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2 Introduction

2.1 Task of master thesis

The master thesis has the following tasks:
e 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.
e Every detail of the mechanism and the theoretic part of the measurement have to be described.

e The measurements for four of the flue gases have to be undertaken and documented.

27






3 Basics'

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 um 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 CO: 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 um), InGaAsP/InAsP
(tunable over 1.6 um to 2.2 um), 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 principle?

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 (U) passes

through an absorbing medium, the intensity variation along the path of the beam is given by, [5]
1(9) = Ip(7) exp(~a(P)L) = Io(7) exp(~o(7)NL)

Where,

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

the medium,
Io (V) is the initial intensity of the radiation,
a(0) = 0(V)N=5(T)Pp(v- Vo) is the absorbance of the medium,

o(v) is the absorption cross-section of the absorbing species,

2 https://en.wikipedia.org/wiki/Tunable diode laser absorption spectroscopy
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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,

®(v- o) is the lineshape function for the particular absorption line. Sometimes also

represented by g(v- Vo),

Lo is the center frequency of the spectrum.
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3.2 Product LAS 300 XD3

LAS 300 XD

VERSIONS OF THE LAS 300 XD MAIN BENEFITS:
ARE AVAILABLE TO MEET YOUR = High sensitivity - ppb, ppm and % concentrations
ANALYTICAL REQUIREMENTS: = Interference-free gas measurements
* LAS 300 XD NH, for ammonia (NH,) = Large dynamic range

and water (H,0) monitoring = Absolute measurements: no drift, no calibration,
* LAS 300 XD CO for low and high concentration linear response

carbon monoxide (CO) monitoring = Real-time - 1s response

+ LAS 300 XD HCI for hydrochloric acid (HCI) In-sity and non-invasive measurement
and water (H.0) monitoring Suitable for harsh environments. Unaffected by

; contaminants - no corrosion
* LAS 300 XD HF for hydrofluoric acid (HF)

monitoring = Small size
= No sample lines required, eliminating errors due
* LAS 300 XD 0, for oxygen (O,) monitoring to gas sampling

= Low maintenance and low cost of ownership

MAIN APPLICATIONS:

Process & emission monitoring for:
Scrubber technology
Combustion control
Chemical industry
Fertilizer plants

Waste incinerators
Cement industry

Glass industry

Pulp and paper
Biomass boilers
Petrochemical industry

including LaserTool"
advanced software for setup and operations

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

absorption-gas-analyzer/
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Tunable Diode Laser Spectroscopy LAS 300 XD

Measurement ranges:
NH, + H.O
HCl + H,0
HF
CO (low)
CO (¢high)
o,

O-15ppm /0 -500ppm + 0 -5%/0-50%
O0-10ppm /0 -3000 ppm +0 -5% /0 -50%
0 - 100 ppm

0 - 500 ppm

0 - 100%

0-10% /0 -100%

Accuracy:

< £2% of full scale

Response time (0-90%):

1s

Linearity:

< £1% of full scale

Process gas (°C max):
NH, + H,0 / HCI + H,0 / HF
CO (low) / CO (high) / O,

+400°C
+1200°C

Process gas pressure:

Typical max. 2 bar absolute

Display:

4 x 20 alphanumeric LED backlit LCD

Input signals:

Optional temperature
and pressure inputs (4-20 mA)

Communication:

Modbus RTU

Output signals:

x2 analog outputs (4-20 mA), x2 relays

Power supply:

+ 24 V DC, ripple and noise 50 mV

Power:

15 W when starting-up the LAS 300 XD
<15 W in normal operation

Ambient operating (°C):

-10°C to +55°C

Enclosure rating:

IP65

Enclosure material:

Die-cast aluminium (polyester powder coated)

Mounting flange size:

DN40 PN20 or 1.5" 150Ib ANSI

Mounting flange material:

SS 316 L

Air purge consumption:

10-50 L/min
(depends on application conditions)

Stack temperature:

0-450°C (other temperatures upon request)

Stack diameter:

05to6m

THE STANDARD LAS 300 XD IS SUPPLIED WITH:

= 1signal cable, between the Transmitter and Recelver
(10 m standard and 25 m optional)

= 2 cables for power supply and signal outputs

(each 3 m long)
= 2 alignment bellows

(type: ASME B16.6 class 150)

= LaserTool" software

MAIN OPTIONS:
* IP67 Junction box (for power and signal)

* Purge air unit (blower, filters, flow
meters, pressure regulator)

* Connecting cable (usb) RS485 or RS232
* In-line span check cell @

* Weather protection covers

» Specific flanges (length / material / C®)
* Remote interface

* Audit cell (with tripod) @

* Optical alignment tool @

@

Distréuted by
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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 O: 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:

NHs + H20: 0 - 15 ppm / 0 - 500 ppm + 0 - 5% / 0 — 50%
HCl + H20: 0 - 10 ppm / 0 — 3000 ppm + 0 = 5% / 0 — 50%
HEF: 0 - 100 ppm

CO (low): 0 =500 ppm

CO (high): 0 - 100%

02:0-10% / 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 H:
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 la 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]*

The development of semiconductor diode lasers in the near infrared has been spurred by the
development of CD players (0:78 um) and fibre optic communication (1:3 um, 1:55 pm). As
technology has improved, lasers have been developed for new applications such as pumping of
solid-state (0:808 um) and fibre (0:98 um) 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
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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]).
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Fig. 6. Long-term frequency drift of some lasers at 760 nm. The lasers have
passed “burn-in” tests prior to these measurements

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 O: 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. Typical wavelengths and detection limits for some gases measured
with the technique described in this paper. The detection limit for O» is not
limited by electronic or optical noise, but by uncertainty due to air in the

receiver and transmittet]

s Laser tvpe Wavelength Detection limit
op -
/pm /ppm-m
0,  FP. DFB. VCSEL 0.764. 0.760 1000
HF DFB 1.28. 1.30 0.03
NH; DFB. DBR 151 0.2
o DFB 156 20
H,S DFB 1.57 >
HCI DFB 1.74 01
NO DFB 181 >
- SRR ZOTONTN
e o
I1';otdal dust 1-20 10
lydrochloric aci 5
| mmmmme o L
ur di :
o] Cargon m.;.’::mgg) ;:1053 0 %
total organic carbon (com 1-20 153 -+
g:c‘":Ly "flig%h ; 0.001-0.03 005 g 04
Sytmtn m:guhn; fcdsm) E 005 004
g:';;‘n'un*m"v) S+Pb+Cr+ - 0.5 04
of NI
Ammona ) N
| 0.01-0.1 0.1

i Dioxins and furans

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

chloride. Literature recommends the following wavelengths for hydrogen chloride detection:
* 1742 nm

e 3395 nm

Standard wavelengths for sulfur dioxide detection (502)
nanoplus offers various wavelengths to target the vibrational-rotational bands of sulfur dioxide.

Literature recommends the following wavelengths for sulfur dioxide detection:
* 2460 nm

e 4020 nm
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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:

e 1568 nm
e 2330 nm
e 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
e 5255 nm

3.5 Industrial applications of TDLAS®

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.
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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 H20, 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 02, CO, CO2, N2, NO and H20.

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 uC,
dust levels of 10-20 g=m3 and a gas mix of 10%-20% CO2 , 10%-30% H20, 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 Hz, O,
N2, CHs, CO2 and H20, 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

40



Abstract

difficult to measure, TDLAS offers a new and unique method. Some examples are presented

below.

HCI measurement. HCI 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 HCI from
industrial and domestic waste incinerators in Europe is now specified to not exceed 10 mg/m?
(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/m?®, 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 HCI 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.

41



|
Z

|c:1; |

02 conc. (Yovol)

I
L

1000 - ) (|

’ rJ
500 | A I i I " ‘4
3‘03 'mn.l l- m,-",Jll' JIAV T *.JJL’\ A l"l L \ ‘ .J"

CO conc. (mg/Nm3)
(%)
L
(=]
[==]
T

-500 | | | |

160 : | —
140 |- o N (©) 4
oy At A A

100 II'IJ| { I'Ilil '| |\l |IJ| \|“||I | " f‘l | L|I Ifl l.lll N | | AT II"lI I
20 W llJ| l_l \ Iﬂll | |
60 - | [
40 b '
20 —

| T

HCI conc. (mg/Nm3)

Time (hours)

Fig. 7. Concenfrations in flue gas from a waste incinerator measured over
a period of 5 howrs. where each sample is averaged over 60 seconds. The
CO concentration peaks abruptly when the O concenfration drops below
approximately 5.5 vol. % The HCIl concenfrations do not show a similar
correlation

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.

