 23918
EP69 P07-TP-2 5 SE 51322 23913
EP70 P07-TS-0 6 SE 51322 23913
EP71 P07-TP-3 2 SE 51314 23902
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Containment  

The Knottingley Waste to Resource Facility is designed to provide secondary containment 
for all tank storage and allows for tertiary containment due to the presence of a drainage 
system which collects runoff waters from the site and holds them prior to release from 
the facility. 

Tank storage areas are associated with: 

Waste Processing 4 –  Metals and inorganic salts recovery; 

Waste Processing 6 – Physical and Physico-chemical treatment of acids and alkalis; 

Waste Processing 7 –  Physico-chemical and Biological treatment of landfill leachate and 
aqueous wastes.  

Where tanks are within buildings, these are self-bunded, to provide protection to staff 
working in the building, and the building itself is bunded to allow spill containment. 

 

Bunded storage areas  

Waste Processing 4 bund associated with building (P04-ZP-01) 

• Total tank capacity within bund: 820 m3 
• Largest tank in the bund: 100 m3 
• Basal area occupied by tanks: 239 m2 (19 tanks maximum 4 m diameter bases)  
• Bund area total: 782 m2 
• Bund height: 1m  
• Total capacity: 782 m3 
• Total available capacity: 581 m3 
• % largest tank: 581 % 

 

Waste Processing 6 bund associated with building (P06-ZP-11) 

• Total tank capacity within bund: 650 m3 
• Largest tank in the bund: 100 m3 
• Basal area occupied by tanks: 88 m2 (7 tanks maximum 4 m diameter bases)  
• Bund area total: 374 m2 
• Bund height:  1m  
• Total capacity: 374 m3 
• Total available capacity: 286 m3 
• % largest tank: 286 % 



Waste Processing 6 bund associated with building (P06-ZP-21) 

• Total tank capacity within bund: 500 m3 
• Largest tank in the bund: 100 m3 
• Basal area occupied by tanks: 88 m2 (7 tanks maximum 4 m diameter bases)  
• Bund area total: 374 m2 
• Bund height:  1m  
• Total capacity: 374 m3 
• Total available capacity:  286 m3 
• % largest tank: 286 % 

 

Waste Processing 6 bund associated with building (P06-ZP-31) 

• Total tank capacity within bund: 800 m3 
• Largest tank in the bund: 100 m3 
• Basal area occupied by tanks: 101 m2 (8 tanks maximum 4 m diameter bases)  
• Bund area total: 389 m2 
• Bund height:  1m  
• Total capacity: 389 m3 
• Total available capacity: 288 m3 
• % largest tank 288 % 

 

Waste Processing 7 bund associated with building (P07-ZP-01) 

• Total tank capacity within bund: 4755 m3 
• Largest tank in the bund: 600 m3 
• Basal area occupied by tanks: 517 m2 (15 tanks, multiple base sizes area 

occupied)  
• Bund area total:  1336 m2 
• Bund height:  1.1 m  
• Total capacity: 1469 m3 
• Total available capacity: 952 m3 
• % largest tank: 159 % 
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Identification and selection of emission control equipment and how it 
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Identification and selection of Emission Control equipment:  FCCE Knottingley 
Waste to Resource Facility 

The use of the Best Available Techniques approach requires the identification of potential 
emissions to air and, where appropriate and practicable their control. The Best Available 
Techniques (BAT) Reference Document for Waste Treatment (2018) highlights the best 
available techniques for such control based upon the activities undertaken. This 
information, together with equipment selection and performance information from 
suppliers, knowledge of the waste treatment processes to be employed at the site and of 
existing experience has informed the selection of appropriate emissions control 
techniques to be employed at the facility. 

All buildings where waste processing occurs are designed to operate as far as practicable 
as enclosed, with air being extracted through an appropriate or precautionary emission 
control system. The operation of the building, extraction and emission control system will 
be such as to maximise their ability to control emissions and complement waste pre-
acceptance, acceptance and operational measures to minimise emissions to air. 

Where activated carbon is chosen as the primary emission control technique, the carbon 
grade for each individual application will be selected, with advice from the supplier, to be 
the most suited for the range of substances required to be removed.  Where practicable, 
carbon will be removed for regeneration once spent, as opposed to appropriate disposal. 

