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2 Introduction 

2.1 Task of master thesis 

The master thesis has the following tasks: 

• For that, a partly completed laser system has to be completed and measurements with the TDLAS 

have to be undertaken. The Laser diode, the current and temperature controller are ready. The 

remaining parts have to be identified and procured. 

• Every detail of the mechanism and the theoretic part of the measurement have to be described. 

• The measurements for four of the flue gases have to be undertaken and documented. 
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3 Basics1 

3.1 Introduction  

Tunable diode laser absorption spectroscopy (TDLAS) is a technique for measuring the 

concentration of certain species such as methane, water vapor and many more, in a gaseous 

mixture using tunable diode lasers and laser absorption spectrometry. The advantage of TDLAS 

over other techniques for concentration measurement is its ability to achieve very low detection 

limits (of the order of ppb). Apart from concentration, it is also possible to determine the 

temperature, pressure, velocity and mass flux of the gas under observation.[1][2] TDLAS is by far 

the most common laser based absorption technique for quantitative assessments of species in gas 

phase. 

A number of spectroscopic techniques have been developed for trace gas measurements. The 

traditional technique has been non-dispersive infrared (NDIR) where the transmission has been 

measured at two wavelength regions, one at absorbing and the other at non-absorbing 

wavelengths. This technique is suited for gases with broad absorption bands. In recent years new 

techniques has emerged such as Fourier transform infrared (FTIR), differential optical absorption 

spectroscopy (DOAS), laser-induced fluorescence (LIF) and tuneable diode laser absorption 

spectroscopy (TDLAS). 

An overview of these techniques is given in [2]. There are several optical instruments commercially 

available for continuous emission monitoring based on these techniques. Some are extractive, 

where the gas has to be preconditioned before measurement in an internal cell, and others are 

insitu systems. These are broad-band spectroscopic instruments working in the infrared or 

ultraviolet. The middle infrared (MIR, 3–15 μm is a very rich spectral region where most of the 

interesting trace gases absorb on their fundamental rotational=vibrational modes. The absorption 

is so strong, particularly from H2O and CO2 molecules, that a very high spectral resolution is 

required to avoid interference between species. Tuneable diode lasers (TDL) have line widths of 

only a few MHz or less and are therefore well suited for highresolution spectroscopy. Lead-salt-

based lasers are available in the middle infrared but both the TDLs and the detectors require 

cooling to around liquid nitrogen temperatures. In the near infrared (NIR, 0:8–3 mm we have the 

first and second overtones of the rotational=vibrationalmodes of the trace gases, and there are 

commercial III-V semiconductor lasers available up to approximately 2 mm that operate at room 

temperature. The absorption typically drops by an order of magnitude for every higher overtone, 

however, and a higher absorption sensitivity is required to obtain sufficiently low detection limits 

for many of the important gases. [1] 

 

1 Mostly from [Abdel-Karim, Aisha 2020] 
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3.1.1 Working 

Basic TDLAS setup consists of tunable diode laser light source, transmitting (i.e. beam shaping) 

optics, optically accessible absorbing medium, receiving optics and detector/s. The emission 

wavelength of the tunable diode laser, viz. VCSEL, DFB, etc., is tuned over the characteristic 

absorption lines of a species in the gas in the path of the laser beam. This causes a reduction of the 

measured signal intensity, which can be detected by a photodiode, and then used to determine the 

gas concentration and other properties as described later.[3] 

Different diode lasers are used based on the application and the range over which tuning is to be 

performed. Typical examples are InGaAsP/InP (tunable over 900 nm to 1.6 μm), InGaAsP/InAsP 

(tunable over 1.6 μm to 2.2 μm), etc. These lasers can be tuned by either adjusting their 

temperature or by changing injection current density into the gain medium. While temperature 

changes allow tuning over 100 cm−1, it is limited by slow tuning rates (a few hertz), due to the 

thermal inertia of the system. On the other hand, adjusting the injection current can provide tuning 

at rates as high as ~10 GHz, but it is restricted to a smaller range (about 1 to 2 cm−1) over which the 

tuning can be performed. The typical laser linewidth is of the order of 10−3 cm−1 or smaller. 

Additional tuning, and linewidth narrowing, methods include the use of extracavity dispersive 

optics.[4] 

3.1.2 Basic principle2 

Concentration measurement 

The basic principle behind the TDLAS technique is simple. The focus here is on a single absorption 

line in the absorption spectrum of a particular species of interest. To start with the wavelength of a 

diode laser is tuned over a particular absorption line of interest and the intensity of the transmitted 

radiation is measured. The transmitted intensity can be related to the concentration of the species 

present by the Beer-Lambert law, which states that when a radiation of wavenumber (ῦ) passes 

through an absorbing medium, the intensity variation along the path of the beam is given by,[5]  

 

Where,  

I(ῦ) is the transmitted intensity of the radiation after it has traversed a distance L through 

the medium, 

I0 (ῦ) is the initial intensity of the radiation, 

α(ῦ) = σ(ῦ)N= S(T)ϕ(ῦ- ῦ0)  is the absorbance of the medium, 

σ(ῦ) is the absorption cross-section of the absorbing species, 

 

2 https://en.wikipedia.org/wiki/Tunable_diode_laser_absorption_spectroscopy  

 

https://en.wikipedia.org/wiki/Tunable_diode_laser_absorption_spectroscopy


Abstract 

 

31 

N is the number density of the absorbing species, 

S(T) is the line strength (i.e. the total absorption per molecule) of the absorbing species at 

temperature T, 

Φ(ῦ- ῦ0) is the lineshape function for the particular absorption line. Sometimes also 

represented by g(ῦ- ῦ0) , 

ῦ0  is the center frequency of the spectrum. 

https://en.wikipedia.org/wiki/Number_density
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3.2 Product LAS 300 XD3 

 

 

3 http://www.environnement-sa.com/products-page/en/las-300-xd-cross-duct-tdlas-laser-

absorption-gas-analyzer/ 

 

http://www.environnement-sa.com/products-page/en/las-300-xd-cross-duct-tdlas-laser-absorption-gas-analyzer/
http://www.environnement-sa.com/products-page/en/las-300-xd-cross-duct-tdlas-laser-absorption-gas-analyzer/
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3.2.1 Exclusive features  

The Tunable Diode Laser Spectroscopy (TDLS) is the perfect technology to use when you are 

looking for a selective measurement and a fast response time on some gas components as NH3, 

HCL, HF, low or high CO, or even O2 when conditions are too rough for standard O2 Zirconia In-

Situ analysers. It uses a solid-state laser source with a wavelength that can be adjusted to the gas 

component unique spectrum, also called gas component “fingerprint”. TDLS method is a non-

contact optical technology and therefore the emitter (laser source) as the sensor stays protected 

from any contamination or corrosion and so the maintenance operation and the cost of operation 

are very low compared to other technologies. 

The LAS 300 XD uses a semiconductor laser light source that is rapidly tuned over the absorption 

peak of the gas being measured. 

The LAS 300 XD uses fast, advanced signal processing electronics and Direct Absorption 

Spectroscopy (DAS). This combination leads to very low noise DAS measurements that are 

comparable or often better than those made using wavelength modulation spectroscopy (WMS). 

Main advantages of LAS 300 XD technology: 

Sensitive. With a large dynamic range 

Accurate. The laser absorption relates directly to the quantity of gas being measured at a molecular 

level. This leads to extremely accurate measurements using fundamental and proven signal-

processing algorithms in both single gas and multi-gas applications. 

Linear. No complex calibration curves required. Unaffected by changes in background species. 

Fast. Rapid laser tuning ensures an accurate measurement even with fast changing process 

conditions. 

3.2.2 Specifications  

LAS 300 XD gas analyzers are very easy to install. The two main parts are arranged on opposite 

sides of the duct. The Transmitter is on one side and the Receiver is on the opposite side. 

The Transmitter contains the laser along with the signal processing and communication 

electronics. The Receiver contains a photodetector and is connected to the Transmitter unit by a 

cable. 
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Alignment of the two units is simple thanks to the alignment bellows supplied with the LAS 300 

XD. For additional help with alignment, an alignment tool is available. 

The LAS 300 XD includes a window purge system as standard. Options are available to help with 

the installation and arrangement of the purging system. For example: a complete purge system 

that includes blower/filter and regulator, when there is no instrument air available at the 

installation point. 

Measurement ranges: 

NH3 + H2O: 0 – 15 ppm / 0 – 500 ppm + 0 – 5% / 0 – 50% 

HCl + H2O: 0 – 10 ppm / 0 – 3000 ppm + 0 – 5% / 0 – 50% 

HF: 0 – 100 ppm 

CO (low): 0 – 500 ppm 

CO (high): 0 – 100% 

O2: 0 – 10% / 0 – 100% 

3.3 Sensor design  

The developed sensor follows the classical in situ TDLAS design and consists of transmitter and 

receiver units. The transmitter unit contains a diode laser, collimating optics, a microprocessor 

board, and all input–output electronics. The transmitter unit also has a built in cell for H2 

validation. The receiver unit incorporates a photodetector, focusing optics, and signal detection 

electronics (amplifier, mixer, etc.). The sensor is based on the wavelength modulation spectroscopy 

(WMS) technique, which is well described in the literature [18–20]. This technique has been proven 

to be very useful in trace gas sensing due to its ability to perform very sensitive interference-free 

measurements directly in the process or across stacks without sample extraction and 

preconditioning. Since WMS provides nominally baseline-free absorption signals, it is especially 

suited for measuring weak absorbance. Recently published comparisons of WMS and direct 

absorption spectroscopy (DAS) techniques revealed that WMS is approximately one order of 

magnitude more sensitive [21–23]. Figure 1a shows a photograph of the LaserGas II sensor 

mounted on the demo pipe using DN50 flanges, and Figure 1b depicts a schematic diagram and 

the basic principle of the sensor operation. 
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Figure 1. (a) Tunable diode laser absorption spectroscopy (TDLAS) H2 sensor mounted on a demo 

pipe. Transmitter unit is on the left and receiver unit on the right. Gas inlet and outlet of the built-

in validation gas cell are indicated. (b) Schematic overview of the principles of sensor operation. A 

sinusoidally modulated current ramp is applied to the laser, which is swept in frequency across 

the transition of interest. After interacting with the sample, the absorption information is encoded 

in the transmitted intensity, which is measured using a photodetector. The photodetector signal is 

amplified, filtered, mixed, and digitized. Finally, digital signal processing is used to retrieve the 

concentration (and possibly other relevant parameters). 

3.4 Diode lasers for spectroscopic applications [1]4 

The development of semiconductor diode lasers in the near infrared has been spurred by the 

development of CD players (0:78 μm) and fibre optic communication (1:3 μm, 1:55 μm). As 

technology has improved, lasers have been developed for new applications such as pumping of 

solid-state (0:808 μm) and fibre (0:98 μm) lasers. In addition to wavelength, other important laser 

parameters are mode stability, in order to obtain single-frequency operation, current tuneability, 

 

4 https://link.springer.com/article/10.1007%2Fs003400050509 

https://link.springer.com/article/10.1007%2Fs003400050509
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and frequency drift. The Fabry–PKerot (FP) type lasers are unreliable with respect to mode 

jumping, therefore other types of lasers such as distributed feedback (DFB), distributed Bragg 

reflector (DBR) and vertical cavity surface emitting lasers (VCSEL) have been developed. Low 

current tuneability has to be compensated by higher current modulation which generally increase 

the RAM noise. It is beyond the scope of this paper to describe lasers in detail and we refer the 

reader to the literature (e.g. [14, 15]).  

 

Long-term frequency stability is one of the most important parameters for diode lasers used in 

industrial gas monitors. Most lasers have some frequency drift and Fig. 6 shows some long-term 

measurements for three lasers at 760 nm. We have observed a large spread in drift, both for lasers 

of the same kind, and for different types of lasers, but it is generally smaller in lasers at longer 

wavelengths. The drift is usually smaller after several months of operation, but a drift as shown in 

Fig. 6 may cause instrument failure during such a period. The drift can be overcome by adjusting 

the laser temperature such that the absorption line is always in the centre of the frequency scan. 

However, some applications normally have zero concentration and therefore no line to track (e.g. 

measurement of O2 for explosion safety). In such cases one can introduce a gas cell temporarily or 

permanently in the measurement path, or in a split-off beam with a separate detector. However, 

such solutions will increase the optical noise and=or mechanical=electronical complexity. The 

monitors described in this paper use lasers which have been selected for low drift, but the testing 

is a costly and time consuming process. It is difficult to specify a maximum acceptable drift since 

this is coupled to the actual mechanical=optical solution. A large, persistent frequency drift is often 

accompanied by drift in other parameters such as output power and to some extent current 

tuneability. Such effects may result in drift in the measured gas concentration and short life time of 

the laser. 

Most of the diode lasers mentioned above are used in high-volume products. Diode lasers for gas 

monitors are expected to be required in low volumes only [16], and until recently only gases with 

strong absorption lines near the above-mentionedwavelengths have been possible to measure. 
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However, the advances in the manufacturing of diode lasers in recent years have made it possible 

to make lasers at other wavelengths, and several of the lasers used in the monitors described in 

this paper have been specially designed for the purpose of gas monitoring.  

 

 

Table 1 lists some of the types of lasers and wavelengths we have used for some gases, and the 

corresponding detection limits obtained. Note that the detection limit for O2 comes not from 

electronic or optical noise, but from uncertainty due to air in the receiver and transmitter. More 

extensive lists of suggested wavelengths for several gases can be found in [4, 17]. 

Standard wavelengths for hydrogen chloride detection HCl 

nanoplus offers various wavelengths to target the vibrational-rotational bands of hydrogen 

chloride. Literature recommends the following wavelengths for hydrogen chloride detection: 

• 1742 nm 

• 3395 nm 

Standard wavelengths for sulfur dioxide detection  (SO2) 

nanoplus offers various wavelengths to target the vibrational-rotational bands of sulfur dioxide. 

Literature recommends the following wavelengths for sulfur dioxide detection: 

• 2460 nm 

• 4020 nm 

https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_1650-1850nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2900-4000nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2200-2600nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2900-4000nm.pdf
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Standard wavelengths for carbon monoxide detection (CO) 

nanoplus offers various wavelengths to target the vibrational-rotational bands of carbon 

monoxide. Literature recommends the following wavelengths for carbon monoxide detection: 

• 1568 nm 

• 2330 nm 

• 4610 nm 

Standard wavelengths for nitrogen oxide detection (NOx) 

nanoplus offers various wavelengths to target the vibrational-rotational bands of nitrogen oxides. 

Literature recommends the following wavelengths for nitrogen oxides detection: 

• 1814 nm 

• 2270 nm 

• 2670 nm 

• 2860 nm 

• 3420 nm 

• 4470 nm 

• 5255 nm 

 

3.5 Industrial applications of TDLAS5 

Due to the short response time, industrial TDLAS monitors are ideal as process control tools in 

processes requiring a fast response, and they are also well suited for continuous emission 

monitoring of gases such as HCl and HF where the maximum permissible emission levels are in 

the low ppm range. Some typical examples are presented below, followed by measurements from 

real installations. 

3.5.1 Process control 

O2 measurement. The use of TDLAS offers for the first time a reliable and accurate method for 

measurement of oxygen by using spectroscopic techniques.While the O2 monitor can be used in 

most of the traditional applications for O2 measurements in combustion processes, the most 

challenging applications are found in process control and safety systems in chemical and 

petrochemical plants (i.e. flare gas explosion control), as well as safety systems in hazardous waste 

and solvents destruction plants. 

 

 

 

https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_1450-1650nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2200-2600nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2900-4000nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_1650-1850nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2200-2600nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2600-2900nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2600-2900nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2900-4000nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2900-4000nm.pdf
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The gas temperature is typically in the range 150 to 300 °C and the pressure can vary from a few 

millibar to 3–5 bar. For these processes the gas matrix mainly consists of hydrocarbons (25%−80%) 

with the rest being H2O, CO and CO2 plus a low concentration of O2 (typically from 1% to 2%). 

Another process control application which has now become feasible is the use of the O2 monitor to 

improve combustion control in high-temperature furnaces, such as steel and cement ovens. 

Performing high-temperature CO measurements at the same location will improve the combustion 

control even further. The temperature is typically 900–1200 °C and the gas matrix will in this case 

consist of O2, CO, CO2, N2, NO and H2O. 

NH3 measuerement. At the moment there are no environmental emission standards for ammonia 

emissions from industrial processes. Ammonia is, however, widely used in power plants and 

incinerators to reduce NOx emissions. Two frequently used techniques are selective catalytic 

reduction (SCR) and selective non-catalytic reduction (SNCR) in which NH3 is added to the flue 

gas. For such installations, monitoring NH3 is valuable for optimising the consumption of the gas, 

as well as reducing corrosion and environmental impact from excessive use. The NH3 slippage 

level should preferably be well below 5 ppm and should be measured as close as possible to the 

injection point. Typical conditions at this stage in the process are gas temperatures of 250–350 μC, 

dust levels of 10–20 g=m3 and a gas mix of 10%–20% CO2 , 10%–30% H2O, 3%–5% O2, with the 

rest being N2 and ppm levels of SOx , NOx and NH3. 

CO measurement. Accurate and fast measurements of CO as close as possible to the process may 

be used for effective combustion control in high-temperature processes used in steel and cement 

ovens. The use of TDLAS offers for the first time a reliable and accurate method for this type of 

process control, by measuring the CO level at temperatures above 1000 °C. 

H2S measurement. H2S is a hazardous gas normally present in refineries and other petrochemical 

plants, which have facilities for reduction=destruction of it. The gas mix typically includes H2, O2, 

N2, CH4, CO2 and H2O, and monitoring H2S on a continuous basis is an efficient tool for process 

optimisation. 

3.5.2 Emission monitoring 

The most important emission gases believed to have an impact on the environment are related to 

combustion processes. In an industrial context, emissions usually come from boilers (power 

plants), chemical industry, waste incinerators and furnaces such as aluminium smelters and steel 

and glass furnaces. Other significant sources of emission are cars, buses and other motor vehicles. 

Continuous monitoring of gas emissions from industrial processes has traditionally been limited to 

measurement of carbon monoxide (CO) nitrogen oxides (NO and NO2) and sulphur dioxide (SO2), 

and the techniques for continuous measurements are well established. Limitations in 

performance=detection levels of the equipment available for continuous measurements of gases 

such as HF, HCl and NH3 has in practice prevented continuous monitoring for reporting of 

emissions. Standard practice has been sampling tests mentioned several spectroscopic methods 

which can be used for a large number of gases. However, for the gases that are particularly 
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difficult to measure, TDLAS offers a new and unique method. Some examples are presented 

below. 

HCl measurement. HCl is an emission depending mostly on the content of chlorine in the fuel. 

Experience from domestic waste incinerators [18] has shown that approximately 90% of the Cl in 

the fuel will end up as HCl in the flue gas. The maximum permissible emission level of HCl from 

industrial and domestic waste incinerators in Europe is now specified to not exceed 10 mg/m3 

(daily mean values). Only a few types of instrumentation can meet this requirement, the TDLAS 

being one of these, with a detection limit of approximately 0:1 ppm-m for the monitors described 

in this paper. 

HF measurement. HF emissions come primarily from aluminium plants, glass works, tile 

manufacturers, incinerators and alkylation plants. For incinerators, typically 10% of the fluorine in 

the fuel will end up as HF in the flue gas [18]. The maximum permissible level is typically 1 to 10 

mg/m3, depending on the process and application. Until recently HF has been a gas which has 

been considered impossible to measure on a continuous basis at these low levels due to the lack of 

suitable instrumentation. The use of TDLAS has now changed this as HF proves to be one of the 

most suitable gases for the TDLAS technique with a detection limit of 30 ppb for a 1-m optical path 

length. 

3.5.3 Measurement of O2, CO and HCl from a waste incinerator 

In Fig. 7 we show some simultaneous time-series measurements from the stack of a 27-MW 

circulating fluidized bed (CFB) combined boiler and incinerator at a paper mill. The boiler 

produces a maximum of 40 tons of steam per hour at 210 °C and 20 bar. The steam is used in the 

paper mill production and may vary rapidly from 20% to 100% capacity. The boiler is designed to 

burn municipal waste, plastic, wood, paper, waste oil and coal. These fuels have greatly different 

calorific values and this puts high demands on both the process control and the abatement system. 
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After the combustion in the CFB reactor the flue gas passes through two cyclones and the boiler 

before it is cleaned in a multi-cyclone and an electro-scrubber. The flue gas is then let out through 

a 40-m-high stack, where the gas monitors are located.  

O2 and CO concentrations in the flue gas are the most importan gases for monitoring combustion 

efficiency. Complete oxidation can in practice be obtained only with an excessive amount of air 

Too much air, however, can cool down the combustion and increase the amount of CO in the flue 

gas. There exists an optimal amount of air. Figure 7a,b shows the O2 and CO concentrations for 

varying efficiency of the combustion. When the O2 concentration drops below approximately 5:5 

vol:% the CO concentration peaks sharply to values as high as 4000 mg/Nm3, and when the O2 

concentration is approximately 6 vol:% to 7 vol:% the CO concentration is close to 50 mg/Nm3. The 

fluctuations in CO concentrations are extremely fast and large. In Fig. 7 the concentrations have 

been averaged over 1min and we see changes from 50 to 2300 mg/Nm3 from one sample to the 

next. The fastest response of the CO monitor is 15 s, and we have seen cases where the 

concentration has changed from 100 to 9000 to 100 mg/Nm3 in three successive samples at this 

sampling rate. It is difficult to understand how conditions can change this fast in such a large 

furnace, but considering a gas flow of up to 20 m3/s, we realise that all the gas in the furnace has 
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been replaced in less than 15 s. Such fast response measurements can therefore give valuable 

information that may be used in the process control of the furnace. 

HCl was also measured in the flue gas from this waste incinerator. The concentration of HCl 

depends mostly on the content of chlorine in the fuel and is not expected to show much correlation 

with process-control-related parameters. This is consistent with the measurements shown in Fig. 7 

where there is no correlation between the concentration of HCl and the other two gases. The 

content of chlorine in municipal waste can vary greatly, which is also seen in this figure. At the 

time of measurement the incinerator had no abatement system for removing HCl. 

HF was also measured in the stack of the waste incinerator. In the analysed period the 

concentrations were generally very low and rarely above the detection limit, which was 

approximately 0:05 mg/Nm3. 
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3.6 Gas Properties 

3.6.1 CO 
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3.6.2 NO 

3.6.3 SO2 

3.6.4 HCl 

3.7 Gas analysis spectroscopy 

3.8 Shematic  

 

The mechanical layout of a monitor installed on a stack is shown in Fig. 2. The laser and detector 

are located in the transmitter and receiver units, respectively. Both units are mounted on the stack 

by using standard flanges purged with dry air to keep the optical windows clean. The detected 

signal is transmitted through a cable to the electronics unit, which contains signal-processing 

electronics. The measured concen- tration is displayed on an LCD display, and for data recording 

and logging it is sent through an RS232 digital output and a standard 4–20 mA analogue output. 
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6 

3.9 Experimental setup7 

3.9.1 Care of diode laser  

Diode lasers are extremely sensitive to static electricity and surges in voltage. There are several 

concerns that must be kept in mind when dealing with diode lasers: 

1. Never handle the diode laser with a tool (including fingers) that are not grounded. Static electricity 

may cause the diode laser to fail. 

2. Take care never to drive the diode laser at voltages and currents beyond its capacity. The diode 

laser controller should be configured to restrict voltage, current, and case temperature. 

3. Be sure to connect all equipment to a common ground to protect against ground loops. 

4. Always configure the diode laser mounts to keep the diode voltage floating. Grounding the diode 

laser to earth ground will increase susceptibility to line power fluctuations and surges. 

3.9.2 Alignment of Optics 

There is no substitute for practice in learning to align optics. However, a few suggestions might be 

helpful.  

When aligning an optical setup for the first time, or if the optics have become badly out of 

alignment, place a visible He-Ne laser in place of the detector. Align the optics so that the visible 

laser shines directly on the head of the IR laser. Then, turn the IR laser on and adjust the IR laser so 

that the beam follows the same path as the visible laser. 

In my experience, it is best to always work the laser to the detector when aligning optics. For the 

TDLAS setup, 

1. Align the aspheric lens to achieve a well – collimated and symmetric beam. 

2. Align the nearest mirror to direct the beam across the flame. 

3. Adjust the mirror on the opposite side of the flame to direct the beam back across the flame. 

 

6 https://aip.scitation.org/doi/abs/10.1063/1.5113968?journalCode=rsi 

7 https://vtechworks.lib.vt.edu/bitstream/handle/10919/36293/MS_F_TDLASmanual.pdf?sequence=14 

https://aip.scitation.org/doi/abs/10.1063/1.5113968?journalCode=rsi
https://vtechworks.lib.vt.edu/bitstream/handle/10919/36293/MS_F_TDLASmanual.pdf?sequence=14
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4. Adjust the far mirror to direct the beam onto the detector. 

5. Once the lasers are aligned on the correct path, small adjustments can be made to maximize the 

detector output. 

6. The detector gain can then be adjusted to the desired output voltage. 

The detector signal may begin to oscillate due to etalon effects (reflections) in the optical path. If 

this occurs, make small adjustments to the optical path until the oscillations are no longer 

observed. 

3.10 Measurement procedure  

3.10.1 Theoretical Lineshapes.  

Theoretical lineshapes are calculated to identify attractive transitions and to determine physical 

parameters. The HITRAN database contains spectroscopic parameters for many important 

molecules. The HITEMP database includes parameters for high-temperature transitions. Many of 

the parameters are theoretical, although some have been experimentally verified. Using these 

parameters, theoretical lineshapes can be computed to compare with measured lineshapes. Also, 

the theoretical properties are used to calculate the temperature dependence of transitions (see 

Section 3.1.1). The Matlab program “spectra.m” calculates theoretical lineshapes based on the 

parameters in HITRAN and HITEMP. 

3.10.2 Lineshape Data.  

When a high-bandwidth measurement is not required, the wavelength of the laser is scanned over 

the entire absorption feature. The temperature and injection current is set through the laser 

controller to maintain the laser at the linecenter. A function generator is used to send a sawtooth 

waveform to the external modulation connection on the laser controller. Observing the lineshape 

on an oscilloscope, the case temperature and mean current can be adjusted to position the 

linecenter of the transition at the center of the waveform. The amplitude of the sawtooth wave 

should be adjusted so that at least 30% of the waveform is outside of the transition. For the setup at 

the VACCG, analog output channel 0 was connected to the modulation input on the diode laser 

controller. The Labview program “fungen.vi” was used to create a 50 Hz sawtooth waveform with 

amplitude of 0.2 Volts. Diode lasers can be modulated at up to 10 kHz. However, your data 

acquisition system must be able to record at atleast three times the modulation frequency. The 

Labview program “diagnostic_main.vi” was used to record the lineshape data. The data was 

processed by the Matlab program “v_scan.m”. This program fit baselines to the data to solve for 

the reference intensity (see Appendix B2) and plotted the resulting lineshape. The program also 

calculates the peak absorbance which is used in the temperature calculation. 

By fitting theoretical lineshapes, using the data from the HITRAN database, to the measured 

lineshapes, species concentration, pressure, and broadening coefficients can be determined. The 

program “tst_voigtfit.m” was used to fit theoretical lineshapes to measured lineshapes. 
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3.10.3 Beam splitter (To do.√..) 

Beamsplitters are optical components used to split incident light at a designated ratio into two 
separate beams. Additionally, beamsplitters can be used in reverse to combine two different 
beams into a single one. Beamsplitters are often classified according to their construction: 
cube or plate (Table 1). 

 

 

 

 

 

 

 

 

Table 1: Comparison of Cube and Plate Beamsplitters 

Cube Beamsplitters Plate Beamsplitters 
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Table 1: Comparison of Cube and Plate Beamsplitters 

Cube Beamsplitters Plate Beamsplitters 

 

Figure 1: Cube Beamsplitter 

 

Figure 2: Plate Beamsplitter 

Cube beamsplitters are constructed using two 
typically right angle prisms (Figure 1). The 
hypotenuse surface of one prism is coated, and 
the two prisms are cemented together so that 
they form a cubic shape. To avoid damaging the 
cement, it is recommended that the light be 
transmitted into the coated prism, which often 
features a reference mark on the ground surface. 

Plate beamsplitters consist of a thin, flat glass plate 
that has been coated on the first surface of the 
substrate (Figure 2). Most plate beamsplitters 
feature an anti-reflection coating on the second 
surface to remove unwanted Fresnel reflections. 
Plate beamsplitters are often designed for a 45° 
AOI. For substrates with a 1.5 index of refraction 
and a 45° AOI, beam shift distance (d) can be 
approximated using the equation in Figure 2. 

Table 2: Beamsplitter Construction 

  Advantages Disadvantages 

Cube 

Beamsplitters 

• Easy Integration with 0° AOI 
• No Beam Shift 
• Equal Reflected and Transmitted 

Optical Path Lengths 
• Shorten the Optical Path of a 

System 

• Heavy, Solid Glass Construction 
• Difficult, and more Expensive to 

Make in Large Sizes 

Plate 

Beamsplitters 

• Lightweight 
• Relatively Inexpensive 
• Easy to Manufacture in Larger 

Sizes 

• Reflected and Transmitted Optical 
Paths are Different Lengths 

• Beam Shift of Transmitted Light 
(see Figure 2) 

• The 45° AOI may Require 
Additional Alignment Time 

https://www.edmundoptics.de/optics/beamsplitters/cube-beamsplitters/
https://www.edmundoptics.de/optics/beamsplitters/plate-beamsplitters/
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3.11 Types of Beamsplitters 

Standard Beamsplitters are commonly used with unpolarized light sources, such as natural or 
polychromatic, in applications where polarization state is not important. They are designed to 
split unpolarized light at a specific Reflection/Transmission (R/T) ratio with unspecified 
polarization tendencies. 

Polarizing beamsplitters are designed to split light into reflected S-polarized and transmitted P-
polarized beams. They can be used to split unpolarized light at a 50/50 ratio, or for polarization 
separation applications such as optical isolation (Figure 3). 

 

Figure 3: Polarizing Beamsplitter 

Non-polarizing beamsplitters split light into a specific R/T ratio while maintaining the incident 
light’s original polarization state. For example, in the case of a 50/50 non-polarizing 
beamsplitter, the transmitted P and S polarization states and the reflected P and S polarization 

https://www.edmundoptics.de/optics/beamsplitters/polarizing-beamsplitters/
https://www.edmundoptics.de/optics/beamsplitters/non-polarizing-beamsplitters/
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states are split at the design ratio. These beamsplitters are ideal for maintaining polarization in 
applications utilizing polarized light (Figure 4). 

 

Figure 4: Non-Polarizing Beamsplitter 

Dichroic Beamsplitters split light by wavelength. Options range from laser beam combiners 
designed for specific laser wavelengths to broadband hot and cold mirrors for splitting visible 
and infrared light. This type of beamsplitter is commonly used in fluorescence applications. 

3.11.1  Focusing lens (To do.√..) 
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Our standard TECHSPEC® plano-convex lenses are also with a V-AR coating rating. These 

lenses are ideal for applications where HeNe, diode or Nd: YAG lasers are used with high 

power and have been developed to be used for central transmission. The lenses demand 

above all in the use of the individual optical components, which ensure very good 

transmission, since max. 0.25% of the design wavelength is reflected.

 

 

3.12 Detector  (To do.√..) 

3.12.1 PHOTODIODE 

3.12.1.1 Definition: 

 A special type of PN junction device that generates current when exposed to light is known as 

Photodiode. It is also known as photodetector or photosensor. It operates in reverse biased mode 

and converts light energy into electrical energy. 

The figure below shows the symbolic representation of a photodiode: 

 

3.12.1.2 PRINCIPLE OF PHOTODIODE 

It works on the principle of Photoelectric effect. 

The operating principle of the photodiode is such that when the junction of this two-terminal 

semiconductor device is illuminated then the electric current starts flowing through it. Only 

minority current flows through the device when the certain reverse potential is applied to it. 

3.12.1.3 CONSTRUCTION OF PHOTODIODE 

The figure below shows the constructional detail of a photodiode: 

https://circuitglobe.com/wp-content/uploads/2018/11/symbol-of-photodiode.jpg
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The PN junction of the device placed inside a glass material. This is done to order to allow the light 

energy to pass through it. As only the junction is exposed to radiation, thus, the other portion of the 

glass material is painted black or is metallised. 

The overall unit is of very small dimension nearly about 2.5 mm. 

It is noteworthy that the current flowing through the device is in micro-ampere and is measured 

through an ammeter. 

3.12.1.4 OPERATIONAL MODES OF PHOTODIODE 

Photodiode basically operates in two modes: 

• Photovoltaic mode: It is also known as zero-bias mode because no external reverse potential is 

provided to the device. However, the flow of minority carrier will take place when the device is 

exposed to light. 

• Photoconductive mode: When a certain reverse potential is applied to the device then it behaves 

as a photoconductive device. Here, an increase in depletion width is seen with the corresponding 

change in reverse voltage. 

Let us now understand the detailed circuit arrangement and working of the photodiode. 

3.12.1.5 WORKING OF PHOTODIODE 

In the photodiode, a very small reverse current flows through the device that is termed as dark 

current. It is called so because this current is totally the result of the flow of minority carriers and is 

thus flows when the device is not exposed to radiation. 

file:///D:/uni/m2/thesis/INT/meine%20Bib/What%20is%20a%20Photodiode_%20Defintion,%20Principle,%20construction,%20Working,%20Characteristics,%20Advantages,%20Disadvantages%20and%20Applications%20of%20Photodiode%20-%20Circuit%20Globe_files/contructional-detail-of-photodiode.jpg
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The electrons present in the p side and holes present in n side are the minority carriers. When a 

certain reverse-biased voltage is applied then minority carrier, holes from n-side experiences 

repulsive force from the positive potential of the battery. 

Similarly, the electrons present in the p side experience repulsion from the negative potential of the 

battery. Due to this movement electron and hole recombine at the junction resultantly generating 

depletion region at the junction. 

Due to this movement, a very small reverse current flows through the device known as dark current. 

The combination of electron and hole at the junction generates neutral atom at the depletion. Due to 

which any further flow of current is restricted. 

Now, the junction of the device is illuminated with light. As the light falls on the surface of the 

junction, then the temperature of the junction gets increased. This causes the electron and hole to 

get separated from each other. 

At the two gets separated then electrons from n side gets attracted towards the positive potential of 

the battery. Similarly, holes present in the p side get attracted to the negative potential of the 

battery. 

This movement then generates high reverse current through the device. 

With the rise in the light intensity, more charge carriers are generated and flow through the device. 

Thereby, producing a large electric current through the device. 

This current is then used to drive other circuits of the system. 

So, we can say the intensity of light energy is directly proportional to the current through the 

device. 

file:///D:/uni/m2/thesis/INT/meine%20Bib/What%20is%20a%20Photodiode_%20Defintion,%20Principle,%20construction,%20Working,%20Characteristics,%20Advantages,%20Disadvantages%20and%20Applications%20of%20Photodiode%20-%20Circuit%20Globe_files/strucure-of-photodiode-111.jpg
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Only positive biased potential can put the device in no current condition in case of the photodiode. 

3.12.1.6 CHARACTERISTICS OF PHOTODIODE 

The figure below shows the VI characteristic curve of a photodiode:

 

Here, the vertical line represents the reverse current flowing through the device and the horizontal 

line represents the reverse-biased potential. 

The first curve represents the dark current that generates due to minority carriers in the absence of 

light. 

As we can see in the above figure that all the curve shows almost equal spacing in between them. 

This is so because current proportionally increases with the luminous flux. 

The figure below shows the curve for current versus illumination: 

https://circuitglobe.com/wp-content/uploads/2018/11/characteristics-of-photodiode.jpg
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It is noteworthy here that, the reverse current does not show a significant increase with the increase 

in the reverse potential. 

3.12.1.7 ADVANTAGES OF PHOTODIODE 

• It shows a quick response when exposed to light. 
• Photodiode offers high operational speed. 

• It provides a linear response. 

• It is a low-cost device. 

3.12.1.8 DISADVANTAGES OF PHOTODIODE 

• It is a temperature-dependent device. And shows poor temperature stability. 
• When low illumination is provided, then amplification is necessary. 

3.12.1.9 APPLICATIONS OF PHOTODIODE 

1. Photodiodes majorly find its use in counters and switching circuits. 

2. Photodiodes are extensively used in an optical communication system. 

3. Logic circuits and encoders also make use of photodiode. 

4. It is widely used in burglar alarm systems. In such alarm systems, until exposure to radiation is 

not interrupted, the current flows. As the light energy fails to fall on the device, it sounds the 

alarm. 

In case of a typical photodiode, the normal reverse current is in tens of microampere range. 

file:///D:/uni/m2/thesis/INT/meine%20Bib/What%20is%20a%20Photodiode_%20Defintion,%20Principle,%20construction,%20Working,%20Characteristics,%20Advantages,%20Disadvantages%20and%20Applications%20of%20Photodiode%20-%20Circuit%20Globe_files/illumination-vs-current-curve.jpg
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3.12.2 Alternative 

3.12.2.1 Scintillator 

3.12.2.2 IR Sensors 

PIR Passiv Infrarot Sensoren 

Hier handelt es sich um Passiv-Infrarot-Bewegungsmelder. Bewegungsmelder regieren beim Eintritt einer 
Person (Tier) in das Erfassungsfeld des Sensors. Die Anwendungsmöglichkeiten sind nahezu unbegrenzt, 
man kennt die Technik ja von vielen Terrassenlampen, welche sich beim vorbeigehen automatisch 
einschalten. Reagiert wird also auf die Körperwärme einer sich im Erfassungsfeld bewegenden Person. 

 

Zum Prinzip: Wärmestrahlen, die einen Erfassungsvorgang auslösen, liegen im Infrarot-Bereich des 
Wellenspektrums. In diesem Bereich gibt der menschliche Körper seine Wärmestrahlung ab. Leuchtmittel 
wie Glüh- , Halogen- und Entladungslampen, die für eine Strahlung im sichtbaren Bereich um 0,555 μm 
entwickelt wurden, geben jedoch auch einen erheblichen Teil an Wärmestrahlung im Infrarot-Bereich ab. Im 
Spektrum oberhalb des sichtbaren Licht, ab 0,780 μm, beginnt der Infrarot-Bereich. Die Wellenlänge dieser 
IR-Strahlung ist abhängig von der Temperatur eines Körpers. Die Wärmestrahlung des Menschen hat ihr 
Maximum zwischen 9 und 10 μm im Infrarot-Bereich. Diese Tatsache nutzt der PIR Sensor mittels 
sogenannter pyroelektrischer IRDetektoren, welche eine hohe Empfindlichkeit im langwelligen Infrarot-
Bereich aufweisen. Die Infrarot- Strahlung verhält sich ähnlich wie sichtbares Licht. Sie kann reflektiert und 
durch Linsen gebündelt werden. Basis eines solchen IR-Detektors (Sensors) sind Lithium-Tantalatkristalle. 
Diese Kristalle erzeugen, bei Wärmeänderung (positive oder negative Temperaturänderung), eine 
elektrische Spannung. Die von den Kristallen abgegebene Spannung liegt im Bereich von einigen μV (μV = 
millionstel Volt) und ist von folgenden Bedingungen abhängig: 

▪ Der Intensität der Wärmequelle (Temperatur und Größe) 

▪ Dem Umgebungsmedium (Temperatur, unterschiedliche Luftfeuchtigkeit) 

▪ Der Entfernung zwischen Wärmequelle und IR-Sensor 

▪ Der Bewegungsgeschwindigkeit und Bewegungsrichtung der Wärmequelle 

▪ Der Empfindlichkeit des PIR-Elementes (frequenzabhängiges Bandpaßverhalten mit Maximum bei ca. 

0,1 Hz) 

Zur Unterdrückung von Einflüssen aus der Umgebung (übliche wetterbedingte Temperaturänderungen), sind 
in jedem Sensor 2 Kristalle antiparallel geschaltet. Einer der Kristalle gibt, bei Auftreffen von Wärmestrahlung 
einen positiven, der andere einen negativen Spannungsimpuls ab. Wärmeänderungen die gleichzeitig und 
mit gleicher Intensität auf beide Kristalle einwirken lösen so keinen Erfassungsvorgang aus, denn die beiden 
Impulse heben sich gegenseitig auf. Dadurch ist ein Auslösen bei Wärmeänderungen der Umgebung 
weitgehend ausgeschlossen. Anders verhält es sich bei schnellen Bewegungen. Die Lithiumtantalat-Kristalle 
geben, entsprechend der Bewegung und der dadurch hervorgerufenen Wärmeänderung im Erfassungsfeld, 
ihre Impulse zeitversetzt ab. Die beiden Impulse addieren sich zu einer Wechselgröße mit höherer 
Signalamplitude. Dieses elektrische Ausgangssignal ist proportional der Wärmeänderung und führt zur 
Meldung einer Bewegung. 

Infrarot Thermopiles 

Bei den Infrarotsensoren gibt es neben den oben beschrieben PIR Sensoren aus Bewegungsmeldern auch 
solche auf Basis von Thermopiles. Diese können nicht nur auf Änderungen reagieren, sondern auch eine 
konstante Strahlung messen. Beispiele ist der TPS334. Der Sensor gibt eine relativ kleine Spannung (oft < 
0,1 mV) aus, die in der Regel erst verstärkt werden muss. Neben dem eigentlichen Strahlungssensor gibt es 

https://rn-wissen.de/wiki/index.php?title=Datei:Pir.jpg
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noch eine Möglichkeit die Temperatur des Sensors selbst zu messen, um die Abstrahlung des Sensor zu 
kompensieren. 