02 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/Nm?, and when the O2
concentration is approximately 6 vol:% to 7 vol:% the CO concentration is close to 50 mg/Nm?. 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/Nm? 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 m?¥s, we realise that all the gas in the furnace has

42



Abstract

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.

HCI was also measured in the flue gas from this waste incinerator. The concentration of HCI
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/Nm?.
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3.6 Gas Properties
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3.6.2 NO
3.6.3 SO2
3.6.4 HCI

3.7 Gas analysis spectroscopy

3.8 Shematic
Purge gas Purge gas
Transmitter Unit l l Receiver Unit
ﬂ Process ﬂ
OH_’ _Gas___.,Be,f
Collimating A
lens Window Window lens

.....

Fig. 2. Schematic drawing of the TDLAS gas monitors described in this
paper

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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3.9 Experimental setup’

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.

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.

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

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.

¢ 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
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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.V..)

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

Beamsplitter
Coating A
%
Reflected

Beamsplitier

Incident Couting

Light

Inciclent %
Light ¢ Transmitted
45° — T_ o=
% d
Reference Transmitted
Mark for Coated '&’

Prism % d=0.329
Reflected

Figure 2: Plate Beamsplitter
Figure 1: Cube Beamsplitter

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.

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.

Table 2: Beamsplitter
Advantages Disadvantages

e Easy Integration with 0° AOI
e No Beam Shift

Cube o Equal Reflected and Transmitted g%avyl'tSO"g GIassEConstryctlfn
Beamsplitters Optical Path Lengths Mlall<ceuin’ I?Qr reng:gesxpenswe °
e Shorten the Optical Path of a 9
System
o Reflected and Transmitted Optical
e Lightweight Paths are Different Lengths
Plate e Relatively Inexpensive o Beam Shift of Transmitted Light
Beamsplitters Easy to Manufacture in Larger (see Figure 2)
Sizes e The 45° AOI may Require

Additional Alignment Time
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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).

p Incident Cube Size
Beam

Beamsplitter
—  (oating

P %

Transmitted

\ P
V' /Eeﬂected

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

50


https://www.edmundoptics.de/optics/beamsplitters/polarizing-beamsplitters/
https://www.edmundoptics.de/optics/beamsplitters/non-polarizing-beamsplitters/

Abstract

states are split at the design ratio. These beamsplitters are ideal for maintaining polarization in
applications utilizing polarized light (Figure 4).

P Incident Cube Size
Beam

Beamsplitter
L— (oating

S %
Transmitted

%
Reflected

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.V..)
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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.
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3.12 Detector (To do.v..)
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:

'

Symbolic representation of
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:
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Silicon nitride

Radiation coating
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Diffusion

mask of Si0, Anode

P region PN junction

N region

Cathode

l Structure of Photodiode l

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.
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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.
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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:

Reverse bias Forward
voltage bias voltage
£ P o Ml e M W, B BT
Dark current

=100

=200 -

g 4

~
= 30
—4= 400

]

LA

Characteristics curve of 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:
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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

Photodiodes majorly find its use in counters and switching circuits.

Photodiodes are extensively used in an optical communication system.

Logic circuits and encoders also make use of photodiode.

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.
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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 Anwendungsmadglichkeiten sind nahezu unbegrenzt,
man kennt die Technik ja von vielen Terrassenlampen, welche sich beim vorbeigehen automatisch
einschalten. Reagiert wird also auf die Kérperwérme einer sich im Erfassungsfeld bewegenden Person.

™

Zum Prinzip: Warmestrahlen, die einen Erfassungsvorgang auslosen, liegen im Infrarot-Bereich des
Wellenspektrums. In diesem Bereich gibt der menschliche Korper seine Warmestrahlung ab. Leuchtmittel
wie Gluh- , Halogen- und Entladungslampen, die fiir eine Strahlung im sichtbaren Bereich um 0,555 pm
entwickelt wurden, geben jedoch auch einen erheblichen Teil an Warmestrahlung im Infrarot-Bereich ab. Im
Spektrum oberhalb des sichtbaren Licht, ab 0,780 um, beginnt der Infrarot-Bereich. Die Wellenlange dieser
IR-Strahlung ist abh&ngig von der Temperatur eines Korpers. Die Warmestrahlung des Menschen hat ihr
Maximum zwischen 9 und 10 ym 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 verhalt sich &hnlich wie sichtbares Licht. Sie kann reflektiert und
durch Linsen gebuindelt werden. Basis eines solchen IR-Detektors (Sensors) sind Lithium-Tantalatkristalle.
Diese Kristalle erzeugen, bei Warmeénderung (positive oder negative Temperaturdnderung), eine
elektrische Spannung. Die von den Kristallen abgegebene Spannung liegt im Bereich von einigen pV (uV =
millionstel Volt) und ist von folgenden Bedingungen abhangig:

= Der Intensitat der Warmequelle (Temperatur und Grof3e)

= Dem Umgebungsmedium (Temperatur, unterschiedliche Luftfeuchtigkeit)

= Der Entfernung zwischen Wéarmequelle und IR-Sensor

= Der Bewegungsgeschwindigkeit und Bewegungsrichtung der Warmequelle

= Der Empfindlichkeit des PIR-Elementes (frequenzabhangiges Bandpalverhalten mit Maximum bei ca.
0,1 Hz)

Zur Unterdriickung von Einfliissen aus der Umgebung (Ubliche wetterbedingte Temperaturdnderungen), sind
in jedem Sensor 2 Kristalle antiparallel geschaltet. Einer der Kristalle gibt, bei Auftreffen von Warmestrahlung
einen positiven, der andere einen negativen Spannungsimpuls ab. Warmeéanderungen die gleichzeitig und
mit gleicher Intensitat auf beide Kristalle einwirken l6sen so keinen Erfassungsvorgang aus, denn die beiden
Impulse heben sich gegenseitig auf. Dadurch ist ein Ausldsen bei Warmeanderungen der Umgebung
weitgehend ausgeschlossen. Anders verhalt es sich bei schnellen Bewegungen. Die Lithiumtantalat-Kristalle
geben, entsprechend der Bewegung und der dadurch hervorgerufenen Warmeénderung im Erfassungsfeld,
ihre Impulse zeitversetzt ab. Die beiden Impulse addieren sich zu einer Wechselgrof3e mit hdherer
Signalamplitude. Dieses elektrische Ausgangssignal ist proportional der Warmeanderung und fuhrt 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 kénnen nicht nur auf Anderungen 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 verstarkt werden muss. Neben dem eigentlichen Strahlungssensor gibt es
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noch eine Mdoglichkeit 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
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Bildsensoren (Video)

Insbesondere bildgebende Sensoren sind
dabei, auf der Basis des sichtbaren Lichts
oder auch des Infrarotbereichs Einzug in
das Fahrzeug zu halten. Sie kinnen dort

der Innenraumbeobachtung dienen, sind

aber vor allem zur Umfeldbeobachtung
auch nach auen gerichtet.

Mit diesen Sensoren wird versucht, die
iberlegene Fihigkeit des menschlichen
Auges und der damit verbundenen men-
talen Erkennung (vorerst noch in recht
bescheid Mabe) Sie
sind in der industriellen Messtechnik

- inshesondere auch bei Handhabungs-
automaten (Robotern) - bereits lingst in
grofem Umfang eingefiihrt. Die Kosten
der Bildsensoren und der zur Interpreta-
tion einer Szene erforderlichen, sehr lei
stungsstarken Prozessoren (DSP, di
Signalprozessor) sind bereits in den fir
Kfz-Anwendungen interessanten Bereich
gekommen.