The choice of wet scrubber configuration and associated operating conditions for each 
individual application will be selected, with advice from the supplier, to be the most 
suited for the range of substances required to be removed.   

The choice of fabric filtration unit, filter media and its operating conditions for each 
individual application will be selected, with advice from the supplier, to be that most 
suited.   

Where wastes are stored in buildings in an unpackaged form, emission control 
equipment will be operated continuously and during times of maintenance or equipment 
failure stocks minimised. 

Where emission control is required for process tanks or vessels or waste treatment 
activities are being undertaken within a building, the emission control system will be in 
operation. During time of maintenance or equipment failure waste processing operations 
will cease. 

Equipment will be maintained and operated in line of good practice with appropriate 
monitoring and routine maintenance undertaken as applicable. 

Compliance with the BAT Reference Document and the Appropriate measures document 
has been highlighted in the appropriate documents of this permit variation application. 
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Control of organic emissions 

Waste Processing 1 

Air emissions from this building (P01-ZP-01) will contain organic substances at low 
concentration from bulking operations from small containers to larger containers 
involving organic solvents such as methanol and the shredding of retail containers and 
contaminated packaging. These activities are undertaken within hooded areas where air 
is extracted to minimise the occupational health risk to employees and visitors. The 
extracted air is cleaned within an activated carbon filter which is highlighted within the 
BAT Reference Document and known in practice to be the best technique for such 
emission control. Efficiency of removal exceeds 90 %.  

The building is fitted with doors, and the extraction of air maintains the building under 
negative pressure when in use. 

No processing vessels or storage tanks area associated with this activity. 

Waste Processing 2 

Air emissions from this building (P02-ZP-01) may contain organic vapours at very low 
concentration from bulking operations from small containers to larger containers 
involving non-volatile organic or organic substances containing wastes e.g., water-based 
paints and detergents and the shredding of retail containers and contaminated 
packaging. Inorganic wastes with very low risk of emissions are also processed in this 
area and exclude those that may generate gaseous emissions e.g., strong acids for which 
an alternative process area is provided. Wastes maybe processed anywhere, this 
coupled with the low risk of emissions of organic substances has resulted in the selection 
of activated carbon filtration as the means of emission control as highlighted in the BAT 
Reference Document as the most practicable technique. Efficiency of removal is 
expected to exceed 90 % and is the most efficient technique available for this duty. 

No processing vessels or storage tanks are associated with this activity. 

Waste Processing 3 

Air emissions from this building (P03-ZP-01) may contain dusts and organic vapours at 
very low concentration from shredding and storage operations associated with non-
hazardous wastes such as contaminated water-based paint containers. Waste 
processed are not putrescible and residence time within the building is limited to a 
maximum of 7 days. 

Two complementary emission control systems are used. A recirculation system 
employing fabric dust filtration and carbon filtration, which acts to clean air and return it 
to the building and an air extraction system to remove potential nuisance odours or 
organic substances prior to emission to air via the emission point. The latter ensures 
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negative pressure within the building as a whole, the former allows extraction of air from 
specific process areas and allows air to be recirculated and therefore minimising the 
need for space heating.   

Fabric filtration for dusts is identified as a best practicable technique within the BAT 
Reference Document and is expected to achieve > 95 % removal of particulates. The use 
of activated carbon to control the emission of organic substances at low levels is 
highlighted in the BAT Reference Document as the best practicable technique. Efficiency 
of removal is expected to exceed 90 %. Both fabric filtration and activated carbon 
adsorption are the most efficient techniques available for their identified duties. 

The building is fitted with doors, and the extraction of air maintains the building under 
negative pressure, this is maintained 24/7 due to the presence of unpackaged wastes.  

No processing vessels or storage tanks are associated with this activity. 

 

Control of inorganic emissions 

Waste Processing 4 

These activities include a building (P04-ZP-01) and an associated tank farm with mixing 
vessels with wastes being processed limited to inorganic solutions or solids with 
negligible volatile organic composition. Emission control is therefore to manage the 
potential presence of acid or alkaline inorganic gases specifically hydrogen chloride, 
sulfur dioxide and ammonia which may result from storage or processing activities of 
wastes or reagents containing these dissolved gases. 