Zu finden sind solche Sensoren z.B. in Infrarotthermometern. 

https://rn-wissen.de/wiki/index.php/Sensorarten#PIR_Passiv_Infrarot_Sensoren 

 

https://rn-wissen.de/wiki/index.php/Sensorarten#PIR_Passiv_Infrarot_Sensoren
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4 IR Sensor Module 

30 August 2018 - 0 Comments 

 

 

  

IR Sensor Module 

IR Sensor Module Pinout 

[Click the image to enlarge it] 

4.1.1 Pin Configuration 

Pin Name Description 

VCC Power Supply Input 

GND Power Supply Ground 

OUT Active High Output 

4.1.2 IR Sensor Module Features 

• 5VDC Operating voltage 

• I/O pins are 5V and 3.3V compliant 

• Range: Up to 20cm 

• Adjustable Sensing range 

• Built-in Ambient Light Sensor 

• 20mA supply current 

https://components101.com/sites/default/files/components/IR-Sensor-Module-Image.png
https://components101.com/sites/default/files/component_pin/IR-Sensor-Module-Pinout_1.png
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• Mounting hole 

4.1.3 Brief about IR Sensor Module 

 

The IR sensor module consists mainly of the IR Transmitter and Receiver, Opamp, Variable Resistor (Trimmer 

pot), output LED in brief. 

IR LED Transmitter 

IR LED emits light, in the range of Infrared frequency. IR light is invisible to us as its wavelength (700nm – 

1mm) is much higher than the visible light range. IR LEDs have light emitting angle of approx. 20-60 degree and 

range of approx. few centimeters to several feets, it depends upon the type of IR transmitter and the manufacturer. 

Some transmitters have the range in kilometers. IR LED white or transparent in colour, so it can give out amount 

of maximum light. 

Photodiode Receiver 

Photodiode acts as the IR receiver as its conducts when light falls on it. Photodiode is a semiconductor which has 

a P-N junction, operated in Reverse Bias, means it start conducting the current in reverse direction when Light 

falls on it, and the amount of current flow is proportional to the amount of Light. This property makes it useful for 

IR detection. Photodiode looks like a LED, with a black colour coating on its outer side, Black colour absorbs the 

highest amount of light. 

LM358 Opamp 

LM358 is an Operational Amplifier (Op-Amp) is used as voltage comparator in the IR sensor. the comparator will 

compare the threshold voltage set using the preset (pin2) and the photodiode’s series resistor  voltage (pin3). 

Photodiode’s series resistor voltage drop > Threshold voltage = Opamp output is High 

Photodiode’s series resistor voltage drop < Threshold voltage = Opamp output is Low 

When Opamp's output is high the LED at the Opamp output terminal turns ON (Indicating the detection of 

Object). 

Variable Resistor 

The variable resistor used here is a preset. It is used to calibrate the distance range  at which object should be 

detected. 

            

https://components101.com/ir-led-pinout-datasheet
https://components101.com/ic-lm358-pinout-details-datasheet
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4.1.4 How to Use IR Sensor Module? 

The 5 VDC supply input is given to the VCC pin and the supply negative is connected to the GND terminal of the 

module. When no object is detected within the range of the IR receiver, the output LED remains off. 

 

When a object is detected within the range of the IR sensor the LED glows. 

  

4.1.5 Applications 

• Obstacle Detection 

• Industrial safety devices 

• Wheel encoder 

4.1.6   

4.1.7 2D-Model 
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4.2 Interface 

The interface will be done with C# and WPF or Windows form in Visual Studio 
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5 Building of the measurement environment 

5.1 Project Enviroment 

AECENAR has built an incinerator and a filter system for it.  
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Now it has to be proved that the flue gas is under the norms, i.e. environmentally friendly.  

The content of the flue gas coming from the incinerator has to be measured. 
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It was decided to use Laser based flue gas measurement technology. 
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5.2 Concept and Design8 

 

Optical path. The output from the laser diode is collimated by an aspheric lens before passing 

through an optical isolator. The isolator prevents reflected radiation from damaging the diode. 

After the optical isolator, the light enters a beam splitter with a typical transmission: reflection 

ratio of 90:10. The weaker reflected signal from the beam splitter is incident on a photodetector 

whose signal compared with the received photodetector signal. 

 

8 From [Abdel-Karim, Aisha 2020] and 

https://espace.library.uq.edu.au/data/UQ_690617/s4111331_final_thesis.pdf?Expires=1578991666&Key-Pair-

Id=APKAJKNBJ4MJBJNC6NLQ&Signature=IiK5vmsYt-GtLAfQynJTXcqGPrEgHmIDtGkVusuGTvSjr-AFU-

6fP9HXXDe9KYya8xpM6Eo5lKMfKVw3~4KLhMVtvmEHC9yLxOH6IlfLLeIfl0g4D-

a2S6aX3Ovfmc36eTYbESfhGqwtzBZlC5GPo-zwwCUo4nU2-ZxN8rIDP0DTynribbjF8ZpzMb96qOH-

hekmrvx0PuvyrYxZ2IM-IxMBkuGLNB2JQAhkAze-

C~PRedPTpbBtlR22PcGLUTmGs6SvATzIKWq9avUZhMIgFkskAjywiBGAcNJ84VlPRmz-

IK3Ys2qiptwtOvCJ5rJ7YpFEo6WEU8pA5~QS-YcTuA__ 

https://espace.library.uq.edu.au/data/UQ_690617/s4111331_final_thesis.pdf?Expires=1578991666&Key-Pair-Id=APKAJKNBJ4MJBJNC6NLQ&Signature=IiK5vmsYt-GtLAfQynJTXcqGPrEgHmIDtGkVusuGTvSjr-AFU-6fP9HXXDe9KYya8xpM6Eo5lKMfKVw3~4KLhMVtvmEHC9yLxOH6IlfLLeIfl0g4D-a2S6aX3Ovfmc36eTYbESfhGqwtzBZlC5GPo-zwwCUo4nU2-ZxN8rIDP0DTynribbjF8ZpzMb96qOH-hekmrvx0PuvyrYxZ2IM-IxMBkuGLNB2JQAhkAze-C~PRedPTpbBtlR22PcGLUTmGs6SvATzIKWq9avUZhMIgFkskAjywiBGAcNJ84VlPRmz-IK3Ys2qiptwtOvCJ5rJ7YpFEo6WEU8pA5~QS-YcTuA__
https://espace.library.uq.edu.au/data/UQ_690617/s4111331_final_thesis.pdf?Expires=1578991666&Key-Pair-Id=APKAJKNBJ4MJBJNC6NLQ&Signature=IiK5vmsYt-GtLAfQynJTXcqGPrEgHmIDtGkVusuGTvSjr-AFU-6fP9HXXDe9KYya8xpM6Eo5lKMfKVw3~4KLhMVtvmEHC9yLxOH6IlfLLeIfl0g4D-a2S6aX3Ovfmc36eTYbESfhGqwtzBZlC5GPo-zwwCUo4nU2-ZxN8rIDP0DTynribbjF8ZpzMb96qOH-hekmrvx0PuvyrYxZ2IM-IxMBkuGLNB2JQAhkAze-C~PRedPTpbBtlR22PcGLUTmGs6SvATzIKWq9avUZhMIgFkskAjywiBGAcNJ84VlPRmz-IK3Ys2qiptwtOvCJ5rJ7YpFEo6WEU8pA5~QS-YcTuA__
https://espace.library.uq.edu.au/data/UQ_690617/s4111331_final_thesis.pdf?Expires=1578991666&Key-Pair-Id=APKAJKNBJ4MJBJNC6NLQ&Signature=IiK5vmsYt-GtLAfQynJTXcqGPrEgHmIDtGkVusuGTvSjr-AFU-6fP9HXXDe9KYya8xpM6Eo5lKMfKVw3~4KLhMVtvmEHC9yLxOH6IlfLLeIfl0g4D-a2S6aX3Ovfmc36eTYbESfhGqwtzBZlC5GPo-zwwCUo4nU2-ZxN8rIDP0DTynribbjF8ZpzMb96qOH-hekmrvx0PuvyrYxZ2IM-IxMBkuGLNB2JQAhkAze-C~PRedPTpbBtlR22PcGLUTmGs6SvATzIKWq9avUZhMIgFkskAjywiBGAcNJ84VlPRmz-IK3Ys2qiptwtOvCJ5rJ7YpFEo6WEU8pA5~QS-YcTuA__
https://espace.library.uq.edu.au/data/UQ_690617/s4111331_final_thesis.pdf?Expires=1578991666&Key-Pair-Id=APKAJKNBJ4MJBJNC6NLQ&Signature=IiK5vmsYt-GtLAfQynJTXcqGPrEgHmIDtGkVusuGTvSjr-AFU-6fP9HXXDe9KYya8xpM6Eo5lKMfKVw3~4KLhMVtvmEHC9yLxOH6IlfLLeIfl0g4D-a2S6aX3Ovfmc36eTYbESfhGqwtzBZlC5GPo-zwwCUo4nU2-ZxN8rIDP0DTynribbjF8ZpzMb96qOH-hekmrvx0PuvyrYxZ2IM-IxMBkuGLNB2JQAhkAze-C~PRedPTpbBtlR22PcGLUTmGs6SvATzIKWq9avUZhMIgFkskAjywiBGAcNJ84VlPRmz-IK3Ys2qiptwtOvCJ5rJ7YpFEo6WEU8pA5~QS-YcTuA__
https://espace.library.uq.edu.au/data/UQ_690617/s4111331_final_thesis.pdf?Expires=1578991666&Key-Pair-Id=APKAJKNBJ4MJBJNC6NLQ&Signature=IiK5vmsYt-GtLAfQynJTXcqGPrEgHmIDtGkVusuGTvSjr-AFU-6fP9HXXDe9KYya8xpM6Eo5lKMfKVw3~4KLhMVtvmEHC9yLxOH6IlfLLeIfl0g4D-a2S6aX3Ovfmc36eTYbESfhGqwtzBZlC5GPo-zwwCUo4nU2-ZxN8rIDP0DTynribbjF8ZpzMb96qOH-hekmrvx0PuvyrYxZ2IM-IxMBkuGLNB2JQAhkAze-C~PRedPTpbBtlR22PcGLUTmGs6SvATzIKWq9avUZhMIgFkskAjywiBGAcNJ84VlPRmz-IK3Ys2qiptwtOvCJ5rJ7YpFEo6WEU8pA5~QS-YcTuA__
https://espace.library.uq.edu.au/data/UQ_690617/s4111331_final_thesis.pdf?Expires=1578991666&Key-Pair-Id=APKAJKNBJ4MJBJNC6NLQ&Signature=IiK5vmsYt-GtLAfQynJTXcqGPrEgHmIDtGkVusuGTvSjr-AFU-6fP9HXXDe9KYya8xpM6Eo5lKMfKVw3~4KLhMVtvmEHC9yLxOH6IlfLLeIfl0g4D-a2S6aX3Ovfmc36eTYbESfhGqwtzBZlC5GPo-zwwCUo4nU2-ZxN8rIDP0DTynribbjF8ZpzMb96qOH-hekmrvx0PuvyrYxZ2IM-IxMBkuGLNB2JQAhkAze-C~PRedPTpbBtlR22PcGLUTmGs6SvATzIKWq9avUZhMIgFkskAjywiBGAcNJ84VlPRmz-IK3Ys2qiptwtOvCJ5rJ7YpFEo6WEU8pA5~QS-YcTuA__
https://espace.library.uq.edu.au/data/UQ_690617/s4111331_final_thesis.pdf?Expires=1578991666&Key-Pair-Id=APKAJKNBJ4MJBJNC6NLQ&Signature=IiK5vmsYt-GtLAfQynJTXcqGPrEgHmIDtGkVusuGTvSjr-AFU-6fP9HXXDe9KYya8xpM6Eo5lKMfKVw3~4KLhMVtvmEHC9yLxOH6IlfLLeIfl0g4D-a2S6aX3Ovfmc36eTYbESfhGqwtzBZlC5GPo-zwwCUo4nU2-ZxN8rIDP0DTynribbjF8ZpzMb96qOH-hekmrvx0PuvyrYxZ2IM-IxMBkuGLNB2JQAhkAze-C~PRedPTpbBtlR22PcGLUTmGs6SvATzIKWq9avUZhMIgFkskAjywiBGAcNJ84VlPRmz-IK3Ys2qiptwtOvCJ5rJ7YpFEo6WEU8pA5~QS-YcTuA__
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TDLAS.FCStd
 



Building of the measurement environment 

 

80 

5.3 List of components for CO measurement9 

  

Component Type quantity Price/supplier 

Laser diode L1575G1 1 324.64$ 

https://www.thorlabs.com/thorproduct.cfm?partnumber=L1575G1 

Collimator LTN330-C 1 252.13$ 

https://www.thorlabs.com/thorproduct.cfm?partnumber=LTN330-C 

Isolator IOT-4-

1550-VLP  

1 1560.42 $ 

https://www.thorlabs.com/thorproduct.cfm?partnumber=IOT-4-1550-

VLP 

Beam splitter CM1-

BP108 

1 255.38$ 

https://www.thorlabs.com/thorproduct.cfm?partnumber=CM1-BP108 

Focusing LBF254- 2 60.59$/piece 

 

9 From [Abdel-Karim, Aisha 2020] 

https://www.thorlabs.com/thorproduct.cfm?partnumber=L1575G1
https://www.thorlabs.com/thorproduct.cfm?partnumber=LTN330-C
https://www.thorlabs.com/thorproduct.cfm?partnumber=IOT-4-1550-VLP
https://www.thorlabs.com/thorproduct.cfm?partnumber=IOT-4-1550-VLP
https://www.thorlabs.com/thorproduct.cfm?partnumber=CM1-BP108
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lens + Holder 200-C 

 

LMR1/M 

 

 

https://www.thorlabs.com/thorproduct.cfm?partnumber=LBF254-200-C 

15.69$/piece 

https://www.thorlabs.com/thorproduct.cfm?partnumber=LMR1/M#ad-

image-0 

 

Photodiode PDA10D2-

InGaAs 

2 568.12 $ / piece 

https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA10D2 

Window  WW31050-

ϕ1“ 

2 110.37$ / piece 

https://www.thorlabs.com/thorproduct.cfm?partnumber=WW31050 

Holder  TR30/M  

TR30/M-P5 

Pachage 1 

Piece 3  

4.88$/piece 

https://www.thorlabs.com/thorproduct.cfm?partnumber=TR30/M 

21.97$/package 

Cable (diode) SR9F 1 54.11$ 

https://www.thorlabs.com/thorproduct.cfm?partnumber=SR9F 

Adapter 

(collimator) 

AD15NT 

 

CP36 

 24.35$ 

https://www.thorlabs.com/thorproduct.cfm?partnumber=AD15NT 

22.07$ 

https://www.thorlabs.com/thorproduct.cfm?partnumber=CP36 

Base  BA2E 8 33.60$ 

https://www.thorlabs.com/thorproduct.cfm?partnumber=BA2E#ad-

image-0 

Post holder PH3 

 

PH3-P5 

Pieces 3 

 

Package 1 

8.52$/piece 

https://www.thorlabs.com/thorproduct.cfm?partnumber=PH3-P5#ad-

image-0 

42.59$/package 

Total price   3,359.43$ 

 

https://www.thorlabs.com/thorproduct.cfm?partnumber=LBF254-200-C
https://www.thorlabs.com/thorproduct.cfm?partnumber=LMR1/M
https://www.thorlabs.com/thorproduct.cfm?partnumber=LMR1/M
https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA10D2
https://www.thorlabs.com/thorproduct.cfm?partnumber=TR30/M
https://www.thorlabs.com/thorproduct.cfm?partnumber=SR9F
https://www.thorlabs.com/thorproduct.cfm?partnumber=AD15NT
https://www.thorlabs.com/thorproduct.cfm?partnumber=CP36
https://www.thorlabs.com/thorproduct.cfm?partnumber=BA2E
https://www.thorlabs.com/thorproduct.cfm?partnumber=BA2E
https://www.thorlabs.com/thorproduct.cfm?partnumber=PH3-P5
https://www.thorlabs.com/thorproduct.cfm?partnumber=PH3-P5
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5.3.1 Laser diode 

planned 
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buyed 

 

 

The wavelength of CO is 1568 nm. So continued in the interval 1520-1580. Interval length 60nm. 
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5.3.2 Collimator 
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Adjustable Lens Mount with Collimating Optic for our LD Sockets with Strain Relief Cables (Sold 

Below)  

➢ 13/32"-40 Threaded Retaining Ring Secures Ø5.6 mm or Ø9 mm Laser Diode 

➢ Aspheric Collimation Optic with One of Three Broadband AR Coatings: 

▪ A Coating: 350 - 700 nm 

▪ B Coating: 600 - 1050 nm 

▪ C Coating: 1050 - 1700 nm 

➢ Rotating Cap with Locking Ring Provides 2.5 mm (0.1") of Lens Travel for an Adjustable Focus 

➢ Includes Main Tube with Mounted Optic, Retaining Ring, and Adapter Kit for Ø5.6 mm Diode 

Packages 

➢ Ø15 mm (Ø0.58") Tube Can be Mounted Using a Ø1" AD15NT Adapter or SM1-Threaded AD15F 

Adapter 

➢ Laser Diode Retaining Ring Compatible with SPW301 and SPW801 Spanner Wrenches 

5.3.3 Isolator 

 

Optical isolators, also known as Faraday isolators, are magneto-optic devices that preferentially 

transmit light along a single direction, shielding upstream optics from back reflections. Back 

reflections can create a number of instabilities in light sources, including intensity noise, frequency 

shifts, mode hopping, and loss of mode lock. In addition, intense back-reflected light can 

permanently damage optics. 

a. The input aperture is in the black end of the cylinder, while the output aperture is in the gold end 

of the cylinder. 
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b. This isolator can be supplied in an optic mount with twin steel dowel pins for our FiberBench 

systems by contacting Tech Support prior to ordering. 

c. The mounting saddle contains an 8-32 tap. For an M4-threaded saddle, please contact Tech 

Support prior to ordering. 

d. This isolator has two exit ports for rejected beams. Adequate beam traps should be selected and 

positioned to ensure safety. 

e. Specified at center wavelength. See Performance Graph for wavelength dependence. 

f. Defined as containing 100% of the beam energy. 

g. The maximum power specification represents the maximum power for the combined forward and 

reverse directions. Therefore, the sum of the powers in the forward and reverse directions cannot 

exceed the maximum power specification. 

h. The blocking power density corresponds to light polarized perpendicular to the transmission axis, 

while the transmission power density corresponds to light polarized parallel to the transmission 

axis. 

i. Please see below for further details. 

j. One SM087RC with an 8-32 tap is included with each of these isolators. For an isolator that includes 

an SM087RC/M with an M4 tap. 

k. One SM1RC with an 8-32 tap is included with this isolator. For an SM1RC/M with an M4 tap. 

5.3.4 Beam splitter  

 

• Eliminates Ghosting 

• No Chromatic Aberration with Focused Beams 

• Minimal Change in Optical Path Length 

• SM1-Threaded Entrance and Exit Ports 

• 30 mm Cage System Compatible 

These beamsplitters virtually eliminate ghosting since the second surface reflection is 

superimposed on the first one. However, they are extremely fragile due to the nitrocellulose 

membrane being microns thick, which exhibits less than 1/2 wave of variation at 635 nm across its 

25 mm diameter. To provide maximum protection from damage, these beamsplitters are housed 

inside a 30 mm cage-system-compatible cube. The cubes are post-mountable and have SM1-

threaded access ports, making them compatible with our entire line of Ø1" lens tubes and 

accessories. The cubes are M6 x 0.5 threaded, but include 8-32 and M4 mounting adapters. These 



Building of the measurement environment 

 

88 

Beamsplitter cubes can also be connected to other cage cubes with cage rods and our ERSCB 

adapters. 

Handling Precautions 

Our pellicle beamsplitters are manufactured from an extremely thin and fragile membrane. Please 

do not touch the membrane under any circumstances. Compressed or canned air can be used to 

clean these beamsplitters, but please exercise caution as the force of the air may be large enough to 

damage the membrane. Aim the stream of air such that it makes a small angle with the surface, 

and hold the can sufficiently far away to avoid damaging the membrane. If the pellicle becomes 

damaged, please contact tech support for information about replacement of the beamsplitter; in 

these cases, we only charge for the cost of the pellicle. 

5.3.5 Focusing lens + holder 

5.3.5.1 Focusing lens 
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Features 

• Best Possible Performance from a Spherical Singlet 

• 1050 - 1700 nm AR Coating Range 

• Ideal for High-Power Applications 

• Diffraction-Limited Performance at Small Input Diameters 

Best Form lenses are designed to minimize spherical aberration while still using spherical surfaces 

to form the lens. Best form lenses are available with an AR coating for 1050 - 1700 nm to reduce the 

light reflected from each surface of the lens. Best Form Lenses are ideally suited for use at infinite 

conjugates in high-power applications where doublets are not an option. 

Each side of the lens is polished so that it has a different radius of curvature, optimizing it for use 

at infinite conjugates. This process makes these lenses more expensive than plano-convex or bi-

convex lenses. Since the lenses are optimized for minimum spot size, they can theoretically reach 

diffraction-limited performance for small input beam diameters 

5.3.5.2 Holder  

 

Features 

• Precision-Ground Posts with 1/2" (12.7 mm) or 12 mm Diameters 

▪ Ø1/2" Imperial Posts: Bottom-Located 1/4"-20 Tapped Hole and Top-Located 8-32 

Removable Setscrew 
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▪ Ø12.7 mm Metric Posts: Bottom-Located M6 Tapped Hole and Top-Located M4 

Removable Setscrew 

▪ Ø12 mm Metric Posts for Japanese Optomechanics: Bottom-Located M6 Tapped 

Hole and Top-Located M4 Removable Setscrew. 

• Three Material Options Available 

▪ Standard Posts (303 Stainless Steel) 

▪ Vacuum-Compatible Posts (304L Stainless Steel) 

▪ Non-Magnetic, Low-Reflectivity Posts (Aluminum with Anodized Hard Coat) 

• Available in a Variety of Lengths Ranging from 0.60" to 12" (15 mm to 300 mm for Metric Posts) 

• Posts Available with Hex Tops Instead of Side-Located Bores 

• Graduated Posts Available to Aid in Optic Alignment 

• Post Spacers (Shims) to Achieve Intermediate Post Heights 

• All Included Setscrews are Double-Ended (Except with Vacuum-Compatible Posts) 

 

➢ Accommodates Various Optic Diameters from Ø5 mm to Ø4" 

➢ Internally Threaded 

➢ 8-32 (M4) Tapped Hole Allows for Mounting to Ø1/2" Posts 

➢ Includes Compatible Retaining Ring for Mounting Optics 

➢ Ø1/2", Ø1", and Ø2" Optic Mounts Available in 5 Packs 

These Fixed Optic Mounts are our standard mounts for 20 distinct optic diameters ranging from 

Ø5 mm to Ø4". Each mount features internal threading, and ships with a retaining ring for 

securing the optic into place. The internal threading is deep enough to hold most unmounted 

optics or externally threaded components. The base of each mount features an 8-32 (M4) tapped 

hole, which allows for easy mounting to Ø1/2" Posts, as shown to the right. Additional retaining 

rings are sold separately below. 
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5.3.6 Detector: Photodiode 
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Features 

• Wavelength Ranges within 800 to 2600 nm 

• Low-Noise Amplification with Fixed or Switchable Gain 

• Load Impedances 50 Ω and Higher for ≥3 kHz Bandwidth Versions 

• Free-Space Optical Coupling 

A selection of Indium Gallium Arsenide (InGaAs) Free-Space Amplified Photodetectors that are 

sensitive to light in the NIR wavelength range. Thorlabs' amplified photodetectors feature a built-

in, low-noise transimpedance amplifier (TIA) which, for select detectors, is followed by a voltage 

amplifier. Menlo Systems' FPD series amplified photodetectors have a built-in radio frequency 

(RF) or transimpedance amplifier. We offer fixed-gain versions that possess a fixed maximum 

bandwidth and total transimpedance gain, as well as switchable-gain versions with two or eight 

gain settings. 

Thorlabs' photodetectors are designed to meet a range of requirements, with offerings that include 

the 380 MHz PDA015C with an impulse response of 1 ns, the high-sensitivity PDF10C with a noise 
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equivalent power (NEP) of 7.5 fW/Hz1/2, and the switchable-gain PDA20CS2 with eight 

switchable maximum gain (bandwidth) combinations from 1.51 kV/A (11 MHz) to 4.75 MV/A (3 

kHz). The PDF10C with femtowatt sensitivity is a low-frequency device that should only be 

terminated into high impedance (Hi-Z) loads, while all other of our InGaAs PDA amplified 

photodetectors are capable of driving loads from 50 Ω to Hi- Z. 

Every PDA and PDF detector has internal SM05 (0.535"-40) threading and external SM1 (1.035"-40) 

threading. Except for some select detectors, each unit's housing features 8-32 tapped holes (M4 for 

-EC and /M models). The PDA05CF2, PDA20C2, PDA10D2, PDA10CS2, and PDA20CS2 feature a 

new housing with two universal mounting holes that accept both 8-32 and M4 threads. For more 

information about the location of these mounting points and mounting these units 

Menlo Systems' FPD series photodetectors are easy-to-use InGaAs-PIN photodiode packages with 

an integrated high-gain, low-noise RF (FPD310-FS-NIR) or transimpedance (FPD510-FS-NIR and 

FPD610-FS-NIR) amplifier. The FPD310-FS-NIR is recommended, in particular, for applications 

like pulse shape and low-noise radio frequency extraction. This photodetector is optimized for 

high gain, high bandwidths, extremely short rise times, and high signal-to-noise ratio. It has a 0.5 

ns rise time and a switchable gain between two settings, allowing for an optimal performance for 

the user's application. The FPD510-FS-NIR and FPD610-FS-NIR have a fixed gain and are 

optimized for highest signal-to-noise-ratio for detection of low level optical beat signals at 

frequencies up to 250 MHz and 600 MHz, respectively. The FPD510-FS-NIR has a rise time of 2 ns, 

while the FPD610-FS-NIR has a 1 ns rise time. The 3 dB bandwidth of these DC-coupled devices is 

200 MHz for the FPD510-FS-NIR and 500 MHz for the FPD610-FS-NIR. The compact design of the 

FPD detectors allows for easy OEM integration. The housing of each Menlo detector features one 

M4 tapped hole for post mounting. 

Power Supply 

A ±12 V linear power supply that supports input voltages of 100, 120, and 230 VAC is included 

with each amplified photodetector. Replacement power supplies are available separately below. 

Before connecting the power supply to the mains, ensure that the line voltage switch on the power 

supply module is set to the proper voltage range. The power supplies should always be powered 

up using the power switch on the power supply itself. Hot plugging the unit is not recommended. 

 



Building of the measurement environment 

 

94 

5.3.7 Optical window 

 

Features 

• 30 arcmin Wedged Windows 

• Available Uncoated (150 nm - 4.5 µm) or with One of Two Broadband AR Coatings 

• 1.65 - 3.0 µm (-D Coating Designation) 

• 2.0 - 5.0 µm (-E1 Coating Designation) 

• Ø1/2" and Ø1" Window 

Sapphire is the material of choice for very demanding applications that benefit from reliability, 

strength, a broad transmission range, or low transmitted wavefront distortion at both high and 

low operating temperatures. Sapphire is transparent from the UV to the IR and can be scratched by 

only a few substances other than itself. It is chemically inert and insoluble in water, common acids, 

and alkalis at temperatures up to ~1,000 °C. Our sapphire windows are cut so that the c-axis of the 

crystal is parallel to the optical axis. 

In addition to the sapphire wedged windows offered here, Thorlabs also offers wedged windows 

with other substrate materials (see the selection guide to the right). Wedged Laser Windows with 

AR coatings centered around common lasing wavelengths and wedged Beam Samplers with 

broadband AR coatings on only one face are also available 
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5.3.8 Component holders 
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5.4 List of components for NO measurement10 

1814 nm 

5.4.1 Laser diode (To do √...) 

 

or 

 

 

10 From [Abdel-Karim, Aisha 2020] 
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5.4.2 Collimator (To do...) 

 

 

5.4.3 Isolator  
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5.4.4 Beam splitter 

 

5.4.5 Focusing lens (To do.√..)  
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5.4.6 Photodiode  

 

Same detector as for CO measurement  

5.5 List of components for HF measurement11 

1280nm 1300nm 

5.5.1 Laser diode (To do.√..) 

 

 

11 From [Abdel-Karim, Aisha 2020] 
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5.5.2 Collimator  

 

5.5.3 Isolator  
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5.5.4 Beam splitter 

 

5.5.5 Focusing lens 
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5.5.6 Photodiode  

 

Same detector as for CO measurement  

 

5.6 List of components for SO2 measurement12 

2460 nm and 4020 nm 

5.6.1 Laser diode (To do..√.) 

 

 

12 From [Abdel-Karim, Aisha 2020] 

https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2200-2600nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2900-4000nm.pdf
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5.6.2 Collimator (To do...) 

5.6.3 Isolator  

 

5.6.4 Beam splitter (To do...) 

5.6.5 Focusing lens (To do...) 

5.6.6 Photodiode  

 

Same detector as for CO measurement  
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5.7 List of components for HCl measurement13 

1742nm 3395nm 

5.7.1 Laser diode (To do.√..) 

 

13 From [Abdel-Karim, Aisha 2020] 
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5.7.1.1 Key features of nanoplus DFB laser diodes 

• monomode 

• continuous wave 

• room temperature 

• tunable 

• custom wavelengths 

5.7.1.2 Why choose nanoplus DFB laser diodes 

• stable longitudinal and transversal single mode emission 

• precise selection of target wavelength 

• narrow laser linewidth 

• mode-hop-free wavelength tunability 

• fast wavelength tuning 

• typically > 5 mW output power 

• small size 

• easy usability 

• high efficiency 

• long-term stability 

For more than 15 years nanoplus has been the technology leader for lasers in gas sensing. We produce lasers at large scale at our own 

fabrication sites in Gerbrunn and Meiningen. nanoplus cooperates with the leading system integrators in the TDLAS based analyzer 

industry. More than 20,000 installations worldwide prove the reliability of nanoplus lasers. 

5.7.1.3 Quick description of nanoplus DFB laser technology 

Nanoplus uses a unique and patented technology for DFB laser manufacturing. We apply a lateral metal grating along the ridge 

waveguide, which is independent of the material system. Read more about our patented distributed feedback technology. 

5.7.1.4 Related information for nanoplus DFB laser diodes between 1650 nm and 1850 nm 

Specifications 

The following table summarizes the typical DFB laser specifications in the 1650 nm to 1850 nm range: 

parameters (T = 25 °C) symbol unit minimum typical maximum 

wavelength precision δ nm 
 

0.1 
 

optical output power Pout mW 
 

5 
 

forward current If mA 
 

70 
 

threshold current lth mA 20 35 65 

current tuning coefficient CI nm / mA 0.008 0.02 0.03 

temperature tuning coefficient CT nm / K 0.07 0.10 0.14 

typical maximum operating 

voltage 

Vop V 
 

2 
 

side mode suppression ratio SMSR dB 
 

> 35 
 

slow axis (FWHM) 
 

degrees 20 30 40 

https://nanoplus.com/en/technology/tdlas/
https://nanoplus.com/en/technology/dfb-laser-concept/
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parameters (T = 25 °C) symbol unit minimum typical maximum 

fast axis (FWHM) 
 

degrees 40 50 60 

emitting area W x H µm x 

µm 

2.0 x 1.0 3.0 x 

1.5 

5.0 x 2.0 

storage temperature TS °C -40 +20 +80 

operational temperature at case TC °C -20 +25 +50 

Nanoplus DFB lasers show outstanding spectral, tuning and electrical properties. They are demonstrated in figures 1 - 3. Click on the 

graphics to enlarge. 

 

Figure 1: Spectrum of nanoplus 1780 nm DFB laser diode 

 

Figure 2: Mode hop free tuning of nanoplus 1780 nm DFB laser diode 

 

Figure 3: Typical power, voltage and current characteristics of nanoplus 1780 nm DFB laser diode 

 

https://nanoplus.com/index.php?eID=tx_cms_showpic&file=348&md5=8df40472af018ac5b799d37e54691cbbc17d347e&parameters%5b0%5d=YTo0OntzOjU6IndpZHRoIjtzOjQ6Ijk2MG0iO3M6NjoiaGVpZ2h0IjtzOjQ6IjYw&parameters%5b1%5d=MG0iO3M6NzoiYm9keVRhZyI7czo0MToiPGJvZHkgc3R5bGU9Im1hcmdpbjowOyBi&parameters%5b2%5d=YWNrZ3JvdW5kOiNmZmY7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters%5b3%5d=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D
https://nanoplus.com/index.php?eID=tx_cms_showpic&file=381&md5=60d89f3fcb6b7dc44c21657de43059037e258184&parameters%5b0%5d=YTo0OntzOjU6IndpZHRoIjtzOjQ6Ijk2MG0iO3M6NjoiaGVpZ2h0IjtzOjQ6IjYw&parameters%5b1%5d=MG0iO3M6NzoiYm9keVRhZyI7czo0MToiPGJvZHkgc3R5bGU9Im1hcmdpbjowOyBi&parameters%5b2%5d=YWNrZ3JvdW5kOiNmZmY7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters%5b3%5d=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D
https://nanoplus.com/index.php?eID=tx_cms_showpic&file=413&md5=ebafcea931aca9f54dc7dd6db756b16642f5cd98&parameters%5b0%5d=YTo0OntzOjU6IndpZHRoIjtzOjQ6Ijk2MG0iO3M6NjoiaGVpZ2h0IjtzOjQ6IjYw&parameters%5b1%5d=MG0iO3M6NzoiYm9keVRhZyI7czo0MToiPGJvZHkgc3R5bGU9Im1hcmdpbjowOyBi&parameters%5b2%5d=YWNrZ3JvdW5kOiNmZmY7Ij4iO3M6NDoid3JhcCI7czozNzoiPGEgaHJlZj0iamF2&parameters%5b3%5d=YXNjcmlwdDpjbG9zZSgpOyI%2BIHwgPC9hPiI7fQ%3D%3D
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Why? 

Because: 

 1742 nm 

3395 nm 

 

5.7.2 Collimator (To do...) 

5.7.3 Isolator  

 

5.8 Realization 

Because of the Corona crises, we just managed to order the laser kit of CO. 

In July, we found that we perhaps could use the IR camera as detector. 

The MELEXIS IR camera was used bevor for the safety valve of the incinerator. 

Either we found that we ordered for another project with fiber optics a collimator.   

This replacement of materials probably release the error of our experiment. Nevertheless, it is 

better than to do nothing. 

We have also to change parts of the experiment.  

With just one detector, I propose to compare the cases: “with” and “without” gas between laser 

and gas. Instead of the results of two detectors: one bevor and one after the gas. Therefore, we do 

not need a splitter nor an isolator.  

https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_1650-1850nm.pdf
https://nanoplus.com/fileadmin/user_upload/Data_sheets/nanoplus_DFB_2900-4000nm.pdf
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5.8.1 Melexis IR Camera 

One IR Camera shall take samplings from whole incineration chamber by moving in x-y-

directions. Camera is positioned at the windows at the end of the waste band (working package 1 

for CNC Lab) 

 

 

 

SteamValveControllerArduinoCode.zip
 

Bevor we found the Melexis IR camera we study the opportunity of using a parking sensor as 

detector. There are different types. Parking sensors which use IR waves and others which use 

sonor waves. 
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5.8.2 Camera Laptop connection 
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Arduino 

Melexis IR camera 

Detector 

T controller 

LD controller 

LD mount 
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LD 

D collimator 
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6 Results 

 

First Exp 20 .8.20. 

Laser off: 

 

 

Laser on: 

We have to ground it first. 

22.8.20 

Grounding completed. 
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Second Exp: 

Without Laser: 

 

Laser on: 

Problem: PLD reach only 0.2mW. 

Chat with Thorlabs. 

Note: 

I chat with them as Samir Mourad, because he is their official costumer. 
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Info 

 at 17:39, Aug 24: 

Thank you for choosing to chat with us. An agent will be with you shortly. 

Info 

 at 17:40, Aug 24: 

You are now chatting with Victor. 

Samir Mourad 

 at 17:40, Aug 24: 

Hello 

Victor 

 at 17:40, Aug 24: 

Hello Samir, How can I help you? 

Samir Mourad 

 at 17:40, Aug 24: 

I have problems with the calibration of LDC205C 

Samir Mourad 

 at 17:41, Aug 24: 

it reach 0.2mW and stops 

Victor 

 at 17:45, Aug 24: 

I see, are any current limit set? 

Samir Mourad 

 at 17:46, Aug 24: 

yes 

Victor 

 at 17:52, Aug 24: 

What is the current limit? 

Samir Mourad 

 at 17:52, Aug 24: 

40 mA 

Victor 

 at 17:57, Aug 24: 

I see, when you adjust the current does it reaches 40 mA? 

Samir Mourad 

 at 17:57, Aug 24: 

yes 

Victor 

 at 18:00, Aug 24: 

The 2 mW is read on the LDC205C or measured at the output of the laser? 
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Samir Mourad 

 at 18:00, Aug 24: 

0.2 mW 

Samir Mourad 

 at 18:01, Aug 24: 

are displayed on the LDC205C 

Victor 

 at 18:02, Aug 24: 

Are you using an Thorlabs laser diode? 

Samir Mourad 

 at 18:03, Aug 24: 

yes 

Samir Mourad 

 at 18:03, Aug 24: 

l1550P5DFB 

Samir Mourad 

 at 18:04, Aug 24: 

and ML925B45F before 

Victor 

 at 18:07, Aug 24: 

I see, was the LDC205C working properly with the l1550P5DFB? Or did it stop working when you change from 

the ML925B45F to the l1550P5DFB? 

Samir Mourad 

 at 18:09, Aug 24: 

at both the PLD reach only 0.2mW 

Victor 

 at 18:10, Aug 24: 

Was it working properly before and suddenly stopped or has it never reached above 0.2 mW? 

Samir Mourad 

 at 18:10, Aug 24: 

never .. 

Victor 

 at 18:10, Aug 24: 

I see, which mount at you using? 

Samir Mourad 

 at 18:11, Aug 24: 

LDM56/M 

Victor 

 at 18:14, Aug 24: 

What is the I_PD set to on the LDC205C? 

Samir Mourad 

 at 18:18, Aug 24: 

0 

Victor 

 at 18:18, Aug 24: 
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I see, so the I_PD should be set to 25 uA 

Samir Mourad 

 at 18:20, Aug 24: 

it's a laser diode 

Samir Mourad 

 at 18:20, Aug 24: 

I can't set I-PD 

Victor 

 at 18:21, Aug 24: 

Actually, I apologize for the confusion the I_PD should be set between 3 mA and 10 mA. This will ensure that the photodiode can 

used to monitor the current suplied to the laser diode to acheive constant power. I would recommend reading over section 3.4 of the 

manual 

Victor 

 at 18:21, Aug 24: 

https://www.thorlabs.com/drawings/918fc56944d49410-45F29080-DEB9-0FDC-E856FAC13DD12DC0/LDC205C-Manual.pdf 

Victor 

 at 18:22, Aug 24: 

If you would like to run in constant current mode then I would recommend measuring the output of the laser diode as you increase 

the current on the LDC205C. 

Samir Mourad 

 at 18:23, Aug 24: 

OK I will try 

Samir Mourad 

 at 18:23, Aug 24: 

thank you 

Victor 

 at 18:25, Aug 24: 

You are welcome. What might be happening is that the current supplied to the laser diode is correct and the laser diode is correctly 

working but the monitor photodiode is not showing the correct power. 

Samir Mourad 

 at 18:26, Aug 24: 

ok 

laser off 

 

https://www.thorlabs.com/drawings/918fc56944d49410-45F29080-DEB9-0FDC-E856FAC13DD12DC0/LDC205C-Manual.pdf
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Laser on in CP mode 

 

Laser on CC mode 
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We see in the middle of each temperature image a very high one, here 190 oC and 81/82 oC. 

This is the Lasers consequence. 

 

For the indoor Experiment with CO, we can use chemically produced CO. 

 

We revoke the water from the formic acid by adding sulfuric acid to it. 

We will obtain CO. without an increase of temperature. Which would be a grand error. 

Formic acid will cost 75 000 LL / l 

It costs 25 000 LL powder. 

Text 
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Table for the planed experiments 

         

 EXP LD type     CO         

Nr.  ML925B45F  
l1550P5DFB   x/√ quantity dLD dC   

1                 

2                 

3                 

4                 

5                 

6                 

  LD controller               

          const   LD POL   

Nr. ILIM ILD PLD IPD I P AG CG 

1                 

2                 

3                 

4                 

5                 

6                 

  T controller               

Nr. ILIM TSET TACT ITEC PID cal x/√ Sensor     

1                 

2                 

3                 

4                 

5                 

6                 

  LD Mount               

  LD    PD   1   2   

Nr. CG AG CG AG up down up Down 

1                 

2                 

3                 

4                 

5                 

6                 

  Results               

  Camera arduino             

Nr. D Tmax Tav           

1                 

2                 

3                 

4                 

5                 

6                 
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9.1.20 

EXP: Arduino ->Tools-> Serial Plotter 

Work? 

 

Yes. 

With laser? 

Dlc=10cm 
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7 Conclusion 

Text 
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8 Annex 

8.1 List of figures  

 

8.2 List of Tabels 

 

8.3 List of Abbreviations 

OEM Original Equipment Manufacturer 

OP-AMP  

RAM Residual amplitude modulation 

TDLAS Tunable diode laser absorption spectroscopy 

VCSEL vertical cavity surface emitting laser 

WMS wavelength modulation spectroscopy 

TTL Transistor–transistor logic  
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8.4 Manuals 

 

 

 

 

 

Laser Diode Controller 
 

 

 

 

 

LDC200C Series Operation Manual 
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2018 



 

 

130 

 

 

 

Version: 
Date: 

6.5 

10-Jul-2018 
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9 Cooperation with Greentrack  ( فرز من المصدر) 

9.1 Meeting 25.9.2019 

 خضر عيد من جبل محسن 

 
9.2 Suitable for Recycling 

 

Sorting facility (at Tripoli - Jabal Muhsin) 
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9.3 Refused Waste Jabal Muhsin (for incineration) 
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9.4 Planned Waste Incineration at Chekka 

9.4.1 Hangar of refused waste 
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10 TEMO-IPP Operational Test at Ras Maska14 

10.1 Preparations 26.8.-28.9.2019 

10.1.1 Official Permission from Ras Masqa Municipality 

Request 

[00:07, 28.8.2019] Samir Mourad:  اليوم ظهر  قبل لموعدن  تحضيرا  والمستندات  الطلب  لكم  ارسل. ليال  سيدة الخير صباح. 