Gingige Bildsensoren sind im Gegensatz
zum menschlichen Auge augask
IR-Bereich (Wellenlinge
findlich. Mit einer entspres
sichtbaren IR-Ausleuchtung ist damit
im Aute danbharan

ahen
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schlechten Sichtbedingungen (Dunkelheit,
Nebel usw.) bietet.

findlichen Elementen (Fotodioden), die als
Bildpunkte bzw. Pixel in Zeilen- oder Ma.
trixform angeordnet sind und ihr Licht aus
einer iiblichen Abbildungsoptik erhalten.
Bei den derzeit hauptsichlich verfiigbaren
Si-Bildsensoren (CCD, Charge-Coupled
Devices, Bilder 1 und 2j werden durch das
iiber eine transparente Elektrode einfal-
lende Licht proportional zur Intensitat
und Belichtungszeit freie Ladungstriiger
erzeugt, die in einem . Potentialtopf* (Si-
$i0,-Grenzschicht) gesammelt werden

Mit weiteren Elektroden werden diese La-
dungen in eine lichtundurchlissige Zone

CCO-Prinzip

Suche laschen


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

4 IR Sensor Module

30 August 2018 - 0 Comments

@ o D
I 4D

1NOAND NS

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
1/0 pins are 5V and 3.3V compliant
Range: Up to 20cm
Adjustable Sensing range
Built-in Ambient Light Sensor
20mA supply current
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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

IR Sensor Module

e Mounting hole

4 1.3 Brief about IR Sensor Module

Trimmer for Calibration
the distance range
IR diode (IR Receiver)

W)

)

5Vde Power Supply

Photodiode
(IR Receiver)

Ground terminal

Digital Qutput

LM358 Opamp as
Comparator

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.
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https://components101.com/ir-led-pinout-datasheet
https://components101.com/ic-lm358-pinout-details-datasheet

Abstract

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

e Obstacle Detection
e Industrial safety devices
e  Wheel encoder

4.1.6

4.1.7 2D-Model

45 mm

o@o

| 32.2 mm |
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IR Sensor Module

4.2 Interface

The interface will be done with C# and WPF or Windows form in Visual Studio

4] WpfApp1 - Microsoft Visual Studio YH & |Quick Launch (Ctd+Q) P oo B x
File Edit View Project Build Debug Team Design Format Tools Test Analyze Window  Help mima.mrad@gmail.com ~
©-0 | @-2 Wl - -] Debug - AnyCPU - b St~ | g0 | | i

MainWindow.xaml -+ X JRETIUTLTT Solution Explorer

- @E-lo-5cam o &=

Search Solution Explorer (Ctrl+i) o~

fal Solution "WpfApp1® (1 project)
4[] WpfApp1
b Propertics
b =B References
1 App.config
b ) Appxaml
4 [ MainWindow.xaml
b P MainWindow.xaml.cs

3uIpnQ uaWnIog

-
o B 2
QDesign 1 XAML DE®
[ Window ~ | [ Window -
— = — - Solution Explorer [RIukzr

1 =l<window x:Class="WpfAppl.Mainindow +
2 http://schemas.microsoft.com/winfx/2806/xaml/presentation” B | Properties > 1 X
3 http://schemas.microsoft. com/winfx/2006/xaml™
4 xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
5 xanln /schemas. openxmlformats.org/markup-compatibility/2686"
6 m -namespace:WpfAppl"
7
8 Title="MainWindow" Height="458" Width="880">
) = <Grids -

.

Qutput

Show output from:

[ZEHEEY Output

1 Add te Source Control
1

% & d)) ENG
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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.

Overview (Basic Plant)
Waste input Incinerator

Ashes recycling

D W S
ki I-Isowt.%

My d

&)

84 % W =
ENCIR :: - =
s 3y h - i'gli 10 vol. %

s

—

11 % Iron and other metals
Liala 3alaiu>
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Building of the measurement environment

W | AECENAR

Association for Economical and Technological Cooperation
in the Euro-Asian and North-African Region

@ = |
MEAE - Middle East Alternative Energy ' :
Institute R
) Bkl .h.a,ﬂ\ tj;ﬂ‘ ;}a k) B
s North Lebancn Altemative Power
http://aecenar.com/institutes/meae

Residues of incinerat
1700 kg of gas,

Al dsil) ailaa LA AED
Flue Gas Purification
(Thermal treatment: incineration )

ion of 1 ton of waste

300 kg of solid residues including 30 kg of fly

|ash.

1

Division of emissions(depending on
their size and the degree of

severity:)

rd

I

Non-harmful to harmful to o
the e ' 1_'oxic gases:
gy s | Aalad) ol e

A b s ¥

. Acid gases: nitrogen | [Furans, dioxins,
Niti N2), Y %
C;x::’gg:nn((o 1)) dioxide (NO3), nitrogen | |heavy  metals
ard wate:‘ £ oxide (NO), Sulfur (Hg from
dioxide (SO,), carbon | |batteries,
vapor (H20) s COs) | cadmium,
E Lplumb, zinc)

y ‘Z.Treatment of dust (UL z3=) |

L

Particles between 5 & 50 |
micron and volatized heavy
| metals

Less_than 5 micron |

Mechanical treatment :

Cyclone(efficiency:91%)

1]

Electrical treatment :
0 SH 2!

The electrostatic

www nlap-ib.com

Emission limit values in mg / m ® to 11% O,
dry gas According to EC 20/09/2010 to an
incinerator >6 ton/h

Total dust 1-20 10 3
Hydrochloric acid (HCI) 150 10 7
Hydrofluoric acid (HF) 10 1 07
Sulphur dioxide (SO2) 1-150 50 15
Carbon monoxide(CO) 5-100 50 30
total organic carbon (COT) 120 10 8
Mercury (Hg) 0.001-003 005 0.04
Cadmium + Thallium (Cd + TI) - 0.05 0.04
B e - & Other heavy metals (Sb+As+Pb+Cr+ - 05 04
. 3“‘. ; fw‘&#&u"’m‘ S CU+CO+Mn +Ni+V)
s 531 s { $os Oxides of Nitrogen (NOX) 40-300 200 50
OS5l LS, imds e W 5a) 5 Gaske e Ammonia (NH,) - 30 10
Dioxins and furans 0.01-0.1 0.1

oSl Lk A 8 les 3 G5
1 W31 s Apamanl ot 3Lal B il
AT s L), | i g e s sl S S
O, <l e 1l (ESP) Wik S 5 LSS
A sl 8555 Lal dillaa () 5She Sl )

e Gals pUai b Lgiallan s Aol I,
Sy s, ool e JSE LY A1 5,
oA et AT a2

Alesidl

Emission limit values in mg

precipitator

3.Acid gas treatment technologies(HF,
HCl and SO, )aeall i) Aallaa s

Depending on the concentrations,
temperature, size of the flow to be treated
and of further parameters, can be used
different technologies for the treatment of
acid gas emissions. Being a quick summary
we can mention:

Bag filters with reagent injection(calcium

y activated carbon(can
e also called "lignite Coke for
dorous compounds.)

ctivated carbon is in the form
f a fine black talc. Its
ementary particles are made
orous by a suitable heat
eatment so as to create
'erein pores having
imensions of affinity with the
1olecules to be filtered. So
rere are formulations of
ctive carbon adapted to
ifferent molecules that one
‘ishes to retain.

~ 2.Treatment of dioxin and furans

and

The Environmental Protection

Agency (EPA) showed that dioxins
broke down easily when exposed to

To obtain a minimum feeding rate
(F(min)) of activated carbon (AC), It was
found that dioxin removal efficiency(eta)
increased with an increase in AC feeding
concentration. This had an almost linear
function to F/Q when F/Q was less than
65 g/Nm(3), where F was the AC feeding
rate (mg/min), and Q was the volumetric
flow rate of flue gas (Nm(*)/min).
However, it did not seem to be affected
by F/Q, when F/Q was larger than 150
mg/Nm(’). On the basis of the
experimental data obtained in this study,
the removal efficiency of dioxins by the

of AC could be af as
eta (%)=100/[1.0+(40.2/(F/Q)(3))]. it is
valid in appropriate conditions (F/Q=10-
300 mg/Nm(®)) suggested by the study
with a statistical error of +/-18%.

Dioxins.

Hg concentrations at activated carbon adsorber

o ) Outlet % )
A O0%S (Under detmttsion k)
‘Ash melting o <0005

(Under

JFE TECHNICAL REPORT No. 19 (Mar. 2014)

161(2-3):1436-43 - June

lemieramres in excess of 1,200 *C.