The use of appropriate wet scrubbing techniques is highlighted in the BAT reference 
document as the best practicable and most efficient means of dealing with air emissions 
of inorganic acid or alkaline gases. Two such scrubbing systems are to be provided, one 
suited for acid and one suited for alkaline gases for the tank farm and mixing vessels. 
Scrubbing for acid gases will be by use of a sodium hydroxide solution and of alkaline 
gases by a sulfuric acid solution with monitoring of these reagents being undertaken to 
ensure neutralising capacity is available.  

All storage tanks and mixing vessels will be connected to an appropriate scrubber based 
upon their contents and negative pressure will be maintained 24/7 while material is 
present in the associated tank or vessel.  

A building is used for the final filtration and processing and storage of recovered products. 
There is negligible risk of emissions from these activities, but the building will be 
maintained under negative pressure and activated carbon filtration used to clean the 
removed air as a precautionary measure. 
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Waste Processing 5 

These activities are undertaken in a building (P05-ZP-01) which houses a drying unit for 
inorganic solid wastes. The unit is enclosed, and the presence of volatile organic 
materials will be negligible, however the warming of wastes may result in some odours. 
The building will therefore be maintained under negative pressure with activated carbon 
being used to clean the air removed as a precautionary measure.  

Waste Processing 6 

These activities are spread across three buildings each with an associated tank farm with 
mixing vessels present within the buildings and within the tank bunds. Tank storage is 
provided for liquid and solid (powder) wastes and reagents. Waste processing is limited 
to solid and liquids with limited inorganic solutions or solids with negligible volatile 
organic composition. Emission control is therefore to manage the potential presence of 
acidic inorganic gases, specifically hydrogen chloride and sulfur dioxides from vessels 
containing liquids and dusts from vessels holding powder wastes or reagents 

Buildings P06-ZP-11 and ZP-21 are concerned with dealing with aqueous and solid 
inorganic wastes which may be acidic or alkaline and require reagents such as calcium 
hydroxide or sulfuric acid. Wastes and reagents may be bulk powders or liquids or 
packaged solids and liquids. Wet scrubbing utilising sodium hydroxide as a reagent is 
provided for storage vessels, reaction and mixing vessels. 

The buildings are provided with an activated carbon filter to deal with what will be 
negligible emissions from the processing and storage activities in these buildings, but will 
allow the buildings to be kept under negative pressure. 

Building P06-ZP-31 is concerned with the processing of Air Pollution Control (APCr) 
derived wastes from Energy from Waste facilities, cement kilns and similar, by washing 
and filtering or conditioning. The potential for emissions to atmosphere is considered 
negligible as the mixing of APCrs with reagents is undertaken within enclosed equipment 
within a building. The building is provided with an activated carbon filter to deal with what 
will be negligible emissions from the processing and storage activities in the building but 
will allow the buildings to be kept under negative pressure. 

Within the associated tank farm, storage vessels or mixing vessels holding liquids, except 
for reagent inorganic acids, are not extracted as the potential for emissions to 
atmosphere are negligible – the wastes concerned being aqueous solutions of calcium 
hydroxide or sodium carbonate-based powders with negligible organic or other volatile 
components. Reagent acid storage tanks are extracted and scrubbed by a sodium 
hydroxide scrubber shared with the adjacent building (P06-ZP-21).  
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Tank storage for powders is equipped with self-cleaning fabric filters with captured dusts 
returned to the storage tank or removed. Fabric filters are identified within the BAT 
Reference Document as the best practicable technique for this application. 

The use of wet scrubbing techniques with appropriate reagents is highlighted in the BAT 
Reference Document as the best practicable and most efficient means of dealing with air 
emissions of inorganic acid gases. 

 

Control of inorganic and organic emissions 

Waste Processing 7  

Waste processing activity 7 is associated primarily with the treatment of landfill 
leachates to recover ammonia and return clean water to productive use in the 
environment. There are three distinct processing activities: 

• Membrane filtration, reverse osmosis and ultrafiltration with the potential for 
nanofiltration, all of which are undertaken in a building (PO7-ZP-01), the 
equipment is sealed with no open vessels;  

• Ammonia stripping and scrubbing and associated storage of the recovered 
aqueous ammonia solution; 

• Biological treatment of landfill leachate and similar biodegradable wastes with 
where practical, waste substituting for reagents. 