[00:10, 28.8.2019] Samir Mourad:  

1. Request for long enduring test (about 3 days)  

2. Documentation of former tests in Ras Nhache:  

http://aecenar.com/index.php/downloads/send/3-meae-institute/359-

281016masterthesismayssakamareddine-temo-ipp (see pages 94-101). All emmission were 

according to the limits of emissions in Lebanon: 

<pictures from test in Ras Nhache 2016> 

[00:10, 28.8.2019] Samir Mourad:     our filter system 

[00:10, 28.8.2019] Samir Mourad: monitoring system for emmisions (actually we got an offer from a 

German company): 

<document from Gasmet emissions measurement> 

next morning: answer by whatsApp, that Major Simon Nakhoul has subscribed the request (see 

below the substcribed request) 

 

14 from [NLAP-WEDC 2019], Ch. 14 
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10.1.2 Mechanical Issues 

10.1.2.1 Installing Fuel Burner and Tank for Fuel Burner, Fuel Spray 

• Tank on terasse at Ras Maska  

• location: tbd. 

• connections/valves 

• Spray System for Fuel (Solenoid Valve) 

10.1.2.2 Primary Water Tank 

• Checking connecting with Condensor, pump, outlet 

10.1.2.3 Cooling Cycle 

• Water Tank (from Ras Nhache) 

• connecting pipes  

• pump (Ras Nhache) 

10.1.2.4 Filter System 

• Transformator 30kV (optional) (W ?) 

• Spray System for Sodium Carbonate (Solenoid Valve, Kompressor) 

• Heat Exchanger (optional) 

• Installing 2. Exhaust Fan 
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10.1.2.5 Steam inlet to turbine and condensor 

Before During Work 30.08.19 After 

 

 

  

10.1.2.6 Waste Inlet 

Putting Waste from Container into Waste Inlet 
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10.1.3 Automation System 

10.1.3.1 Periphery Instruments for Boiler Pressure Control (BPC) 

Mechanical 

Safety Valve 

pressure sensor Atmospheric 

discharge valve 

Condenser Discharge 

Valve 

  

 

10.1.3.2 Periphery Instruments for Turbine Govering System (TGS) 

Turbine Govering Valve RPM Sensor 

 gearتثبيت لل
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10.1.3.3 Periphery Instruments for Boiler Level Control (BLC) 

Level Sensor Primary Pump (3 phase power supply) (ON/OFF 

Interactive Control) 
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10.1.3.4 Periphery Instruments for Incinerator Control System (INC) 

Primary Air 

Supply Fan to 

Incineration 

Chamber 

(Interactive 

ON/OFF 

Control) 

Secondary Air 

Supply Fan to 

Incineration 

Chamber 

(Interactive ON/OFF 

Control) Tbd 

Fuel Burner 

To be 

purchased? 

 سامر يسأل

(Interactive 

ON/OFF 

Control) 

Incinerator Camera 

(Glass Window) 

سنتم  12.3  القطر  

(Human Operator 

supervises) 

 النفايات  لتحريك  محرك شغيلت

Waste Band Motor (ON/OFF 

Control) 

 

 

 

Manual ON, 

after max. 1 

minute 

automatic 

OFF 

 

  .Tbd مكان
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10.1.3.5 Filter Control System 

Control 

Valve 

(ON/OFF

) 

Exhaust 

Fan 1 

)بعد  
baghouse  

 فلترات(

Operator 

sets to 

ON 

Control Valve (ON/OFF) 

Exhaust Fan 2 

الى   و  مباشرة  الحرق  غرفة  بعد  )شفاط 

cyclotrone ) 

Operator sets to ON  

Electric Filter  

30 kV Power 

Supply  

(Interactive 

ON/OFF 

Control) 

Control Valve (ON/OFF) for  

sodium hydrogen 

carbonate spray valve 

 للفلت  رش تشغيل

(Pressurized tank with 

sodium hydrogen 

carbonate,  

compressor) 

 

 

 

 
Parallel- und Reihenschaltung 

In lufttechnischen Anlagen können betriebsbedingt oder aus sicherheitstechnischen Gründen mehr 

als ein Lüfter zum Einsatz kommen. Beim Parallelbetrieb zweier baugleicher Lüfter erreicht man 

eine Verdoppelung des Fördervolumens. 

 
Beim Reihenbetrieb wird eine Druckerhöhung erreicht. 
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10.1.3.6 Cooling Cycle 

pump, Control Valve (ON/OFF) Condensor 

Cooling Cycle 

Connections 

Water tank for cooling cycle 

 

 

 

 

 

10.1.3.7 Cabinet for PLC 

PLC 

Modbus Cable 

IP Cable for Camera 
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10.1.3.8 Graphical User Interface (GUI) 

MEAE Laptop, Large Monitor, modbus cable (see PLC Cabinet) 
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10.1.4 Preparing/Cleaning Ground 

ّ النفايات  -  لَم

 البلدية( من نحية الشارع وضع سياج او اواني حمر توضع فيها الماء ) من  -

10.1.5 Waste Management 

 نفايات مفروزة. من دار عمار )زياد ملك يسأل ر. خالد زعبي(

10.1.6 Costs 

Mechanical Issues   

Automation System 2.9.2019 100$ given to A. Kassem to buy 

cables and extra PLC Extension Module 

(8 IN, 8 OUT) 

3.9.2019 25.000 LL given to A. Kassem 

for cables 

 

   

   

10.1.7 Summary Parts for Incinerator (Check List) 

 اللوازم لتشغيل المحرقة دون توليد الطاقة الكهربائية 

 المسؤول  الوضع الحالي   

Fuel Burner Fuel Burner ----------  

  Installing Fuel Burner ----------  
   Tank for Fuel Burner  ----------  
  Spray System for Fuel (Solenoid Valve) ----------  
  Installing Tank, pipes for Fuel Burner ----------  

   ----------   

Filter Transformator 30kV (optional) (W ?) ----------   

  

Spray System for Sodium Carbonate 

(Solenoid Valve, Kompressor) ----------   

  Heat Exchanger (optional) ----------   

  Second Exhaust Fan (قبل الداخون) ------- عبد الله و ايهاب 

  Check Baghouse Filter At place  

  

3 Trays (Cyclotrone, E-Filter, 3.Filter) 
لفتحات الفلترات حتى يسحب الشفاط فقط من تسكير وقتي 

    غرفة الاحتراق 

       

Waste Inlet 
Putting Waste from Container into Waste Inlet 
 سمير TOT, aluminium (سكة لإدخال النفايات)
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Incineration Chamber 

Primary Air Supply Fan to Incineration 

Chamber (Interactive ON/OFF Control) 
في محلها. يجب ان تربط  

  PLCبال

  

Secondary Air Supply Fan to Incineration 

Chamber (Interactive ON/OFF Control) ----------  
  Incinerator Camera + Cable Network To be installed و ابو عمر  عبد الرحمن 

  Waste Band Motor (ON/OFF Control) To be tested   
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10.1.7.1 Still Open Issues at 24.9.2019 

 المسؤول  الوضع الحالي   

Mechanical 
 الحرق(  لغرفة   الشارع قبل من   الفتحة)  النفايات تشعيل  نقطة   تجهيز

 عبد الله و ايهاب 

 

 الفتحات  تلحيم-
  

 

 الفلتات  تفقد -
  

 

 بتسكر  يلي  طبقة مع  النفايات تدخيل   سكة
  

Facility 
 الماكينا  حول تنظيف

 سمير 

 

 الشارع  قبل  من  للامان حد  وضع
 سمير 

 محطة   تشغيل
 الكهرباء   توليد 

   3phase  كهربا  اشتاك

 سمير phases 3ممكن بالاجار 

 
   20A  كهربا  اشتاك

 سمير phases 3ممكن بالاجار 

 
 phase 3  كابلات

 سمير phases 3ممكن بالاجار 

 
 للتبريد   مياه  توفير

 ابو عمر 

 
 السرعة   حساس مع   الكبيرة valve ال  فحص

 و عبد الرحمن  ابو عمر 
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10.2 System Test Specification / Plan (for electricity generation) 

Unit Test Activity Expected Post condition Post 

condition 

Result 

Control 

system 

Read Temperature values from 

Temperature sensors: T1, T2, T3, T4 

T1: Linear Value   

T2: Linear Value   

T3: Linear value   

T4: Linear Value   

Read Pressure values from the 

pressure sensors: P1, P2, P3, P4 

P1: Linear Value   

P2: Linear Value   

P3: Linear Value   

P4: Linear Value   

RPM Sensor Linear Value   

IR Sensor Clear Reading   

Open & Close Valves Full Open   

Full Close   

Step Open\Close   

Vaporizer Ignite fire on the 

vaporizer for a 

half of hours without water 

No leaking smoke   

Stable Temperature value   

Emergency Fire 

extinguishing 

  

Ignite fire on the 

vaporizer for a 

half of hours with water 

Valve controlled via PLC 

OPEN\CLOSE 

  

No leaking water   

No leaking steam   

Condenser Full by water No leaking water   

Enter steam No leaking steam   

Steam should be transfer to 

water  

  

Pipes Pipes between vaporizer and 

turbine 

No leaking steam   

Pipes between turbine and 

condenser 

No leaking steam   

Pipes between condenser and water 

tank 

No leaking water   

Pipes between water tank and 

vaporizer 

No leaking water   
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Turbine Turbine mechanical Flexible turn   

Turbine oil On the Right levels   

Generator Connection to turbine Well connected   

Power output Well connected   
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10.3 Test 01.10.2019, 15.30-16 (30min) incineration 

10.3.1 Testteam 

 

 

10.3.2 Before Incineration (Ignition) 

 

 

10.3.3 At Begin of Incineration  

 
 

No smoke 
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10.3.4 About 20 min. after ignition 

 

Grey smoke 

 

10.3.5 After incineration 

  

about 80% of original volume (after 30 min.) 

10.3.6 Results 

10.3.6.1 capacity of incinerator 

material: 25 packs x 50kg = 1 ton 125 kg;  
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in incineration chamber could be put 2-4 packs (=100-200 kg). To be incinerated in 1 hour => about 

1ton in 8 hours. 

10.3.6.2 To be improved: 

- additional baghouse filter -> less smell/less color of smoke 

- additional fan/mounting green fan more effectively 

- closing gaps: at incineration chamber 

- better closing for door of incineration chamber 

10.3.7 Ashes Analysis 

Leaching with citric acid, Liquid-Liquid  
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10.4 Reparations after Test on 1.10.19 

- Closing of leaks in incineration chamber 

- putting second exhaust fan parallel to first exhaust fan immediately before chimney 

- direct exhaust way between last filter (baghouse filter) and fans. 

10.5 Test 4 (27.12.2019): Leaks, Suction and Filtering 

Unit Test Activity Expected Post 
condition 

Post condition Result 

Control System Open & Close Fans Open\Close main 
fan (Big fan) 

Opened and 
closed normally 

Success 

Open\Close 
secondary fan 
(small fan) 

Opened and 
closed normally 

Success 

Open the two fan 
together 

Opened and 
closed normally 

Success 

Connect to 
burning room 
camera 

Clean and clear live 
video 

Image not too 
much clear 

Done with 
remarks 

Burning room Ignite fire on the 

Burning room for 
10 minutes 

No leaking smoke 
in the room 

There are leaking 
smoke, check 
below for details 

Leaks should be 
fixed 

Stable 
Temperature value 

normal Normal 

Suction System Keep fire burning 
and turn on Main 
Fan for 10 minutes 

Smoke coming out 
from the funnel 

Yes it is, funnel 
smoke density: 
about 4/10 

Nothing to do till 
the next test 

Keep fire burning 
and turn off main 
fan wait a minute 
then turn on the 
secondary fan for 
10 minutes 

Smoke coming out 
from the funnel 

Yes it is, funnel 
smoke density: 
about 2/10 

Nothing to do till 
the next test 

Keep fire burning 
and turn on the 
two fans together 
for 5 minutes 

Smoke coming out 
from the funnel 
strongly 

Yes it is, funnel 
smoke density: 
about 5/10 

Nothing to do till 
the next test 

Filtering System Keep fire burning 
with two fans and 
check the smoke 
color and smell 

Smoke with no or 
transparent color 

Transparent from 
the funnel and 
white from the 
leaks 

Good result 

Smoke with no 
smell 

There is smell but 
it may be caused 
by leaks 

Nothing to do till 
the next test 

 

Test date and time: 
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The test take place in Tripoli, Haikaliyeh on Friday 27-12-2019 at 2:00 PM and it takes about 42 

minutes. 

Test participators: 

Supervise this test Eng. Mahmoud Zohby, 

And Mr. Abdul Rahman Mourad on the control system 

With Mr. Bilal and Ibrahim Mourad on the burning and test tasks. 

Test record:  

All the test procedure was video recorded using a 4K camera  

 

Videos are available on company server on:  

Detailed info: 

In the beginning of the test after burning the garbage, the smoke start to leaks from the burning 

room and the smoke path. 
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Below are the most important leaks places with images: 

  

Place 1: burning room    Place 2: garbage entrance 

 

 

Image 3: the beginning of the smoke path 
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Place 4: electro-filter circles   Place 5: burning room main door 

Next Tasks: 

1. Fix leaking places, with checking of fixes result by immediate test 

2. Reinstall the compressor and the powder valve instead of the stolen one 

3. Install fuel burner 

4. Find a way to get rid of the mesh 

5. Install a fire extinguisher to safely extinguish the fire in emergency cases 

6. Enhance the garbage entrance way or install a garbage shredder 

7. Install pollution sensors or make a contract for regular checks during works 

8. Install temperature sensors all around the steam path 

9. Complete working on the Electro-Filter 

10. Revise the control system with its control interface 

 

This report is prepared by Eng. Mahmoud Zohby 

Mahmoud.zohby@gmail.com 

+961 3 671621 

 

Test team  

mailto:Mahmoud.zohby@gmail.com
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Electrolysis Unit & Fuel Burner Unit 

 

Based on the follwing reports 

 [NLAP-WEDC 2017] 

[NLAP-WEDC 2018]  

[NLAP-WEDC 2019] 

 

 

With contributions of: 

Siham Aisha 

Othman Dhaibe 

Samer Youssef 
 

Last update: 28. Sep. 2020 / 1442 ،صفر  11 ،الإثنين  
D:\AECENAR\ICPT\Electrolysis_sinceSep2019\18052020_ICPT-EFB_Report1_2020.docx 

 

 

 

 

 

 

 

 

 

 

 Detailed Design & Construction for: 

• Electrolysis System 

• Fuel burner 
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11 Conception and Predevelopment for Electrolysis Unit&Hydrogen Burner 
Unit15 

11.1 Alkaline Electrolysis System Design from lightbridge.sales@gmail.com 

 

 

 

 

15 from [NLAP-WEDC 2018] 
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11.2 Concept 

 

11.3 Design 1 (April 2018) 

 

Electrolyse_cadre.FCS

td      
21042018_assemblag

e_electrolysis(color).FCStd 

Base plate for anode and cathode 

    

17042018_Prototype 

electrolysis.FCStd
 

 

Diaphragm 

   

19042018_diaphragm

.FCStd
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Electrode 

    

19042018_electrode.F

CStd
 

Pipe 

   

28042018_pipe.FCStd

 

11.3.1 Materials 

2 plates plastic  1m * 1m 

8 plates plastic 1.1 cm * 1m 

4 plates caoutchouc 1m * 1m * 0.5 cm 

1 plate Stainless 95 cm * 90 cm 

1 plate Nickel 95 cm * 90 cm 

2 tubes Nickel Ф 1cm L:10 cm 

2 tubes Stainless Ф 1cm L:10 cm 

6 tubes plastic Ф 2cm L:10 cm 

7 tubes plastic Ф 2cm L:20 cm 

7 elbows plastic Ф 2cm ╔   

2 tubes plastic Ф 2cm L: 1m 

2 T plastic Ф 2cm  ╣  

2 condenser  

2 faucet   

2 tank plastic  

2 fixes bolt  
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Electrolyte (KOH) 

 

Anode (Nickel) 

 

Cathode (Stainless) 

 

Diaphragm 

 

11.3.2 Cost of materials 

Material  Suppliers  Prices  Pictures  

Nickel 1 نوفل kg = 2.5 $ 

 

Alibaba  1kg = [15$ - 40$] 

Stainless 1 نوفلkg = 4.5$ 

 

Alibaba  1 kg = 2.3$ 
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Diaphragm  Alibaba  Piece = [20$ - 500$] 

 

11.4 Design 2 (May 2018) 

03052018_one_cell.FCStd
 

03052018_Stack_electr.FCStd
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11.4.1 Result: 

Plexi breaks, when two plates are pressed together such that the water can't flow out. 
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11.5 Design 3 (Aug 2018) 

electrolyser 210818.FCStd
 

 

   

 

STEPS:  

1-2 stainless plates tied up tightly  

2- ppr pipes allowing the gas to flow freely  

3- a plastic headed bound to prevent electrical 

contact between the 2 plates 

4-retatchebel iron link to separate the 2 basic 

compounds [pipes,plates] )قطع وصل(. 
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a check valve (NON-REVERSE LINK) to 

prevent the water from turning back once it has 

been pumped . 

 

 

The motor has initially the basic role to pump 

the water threw the device starting the 

mechanicsm witch whom it is meant for. 

 

 

1-industriel rolls  

 جلدة -2

 جلدة -3

4-industriel rolls  

5- stainless cathode  

6-stainless anode  

7- nafion membrain 

 

We have replaced the motor with a more 

accurate full-mechanic  system , using a relatively 

small volume tank decreasing the water pressure 

in the pipes making a more efficient and accurate 

mechanicsm 
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11.5.1 From report 10 Nov 2018 (Samer Youcef) 

 

 

 

electrolyser 201018 - Copy (16).FCStd
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big tank.FCStd
 

A WATER TANK AT 50 cm OF DIAMETRE , 

STANDING ON A 90cm HEIGHT TABLE , WE 

ATTACHED A WATER TAP TO IT , 

CONTROLING THE WATER QUANTITY IN 

THE SYSTEME 

small tank (2).FCStd
 

 

A REALTIVELY SMALLER TANK, THIS 

TANK HAS NO WATER TAP, IT'S MAIN 

ROLE IS CONTROLING WATER LEVEL 

WITHIN THE SYSTEME , THREW A SPECIFIC 

WATER LEVELING 

INTRUMENT(FAWAYSHA); IT HAS LESS 

THEN 20cm IN DIAMETER, AND STANDING 

AT A TABLE HEIGHT OF 70cm . 

 

stop check valve.FCStd
 

A STOP CHECK VALVE, PREVENTING 

WATEER FROM TURNING BACK TO THE 

DIRECTION OF IT'S SOURCE, PLAYING A 

KEY ROLE IN THE STABILITY OF THE 

WATER IN THE SYSTEME, INCREASING 

LEVEL CONTROLING PRESICION; AND TO 

THE RIGHT WE HAVE A WATER TAP, WICH 

REPRESENTS THE SOUL EXIST OF THE 

WATER FROM THE SYSTEME, WHEN 

WANTED 

 

. 
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stainless steal plates.FCStd
  

 

THE MAIN PART OF THE 

SYSTEME, 2 STAINLESS 

STEAL 

PLATES(D=30cm,edge:L,l=4m

m,h=4 cm) PRESSED 

TOGETHER , LAYS IN 

BETWEEN THEM 2 RUBBER 

JOINTS TO ENDURE THE 

MASSIVE PRESSURE , AND 

THESE JOINTS ARE IDEAL 

IN PREVENTING ANY 

PENETRATION, BETWEEN 

THE PALTES 

 

 

pressure table.FCStd
 

AFTER THE 

DECOMPOSASTION 

PROCESS, GAS WILL START 

FLOATING INSIDE THE 

PLAKSI PIPES , WICH WILL 

EVENTUALLY BE STOCKED 

IN THE PRESSURE 

CHAMPER BY A SPECIFIC 

WATER METHODE, EACH 

ONE OF THIS 2 CHAMPERS 

CONTAINS  DIFERENT 

GASES (H2,O2). 
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Electrolyser base :180918 

 

 سنتمت  60ارتفاع الاقدام : 

 سنتمت  55الطول والعرض :

 

 

 سنتمت  20قطر الدائرة :

 ملمت  10السماكة: 

 

 

 سنتمت   12قطر الدائرة الداخلية : 

 ملمت   5السماكة :

 سنتمت  25ارتفاع الدائرة : 

الثانية      عن  الاولى  الدائرة  تبعد 
 سنتمت  50كحد اقصى : 

 

 

 سنتمت    14طول : 

 سنتمت   18عرض :
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11.6 Hydrogenics electrolyzer 

 



 

 

199 

12 Cascaded Design and Calculation for Alkaline Electrolysis Unit 

12.1 Overview 

 

Figure 1: Plant of electrolysis (FreeCAD) 

Specification 

Voltage 8 volt 

Current 300 Ampere 

Power 2.4  KW 

KOH 5.7 Kg 

Gas flow rate Hydrogen all stacks 2.27 𝐿. 𝑚𝑖𝑛−1 

Gas flow rate Oxygen all stacks 1.13 𝐿. 𝑚𝑖𝑛−1 

Dimensions Electrode (Radius: 15 cm / thickness: 2cm) 

Stainless 304 

Stack (Radius: 15 cm/ Thickness: 16 cm) 

Table 1: Specification of electrolysis 
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8 Volt/ 300 Ampere 

 

Figure 2:Multistack Amperage/Voltage 

Each stack has 4 serial cells (2+2+2+2 = 8 Volt / 75 Ampere) 

4 stack parallel (8 Volt/ 75 Ampere*4 = 300 Ampere) 

• Each electrode has thickness 2 cm: 166.6 g (KOH)  

We have 30 electrodes (2 cm) => 30 * 166.6 = 5000 g (KOH) 

• Electrode has thickness 4 cm: 333.3 g (KOH)  

We have 2 electrodes (4 cm) => 2 * 333.33 = 666.6 g (KOH) 

12.2 Design FreeCad 

 

160319_electrolysis_

multistack.FCStd
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Figure 3: Serial stack 

Stack 

180319_Stack_electrol

ysis.FCStd
 

  

180319_baseplate_ele

ctrolysis.FCStd  
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Base plate 

 
 مواد عدد  المقاس الشكل 

طول    انش   ¼10  
 سنتمت  

 قسطل  6

 
 محول  2 من ½ الى ¼ 
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 كوع 1 ½ انش

 
 كوع 4 ¼ انش

 
  4 ¼ انش

  

 مواد عدد  المقاس الشكل 

 

 10¼ انش طول  
 سنتمت  

 قسطل  6

 
  5 ¼ انش
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12.3 Calculation of the amount of water and KOH 

V=∏.R2.h 

Radius: 15 cm 

H1 : 4 cm H2  = 2 cm 

V1=∏.R2.h1  

= ∏. 0.152 . 0.04  

= 2.82* 10-3 m3  

= 2.82* 10-3.106 cm3  

=2.82*103 cm3 

=2.82 liter 

V2 =∏.R2.h2  

= ∏. 0.152 . 0.02  

= 1.41* 10-3 m3  

= 1.41* 10-3.106 cm3  

=1.41*103 cm3 

=1.41 liter 

The cell can contain 2.82 liter and 1.41 liter but in reality we want fell cell a)1 liter and b) 0.5 liter 

respectively  

KOH 

A. The electrolysis need 25 % KOH in 1000 ml so 75 % is water  
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250 g → 750 ml 

?? <--1000 ml 

Amount of KOH in one cell end plate electrode  = 
1000 𝑚𝑙∗250 𝑔

750 𝑚𝑙
= 333.33 𝑔 

We have 2 electrodes end plate: 2*333.3 g = 666.6 g  

 

Figure 4: Amount of KOH 

 

 

B. The electrolysis need 25 % KOH in 500 ml so 75 % is water  

125 g → 375 ml 

?? <--500 ml 

Amount of KOH in one cell base plate   = 
500 𝑚𝑙∗125 𝑔

375 𝑚𝑙
= 166.66 𝑔 

We have 30 electrodes base plate: 30 * 166.66 g= 5000 g  

12.4 Calculate gas flow rate 

The maximum cell current value of 75 A is selected for the calculation. Faraday constant (F= 96485 

C.𝑚𝑜𝑙−1 or C: coulomb (1C = 1A.s)). Moreover, Eq. 1 is used to calculate the number of hydrogen 

moles as follows. 

𝑛(𝐻2) =
𝐼 ∗ 𝑡

2𝐹
=  

75 (𝐴) ∗ 60(𝑠)

2(𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠) ∗ 96485 𝐶. 𝑚𝑜𝑙−1 
= 0.0233 𝑚𝑜𝑙/𝑚𝑖𝑛  

Considering Eq. 2, assuming the pressure of 1 atm and the operating temperature of 25°C, the 

theoretical VH2(g) can be determined as, 

𝑉𝐻2(𝑔)
=  

𝑛𝐻2
𝑅𝑇

𝑃
=

0.0233 𝑚𝑜𝑙/ min∗ 0.082 𝐿𝑎𝑡𝑚 𝐾−1𝑚𝑜𝑙−1 ∗ 298 𝐾

1 𝑎𝑡𝑚
 

𝑉𝐻2
= 0.569 𝐿.  𝑚𝑖𝑛−1 

Each stack produce 0. 569 L. 𝑚𝑖𝑛−1 =>  4 stack produce  = 0.569 L. 𝑚𝑖𝑛−1 * 4 (stack) = 2.279 L.𝑚𝑖𝑛−1 

For oxygen: 

The amount of substance for O2 (g) can be determined by using either Eq. 5.1 or the electrochemical 

reaction of the alkaline electrolysis cell. According to the electro chemical reaction, the number of 

O2(g) moles should be half of H2(g) moles. Hence, the number of O2(g) moles can be easily 

determined as in Eq.  



Error! Use the Home tab to apply Überschrift 1 to the text that you want to appear here. 

 

207 

𝑛𝑂2
=

𝑛𝐻2

2
 

𝑛𝑂2
= 0.0116 𝑚𝑜𝑙/𝑚𝑖𝑛 

𝑉𝑂2(𝑔)
=  

𝑛𝑂2
𝑅𝑇

𝑃
=

0.0116 𝑚𝑜𝑙/ min∗ 0.082 𝐿𝑎𝑡𝑚 𝐾−1𝑚𝑜𝑙−1 ∗ 298 𝐾

1 𝑎𝑡𝑚
 

𝑉𝑂2
= 0.284 𝐿. 𝑚𝑖𝑛−1 

Each stack produce 0.284 L.𝑚𝑖𝑛−1 =>  4 stacks produce  = 0.284 𝐿. 𝑚𝑖𝑛−1  * 4 (stacks)= 1.138 L.𝑚𝑖𝑛−1 

Other https://www.editions-petiteelisabeth.fr/calculs_electrolyse_3.php 

12.5 Power supply 

 

• Density current for electrolysis: 0.2 – 0.4 A/cm2 

• Our cell contains 0.5 liter = 250 cm2  

• Current apply for each cell  = 
250 𝑐𝑚2 ∗0.3 𝐴/𝑐𝑚2

1𝑐𝑚2 = 75 𝐴 

• Voltage apply for each cell is 2V  

• Each stack has 4 serial cell => voltage = 4*2 = 8 V  

    Current = 75A 

• The total is 4 parallel stack => voltage = 8 V  

    Current = 4 * 75 = 300 A 

• Power apply: Power = voltage x Current = 8 Volt x 300 Ampere = 2.4 KW 

 

12.6 Simplified Design16 

12.6.1 Level Control System 

tubes=12.5mm,6mm 

 

16 Samer Youssef, July/Aug 2019 

https://www.editions-petiteelisabeth.fr/calculs_electrolyse_3.php
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12.6.2 Electrolyser Container 
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numbers of columns : 2-(162)cm 

                                        14-(150)cm.. or.. 12(126)cm 

                                                                         2(150)cm. 

12.6.3 Integration 

 

110619NLAP-WEDC_ElectrolysisUnit.FCStd
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13 Alkaline Electrolysis of Water Unit including Fuel Burner 

13.1 Overview 

 

Figure 5 : Plant of electrolysis (FreeCAD 

 

Specification 

Voltage 4 volt 

Current 150 Ampere 

Power 0.6  KW 

KOH 1.33 Kg 

Gas flow rate Hydrogen all stacks 2.27 𝐿. 𝑚𝑖𝑛−1 

Gas flow rate Oxygen all stacks 1.13 𝐿. 𝑚𝑖𝑛−1 

Dimensions Electrode (Radius: 15 cm / thickness: 2cm) 

Stainless 304 

Stack (Radius: 15 cm/ Thickness: 16 cm) 

Table 2: Specification of electrolysis 

 

Figure 6 :Multistack Amperage/Voltage 

Each stack has 2 serial cells (2+2 = 4 Volt / 75 Ampere) 

2 stack parallel (4 Volt/ 75 Ampere * 2 = 150 Ampere) 
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• Each electrode has thickness 2 cm: 166.6 g (KOH)  

We have 6 electrodes (2 cm) => 4 * 166.6 = 666.6 g (KOH) 

• Electrode has thickness 4 cm: 333.3 g (KOH)  

We have 2 electrodes (4 cm) => 2 * 333.33 = 666.6 g (KOH) 

13.2 FreeCad Design 

 

Figure 7 

electrolyser+fuel burnner 010120.FCStd

 

Figure 8 
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Figure 9 

 

Figure 10 

 

 

Figure 11: Serial stack 

180319_Stack_electrol

ysis.FCStd
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Figure 12 

  

Figure 13 

original electroluser.FCStd
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Figure 14    

 

Figure 15  

 مواد  عدد المقاس  الشكل 

 

    : " 1/4قطر
 سنتمت 10طول 

 قسطل 8
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  "1/2قطر: 
 سنتمت 10طول 

 قسطل 4

 

 محول  4 "1/2الى   "1من  

 

1/4" 16 T )بلاستك( 

 
 

صباب عدم   3 "1/2
 رجوع)ماء( 

 

16 mm:Ø 2   صباب عدم رجوع
(azot ) 

 

16 mm:Ø 2   صباب عدم
 ( Hyd,Oxyرجوع)

 

 شريط بعزقة  8 "1/2

 20 mm 43  حبسة حجم صغير 

 40 mm 35  حبسة حجم كبير 
Table 3 
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13.3 Calculation of the amount of water and KOH 

V=∏.R2.h 

Radius: 15 cm 

H1 : 4 cm H2  = 2 cm 

V1=∏.R2.h1  

= ∏. 0.152 . 0.04  

= 2.82* 10-3 m3  

= 2.82* 10-3.106 cm3  

=2.82*103 cm3 

=2.82 liter 

V2 =∏.R2.h2  

= ∏. 0.152 . 0.02  

= 1.41* 10-3 m3  

= 1.41* 10-3.106 cm3  

=1.41*103 cm3 

=1.41 liter 

The cell can contain 2.82 liter and 1.41 liter but in reality we want fell cell a)1 liter and b) 0.5 liter 

respectively  

KOH 

B. The electrolysis need 25 % KOH in 1000 ml so 75 % is water  

250 g → 750 ml 

?? <--1000 ml 

Amount of KOH in one cell end plate electrode  = 
1000 𝑚𝑙∗250 𝑔

750 𝑚𝑙
= 333.33 𝑔 

We have 2 electrodes end plate: 2*333.3 g = 666.6 g  
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Figure 16: Amount of KOH 

 

C. The electrolysis need 25 % KOH in 500 ml so 75 % is water  

125 g → 375 ml 

?? <--500 ml 

Amount of KOH in one cell base plate   = 
500 𝑚𝑙∗125 𝑔

375 𝑚𝑙
= 166.66 𝑔 

We have 4 electrodes base plate: 4 * 166.66 g= 666.6 g  

13.4 Calculation of gas flow rate 

The maximum cell current value of 75 A is selected for the calculation. Faraday constant (F= 96485 

C.𝑚𝑜𝑙−1 or C: coulomb (1C = 1A.s)). Moreover, Eq. 1 is used to calculate the number of hydrogen 

moles as follows. 

𝑛(𝐻2) =
𝐼 ∗ 𝑡

2𝐹
=  

75 (𝐴) ∗ 60(𝑠)

2(𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠) ∗ 96485 𝐶. 𝑚𝑜𝑙−1 
= 0.0233 𝑚𝑜𝑙/𝑚𝑖𝑛  

 

Considering Eq. 2, assuming the pressure of 1 atm and the operating temperature of 25°C, the 

theoretical VH2(g) can be determined as, 

 

𝑉𝐻2(𝑔)
=  

𝑛𝐻2
𝑅𝑇

𝑃
=

0.0233 𝑚𝑜𝑙/ min∗ 0.082 𝐿𝑎𝑡𝑚 𝐾−1𝑚𝑜𝑙−1 ∗ 298 𝐾

1 𝑎𝑡𝑚
 

𝑉𝐻2
= 0.569 𝐿.  𝑚𝑖𝑛−1 

Each stack produce 0. 569 L. 𝑚𝑖𝑛−1 =>  4 stack produce  = 0.569 L. 𝑚𝑖𝑛−1 * 2 (stack) = 1.138 L.𝑚𝑖𝑛−1 

 

For oxygen: 
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The amount of substance for O2 (g) can be determined by using either Eq. 5.1 or the electrochemical 

reaction of the alkaline electrolysis cell. According to the electro chemical reaction, the number of 

O2(g) moles should be half of H2(g) moles. Hence, the number of O2(g) moles can be easily 

determined as in Eq.  

𝑛𝑂2
=

𝑛𝐻2

2
 

𝑛𝑂2
= 0.0116 𝑚𝑜𝑙/𝑚𝑖𝑛 

𝑉𝑂2(𝑔)
=  

𝑛𝑂2
𝑅𝑇

𝑃
=

0.0116 𝑚𝑜𝑙/ min∗ 0.082 𝐿𝑎𝑡𝑚 𝐾−1𝑚𝑜𝑙−1 ∗ 298 𝐾

1 𝑎𝑡𝑚
 

𝑉𝑂2
= 0.284 𝐿. 𝑚𝑖𝑛−1 

Each stack produce 0.284 L.𝑚𝑖𝑛−1 =>  2 stacks produce  = 0.284 𝐿. 𝑚𝑖𝑛−1  * 2 (stacks)= 0.568 L.𝑚𝑖𝑛−1 

Other https://www.editions-petiteelisabeth.fr/calculs_electrolyse_3.php 

13.5 Power supply 

 

Figure 17 

• Density current for electrolysis: 0.2 – 0.4 A/cm2 

• Our cell contains 0.5 liter = 250 cm2  

• Current apply for each cell  = 
250 𝑐𝑚2 ∗0.3 𝐴/𝑐𝑚2

1𝑐𝑚2 = 75 𝐴 

• Voltage apply for each cell is 2V  

• Each stack has 2 serial cell => voltage = 2*2 = 4 V  

    Current = 75A 

• The total is 2 parallel stack => voltage = 8 V  

    Current = 2 * 75 = 150 A 

• Power apply: Power = voltage x Current = 4 Volt x 150 Ampere = 0.6 KW 

 

https://www.editions-petiteelisabeth.fr/calculs_electrolyse_3.php
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13.6 Compact Design17 

13.6.1 Level Control System 

tubes=12.5mm,6mm 

 
Figure 18 

 

17 Samer Youssef, July/Aug 2019 
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Figure 19 

 
Figure 20 
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13.6.2 Electrolyser Container 

 

Figure 21 

 

Figure 22 
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Figure 23                                              Figure 24 

 

 

numbers of columns : 4-(180)cm 

                                      6-(72) cm 

                                      5-(80) cm 

                                      5-(68) cm 

                                      6-(60) cm 

                                      2-(40) cm 

                                      1-(56) cm 

                                      1-(46) cm. 
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13.6.3 Integration 

  

Figure 25 

electrolyser+fuel burnner 010120.FCStd
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14 Fuel burner unit 

14.1 Fuel burner 

14.1.1 FreeCAD Design 

fuel_burner_261218.FCStd
 

 

Figure 26     

  Figure 27 

 

Int diameter: 23 cm , 

Ext diameter: 25cm , 

Length: 50 cm . 

Figure 28 
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 Int diameter : 17 cm,       

                                                                  Ext diameter: 20 cm,                             Figure 29 

                                                     Length : 40 cm . 