Cartridge packed with activated carbon

Ref:Minimum feeding rate of activated carbon to control
i dioxin emissions from a large-scale municipal solid waste
incinerator, Article in Journal of Hazardous Materials

hydroxide (Ca(OH).) or sodium bicarbonate))

The filters in flat bags are successfully used for
the chemical absorption of acid gases such as
HF, HCI and SO, in addition to the adsorption
of other pollutant compounds. Generally it is
used, among others, calcium hydroxide and
sodium bicarbonate (Ca(OH),) of typical
commercial quality, which is injected in the gas

mercury Hg &

Measurement :The
Intelligent Gravimetric
Analyzer (IGA)

The system is an ultra-

high vacuum (UHV)
system and allows stream before entering the filter. To achieve
measurement of proper compliance with the emission limits

required, the additive should be added in
amounts over-stoichiometric (from 1.5 to 3

isotherms and accurate
determination of the

adsorption times).
desorption at least 130-200 ° C
profiles for
pressure step. The 5

2 « Treatment by Ca(OH); .
system consists of a =
fully computer Ca(OH); + 2HC1 5 CaCl; + 2H;0
controlled Ca(OH)s+ 2HF 5 CaFs + 2H;0
microbalance, pressure N y s
admit.  system:  and Ca(OH); + SO;% CaSO; + HyO

'm ? 1o respected (Lebanese environment:

1.Techniques for the reduction of
nitrogen oxide( S| (e aall CilLEs

-Thermal NOx: When burning a portion of
the nitrogen in the air is oxidized to
nitrogen oxides. This reaction occurs only
significantly at temperatures above 1300 °

C. The reaction rate depends

y on the and is
directly proportional to the oxygen
content

-Fuel NOx: when burning a portion of the
nitrogen contained in the fuel is oxidized
to nitrogen oxides.

'
PROCESS OF REDUCING NON-SELECTIVE CATALYTIC
(SNCR):

the r agent (typically or
urea) is injected into the furnace and reacts
with nitrogen oxides. The reactions occur at
temperatures between 850 and 1000 ° C,
with higher reaction rates and lower in this
range. To be effective, the catalyst generally

quil a 180 and
450 ° C. The majority of systems uses waste
incinerators currently operating at
temperatures of the order of 230-300 ° C.
S
Catalytic (SCR) is a
process during which ammonia mixed with air (the
reduction agent) is added to the exhaust gas and
passes through a catalyst, usually a sieve (e.g.
hodit TiO,, lites). When passing
through the catalyst, ammonia reacts with NOx to

e

temperature regulation CaS0s + 1/2 Or— CaSOs
system

* Treatment by NaHCOj:

NaHCO; + HCI = NaCl + COz+ H:0O

NaHCO; + HF = NaF + CO; + H:O
2NaHCO, + SO, + 1/20, —» Na,SO, + 2CO, + H.O

5.Continuous Emission Monitoring (CEM)
A series of sensors will be
implemented to assure a
continuous emission
monitoring of different gas
formed in the flue gas
without the Dioxins and
furans that measured by
GC(gas chromatographic );
Sensors of:CO,CO2,NO,NOs,
50,,50,HCl,heavy metals.

2008 with 289 Reads DOI:

10.1016/}.jhazmat.2008.04.128 - Source: PubMed

@NLAP/AECENAR March 2019
Maysaa Kamareddine

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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Abstract

It was decided to use Laser based flue gas measurement technology.

-
- AECENAR

Association for Economical and Technological Cooperation
in the Euro-Asian and North-African Region

| Gas Detecting Spectroscopyl

[ schematic ]

S

' N

/ Tnst

NanoTechnology

Objective: Design of Spectroscopy application to detect waste
incineration exhaust (HF, NH3, CO, NO, NO2, SO2, HCl)

N2 purging

\ aspheric lens
aser »
diode

isolator

E—=

reference channel

H*%H@;

i

FREECAD design

Principals

[ List of Components for CO gas analysls
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Building of the measurement environment

5.2 Concept and Design?®

temperature N2 purging
controfler

module 56DLD403

N2 purging

pressure and temp.

Sensors

aspheric lens aspheric lens

—‘ detector K

measurement channel

amplifier
/ €4159-03

splitter ] i
laser i
diode |

isolator

L

current
controller

temperature
controller

jnodule 56DLD403 € 1103-04

detector

—-

amplifier

reference channel

synchron

detector

(noise)

Oscilloscope

CNA/CAN
convertisseur

power supply +-15V
measurement instrument

power supply
(100 v, 115V, 230V)

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.ug.edu.au/data/UQ 690617/s4111331 final thesis.pdf?Expires=1578991666&Key-Pair-

Id=APKAJKNBJ4MJBINC6NLQ&Signature=liK5vmsYt-GtLAfQvn]TXcqgGPrEgHmMIDtGkVusuGTvSir-AFU-

6fPIHXXDe9KYya8xpM6EoSIKMIKVw3~4KLhMVtvmEHCOyL xOH6IIfI Lelfl0g4D-

a256aX30vfmc36eTYbESthGqwtzBZIC5GPo-zwwCUo04nU2-ZxN8rIDPODTynribbjF8ZpzMb96qOH-

hekmrvx0PuvyrYxZ2IM-IxMBkuGLNB2]JQAhkA ze-

C~PRedPTpbBtIR22PcGLUTMGs6SvATzIKWq9avUZhMIgFksk AjywiBGAcN]I84VIPRmz-

IK3Ys2qiptwtOvC]5r]7Y pFEo6WEU8p A5~QS-YcTuA
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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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Building of the measurement environment

5.3 List of components for CO measurement®

Therlabs GmbH
Minchner Weg 1

5232 Bergkirchen
5232 Bergkirchen

Phone .2 +49 (0) 8131-5856-0
Fax ..o +49 (0) 8131-59556-99

Quotation

Number: WEB N27WaT7793

Purchase Order: N27TWeT7793
Item Number Description
L1575G1 1575 nm. 1.7 W, @9 mm, G Pin Code, MM Laser Diode
LTN330-C Adjustable Collimation Tube with Optic for @3.6 and @9 mm Laser Diodes, T= 3.1 mm, NA = 0.68,

AR Coated: 1050 - 1700 nm
SRaF ESD Protection and Strain Relief Cable, Pin Codes F and G, 33V
ADIENT @1" Unthreaded Adapter for @15 mm Cylindrical Components
CP36 30 mm Cage Plate, ©1.2" Double Bore for SIM1 and C-Mount Lens Tubes
10T-4-1550-VLP Free-Space Tandem Isolator, 1550 nm, 3.6 mm Max Beam, 2.4 W Max
PDA10D2 InGaAs Fixed Gain Amplified Detector, 900 - 2600 nm, 25 MHz BW, 0.8 mn, Universal 8-32 / M4
IMounting Holes

POWER CORD POA10DZ:POWER CORD EURCPE © No Cost Accessory
EUROPE
CM1-BP108 Cube-Mounted Pellicle Beamsplitter, 8:92 (R:T), Uncoated, 400 - 2400 nm
LBF254-200-C N-BKT Best Form Lens, &1, T = 200 mm, ARC: 1050-1700 nm
LMR1/M Lens Mount with Retaining Ring for 1" Optics, M4 Tap
VWW31050 @1" Wedged Sapphire Window. Uncoated
BAZE Flexure Clamping Base / Post Mount, &1/2" Double Bore, 2.00" x 3.00" x 0.48"
PH3-P5 @1/2" Post Holder, Spring-Loaded Hex-Locking Thumbscrew, L= 3", 5 Pack
TR30/M @127 mm Optical Post, 35, IM4 Setscrew, M6 Tap, L= 30 mm
PH3 @1/2" Post Holder, Spring-Loaded Hex-Locking Thumbscrew, L= 3"
TR30/M-P2 @127 mm Optical Post, 58, M4 Setscrew, ME Tap, L= 30 mm, 5 Pack

Quantity

Price Amount
Each

1€ 28510€ 295,10EUR
1€ 22919€ 229.19EUR

1 €4919 €4919EUR

1 €2213 €2213EUR

1 €£2006 €2006EUR

€ €EUR
141842141842

2€516,42 £EUR
1.032,84

2 €000 €000EUR

1€232 14€ 232 14EUR
2 €5508€ 11016EUR
2 £1426 €£2852EUR
2€ 100,33 € 200,66 EUR
& €30,54€ 244 32EUR
1 €£3871 €£38T1EUR
3 €444 €1332EUR
3 €774 €£2322EUR

General Manager. Dr. Bruno Gross
Email: eurcpe@thorlabs.com - Web: www.thorlabs.com
HRB: 85345/Munich VAT-No.: DE 129 442 088

Please note our standard terms and conditions incl. WEEE
EAR: DE97581288

1 €1997 €1997EUR

** NOTE ** : Please note that the customs and duties charges are the responsibility of the customer.

Subtotal: £
3.977.95
Shipping and Handling: ~ 9.24
VAT € 757 57
Grand Total: £EUR
4.744.76
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 10T-4- 1 1560.42 $
1550-VLP https://www.thorlabs.com/thorproduct.cfm?partnumber=IOT-4-1550-
VLP
Beam splitter | CM1- 1 255.38%
BP108 https://www.thorlabs.com/thorproduct.cfm?partnumber=CM1-BP108
Focusing LBF254- 2 60.59%/piece