Leachate received at the facility will be from predominately closed landfills where 
stabilisation of the organic content has occurred. Leachate from open landfills may be 
received and will be partially or fully stabilised from closed cells and not operational 
areas. Stabilised leachate has a very low presence of volatile organic substances but 
does contain dissolved ammonia. The emission control rationale is therefore as follows: 

• Membrane filtration units are housed within a building kept under negative 
pressure using an activated carbon filtration system to deal with fugitive odours 
should they occur. The selection of activated carbon filtration as the means of 
emission control is highlighted in the BAT Reference Document as the most 
practicable technique for such emissions. Efficiency of removal is expected to 
exceed 90 % and is the most efficient technique available for this duty. 

• The ammonia stripping and scrubbing unit is sealed process except for a minimal 
air bleed and the storage tank for the recovered product. The air bleed may be a 
source of odour from the concentrate leachate being processed so is equipped 
with an activated carbon filter, the ammonia storage tank is equipped with a wet 
scrubber unit utilising a sulfuric acid solution to deal with displaced air. 

• The biological treatment activity consists of a number of tanks where aerobic and 
anoxic conditions are maintained to sustain a microorganism population by 
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aeration or not, as appropriate, and the provision of appropriate nutrients – 
principally within the waste being treated. All tanks are enclosed with venting to 
remove displaced air (from aerated tanks) or as overfill protection. Operation of 
similar plants, including BAT compliant facilities, indicates no further emission 
controls are required. 
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Leak Detection and Repair Plan 

Provisions to prevent accident releases of pollutants to the Environment are described in 
the BAT document. This document summarises those activities. 

Ensuring adequate monitoring and maintenance of equipment forms part of the 
Integrated Management System and associated procedures to be employed on the site. 
The application and suitability of these systems are audited both internal and by external 
auditors to maintain the British Standard certifications issued to the facility.  

To mitigate against the risks of leakage of reagents and wastes the Knottingley Waste to 
Recovery facility provides:  

• That operational areas are on impermeable surfaces with kerbing or bunding as 
appropriate to protect non operational areas. Daily site walkovers will take place 
to monitor the condition of the impermeable floors, kerbing and bunding to 
visually identify any wear or damage that may lead to loss of containment and 
identify any need for remedial action. The need for such action is logged, 
appropriate immediate action undertaken (e.g. additional temporary containment 
measures or cessation of activities in an area) and a defect report raised to 
instigate a suitable repair or modification to ensure the area concerned remains 
fit for purpose. 

• That tanks, process equipment and vessels, ducting and pipework, other than 
associated with site drainage system and spill collection sumps, are above ground 
and within the impermeable area. Additional containment is provided within the 
main process areas with internal bunding of the buildings, including those storing 
reagents or wastes, tanks either individually bunded or grouped within a specific 
bunded area. Daily site walkovers will inspect tanks, process vessels, and 
pipework for signs of damage or leak, or unusual odours or other signs of leakage, 
and identify any need for remedial action. The need for such action is logged, 
appropriate immediate action undertaken (e.g. temporary repairs or cessation of 
use) and a defect report raised to instigate a suitable repair, modification, or 
replacement to ensure the equipment concerned remains fit for purpose. An 
Engineering Protocol will be developed and employed to ensure the routine 
maintenance inspection of tanks, process equipment and vessels and pipework 
in line with good practice. Engineering works identified, or undertaken as routine 
servicing and inspection, will be undertaken by suitably qualified staff or 
contractors.  

• That the use of underground sumps will be avoided and limited to blind sumps for 
the collection of rainwater or spillages in impermeable areas or interceptors for 
the cleaning of (potentially) contaminated surface waters. Such sumps will be 
observed as fit for purpose and subject to an annual integrity test. 



• That the site drainage system is such that all waters not within a tank or building 
bunds, are collected at a central point prior to being pumped to surface water or 
sewer as appropriate. Monitoring of this water provides an additional indication 
that a leak may have occurred and will prompt an investigation and appropriate 
action to remedy any relevant issue. 

• That in addition to routine monitoring staff are trained in ‘near miss and incident 
reporting’ which allows for reporting of issues outside of formal daily or other 
routine inspections. An electronic incident management system is used to record 
these reports and instigate action by the relevant individuals– ‘see it, say it, sorted’ 
approach. Near miss and incident reports, with associated actions are collated 
and reviewed monthly to identify any negative trends or learning lessons.  

• That the practices and procedures highlighted form part of the Integrated 
Management System which is subject to internal and external independent audit 
on an annual basis which may identify correct actions or opportunities for 
improvement.  
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