 

 

 

Figure 30  

length: 1 cm  

width : 5mm 

height : 35 cm  

Nb of bars: 50 
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Figure 31                                                                                        Figure 32  

Dimetre of plate : 17 cm        
Thickness : 5mm                     

Diameter of holes : 25 mm   

 

Figure 33 

 

    Height of cone:1cm                 

Figure 34                                               Diametre of holes : 2 mm    
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  Figure 35  

Height:            7 cm 

Int diameter:   8 mm 

Ext diameter: 10 mm 

 

 

14.1.2 Manufactoring 

 

 

 
 

Table 4 
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                                   Table 5 

 

   

 

Table 6 
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                                            Table 8 

 

Table 7 

Table 9 
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14.2 Holder of fuel burner 

14.2.1 Free Cad Design 

 

Figure 36: FreeCad holder of fuel burner Figure 

 

Figure 37 

        

       Figure 38                                               Figure 39  

Thickness: 10 mm 

Diameter of holes: 20 mm 
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     Figure 40                                                          Figure 41 

Int diameter: 22 cm 

Ext diameter: 30 cm 

Diameter of holes: 16 mm 

   

         Figure 42                                                                              Figure 43 

Thibkness : 10 mm 

 

Figure 44 
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      Figure 45                                                              Figure 46 

 

   

      Figure 47                                                                                Figure 48 

        

         Figure 49                                                                               Figure 50 

   Figure 51 
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          Figure 52                                                                           Figure 53                                   Figure 54 

14.2.2 Manufactoring 
 

                    Table 10 

 

Table 10 
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Table 11 

 

Table 12 

14.3 Integration 

   

Table 13 
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14.4 Test Fuel with Propan Gas and Air / Propan Gas and Oxzgene 

 

holder+fuleburner_05

1118.FCStd
 

 

fuel_burner_04_08_18.FCStd
 

Fuel burner test rig   
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With air: With oxygene 

 

 

For ignition a sparc from a 10 kV 

tranformator was used 
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14.5 Summary Fuel Burner 
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15 Fuel / Oxidizer Mixing Test Rig18 

15.1 Some basics concerning working with Raspberry and flow sensor 

15.1.1 Step 1 reading book about Raspberry and C++ 

Reading a book about raspberry pi and how to write code in C ++ 

The link of this book:  

https://bbooks.info/b/w/8873f497932991f0a46529d6b98eea3373f9ad81/exploring-the-raspberry-pi-2-with-c.pdf 

15.1.2 Step 2 Watch on YouTube a video related to LED control 

The title of this video: writing to GPIO pins in C using wiringPi on the raspberry Pi 

15.1.3 Step 3 Writing C++ code on  Raspberry pi  

 

 

18 Based on Trainee Report of Ali Ibrahim and Ali Awad, August 2020 

https://bbooks.info/b/w/8873f497932991f0a46529d6b98eea3373f9ad81/exploring-the-raspberry-pi-2-with-c.pdf
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15.1.4 Step 4 Hardware integration 

We installed a resistor with LED on breadboard and connected it on Raspberry PI 

 

15.1.5 Step 5 Running  

Some pictures while working and controlling the LED: 
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15.1.6 Flowmeter buyed from CNCLab 

 

15.1.7 Raspberry GPIO pins 
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15.2 Some basics connerning Python programming with Raspberry 

15.2.1 Step 1: write code in new script to control led 

لأنه الكود الاسهل ولقد تم نجاح هذا الاختبار والكود موجود بالأسفل  LED  قمنا باختبار  Python 

code كوننا جدد على 
Attention: using this raspberry pi you must focus to GPIO.setmode(GPIO.BCM) NOT .BOARD 
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15.2.2 Step 2: Hardware  

 

15.2.3 Testing code for flow meter 

  The flow sensor اليوم كتبنا كود لنقوم بتشغيل 
#!/usr/bin/env python 

#flowsensor.py 

import RPi.GPIO as GPIO 

import time, sys 

 

FLOW_SENSOR = 23 

 

GPIO.setmode(GPIO.BCM) 

GPIO.setup(FLOW_SENSOR, GPIO.IN, pull_up_down = GPIO.PUD_UP) 

  

#global count 

 

#count = 0 

 

 

 

def countpulse(channel,start_counter): 

       print ("Bismillah") 

       print (channel) 

#        global count 

       start_counter = 1 

       count = 0 

       if start_counter == 1: 

        count += 1 

#print count 

#flow = count / (60 * 7.5) 
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#print(flow) 

        channel= GPIO.add_event_detect(FLOW_SENSOR, GPIO.FALLING, 

callback=countpulse) 

        

        while True: 

         try: 

           start=count - 1 

           time.sleep(1) 

           start=count - 1 

           flow = (count * 60 * 2.25 / 1000) 

           print ("The flow is:" , flow) 

           #%.3f Liter/min' % (flow) 

           count = 0 

           time.sleep(5) 

            

         except KeyboardInterrupt: 

           print ('\ncaught keyboard interrupt!, bye') 

           print ("No flow") 

           GPIO.cleanup() 

           sys.exit() 

            

countpulse (1,2) 

New test of flow meter sensor 

import RPi.GPIO as GPIO 

import time, sys 

pulse_pin = 25 

GPIO.setmode(GPIO.BCM) 

GPIO.setup(pulse_pin, GPIO.IN,pull_up_down = GPIO.PUD_UP) 

 

def countPulse1(channel1): 

    count+=1 

    print("Number of revolution of wheel of flow sensor:") 

    print(count) 

 

GPIO.add_event_detect(pulse_pin, GPIO.RISING, callback=countPulse1) 

 

 

 

try: 

     while True: 

         print("Inside while starting") 

         time.sleep(10) 

         print("Inside while ending") 

         time.sleep(10) 

except keyboardInterrupt: 

    print ('\ncaught keyboard interrupt!, bye') 

    GPIO.cleanup() 

    sys.exit() 

 

 

• Today, we're going to modify the code to suit our work with a flow meter sensor 

• We will also connect the sensor to the raspberry pi and we will try to reach a result 

• We'll also connect the valve to the raspberry pi and we'll control it 

• We will write all the writing work on the word 
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15.3 Working with oscilloscope 
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15.4 Python program for flow sensor 

15.4.1 Hardware for flowmeter sensor: 

  

15.4.2 The code of flow meter sensor: 

import RPi.GPIO as GPIO 

import time, sys 

 

FLOW_SENSOR = 23 

 

GPIO.setmode(GPIO.BCM) 

GPIO.setup(FLOW_SENSOR, GPIO.IN, pull_up_down = GPIO.PUD_UP) 

 

global count 

count = 0 

 

def countPulse(channel): 

   global count 

   if start_counter == 1: 

      count = count+1 

#      print count 

#      flow = count / (60 * 7.5) 

#      print(flow) 

 

GPIO.add_event_detect(FLOW_SENSOR, GPIO.FALLING, callback=countPulse) 

 

while True: 

    try: 

        start_counter = 1 

        time.sleep(1) 

        start_counter = 0 

        flow = (count * 60 * 2.25 / 1000) 

        print "The flow is: %.3f Liter/min" % (flow) 

        count = 0 

        time.sleep(5) 

    except KeyboardInterrupt: 

        print '\ncaught keyboard interrupt!, bye' 

        GPIO.cleanup() 

        sys.exit() 
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15.4.3 Running test result 

 

15.4.4 Pins of raspberry pi 3  

  

15.5 Python code for servo motor (automatic valve, variant 1) 

15.5.1 The code for servor motor 

# Import libraries 

import RPi.GPIO as GPIO 

import time 

 

# Set GPIO numbering mode 

GPIO.setmode(GPIO.BOARD) 

 

# Set pin 11 as an output, and set servo1 as pin 11 as PWM 
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GPIO.setup(11,GPIO.OUT) 

servo1 = GPIO.PWM(11,50) # Note 11 is pin, 50 = 50Hz pulse 

 

#start PWM running, but with value of 0 (pulse off) 

servo1.start(0) 

print ("Waiting for 2 seconds") 

time.sleep(2) 

 

#Let's move the servo! 

print ("Rotating 180 degrees in 10 steps") 

 

# Define variable duty 

duty = 2 

 

# Loop for duty values from 2 to 12 (0 to 180 degrees) 

while duty <= 12: 

    servo1.ChangeDutyCycle(duty) 

    time.sleep(1) 

    duty = duty + 1 

 

# Wait a couple of seconds 

time.sleep(2) 

 

# Turn back to 90 degrees 

print ("Turning back to 90 degrees for 2 seconds") 

servo1.ChangeDutyCycle(7) 

time.sleep(2) 

 

#turn back to 0 degrees 

print ("Turning back to 0 degrees") 

servo1.ChangeDutyCycle(2) 

time.sleep(0.5) 

servo1.ChangeDutyCycle(0) 

 

#Clean things up at the end 

servo1.stop() 

GPIO.cleanup() 

print ("Goodbye") 

15.5.2 Hardware 
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15.6 The code for the servo motor and flow sensor: 

# Import libraries 

import RPi.GPIO as GPIO 

import time, sys 

 

FLOW_SENSOR = 23 

SERVO = 11 

 

# Set GPIO numbering mode 

GPIO.setmode(GPIO.BCM) 

 

# Set pin 23 as input for the flow sensor 

# Set pin 11 as an output, and set servo1 as pin 11 as PWM 

GPIO.setup(FLOW_SENSOR, GPIO.IN, pull_up_down = GPIO.PUD_UP) 

GPIO.setup(SERVO, GPIO.OUT) 

 

global count 

count = 0 

start_counter = 0 

 

def countPulse(channel): 

   global count 

   if start_counter == 1: 

      count = count+1 

#      print count 

      flow = count / (60 * 7.5) 

#      print(flow) 
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servo1 = GPIO.PWM(11,50) # Note 11 is pin, 50 = 50Hz pulse 

 

GPIO.add_event_detect(FLOW_SENSOR, GPIO.FALLING, callback=countPulse) 

 

#start PWM running, but with value of 0 (pulse off) 

servo1.start(0) 

print ("Waiting for 2 seconds") 

time.sleep(2) 

 

#Let's move the servo! 

print ("Rotating 180 degrees in 10 steps") 

 

# Define variable duty 

duty = 2 

 

# Loop for duty values from 2 to 12 (0 to 180 degrees) 

while duty <= 12: 

    servo1.ChangeDutyCycle(duty) 

    time.sleep(1) 

    duty = duty + 1 

 

# Wait a couple of seconds 

time.sleep(2) 

 

# Turn back to 90 degrees 

print ("Turning back to 90 degrees for 2 seconds") 

servo1.ChangeDutyCycle(7) 

time.sleep(2) 

 

#turn back to 0 degrees 

print ("Turning back to 0 degrees") 

servo1.ChangeDutyCycle(2) 

time.sleep(0.5) 

servo1.ChangeDutyCycle(0) 

time.sleep(2) 

 

while True: 

    try: 

        start_counter = 1 

        time.sleep(1) 

        start_counter = 0 

        flow = (count * 60 * 2.25 / 1000) 

        print ("The flow is: " + str(flow) + " Liter/min" ) 

        count = 0 

        time.sleep(2) 

    except KeyboardInterrupt: 

        servo1.stop() 

        print ("caught keyboard interrupt!") 

        GPIO.cleanup() 

        print ("Goodbye") 

        sys.exit() 
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15.6.1 Hardware of servo motor and flow sensor: 

 

 

15.6.2 DC motor for automatic valve (on-off of a relay) (automatic valve, variant 2) 

15.6.3 References of control DC motor: 

https://www.aranacorp.com/en/control-a-dc-motor-with-raspberry-pi/ 

15.6.4 Hardware 

  

https://www.aranacorp.com/en/control-a-dc-motor-with-raspberry-pi/
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15.6.5 The code 

 

 

15.6.6 Testing 
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15.7 System integration Mixing Control (Mechanical, Hardware & Software) 

  

 

15.7.1 Code 

import RPi.GPIO as GPIO 

import time, sys 

RELAY_2_GPIO = 27 

FLOW_SENSOR = 23 

RELAY_1_GPIO = 17 

GPIO.setmode(GPIO.BCM) 

GPIO.setup(FLOW_SENSOR, GPIO.IN, pull_up_down = GPIO.PUD_UP) 

GPIO.setup(RELAY_1_GPIO, GPIO.OUT) # GPIO Assign mode 

GPIO.setup(RELAY_2_GPIO, GPIO.OUT) 

GPIO.output(RELAY_1_GPIO, GPIO.LOW) 

GPIO.output(RELAY_2_GPIO, GPIO.LOW) 

 

global count 

count = 0 

 

def countPulse(channel): 

   global count 

   if start_counter == 1: 

      count = count+1 

#      print count 

      flow = count / (60 * 7.5) 

#      print(flow) 

 

GPIO.add_event_detect(FLOW_SENSOR, GPIO.FALLING, callback=countPulse) 

 

while True: 

    try: 

        start_counter = 1 

        time.sleep(1) 
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        start_counter = 0 

        flow = (count * 60 * 2.25 / 1000) 

        print ("The flow is: " + str(flow) + " Liter/min" ) 

        if flow == 0: # 0.0 

            GPIO.output(RELAY_1_GPIO, GPIO.LOW) 

            GPIO.output(RELAY_2_GPIO, GPIO.LOW) 

        elif flow < 15:  # 1.9 

            GPIO.output(RELAY_1_GPIO, GPIO.LOW) 

            GPIO.output(RELAY_2_GPIO, GPIO.HIGH) 

        elif flow < 20: # 2.1 

            GPIO.output(RELAY_1_GPIO, GPIO.LOW) 

            GPIO.output(RELAY_2_GPIO, GPIO.LOW) 

        else: 

            GPIO.output(RELAY_1_GPIO, GPIO.HIGH) 

            GPIO.output(RELAY_2_GPIO, GPIO.LOW) 

        count = 0 

        time.sleep(5) 

    except KeyboardInterrupt: 

        print ("caught keyboard interrupt!") 

        GPIO.cleanup() 

        sys.exit() 

15.8 Mixing control 

نحن نريد التحكم بنوعين من السوائل لذلك هذه الخطوة ستكون مشابهة للخطوة الأولى فهي عبارة عن 
 تحكم بكمية السائل الذي نحتاجه  

 سنحتاج بهذا العمل الى 

• 2 relays for DC motors (automatic valves, variant 2) 

• Raspberry pi  

• Battery 12v  

• Wires  

• Flow sensor  
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•  

 

15.8.1 The code 

import RPi.GPIO as GPIO 

import time, sys 

RELAY_2_GPIO = 27 

FLOW_SENSOR = 23 

RELAY_1_GPIO = 17 

GPIO.setmode(GPIO.BCM) 

GPIO.setup(FLOW_SENSOR, GPIO.IN, pull_up_down = GPIO.PUD_UP) 

GPIO.setup(RELAY_1_GPIO, GPIO.OUT) # GPIO Assign mode 
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GPIO.setup(RELAY_2_GPIO, GPIO.OUT) 

GPIO.output(RELAY_1_GPIO, GPIO.LOW) 

GPIO.output(RELAY_2_GPIO, GPIO.LOW) 

 

global count 

count = 0 

 

def countPulse(channel): 

   global count 

   if start_counter == 1: 

      count = count+1 

#      print count 

      flow = count / (60 * 7.5) 

#      print(flow) 

 

GPIO.add_event_detect(FLOW_SENSOR, GPIO.FALLING, callback=countPulse) 

 

while True: 

    try: 

        start_counter = 1 

        time.sleep(1) 

        start_counter = 0 

        flow = (count * 60 * 2.25 / 1000) 

        print ("The flow is: " + str(flow) + " Liter/min" ) 

        if flow == 0: # 0.0 

            GPIO.output(RELAY_1_GPIO, GPIO.LOW) 

            GPIO.output(RELAY_2_GPIO, GPIO.LOW) 

        elif flow < 15:  # 1.9 

            GPIO.output(RELAY_1_GPIO, GPIO.LOW) 

            GPIO.output(RELAY_2_GPIO, GPIO.HIGH) 

        elif flow < 20: # 2.1 

            GPIO.output(RELAY_1_GPIO, GPIO.LOW) 

            GPIO.output(RELAY_2_GPIO, GPIO.LOW) 

        else: 

            GPIO.output(RELAY_1_GPIO, GPIO.HIGH) 

            GPIO.output(RELAY_2_GPIO, GPIO.LOW) 

        count = 0 

        time.sleep(5) 

    except KeyboardInterrupt: 

        print ("caught keyboard interrupt!") 

        GPIO.cleanup() 

        sys.exit() 

 

15.1 Pressure Sensor 
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High 
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Low 
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15.1.1 Code for pressure sensor 

 

MixingTestrig_src.zip
 

 

15.1.1.1 Pressure 

import RPi.GPIO as GPIO 

import time, sys 

 

FLOW_SENSOR = 26 

lps = adafruit_lps35hw.LPS35HW(i2c) 

GPIO.setmode(GPIO.BCM) 

GPIO.setup(FLOW_SENSOR, GPIO.IN, pull_up_down = GPIO.PUD_UP) 

 

while True: 

    print("Pressure: %.2f hPa" % lps.pressure) 

    print("Temperature: %.2f C" % lps.temperature) 

    print("") 

    time.sleep(1) 

15.1.1.2 Pressure sensor 

import RPi.GPIO as GPIO 

import time, sys 

FLOW_SENSOR = 26 

GPIO.setmode(GPIO.BCM) 

GPIO.setup(FLOW_SENSOR, GPIO.IN, pull_up_down = GPIO.PUD_UP) 

global count 

count = 0 

 

global pressure 

pressure = 0.0001 

if pressure >= 0.0001: 

   print(0.0001) 
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15.2 Combustion Control 

2 flowsensor   ودمجه مع ال Pressure sensor   الهدف القادم هو إضافة 

 

بتجربة  قمنا  قد  و  الى هدفنا  للوصول  السابق لأننا بحاجة الى تحكمين  العمل  بنفس  تقريبا  اليوم  قمنا  لقد 
 نجة و الهدف الان تركيب جمبع القطع  
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Pressure sensor 

Automatic valve with 

DC motor 

Flow sensor 

Automatic valve with 

DC motor 
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Ashes Recyling and Heavy Metals Recovery 

Based on the following reports 

[NLAP-PCS 2018] Chapter 8 

[NLAP-PCS 2019] Chapter 6,7,8,9 

Trainee Report Concept for Automation for Ashes Reycling Test Rig (6 July 2020)
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16 Heavy Metals Recycling: Overview 
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17 Ashes Recycling Unit (From [NLAP-WEDC 2018]) 

17.1 First Conception Dec 2017 

Washi
ng  

Solides 
(Sulfate, …) 
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17.2 Heavy Metals extraction unit19 

17.2.1 COPPER EXTRACTION20 

 

19 Maysaa Kamareddine, Concept for Ashes Recycling Unit, May 2018 

20 Murdoch Mackenzie, Henkel Australia Pty ltd , THE SOLVENT EXTRACTION OF SOME 

MAJOR METALS - AN OVERVIEW (thesolve.pdf) (about 1998) 
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Copper extractants for acid leach solutions are exclusively oximes. For extraction from ammoniacal 

solutions beta diketones may be used. The chemistry of oxime extraction of copper is relatively 

simple: 

 

 

Note the following points about this equation: 

When M(2+) is extracted two hydrogen atoms are released. 

Extraction of 1.0 gpl Cu produces 1.5 gpl H₂SO₄. There are other reactions which take place in 

copper extraction which can influence extraction and stripping. 

17.2.1.1 • Buffering of the aqueous 

Dissociation of H₂SO₄:  

 

This dissociation depends on the SO4. 

17.2.1.2 Concentration and salts such as aluminium 

Sulphate or magnesium sulphate can drive this reaction to the left and reduce the H+ concentration 

which enhances copper extraction. For this reason highly buffered solutions will yield better 

copper extraction than non buffered solutions. 

17.2.1.3 Dimerisation of the oxime 

Oximes can form dimers in the organic phase and this can influence the extraction. 

17.2.1.4 Equilibrium Modifiers 

These are used in all commercial extractants based on aldoximes and play a most significant role in 

the extraction of copper influencing not only the equilibrium but also the physical properties of the 

organic. 

17.2.1.5 Extractant Types 

Oxime based extractants for copper are largely based on salicyaldoximes which have been 

modified with one of three modifier types. Examples of the three main extractant types currently 

in use are: 

1. LIX® 984N 

A mixture of 2-hydroxy-5-nonylacetophenone oxime and 5-nonylsalicylaldoxime in a 

high flash diluent. The acetophenone oxime modifies the aldoxime and also performs as an 

extractant in its own right. 
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2. Acorga® M5640 

5-Nonylsalicylaldoxime modified with an ester, 2,2,4-Trimethyl-1,3-pentanediol Diisobutyrate 

(TXIB) in a high flash diluent. 

3. LIX® 622N 

5-Nonylsalicylaldoxime modified with tridecyl alcohol in a high flash diluent. Each of the 

extractants marketed by the major chemical suppliers has been designed for a specific type of PLS 

with regard to pH and copper tenor. Used under the conditions for which they were designed they 

all deliver very similar copper net transfer values. The physical properties of the various types of 

extractant do show some differences with the aldoxime/ketoxime mixtures such as LIX984N 

showing lower entrainments and greater tolerance to crud than the other reagents when treating 

some types of PLS. The vol% concentration of the commercially available extractants is limited by 

organic viscosity constraints to about 30-33% and this means that the maximum net transfer of 

copper will be about 10g/l. For leach solutions containing significantly higher copper tenors than 

this the throughput O/A ratio will have to be increased above 1.0. Typical copper and acid 

concentrations for an SX plant treating a dump leach solution of 3.0g/l and pH1.8 are shown in 

Figure 4. 

17.2.1.6 Copper solvent extraction plant configurations 

A variety of circuit configurations are used. 

• 2E X 1S 

The usual circuit for heap leach plants 

• 2E X 2S 

Used where the copper tenor is above about 7-10 g/l or the PLS pH is less than about 1.2. The 

decision to use a second strip stage is influenced by the life of the project and the sensitivity of the 

circuit to the copper tenor of the raffinate. Agitation leach plants for example are sensitive to the 

loss of copper in a raffinate bleed or in the wash liquor used in the solid liquid separation stages. 

• 3E X 2S 

These can be justified when the PLS has a very high copper tenor, say above 20- 25g/l and a high 

93% plus copper recovery is desired. It is possible to use a 2EX2S circuit under these conditions but 

the throughput O/A ratios will be high, in excess of 2.5:1 and the capital cost of the 2EX2S plant 

may be higher than that of the 3EX2S plant. The 3EX2S plant will also be much more flexible in 

operation. 

• 2E X 1W X 1S 

The wash stage is used to remove entrained impurities, usually chloride, and entrained and 

chemically loaded iron. 

• 2E X 1P X 1S 
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Series parallel circuits are used to treat high volumes of low tenor leach solutions. The parallel 

stage is often retrofitted to maintain copper production when the copper tenor of the PLS falls 

below project design and there is also the possibility to increase the volume of the PLS flow. 

Extractant concentrations are higher and copper recoveries are lower in series parallel circuits than 

in series circuits. Examples of these circuit configurations are shown in Figure 5. 

17.2.1.7 Computer modeling of copper extraction circuits 

Copper SX circuits have been modeled using a number of techniques. One such model is Henkel’s 

IsocalcTM TM programme which applies the stability constants for the equilibrium reactions 

involved in copper extraction to calculate the extraction isotherm for a given leach solution and 

circuit organic and then applies the McCabe Thiele construction to predict circuit operation. A 

typical Isocalc print out is shown in Figure 6. 

Isocalc can be used in many ways by both project design and plant operating personnel. 

• Copper recovery may be predicted for a given PLS, circuit configuration and vol% extractant 

concentration. 

• The reagent inventory cost and copper recovery may be predicted for a variety of circuit 

configurations. 

• A wide range of “what if?” situations may be examined, eg. what if the PLS pH changes from 1.8 

to 1.5? 

• Operating circuit profiles may be compared with Isocalc predictions. This comparison may 

indicate the presence of errors in the assumed or measured parameters of the plant, eg. the vol % 

extractant analysis may be in error. 

17.2.1.8 Extractant stability 

The oxime based extractants used to recover copper exhibit high chemical stability under normal 

operating conditions. Chemical attack can take place in the high acid concentrations in strip. Under 

normal operating temperatures this is not excessive however the degradation rate doubles for 

every 10oC increase in temperature. At 30oC the half-life of most copper extractants exceeds 150 

days and it is only above 50oC that chemical degradation may become an issue. Manganese 

contamination of the tankhouse may, if the iron level of the tankhouse electrolyte is low, result in 

permanganate formation and this species can severely degrade both the extractant and the diluent. 

Bacterial oxidation of the diluent to form carboxylates is relatively common and these ay have a 

negative effect on the physical and iron transfer characteristics of the organic. 

17.2.2 Nickel extractants 

Unlike U/copper extraction where one type of extractant and circuit predominates there is a 

number of potential nickel extractants and circuit configurations. Sulphide nickel is usually treated 

using pyrometallurgical routes but in recent years there has been intensive activity in the 

development of hydrometallurgical routes for both sulphide concentrates and laterites. Nickel 
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deposits can contain valuable quantities of cobalt and copper and these must also be recovered by 

SX if they are present in sufficient quantity. 

Direct solvent extraction of copper, cobalt and nickel from acid leach solutions using oximes, 

phosphinic acids and versatic acids to extract copper, cobalt and nickel in sequence. While this 

circuit may function on leach solutions derived from sulphide concentrates, laterite leach solutions 

contain significant manganese and magnesium, both of which are extracted by phosphinic acid 

extractants. In addition the aqueous solubility of versatic acid at the pH used for extraction 

necessitates the inclusion of a versatic acid recovery stage.  

17.2.3 ZINC, CADMIUM, LEAD EXTRACTION  

 

17.2.4 SOLVENT EXTRACTION- SOME OPERATIONAL AND EQUIPMENT ISSUES 

17.2.4.1 Contactor Design 

For the major metals recovered by solvent extraction the mixer-settler contactor design 

predominates. However there is a range of mixer settler designs available and in recent years there 

has been some attention refocused on the use of pulsed columns for plants using the kinetically 

fast ion- exchange extractants. For the chelating extractants which require a minimum of two 

minutes’ mixer residence time in a well-stirred incinerator, columns have not yet become 

commercially acceptable. Kvaerner have marketed a variety of the mixer – settler called the 

combined mixer- settler. As with columns, this unit has only found acceptance for ion-pair 

extractant systems. Some features of mixer-settlers and columns are given below. 

Mixer Settlers 

• Well established with literally hundreds of operating units. 

• Design parameters are well established and very large units treating over 1000 cubic metres per 

hour of PLS can be designed from bench scale tests. 
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• Excellent mixing characteristics with control of the optimum droplet size claimed to be possible 

with modern turbine designs. 

• Prediction of capital and operating costs is accurate. 

• The phases are readily accessible for sampling and examination in situ. 

• Several design varieties are available such as the Bateman Reverse Flow Settler, the Krebs unit 

and the Outokumpu VSF mixer settler.  The Bateman and Krebs units offer the advantage of 

installing all of the mixers in a row avoiding the extra piping, walkways and civils involved in the 

typical head to toe mixer arrangement for conventional mixer settlers. The Outokumpu unit uses a 

special design of mixer, the vertical smooth flow spiral mixer and pumps the phases from adjacent 

stages using a dispersion overflow pump. Low power requirements and low entrainments are 

claimed for the Outokumpu unit. 
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Column Contactors 

Advantages claimed for the column contactor include: 

• Low area requirements 

• Multiple stages within one unit 

• Few moving parts 

• Low entrainment 

• Good vapor conservation 

Column installations require piloting for each installation and the flooding conditions for the 

column must be determined. Recently Olympic Dam Corporation in South Australia has installed 

a large column plant for uranium extraction. The long residence times in a column compared to a 

mixer settler can influence the selectivity of the extraction if contaminants have slow extraction 

kinetics. The main features of conventional mixer – settlers and pulsed columns are shown in 

Figures 12 and 13. 

 

 

Figure 55 : OVERVIEW OF KIND OF COLUMNS 
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Figure 56 :pulsed column  

if the fluid in the column and pulse leg are permitted to reach hydraulic equilibrium (valve 2 

open), the fluid level will have reached position 1 in the leg with the fluid level maintained at the 

overflow point in the column. air pressure is now set and the cam started rotating. When v1 is 

open, v2 is closed which alternately admits and released air into and from the pulse leg. After 

equilibrium is reached in the system, the fluid in the leg will reach an average position 3 and will 

oscillate between points 2 and 4. air pressure forces the fluid down from 2 to 4 while the hydraulic 

head differences between the column overflow and fluid in the leg force the fluid in the leg back 

from 4 to 2.This interchange of fluid between the pulse leg and column provides the pulse action 

required in the column .Operating ranges usually encountered in amplitude area from 0.4 to 1.25 

inches in the plate section of the column at frequencies from 40 to 100 cycles in minute . the poppet 

valve and motor are arranged with flange disconnects and electrical plugs-in for ease in 

replacement of unit needing maintenance. This pulsers are fitted with rotary and liquid sensing 

devices which close a safety in the event either sensor signals. 
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Comparison between Bateman column and mixer settler21 

Bateman column: Flux rates of 30 to 50 m3/m2*h, resulting in very small footprint requirements;  

• no evaporation losses or air ingress as the units are sealed;  

• improved safety of operation and lower fire risk;  

• replacement of several mixer settlers by a single column for the equivalent performance;  

• operation in either aqueous- or organic-phase continuity (including the possibility of  dispersing 

the major phase in the minor phase);  

• inclusion of washing or scrubbing operations in the extraction or stripping columns;  

• improved phase separation in the settlers, lower entrainment losses, and reduced crud  

formation since mixing and mass transfer occur in a very low-shear environment;  

• high tolerance of solids or crud in suspension;  

• lower maintenance downtime due to few moving parts;  

• reduced reagent losses, maintenance costs, and operating costs.  

Since columns are particularly appropriate for systems that have rapid kinetics and do not require 

interstage pH control, the extraction of zinc by di(2-ethyl-hexyl) phosphoric acid (D2EHPA) is 

ideally suited to this application. The objectives of this study were (i) to determine whether data 

comparable to the previously optimised results for this system obtained using mixer settlers could 

be achieved for similar process conditions using a column configuration, and (ii) to validate the 

claimed advantages of BPCs.  

 

17.2.5 Freecad design  

17.2.5.1 TYPE OF METAL TO CONSTRUCTION 

the construction of the column requires a metal that is resistant to corrosion and consequently the 

destruction. We can have mentioned some metals such as stainless steel that is the best un this case 

 

 

 

 

 

 

21 Pilot-plant comparison of Bateman pulsed. (PDF Download Available). Available from: 

https://www.researchgate.net/publication/292139827_Pilot-

plant_comparison_of_Bateman_pulsed_columns_and_mixer_settlers_for_the_extraction_and_stripping_o

f_zinc_in_the_di2-ethylhexylphosphoric_acid_system [accessed Apr 27 2018]. 

https://www.researchgate.net/publication/292139827_Pilot-plant_comparison_of_Bateman_pulsed_columns_and_mixer_settlers_for_the_extraction_and_stripping_of_zinc_in_the_di2-ethylhexylphosphoric_acid_system
https://www.researchgate.net/publication/292139827_Pilot-plant_comparison_of_Bateman_pulsed_columns_and_mixer_settlers_for_the_extraction_and_stripping_of_zinc_in_the_di2-ethylhexylphosphoric_acid_system
https://www.researchgate.net/publication/292139827_Pilot-plant_comparison_of_Bateman_pulsed_columns_and_mixer_settlers_for_the_extraction_and_stripping_of_zinc_in_the_di2-ethylhexylphosphoric_acid_system
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17.2.5.2 dimension of the extraction column (with rotating discs RDC) 

The amount of feed solution that considered as aqueous solution at 90°C (3h) is about 300L(waste 

+nitric acid ,volume of nitric acid=150 l). 

A column of 40 cm radius is suitable in this case. 

in most cases found limited to operations where: 

• the density differences between the carriers is higher than 50 kg/m³ 

• the volumetric phase ratio between dispersed drop phase and continuous 

phase is in the magnitude of 0.5 < < 5 

• the number of theoretical stages NTS  10 

 

Figure 57 : rotating disc contactor  

Equilibrium condition on extraction step is in the range of 8-32%extractant volume percent. 

 

 

 

 

 

 

 



Ashes Recycling Unit (From [NLAP-WEDC 2018]) 

 

285 

Column  Length (cm) 

Height  250 

Radius  40  

Sheet of stainless steel  2500×125 

 

Column height / 

cm 

Column 

active 

height / cm 

Inner 

column 

diameter / 

cm 

Inner stator 

diameter / 

cm 

Outer rotor 

diameter / 

cm 

Compartment 

height / cm 

Number of 

compartment 

in 

active region 

150 60 9.1 6.1 4.55 3.2 21 

Table 14: Characteristics of the RDC column 

17.2.5.3 identification of rotor speed  

The first and second critical rotor speeds could also be defined based on breakage probability: the 

first critical rotor speed for a drop with particular size defines as the rotor speed at which the drop 

breakage starts. In fact, before the first critical rotor speed, the probability of break up for a drop 

with specific size is zero. Moreover, the second critical rotor speed (for a drop with a particular 

size) is a rotor speed at which the probability of breaking that drop is equal to 1 

The breakage probabilities versus rotor speed for mentioned chemical systems using glassy 

nozzles with different inner diameters (1.2 and 2.5 mm) to form various drop sizes by adjusting the 

Qc/Qd ratios and continuous phase heights are presented in next figure regarding to these graphs, 

the drop breakage increases by increasing the volumetric phase ratio that leads to decrease of the 

first critical rotor speed. It could be justified with increasing this ratio, the drag forces between the 

continuous phase and dispersed drops increase results to enhance the probability of drop break up 

due to collision with the rotors. Mother drop diameter is effective on first critical rotor speed such 

that the nozzle with larger internal diameter produces larger mother drops with an increase in the 

probability of break up results to decrement of first critical rotor speed. Increasing the height of 

continuous phase led to increase of resistance against to upward motion of drops thereupon 

increment of the break up probability and decrement of the first critical rotor speed. Based on 

experimental results, the first critical rotor speed for considered chemical system should be 230 

rpm. 
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17.2.5.4 Characteristics of LIX® 984N 

Typical properties Physical and performance specifications 

Specific gravity (25 °/25 °C) 0.935 – 0.955 g/cm³ 

Flash point Greater than 170 °F=76 °C 

Copper complex solubility > 30 g/l Cu at 25 ° 

Maximum copper loading ≥ 5.1 g/l Cu 

Extraction isotherm point ≥ 4.40 g/l Cu 

Extraction kinetics ≥ 95 % (30 seconds) 

 

Extraction Cu/Fe selectivity 

 

≥ 2000 

Extraction phase separation ≤ 70 seconds 

Strip isotherm point ≤ 1.8 g/l Cu 

Net copper transfer ≥ 2.70 g/l Cu 

Strip kinetics  ≥ 95 % (30 seconds) 

Strip phase separation ≤ 80 seconds 

Table 15: Typical properties physical and performance specifications 

 

 

 

 

 

materials Density (kg/m³) 

Copper  999 

Nitric acid  1510  

Oxime LIX 806 

Table 16 :Density of solutions 
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Figure 58 :input and output of column;  

Solvent = light phase (feed at bottom), Solvent = dispersed phase (top interface) 

To complete 95% of the extraction process  ,it takes 30 seconds ,in others words of the solute 

(copper ) passes from solution A(waste + nitric acid ) to solvent . the stripping of copper takes 80 

seconds.  

 

 

Parts Dimension  

Covering column  Internal diameter:212 mm 

Outside diameter:220mm 

Columns that 

carry   stators 

Number:3 

Diameter:4 mm  

Height 2500 mm 

Stator Number:10 

Internal diameter:120 mm 

outside diameter:204 mm 

Height:15 mm 

Spaced:150 mm 
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Decanter  

(cylinder+cone) 

Number :2 

Radius 1:110 mm 

Radius 2:200 mm 

Height: 100 mm 

-Cylinder: 

Height :300 mm 

Diameter:400 mm 

Rotation axis 

 

Diameter :40 mm, height:3500 mm 

 

Rotor 

perforated(20 

punch ,D=8 mm ) 

Number :10 

Internal diameter:40 mm 

Outside diameter:100 mm 

Height:15 mm 

Spaced :150 mm 

 

 

   Table 17: dimensions of parts of columns  

 

 

 

 

 

 

 

 

 

 

 

 

 



Ashes Recyling and Heavy Metals Recovery 

 

290 

 

17.2.5.5 Bateman pulsed column  

 

  

 

BatemanPulsedColumn100518.FCStd
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Dimensions of Bateman pulsed column  

materials  radius (m) Height (m) number 

Stator ring 0.245 0.01 19 

rotor  disk 0.125 0.02 19 

Main tube  0.25 4 1 

Tube (driver ) 0.05 8.5 1 

Inlet & outlet 0.15 0.5 2 

Total surface needed to bateman pulsed column =20.4 m² (11 sheets 1×2 m) 

17.2.5.6 Mixer settler  
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Mixer-settler_schema-030518.FCStd
 

 

Dimensions of Mixer –settler  

Component  Height(m) Radius 

(m) 

Mixer 1 1 0.75 

Inlet 1 0.2 0.1 

inlet 2 0.2 0.1 

Outlet 1 0.6 0.05 

Mixer 2  1 0.75 

Inlet 1 0.2 0.1 

inlet 2 0.2 0.1 

Outlet 1 0.6 0.05 

 

Component  Length 

(m) 

width 

(m) 

Height 

(m) 

settler  2 0.3 1 

Barrier to 

scroll 
2 0.3 2 

 

Total surface needed to mixer=21.2 m² 

Total surface needed to settler=6.3  m²   

Total surface = 27.45 m² (13 sheet 1m×2 m) 
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17.2.5.7 RDC column 

 

 

Figure 59 : overview of RDC column 
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Figure 60 : top and side face of column  
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Figure 61 : rotation axis     

 

 

   

                          

Figure 62 : rotor perforted (20 perforation, ) 
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Figure 63 : 10 rotor spaced  15 cm                            

 

Figure 64 : stator (10 pieces) with rotor  

 

Figure 65 :Distribution of rotors and stators 
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Figure 66 :Distribution of rotors and stators 
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Figure 67 :upper and bottom decanter (200 mm of radius, height 300 mm  

Cone r1=200mm, height 100 mm) 
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parts Freecad files 

Column  

column06082018.FCStd
 

Rotation axis 

column wih rotation axis140818.FCStd
 

Stator  

stator 06082018.FCStd
 

rotor 

rotor 06082018.FCStd
 

 

System  

FINAL DESIGN OF COLUMN140818.FCStd
 

Table 18 :list of parts that formed a system of extraction  

 

17.2.5.8 The Coulumn: 

 

 

  total height: 310 cm 

 

 

Diameter: 14 cm 
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height: 250 cm    

 

 

   

 

 

 

 

 

 

 

 

 

 

 

Diameter: 8 cm 
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thickness: 2 mm 

number of disques: 10 

 

 

diameter 1 : 10 cm 

                                                                                                 

diameter 2 : 14 cm                                                                                                

                                                                                           

axe:   height: 350 cm 
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diameter: 18 cm 
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diameter 1 ; 14 cm 

  diameter 2 : 30 cm 

  

         height: 10 c m 

 

 

 

diameter: 30 cm 

                                                             

height : 20 cm 
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thickness:2mm 

 

Manufacturing  
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18 Heavy Metals Recycling Unit (for Cu, Zn, As, Hg, Cd, Cr, Ni, Pb) for 0,8 
tons of waste per hour (for 2 MW incineration power plant) 
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In order to built a complete system of heavy metals recovery , we deliver this document  to 

indicate the process used ,operation,instruments and their cost. 

18.1 Introduction 

Waste-to-energy is an environmentally sound method for reducing the mass and volume of non-

recyclable refuse that would otherwise require landfilling. Combustion typically reduces the 

volume of the refuse by 90% and reduces the solid mass by 70-80%. The resulting ash, while 

largely inert, can contain concentrations of heavy metals that require treatment in order to comply 

with regulations, meet standards for producing a usable product, and to provide for long-term 

stability of the metals when the ash is exposed in the environment. Heavy metals such as lead and 

cadmium can be toxic to biological systems when present in high enough concentrations. 

The bottom ashes, produced by the industrial incinerators, are an essential secondary raw material 

resource which has been drawing attention to recover economically important metals. 
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18.1.1 Overview of the system of recycling  

Fresh bottom ash samples from the burning incineratorswere collected and dried at 25°C. The 

unburnt parts such as the screw, wire, plastics were separated manually. Prior to leaching tests 

(discussed in the next section), the sample was reduced to a size of 500 microns with a roll crusher 

in order to remove the magnetic content (iron removal). the bottom ash samples (tailings and 

concentrates) were subjected to leaching tests in order to notice the amenability of the samples for 

metal recovery along with optimization ofnparameters. The step wise experimental procedure 

adopted is shown in Figure 1 and the following sections details the methodology. It is important to 

reduced the  size to  500 microns with a roll crusher in order to remove the magnetic contents. the 

solution is leached and enteres  in a series of  column when the liquid mixes with a suitable liquid 

extractants to separate the metals from the solution. 

 

Figure 68: Stepwise experimental procedure adopted for leaching of bottom ash. 

18.2 Technology of separation  

18.2.1 Principle 

Solvent extraction, or liquid-liquid extraction is a separation technique isothermal in a 

heterogeneous liquid medium. 

The method is based on the existence of a difference in the solubility of a substance in two 

immiscible liquids. The process has three steps, as shown in Figure 1: 

- Mixture of the two immiscible liquids, one of them containing the solute, 

- Obtaining physico-chemical equilibrium, leading to demixing, 

- Separation of the two new liquid phases obtained based on the difference of 

densities. 
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Figure 69: principle of a separation stage by obtaining a balance 

Practically, the feed solution F containing solute B dissolved in the diluent A is contacted with the 

solvent S. The solute B, generally more soluble in the solvent than in the diluent, passes from the 

solution in the solvent, the solvent enriched in solute is the extract E while the diluent depleted 

solute is the residue (or raffinate) R.  

The passage of solute B from diluent A in solvent S takes place as long as the equilibrium physico-

chemical is not reached. 

So that the driving force of transfer remains almost constant, the two liquids feeding the column 

flow against the current. 

In order to transport the material as quickly as possible, the area of the transfer surface is increased 

by various artifices. These objectives can be obtained in a column. 

18.2.1.1 The phase equilibrium of ternary mixtures 

The partition coefficient 

A substance B placed in contact with two partially miscible solvents or immiscible S and A is 

distributed unequally between the two phases that are formed when the physicochemical balance 

is reached. The ratio of B concentrations in these two phases is the partition coefficient m. 

 The ternary diagram 

At equilibrium, these biphasic systems are trivariant. At pressure and temperature constants, they 

can be represented in a system of triangular axes. The equilateral triangle has the advantage of 

allowing an equivalent representation for all the constituents. The right triangle has the advantage 

of being able to expand the scale of one of the axes. It is often interesting to limit the plot to the 

"useful" part. Each vertex of the triangle represents a pure component. The solute content B, in 

solvent S and diluent A is expressed in mol%, mass, volume, etc ... and is obtained by a suitable 

projection on the axis chosen as shown in Figure 3. 
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Figure 70:ternary diagram  

It is easy to demonstrate that the quantity of S and the quantity of the mixture N are in a ratio of 

the lengths of the MN and MS segments (rule of the lever arm) and that the quantities of two 

components are in the ratio of projections of the segments on the binary axis corresponding. 

Conversely, if the mixture N is added a mass of solvent S, the ternary mixture result is represented 

by the point M on the line NS such that: 

(mass of N)/(mass of S)=MS/MN 

The demixtion  

  

Figure 71:Isothermal and isobaric demixing curve. 

In a ternary system with limited mutual solubility zone (1) stable states, 

characterized by a complete miscibility, is separated from the zone (2) unstable states constituting 

the miscibility gap or diphasic zone, by the solubility isotherm (3) or line "Critical" or demixing 

curve or equilibrium curve or saturation curve. 

Within the miscibility gap, no mixture can exist indefinitely: 
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any system whose overall composition is represented by point M is divided into two composition 

phases R and E, points at the intersection of the equilibrium line (4) or conodal RME and the 

demixing curve f'ff ". At the critical point f the two phases in balance have the same composition. 

 Solvent separation 

  

Figure 72:Representation of a ternary system with limited miscibility 

In the zone of total miscibility no separation can take place. However, if starting from an initial 

mixture F, by the addition of the solvent S, a system whose composition is global M lies within the 

miscibility gap, which separates into two phases R and E. Phase R, rich in diluent A is the raffinate, 

while phase E, rich in solvent S, constitutes the extract. 

In general, the concentration of solute B in the raffinate is designated by x and in the extract by y. It 

is then possible to draw the distribution curve or equilibrium curve which represents y in terms of 

x. 

18.2.2 Rotating discs column (RDC) 

In a rotating discs column (RDC-column) the central shaft equipped with fixed discs is rotating. In 

addition to that annular rings, so called stators are placed on the inside of the column always in 

the middle of the distance between two discs. These stators can either be made of metal and 

inserted into the column or can be integrated in column made of borosilicate glass. The discs have 

a smaller diameter than inner diameter of the stators so that the shaft can be easily dismantled. 

Diameters and distances have to be adapted to the process. During operation only the rotating 

speed can be altered beside the throughput.( https://www.dedietrich.com/en/solutions-and-

https://www.dedietrich.com/en/solutions-and-products/extraction/liquid/liquid-extraction/extraction-columns
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products/extraction/liquid/liquid-extraction/extraction-columns

 

Figure 73: RDC column (https://kochmodular.com/liquid-liquid-extraction/extraction-column-types/rdc/) 

18.2.3 Quantities of heavy metals in ashes from different plants  

18.2.3.1 Fly ash  

 

 

Figure 74: heavy metals found in MSWI fly ash (FA) (mg/kg) 

https://www.dedietrich.com/en/solutions-and-products/extraction/liquid/liquid-extraction/extraction-columns
https://www.dedietrich.com/en/solutions-and-products/extraction/liquid/liquid-extraction/extraction-columns
https://kochmodular.com/liquid-liquid-extraction/extraction-column-types/rdc/
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18.2.3.2 Bottom ash 

 

Figure 75: Heavy metals found in MSWI bottom ash (BA) (mg/kg). 

18.2.4 Extractants (light phase ) 

Many heavy metlas are essentil trac elements for humans,animals and plamt in small amounts. 

In larger amounts cause acute and chronic toxicity. There are Linked to learning 

disabilities,cancers and even death .Some of this metals are :As, Cd, Cr, Hg, Ni,  Pb, Zn, Cu. At 

low pH, i.e. below 3 there is high release of Cu, Mn, Zn, Al, Fe but as the pH is increased the major 

metals Al, Fe and Si are usually less soluble. 

Metals  Extractants  

As  Phosphoric Acid (cyanex273) 

Cd Chloride solution - cyanex273 

Cr nitrilotriacetic acid (NTA)- 

Sulfuric acid, Hydrochloric acid, Nitric acid were at 500⁰C and the range of 

extraction is from 263 to 222 mg/L. 

All of them were of industrial grades. 

Ni Versatic acid - cyanex 923 and cyanex 272 (Bis(2,4,4-trimethylpentyl)phosphinic 

acid) 
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Pb Chloride solution- Cyanex 272(Bis(2,4,4-trimethylpentyl)phosphinic acid) 

 

Zn 

(Nitric acid 

0.6-3M)/ 

pH= 4 

Phosphonic acid (cyanex273 is the best ) – tri octyl phosphine oxide (cyanex 921) 

and  Tributyl phosphate (TBP) dissolved in kerosene. 