9 From [Abdel-Karim, Aisha 2020]
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https://www.thorlabs.com/thorproduct.cfm?partnumber=IOT-4-1550-VLP
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Abstract

lens + Holder | 200-C https://www.thorlabs.com/thorproduct.cfm?partnumber=LBF254-200-C
15.69%/piece
LMR1/M https://www.thorlabs.com/thorproduct.cfm?partnumber=LMR1/M#ad-
image-0
Photodiode | PDA10D2- |2 568.12 $ / piece
InGaAs https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA10D2
Window WW31050- | 2 110.37$ / piece
¢1” https://www.thorlabs.com/thorproduct.cfm?partnumber=WW31050
Holder TR30/M Pachage1 | 4.88%/piece
TR30/M-P5 | Piece 3 https://www.thorlabs.com/thorproduct.cfm?partnumber=TR30/M
21.97$/package
Cable (diode) | SROF 1 54.11%
https://www.thorlabs.com/thorproduct.cfm?partnumber=SR9F
Adapter AD15NT 24.35%
(collimator) https://www.thorlabs.com/thorproduct.cfm?partnumber=AD15NT
CP36 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 Pieces 3 8.52%/piece
https://www.thorlabs.com/thorproduct.cfm?partnumber=PH3-P5#ad-
PH3-P5 Package 1 mage:d
42.59%/package
Total price 3,359.43%
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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
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https://www.thorlabs.com/thorproduct.cfm?partnumber=PH3-P5
https://www.thorlabs.com/thorproduct.cfm?partnumber=PH3-P5
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m-mm
L15675G1- ( WEIGHT (Total)):0.02 Kgs Today 1 29510 € 20510 €
@ 1575 nm, 1.7 W, @9 mm, G Pin Code, MM Laser Diode

“NOTE: *

L1575G1 is export controlled. To comply with US export laws, an End User Statement will be requested as

part of the checkout process.

LTN330-C- { WEIGHT (Total)):0.04 Kgs Today 1 22919€ 229,19€
Adjustable Collimation Tube with Optic for @5.6 and @9 mm Laser Diodes, f= 3.1 mm, NA = 0.68, AR Coated:

1050 - 1700 nm

SRSF- { WEIGHT (Total)):0.04 Kgs Today 1 49,19 € 49,19 €
ESD Protection and Strain Relief Cable, Pin Codes Fand G, 3.3V

AD15NT- ( WEIGHT (Total)):0.01 Kgs Today 1 2213€ 2213 €
1" Unthreaded Adapter for 15 mm Cylindrical Compenents

B CP36- { WEIGHT (Tofal)):0.03 Kgs 35 Days 1 26.86€ 20,06 €
30 mm Cage Plate, ©/1.2" Double Bore for SM1 and C-Mount Lens Tubes 20,06€
7 10T-4-1550-VLP- | WEIGHT (Total}):0 17 Kgs Today 1 1418,42€ 1418,42€

Free-Space Tandem Izolator, 1550 nm, @3.6 mm Max Beam, 2.4 W Max

& PDA10D2- { WEIGHT (Total)): 1.98 Kgs Today 2 51642€ 103284 €
InGaAs Fixed Gain Amplified Defector, 900 - 2600 nm, 25 MHz BW, 0.8 mm?, Universal 8-32 / M4 Mounting
Holes

9 CM1-BP108- { WEIGHT (Total)):0.08 Kgs Today 1 23214 € 232,14 €

Cube-Mounted Pellicle Beamsplitter, 8:92 (R-T), Uncoated, 400 - 2400 nm

10 LBF254-200-C- { WEIGHT (Total)):0.05 Kgs Today 2 55,08 € 110,16 €
N-BK7 Best Form Lens, @1, f= 200 mm, ARC: 1050-1700 nm

LMRA/M- { WEIGHT (Total)):0.02 Kos Today 2 1426 € 2852€
Lens Mount with Retaining Ring for @1" Optics, M4 Tap

12 | |WW31050- ( WEIGHT (Total)):0.05 Kgs Today 2 100,33 € 200,66 €
1" Wedged Sapphire Window, Uncoated

13 BAZ2E- ( WEIGHT (Total)):0.80 Kgs 3-5 Days 8 30,54 € 24432€
Flexure Clamping Base / Post Mount, @1/2" Double Bore, 2.00" x 3.00" x 0.48"

14 PH3-P5- ( WEIGHT (Total)):0.48 Kgs Today 1 38,71€ 3871€
@1/2" Post Holder, Spring-Loaded Hex-Locking Thumbscrew, L= 3", 5 Pack

15 TR30/M- { WEIGHT (Total)):0.08 Kgs Today 3 444€ 13,32€
212.7 mm Cptical Post, S, M4 Setscrew, M6 Tap, L= 30 mm

18 PH3- { WEIGHT (Total)):0.25 Kgs Taday 3 TT4€ 2322¢€
@1/2" Post Holder, Spring-Loaded Hex-Locking Thumbscrew, L= 3"

17 TR30/M-P5- ( WEIGHT (Total)}:0.13 Kgs Today 1 19,97 € 19,97 €
#12.7 mm Optical Post, S8, M4 Setscrew, M6 Tap, L = 30 mm, 5 Pack

* For Thorlabs Price and Discount Policy please see Thorlabs Price Policy .

WEIGHT (Total): 4 22 Kgs TOTAL: 3.977,95€

5.3.1 Laser diode
planned
L1575G1 - 1575 nm, 1.7 W, @9 mm, G Pin Code, MM Laser Diode

Part Number: L1575G1 -Ask a technical

question .
Drawings and Documents:

Package Weight: 0.03 Ibs / Each

Available: Today Auto CAD PDF E—
RoHS: Auto CAD DXF A B
Price: $324.64 Solidworks & T
Add To Cart: Qty eDrawing @ il
Step A, = E
Release Date: Jul 6, 2018 E .
R Zoom Spec Sheet Y
Complete Product Details ’) RoHS
REACH

Download all support documents

Download
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buyed

D Search| Search
D (0} 3 Dolar ¥ ENGUSH ¥
Create an Account | Log In

Products Home Rapid Order Services The Company Contact Us My Thorlabs

s (=0

# Froducts Home / Lasers / Laser Diodes by Package & Type / 1550 nm - 1650 nm TO Can Laser Diodes / MLI25B45F

ML925B45F - 1550 nm, 5 mW, @5.6 mm, D Pin Code, Laser Diode

Part ML925B45F -Ask a fechnical
Number: guestion
Drawings and Documents: Building a Setup?
Package
N 0.03 Ibs { Each
Weight:
Auta CAD PDF T‘: E— B Cne-Click download of mulfiple decuments
Available: Today available from the shopping cart. Mo

A

RoHS: Auta GAD DXF ME
Pricing: MFG Spec T‘: E‘ B N
Warranty (Subject to our General Terms

Qty Unit Price/Unit RoHS and Conditions)

1 Each $52.48 REACH One year warranty for unopened products.
‘Warranty is void after opening the package.

purchase necessary

& zoom

6 Each $50.91 Download all support documents

AddTo oy fi |

Cart:

(Complete Product Details ’)

Release

et Jan 12, 2007

ELECTRICAL/OPTICAL CHARACTERISTICS(Tc=25°C)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Ith Threshold current CcwW 3 10 20 mA
Top Operation current CW, Po=5mW[3mW] 10 30 50 mA
Vop Operating voltage CW, Po=5mW[3mW] — 1.1 1.5 v

n Slope efficiency CW, Po=5SmW[3mW] 0.15[0.1] | 0.25[0.2] 0.5 mW/mA
N 52 5 5
he Center wavelength CW, Po=SmW[3mW] Olspec 1320 1220 1280 nm
-02spec 1495 1520 1544
AL Spectral Width CW, Po=SmW. 3mW]RMS(-20dB) - 1.5 3 nm
a Beam divergence angle(parallel) CW, Po=SmW[3mW] — 25[11] — deg.
Beam divergence angle _
g1 (perpendicular) CW. Po=3mW[3mW] — 30[11] — deg.
trtf Rise and Fall time (10%-90%) Tb=Ith.Po=5mW [3mW].10-20% — 0.3 0.7 nsec
Im Monitor Current (PD) CW, Po=SmW[3mW], VRD=1V, 0.1 0.5 1.0 mA
Id Dark Current (PD) VRD=10V — — 0.1 JTEN
Ct Capacitance (PD) VRD=10V, f=IMHz - 10 20 pE
Pf(Note2) CW, PL=3mW,8T10/125 0.2 0.5 mwW
Fiber Coupling charactenistics _ ML920K458
Df{Note2) | at peak coupling<3> (S:I‘:[O ﬁ;jmw ML925C45F 0 58 62 mm
) ML920Y458 6.0 6.5 7.0

The wavelength of CO is 1568 nm. So continued in the interval 1520-1580. Interval length 60nm.
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Building of the measurement environment

SR9F - ESD Protection and Strain Relief Cable, Pin Codes Fand G, 3.3V

Part Number: SRIF -Ask a technical

qguestion
Drawings and Documents:

Package Weight: 0.08 Ibs/ Each
Auto CAD PDF

&

Available: Today B
RoHS: Auto CAD DXF Ea
Price: $54.11 Solidworks B
Add To Cart: ayfi | eDrawing !

!
&

o2,
=
=

12
5

D
0

®

Add To Cart N
Step & B
Release Date: May 28, 2015
®) Zoom RoHS
(\Complete Product Details ’) REACH

Download all support documents

Download
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AD15NT - @1" Unthreaded Adapter for @15 mm Cylindrical Components

®) Zoom

#

(\Complete Product Details ’)

CP36 - 30 mm Cage Plate, @1.2" Double Bore for SM1 and

/) Zoom

#

(\E:omplete Product Details ’)

5.3.2 Collimator

Price:

Part Number:

Package Weight:
Available:

RoHS:

Price:

Add To Cart:

Release Date:

Part Number:

Package Weight:
Available:

RoHS:

Add To Cart:

Release Date:

AD15NT -Ask a technical

guestion

0.03 Ibs / Each

Today

[ronr]
$24.35
ay ]
[rarTocar]

Oct 7, 2009

CP36 -Ask a technical

question

0.06 Ibs / Each

Today

[roe]
$22.07
ay ]
[Farcar]

Nov 11, 2019

Drawings and Documents:

Auto CAD PDF

&

Auto CAD DXF ) [E
Solidworks & B
eDrawing )
Step @'
RoHS
REACH

Download all support documents

Download

C-Mount Lens Tubes

Drawings and Documents:

Auto CAD PDF

Auto CAD DXF

DXF

& © 8 i g
D R R
RAREAREIR

Solidworks

eDrawing

Step T
RoHS
REACH

Download all support documents

Download

LTN330-C - Adjustable Collimation Tube with Optic for @5.6 and @9 mm Laser Diodes, f = 3.1 mm, NA = 0.68, AR

Coated: 1050 - 1700 nm
Part Number:

Package Weight:
Available:

RoHS:

Price:

Add To Cart:

Release Date:

Q Zoom

/
| Complete Product Details ’)

LTN330-C -Ask a
technical question

0.06 Ibs / Each
Today

$252.13
ayft |

Jan 22, 2015

Drawings and Documents:

Building a Setup?

Auto CAD PDF
Auto CAD DXF
Solidworks
eDrawing

Step

RoHS

REACH

28R
AeR
BER
aepR
ABR

One-Click download of multiple documents
available from the shopping cart. No
purchase necessary.

Warranty (Subject to our General Terms
and Conditions)

Two year warranty. Incorporated light
sources are warrantied for the lesser of one
year or (to the exient applicable) the number
of hours stated in the specifications.

Download all support documents

Download
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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 35.6 mm or @9 mm Laser Diode
Aspheric Collimation Optic with One of Three Broadband AR Coatings:

= A Coating:350-700 nm

= B Coating: 600 - 1050 nm

= CCoating: 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 #5.6 mm Diode
Packages
» @15 mm (©0.58") Tube Can be Mounted Using a @1" AD15NT Adapter or SM1-Threaded AD15F
Adapter
» Laser Diode Retaining Ring Compatible with SPW301 and SPW801 Spanner Wrenches
5.3.3 Isolator

Click Image for

Details

Item # I0T-4-1550-VLP

Type Tandem Fixed Narrowband

Center Wavelength 1550 nm

Tuning Range MN/A

Operating Range 1500 - 1600 nm

Transmission® 85%

Isolation® 60 dB (Min)

Performance Graph

(Click for Details) f\\"

Max Beam 16

Diameterf o mm

Max Power? 24W

Max Power Density Blocking: 50 W/cm?

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 SMO087RC 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
CM1-BP108 - Cube-Mounted Pellicle Beamsplitter, 8:92 (R:T), Uncoated, 400 - 2400 nm

Part Number: CM1-BP108 -Ask a
technical guestion

Drawings and Documents: Building a Setup?
Package Weight: 0.19 Ibs / Each
Available: Today Auto CAD PDF mﬁ @. One-Click download of multiple documents
available from the shopping cart. No
RoHS: Auto CAD DXF Q @_ purchase necessary.
Price: $255.38 Solidworks @ @.
Add To Cart: a1 Warranty {subject to our General Terms
Y eDrawing a) @_ and Conditions)
Add To Cart
Step Q @_ One year warranty for unopenad products
Release Date: Oct 25, 2009 . = Warranty is void after opening the package
| Complete Product Details ’) REACH

Download all support documents

Download

e Eliminates Ghosting

e No Chromatic Aberration with Focused Beams
e Minimal Change in Optical Path Length

e SM1-Threaded Entrance and Exit Ports

e 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 J1" lens tubes and

accessories. The cubes are M6 x 0.5 threaded, but include 8-32 and M4 mounting adapters. These
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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
LBF254-200-C - N-BK7 Best Form Lens, @1", f = 200 mm, ARC: 1050-1700 nm

Part Number: LBF254-200-C -Ask a

technical question
— Drawings and Documents:
> Package Weight: 0.051bs/Each

Building a Setup?

N Available: Today Auto CAD PDF B
RoHS: Auto CAD DXF AR
Price: $60.59 Solidworks R
Add To Cart: ay fi eDraving iR
Release Date: AuzdstiDC:; S il
i R zoom 7 Zemax &
‘./Complete Product Details ’) Zemax (ZMX) | @_
ROHS
REACH

Download all support documents

One-Click download of multiple documents
available from the shopping cart. No
purchase necessary.

Warranty (Subject to our General Terms
and Conditions)

Download
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@1" N-BK7 Best Form Spherical Lenses, AR Coating: 1050-1700 nm

Best Possible Performance from a Spherical Singlet
Optimized for Infinite Conjugates

Diffraction-Limited Performance at Small Input Diameters
AR Coated for 1050 - 1700 nm

LBF254-075-C

—

LBF254-050-C

Features

e Best Possible Performance from a Spherical Singlet

e 1050-1700 nm AR Coating Range

o Ideal for High-Power Applications

e 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
TR30/M - @12.7 mm Optical Post, 5SS, M4 Setscrew, M6 Tap, L =30 mm
Part Number: TR30/M -Ask a technical
guestion
Drawings and Documents: Building a Setup?
A Package Weight: 0.06 Ibs / Each
,@-i Available: Today Auto CAD PDF mﬁ @_ One-Click download of multiple documents
k‘.b ] available from the shopping cart. No
\ ROHS: Auto CAD DXF Q @_ purchase necessary.
| -
S Price: $4.88 Solidworks B g
L . Warranty (Subject to our General Terms
ol Add To Cart: ‘o = o=
| & Qty 1 eDrawing 'g" @_ and Conditions)
130 mm Add To Cart
Step ﬁ @_ Lifetime Warranty.
Release Date: Jun 19, 2000 =
R z00m ROHS
| Complete Product Details ’) REACH

Download all support decuments

Download

Features

e Precision-Ground Posts with 1/2" (12.7 mm) or 12 mm Diameters
= (B1/2" Imperial Posts: Bottom-Located 1/4"-20 Tapped Hole and Top-Located 8-32
Removable Setscrew
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=  (#12.7 mm Metric Posts: Bottom-Located M6 Tapped Hole and Top-Located M4
Removable Setscrew
* (@12 mm Metric Posts for Japanese Optomechanics: Bottom-Located M6 Tapped
Hole and Top-Located M4 Removable Setscrew.
e 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)
e Available in a Variety of Lengths Ranging from 0.60" to 12" (15 mm to 300 mm for Metric Posts)
e Posts Available with Hex Tops Instead of Side-Located Bores
e Graduated Posts Available to Aid in Optic Alignment
e Post Spacers (Shims) to Achieve Intermediate Post Heights
e All Included Setscrews are Double-Ended (Except with Vacuum-Compatible Posts)