- EDTA 

Cu - LIX® 984N (mixture of 2-hydroxy-5-nonylacetophenone oxime and 5-

nonylsalicylaldoxime in a high flash diluent),  

- Acorga® M5640, 

 - LIX® 622N ) –  

- Cupromex-3302  

the maximum net transfer of copper will be about 10g/l,ph=1.2. 

- ethylendiaminetetraacetate (EDTA), or diethylenetriaminepentaacetate (DTPA) 

with concentration 3.0% at the pH range 3-9. 

Hg 

(liquid at 

ordinary 

temperature 

) 

- Chloroform (OAP,Ph=9.5 ) 

- By Cyanex 301 (Bis(2,4,4-trimethylpentyl)dithiophosphinic acid) and cyanex 

302(Bis(2,4,4-trimethylpentyl)thiophosphinic acid) from hydrochloric acid  media  

18.2.4.1 Leaching tests 

The prewashed sample was vacuum dried at 75°C over-night and subjected to acid leaching tests. 

Typically,1.00 g of the prewashed sample of fly ash was mixed with different weights of solid citric 

acid in 50 ml deionized water while the pH was kept constant at a selected value by adjusting with 

concentrated HNO₃ or NaOH solution.The effect of citric acid concentration was examined in the 

concentration range from 0.01 to 0.40 M (=mol/L),and the effect of liquid/solid ratio was examined 

at 10:1,20:1, and 50:1 (ml:g). After stirring for 1 h, the suspension was filtered and the clear solution 

was sent for heavy metal content analysis by means of ICP/AES. The leaching time was varied 

from 5 to 250 min, and the temperature was also varied from 25°C to 60°C for examination of the 

temperature effect. Nitric acid, sulfuric acid, hydrochloric acid, DL-malic acid, oxalic acid, and 

acetic acid were also examined to compare their leaching performance. 
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Experimental conditions of leaching (preliminary and main ) 

 

Figure 76: Experimental conditions of preliminary leaching tests. 

 

 

Figure 77: Experimental conditions of main leaching test 

Note :6 M = 6mol/L 
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18.2.5 Fly ash  

A portion of the fly ash was prewashed with distilled water.A 10-g sample of dried fly ash as-

received was mixed together with distilled water at varying liquid/solid ratios[5–50:1 (ml:g)] in a 

beaker and stirred at room temperature of around 25°C. The suspension was sampled at different 

time intervals up to 16 h. After vacuum filtration, the metallic elements in the leachate were 

analyzed by using the ICP/AES spectrometre. 
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18.2.6 Recovery of Copper (Cu) 

Copper is widely used because it has several essential properties for different technological 

applications, such as applications in electrical materials and construction, transportation and 

industrial machinery parts, petroleum refining and brass manufacture. 

In view of the industrial and economic importance of this metal, there is a great need to separate 

and recover copper ions using cost effective commercial extractants. Literature review indicates 

that hydroxyoximes are now used widely as extractants for copper . The extraction of copper from 

aqueous sulfate solution with new extractant Cupromex-3302 (active substance is the 5-

nonylsalicylaldoxime) using a rotating disc contactor (RDC) was investigated. It was observed 

from batch experiments that the best results were obtained with the initial aqueous pH and 

concentration of Cupromex-3302 of 1.9 and 10% (v/v) respectively. 

 

Figure 78:process of separation of copper  

The maximum extraction efficiency was equal to 87.44% when the values of rotor speed, Qc and 

Qd were 375 rpm, 1.83 × 10−⁶ m³/ 𝑠 and 2.33 × 10−⁶ m³ /s respectively. With 
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• Qc: continuous phase flow rate, 

• Qd:dispersed phase flow rate. 

 

Figure 79: Flow sheet of the proposed recovery method developed for Cu from fly ash 

18.2.7 Recovery of zinc 

Nitric acid 0.6-3M was used for the ash leaching. The solvent extraction of Zn(II) from acid 

leachates was carried out using three extraction ligands that have been reported in the literature to 

be effective in separation of Zn from other metal ions in acid solutions. The ligands used were di- 

(2,4,4- tri methylpentyl) phosphinic acid (CYANEX 272), tri octyl phosphine oxide (CYANEX 921) 

and Tributyl phosphate (TBP) dissolved in kerosene and the extractions were carried out at initial 

pH 2, 3, 4 and 5. A special problem in these extractions is the separation between Zn(II) and Fe(III) 

from ash leachates. Leaching at pH 4 gives the lowest levels of iron in the leachate and may thus be 

a good starting point for the solvent extraction step since all tested ligands bind Fe(III) as well as 

Zn(II). CYANEX 272 gave the best results extracting about 90% of the Zn(II) in the ash leachates to 

the organic phase. For the fly ash leachate a ligand concentration of 30 vol% in kerosene was 

needed and for the bottom ash leachate the corresponding concentration was 20 vol%. The other 

two ligands gave significantly lower extraction results. Literature data indicate that their 

performance can be much better in a chloride rich media. Thus, they can be interesting to test if ash 
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is leached with hydro chloric acid instead of nitric acid. Based on the results CYANEX 272 is 

indicated as a suitable extractant for the recovery of zinc from MSWI plant ashes. 

 

Figure 80:process flow chart  
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18.2.8 Zinc and copper recovery by  Cyanex 272 

 

Figure 81: . Mass flowscheme of the leaching-extraction process  
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18.2.9 Efficiency of leaching  

 

Figure 82: Concentration of metals at each stage: after leaching, in the raffinates after copper and zinc extraction, as well as in the 

stripping products. nd = not detected. 

 

Figure 83: Percentage Extraction of Zn and Fe with 30 vol % Cyanex 272 from bottom ash leachates  
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Figure 84: : Percentage extraction of Zn and Fe with 20 vol % Cyanex 272 from bottom ash leachates 

 

Figure 85: Percentage extraction of Zn and Fe with Cyanex 921 from fly ash leachates 
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18.3 Contribution  

18.3.1 Flow rate of ashes  

The  the percentage of the  residues of  incineration   change from 20 to 30 %.Then,to calculate the 

mass of nitric acid that will be used in leaching the ashes ,we should  determine the flow rate  of 

ashes.the total mass of residues   is  338kg after incineration of 800 kg of waste during 1 hour . 

Metals  Quantity in ash(mg/kg ) 

Cu 2678 

Zn 7378 

Pb 7760 

Ni 1906 

Cd 56.6 

Cr 1512 

As 253.35 

Hg 6.67 

The ash was extracted at a liquid-to-solid ratio (L⁄S)=5 correspond to  5L of nitric acid to leach 1 kg 

of ash . 

18.3.2 Nitric acid for leaching  

As we mentionned that the nitric acid is a suitable acid for our case .It is important to be 

concentrated ( 15.8 mol/L-1.42 g⁄cm³ ) to avoid the leaching of Fe that will be extracted 

mechanically . Metals such as nickel Ni, cobalt Co, copper Cu, mercury Hg, zinc Zn  and cadmium 

Cd dissolve in nitric acid..See below some physical and chemical properties of HNO₃ - H₂O at  20 

°C & 1,013 bar : 

Gew % HNO3 0 10 20 30 40 50 60 70 80 90 100 

volumetric 

mass 

(g/cm³) 

1,00 1,05 1,12 1,18 1,25 1,31 1,37 1,42 1,46 1,48 1,513 

Viscosity 

(mPa·s) 

1,00 1,04 1,14 1,32 1,55 1,82 2,02 2,02 1,84 1,47 0,88 

Tfus (°C) 0 –7 –17 –36 –30 –20 –22 –41 –39 –60 –42 

Téb (°C) 100,0 101,2 103,4 107,0 112,0 116,4 120,4 121,6 116,6 102,0 86,0 

https://fr.wikipedia.org/wiki/Viscosit%C3%A9
https://fr.wikipedia.org/wiki/Temp%C3%A9rature_de_fusion
https://fr.wikipedia.org/wiki/Temp%C3%A9rature_de_vaporisation
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p(HNO3) 

(mbar) 

0,0 0,0 0,0 0,0 0,0 0,3 1,2 3,9 14,0 36,0 60,0 

p(H2O) (mbar) 23,3 22,6 20,2 17,6 14,4 10,5 6,5 3,5 1,2 0,3 0,0 

Molarity 

(mol/l) 

0 1,7 3,6 5,6 7,9 10,4 13,0 15,8 18,5 21 24,01 

 

Considerring that each hour 800 kg of waste will be incinerate which  forms  338 kg of ashes 

(bottom ash and fly ash ), this quantity needs : 

• Each hour, 1690 L of acid,   

• During 10 hours  of incineration , the quantity of ash becomes: 338*10=3380 kg,  

• In 10 hour, the amount of acid that we need is 16900 L. 

18.3.3 Preparation of solution  

Eash 1 kg of ash needs 5 L of nitric acid .In the mixer then 338 kg grinded  of waste is added to 

1690 L of acid of 15.8 mol/l of concentration . 

The input of  the column 1 is 70.432 l of this mixture leached .  

 

metal

s   

g/kg 

of ash  

 338 

kg of 

ashes 

metals 

in 338 

of 

ash(g) 

Percentage of 

metals in 70 L of 

mixed =4.414, 

the amount of 

metals(g)   

NOUNS OF extractants  The 

amount of 

extractant 

(ml) 

Cu 2.678 338 905.16

4 

37.4737896 LIX® 984N (mixture of 2-

hydroxy-5-nonylacetophenone 

oxime and 5-

nonylsalicylaldoxime in a high 

flash diluent),  

  

 

74.9475792 

Zn 7.3 338 2467.4 102.15036 Cyanex273( Phosphonic acid ) 204.30072 

Pb 7.76 338 2622.8

8 

108.587232 Cyanex 272(Bis(2,4,4-

trimethylpentyl)phosphinic 

acid) 

217.174464 

Ni 1.9 338 642.2 26.58708 Cyanex 272(Bis(2,4,4- 53.17416 

https://fr.wikipedia.org/wiki/Pression_de_vapeur
https://fr.wikipedia.org/wiki/Pression_de_vapeur
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trimethylpentyl)phosphinic 

acid) 

Cd 0.056 338 18.928 0.7836192 Cyanex273( Phosphonic acid ) 1.5672384 

Cr 1.51 338 510.38 21.129732 nitrilotriacetic acid (NTA)- 42.259464 

As 0.253 338 85.514 3.5402796 Cyanex273( Phosphonic acid ) 7.0805592 

Hg 0.0067

6 

338 2.2848

8 

0.094594032 By Cyanex 301 (Bis(2,4,4-

trimethylpentyl)dithiophosphi

nic acid) and cyanex 

302(Bis(2,4,4-

trimethylpentyl)thiophosphini

c acid 

0.18918806

4 

 

18.3.4 Freecad design  
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amount of extractant (ml) extractant metals  

74.9475792 

LIX® 984N (mixture of 2-hydroxy-5-

nonylacetophenone oxime and 5-

nonylsalicylaldoxime in a high flash diluent),  Cu 

204.30072  Cyanex273( Phosphonic acid ) Zn 

217.174464 
Cyanex 272(Bis(2,4,4-trimethylpentyl)phosphinic 
acid) pb 

53.17416 
Cyanex 272 (Bis(2,4,4-

trimethylpentyl)phosphinic acid) Ni 

1.5672384  Cyanex273( Phosphonic acid ) Cd 

42.259464 nitrilotriacetic acid (NTA)- Cr 

7.0805592  Cyanex273( Phosphonic acid ) As 

0.189188064 

By Cyanex 301 (Bis(2,4,4-

trimethylpentyl)dithiophosphinic acid) and 

cyanex 302(Bis(2,4,4-

trimethylpentyl)thiophosphinic acid)  Hg 
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column of hevy metals recycling100419.FCStd

 

 

leaching with columns100419.FCStd
 

18.3.5 Operating the Column 

• Open the pump and reach the column with 44 l of ash mixed with nitric acid  

•  When the liquid level in the column reaches the top right nozzle (turn the feed flowrate down to 

the desired set point.  

• Turn on and set the extractant  flowrate to the desired set point by adjusting the pump speed.  

• Close the extrait out rotameter when the liquid level reaches the top left (extrait out) nozzle.  

•  Allow the interface to form between the top mesh and the top left nozzle (extrait out).  The 

interface appears as an immiscible layer between acid   and extractant with droplets  

• Once the interface is formed in the desired location, open the extrait out rotameter slowly until 

there are flowrates out of the column. 

• Adjusting this rotameter is used to control the interface level. Opening the rotameter causes the 

interface to rise, while closing it causes the interface to drop. 
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• The optimum setting of this rotameter will allow for a semi-stable interface and give a minimal 

amount of drift in the interface level. 

• Small adjustments should be made in order to keep the interface constant. 

• Set the stirrer speed to a setting of 5 using the dial on the top right of the lab equipment panel. 

Make sure the motor is powered with the top center switch on the right power panel. 

• Allow the column to run until steady state is achieved (about hour).  

To feed the column in our case with extractant,we need 9890 cm³ (9.89 Liter 

extractant per batch load). Wotking time about 1 hour. 
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18.3.5.1 Shutdown Procedure 

1. Once the experiments are complete, turn off the agitator and main power switch. 

2. Close the feed and solvent ball valves, leaving the raffinate and extract ball valves open. 

 

18.3.5.2 Stripping  

 

The liquid rich in metals sorted  from the sovent extraction column  should be the input to the 

stripping tank where it is mixed with acid in ordr to wash the metals formed  in the column . After 

each column ,a tank of stripping is implemented . 
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19 Zinc recycling 

19.1 Fly Ash Handling 

1. Pre-Washing:  

- Take a 10 grams sample of dried fly ash  

- Mix the sample with distilled water for 5-10mins under the following conditions ( solid/liquid 

ratio 10:1 (ml/g), number of washing twice) - Under these conditions, the prewash can remove 86% 

Na, 70% K, 12% Ca, 1.2% Al, and 0.5% Pb from the fly ash. 

- Perform vacuum filtration. 

- Analyze the metallic elements in the leachate using ICP/AES spectrometer.   

2. Leaching Tests:  

1. Vacuum dry the pre-washed sample at 75ºC overnight 

2. Mix 1 gram of the prewashed sample with 40mL (0.1M) citric acid, for a contact 

time of 20mins, at pH=3 (adjust the pH using concentrated HNO3 and NaOH) and at 

room temperature.  

3. Filter the suspension and send the clear solution for heavy metal content analysis by 

means of ICP/AES spectrometer.  

Optimum metal removal was achieved under the following conditions: liquid/solid 

ratio 40 (ml:g), citric acid concentration 0.1 M, contact time 20 min, and pH 3.0 at 

room temperature.  

1. Required tests: XRD for fly ash powder sample as received and the fly ash residues after 

water washing and acid leaching  

19.2 Bottom Ash Handling (200-250 kg/t) 

1. Collect fresh bottom ash samples from the burning incinerators and dry them at 25°C. 
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2. Manually separate the un-burnt parts such as the screw, wire, plastics.  

3. Prior to leaching, reduce the size of the samples to 500microns with a roll crusher in order to 

remove the magnetic content (Iron Removal).  

4. Subject the bottom ash samples (Tailings and concentrates) to leaching tests (24hours) in 

order to notice the amenability of the samples for metal recovery along with optimization of 

parameters. 

- To calculate the mass of nitric acid to use in leaching the ashes, we should determine the flow rate 

of ashes.  

- In example, liquid to solid (L/S) ratio = 5:1 ➔ for every 1kg of ashes, add 5L of Nitric acid.  

- It is important to be concentrated (15.8 mol/L-1.42 g⁄cm³) to avoid the leaching of Fe that will be 

extracted mechanically.  

- Considering that each hour 800 kg of waste will be incinerated, which forms 338 kg of ashes 

(bottom ash and fly ash), this quantity needs:  

• Each hour, 1690 L of acid 

• During 10 hours of incineration, the quantity of ash becomes 338*10=3380 kg 

• In 10 hour, the amount of acid that we need is 16900 L 

5. Liquid-Liquid Extraction Column:  

1. Add the nitric acid solution (including heavy metals) to the column from the upper left 

vessel, and keep adding until the nitric acid reaches the level of this vessel.  

2. Add phosphonic acid from the lower left vessel (3mL phosphonic acid/1L of nitric acid 

solution) 

3. Turn on the mixer for a certain time (ex: 1hr), stop a while to see if two separate phases 

appear.  
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4. If yes, remove the upper layer through the upper right vessel and then remove the lower 

layer through the lower right vessel.  
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20 Heavy Metals Recycling Test Rig 

20.1 Mechanical integration 

 

heavymetalrecoverypipes150619.FCStd
 

 
 

 

parts needed : 

-4 valve 

- 4 pipes (4m each) 

- 3 medium sized 

tanks 

- 2 electrical pumps 

(>1hp) 

- 4 moukhalef + wasel 

zira3e  

- 9 turnes 90 ppr  

- 2 tees ppr  

initial cost : ~ 200 $  
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20.2 Concept for automation 

20.2.1 Task for Trainees July 202022 

 

 

22 Ali Ibrahim, Ali Awad, Walid Naous, Wasim Al Haj 
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20.2.2 Concept 

 

Requirements: 

3 valves 

Motor 

Geer 

2 Flow sensors 

3 Check valve 

20.2.3 Automation Algorithm 

needed for automation: only 2 solonoid valves (for exits) 

algorithm 

• Open the pump and reach the column with 44 L of ash mixed with nitric acid 

• When the liquid level in the column reaches the top right nozzle (turn the feed flowrate down to 

the desired set point 

• Turn on and set the extractant flowrate to the desired set point by adjusting the pump speed 

• Close the extrait out rotameter when the liquid level reaches the top left (extrait out) nozzle. 

• Allow the interface to form between the top mesh and the top left nozzle (extrait out). The 

interface appears as an immiscible layer between acid and extractant with droplets. 

• Once the interface is formed in the desired location, open the extrait out rotameter slowly until 

there are flowrates out of the column. 

• Adjusting this rotameter is used to control the interface level. Opening the rotameter causes the 

interface to rise, while closing it causes the interface to drop. 

• The optimum setting of this rotameter will allow for a semi-stable interface and give a minimal 

amount of drift in the interface level. 

• Small adjustments should be made in order to keep the interface constant. 

• Set the stirrer speed to a setting of 5 using the dial on the top right of the lab equipment panel. 

Make sure the motor is powered with the top center switch on the right power panel. 

• Allow the column to run until steady state is achieved (about hour). 
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Process Control System 

 

Based on the following reports 

[TEMO-IPP 2013] 

 [NLAP-PCS 2017]  

[NLAP-PCS 2019]  
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 Process Control System (PCS) 2013  التحكم  21

21.1 Test Plant Process Control System - Part 2 (February 2012) - System Design 

 

21.2 Introduction: Installation and putting into operation of a S7 system 

 A S7-300 SEIMENS PLC was used to control and monitor the plant. The S7-300 is used 

among the world to control any big industries machine system. The PLC is programed by STEP7 

computer software, and then you can do an interaction between the PLC and the PC using WinCC 

software or any other GUI developed software. 

 In this part we will programed our PLC using STEP7 and then we will use two ways to 

interact with PLC and plant system. Part steps: 

• Implement S7-300 

• Program PLC using STEP7 

• Develop WinCC GUI user interface 

• System – PLC – Computer Communication 

• Develop of second GUI interface choice (using velleman board) 
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21.3 PLC S7-300 

tbd 
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21.4 Step7 WorkFlow 

 و تطبيق برنامج تعليمي عليها:   PLCبرمجة الـ   21.4.1

 

 طريقة   لمعرفة  تعليمي  ملف  أي  في  النظر  يمكنك )    الحاجة  حسب  ببعضها   PLC  الـ  قطع  توصيل  بعد
  برنمج   خلال   من  ذلك   و   به    PLCال ـ  بجمع  قمت   الذي  الشكل   CPU  للـ  تعرّف  أن  بد  لا(    توصيلها 

SIMATIC Manager التالي الشكل على: 

 

 المستخدمة  CPU  الـ إختيار خلاله   يتم و (  New Project' Wizard')  جديد مشروع فتح علينا أولاا  .1

 

  الـ خيار لك  سيظهر الشاشة يسار على الموجود SIMATIC 300 station  على بالضغط ثانيا  .2
Hardware  الـ أجزاء لتعرفت نحتاجه  الذي PLC للـ CPU 

 

 : Hardware بناء على الدخول طريقة توضح   صورة
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 : بأختياره  قمت الذي  CPU الـ فيها  و  التالية  الشاشة لك  ستظهر  Hardware  خيار على بالضغط .3

 
 

  يمين التسلسل من القطع حمل خلال من  PLC  الـ   Hadrware بناء عملية أكمال علينا الآن .4
  خلال من عرضه يمكنك  التسلسل تجد لَ  حال  في, الشاشة يسار  مكانها في إسقاطها و الشاشة
 : التالي المفتاح على الضغط

 

 

 

 .عليها الوقوف بمجرد القطعة المناسب المكان لك  سيظهر 

 

 الشاشة يمين علي التسلسل من  SIMATIC 300 قسم في موجودة سنحتاجها التي القطع

 

 :التالي الشكل على PS-300  قسم في  موجودة PowerSupply الـ
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 :التالي الشكل على SM-300  قسم في موجودة  input-output devices  الـ

 
 

 من البرنمج سيمنع  إختلاف أي)  التسلسلي رمزها  و أسمها من بالتأكد  المناسبة القطع بإختيار  قم .5
 توضيحية  صورة (  العمل
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   PLC  الـ CPU إلى تحميله ليتم العمل حفظ  يتم  PLC  الـ بناء إنهاء بعد .6

 
 

 عليها  البناء تحميل لتستطيع  STOP وضع  في PLC  الـ تكون أن يجب .7
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  Offline من الأتصال حالة  بنقل قم Hardware  الـ و  Software الـ نحية  من البناء توافق من للتأكد .8
 أي على الضغط تستطيع بعدها. الصورة في 1 بالرقم  إليه المشار المفتاح خلال من Online إلى

   حالتها من للتأكد قطعة

 
 

 . برمجتها إلى الآن ننتقل.  CPU  للـ  PLC الـ أجزاء تعريف عملية  أتممنا الآن

 

 هنا  برمجتها ستتم  حيث PLC بالـ(   Organization Block)  المتحكم OB1 ملف نفتح, أولاا  .1

 

 (: OB1)للمتحكم الولوج طريقة
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 (: OB1)المتحكم عرض شاشة

 
 

 : التالي البسيط البرنمج  بكتابة نقوم و .2
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 (  0V)  حر 0.1 مدخل كان  حال في يعمل 4.4 رقم المخرج زر - : البرنمج  ترجمة

 (24V) مفتوح 1.4 مدخل كان  حال في يعمل 4.2 رقم المخرج زر - 

 

 STOP وضع في  PLC ال ـ تكون أن يجب بالطبع,   PLC الـ إلى تحميله  و  البرنمج حفظ يتم أيضاا  .3
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 حسب ذلك   يتم  و فاعلة لتصبح  الجهاز مخارج و مداخل لتغذية PLC  الـ جهاز  إلى ننتقل الآن .4
 بالقطعة الخاصة الخريطة

 DI: المداخل قطعة تغذية  طريقة توضح   صورة

 
 

  وسنقوم  M بـ الأخير المدخل و  +L بـ الأول المدخل لتغذية سنحتاج التغذية خريطة بحسب و إذا .5
 :الشكل هذا علىPLC  (PowerSupply ) للـ الأساسي المغذي من بتغذيتهم
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  من CPU الـ حالة تغير بمجرد التشغيل يبدأ,  العمل تجربت و PLC الـ تشغيل بأمكاننا   أصبح الآن .6
STOP  إلى RUN . 

 

  من   التأكد  و  المداخل  تجربت  يمكننا   و   التالية  الصورة  في  كما  4.4  المخرج  زر  سيعمل  بالنتيجة
 PLC. الـ على التعليمي الأولي المشروع تنفيذ تم بذلك  ليكون المخارج
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  ذلك  و  SIMATIC manager ال ـ برنمج خلال من PLC الـ على يحدث  لما   محاكاة إجراء  يكمن كما .7
 : التالية الصورة في  كما    Monitor زر بتشغيل

 
 

  بأمكاني   أصبح  أي,  تعقيد  أكثر  مشارع  إلى  الأنتقال  بإمكاننا   أصبح  التدريبي  المشروع  هذا  أنهينا   أن  بعد
   PLC S7-300  الـ على  TEMO-STPP يخص  الذي مشروعي تنفيذ

 profibusطريقة توصيل   21.4.2

  يمكّنك .  بالعمل  متصلين  بالمكان  منفصلين  جزئين  إلى   PLC  الـ  اجزاء  لفصل   profibus   الـ  يستخدم
 الثاني   و  التحكم  و   المراقبة  غرفة  في  ليوضع  متحكم  الاول:  جزئين  إلى   PLCالـ  أجزاء  فصل  من   Profibus  الـ

 . بأجزائها التحكم و قراءة من PLC الـ ستقوم التي الأجزاء من قريب يكون  و  المخارج و  بالمداخل  خاص
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 : التالية الصورة في المبين الشكل على  Profibus الـ أجزاء تقسيم تم  TEMO-Stpp مشروع في

 

 
Figure 4.1: S7-300 PROFIBUS NET 

 

 

 :هي المستعملة الأجزاء
Other description Order Number Module 

Power Supply 6ES7 307-1EA00-0AA0 PS 307 5A 
SIMATIC S7-300 V2.6.11 

X1 MPI 
6ES7 312-1AE13-0AB0 CPU 312 

Communication Profibus 

module SIMATIC NET 

V5.7 

6GK7 342-5DA02-0XE0 CP 342-5 
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Bus interface module 

SIMATIC ET 200M 

Profibus-DP 

6ES7 153-1AA03-0XB0 IM 153-1 

Digital Input module, 

grouping 16 
6ES7 321-1BH01-0AA0 SM321 DI 16xDC24V 

Digital Output module, 

grouping 8 
6ES7 322-1BH01-0AA0 SM322 DO 16Xdc24V/0.5A 

Analog input module, 

12Bit 
6ES7 331-7KB02-0AB0 SM331 AI 2x12BIT 

 

  قسم   على  الدخول  خلال  من  به  القطع  توصيل  تم   الذي  بالشكل  PLC  الـ  تعريف   يجب  كالعادة  و
Hardware  , الـ  جمع   في  اعتمدنها  التي  الصيغة  حسب  بتوصيلها  حاليا  سنقوم  و  PLC    1  الصورة  في  المبينة .

 : التالية الصورة إلى ستحصل. HW Config  إلى 1 الصورة في المبينة  التتيب صيغة  ترجمة خلال من

 

 
Figure 4.2: HW Config building 

 

 : العنوان هذا في  CP 342-5  module الـ تجد
SIMATIC 300 > CP 300 > PROFIBUS > CP 342-5   
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 من   ذلك   و   POFIBUS master system  إضافة  أولا  يجب  IM 153-1  الـ  أي    DP Slave  الـ  لإضافة
  كما   Add Master System   إختيار   و  module CP 342-5  على  الوقوف  اثناء  للـفأرة  بالزرالايمن  الضغط  خلال

 : التالية الصورة في

 

 
Figure 4.3: HW Config Add Master System 

 

  في  المبينة  الطريقة  أتباع  خلال  من  بذلك   ستقوم  Profibus Network  بـ  تصله  أن  منك   سيطلب
  و  Address = 5 أختيار  يفضل  master Profibus  للـ  Address تحدد  ثم  من  و (  4  الصورة   انظر)  التالية   الصورة

 :فوق ما
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Figure 4.4: HW Config Add Profibus network 

 

  تختار   Profibus system  إضافة  لتستطيع  FC2  و   FC1  الملفين  نداء  بوجوب   تبلغك   رسالة  لك   ستظهر
Ok .الـ إضافة  بالإمكان  أصبح الآن IM 153-1 الـ على  Profibus master system   التالي التسلسل من : 

 PROFIBUS DP > ET 200M > IM 153-1 عليه بالضغط تقوم  ثم  منها المناسب تختار

 

 
Figure 4.5: HW Config Add IM153-1 
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  يكون   و  IM 153-1  الـ  قطعة  على  المضبوط  Address  الـ  مع  موافقته  و  له  address  إختيار  ثم  من  و
 :التالي بالشكل

 
 

-Module IM 153  بالـ  الخاصة  القائمة  من  SIAMTIC NET  بالـ  الموصولة   الأجزاء  إضافة   يتم  ذلك   بعد

 : التالية  الصورة  في كما  1

 

 
Figure 4.6: HW Config Add Net module 
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  بحفظ   نقوم  HW config  برنمج   خلال  من  Hardware  الـ  تعريف   و   برمجة  على  العمل   أنهينا  الآن
  الصورة  انظر)    Configure Network  زر  على  بالضغط  قمت  أن  ذلك   بعد.  CPU  الـ  على  تحميله  و  العمل

 : 8 الصورة في المبين الشكل بهذا  التوصيلة لك  ستظهر (  7

 

 
Figure 4.7: Configure Network bottom 

 

 
Figure 4.8: NetPro connection 

 

 

 كالشكل   بمشروعك   الخاص برنمجك  كتابة  بأمكانك   أصبح الآن PROFIBUS توصيل طريقة هي هذه
  زر   قائمة   من  Object properties  أختيار  خلال  من  CP 342-5  ال ـ  أو   CPU  الـ  عمل   مراقبة  يمكنك .  المعتاد
 (:  9 الصورة انظر)  Run ثم من و  Diagnostics ثم من و   اليميني الموس
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Figure 4.9: open Diagnostics screen 

 

 (:  10 الصورة انظر)  هنا  من تحتاجها معلومات  أي معرفت و مراقبة يمكنك 

 

 
Figure 4.10: Diagnostics screen 
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21.4.3 Analog input Reading   

 : Analog input moduleتعريف الـ   21.4.3.1

 الخاصة   القطع  أحدى  إضافة  خلال  من  Analog  متغيررة  مداخل  قراءة  امكانية  PLC S7-300  الـ  تتيح
SM 331 AI منها إختن, أشكال بعدة  المتوفرة  AI 2x12Bit هذا مشروعنا في لاستعمالها. 

  أي   12Bit  من  منهما  كل  يتألف   Analog  متغيرين  مدخلين  تحتوي   انها   Module  ال ـ  أسم  من  نلاحظ 
 ك ـ  باستعماله  نقوم  لا  البرمجة  خلال  المدخل  لقراءة  أننا   نلاحظ   هنا  من.  4096=12"2  هي  القراءة  دقة  أن

Bit  العادية   المداخل  في  كما  Digital input  الشكل  بهذا  المداخل  نستعمل  كنا  حيث  I 0.1  لان ,  فلا  هنا  أما  
 1Word  تعني البرمجة  لغة  في Byte  2  و ,  Byte=8Bit  كل  كون   Byte  2  سنحتاج  اي   12Bit  هو  مدخل  كل

 المعرف   الرقم  هي  xxx  الـ  أن  إلى  الإشارة  مع   IWxxx  كـ  البرمجة  خلال  Analog  الـ  مدخل  تعريف  يتم  لذلك 
 .للمداخل

  أنه   أي   67  و  64  الرقمين  بين  المداخل  حجزت   قد  Analog module  أن   التالية  الصورة  تظهر
 الـ  أن  بسبب  ذلك   و  65  الـ  تجاوزن   أننا  نلاحظ.  IW66  و   IW64  هما  متغريين  مدخلين  لدينا  سيكون

Word=2Byte   حجزت   67  للـ  بالنسبة   نفسه  الامر  كذالك   و   65  الـ  و  64  الـ  الأول  المدخل   حجز  لذلك 
 (: 1 الصورة انظر) 66 الـ مع

 
Figure 4.11: I / 0 number specification 
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  بقراءة   الخاص  LAD  الـ  برنمج   كتابة  بدء  إلى  نتحول  أعلاه  الصورة  في  كما   PLC   الـ  بنية  بناء  تم  أن  بعد
 . Analog الـ المداخل

 

 : Analog كتابة برنامج قراءة ال ـ 21.4.3.2

  جاهزة   و   مبرجة  بلوكات   إضافة  إمكانية   يوفر  SIMATIC Manager  ال ـ  برنمج  أن   إلا  التنويه  أود   بداية
 . برنمجنا  في بعضها سنستخدم (. 2 الصورة انظر) البرامج كتابة  أثناء منها الإستفادة يمكن للأستخدام

 
Figure 4.12: order librery 

 

 ( : Blocks used) المستخدمة البلوكات
• MOVE: 

 . Move قسم من  أستدراجها يتم, آخر إلى موقع من بيانت  بنقل تقوم

• DI_R ( Digital to Real converter ) : 
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  يتم ,  Decimal  إلى  Hexadecimal  من  أي,  حقيقية  م  أرقا  إلى  البيانت   يتحويل  تقوم
 .Converter قسم من إستدراجها

• DIV_R ( Real Division ): 

 . point function-Floating قسم من أستدراجها  يتم, الثاني على الأول الدخل بقسمة تقوم

• LT_R (CMP < R compare real number, true if less than ) : 

 قسم  من  تستدرج,  لا  أو  الثاني  الدخل  من  أصغر  الاول  الدخل  كان  أن  بفحص  تقوم
Comparator. 

• GE_R ( CMP >= R compare real number, true if greater than or equal ) : 

 من  أيضاا   تستدرج,  لا  أو   الثاني  الدخل  يساوي  أو  أكبر  الاول  الدخل  كان  إن  بفحص  تقوم
 . Comparator قسم

  

 : PLC ال ـ   CPU ال ـ ف  البيانات حفظ نقاط

 لحفظ  إستخدامها  يمكن  التي  البيانت   حفظ  نقاط  من  عدد  على   CPUال  تحتوي 
 مع  الذاكرة  هذه   نوع  على  يدل ثانا   حرف  مع  مصحوباا  M  بحرف  إليها   يشار ,  البرنمج  خلال المؤقته  البيانت 

 . فقط واحدة  Bit لحفظ أستخدامها المراد كان  حال في رقم مع مصحوباا  فقط أو العنوان على يدل رقم

• M :لـ ذاكرة إلى تشير Bit تستخدم. فقط واحدة :M x.y   (x  و y  الذاكرة عنوان على تدلنا  .) 

• MB :لـ ذاكرة إلى تشير Byte .الشكل بهذا تستخدم : MB x (x الذاكرة  عنوان على يدل  .) 

• MW  :لـ ذاكرة إلى يشير Word .تستخدم : MW x  (x الذاكرة عنوان على يدل .) 

• MD :لـ ذاكرة إلى يشير Double Word  .تستخدم : MD x (x الذاكرة عنوان على يدل  .) 
 

 : البرنمج بنية
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  مصدر   إلى  نحتاج  البرنمج  لتجربة.  لتجربته  CPU  الـ  على  بتحميله  نقوم  البرنمج  هذا  من  الإنتهاء  بعد
 . Volt 10 إلى  0 من متغيرة  كهربائية  طاقة

 

 :  التالية  الصورة في كما  Analog  الـ مدخل مع تغذيتها  و PLC ال ـ توصيل يتم



Process Control System 

 

370 

 
Figure 4.13: PLC Analog input connection 

 

 انظر)    المجهزة  المخارج  أو  المداخل  مكان  و  بالطاقة  تغذيتها  طريقة  الخلف  من  Module  الـ  باب   على  ستجد
 (.  41 الصورة

 
Figure 4.14: module connection MAP 
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 قد  تكون  إذا,  يجب  كما  PLC  ال ـ  برمجة  و  تعريف  و  توصيل  في  نجحت  قد  كنت  أن 
 الصور   في  كما   Output  الـ  مخارج   أزرار  على  Analog  ال ـ  مدخل  على  الموجودة  الطاقة  حجم  تمثيل  في  نجحت
 : التالية

 

           
Figure 4.15: analog voltage on output PIN 

 

  الضغط   خلال   من  ذلك   و   SIMATIC  ال ـ  برنمج  من  PLC الـ  على  يجري   لما  محاكاة   إجراء   يمكنك   كما
 : PLC الـ على حقيقية تجربة لمحاكاة  صور  يلي ما  في, OB1 الـ مبرمج برنمج من Monitor زر على

 

 (  Analog الـ مدخل عند فولت 5.3 تساوي كهربائية   قيمة إدخال للحظة أخذة التالية اللقطات  جميع ) 
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Process Control System 

 

374 
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21.5 WinCC WorkFlow: 

 WinCCالمشروع الأول ) التعليمي ( على الـ   21.5.1

-WinCCflexible  الملف  في  الموجود  Tutorial  ال ـ  بتطبيق  قمنا    WinCC  الـ  برنمج  على  للتدرب   بداية

GettingStarted-FirstTimeUser مشروع مع ليتناسب  التعديلات  بعض مع TEMO-STPP    
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  ذلك  و ( flexible Runtime Simulator)  برنمج خلال من للبرنمج وهمي بتشغيل ذلك  بعد قمنا  و
:  التالية اللوحة في الظاهر المفتاح على الضغط خلال من

 
 

)    الشاشة   لتكون  بتحديدها  قمنا   التي(    start screen)    البداية  لوحة  مع  التالية   اللوحة  ستظهر   و
selection    )ثم  من  و  اليسار   من  الأولى  اللوحة  هي  البداية   لوحة    (sensor    )لوحة  و  المنطصف  في    (alarm 

   اليمين على التي( 

 

 
 

 WinCCبداية تنفيذ المشروع على الـ   21.5.2

 

(     TEMO-STPP)  لمشروع   ملائمة  أكثر  لوحة  إلى  العمل  بتطوير  قمنا  الأولي   التمرين  هذا  بعد  و
 : الشكل بهذا لتكون
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 عرض   شاشة  إضافة  مع  الرئيسية  المشروع  صورة  على  القياسية  المأشرات   ضع  و  خلال  من  ذلك   تنفيذ  تم  و

 الاسفل  في التي المساعدة أزرار بعض مع(    Alarm BOX)    المنبهات 

 

 كاملة  هي  الشاشة  هذه  كون(    الأول  المشروع)    التعليمي  الكتاب   في  التي  عن  هنا  التي  الشاشة  تختلف
 ليس   و  للكمبيوتر  معدة  و    الأول  المشروع  في(    MobileControl)    التحكم  جهاز   بحدود   تلتزم  لا  التحكم

  الخطوة   في  جديد  مشروع  بداية  أثناء  الخيار  هذا  تحديد  يتم.  الاول  التعليمي  الملف  في  كما   HMI  الـ  لجهاز
 :التالي الشكل على  WinCC flexible Runtime   و  PC  الـ حينها تختار  و )(  التحكم أنظمة بها  تختار التي
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 على  الإبقاء ,  محدد  خيار  وجود  عدم  حال   في   يمكنك   كما  الحاجة   حسب  الخيارات   بباقي  التحكم  تستطيع   و
 . للوحة الأساسية الخيارات 

 Template)    الأساسية  اللوحة  في  بوضعه  تقوم  التحكم  برنمج  في  أساسي   شيئ  أي   أو  الخلفية  صورة  لوضع

Screen    )اللوحة   في  ليس  و  فقط  الخاصة  باللوحة  يكون  تخصيص  أي  و  البرنمج  لوحات   جميع  في  سيظر  و  
 (.   Template Screen)  الأساسية

 

 :خلفية  صورة وضع  لكيفية صورة
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 (:  Start Screen)   مثلا الأخرى اللوحات  في ظهورها  كيفية  توضح   صورة

 
  

 الأول المشروع تنفيذ بها  تم التي الطريقة بنفس  و حاجتك  حسب عليها التخصيصات إضافة  بعد و

 

 : عليها التعديلات  إضافة بعد البداية للوحة صورة
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-PLC S7  ال ـ  برمجة  على  العمل  إلى   الأنتقال  ليتم  الأول  المشروع  في  كما   أقلاعه   و   المشروع  حفظ   يتم   ذلك   بعد

 . به المنفذ WinCC ال ـ برنمج توصيل ليتم SIMATIC Manager برنمج  خلال من  300

   WinCC   ال ـ  ببرنمج   Step 7 SIMATIC manager   الـ  برنمج   توصيل  كيفية  أعرف  أن  علي  زال  ما  لكن
 . بإعداده أقوم الذي   WinCC  ال ـ برنمج  يحتوي كمبيوتر  أي خلال من  PLC  الـ مراقبة و التحكم لأستطيع
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21.6 WinCC/step7 Integration 

 : أساسيات التوصيل  21.6.1

 

 MPI . . .تم التوصيل عبر وصلة  ي س 

 

 WinCC  تم إقاف العمل على هذا القسم بسبب انتهاء التخيص الخاص ب ـ
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21.7 Monitoring software 

  على وصلها خلال من لنقوم Velleman P8061 board بأستخدام قمنا  TEMO-STPP مشروعنا في 
  حال في واحدة  لتستمر PCL  الـ مع بالتوازي تعمل ثانية كطريقة  بالمشروع التحكم و بمراقبة  كمبيوتر  جهاز
 . للصيانة إيقافها أو الأخرى تعطل

  لغة هي Python و . Python  طريقة منها  إختن, متعددة بطرق Velleman VK8061 CPU الـ تبرمج 
 .المهندسين و المبرجين بين المعروفة  و السائدة البرمجة لغات  من جدا  قريبة و سهلة برمجة

 

21.7.1 Velleman P8061 board 

 

 Velleman Board ودخل مع متعددة مخارج و بمداخل تحكم لوحة هي USB  أمكانية لك  يتيح  
 المتعددة  مخارجها  و مداخلها مراقبة و تحكم و  محاكاة لأجراء  بالكمبيوتر  توصيلها
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Figure 4.7.1: Velleman Board 

 

 الـ كون  ذلك , الكمبيوتر جهاز  إلى Velleman board لوحات  8  إلى 1 من توصيل يمكنك  
Velleman board عنوان لديها Board address الـ خلال من  يحدد Jumpers  A1, A2 and A3  (انظر  

 . لوحات  ثمانية أي عناوين ثمانية مجموعه بما  7 لـ 0  من يكون و (   2 الصورة

 

 
Figure 4.7.2: Velleman Board address setting 
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 Boardمواصفات و خصائص الـ   21.7.1.1

 

  مخرج و ثابت  و متغير ضمنه :  مخرج و  مدخل 33 مجموعه ما على تحتوي k8061 board إن 
 10V ل ـ 0 من أو 5V لـ 0 من: Analog 10 bit متغيرة مدخل PWM   :- 8 إشارة

 10V لـ 0 من أو 5V ل ـ 0 من: Analog 8 bit متغيرة مخارج 8 -

 open collector بحالة Digital ثابتة  مداخل 8 -

  كحد  50V خارجية  تغدية يتحمل  و open collector بحالة  Digital ثابتة  مخارج 8 -
 أقصى 

  كحد  40V خارجية  تغدية  يتحمل و  open collector بحالة  PWM 10 bit مخرج -
 أقصى 

 4ms per command الواحد للأمر ثانية -مل 4: التنفيذ سرعة -

 mA 300 بقوة V DC 12=  خارجية تغذية -

 

 

 بجهاز الكمبيوتر   boardتوصيل الـ   21.7.1.2

 

  USB  وصلة خلال  من بالكمبيوتر التوصيل إمكانية Velleman board تتيح ذكرن و  سبق كما 
 .مضر خارجي تأثير من آمنه بطريقة
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 ليستطيع القطعة بهذه  الخاص Driver التعرفة ملف توفر يجب خارجية كمبيوتر  وصلة كأي 
 الأنتنت المتوفرعلى ( mchpusb.sys ) هو  Velleman board ال ـ تاجهنح الذي الملف ,معها التفاعل الكمبيوتر

  جهاز من Add new hardware قسم من بإضافته تقوم. Board الـ مع المرفق  الصلب القرص في أو
 . كمبيوترك

 للـ DLL ( Dynamic Link Library )  الديناميكية  الوصلات  ملفات  الكمبيوتر يحتاج كذلك  
Board على إما أيضاا  متوفرة هي و,  البرنمج يحتوي  الذي الملف نفس إلى تضاف  و معها التفاعل ليستطيع 

  DLL files  على متوفرة التوصيل صيغ و  برامج جميع. board الـ مع المرفق الصلب القرص في أو الانتنت
  الذي  الملف. Board الـ و  الكمبيوتر بين التفاعل و التواصل بتفعيل لتقوم الملفات هذه توفر أن عليك 

 أو المرفق القرص على أيضا  يوجد  ( mpusbapi.dll)  ملف و (   K8061.dll)  هو   Board ال ـ لهذه  ستحتاجه
  و,  الكمبيوتر مع  board ال ـ (Diagnosis) لتشخيص و  (Demo)  لتجربة برنمجين الانتنت من تحميله يمكنك 

 : المنجزة التجارب  بعد هذه

 

 

 

 

 :  Demo الـ برنمج
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Figure 4.7.3: Demo screen shot on PC 

 

 
Figure 4.7.4: Velleman board interaction with Demo 
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 : أولى  تجربة  Diagnosis الـ برنمج

 

 
Figure 4.7.5: Diagnosis screen shot on PC 
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Figure 4.7.6: Velleman board interaction with Diagnosis 

 

 

 

 : ثانية   تجربة  Diagnosis الـ برنمج
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Figure 4.7.7: Diagnosis screen shot on PC 

 

 
Figure 4.7.8: Velleman board interaction with Diagnosis 

 

 Boardتوصيل مداخل و مخارج الـ   21.7.1.3
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21.7.2 Python Software : 

 Python وهى جميعها،  تكن لَ ان المجالت لمعظم عامة برمجة لغة  هى  High Level Programming  
 Guido Van Rossum يد على 1989 عام فى  بدأت " نجليزيةالإ" نسانالإ لغة من جدا  قريبة انها اى

Language  هولندى عالَ وهو 

 :  بـ Python  تتميز

 التعلم سهولة •

 صيانته  وسهولة الكود وضوح •

• Open source :المطورين ألاف تطويرها على فيقوم 

 

pyo .او pyc . او py  .امتداها بيكون Python ملفات: 

.py  >=بايثون  ملف 

.pyc  >=متجم بايثون ملف 

.pyo  >=لبايثون كائن  ملف 

 

 عن بتفصيل تحدثت مصادر و كتب  عدة على الإطلاع يمكنك  Python  البرمجة لغة عن المزيد لمعرفة
Python .الخاص ببرنمجنا فورا لنبدأ  عنه  الحديث من القدر بهذا هنا سنكتفي ولكن . 