LMR1/M - Lens Mount with Retaining Ring for @1" Optics, M4 Tap

Part LMR1/M -Ask
Number: a technical ) o
question Drawings and Documents: Building a Setup?
Package i
wegnt  0wmeiE | aecorr  MEE | oeoesmordmmennmos
Available: Today Auto CAD DXF Q E_ purchase necessary. )
Rons: Solidworks &g
Price: $15.69 Warranty (Subject to our General Terms
’ eDrawing &) @_ and Conditions)

Add ToCart: gy f1

Step Q @_ Lifetime Warranty.
R zoom Add To Cart ROHS
£ . \ Release Jun 8 2000
| Complete Product Details " Date: REACH

Download all support documents

Download

Accommodates Various Optic Diameters from @5 mm to @4"
Internally Threaded

8-32 (M4) Tapped Hole Allows for Mounting to @#1/2" Posts
Includes Compatible Retaining Ring for Mounting Optics
@1/2", @1", and @2" Optic Mounts Available in 5 Packs

YV VVVYVYY

These Fixed Optic Mounts are our standard mounts for 20 distinct optic diameters ranging from
@5 mm to J4". 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 J1/2" Posts, as shown to the right. Additional retaining

rings are sold separately below.
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5.3.6 Detector: Photodiode

PDA10D2 - InGaAs Fixed Gain Amplified Detector, 900 - 2600 nm, 25 MHz BW, 0.8 mmZ, Universal 8-32 / M4

Mounting Holes

v Part Number:

Release Date:

Q Zaom

p
| Complete Product Details ,)

OUTPUT [BHC): 0-10 W mcu__\

FDA10DZ -Ask a

technical guestion

Package Weight: 2.18 Ibs/ Each
Available: Today

Price: $568.12

Add To Cart:

ay

Apr20, 2018

Drawings and Documents:

Building a Setup?

Auto CAD POF

28R
AeB

Auto CAD DXF

Solidworks BE
eDrawing g R
S8R
Manual E
RoHS
REACH

Download all support documents

One-Click download of multiple documents
available from the shopping cart. No
purchase necessary.

Warranty (Subject to our General Terms
and Conditions)

Download

Share this Product - Print Friendly, $i Add favorite <> Wach for updates

POWER CONNECTOR

DETECTOR ACTIVE AREA
SURFACE I FLUSH WITH

FRONT OF HOUSING'

SMIT [1.025-40) SERIES

098in
[25.0mm]

EXTERMAL THREAD
1.08in
[277mm]
]
. L]
2.7%in [
2350 [Fomm] : O‘,f
[58 2rmm] |
1
1

0.43in
[10.7mm] ~ 1

SMOS (0.535-40) SERIES
INTERHAL THREAD

e

MCLUDED:
3 ADAFTER and
M RR RETAINNG RING

f

0.5%in

(oo [225m]

THREAD MOUNTE ACCEPT:
B-32 x 0.25in
AND B 07 x dmm

0.98in
[25.0mem]

FOR INFORMATION OMLY
MNOT FOR MANUFACTURING PURPOSES

DRAWING

PROJECTION

HAME WATE
WEC | D8/DECNT
APFROVAL|  RH

EOPYRIGHT 0 2017 BY THORLARS

DRAWN

VALLES [ PARERTHESE ARE CALCULATED
AKD MAY CONTAR POUNDOFT ERICHS

o/DEC/ 17 |MATERLAL

Twao year warranty. Incorporated light
sources are warrantied for the lesser of one
year or (to the extent applicable) the number
of hours stated in the specifications

/—PDWEE SWMCH

/_ POWER INDIGATOR LED

MR
www.thorlabs.com

InGaAs Fixed Gain Detector

v

MN/A A

Wa APPRCN WEGHT
PDA10D2 0.10 kg
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Building of the measurement environment

Electrical Specifications?

Detector - InGaAs
Active Area - @1.0 mm (0.8 mm?)
Wavelength Range A 900 to 2600 nm
Peak Wavelength Ay 2300 nm (Typ.)
Peak Response R(Ap) 1.35 A/W (Typ.)
Small Signal Bandwidth - 25 MHz
NEP (Ap) W/Hz 1.01 x 10"
Noise (RMS) - 2.5mVrms
Max Ouput Current lout 100 mA
75 mV (Typ.
Dark Offset - ot mV( (dgx))
Load Impedance - 50 Q to Hi-Z

5 x 10° V/A (50 Q)
1% 10% V/A (Hi-Z)
0to 5V (50 Q)

Transimpedance Gain -

Output Voltage Vour 0to 10V (Hi-2)
General
On/Off Switch Slide
Output BNC (DC Coupled)

2.79" x 1.96" x 0.89"

Package Size (70.9 mm x 49.8 mm x 22.5 mm)

PD Surface Depth® 0.09" (2.2 mm)
Weight, Detector Only 0.10 kg

SM1T1 Coupler
SM1RR Retainer Ring

Accessories

Operating Temp 10to 50 °C
Storage Temp -25t0 70 °C
AC Power Supply AC — DC Converter
Input Power* 6w

100V / 120V / 230V, 50 - 60 Hz

Features

e Wavelength Ranges within 800 to 2600 nm

o Low-Noise Amplification with Fixed or Switchable Gain

e Load Impedances 50 Q and Higher for >3 kHz Bandwidth Versions
e 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 (TTIA) 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 € 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.
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Building of the measurement environment

5.3.7 Optical window

WW31050 - @1" Wedged Sapphire Window, Uncoated

Part Number:

Package Weight:
Available:

RoHS:

Price:

Add To Cart:

Release Date:
Q Zoom

L Complete Product Details ’)

Features

e 30 arcmin Wedged Windows

WW31050 -Ask a
technical question

0.06 Ibs / Each

Today
$110.37
Qty -1

Add To Cart

May 4, 2015

Drawings and Documents:

Building a Setup?

Auto CAD PDF e
Auto GAD DXF ME

Solidworks &
o8
HBE
RoHS
REACH

Download all support documents

One-Click download of multiple documents
available from the shopping cart. No
purchase necessary.

Warranty (Subject to our General Terms
and Conditions)

Download

Two year warranty. Incorporated light
sources are warrantied for the lesser of one
year or (to the extent applicable) the number
of hours stated in the specifications.

e Available Uncoated (150 nm - 4.5 um) or with One of Two Broadband AR Coatings
e 1.65-3.0 um (-D Coating Designation)
e 2.0-5.0 um (-E1 Coating Designation)

e (}1/2" and @1" 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

BAZ2E - Flexure Clamping Base / Post Mount, @1/2" Double Bore, 2.00" x 3.00" x 0.48"

& 7oom

(Complete Product Details ’)

i,

Part BA2E -Ask a
Number: technical

question Drawings and Documents:
Package Auto CAD PDF 2
Woight 022 Ibs / Each uto B
Available: Today Auto CAD DXF @_
RoHS: Solidworks @:’-‘ @_
Price: $33.60 eDrawing @ @_
Add To Qty |1 b en

Add To Cart

Release

Apr 1, 2015
Date: P REAGH

Download all support documents

Download

PH3-P5 - @1/2" Post Holder, Spring-Loaded Hex-Locking Thumbscrew, L = 3", 5 Pack

R zoom

(Complete Product Details ’)

1O

PH3-P5 -Ask a
technical
question Drawings and Documents:

1051bs/Each  Auto CAD PDF NE =
Today Auto CAD DXF @ B[

Solidworks & @. B
$42.59 eDrawing @ @. B
Qy ' Step @ @- E
RoHiS
May 28, 2014

REACH

D all support

Download
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Building of the measurement environment

TR30/M - @12.7 mm Optical Post, SS, M4 Setscrew, M6 Tap, L = 30 mm

Part Number: TR30/M -Ask a technical

Question
Drawings and Decun
Package Weight: 0.06 Ibs / Each
Available: Today Auto CAD PDF
RoHS: Auto CAD DXF
Q Price: §4.88 Solidworks
- Add To Cart: .
- L,  y Ot}" ' e[)rawing
~ 130 mm Add To Cart
Step
Release Date: Jun 19, 2000
R zoom RoHS
(Complete Product Details ’) REACH