 

  من TEMO-STPP لمشروع الطاقة محطة محاكاة و التحكم هو  كتابته  ننوي الذي البرنمج هدف 
 : أولي كبرنمج  الشكل هذا على User interface ( GUI )  برنمج خلال
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Figure 4.7.9: python monitoring software 

 

 

  الـ يحتويها  لا  إضافية مكتبة إلى و Python compiler إلى العمل هذا تشغيل و لتنفيذ نحتاج 
compiler هي و  العادي  wxPython,الانتنت عبر عليها لحصول يمكنك  أو المرفق القرص  في تجدها. 

 

 :  توضيحات  مع يلي كما   هو و.  البرنمج كتابة  بدء  بإمكاننا سيصبح بعدها

#*********************

************************************************************************************************
***** 
import wx 
import random 
import sys 
 
import time 
 
from ctypes import * 
import thread 
 
#********************** panel frame 

************************************************************************************ 
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wx.SetDefaultPyEncoding("iso-8859-15") 

BACKGROUND_IMAGENAME = "TEMO-STPPscreenshot.bmp" 

 

class MyBackgroundPanel(wx.Panel): 

def __init__(self, parent): 

wx.Panel.__init__(self, parent) 

self.bmp = wx.Bitmap(BACKGROUND_IMAGENAME) 

self.SetSize(self.bmp.GetSize()) 

self.Bind(wx.EVT_PAINT, self.on_paint) 

 
def on_paint(self, event = None): 

dc = wx.BufferedPaintDC(self, self.bmp) 

 

class MyFrame(wx.Frame): 

def __init__(self, parent = None, title = "TEMO-Stpp Monitoring program"): 

self.testUSB = True 

self.dll = None 

self.USBAdr0 = 0 

self.USBAdr1 = 1 

self.USBAdr2 = 2 

self.USBOpened = False 

self.counterUSBBoards = 3 

wx.Frame.__init__(self, parent, -1, title) 

panel = MyBackgroundPanel(self) 

LABELSTYLE = wx.BORDER_SUNKEN | wx.ST_NO_AUTORESIZE | 

wx.ALIGN_CENTER_HORIZONTAL 

 

#Start of pump 

self.button_Start_Flow_Read = wx.Button(panel, -1, "START PUMP", 

pos=(650,570)) 

self.Bind(wx.EVT_BUTTON, self.OpenPumpANDStartRead, 

self.button_Start_Flow_Read) 

#Stop of pump 

self.button_Stop_Read_pump = wx.Button(panel, -1, "STOP PUMP", 

pos=(750,570)) 

self.Bind(wx.EVT_BUTTON, self.StopReadButton, self.button_Stop_Read_pump) 

 

# Vaporizer out 

self.temp_Vaporizer_out = wx.StaticText( 

panel, size = (26, -1), pos = (160, 165), style = LABELSTYLE 

) 

self.pressure_Vaporizer_out = wx.StaticText( 

panel, size = (26, -1), pos = (200, 165), style = LABELSTYLE 

) 

 

 : بـ  الخاص LabelStyle  الـ كتابة   يتم الطريقة بنفس
# Overheater in 

# Overheater out 

# SolarPipe in 

# SolarPipe out 
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# Layout 

self.Fit() 

 
def on_timer(self, event = None):  

division = 2 

 

# Vaporizer out 

answer = (self.dll.ReadAnalogChannel(3,1))/division 

new_value = str(answer) 

self.temp_Vaporizer_out.SetLabel(new_value) 

self.temp_Vaporizer_out.Refresh() 

new_value = str(random.randint(12, 16)) 

self.pressure_Vaporizer_out.SetLabel(new_value) 

self.pressure_Vaporizer_out.Refresh()    

 
 : من بكل الخاص Label  الـ ضبط  يتم الطريقة بنفس

# Overheater in 

# Overheater out 

# SolarPipe in 

# SolarPipe out 

 Analog PIN Channel number الـ  تغيير مع

 

 

#********************** Run USB System 

******************************************************************************* 

def OpenUSBBoardThread(self): 

self.dll = windll.K8061 

i = self.counterUSBBoards 

for doit in range(0,i+1): 

try: 

self.dll.OpenDevice() 

self.USBOpened = True 

# debug info 

print 'USB Board is now connected!' 

#end debug info 

except: 

txt = 'Please Check USB Board connection' 

print txt 

return 

 

self.dll.OutputAnalogChannel(3,8,255) 

 

#********************** STOP Button 

*********************************************************************************** 

def StopReadButton(self, event): 

self.dll.ClearDigitalChannel(3,1) 

print 'Digital Channel Cleared, pump turn off' 
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#********************** START Button 

********************************************************************************** 

def OpenPumpANDStartRead(self, event): 

wx.MessageBox("Do you want to open pump and start monitoring?", "start 

monitoring", wx.OK|wx.ICON_INFORMATION) 
 

# open the USB board 

self.OpenUSBBoardThread() 

time.sleep(0.5) 

self.dll.SetDigitalChannel(3,1) 

self.timer = wx.Timer() 

self.timer.Bind(wx.EVT_TIMER, self.on_timer) 

self.timer.Start(1000) 

 

#********************** main definition and loop 

*********************************************************************** 

def main(): 

"""Testing""" 

app = wx.PySimpleApp() 

f = MyFrame() 

f.Center() 

f.Show() 

app.MainLoop() 

if __name__ == "__main__": 

main() 

 

#*********************

************************************************************************************************
***** 

 

 .المنفذة  التفاعلية الشاشة لك  ستظهر و Run على الضغط خلال من تشغيله يمكن البرنمج  كتابة  إتمام بعد

 



Process Control System 

 

396 

 
Figure 4.7.10: PyScripter software 

 

  NotePad الـ خلال من عادي text file كـ  البرنمج كتابة  فيمكن PyScripter برنمج تملك  لا كنت  أن أما 
 ) Python  ال ـ  خلال  من  تشغيلها  يمكن  بعدها  TEMO-STPP.py))  مثال   py.  بصيغة  يحفظ   الحفظ  عند   لكن  و

command line )   . 

 

 الصورة انظر)   التالية  الصورة  تظهر كما  المحطة و المستخدم بين تفاعلي برنمج  العمل نتيجة 
 . Vaporizer الـ على الموجود  وهو واحد حراري حساس تفعيل تم  نلاحظ  كما  هذا المثال في (  11
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Figure 4.7.11: GUI software 

 

 Appendix D  الـ في كاملاا    Pythonالـ برنمج أيجاد يمكنك 
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22 Sensors implementation and design 

22.1 Temperature sensor: 

In TEMO-STPP project We use 8 thermocouple sensors distribute as shown in figure 1. The 

thermocouple sensor we use it, is the PTFE Exposed Welded Tip Thermocouples ' type K ' which 

conform the project's need. The 'K' PTFE  thermocouple have a temperature range between 0°C 

and 200°C with cable length 3 or 5 meter (the datasheet of this sensor can find it in Appendix A). 

 

Figure 5.1.1: Temperature sensors distribution for TEMO-Stpp project 

  

Figure 5.1.2: Temperature sensor boards 
 



Sensors implementation and design 

 

399 

The thermocouple output voltage is nonlinear with respect to temperature, for this reason 

we use a Monolithic Thermocouple Amplifiers AD595 (the datasheet of this sensor you can find it 

in Appendix B) which linearly amplifies the compensated signal. 

 

Figure 5.1.3: AD595 design 
To achieve a temperature proportional output of 10 mV/°C and accurately compensate for 

the reference junction over the rated operating range of the circuit, the AD595 is gain trimmed to 

match the transfer characteristic of K type thermocouples at 25°C. For a type K output in this 

temperature range the TC is 40.44 mV/°C. The resulting gain for the AD595 is 247.3 (10 mV/°C 

divided by 40.44 mV/°C). In addition, an absolute accuracy trim induces an input offset to the 

output amplifier characteristic of 11 mV. This offset arises because the AD595 is trimmed for a 250 

mV output while applying a 25°C thermocouple input. 

The thermocouple sensor should be connecting to the AD595 amplifier as figure 3. 

 

Figure 5.1.4: sensor-Amplifier connection 
The output pin give you a linear voltage (AD595 output) with respect to the input voltage 

(Type K voltage) is shown by the following equition: 
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When the connection is done well you can do a testing for the sensor. For example, If you 

use an input voltage Vin=5V in a 25°C the output voltage should be as the table bellow: 

Table 1: Vout with respect to the temperature for 25°C 

 

 

Temperature sensor board design: 

 The amplifier board may design manually or may be print on PCB. The layout design of 

the PCB circuit is designed using ARES Proteus PCB Layout Design. The figure bellow show the 

layout design. 

       

Figure 5.1.5: Layout    Figure 5.1.6: ARES Design  Figure 5.1.7: 3D view 
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  Appendix ملحق   23

 STEP7     /23Appendix A: Programming with STEP7البرمجة ب   23.1

   انظر العربية بالغة  بالتفصيل
Gourche et. al., Siemens S7-300  مدخل الى , Karlsruhe/Ras Nhache, July 2010 

(http://www.aecenar.com/download/doc_download/25-siemens-s7-300--) 

 

 

Pieces of the 

automation 

system 

 

 

The Siemens S7 S300 

for the TEMO-STPP 

test rig 

 

23 From Mohamed Gourche, Development environment and elements of the Process Control System for the  

TEMO-STPP test rig Development of a Process Control System for a STPP Test Stand, www.aecenar.com  

   انظر العربية بالغة  بالتفصيل
Gourche et. al., Siemens S7-300 الى  مدخل  , Karlsruhe/Ras Nhache, July 2010 

(http://www.aecenar.com/download/doc_download/25-siemens-s7-300--) 

http://www.aecenar.com/download/doc_download/25-siemens-s7-300--
http://www.aecenar.com/download/doc_download/25-siemens-s7-300--
http://www.aecenar.com/
http://www.aecenar.com/download/doc_download/25-siemens-s7-300--
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Creating a project 

with the Siemens 

program STEP 7 

 

Hardware 

configuration 
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A Small test 

program 

23.1.1 The communication interface 

MPI-USB- interface for S7-300 

 The multipoint interface (MPI) is a proprietary interface of SIMATIC S7 controller from 

Siemens and is used for the connection of programming devices (PGs) to the automation device. 

The PC-MPI adapter converts the data from the RS232 or USB Schnittstelledes PC to the MPI bus 

(RS485 level). The transmission speed of seriellenSchnittstelle is 19.6 kbaud. The MPI interface 

operates with 187.5 Kbit / s The MPI adapter has a connection cable that is plugged directly into 

the CPU connector of the PLC. The power supply receives the MPI adapter from the CPU via the 

MPI cable. The configuration of the MPI interface of the program supplied with STEP 7. 

 Setting the PG-PC interface. This is the COM port (USB) set the serial port, registered 

transfer speeds and defines the MPI address of the PC. The PC is assigned the MPI address 0. 

 

 

MPI-USB BUS for S7-300/400  
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With "real" PLC (no simulator): Setting the PG / PC interface 

A started simulator makes working with a real PLC impossible. He has to be stopped in 

communication priority and must if you want to work with a PLC. An AG is always addressed 

over that interface, which has been so well set for a project in the Simatic Manager globally for 

the entire program package, globally. - If the status bar is displayed in the SIMATIC Manager, 

the interface is displayed permanently. 

Is selected on the interface: 

• Simatic Manager --> Extras --> PG/PC-Schnittstelle einstellen... (Step1) 

 

Step1 

 

 

 The mark in this dialog is only very weakly visible. If the desired interface is not found in 

the list, the button must be "Interfaces -> Add / Remove -> Select ..." be pressed to open a dialog 

that can be installed in the interfaces (Step2). 

 Here is chosen as an example of the "PC Adapter" in the variant "MPI". This is when one 

does not have a PG, which has built an RS-485 interface, be the first path that one chooses for a 

communication with a PLC. 
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Step2 Step3 

 

 A PC adapter has two sides, so to speak, the PC side and the PLC side. On the PC side, it 

is possible the RS-232C interface to use (in this case must be taken on the data rate!) Or to use the 

more modern adapter's USB port, as shown here. 

 On the PLC side is through the pre-selection in the first dialog the MPI interface has 

been defined (there are also "auto" for communication via Profibus). This generally works at a data 

rate of 187.5 kbit / s This setting should be checked for safety's sake, just because modern CPUs 

support a higher data rate. - And especially do not let them impress the serial adapter that also has 

a data rate must be set on the PC side! These have nothing to do with each other and each refer to 

only one side of communcation. Between these pages (Step4) provides the adapter, both in terms 

of level adaptation as well as in terms of data rate. 

 

 

Step4 
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23.2   Appendix B:   thermocouples sensor datasheet: 
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23.3 Appendix C:   thermocouple Amplifier AD595 datasheet: 
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23.4 Appendix D:   Python program for the GUI software: 

Python program for the monitoring and controlling (GUI) user interface program: 

 

#*********************

************************************************************************************************
***** 
import wx 
import random 
import sys 
 
import time 
 
#import ctypes 

from ctypes import * 
import thread 
 
#********************** panel frame 

************************************************************************************ 

wx.SetDefaultPyEncoding("iso-8859-15") 

BACKGROUND_IMAGENAME = "TEMO-STPPscreenshot.bmp" 

 

class MyBackgroundPanel(wx.Panel): 

def __init__(self, parent): 

wx.Panel.__init__(self, parent) 

self.bmp = wx.Bitmap(BACKGROUND_IMAGENAME) 

self.SetSize(self.bmp.GetSize()) 

self.Bind(wx.EVT_PAINT, self.on_paint) 

 
def on_paint(self, event = None): 

dc = wx.BufferedPaintDC(self, self.bmp) 

 

class MyFrame(wx.Frame): 

def __init__(self, parent = None, title = "TEMO-Stpp Monitoring program"): 

self.testUSB = True 

self.dll = None 

self.USBAdr0 = 0 

self.USBAdr1 = 1 

self.USBAdr2 = 2 

self.USBOpened = False 

self.counterUSBBoards = 3 

wx.Frame.__init__(self, parent, -1, title) 

panel = MyBackgroundPanel(self) 

LABELSTYLE = wx.BORDER_SUNKEN | wx.ST_NO_AUTORESIZE | 

wx.ALIGN_CENTER_HORIZONTAL 

 

#Start of pump 

self.button_Start_Flow_Read = wx.Button(panel, -1, "START PUMP", 

pos=(650,570)) 

self.Bind(wx.EVT_BUTTON, self.OpenPumpANDStartRead, 

self.button_Start_Flow_Read) 

#Stop of pump 
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self.button_Stop_Read_pump = wx.Button(panel, -1, "STOP PUMP", 

pos=(750,570)) 

self.Bind(wx.EVT_BUTTON, self.StopReadButton, self.button_Stop_Read_pump) 

 

# Vaporizer out 

self.temp_Vaporizer_out = wx.StaticText( 

panel, size = (26, -1), pos = (160, 165), style = LABELSTYLE 

) 

self.pressure_Vaporizer_out = wx.StaticText( 

panel, size = (26, -1), pos = (200, 165), style = LABELSTYLE 

) 

 

# Overheater in 

self.temp_Overheater_in = wx.StaticText( 

panel, size = (26, -1), pos = (310, 165), style = LABELSTYLE 

) 

self.pressure_Overheater_in = wx.StaticText( 

panel, size = (26, -1), pos = (350, 165), style = LABELSTYLE 

) 

 

# Overheater out 

self.temp_Overheater_out = wx.StaticText( 

panel, size = (26, -1), pos = (537, 165), style = LABELSTYLE 

) 

self.pressure_Overheater_out = wx.StaticText( 

panel, size = (26, -1), pos = (580, 165), style = LABELSTYLE 

) 

 

# SolarPipe in 

self.pressure_SolarPipe_in = wx.StaticText( 

panel, size = (26, -1), pos = (140, 50), style = LABELSTYLE 

) 

self.temp_SolarPipe_in = wx.StaticText( 

panel, size = (26, -1), pos = (140, 93), style = LABELSTYLE 

) 

 

# SolarPipe out 

self.pressure_SolarPipe_out = wx.StaticText( 

panel, size = (26, -1), pos = (310, 50), style = LABELSTYLE 

) 

self.temp_SolarPipe_out = wx.StaticText( 

panel, size = (26, -1), pos = (310, 93), style = LABELSTYLE 

) 

 

# Layout 

self.Fit() 

 
def on_timer(self, event = None):  

division = 2 

 

# Vaporizer out 

answer = (self.dll.ReadAnalogChannel(3,1))/division 

new_value = str(answer) 
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self.temp_Vaporizer_out.SetLabel(new_value) 

self.temp_Vaporizer_out.Refresh() 

new_value = str(random.randint(12, 16)) 

self.pressure_Vaporizer_out.SetLabel(new_value) 

self.pressure_Vaporizer_out.Refresh()    

 

# Overheater in 

answer = (self.dll.ReadAnalogChannel(3,2))/division 

new_value = str(answer) 

self.temp_Overheater_in.SetLabel(new_value) 

self.temp_Overheater_in.Refresh() 

new_value = str(random.randint(11, 15)) 

self.pressure_Overheater_in.SetLabel(new_value) 

self.pressure_Overheater_in.Refresh() 

 

# Overheater out 

answer = (self.dll.ReadAnalogChannel(3,3))/division 

new_value = str(answer) 

self.temp_Overheater_out.SetLabel(new_value) 

self.temp_Overheater_out.Refresh() 

new_value = str(random.randint(10, 14)) 

self.pressure_Overheater_out.SetLabel(new_value) 

self.pressure_Overheater_out.Refresh() 

 

# SolarPipe in 

answer = (self.dll.ReadAnalogChannel(3,4))/division 

new_value = str(answer) 

self.temp_SolarPipe_in.SetLabel(new_value) 

self.temp_SolarPipe_in.Refresh() 

new_value = str(random.randint(3, 6)) 

self.pressure_SolarPipe_in.SetLabel(new_value) 

self.pressure_SolarPipe_in.Refresh() 

 

# SolarPipe out 

answer = (self.dll.ReadAnalogChannel(3,5))/division 

new_value = str(answer) 

self.temp_SolarPipe_out.SetLabel(new_value) 

self.temp_SolarPipe_out.Refresh() 

new_value = str(random.randint(2, 4)) 

self.pressure_SolarPipe_out.SetLabel(new_value) 

self.pressure_SolarPipe_out.Refresh() 

 

#********************** Run USB System 

******************************************************************************* 

def OpenUSBBoardThread(self): 

self.dll = windll.K8061 

i = self.counterUSBBoards 

for doit in range(0,i+1): 

try: 

self.dll.OpenDevice() 

self.USBOpened = True 

# debug info 



Process Control System 

 

418 

print 'USB Board is now connected!' 

#end debug info 

except: 

txt = 'Please Check USB Board connection' 

print txt 

return 
self.dll.OutputAnalogChannel(3,8,255) 

 

#********************** STOP Button 

*********************************************************************************** 

def StopReadButton(self, event): 

self.dll.ClearDigitalChannel(3,1) 

print 'Digital Channel Cleared, pump turn off' 

 

#********************** START Button 

********************************************************************************** 

def OpenPumpANDStartRead(self, event): 

wx.MessageBox("Do you want to open pump and start monitoring?", "start 

monitoring", wx.OK|wx.ICON_INFORMATION) 
 

# open the USB board 

self.OpenUSBBoardThread() 

time.sleep(0.5) 

self.dll.SetDigitalChannel(3,1) 

self.timer = wx.Timer() 

self.timer.Bind(wx.EVT_TIMER, self.on_timer) 

self.timer.Start(1000) 

 

#********************** main definition and loop 

*********************************************************************** 

def main(): 

"""Testing""" 

app = wx.PySimpleApp() 

f = MyFrame() 

f.Center() 

f.Show() 

app.MainLoop() 

if __name__ == "__main__": 

main() 

 

#*********************

************************************************************************************************
***** 
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System Control Loops 
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24 Turbine Govering System 
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System Control Loops 
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الحرق ) تحكم عملية   25 Incinerator Regulating System ) 
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26 Boiler Pressure Control 
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Document 1: PLC 

Document 2: GUI 
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 PLCالمشروع : التحكم بمحطة توليد الكهرباء بواسطة الحاسوب من خلال ال 

(control system of alternative power by PLC & PC) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      PLC 2       PLC 1 

Modbus RS 485 Network 

      RPM Sensor      Pressur Sensor      Valve 1      Valve 2      Valve 3 

      Boiler Pressure control       Turbine governing system 
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Chapter 1 

PLC DELTA DVP20SX211R 

 

1. Specifications 
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_ Program capacity: 16k steps/Data register: 10k words 

_ Higher execution speed compared to the competition: LD: 0.35μs, MOV: 3.4μs 

_ Built-in mini USB, RS-232 and RS-485 ports (Master/Slave) Supports standard  

   MODBUS ASCII/RTU protocol and PLC Link function 

_ Supports real time clocl for version 2.0 and above (no battery required) It operates for  

   at least one week after power off. 

_Built-in 4 analog inputs / 2 analog outputs / 8 Digital Inputs & 6 Digital Outputs (Relay) 

_ Supports DVP-S series left-side and right-side modules 

_Power supply voltage : 24V DC 

 

 
 

2. Product Profile 
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3. Point Specifications 

3.1-Input point Specifications 

 

 

3.2-Output point Specifications 

 

3.3- Analog input & Analog output Specifications 

 

4. Point Wiring 
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4.1-Input Point Wiring 

There are 2 types of DC inputs, SINK and SOURCE. (See the example below. For 

detailed point configuration, please refer to the specification of each model.) 

 

4.2- Output Point Wiring 

Output terminals, Y0, Y1, and Y2, of relay models use C0 common port; Y3, Y4, and 

Y5 use C1 common port; as shown in the Figure  . When output points are enabled, their 

corresponding indicators on the front panel will be on. 

 

 

Relay (R) output circuit wiring 
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4.3- Analog input A/D & Analog output D/A External Wiring 
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5. DVP20SX2 Memory Map 
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6. PLC Device Address 
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7. Instructions  
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Chapter 2 : WPL  Soft  
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 ”WPL  Soft“هو  PLCالبرنامج المخصص لبرمجة ال   -1

 

 PLCمع التعريف من اجل ربط الحاسوب بال  UC-RRG020-12Aنحتاج لوصلة   PLCلبرمجة ال  -2

 

 

 

 
 

 

   PLCانشاء برنامج لل  -3

  File – Newنضغط على               

 

في     PLC  (  ٍSX2)   النوع  نختار                للمشروع  اسم  ثم    File Nameونضع 

 .  OKنضغط 

RS 232 ↔  USB 

    Dvp20sx2 

Convertisseur sériel 

UC-RRG020-12A 

 

PC 
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   PLCخصائص لتنزيل البرنامج على ال  -4

على يسار البرنامج  Communication settingفي    RS232نضغط على  PLCبعد ربط الحاسوب بال  -

 لكي تتمكن من تنزيل البرنامج.  Port (COM4)لتفقد وجود ال 

 address 1يكون ال  PLC)قبل استعمال ال  PLCالخاص بال  address  stationيجب اختيارال  -

 ويمكن تغيره من خلال البرمجة كما سنراه لاحقا( . 

 . RTUاو  ASCIIاما  PLCيمكنا اختيار برمجة ال  -
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 PLCتنزيل البرنامج عل ال  -5

 لتنزيل البرنامج نضغط الزر التالي

 

 
 نضغط على الز التالي  PLCال  مراقبة عمل البرنامج بشكل مباش فيل -6
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Chapter 2 : Vijeo designer 

 

Vijeo Designer software 

Vijeo Designer is a state-of-the-art software application with which you can create 

operator panels and configure operating parameters for human machine interface (HMI) 

devices. It provides all the tools needed to design an HMI project, from the data 

acquisition to the creation and display of animated drawings. 
 

Realization of an application 

The procedures to follow to implement an application are: 

1- Create a new project, 

2- Selection of the communication protocol. 

3- Creating Variables 
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4- Create a Command Button 

5- Create an alarm lamp. 

6- Create a Numeric Indicator 

 

1- Create a new project,This dialog box appears when you start Vijeo Designer. Make 

sure Create new project is selected and click "Next" to continue. 

 

 

 

Enter the name of your project and click Next. In our case, type "Manual". 

 

Select the target type …, and the model ..., Click Next, Next. 
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2- Selection of the communication protocol. 
Select the relevant driver for the device type using the Add button. Select “Schneider Electric Industrie SAS” 
as the Manufacturer, “ Modbus_(RTU)” as the driver, and “Modbus 
Equipment” as the Equipment. Then click on Finish. 
 

 

 
 

 

 

 

 

 

 

 

 

 

3- Creating Variables 

A variable is a memory address indicated by a name. Vijeo Designer handles the 
following types of variables: 

 BOOL 

 INT (16 bit signed integer) 

 UINT (16 bit unsigned integer) 

 DINT (32 bit signed integer) 

 UDINT (32 bit unsigned integer) 

 Integer (1-32 bit generic integer) 

 REAL 
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 STRING 

 User Data Type (Array or Structure) 

 Folder 

 Block INT (16 bit signed block integer) 

 Block UINT (16 bit unsigned block integer) 

 Block DINT (32 bit signed block integer) 

 Block Integer (1-32 bit generic block integer) 

 Block REAL 

Vijeo Designer uses the variables to communicate with devices. You can also define 
internal variables that will only be used by Vijeo Designer. 

 

 

Right-click the "Variables" node in the "Navigator" window, select "New Variable" and click "BOOL". 

 

 

 

 

 

 

 

 

 

 

 

 

Change the name of the 
Boolean-type "BOOL01" 
variable. In this window, 

specify the variable source (external in this case). In the Device Address property, 

 

 

Right-click the "Variables" node in the "Navigator" window, select "New Variable" and click "Integer". 

 

 

 

Change the name of the Boolean-type " Integer 01" variable to "High_level" in the Property Inspector. In this 
window, specify the variable source (external in this case). In the Device Address property, 

 

 

  

Create a Command Button 

Select the "Switch" icon in the toolbar and draw an area on the panel where the button 

will be placed. 

Select the "Switch" icon in the toolbar and use it to draw a rectangle, defining an area on the screen where 
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it will be placed. 

  

 

The Switch Settings window is displayed. Configure the properties as shown in the screen below: 

In the General window: 

 select 00001 as the switch style. 

Under the "When Touch" tab, click the icon         and: 

 select the "BOOL" "Emptying" variable, 

 select “Set” which will switch ON the Emptying bit when the button is pressed  

 click Add to confirm the selection. 

 

 

 

 

 

 

 

 

 

 

Under the "When Release" tab, click the icon       and: 

 select the "BOOL" "Emptying" variable, 

 select “Reset” which will switch OFF the Emptying bit when the button is released 

 click Add to confirm the selection. 

 

Create a Numeric Indicator 

Select the "Data Display" icon in the toolbar and draw an area on the screen 

where the numeric window will be placed. 

 

 

The Numeric Display Settings window is displayed. Configure the properties as shown in the screen below: 
 
 

 

 

In the "General" tab: 
 
Click the icon            then: 

  double-click on the "Level" variable, then on OK in the expression editor, 
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To write in this indicator, Select the « Enable Input Mode » In the "Input mode" tab: 

 

Create an alarm lamp. 

 
The lamp animates depending on the state of the variable: red if it is active and green if 

it is inactive. 
Select the "Lamp" icon in the toolbar and use it to draw a Lamp, defining an area on the screen where the lamp will be 
placed. 
 

   

In this window, from the "General" tab: 

Click the icon         then: 

➢ Select the "BOOL" variable, 

➢ Retain the lamp style 10001. 

 

 

 

 

  

 
 

7- Basic Instructions  
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Chapter 3 

 RS485مع  Modbus RTU slaveلتفعيل  PLCتصميم برنمج لل-1
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M1002 : Enable single positive pulse at the moment when RUN is activate (Normally 

OFF) 

H81: Set up communication protocol as 9600,8,N,1 

D1120 : COM2 (RS-485) communication protocol 

MOV H81 D1120 : Set up communication protocol as 9600, 8, N, 1 

 

SET M1143 : For COM2(RS-485), ASCII/RTU mode selection (OFF: ASCII; ON: RTU) 

Mov K2 D1121 : COM1(RS-232) and COM2(RS-485) PLC communication address 2 

(k2= address 2) 
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Mov K100 D1129 : COM2 (RS-485) Communication time-out setting (ms) (time 

k100=100ms) 

SET M1120: Retaining the communication setting of COM2 (RS-485), modifying D1120 

will be invalid when M1120 is set . 

 actuator او analog output (0-10v)تصميم برنمج للتحكم ب  -2

 PLCمع ال  actuatorطريقى توصيل ال  

 

 

                                             Channel 1                                                                                                             

 

                                             Channel 2                                                                                                         

 

 
 

MOV K2000 D0 : MOVE 2000 in D0 

D1116 : Analog output channel DA0 (VO0) 

D1116 : Analog output channel DA1 (VO1) 

MOV D0 D1116 : MOVE 2000 in DA0 (2000 =10V) 

MOV D1 D1117 MOVE 1000 in DA1 (1000 =5V) 

 (digital input)من خلال  ( Proximity Sensor)من  برنمج لقراءة السرعةتصميم  -3

 

 نوع الحساس وطريقة عمله
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Proximity Sensor LJ12A3-4-Z/BX 
 

 

 

 
 

 

 

وعند اقتراب مادة معدنية من الحساس تتغير     Normally opened تكون النقطة مفتوحة قبل عمل الحساس
 .الى مغلقة

 

 PLCمع ال  Sensorطريقة توصيل ال 

 

 

 

 

 

 

 PLC Sensor 

المعدن مرة واحدة من   يقتب  : في كل دورة  التالي  الشكل  تكون عل  السرعة  احتساب  طريقة 
ثم تتكرر العملية لمدة    D0في ال     1هذه الاشار ويضاف    X0الحساس فيعمل الحساس ويتلقى  
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يتم    (1s)ثانية   التي  السرعة  الثانية ونحصل عل  الدورات في  تسجيل عدد  يتم  المدة  وخلال هذه 
   D2حفظها في 

 
 

 

-INCP D0: When X0 is triggered, the content of D0 will be incremented by 1. 

-TMR T1 K10 : M1000 is ON, T1 is activated After 1 seconds (K10 × 0.1 sec = 1 sec), 

NC contact T1 is ON,  

-When T1 is OFF move D0 in D1  

-When T1 is ON : DO is cleared, move D1 in D2 & Reset T1 

-When Reset T1 then the operation is repeated. 
 

 analog input (4 - 20من خلال    Pressure transmitterتصميم برنمج لقراءة الضغط من    -4

mA) 

 Pressure transmitterمواصفات ال 

COMPANY : GAMICOS 
MODEL : GPT220 

Range : 0-16bar 

Output : 4-20 mA 

Power : 12- 36V 

Temperature : 2200 C 

 

 PLCمع ال  Sensorطريقة توصيل ال 
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M1000 : normal on 

 

D1115 : analog input/output mode setting  

 

CH1 
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MOV  K257 D1115 : 

 (257 decimal = 0000 0001 0000 0001 Binary ) , 

 bit 0 = 1  : analog input mode of AD0 is the current mode  

bit 8 =1 : current 4-20 mA. 

D1110 : analog input channel 0 (AD 0) 

Mov D1110 D1 : move D1110 in D1 

 طريقة قراءة الضغط تكون عل الشكل التالي :  

  (bar = 0 in PLC , 16bar =2000 in PLC 0)تقرأ من الحساس  PLCال 

ال   )    PLCلتحويل قراءة  يلي  نعمل ما  بالحساس  𝑥  الى قراءة شبيهة  × 4

5
مثلا 

2000×
4

5
 D11 D10وتحفظ في    4ونضرب    D1110( نقرا قيمة الحساس من    1600= 

 .على شكل شبيه بقيمة الحساس D21 D20وتحفظ في  4ثم نقسم على 

 

MUL32 D1 K4 D10: 

(D2,D1) ×(4) = (D11,D10) 

 

DIV32 D10 K5 D20 : 

(D11,D10) / (5) = (D21,D20) 

 (single-phase motor) 1 ~بواسطة محرك  Valveتصميم برنامج للتحكم ب -5
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Relay 1    المحرك وال تشغيل    Relay 2لتشغيل  فهذا     Relay 2لتغير الاتجاه )عند 

ال   لاغلاق  جاهز  المحرك  أن  توقيف    Valveيعني  ان    Relay 2وعند  يعني 

ال   لفتح  مستعد  من     (  Valveالمحرك  نفذت  التي  اوالاغلاق  الفتح  نسبة  نقرأ 

ال   وجود  نسبة    Potentiometerخلال  عل  عل    potentiometerمن    voltage)نحصل 

 (.valveحسب نسبة فتح ال 

 

Potentiometer 

 
A potentiometer is a manually adjustable, variable resistor with three terminals. Two 

rd terminal is connected to an terminals are connected to a resistive element, the thi

adjustable wiper. The position of the wiper determines the output voltage. 

 

 من اجل تغير الاتجاه Relayطريقة توصيل المحرك مع 

 

 

 

 

 

Relay1 

    PLC Valve 

Relay2 

Voltage Out Voltage In 
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 PLCمع ال   potentiometerو ال  Relayطريقة توصيل ال 

 

 

 

 

  

 

 

 

 

 

 Potentiometer 

 

 

 

 

 

A2 

Ph

H 

N

H 

A2 
Relay1 

Relay2 

A1 

A1 

Voltage Out Voltage In 
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ال   نغزي   : البرنامج  عمل  خلال    10Vب  potentiometerطريقة   DA0 (VO0)من 

ال   من  ال    potentiometerونقرأ  فتح  خلال    valve نسبة  حسب (   AD1 (V1+)من 

وعند    potentiometer  1Vمغلق يعطينا ال    valveتصميم مشروعنا عندما يكون ال  

 (  8.5Vالاغلاق بشكل كامل يعطينا 

مع    8Vاقل من    potentiometerبشرط ان يكون ال    Y0بواسطة    valveيمكن فتح ال  

ال    X2تشغيل   اغلاق  ال    Y1و   Y0 بواسطة    Valveويمكن  يكون  أن  بشرط 

Potentiometer 1ثر من  اكV  مع تشغيلX0 . 

 

 

 

 

 

 

 

 

 

 

Move 10V in DA0 (VO0) for potentiometer  

 

D1111: AD1 read voltage from potentiometer, Move AD1 in D2 

 

: if D2 > K300  (Voltage from potentiometer>1.5 V) 
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If x0=ON & Voltage from potentiometer>1.5 V , Y1=ON 

If x0=ON & Voltage from potentiometer>1.5 V &Y1=ON, M0=ON (Y0=M0=ON) 

if D2 < K1600  (Voltage from potentiometer<8 V) 

 

 

If x2=ON & Voltage from potentiometer < 8 V &Y1=OFF, M1=ON (Y0=M1=ON ) 

 

 

 

 

بال  -6 والتحكم  للمراقبة  برنامج  خلال  ”Boiler pressure control“    تصميم  من 

ال   طريق  عن  برنامج     modbus.الحاسوب  على   Vijeo Designer)باستعمال 

 الحاسوب(

Boiler pressure control system 

 

 

 

 

 

 

 

 

 

 

 

 

      PLC  

Modbus RS 485 Network 
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 طريقة عمل البرنمج  

 14.1وعندما ينخفض الضغط الى    Condenser valve يفتح    bar 15)عندما يرتفع الضغط الى    PLCاما بشكل اوتوماتيكي بواسطة ال    valvesيكون التحكم في ال  

bar  يغلقvalve .   15.5اما عندما يصل الضغط الى bar  فيفتحatmospheric valve  14.1وعندما ينخفض الضغط الى bar  فيغلق الValve  . 

 

Communication between Vijeo software and the PLC 

 

 

 

 

 

 

 

 مع التعريف   Ex9530نحتاج لوصلة  Vijeoمع برنامج ال  PLCلربط ال 

2-configure the communication settings 

The communication parameters are given in the following table: 

 

 

 

 

 

 

 

 

RS485 ↔ USB 

    Dvp20sx2 

Convertisseur sériel 

Ex9530 

 

 

PC 
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26.1 Item 26.2 Specification 

26.3 Protocol 26.4 Modbus (RTU) 

26.5 Port 26.6 COM2  

26.7 Slave address 26.8 2 

26.9 Baud Rate 26.10 9600 

26.11 Data bits 26.12 8 

26.13 Parity 26.14 None 

26.15 Stop bit 26.16 1 

 

Application development 
In this application, the Vijeo software : 
Read the status of atmospheric valve  

Read the status of condenser valve  

Manual Control of atmospheric valve  

Manual Control of condenser valve 

Monitoring the pressure  

Write in the PLC default pressure for test 

 

The Application Settings are given in the following table: 

parameter 
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26.17 Device 

in 

PLC 

26.18 The 

address in 

decimal 

26.19 Fonction 26.20 Action 

26.21 M4 26.22 02053 26.23 Read 26.24 Status of atmospheric 

valve 

26.25 M10 26.26 02059 26.27 write Control of atmospheric valve 

26.28 M11 26.29 2060 26.30 write 26.31 Control of condenser 

valve 

26.32 Y3 26.33 01284 26.34 Read 26.35 Status of condenser 

valve 

26.36 D5 26.37 44102 26.38 Read Monitoring the pressure 

26.39  

26.40 D7 26.41 44104 26.42 write Write the default pressure for 

test 

26.43  

 

 In the Vijeo software we did: 

1) Creation of a new project and one chooses Modbus RTU Protocol 

2) Creating variables 

 

3) Creation of the supervision page.  
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4) Definition of the communication parameters in the "Driver configuration" and 

"Equipment Configuration" windows ((the communication parameters in the "IO Manager" 

node from the "Navigator" window). 
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In the WPL soft we did: 
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If the pressure >= 15 bar, M0 ON & if the pressure <=14.1 bar, M0 OFF 

If the pressure >= 15,5 bar, M1 ON & if the pressure <=14.1 bar, M1 OFF 

 

If M0 ON or M10 ON from User interface, Solenoid valve Open  by Y3 

 

 

If D11> 1500 (the PLC Read from potentiometer > 7.5V), M4 ON (status of valve is open). 
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If  M1 ON (the pressure >= 15.5 bar ) or M11 ON from User interface  & D11<1600 (if the 

valve is incomplete opening) & Y1 OFF, M3 ON ( the valve is open by Y0)  

If  M1 OFF (the pressure <=14.1 bar ) & M11 OFF from User interface  & D11>300 (if the 

valve is incomplete closure) , Y1 ON & M2 ON ( the valve is close by Y0 & Y1)  

 
Note : For test We replaced D5 (real pressure ) by D7 (default Pressure from user ) 

 

Simulation 
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28 Introduction 

 

The graphical user interface (GUI) is used to monitor and control the power plant.  

It is developed in C# using visual studio 2017.  

The main task of the GUI is to initiate and monitor the plants, intervening from time to time. The 

main control has the control unit with their PLCs.  

The PC running the GUI is connected with the Control Unit via Modbus RTU (see figure below) 

using a USB to Serial adapter (see figure below). To establish a working connection drivers are 

necessary. For driver installation instructions and more informations see Modbus-connection in 

the Appendix. 

 

 

 

Most of the power plant is directly connected to the Control Unit and thus visible in the GUI and 

possibly also controllable. But a few things are not. Below the camera, which monitors the 

combustion chamber. More in the chapter camera. 

file:///C:/Data/Abudi/Arbeit%20AECENAR/Control%20System/documents/documentation/201219_NLAP-PCS_PlatformSystem_GUI.doc%23_Modbus_connection
file:///C:/Data/Abudi/Arbeit%20AECENAR/Control%20System/documents/documentation/201219_NLAP-PCS_PlatformSystem_GUI.doc%23_Appendix
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In this document we will see how the GUI-Software is structured, what it can do, and how it's 

started and used. In addition, the source code is included in the appendix, as well as other 

instructions that are helpful in the further development. 

file:///C:/Data/Abudi/Arbeit%20AECENAR/Control%20System/documents/documentation/201219_NLAP-PCS_PlatformSystem_GUI.doc%23_Source_code
file:///C:/Data/Abudi/Arbeit%20AECENAR/Control%20System/documents/documentation/201219_NLAP-PCS_PlatformSystem_GUI.doc%23_Appendix
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29 Software Structure 

29.1 Class diagram 

 

29.2 Activity diagrams 

The following diagram shows a simplified view of how the statemachine works 
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The following diagram shows how an GUI page works 
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29.3 Sequence diagrams 

The following diagram shows an controlling interaction example (names may differ from code): 
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30 Pages 

30.1 Overview 

In the overview the most values/states of sensors and actuators are monitored. The control of some 

actuators is also possible (supplyfan, exhaustfans, waste motor, cooling pump, fresh water pump). 

 

 

Color indication for states (Text fields): 

For supplyfan, exhaustfans, waste motor, cooling pump, fresh water pump: 

-Red→False/OFF   

-Green→True/ON   

 

For atmospheric and condenser valves: 

-Red→False/CLOSED    

-Green→ True/OPEN    
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Color indication for control commands (Buttons): 

For supplyfan, exhaustfans, waste motor, cooling pump, fresh water pump: 

-Red→False/OFF Command is send (the state field should also be red (OFF)) 

 

-Green→True/ON Command is send (the state field should also be green (ON)) 

 

 

IMPORTANT NOTE: 

- If the buttons have a different color than the statefields, that means something is wrong with 

the sensor or the actuator. 

- If the buttons don’t change the color by clicking, that means something is wrong with the 

connection. 

 

 

 

 

From the overview you can reach the other pages by clicking on the respective buttons (left upper 

side). 

30.2 Other pages 

30.2.1 Boiler pressure Control (BPC) 

On this page its possible to view states of and control the atmospheric valve, condenser valve, and 

pressure. It is also possible to set different pressure setpoints (which affects the automatic opening 

and closing of the valves). 
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30.2.1.1 Valves 

Color indication for states (Text fields): 

For atmospheric and condenser valves: 

-Red→False/CLOSED   

-Green→ True/OPEN    

Control indications (Buttons): 

By clicking the Buttons its possible to open the valves manually. 

There can be 2 situations: 

-  

Thant means the valve is in AUTOMATIC mode. Clicking the button will open the valve manually 

and turn into MANUAL mode. 

-  
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Thant means the valve is in MANUAL mode (and OPEN). The valve will never close until 

returning into AUTOMATIC mode. Clicking the button will return into AUTOMATIC mode. 

IMPORTANT NOTE: 

- If the label under the button indicates the MANUAL (OPEN) mode and the valve state (textbox) 

is not green (TRUE/OPEN), that means something is wrong with the sensor or the actuator. 

- If the buttons and the labels among them don’t change by clicking, that means something is 

wrong with the connection. 

 

30.2.1.2 Pressure 

 

The current pressure is monitored in bar: 

 

 

Considering the setpoints there are 2 modes: 

- AUTOMATIC: the auto/man checkbox is not checked and label indicates AUTOMATIC. In this 

mode its not possible to set any setpoint manually. The valves (if they are in automatic-mode) 

will be controlled depending on the default pressure-setpoints saved in the PLC. For more 

details, see the PLC documentation. 

 

- MANUAL: the auto/man checkbox is checked and label indicates MANUAL. In this mode its 

possible to set the setpoints manually. By writing a setpoint, the valves (if they are in automatic-

mode) will be controlled depending on the written setpoints. For more details, see the PLC 

documentation. 
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30.2.2 Turbine govering system (TGS) 

 

30.2.2.1 Valve 

The current valve opening is monitored in %: 

 

 

For the valve control there are 2 modes: 

- AUTOMATIC: the auto/man checkbox is not checked and the label indicates AUTOMATIC. In 

this mode its not possible to set the valve opening manually. The valve will be controlled 

automaticly depending on the turbine-speed-setpoint saved in the PLC (the setpoint can be 

either the default value or a manually written value. See 3.2.2.2-Turbine speed). For more 

details, see the PLC documentation. 

 

file:///C:/Data/Abudi/Arbeit%20AECENAR/Control%20System/documents/documentation/201219_NLAP-PCS_PlatformSystem_GUI.doc%23_Turbine_speed
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- MANUAL: the auto/man checkbox is checked and the label indicates MANUAL. In this mode 

its possible to controle the valve manually by writing an opening % to the PLC. For more 

details, see the PLC documentation. 

 

 

30.2.2.2 Turbine speed 

The current turbine speed is monitored in rpm: 

 

 

Considering the setpoint there are 2 modes: 

- AUTOMATIC: the auto/man checkbox is not checked and the label indicates AUTOMATIC. In 

this mode its not possible to set the setpoint manually. The valve (if in automatic-mode) will be 

controlled depending on the default turbine-speed-setpoint saved in the PLC. For more details, 

see the PLC documentation. 

 

- MANUAL: the auto/man checkbox is checked and the label indicates MANUAL. In this mode 

its possible to set the setpoint manually. By writing a setpoint, the valve (if in automatic-mode) 

will be controlled depending on the written setpoint. For more details, see the PLC 

documentation.  
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30.2.3 Incenerator power control (IPC) 

On this page its possible to view the state of and control: 

Supplyfan, exhaust fans, waste motor. 

 

All works like in the overview. For more indications how to control or what the color indicate, see 

overview. 

30.2.4 Level control (LC) 

On this page its possible to view the state of and control the level control. 

 

All works like in the ipc. For more indications how to control or what the color indicate, see IPC. 

When LC is on, that means that the fresh water pump is controlled by the level control sensors in 

the boiler. 

 

30.3 Settings window 

This window appears after starting the GUI-programm. Here some settings can be set. 

Until the current version there is no settings. 

file:///C:/Data/Abudi/Arbeit%20AECENAR/Control%20System/documents/documentation/201219_NLAP-PCS_PlatformSystem_GUI.doc%23_Overview
file:///C:/Data/Abudi/Arbeit%20AECENAR/Control%20System/documents/documentation/201219_NLAP-PCS_PlatformSystem_GUI.doc%23_Incenerator_power_control
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31 Use Instructions 

To start the GUI double click on the binary executable 'ContSys.exe' in the release folder named 

'release', or 'current release', or '<date>release', or 'release<date>'. Anyway there must be a shortcut 

of the executable on the desktop (on the operation laptop). 

 

Once runned, the he settings window must appear. 

For informations how to set settings and what they mean see Settings window. 

After closing this window, you must be directed to the overview window. 

 

From there, to operate see Overview in Pages. 

file:///C:/Data/Abudi/Arbeit%20AECENAR/Control%20System/documents/documentation/201219_NLAP-PCS_PlatformSystem_GUI.doc%23_Settings_window
file:///C:/Data/Abudi/Arbeit%20AECENAR/Control%20System/documents/documentation/201219_NLAP-PCS_PlatformSystem_GUI.doc%23_Overview
file:///C:/Data/Abudi/Arbeit%20AECENAR/Control%20System/documents/documentation/201219_NLAP-PCS_PlatformSystem_GUI.doc%23_Pages
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32 Logger 

 

The logger records the read values of sensors and states. It writes them in a text file named 

CS_log.txt (may change) located in C:/ControlSystemData (may change). The file and directory are 

created automatically in case they do not exist. 

Recording periode: always when the values are read. (may change, see source code) 

Current Version saves file at plain-text-file, so for further processing and analysis or visualization, 

the file content should be taked manually from the text-file.  

 

Time format: DD.MM.YYYY HH:MM:SS.mS 

Line format (maybe needed for parsing): time<tab><variable-name>:<tab><value><tab><next-

variable-name>……… 

Recording example: (in real one record is listed in one single line) 

 

For more details, look in the source-code in the Appendix. 
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33 Camera 

To keep the inside of the incinerator in look, an IP camera is put in front from the outside. 

  

 

The camera is not integrated in the gui-programm. The camera is independently accessed per the 

local network. 

For configurations enter the camera-ip address in the browser (ip: 192.168.1.64 username: admin 

pass: admin12345). There you can also view the stream. 
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Another and better way to stream is through the direct streaming address using a streaming 

software like VLC. 

There are 2 ways: 

1- manually enter the address in VLC: 

Steps: 

1- open VLC media player 

 

2- copy the address: rtsp://admin:admin12345@192.168.1.64:554/Streaming/channels/101

 (possible addresses are in the textfile “camera addresses.txt” on the Desktop) 

 

3- paste it into VLC (Ctr+V) and press Enter (otherwise you can click on Media->open 

nwtwork stream and paste the link there) 
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2- use the script: 

Steps: 

1- doubleclick the script “camera.bat” on the Desktop 

camera.bat
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2- VLC will open.... 

 

 

For more possibilities and configurations see the camera manual. 

file:///C:/Data/Abudi/Arbeit%20AECENAR/Control%20System/documents/documentation/201219_NLAP-PCS_PlatformSystem_GUI.doc%23_Camera_manual
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34 Appendix 

34.1 Source code 

nlap_pcs_platform_

GUI_sourceCode201219.rar
 

 

34.2 Modbus connection 

For a good introduction and understanding of the Modbus protocol and addressing, the following 

webpage is useful: 

Modbus-explained.

rar
 

34.2.1 Rtu/Asci 

The Modbus protocol can be used in asci or in rtu mode. Which one is used depends on the PLC 

programming. Currently used in code: rtu. 

To change that, change the variable ‘rtu_or_asci’ in StateMachine.cs. 

34.2.2 Modbus driver 

On Windows 7(like our nlap-laptop), this adapter(Ex9530)  needs a manual 

installation of the driver. 

Driver name: Prolific USB-to-serial comm Port 

Driver file: 

pl2303.zip
 

Installation: 

1- Install the driver from the zip file 

2- Check in device manager and check connection in GUI. If all ok you are done 

3- Open device manager 

4- Right click on the new device (adapter must be connected) either in Ports(COM & LPT) or in 

unknown devices. -> update driver 

5- Choose the second field(choose from computer…) 

6- Choose the second field(pick from a list…) 
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7- Duble-click on the new-installed driver. 

8- Done(no more problem mark if there was one) 

Com port must be set to “COM 2” (important because of the plc-programmation): 

1- In device manager on the device: 

2- Right-click->properties 

3- In “Port settings” tap: 

4- Click on “advanced” 

5- Choose “COM2” from droplist in Com Port number. 

6- Ok->you are done 

34.2.3 Modbus addresses 

A List of all Modbus-addresses used are listen in the following excel List: 

ADDRESSES_201219

.xlsx
 

34.3 Development instructions 

To make the further development easier some checklists or protocols list the steps for 

adding/removing sensors/actuators and changing the GUI background. 

howto-protocols_2

01219.rar
 

34.4 Camera manual 

Search here for the current manual(model: -): 

https://www.hikvision.com/en/support/document-center/user-manual/ 

34.5 References and helpful documents 

 

 

 

https://www.hikvision.com/en/support/document-center/user-manual/
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35 Electric valve motor healder   

Electric valve 12V DC 

35.1 Design system  

Design 1: 
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moto_holder.FCStd
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Design 2: 
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moto_holder 

261218.FCStd
 

 

Manufacturing design 2 : 
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4 electric valve  
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Environment Impact Assessment for Rayhaniyye Camp 

 

Based on the follwing reports 

Environment Impact Assessment 

[NLAP-IPP EIA Rayhaniyye 2018] 
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36 Introduction 

This document is the first document concerning the process to get permission from Lebanese 

Government to operate NLAP-IPP. 
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37 Laws 

37.1 Description to write an Environment Impact Assessment 

http://ec.europa.eu/environment/eia/eia-support.htm 
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37.1.1 Steps of EIA 
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37.1.2 THE REVIEW CHECKLIST 
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37.1.3 Example section: Waste Framework Directive 

 

37.2 Incineration of Waste Directive 2000/76/EC24 

37.2.1 Summary of Directive 2000/76/EC on the incineration of waste (the WI Directive) 

The WI Directive entered into force on 28 December 2000. It repealed former directives on the 

incineration of hazardous waste (Directive 94/67/EC) and household waste (Directives 89/369/EEC 

and 89/429/EEC) and replaced them with a single text. The aim of the WI Directive is to prevent or 

to reduce as far as possible negative effects on the environment caused by the incineration and co-

incineration of waste. In particular, it should reduce pollution caused by emissions into the air, 

soil, surface water and groundwater, and thus lessen the risks which these pose to human health. 

This is to be achieved through the application of operational conditions, technical requirements, 

and emission limit values for incineration and co-incineration plants within the EU. 

The WI Directive sets emission limit values and monitoring requirements for pollutants to air such 

as dust, nitrogen oxides (NOx), sulphur dioxide (SO2), hydrogen chloride (HCl), hydrogen 

 

24 http://ec.europa.eu/environment/archives/air/stationary/wid/legislation.htm 

http://eur-lex.europa.eu/LexUriServ/site/en/consleg/2000/L/02000L0076-20001228-en.pdf
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fluoride (HF), heavy metals and dioxins and furans. The Directive also sets controls on releases to 

water resulting from the treatment of the waste gases. Most types of waste incineration plants fall 

within the scope of the WI Directive, with some exceptions, such as those treating only biomass 

(e.g. vegetable waste from agriculture and forestry). Experimental plants with a limited capacity 

used for research and development of improved incineration processes are also excluded. 

The WI Directive makes a distinction between: 

a) incineration plants (which are dedicated to the thermal treatment of waste and may or may not 

recover heat generated by combustion) and 

b) co-incineration plants (such as cement or lime kilns, steel plants or power plants whose main 

purpose is energy generation or the production of material products and in which waste is used as 

a fuel or is thermally treated for the purpose of disposal). 

The WI Directive provides for public consultation, access to information and participation in the 

permitting procedure. 

Transposition into national legislation was necessary by 28 December 2002. From this date on new 

incinerators have had to comply with the provisions of the WI Directive. The deadline to bring 

existing plants into compliance was 28 December 2005. 

37.2.2 Legislation Summary - Waste incineration 25:  

The European Union (EU) has introduced measures to prevent or reduce air, water and soil 

pollution caused by the incineration or co-incineration of waste, as well as the resulting risk to 

human health. These measures specifically require a permit be obtained for incineration and co-

incineration plants, and emission limits for certain pollutants released to air or to water. 

37.2.2.1 ACT 

Directive 2000/76/EC of the European Parliament and of the Council of 4 December 2000 on the 

incineration of waste [See amending act(s)]. 

37.2.2.2 SUMMARY 

Incineration of both hazardous and harmless wastes may cause emissions of substances which 

pollute the air, water and soil and have harmful effects on human health. In order to limit these 

risks, the European Union (EU) shall impose strict operating conditions and technical 

requirements on waste incineration plants * and waste co-incineration plants *. 

37.2.2.3 Plants 

This Directive not only applies to solid or liquid waste incineration plants, but also to co-

incineration plants. 

 

25 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=LEGISSUM:l28072 

https://eur-lex.europa.eu/legal-content/EN/AUTO/?uri=celex:32000L0076
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=LEGISSUM:l28072&from=EN#amendingact
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=LEGISSUM:l28072&from=EN#KEYTERMS
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=LEGISSUM:l28072&from=EN#KEYTERMS
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Experimental plants which aim to improve the incineration process and which treat less than 

50 tonnes of waste are excluded from the scope of the Directive, as are plants which only treat: 

• vegetable waste from agriculture and forestry; 

• vegetable waste from food processing, if the heat generated is recovered; 

• certain fibrous vegetable waste from pulp paper or paper production if it is co-incinerated at the 

place of production and the heat generated is recovered; 

• certain wood waste; 

• cork waste; 

• radioactive waste; 

• animal carcasses; 

• waste resulting from the exploration of oil and gas and incinerated on board off-shore installations. 

37.2.2.4 Permits 

All incineration or co-incineration plants must have a permit to carry out their activities. The 

permit will be issued by the competent authority on the condition that the requirements defined in 

this Directive are complied with. The permit specifies the categories and quantities of waste which 

may be treated, the plant's incineration or co-incineration capacity and the procedures for 

sampling and measuring air and water pollutants to be used. 

37.2.2.5 Delivery and reception of waste 

During delivery and reception of waste, the operator of the incineration plant or co-incineration 

plant shall take all necessary precautions to prevent or limit negative effects on the environment 

and risks to people. 

Furthermore, prior to accepting hazardous waste at the incineration plant or co-incineration plant, 

the operator of the plant must have at their disposal the administrative information on the 

generating process, the physical and chemical composition of the waste, as well as on the 

hazardous characteristics of the waste. 

37.2.2.6 The operating conditions 

In order to guarantee complete waste combustion, the Directive requires all plants to keep the 

incineration or co-incineration gases at a temperature of at least 850°C for at least two seconds. If 

hazardous waste with a content of more than 1 % of halogenated organic substances, expressed as 

chlorine, is incinerated, the temperature has to be raised to 1 100 °C for at least two seconds. 

The heat generated by the incineration process has to be put to good use as far as possible. 

37.2.2.7 Air emissions limit values 

The limit values for incineration plant emissions to air are set out in Annex V to the Directive. 

They concern heavy metals, dioxins and furans, carbon monoxide (CO), dust, total organic carbon 

(TOC), hydrogen chloride (HCl), hydrogen fluoride (HF), sulphur dioxide (SO2) and the nitrogen 

oxides (NO and NO2). 
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The determining of limit values for co-incineration plant emissions to air is set out in Annex 

II. In addition, special provisions are laid down relating to cement kilns and combustion plants 

which co-incinerate waste. 

37.2.2.8 Water discharges from the cleaning of exhaust gases 

Incineration and co-incineration plants must have a permit which authorises them to discharge 

used water caused by exhaust-gas clean-up. This permit will ensure that the emission limit values 

set out in Annex IV to the Directive are complied with. 

37.2.2.9 Residues 

Incineration or co-incineration residues must be reduced to a minimum and, as far as possible, 

recycled. When dry residues are transported, precautions must be taken to prevent their dispersal 

in the environment. Tests must be carried out to establish the physical and chemical characteristics, 

and polluting potential, of residues. 

37.2.2.10 Monitoring and surveillance 

The Directive requires the installation of measurement systems to monitor the parameters of an 

installation and relevant emissions. Emissions to air and to water must be measured continuously 

or periodically in accordance with Article 11 and Annex III of the Directive. 

37.2.2.11 Access to information and public participation 

Applications for new permits must be made accessible to the public so that the latter may 

comment before the competent authority reaches a decision. 

For plants with a nominal capacity of two tonnes or more per hour, the operator must provide the 

competent authority with an annual report on the functioning and monitoring of the plant, to be 

made available to the public. A list of plants with a nominal capacity of less than two tonnes per 

hour must be drawn up by the competent authority and made available to the public. 

37.2.2.12 Implementation reports 

By 31 December 2008, the Commission must report to Parliament and the Council on the 

application of the Directive, progress achieved in emission control techniques and experience with 

waste management. This report has been included in the Communication COM(2007) 

843 final. 

Other reports on the implementation of the Directive will also be produced. 

37.2.2.13 Penalties 

The Member States must determine the penalties applicable to breaches of the Directive. 

https://eur-lex.europa.eu/legal-content/EN/AUTO/?uri=celex:52007DC0843
https://eur-lex.europa.eu/legal-content/EN/AUTO/?uri=celex:52007DC0843
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37.2.2.14 Context 

This Directive aims to integrate into existing legislation technical progress in terms of monitoring 

emissions from incineration processes and to ensure compliance with the international 

commitments made by the Community with regard to reducing pollution, specifically concerning 

the setting of emissions limit values for dioxides, mercury and dust produced by waste 

incineration. The Directive is based on an integrated approach: limits relating to water discharges 

have been introduced alongside value limits set for emissions into air. 

37.2.2.15 Key terms of the Act 

• Incineration plant: any stationary or mobile technical unit and equipment dedicated to the thermal 

treatment of wastes with or without recovery of the combustion heat generated. This includes the 

incineration by oxidation of waste as well as other thermal treatment processes such as pyrolysis, 

gasification or plasma processes in so far as the substances resulting from the treatment are 

subsequently incinerated. 

• Co-incineration plant: any stationary or mobile plant whose main purpose is the generation of 

energy or production of material products and: 
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http://publications.europa.eu/resource/consolidation/2000L0076%2F20081211
https://eur-lex.europa.eu/legal-content/EN/AUTO/?uri=uriserv:ev0027
https://eur-lex.europa.eu/legal-content/EN/AUTO/?uri=celex:32006D0329
https://eur-lex.europa.eu/legal-content/EN/AUTO/?uri=celex:32000L0076
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37.2.3 Legislation Summary - Incinération des déchets26 

L'Union européenne (UE) fixe des mesures visant à prévenir ou réduire la pollution de l'air, de 

l'eau et du sol résultant de l'incinération et de la coïncinération des déchets, ainsi que les risques 

pour la santé humaine qui en résultent. Ces mesures imposent notamment l’obtention d’un permis 

pour les installations d'incinération ou de coïncinération et des limites d'émission pour certaines 

substances polluantes rejetées dans l'atmosphère et dans les eaux. 

ACTE 

Directive 2000/76/CE du Parlement européen et du Conseil du 4 décembre 2000 

relative à l'incinération des déchets [Voir acte(s) modificatif(s)]. 

SYNTHÈSE 

L'incinération des déchets dangereux et non dangereux peut donner lieu à des 

émissions de substances polluant l'air, l'eau et le sol et ayant des effets nocifs sur 

la santé humaine. Pour limiter ces risques, l’Union européenne (UE) impose des 

conditions d’exploitation et des exigences techniques strictes aux installations 

d’incinération * et de coïncinération * de déchets. 

Les installations 

La présente directive s'applique non seulement aux installations destinées à 

l'incinération des déchets solides ou liquides mais aussi aux installations de 

coïncinération. 

Sont exclues du champ d'application de la directive les installations 

expérimentales visant à améliorer le processus d'incinération et traitant moins 

de 50 tonnes de déchets par an, ainsi que les installations traitant seulement: 

• des déchets végétaux agricoles et forestiers; 

 

26 https://eur-lex.europa.eu/legal-content/FR/TXT/HTML/?uri=LEGISSUM:l28072&from=EN 

https://eur-lex.europa.eu/legal-content/FR/AUTO/?uri=celex:32000L0076
https://eur-lex.europa.eu/legal-content/FR/TXT/HTML/?uri=LEGISSUM:l28072&from=EN#AMENDINGACT
https://eur-lex.europa.eu/legal-content/FR/TXT/HTML/?uri=LEGISSUM:l28072&from=EN#KEYTERMS
https://eur-lex.europa.eu/legal-content/FR/TXT/HTML/?uri=LEGISSUM:l28072&from=EN#KEYTERMS
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• des déchets végétaux provenant de la transformation alimentaire si la 

chaleur produite est valorisée; 

• certains déchets végétaux fibreux issus de la production de la pâte à 

papier ou du papier s'ils sont coïncinérés sur le lieu de production et si la 

chaleur produite est valorisée; 

• certains déchets de bois; 

• des déchets de liège; 

• des déchets radioactifs; 

• des carcasses d'animaux; 

• des déchets provenant de l'exploitation de pétrole et gaz et incinérés dans 

des installations offshore. 

Les permis 

Toutes les installations d'incinération ou de coïncinération doivent posséder un 

permis pour exercer leurs activités. Ce permis est délivré par une autorité 

compétente sous réserve du respect des conditions définies dans la présente 

directive. Le permis spécifie les catégories et les quantités de déchets qui 

peuvent être traités, la capacité d'incinération ou de coïncinération de 

l'installation et les procédures d'échantillonnage et de mesure des polluants de 

l'air et de l'eau qui vont être utilisées. 

La livraison et la réception des déchets 

Lors de la livraison et de la réception des déchets, l’exploitant de l’installation 

d’incinération ou de coïncinération prend les précautions nécessaires afin de 

prévenir ou limiter les effets négatifs sur l’environnement et les risques pour les 

personnes. 

Par ailleurs, avant que des déchets dangereux puissent être acceptés dans une 

installation d'incinération ou de coïncinération, l’exploitant de l’installation doit 

avoir à sa disposition des informations administratives sur le processus de 

production, sur la composition physique et chimique des déchets, ainsi que sur 

les risques inhérents à ces déchets. 
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Les conditions d’exploitation 

Afin de garantir l'accomplissement total de la combustion des déchets, la 

directive prévoit une obligation pour toutes les installations de maintenir les gaz 

résultant de l'incinération et de la coïncinération à une température minimale de 

850 °C pendant au moins 2 secondes. S'il s'agit de déchets dangereux avec une 

teneur en substances organiques halogénées, exprimée en chlore, supérieure à 

1 %, la température doit être amenée à 1 100 °C pendant au moins deux 

secondes. 

La chaleur résultant du processus d'incinération devra être valorisée autant que 

possible. 

Les valeurs limites des émissions dans l’air 

Les valeurs limites des émissions atmosphériques pour les installations 

d'incinération sont indiquées à l'annexe V de la directive. Elles portent sur les 

métaux lourds, les dioxines et furannes, le monoxyde de carbone (CO), les 

poussières, le carbone organique total (COT), le chlorure d'hydrogène (HCl), le 

fluorure d'hydrogène (HF), le dioxyde de soufre (SO2) et les oxydes d'azote (NO 

et NO2). 

La détermination des valeurs limites d'émissions atmosphériques pour 

les installations de coïncinération est indiquée à l'annexe II. Des dispositions 

spéciales relatives aux fours de ciment et aux installations de combustion 

coïncinérant des déchets y sont aussi indiquées. 

Rejets d’eaux usées provenant de l’épuration des gaz d’échappement 

Les installations d’incinération ou de coïncinération doivent posséder un permis 

qui les autorise à rejeter les eaux usées résultant de l'épuration des gaz 

d'échappement. Ce permis doit garantir que les valeurs limites d'émission 

indiquées dans l'annexe IV de la directive sont respectées. 

Les résidus 

Les résidus du processus d'incinération ou de coïncinération doivent être réduits 

au minimum et recyclés dans la mesure du possible. Au moment du transport 
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des résidus secs, des précautions doivent être prises pour éviter leur dispersion 

dans l'environnement. Des essais doivent être faits pour connaître les 

caractéristiques physiques et chimiques des résidus, ainsi que leur potentiel de 

pollution. 

Le contrôle et la surveillance 

La directive prévoit l'installation obligatoire des systèmes de mesure permettant 

de surveiller les paramètres d'exploitation et les émissions pertinentes. Les 

émissions dans l'air et dans l'eau sont mesurées en continu ou périodiquement 

conformément à l'article 11 et à l'annexe III de la directive. 

L’accès à l’information et la participation du public 

Les demandes de permis pour des nouvelles installations seront mises à 

disposition du public pour que celui-ci puisse émettre des observations avant 

que l'autorité compétente ne prenne une décision. 

Les installations avec une capacité nominale égale ou supérieure à deux tonnes 

par heure doivent mettre à disposition de l'autorité compétente et du public un 

rapport annuel concernant leur fonctionnement et leur surveillance. La liste des 

installations qui n'atteignent pas les deux tonnes est établie et rendue publique 

par l'autorité compétente. 

Les rapports d’application 

Avant le 31 décembre 2008, la Commission doit présenter un rapport au 

Parlement européen et au Conseil concernant l'application de la directive, les 

progrès réalisés dans le contrôle des émissions et l'expérience dans la gestion 

des déchets. Ce rapport a été inclus dans la communication COM(2007) 

843 final. 

D'autres rapports sur la mise en œuvre de la directive seront aussi établis. 

Les sanctions 

Les États membres déterminent les sanctions applicables aux violations des 

dispositions établies par la directive. 

https://eur-lex.europa.eu/legal-content/FR/AUTO/?uri=celex:52007DC0843
https://eur-lex.europa.eu/legal-content/FR/AUTO/?uri=celex:52007DC0843


Laws 

 

528 

Contexte 

La présente directive vise à intégrer dans la législation existante les progrès 

techniques en matière de contrôle des émissions des procédés d'incinération et à 

assurer le respect des engagements internationaux pris par la Communauté en 

matière de réduction de la pollution, notamment ceux concernant la fixation de 

valeurs limites pour les émissions de dioxines, de mercure et de poussières 

occasionnées par l'incinération de déchets. La directive se fonde sur une 

approche intégrée: aux valeurs limites mises à jour pour les émissions 

atmosphériques s'ajoutent des limites relatives aux rejets dans l'eau. 

Termes-clés de l'acte 

• Installation d'incinération: tout équipement ou unité technique fixe ou 

mobile destiné spécifiquement au traitement thermique de déchets, avec 

ou sans récupération de la chaleur produite par la combustion. Le 

traitement thermique comprend l'incinération par oxydation ou tout autre 

procédé de traitement thermique, tel que la pyrolyse, la gazéification ou le 

traitement plasmatique, dans la mesure où les substances qui en résultent 

sont ensuite incinérées. 

• Installation de coïncinération: une installation fixe ou mobile dont 

l'objectif essentiel est de produire de l'énergie ou des produits matériels et: 

Références 

Acte Entrée en 

vigueur 

Délai de transposition dans les États 

membres 

Journal officiel 

Directive 2000/76/CE 28.12.2000 28.12.2002 JO L 332 du 

28.12.2000 

Acte(s) modificatif(s) Entrée en 

vigueur 

Délai de transposition dans les 

États membres 

Journal officiel 

Règlement (CE) 

n° 1137/2008 

11.12.2008 - JO L 311 du 

21.11.2008 

Les modifications et corrections successives à la directive 2000/76/CE ont été 

intégrées au texte de base. Cette version consolidée n’a qu’une valeur 

documentaire. 

https://eur-lex.europa.eu/legal-content/FR/AUTO/?uri=celex:32000L0076
https://eur-lex.europa.eu/legal-content/FR/AUTO/?uri=celex:32008R1137
https://eur-lex.europa.eu/legal-content/FR/AUTO/?uri=celex:32000L0076
http://publications.europa.eu/resource/consolidation/2000L0076%2F20081211
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ACTES LIÉS 

Directive 2010/75/UE du Parlement européen et du Conseil du 

24 novembre 2010 relative aux émissions industrielles (prévention et 

réduction intégrées de la pollution) [Journal officiel L 334 du 17.12.2010]. 

Décision 2006/329/CE de la Commission du 20 février 2006 établissant un 

questionnaire à utiliser pour rendre compte de la mise en œuvre de la 

directive 2000/76/CE sur l'incinération des déchets [Journal officiel L 121 du 

6.5.2006]. 

37.2.3.1 See also 

• Prévention et réduction intégrées de la pollution (directive IPPC) 

• Directive-cadre sur les déchets 
 

 

https://eur-lex.europa.eu/legal-content/FR/AUTO/?uri=uriserv:ev0027
https://eur-lex.europa.eu/legal-content/FR/AUTO/?uri=celex:32006D0329
https://eur-lex.europa.eu/legal-content/FR/AUTO/?uri=celex:32000L0076
https://eur-lex.europa.eu/legal-content/FR/AUTO/?uri=uriserv:l28045
https://eur-lex.europa.eu/legal-content/FR/AUTO/?uri=uriserv:ev0010
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38 Description of the Environmental 

38.1 Introduction 

38.2 Description of the Area 
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Coordinates: 34.4924855,35.9840801,178m 
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38.3 Environmental Components in Akkar 

38.3.1 Physical Resources 

28 Description of Existing Environment   

 A. Physical Environment  

Components/ Parameters □  Yes  □ No  Remarks 

 1. What is the general elevation of the 

proposed gasoline station project site?  

<100 m 

100-300  

301-500  

501-1,000  

1,000-1,500  

>1,500  

 (To determine elevation, refer to the 

topographic map where the elevation per 

contour line is indicated)  

178m  

 

 

 2.  Slope and Topography of the area (within 

50 meter radius from center of site) 

□ Terrain is flat or level  (0-3% slope)  

□ Gently sloping to undulating (3-8% 

slope)  

□ Undulating to rolling (8-18% slope)  

□ Rolling to moderately steep (18-30% 

slope)  

□ Steeply rolling  (30-50% slope)  

□ Very steep to mountainous (>50% slope)  

□ Terrain is flat 

or level  (0-

3% slope)  

 

  

 3. Are there areas in the site where 

indications of soil erosion are occurring? If 

yes, what activities are causing erosion?  

   

Causes of erosion: □ Heavy Rains □ Unstable 

Slopes 

□ Others, pls. specify  

Do you know of any land sliding occurring or that has occurred in the site? NO 

Cause of Landslide:  

□ Earthquake  □ Unstable 

slopes 

□ Earthmoving □ Others, pls. specify 

Has the area experienced any flooding during the wet season?  

If yes, when was the last time the area was flooded? Period(s) of flooding: 

Causes of flooding: □ low area □ poor 

drainage 

□ water logged 

areas 

Soil type of the 

area 

□ Clayey 

soil 

□ Sandy loam 

soil 

□ Sandy soil   □ Other soil types: 

Is there an access road going to the project site?   Type of access road:  
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If yes, what is its distance to the site _______km. public road 

Does the site conform to the approved land use of the municipality? 

Yes 

 

Are there existing structures or developments around the project site? If yes, please 

list them  

Electricity 

Water 

 

Project Activities Affecting the Physical Environment □ Yes □ No 

Cooling water cycle 

Waste inputmanegement  

Aches manegemengt 

Waste water manegement 

Are there any structures on the proposed site?  

Will there be demolition of existing structures?  

If yes, what types of structures will be demolished? Types of Structures:  

11. Is there a need to construct an access road going to the site?   NO    If Yes, what type of access 

road: 

[ ] all weathered road, length _____(m) width ____, [ ] concrete, [ ] asphalt 

 

B. Biological Environment □ Yes □ No 

Are there any trees and other types of vegetation in the project site? If yes, 

please identify.  

Yes  

Are there birds and other forms of wildlife found in the area? Please identify.  Yes  

Are there fishery resources in the water bodies found near or within the site? Please identify.  

Is the site near or within a watershed or forest reservation area?   

If near, only, how near? ___________ m or km  

If within, indicate name of the watershed or forest reservation area  

  

Are there any reserved forests or protected area within 1,000 m of the 

proposed site?  

  

What is the present land use in the vicinity (roughly a radius of 500m) of the proposed site? 

Coastal/ Marine    Residential  Forest  Mangrove Grassland Agriculture   

 

Project Activities Affecting the Biological Environment Yes No 

Type of vegetation on site   

 1. Will there be vegetation clearing?    

 2. Will clearing activities affect any critical wildlife habitats?     

 3. Will clearing activities affect any rare, threatened or endangered plant and 

animal species?   

  



Description of the Environmental 

 

534 

4. Will there be trees to be affected (e.g. cut down; remove) during clearing?  

If yes, how many and what are these species of trees? 

  

Will the project cause an increase in traffic or disrupt traffic in major routes 

due to the entry and exit of construction equipment? 

NO  

Is the available domestic water supply enough to meet the maximum 

projected water consumption of the petrol station?   

  

For any agricultural farmland on the proposed site and/or a radius of 500m around it, provide the 

following information:  

Main crop(s) and average yield-----------------------------------------------------------------------------------

------- 

Source of irrigation water-----------------------------------------------------------------------------------------

-------- 

Area attached by salinity or water logging------------------------------------------------------------ 

 

C. Socio-Economic Environment 

 1. Are there existing settlements in the proposed station? If yes, indicate the number of: (within 

50m radius)        Yes 

Households/Families:___, Legitimate landowners: ____; Tenants:______; Squatters:____________  

 

 Are there existing social or cultural infrastructures within 1000m of the proposed site or in the 

area?  

Type Names and 

number if more 

than 1 

Size (No. of 

students or beds) 

Location (village, 

road, district, 

etc.) 

Distance from 

Site 

Schools/College     

Hospitals     

Health 

centers/clinics 

    

Communications 

library 

    

Churches/Mosques     

Archeological site     

Others     

   

Project Activities Affecting the Socio-Cultural and Economic Environment Yes No 

Will the project cause or increase traffic in the areas?   Yes  

Are there existing transport services/facilities routing the areas?     

Will the project cause an increase in traffic or disrupt traffic in major routes due to the 

entry and exit of construction equipment? 
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Is there a prevailing water shortage or water supply problem in the area?    No 

Are there already existing commercial establishments within the vicinity of the project 

area? 

  

 

 

38.3.2 Ecological Resources  

38.3.3 Socio-Cultural and Economic Activities 

38.3.4 Education and Literacy 

38.3.5 Environment, Archaeological Sites and Cultural Heritage 40 

38.3.6 Cultural Facilities 
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39 Description of the Project 

39.1 Location of the Project 

 

Coordinates: 34.4924855,35.9840801,178m 

39.2 Type of Project (Size and Magnitude of the Project) 

The project is the commisioning of a pilot plant (waste incineration power plant). It is a mobile 

plant on a standard truck trailer (with overhangs 14mx3m). The generated power is 25 kW 

(optional 40kW). 

39.3 Need of the Project & Project Oblective 

To convince Lebanese authorities that a waste incineration power plant with the appropriate waste 

remnats traetment is one of suitable solutions for the Lebanese waste problem this pilot project 

shall be undergone. 

39.4 Data Collection and Preparation of Maps 

During commisioning and operation emissions data shall be measured and collected. 

39.5 Methodology 

After commisioning the plant shall be oprated for 8 hours a day. During operation the exact waste 

volume per day needed to generate the power the will be known insha Allah. 

project 

site 
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39.6 Description of the Project 

An already built waste-to-electricity small scale mobile pilot plant shall be commisioned. The 

operation is planned for 8 hours a day and for 1 year in a refugees camp. All waste of the refugees 

camp shall be treated and the generated electricity shall be offered for free to the refugees camp. 

• The plant eliminates about 1 (tons/day) of camp waste (depending on their type).  

• The plant includes a filtration system to fulfill the Lebanese and International 

requirements and norms concerning smoke emissions.  

• Incineration remnant (Smoke and Ashes) are recycled. Wate water is treated. 
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39.6.1 Schema of kernel power plant (without waste input treatment and waste material output treatment) 
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39.6.2 The already built kernel power plant (mobile plant NLAP-IPP) 
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39.6.3 Waste material cycle 
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39.6.4 Incinerator (Burning chamber) and filters 
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above mass flow data for a 250t/day incinerator 
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39.7 Layout Specifications 

 

 

 

 مت مربع( 500)حوالي   مساحة الأرض المطلوبة



Environment Impact Assessment for Rayhaniyye Camp 

549 
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39.7.1 Construction Material 

Mostly steel/stainless steel 

39.7.2 Construction Equipment 

Equipment is available at site. 

39.7.3 Construction of the sewage collection network 

tbd 

39.8 Financial Plan (Project Cost) 

The overall budget was originally 30,000$, then updated to 67,000$.  

39.8.1 Original Funding utilization and milestones  

39.8.1.1 For installation 

Date  Milestone   
Funding 

need  

20 March 2018  Ground preparation  Infrastructure  2000 $  

26 March  
Transportation, Training waste 

separation  
Logistic, Education  700 $  

2 April 2018  
Installation (assembly, welding parts, 

Components controls…)  
Incinerator plant project  500 $  

9 April  
Insulation (Incineration Ch., 

Evaporator, Condenser, Chimney…)  
Incinerator plant project  1200 $  

16 April  

Water supply & Accessories (Tank, 

Pump, Pipes, Filtration & 

Demineralization RO)  

Incinerator plant project  2000 $  

23 April  

Process Control System (Valve, 

Sensor, Display, Electronic devices & 

software)  installation  

Incinerator plant project  600 $  

30 April  Smoke filtration System & Tests Incinerator plant project  1500 $  

May –June 2018  Operating the System (see Staff Costs) Incinerator plant project   
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 Total         8500 $  

39.8.1.2 For commisioning and operation 

* Staff Costs / month  

Task  Number  Qualification  Salary/month  

Project manager  1  Eng. expert  NLAP internal    

Developers  2  Master Physics, Eng.  NLAP internal    

Waste Separation employees  1  Unlearned worker  300 $  

Machine Operators  4  Unlearned worker  4x300$= 1200 $  

Maintenance  
 

Technicians: (Plumbing, 

Welding, Electricians… 

)  

300 $  

Total Man Salary/Project  8      1800$ + NLAP internal staff 

cost  
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39.8.2 Updated Funding utilization and milestones (last update 8.10.18) 

Mar- June 2018           

Prepraration of plant  
in Rayhaniyya Camp Mar-June/2018   $9.500 material + external suppliers cost + project management 

    $7.000 

technical project leader cost (Dr Khaled Maulaoui) 

   AECENARلصالح   كتب المبلغ كأسهم <- 

      

June - Nov 2018           

Getting permission from Environmental  
Ministry in Lebanon for Operational Test 
Phase Sep-Dec 2018   $1.800 متابعة 

  

 متابعة $800    
  

 اعداد الاوراق، متابعة $1.200    
  

    $7.000 

تقييم اثر بيئي )من شركة معتمدة لدى وزارة البيئة( م.  
     الهوزجرجيس، د. مرفت  

      
      
Completing Preparation of Plant           

    $2.000 
Cooling Cycle, sewage collection 
network   

    $2.000 Insulation   
    $3.000 Waste Separation   
    $1.500 Waste Inlet and Oulet     

      

Installing Process Control System at Plant           

    $1.200 Turbine Control Cycle   
    $1.200 Boiler Pressure Control   
    $1.200 Incineration Control     

      

      

Waste Separation & Inlet Preparation,  
Sewage Network           

    $1.500 Waste Separation   
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Sep-Dec 18   $1.500 Waste Inlet and Oulet   
            

      

Commisioning and Operating of Plant           

  Project manager (1) $12.000    

  

Developers waste 

recyling (1,5) 
$3.000    

Jan-Jun 19 

Waste Separation 

employees (2) 
$7.200    

  

Machine Operator 

& Monitoring 

Process Control (1) 
$3.600    

  Maintenance  $3.000    

            

      

      

 costs Mar-June 18 $16.500    

 costs Jul-Dec 18 $22.100    

 costs Jan-Jun 19 $28.800    

      

 Total  $67.400  

Still open (last update: 
8.10.18) $50.900 
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39.9 Site Visit 

 

 

تشتين الاول. وكانت في مكان تمركز المحطة اوساخ وروائح كريهة نتجة عن المكب   1وقد تم زيارة المخيم في  
 ( على الارض.fliesالنفايات هناك. وكانت كثير من الحشرات )

 فأزالة النفايات في الحرق سيكون حل لهذه المشكلة ان شاء الله. 

 

39.10 Processing Techniques and Unit Operations (Size and Magnitude of 
the Project) & Human Resource 

Please refer to 4.8.2 " Updated Funding utilization and milestones (last update 8.10.18)", Section " 

Commisioning and Operating of Plant" 

For preparing&installation: 

2 engineers, 3 workers 

For operation: 

about 2 engineers, 4 workers 

39.11 Infrastructure Services (Proposed Infrastructure/Utilities and layout) 

39.11.1 Environmental Aspects 

Not relevant because of filters and internal heavy metal recovery plant. 
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39.11.2 Power Supply 

No external power supply needed 

39.11.3 Water Supply 

5 t/ day cooling water, to be taken from local water supply pipe.  

39.11.4 Sewerage Services 

1 time per week about 2 tons solid waste remnant has to be taken to final destination. 

39.11.5 Solid and Liquid Waste Management 

Heavy Metals recovering plant under development and construction 

39.11.6 Proposed Wastewater Treatment Plant 

tbd 
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40 Correspondance with Ministry of Environment 

40.1 Screening application for the installation of a prototype waste to energy 
unit in Rayhaniyi Camp in Lebanon 

13. August 2018  15:46  48 KB 
Von:  Daniah Turjman 

An:  samir.mourad@aecenar.com 

Cc:  Diane Derjani, Samar Malek (1 weitere) 

Dear Mr. Mourad, 
  
I hope this email finds you well. 
  
Following our telephone conversation regarding the installation of a prototype waste to energy unit 
in Rayhaniyi Camp in Lebanon; kindly find attached the screening application (Annex 4 of Decree 
8633/2012 for Environmental Impact Assessment). 
  
You will need to fill in the application and submit it, along with all the supporting documents, to the 
Ministry of Environment. 
  
Accordingly you will receive an official reply stating what type of study your project requires before 
getting the Ministry and Governor’s approval on commencing your project. 
  
For any other queries do not hesitate to contact me on the below details. 
  
Best Regards, 
  
Daniah 
  
______________________________________________________________________________________
____ 
Daniah Turjman 
Environmental Specialist 
Department  of Integrated Environmental Systems 
Service of Environmental Technology 
  

 
Address     |  Ministry of Environment, Lazarieh Center, 7th Floor, Block A-4, Room 7-50 A. P.O. Box: 11/2727- Beirut, Lebanon 
Telephone |  +961 1 976555- Ext: 554 

 

 : نموذج التصنيف لتقييم الأثر البيئي 4ملحق رقم   40.1.1

 

 اسم المشروع: .1
 

 صاحب المشروع: .2
 الاسم: ❑
 العنوان: ❑
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 رقم الفاكس:  ❑ رقم الهاتف:  ❑

  الإلكتوني: البريد  ❑

 

 صنف المشروع:  .3
 زراعي:   ❑ عام ❑

 (: ISICصناعي )مع تحديد رقم   ❑ خاص ❑

 سياحي )مع التحديد(:  ❑  ❑

 خدماتي )مع التحديد(:  ❑ 

 غيره:  ❑ 

 

 طبيعة المشروع:  .4
 مشروع قائم أو حائز على ترخيص أو موافق عليه  ❑ مشروع جديد  ❑

 تعديل  ❑ 

 إضافة   ❑ 

 توسيع  ❑ 

 إعادة تأهيل  ❑ 

 إقفال  ❑ 

 

 المشروع: أهداف  .5
 

 

 الكلفة المقدرة للمشروع:  .6

 إنشاء:  ❑
 تجهيز:  ❑

 

 البرنمج الزمني للمشروع:  .7
 

 النهاية  البداية  

   التخطيط والتصميم

   الإنشاء
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   التشغيل 

 

 )مرفقة(   1/20,000مقياس  –خريطة تبين موقع المشروع  .8
 خريطة مساحة مع إفادة عقارية 

 للمنطقةإفادة ارتفاق وتخطيط  والشروط الخاصة 

 (GPS coordinates) الاحداثيات الجغرافية للعقار

 

 )تصميم المشروع ووصف المشروع وتفاصيل أكثر عنه(  . مستندات أخرى مرفقة9
 

 

 ملاحظة: يجوز لوزارة البيئة أن تطلب مستندات أخرى تتلاءم مع طبيعة المشروع. 

 

 

40.2 RE: Screening application for the installation of a prototype waste to 
energy unit in Rayhaniyi Camp in Lebanon 

27. August 2018  12:55  1,3 MB 

 
 

Dear Mr. Mourad, 
  
Thank you for your email. 
  
Whilst I appreciate sending me the attached documents via email, unfortunately the email is not considered 

as an official mode for registering your screening application at the Ministry of Environment. 
  
Therefore I should kindly ask you to send a printed copy of the screening application with the necessary 

documents mentioned in point 8 of the application. 
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Only then, we will be able to reply to you through a letter from the H.E. the Minister with what your project 

requires. 
  
In case your project requires an Environmental impact Assessment study or an Initial Environmental 

Examination, I have attached the list of approved environmental consultants who can help you prepare this 

study. 
  
Kindly note that as a preliminary assessment your screening application shows that your project being a ISIC 

3720 classified, will need a full Environmental Impact Assessment study. However I should still ask you to 

submit the screening application as this email shall not be considered as an official classification. 
  
In case you have any further queries do not hesitate to contact me. 
  
Best Regards, 
  
Daniah 
__________________________________________________________________________________________ 
Daniah Turjman 
Environmental Specialist 
Department  of Integrated Environmental Systems 
Service of Environmental Technology 
  

 
Tel   | +9611976555 - Ext: 554 
Web | http://www.moe.gov.lb/ 
Ministry of Environment, Lazarieh Center, 7th Floor, Block A-4, Room 7-50 A. P.O. Box: 11/2727- Beirut, Lebanon 

  

P Protect our planet: do not print this email unless necessary. 

  
  
  
From: Samir Mourad [mailto:samir.mourad@aecenar.com]  

Sent: Tuesday, August 14, 2018 12:09 PM 

To: Daniah Turjman 

Cc: Diane Derjani; Samar Malek; Jeryes Berbari 

Subject: Re: Screening application for the installation of a prototype waste to energy unit in Rayhaniyi Camp in 

Lebanon 
  

Dear Mrs. Turjman, 

  

thank you very much for the kind telephone call yesterday. 

Please find attached the filled file and an attachement concerning the project. 

Also please find the following video describing the former phases of the project: 
https://www.youtube.com/watch?v=FhQp8ZP52Dg 
(Interview with Lebanese MTV and kataeb.org on 5 August 2015) 

  

For more information please refer to this site: http://aecenar.com/institute-projects/nlap-wedc 

  

Best regards, 

Samir Mourad 

 
--------------------------------------------------------------------------- 
  
Dr. Eng. Samir Mourad, Director 

http://www.moe.gov.lb/
https://www.youtube.com/watch?v=FhQp8ZP52Dg
http://aecenar.com/institute-projects/nlap-wedc
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Phone (Mobile Lebanon) +961 76 341 526  
             (Mobile Germany) +49 (0)178 72 855 78  
Email: samir.mourad@aecenar.com  
Association for Technological and Economical Cooperation in the Euro-Asian and North-African Region (AECENAR) 
Haykaliyeh Str. Harba Bldg. Ground Floor 
Ras Maska 
Tripoli, Lebanon  
  
www.aecenar.com 
  

mailto:samir.mourad@aecenar.com
http://www.aecenar.com/
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40.2.1 Attachments 
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40.3 Meetings with Dr Mirvet House 

 

 ( Najib Gerges 06 204 529د. مرفت الهوز تتعامل مع المكتب الوحيد المرخص في الشمال )

 ونشكر الدكتورة على مساعدتنا. 

 الاستمارة لتقوم بتقويم الاثر البيئي: وقد بعثت لنا هذه 

40.3.1 Project Information  

1. Project Name: n  

2. Project Owner:  

3. Land Ownership:  

4. Full Address:  

5. Phone:  

6. Fax:  

7. Email address:  

8. Lot number:  

9. Petroleum brand: usual 

10. Project Cost:  

11. Operation:  

12. One shift per day?  

13. Any days for maintenance:  

14. Working days:  

15. Man power operating the process: 

Position No. Required 

Manager   

  

  

  

  

  

  

  

Total  

 



Environment Impact Assessment for Rayhaniyye Camp 

567 

16. The number of vehicles arriving the site: 2 / week 

17. Type of equipment  

18. Population size of village: ca 

19.  Proximity to Waste Generation Center 

20. Proximity to Energy Distribution Networks 

 

21. Project Category:   

□  

 

22. General Land  Classification 

□ Agricultural   □ Residential       □ Tourism 

□ Industrial   □ Forest Land     □ Institutional 

□ Commercial   □ Open Spaces   □ Others, Pls. Specify: 

 

23. Project Components   

Services   

  

  

Facility No. of Unit  Area (m2) Capacity 

Access? Originating from? To?  

Area of the incineration    

Total area of the site    

Shape of the site (Length, width)    

Maximum height of infrastructure    

Type of incineration    

Furnace    

Type of Byproducts    

Ash and clinker removal system    

Energy recovery system    

Air pollution control (APC) system    

Stack height    

Any produced Leachate?    

Source and Composition of municipal 

wastes to be incinerated 

   

Fuel Storage Area    

Parking Area     

Office Bldg.     

Public Toilets    

Others, Pls. Specify      

Logistics and Principles of Sampling and Analysis of Waste Data 
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Design and Layout of the Mass Burning Incineration System 

 

 

24. Water Resources and Infrastructure   

Water Supply Source   Remarks 

Existing Public Water    

Estimated daily water requirements of the proposed incineration?  

 

Deep Well (Underground tanks) 

Water Source  No. Wells/Hand 

Pump/Tanks  
Location  Depth (m)  

Discharge  

(liter / sec)  

Deep Well w/ Manual Hand Pump     

Deep Well w/ Electric or Motor Pump     

 

Stormwater Management System (collector pipe, where to?, site drain) Drainage System  

□ Rainwater will be collected in storage tank  

□ Rainwater will be collected in Reservoir 

□ Rainwater will be collected in collector pipe, where to?  

□ Rainwater will be connected to public drainage system          

□ Rainwater will be connected to natural outfall / water body 

 

Drainage System  

 Type of drainage:  

a) Major Road:   

b) Other road (street):   

 

Is there any surface water body (river, canal, stream, lake, wetland ) within 1,000m of the 

proposed site?  

□ Yes □ No  

If yes, describe each surface water body close to site 

Water Source Name of Water Body  Location  Distance 

 1. Creek     

 2. Spring     

 3. Stream     

 4. River     

 5. Others     

 

25. Power Supply (Source of Power) 

□ Local Electric    

□  Own Generator:  

□  Others, pls. specify   
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26. Wastewater (Sewage) Disposal System  

Sewage System: 

□ Individual Septic Tank            □ Communal Septic Tank 

  

Sewage Design:   

□ 2 chamber septic tank with leaching □ 2 chamber septic tank without leaching 

□ 3 chamber septic tank w/ leaching X □ 3-chamber septic tank w/o leaching  

□ On site wastewater treatment plant, pls. specify 

 

 

Sewage Disposal  

discharge to an existing public sewerage system   

Treatment in individual septic tanks with disposal by absorption field or leaching pit  

 Others: (Specify)_________________________________  

 

Wastewater Treatment Facility:  

Attach Flowchart on liquid waste management  

Attach lay-out / detailed plan  

Liquid waste facility-main component  

Wastewater treatment facilities (which one? Name is needed)  

 

27. Solid Waste Disposal System  

Bottom ash 

Bly ash  

Others, (specify):  

 

Will there be a waste sorting/segregation system to be employed prior to incineration?   

 YES    NO   

 

Disposal System   

Burning at open dumpsite in the project site  

Open dumpsite outside of the project site       (where?)  

Others, specify:________________________  

 

Location of the waste disposal site:  

 

28. Description of Existing Environment   

 A. Physical Environment  

Components/ Parameters □  Yes  □ No  Remarks 

 1. What is the general elevation of the    
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proposed incineration power plant project 

site?  

<100 m 

100-300  

301-500  

501-1,000  

1,000-1,500  

>1,500  

 (To determine elevation, refer to the 

topographic map where the elevation per 

contour line is indicated)  

 

 2.  Slope and Topography of the area (within 

50 meter radius from center of site) 

□ Terrain is flat or level  (0-3% slope)  

□ Gently sloping to undulating (3-8% 

slope)  

□ Undulating to rolling (8-18% slope)  

□ Rolling to moderately steep (18-30% 

slope)  

□ Steeply rolling  (30-50% slope)  

□ Very steep to mountainous (>50% slope)  

   

 3. Are there areas in the site where 

indications of soil erosion are occurring? If 

yes, what activities are causing erosion?  

   

Causes of erosion: □ Heavy Rains □ Unstable 

Slopes 

□ Others, pls. specify  

Do you know of any land sliding occurring or that has occurred in the site?  

Cause of Landslide:  

□ Earthquake  □ Unstable 

slopes 

□ Earthmoving □ Others, pls. specify 

Has the area experienced any flooding during the wet season?  

If yes, when was the last time the area was flooded? Period(s) of flooding: 

Causes of flooding: □ low area □ poor 

drainage 

□ water logged 

areas 

Soil type of the 

area 

□ Clayey 

soil 

□ Sandy loam 

soil 

□ Sandy soil   □ Other soil types: 

Is there an access road going to the project site?  

If yes, what is its distance to the site _______km. 

 Type of access road:  

 

Does the site conform to the approved land use of the municipality? 

Yes 

 

Are there existing structures or developments around the project site? If yes, please 

list them  

 

 

Project Activities Affecting the Physical Environment □ Yes □ No 
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Are there any structures on the proposed site?  

Will there be demolition of existing structures?  

If yes, what types of structures will be demolished? Types of Structures:  

11. Is there a need to construct an access road going to the site? If Yes, what type of access road: 

[ ] all weathered road, length _____(m) width ____, [ ] concrete, [ ] asphalt 

 

B. Biological Environment □ Yes □ No 

Are there any trees and other types of vegetation in the project site? If yes, 

please identify.  

  

Are there birds and other forms of wildlife found in the area? Please identify.    

Are there fishery resources in the water bodies found near or within the site? Please identify.  

Is the site near or within a watershed or forest reservation area?   

If near, only, how near? ___________ m or km  

If within, indicate name of the watershed or forest reservation area  

  

Are there any reserved forests or protected area within 1,000 m of the 

proposed site?  

  

What is the present land use in the vicinity (roughly a radius of 500m) of the proposed site? 

Coastal/ Marine    Residential  Forest  Mangrove Grassland Agriculture   

 

Project Activities Affecting the Biological Environment Yes No 

Type of vegetation on site   

 1. Will there be vegetation clearing?    

 2. Will clearing activities affect any critical wildlife habitats?     

 3. Will clearing activities affect any rare, threatened or endangered plant and 

animal species?   

  

4. Will there be trees to be affected (e.g. cut down; remove) during clearing?  

If yes, how many and what are these species of trees? 

  

Will the project cause an increase in traffic or disrupt traffic in major routes 

due to the entry and exit of construction equipment? 

  

Is the available domestic water supply enough to meet the maximum 

projected water consumption of the petrol station?   

  

For any agricultural farmland on the proposed site and/or a radius of 500m around it, provide the 

following information:  

Main crop(s) and average yield-----------------------------------------------------------------------------------

------- 

Source of irrigation water-----------------------------------------------------------------------------------------

-------- 

Area attached by salinity or water logging------------------------------------------------------------ 
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C. Socio-Economic Environment 

 1. Are there existing settlements in the proposed station? If yes, indicate the number of: (within 

50m radius)  

Households/Families:___, Legitimate landowners: ____; Tenants:______; Squatters:____________  

 

 Are there existing social or cultural infrastructures within 1000m of the proposed site or in the 

area?  

Type Names and 

number if more 

than 1 

Size (No. of 

students or beds) 

Location (village, 

road, district, 

etc.) 

Distance from 

Site 

Schools/College     

Hospitals     

Health 

centers/clinics 

    

Communications 

library 

    

Churches/Mosques     

Archeological site     

Others     

   

Project Activities Affecting the Socio-Cultural and Economic Environment Yes No 

Will the project cause or increase traffic in the areas?     

Are there existing transport services/facilities routing the areas?     

Will the project cause an increase in traffic or disrupt traffic in major routes due to the 

entry and exit of construction equipment? 

  

Is there a prevailing water shortage or water supply problem in the area?     

Are there already existing commercial establishments within the vicinity of the project 

area? 

  

 

40.3.2 Content of Evirnment Impact Assessment Ch3+4 

 مرفت هذا:وقد اطتنا د. 
1 Chapter 3: Description of the Environmental .......................................................... 25 

1.1 Introduction ...................................................................................................... 25 

1.2 Description of the Area..................................................................................... 25 

1.3 Environmental Components in Akkar .............................................................. 26 

1.3.1 Physical Resources .................................................................................... 26 

1.3.2 Ecological Resources ................................................................................ 33 

1.3.3 Socio-Cultural and Economic Activities ................................................... 38 
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1.3.4 Education and Literacy .............................................................................. 40 

1.3.5 Environment, Archaeological Sites and Cultural Heritage ........................ 40 

1.3.6 Cultural Facilities ...................................................................................... 41 

1.3.7 Health Facilities ........................................................................................ 41 

2 Chapter 4: Description of the Project ...................................................................... 43 

2.1 Location of the Project ..................................................................................... 43 

2.2 Type of Project (Size and Magnitude of the Project)........................................ 44 

2.3 Need of the Project 

2.4 Project‟s Objective ........................................................................................... 45 

2.5 Data Collection and Preparation of Maps ......................................................... 45 

2.6 Methodology .................................................................................................... 45 

2.7 Description of the Project ................................................................................. 45 

2.8 Layout Specifications ....................................................................................... 46 

2.8.1 Construction Material ................................................................................ 47 

2.8.2 Construction Equipment ............................................................................ 47 

2.8.3 Construction of the sewage collection network ......................................... 47 

2.9 Financial Plan (Project Cost) ............................................................................ 51 

2.10 Site Visit ....................................................................................................... 51 

2.11 Processing Techniques and Unit Operations (Size and Magnitude of the Project) 52 

2.11.1 Human Resource ....................................................................................... 52 

2.12 Infrastructure Services (Proposed Infrastructure/Utilities and layout) .......... 52 

2.12.1 Environmental Aspects 

2.12.2 Power Supply ............................................................................................ 52 

2.12.3 Water Supply ............................................................................................ 52 

2.12.4 Sewerage Services ..................................................................................... 53 

2.12.5 Solid and Liquid Waste Management ....................................................... 53 

2.12.6 Proposed Wastewater Treatment Plant ...................................................... 54 

 

 

40.4 Aecenar incinerator in rayhaniyya camp 

16. Oktober 2018  11:08  16,7 MB 
Von:  Samir_ayoubi Samir_ayoub 

An:  D.Turjman@moe.gov.lb 

Cc:  samir.mourad@aecenar.com 

 السلام عليكم 

+  افادة عقارية  :  اتممناها وهي     بعد ان Aecenar   يرجى اضافة هذه الصور الى الملف المرسل اليكم سابقا من قبل جمعية.  كيف حالكم سيدة دانيا   . 

نقاط جيودازية  +  افادة تخطيط وتصنيف  احداثيات  العقار  + لائحة  فيها  الواقع  للمنطقة  الرقم.  خريطة  معنا على  التواصل  يرجى    70104442  للاستفسار 

 . ( سمير الايوبي)
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 ملحقات  40.4.1
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 رفض من اجل عدم مناسبة المكان  40.5

 كم من المحرقة بيت او مسجد او ما شابه   1يجب ان لا يكون في بعد  

40.6 Request for appointment for a meeting regarding a research experiment 
prototype for waste incineration 

25. Oktober 2018  15:06  24 KB 
Von: 

 Daniah Turjman 

An: 

 Bassam Sabbagh, Samar Malek 

Cc: 

 Samir_ayoubi Samir_ayoub, Samir Mourad 

Dear Mrs. Malek and Mr. Sabbagh, 
  
I have received a request from Dr. Samir Mourad and Dr. Samir Ayoubi to meet with you in order to 
discuss their potential project. 
  
Mr. Mourad and Mr. Ayoubi plan to test a technology that treats municipal waste using WtE in 
order to solve the SW issues in Al Rayhaniyi Refugee Camp on Minieh-Dannieh North 
Governorate. 
  
They submitted a screening application which was refused due to unsuitability of the land. 
  
If you could kindly reply to this email providing them an appointment so they can come meet you in 
person at the MoE and discuss our conditions for conducting such a project. 
  
Best Regards, 
  
Daniah 
  
______________________________________________________________________________________
____ 
Daniah Turjman 
Environmental Specialist 
Department  of Integrated Environmental Systems 
Service of Environmental Technology 
  

 
Tel   | +9611976555 - Ext: 554 
Web | http://www.moe.gov.lb/ 
Ministry of Environment, Lazarieh Center, 
7th Floor, Block A-4, Room 7-50A 
P.O. Box: 11/2727- Beirut, Lebanon 

P Protect our planet: do not print this email unless necessary. 

 

  

http://www.moe.gov.lb/
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40.7 Decision of the environmental ministry  

In 13 November 2018, the Lebanese environmental ministry replied  to our request in those images  
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 وزارة البيئة   يعمل مع الامم المتحدة والاستاذ حسان 

 71155653هيتف 
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41 Cooperation with Greentrack  ( فرز من المصدر) 

41.1 Meeting 25.9.2019 

 خضر عيد من جبل محسن 

 
41.2 Suitable for Recycling 

 

Sorting facility (at Tripoli - Jabal Muhsin) 
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41.3 Refused Waste Jabal Muhsin (for incineration) 

  

 

 

  



Environment Impact Assessment for Rayhaniyye Camp 

 

41.4 Planned Waste Incineration at Chekka 

41.4.1 Hangar of refused waste 
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Other planned elements: Desalting Unit, Wind Energy, Methan Liquefication, 
Purification of water 

 

Based on the following reports 

DW from [NLAP-WEDC 2017] 

[NLAP-WEDC 2018]  

[NLAP-WEDC 2019] 
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42 Bioethanol/Distillated water (DW) production Unit27 

The concept is to produce pure distillated water (e.g. for medical laboratories) using the outlet 

steam at the turbine exit. Instead of simply going to the condensor, the outlet steam of TEMO-IPP 

40kW plant (110°C, 1,1 bar) and the condensor is used to distillate water from the cooling cycle. 

The input to the process is the bioEthanol/water mixture from processed organic waste and sugar 

beet. 

42.1 The series -cascade distillation train  

This is a continuous distillation carried out in a train of six columns. This distillation train 

comprises a rectifying section wherein the concentration of salt is reduced from feed composition 

(3% bioEthanol) to overhead composition (about 1 %) and a stripping section wherein the 

concentration is increased from feed to tails composition (about 50% Ethanol). This still train 

operates at reduced pressures to take advantage of the higher volatility of water at low pressure. 

These 6 columns are arranged in a series cascade of 4 stages, 2 columns each comprising the first 

and second stage, and single smaller columns in the third and fourth stages. 

All stages are in series, with transfer of Ethanol/water mixture from stage to stage accomplished by 

returning all condensate from a higher stage to a plate near the bottom of the next lower stage. A 

stream of liquid from the base of the lower stage equal to the amount of this condensate plus the 

product draw-off is sent forward to the higher stage. Several feed points are provided in the first 

stage so that the feed concentration can be matched to the operating column concentration. 

42.2 Equipment description 

Stage No. #column

s in the 

stage  

Diameter Height Number 

of plates28 

Nominal 

holdup29 

gallons ( تنكة) 

Reboiler  

area 

Condenser 

area 

1 2 0.32m (12 inch) 

0.24m (10 inch) 

2.47m 

2.74m 

7 

8 

5.8 

4.5 

0.6967 m² 5.574 m² 

2 2 0.32m (12 inch) 

0.24m (10 inch) 

2.47m 

2.74m 

7 

8 

5.2 

4.5 

0.6967 m² 5.574 m² 

3 1 0.17 m (6 inch) 2.35m 7 1.6 0.1858 m² 1.4864m² 

4 1 0.08 m (3 inch) 2.35m 7 0.35 0.4645 m² 0.3716m² 

 

27 from [NLAP-WEDC 2017] and [NLAP-WEDC 2018] 
28 plate spacing in all columns is 12 inches 
29 holdup includes associated calandria and /or condenser 
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Table 5: Equipment Description 1:10 length, 1:100 areas, volumes 1:1000 

In addition to this equipment, each stage is equipped with two stage steam jet eductors which 

operate off the condenser head space to maintain system vacuum. All gases reaching the jets first 

pass through ammonia refrigeration units which recover essentially all of the water vapor. 

 

 

figure 86: capture of DW unit 

nlap-Desalination_dd-12-12-016.FCStd
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Flow diagram 
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42.3 Fundamental principles of DW plant design  

42.3.1 Relative volatility  

The relative volatility of the water and Ethanol varies with temperature, and with the pressure 

prevailing in the distillation equipment. 

42.3.2 Operating pressure 

The lower the pressure at which the distillation process is operated, the greater is the relative 

volatility, and consequently the smaller is the quantity of heat or the fewer the plates required for a 

given separation. 

The preferred operation pressure for a DW column is 0,113 - 0,126 bar. 

 

Practical consideration of this equipment, preclude the use of pressures much below 130 mbar, at 

the top plate of column. the more important are the pressure drop in the condenser system and the 

pressure drop across each plate of the column itself. 

* a pressure drop of 3.5 mm Hg per plate at the vapor rate given in next point 

** a vapor _carrying capacity of 122.47 kg/hr*ft*ft of column cross sectional area at 100 mm Hg 

absolute pressure. 

42.3.3  Flexibility of the DW process  

An important characteristic of the DW is the fact that as the throughput of Ethanol is reduced, the 

train is able to handle a lower feed concentration. Since the E process can also handle lower feed 

compositions at lower throughput rates, this weaker than design material was taken into the E 

plant and concentrated to full strength. This flexibility is important for two reasons: 

1. It is not necessary to achieve design concentrations in pre-dw unit in order to obtain some 

production of Ethanol. 

2. by holding low concentrations in the DW train at reduced throughput the amount of Ethanol 

held up in the train is lower. 
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42.4 Process control  

42.4.1  General principles  

The DW plant is relatively simple to operate. As is the case with any continuous distillation 

process, flow control is of primary importance, and the more uniformly the various critical flows 

are maintained the better will be the performance of the still train. The critical flows are  

1- steam to each reboiler 

2- flow of liquid pumped from base of each tower to next tower in series 

3- pre-DW product fed to still training 

4- overhead product withdrawn from still train for return to pre-DW 

The problem of operating the DW train is essentially one of balancing flows to and from each 

tower so that the liquid level in each stays within permissible limits. Because of the characteristics 

of the system it has proved simpler to do this by flow controllers rather than by level controllers. 

This means flows are held constant and levels are allowed to drift slightly to compensate for minor 

deviations from perfect balance. Slight corrections to flow settings are made as necessary to fold 

levels within bounds. 

A discussion of still train operation logically starts with steam flow. Each column is capable of 

carrying a certain vapor load and to bring about this vaporization there is required a definite 

quantity of steam at the reboiler. The first flows shall be fixed, therefore are the steam flows. 

42.4.2 Process  

> The first stage consists of 2 towers connected to operate as a single column. All liquid which 

flows down one tower is pumped from the base of that tower to the top of the second tower, and 

all vapor leaving the top of the second passes to the base of the first tower. 

> to start the first stage, sufficient feed is admitted to fill the plates and the reboiler, cooling water 

flow is established through the condenser, steam is turned on and established at the standard flow 

for this stage, and all of the condensate from the condenser is allowed to return to the top 

plate(total reflux). 

>feed is then started at an appropriate rate. The same time a flow of overhead draw-off is started 

from the condenser in amount equal to the feed. 

> to determine whether overhead draw-off rate is exactly equal to the feed rate, it is only necessary 

to observe the trend of liquid level in the base of the column adjacent to the reboiler. The draw-off 

rate is then adjusted slightly to correct any drift observed in this liquid level. Thus the technique of 

operation consists in setting flows of steam and feed at predetermined values, setting flow of 

overhead draw-off equal to flow of feed, then making minor adjustments in the flow of overhead 

draw-off in order to make this flow balance exactly with the feed. 

> the stage is now operating to concentrate Ethanol, and the Ethanol content of the material at the 

reboiler end of the stage will gradually increase. 
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> Now the second stage has been put into operation on total reflux in a manner similar to that 

described for the first stage. The two stages are then connected together by introducing the total 

flow of liquid from the second stage condenser into the second plate (counting from base) of the 

first stage, and at the same time pumping liquid at an equal rate from the base of the first stage to 

the top of the second stage. These two flows are balanced by observing the level in the base of the 

second stage and making minor adjustments in the flow of liquid entering the top of that stage. In 

a similar manner the remaining stages are successively placed in operation. 

> in normal operation the total withdrawal of liquid from the train (first stage overhead plus final 

stage tails) must on the average equal the feed of liquid. The rate of draw-off from the base of the 

final stage however, is so small compared to the amount of liquid in the train that variations in this 

rate of draw-off do not affect, the problem of controlling the other stages. The withdrawal of 

product from the final stage can therefore be varied at the operators discretion, the base of the 

column acting, in effect, as a small, internal, holdup tank for product. 

> if no product is withdrawn from the final stage, the concentration of Ethanol at the base of that 

stage will gradually increase toward a steady stage value. After withdrawal of product is started 

the Ethanol concentration will level out some lower value. The composition of the material 

withdrawn as product from the base of the final stage can be varied over a considerable range 

simply by varying the total amount withdrawn. As the rate is increased, the Ethanol. content falls, 

as the rate is reduced, the Ethanol content rises. 

42.4.3 Operating pressure 

The preferred range of operating pressure for a DW column is 85 to 95 mm Hg absolute, measured 

in the condenser vent line. The pressure drop through the vapor line and condenser is about 10 

mm Hg so that the pressure above the top plate will be about 95 to 105 mm Hg. As previously 

noted, operation at a higher pressure will increase the productivity of the still train. This is so 

because the vapor carrying capacity of the still columns is directly proportional to the square root 

of the operating pressure. As the pressure is raised, the relative volatility decreases, and the steam 

consumption increases at a greater rate than does the productivity.  

42.4.4 Boil-up rates  

Column capacity is related to vapor density and vapor velocity by the following formula which 

has been developed as a design index of capacity has been found that operation at *F* factors 

much above 1 results in marked increases in plate to plate entrainment with consequent loss of 

plate efficiency. 
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at the design condition of 0,136 bar pressure the density of saturated water vapor is 0.1 g/m^3 by 

solving for u in the above equation, there is obtained a value of 4 m/s the vapor rate per square 

meter of area is then 1350 g per hour. 

V=1:1000, A=1:100 

42.4.5  Process losses 

Only the bottom of the second column in the first stage, the process pumps and pump discharge 

lines operates at pressure above atmospheric. 

 

Column head pressure  range Normal  

First stage   75 mbar 

Second stage   75 mbar 

Third stage   75 mbar 

Third stage   75 mbar 

 

Boilup rates  Maximum g/hr Normal 

First stage  15000   

Second stage  15000   

Third stage  4000  

Third stage  850  

Table 6: DW process standard operation conditions 

Therefore there is very little hazard of product loss in the DW process. However, product dilution 

can occur through calandria or condenser tube leaks or through air in-leakage carrying with it 

natural concentration water vapor. Product dilution is controlled by periodic fluorescein dye 

injection on the calandria steam chests and condenser cooling water. Any dye concentration 

showing up in the process steam is indicative of a leak. Air in-leakage is detectable by the closing 

of a pressure controlling air bleed which is located in the steam suction. Closing of this valve and 

overload of the ammonia coolers both indicate that there is an air leak in the column which the jet 

and cooler are associated. 

All tanks or equipment in the atmosphere pressure parts of the feed, tails or overhead systems 

where water vapor escape are protected bz passing all of the vents for such equipment through 

ammonia cooler or desiccant traps. 
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42.5 Construction Materials  

Stage No. #column

s in the 

stage  

Diameter Height Number 

of plates30 

Nominal 

holdup31 

gallons ( تنكة) 

Reboiler  

area 

Condenser 

area 

1 2 0.32m (12 inch) 

0.24m (10 inch) 

2.47m 

2.74m 

7 

8 

5.8 

4.5 

0.6967 m² 5.574 m² 

2 2 0.32m (12 inch) 

0.24m (10 inch) 

2.47m 

2.74m 

7 

8 

5.2 

4.5 

0.6967 m² 5.574 m² 

3 1 0.17 m (6 inch) 2.35m 7 1.6 0.1858 m² 1.4864m² 

4 1 0.08 m (3 inch) 2.35m 7 0.35 0.4645 m² 0.3716m² 

Table 5: Equipment Description 1:10 length, 1:100 areas, volumes 1:1000 

 

Stage Numbers of columns Column 

Manteau

Surface [m²]

Number of plates

2,8 7

2,2 8

2,8 7

2,2 8

3 1 1,30 7

4 1 0,57 7

Total 11,87 44

1 2

2 2

 

The columns are made of stainless steel type 304  

42.5.1 Distillation Bubble caps plate  

This the details of construction of such bubble cap plate  

Metal Casting (صب المعادن): Ahmad +961 76361241 (Miniye) 

 

 

30 plate spacing in all columns is 12 inches 
31 holdup includes associated calandria and /or condenser 
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43 5kW Wind Turbine32 

 
 

32 http://aecenar.com/index.php/downloads/send/3-meae-institute/469-5-kw-wind-turbine-concept-pdf 
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44 PURIFICATION OF WATER AND DE-OXIDATION (Deaerator) 33 

Maysaa Kamareddine, Last update: 3.12.18 

44.1 Deaerator Basics 

 

 

                      

This is the first process to purify water after sorting from the condenser “Deaerator”. 

The deaerator is part of the feedwater heating system and receives extraction steam from 

the 

turbine. The condensate to be heated and the extraction steam are intimately mixed in the 

deaerator by a system of spray nozzles and cascading trays between which the steam 

percolates as shown in next Figure. The condensate is heated to saturated conditions and 

the steam condensed in the process. Any dissolved gases in the condensate are released in 

this process and removed from the deaerator by venting to the atmosphere or to the main 

condenser. This ensures removal of oxygen from the system particularly during turbine 

start-up and minimizes the risk of corrosion within the system. Venting to the atmosphere 

reduces the load on the condenser vacuum pumps, but results in some steam loss unless 

 

33 from [NLAP-WEDC 2019] 
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provision is made to condense it and return it to the condensate system. Venting to 

atmosphere is only possible if the deaerator pressure is above atmospheric as it is at higher 

loads. 

 هاز التنشيط هو جزء من نظام تسخين الماء المغذي ويستقبل بخار الاستخراج منج

 التوربينات. يتم خلط المكثف المراد تسخينه و بخار الاستخلاص بشكل وثيق في 

 تنفيس بواسطة نظام من فوهات الرش والصواني المتتالية التي يتسلل منها البخار

 يتم تسخين المكثفات إلى ظروف مشبعة والبخار مكثف   تالي ال كما هو مبين في الشكل

 في العمليه. يتم تحرير أي غازات مذابة في المكثف في هذه العملية و

 عن طريق تنفيس في الغلاف الجوي أو إلى المكثف الرئيسي. هذه deaerator إزالة من

 ويقلليضمن إزالة الأوكسجين من النظام خاصة أثناء بدء التوربين 

 خطر التآكل داخل النظام. التنفيس في الغلاف الجوي يقلل من الحمل على 

 المضخات الفراغية للمكثف ، ولكن ينتج عنها بعض ضياع البخار ما لم يتم التضمين 

 ذلك وإعادته إلى نظام المكثفات. التنفيس إلى الغلاف الجوي ممكن فقط إذا كان الماسك

 ، مساعدة محطة الطاقة  الحال في الأحمال العالية. في نظام الضغط فوق الغلاف الجوي كما هو

 .هاز التنشيط ج خزان يتم توفير )البخار( بأحمال منخفضة للحفاظ على درجات حرارة مرتفعة في

44.2 The deaerating principle  

Deaeration is based on two scientific principles. The first principle can be described by 

Henry’s Law. Henry’s Law asserts that gas solubility in a solution decreases as the gas 

partial pressure above the solution decreases. The second scientific principle that governs 

deaeration is the relationship between gas solubility and temperature. Easily explained, 

gas solubility in a solution decreases as the temperature of the solution rises and 

approaches saturation temperature. A deaerator utilizes both of these natural processes to 

remove dissolved oxygen, carbon dioxide and other non-condensible gases from boiler 

feedwater. The feedwater is sprayed in thin films into a steam atmosphere allowing it to 

become quickly heated to saturation. Spraying feedwater in thin films increases the 

surface area of the liquid in contact with the steam, which results in more rapid oxygen 

removal and lower gas concentrations. This process reduces the solubility of all dissolved 

gases and removes them from the feedwater. The liberated gases are then vented from the 

deaerator. 
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Immediately below the deaerator is the deaerator storage tank, where a large quantity of feed water 

is stored at near saturation conditions. In the event of a turbine trip, the steam generator will require 

an assured supply of feed water to maintain the required water inventory during subsequent 

stabilizing conditions, during which residual heat must be removed. During suchconditions, the loss 

of extraction steam to the high pressure feedwater heaters renders them ineffective, and water from 

the deaerator storage tank is pumped into the boiler or steam generator without further heating. If 

deaerator pressure is maintained between 0.5 MPa and 1.0 MPa, then the corresponding temperature 

of this stored feed water will be between 150 and 180 degree Celsius. With an adequate supply of 

water at this temperature in the deaerator storage tank, damaging thermal shock to the steam 

generator can be avoided. 

The deaerator storage tank is usually located at a high elevation between the reactor containment 

and the turbine hall to ensure an adequate net positive suction head at the inlet to the feedwater 

pumps, thus minimizing the risk of pump cavitation. 
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This screen shows the portion of the feedwater system that includes the condenser, low 

pressure heater, deaerator, the boiler feed pumps, the high pressure heaters and associated 

valves, with the feedwater going to the steam generator level control valves, after leaving 

the 

HP heaters. 

The following display parameters and pop-up controls are provided: 

• Main steam header pressure (KPa), steam flow through the turbine governor valve and 

the bypass valve (Kg/s). 

• Deaerator level (m) and deaerator pressure (KPa); extraction steam motorized valve 

status and controls from turbine extraction, as well pressure controller controls for main 

steam extraction to deaerator. The extraction steam flows (Kg/s) are shown respectively 

for turbine extraction as well as for main steam extraction to the deaerator. 

• Main feedwater pump and auxiliary feedwater pump status with associated pop-up 

menus for ‘ON/OFF’ controls. 

• HP heater motorized valves MV2 and MV3 and pop-up menus for open and close 

controls for controlling extraction steam flow to the HP heaters. 

• Feedwater flow rate (Kg/s) at boiler level control valve (LCV1 & LCV2) outlet and 

feedwater temperature (°C). 

• Pop-up controls for “auto/manual” for boiler level control valves LCV1 & LCV2. 
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44.3 DEAERATOR FROM alibaba  
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the flowrate is 50 t/hour. It should be 

2500 t/h approximately  

44.4 freecad design 

dearator031218.FCStd
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44.5 Deaerator Systems from Zmerly, Tripoli 

 

 

 



 

 

619 

45 Methan Liquefication34 

 

 

34 from [NLAP-WEDC 2019] 
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46 Liquefication of air / oxygene 
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