Download all suppor

Dow

5.4 List of components for NO measurement!?
1814 nm

5.4.1 Laserdiode (TodoV...)
Distributed Feedback Lasers: 1650 nm - 1850 nm

nanoplus offers DFB laser diodes af any wavelength between 1650 nm and 1850 nm. Request for quotation

[Name *

|Email *

|
|Company * ‘
|
|

|Phone

|Please tell us more about your requirements.

or

Home / Laser diode / Distributed Feedback Laser / 1814nm DFB Laser diode for Sensing

1814nm DFB SM Laser diode

Centre Wavelength 1814nm, Output power 5 mW, Narrow Linewidth < 2MHz, Tolerance
+1nm, SMF-28E, FC/APC

Part Number : PL-DFB-1814-A-AB1-SA

Unit Price : $0.00

Lead time :

Inventory quantity : 10

10 From [Abdel-Karim, Aisha 2020]

96



Abstract

Laser Specifications

Electrical/Optical Characteristics (Tsub=25"C, CW bias unless stated otherwise)

Parameter Symbol Min Typ Max Unit
Centre Wavelength A 1813 1814 1815 nm
Side Mode Suppression Ratio SMSR. 30 40 dB
Thresheld Current Ith 20 30 mA
Operating Current lop 80 120 mA
Chip output Power 3 5 8 mw
Quantum Efficiency n 0.08 0.12 mw/maA
Current Tuning Coefficient AAAI 0.015 nm/maA
Temperature Tuning Coefficient ANAT 0.12 nm/K
Forward Voltage vf 1.3 2 A
Thermistor Resistance RT 23 10 10.5 KQ
Thermistor Temp. Coefficient -4.4 %/°C
Connector FC/APC

Spectrum
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Building of the measurement environment

Distributed Feedback Lasers: 2200 nm - 2600 nm

nanoplus offers DEB laser dicdes at any wavelength between 2200 nm and 2600 nm.

N
| W,
i
5.4.2 Collimator (To do...)
5.4.3 Isolator
12300C4 - Free-Space Isolator, 2.3 pm, 3.6 mm Max Beam, 1.2 W Max
Part Number: 12300C4 -Ask a technical
fuestion Drawings and Documents: Building a Setup?

Package Weight: 011 Ibs / Each

Available: Today Auto CAD PDF @. One-Click download of multiple documents
available from the shopping cart. No

RoOHS: Auto CAD DXF @_ purchase necessary.

2
ﬁ
Price: $2,227.89 Solidwaris BE
@]
B
-

. ] Warranty (Subject to our General Terms
Add To Cart Qty eDrawing B and Conditions)
Add To Cart
Step E_ One year warranty. Stand-alone or
- Release Date: Jan 25, 2018 = incorporated light sources are warrantied for
Zoom g the lesser of one year or (o the extent
Manual E applicable) the number of hours stated in
the specifications.
@omplete Product Details ’) RoHS "

REACH

Download all support documents

Download

Share this Product — Print Friendly i Add favorite <> Watch for updates
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5.4.4 Beam splitter

Beam splitter (for HF, NH3, NO, CO)

CM1-BP108 - Cubs-Mountad Pellicle Beamsplitter, 8:92 (R:T), Uncoatad, 400 - 2400 nm

P M CHLBP08 A

LB Tl

Fackags R 173 B8 ¢ E3n e https://www.thorlabs.co
S0 =3
—— ey iy CAD PL el =12 m/thorproduct.cfm ?partn
RzH5 | -~ v Al
Ak AT £ umber=CM1-BP108

Frica: H288.3E Sobdutia BRE
dedei T Cart: e — ak EI

— 2 B8
Mesase Dale. 01 28, 2000 -

B e ] Somi”

— e
| Complabs Prodect Detalls B

Contact Us:
(860) 872-6573

ABOUT US PRODUCTS SERVICES NEWS & EVENTS CONTACT US

Focusing Objective Lenses: 02-024-2000

Request a Quote

Specifications

Wavelength: 1800-2200 nm
Effective Focal Length: 25.5 mm
F/Number: 1.66

Back Focal Length: 24.4 mm
Aperture: 15 mm
Thickness: 14.2 mm

5.4.5 Focusing lens (To do.V..)

Contact Us:
(860) 872-6573
info@dpmphotonics.com

ABOUT US PRODUCTS SERVICES NEWS & EVENTS CONTACT US

Specifications

Wavelength: 1800-2200 nm
Effective Focal Length: 46 mm
F/Number: 2.0

Back Focal Length: 22.4 mm
Aperture: 23 mm
Thickness: 24.1 mm
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Building of the measurement environment

5.4.6 Photodiode

PDA10D2 - InGaAs Fixed Gain Amplified Detector, 900 - 2600 nm, 25 MHz BW, 0.8 mmZ, Universal 8-32 / M4

Mounting Holes

Part Number: FDA10DZ -Ask a

technical question
Package Weight: 2.18 Ibs/ Each

Drawings and Documents:

Building a Setup?

Available: Today Auta CAD POF lﬁ @-
RoHS: Alta CAD DXF Mg
Price: $568.12 Solidworks @ @.
Add To Cart: ay 1 eDrawing 6B
Release Date: A:'deO,TZ::E;n stee Q @-
- Manual 'ﬁ @_
| Complete Product Details ’) RoHS

REACH

Q Zaom

Download all support documents

One-Click download of multiple documents
available from the shopping cart. No
purchase necessary.

Warranty (Subject to our General Terms
and Conditions)

Download

Share this Product - Print Friendly, $i Add favorite <> Wach for updates

Same detector as for CO measurement

5.5 List of components for HF measurement!?
1280nm 1300nm

5.5.1 Laser diode (To do.V..)
Distributed Feedback Lasers: 1100 nm - 1300 nm

nanoplus offers DFB laser diodes at any wavelength between 1100 nm and 1300 nm.

E,

__ . .
-

Aol $ N

2,

3

SRALAN
{

.
‘e
o

Key features of nanoplus DFB laser diodes

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

LTN330-C - Adjustable Collimation Tube with Optic for @5.6 and @9 mm Laser Diodes, f = 3.1 mm, NA = 0.68, AR

Coated: 1050 - 1700 nm

& Zoom

(Complete Product Details ’)

5.5.3 Isolator

Part Number:

Package Weight:
Available:
RoHS:

Price:

Add To Cart:

Release Date:

LTN230-C -Ask a
technical guestion

0.08 Ibs / Each

Today

$252.13

Add To Cart

Jan 22, 2015

Drawings and Documents:

Building a Setup?

Auto CAD PDF 'ﬁ EL

Solidworks @ Ee
£
&

Auto CAD DXF

eDrawing @_
&

Step
RoHS
REACH

Download all support documents

One-Click download of multiple documents
available from the shopping cart. No
purchase necessary.

Warranty (Subject to our General Terms
and Conditions)

Two year warranty. Incorporated light
sources are warrantied for the lesser of one
year or (fo the extent applicable) the number
of hours stated in the specifications.

Download

Share this Product - Print Friendly 'ﬂf Add favorite <& Watch for updates

10-4-1310-VLP - Free-Space Isolator, 1310 nm, @3.6 mm Max Beam, 1.2 W Max

& zoom

G:omplete Product Details ’)

Part Number:

Package Weight:
Available:

RoHS:

Price:

Add To Cart:

Release Date:

10-4-1310-VLP -Ask a

technical question
0.18 Ibs / Each
Today

$947.94

aty

Add To Cart

Oct 24, 2007

Drawings and Documents:

Building a Setup?

Aulo CAD PDF 7
Auto CAD DXF &
Solidworks B
eDrawing @
Step 1,’1’;
Manual il
RoHS

REACH

Download all support documents

One-Click download of multiple documents
available from the shopping cart. No
purchase necessary.

Warranty (Subject to our General Terms
and Conditions)

Download

Share this Product i Print Friendly ’f{ Add favorite <@ Watch for updates

One year warranty. Stand-alone or
incorporated light sources are warrantied for
the lesser of one year or (fo the extent
applicable) the number of hours stated in
the specifications.
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5.5.4 Beam splitter

CM1-BP108 - Cube-Mounted Pellicle Beamsplitter, 8:92 (R:T), Uncoated, 400 - 2400 nm

Part Number: CIM1-BP108 -Ask a
technical question
Drawings and Documents:

Package Weight: 0.191bs/ Each

Available: Today Auto CAD PDF [ @-

RoHS: Auto CAD DXF Q @-

Price: $255.38 Solidworks % @.

Add To Cart: ay{t | eDrawing e B

Release Date: O;ZZTZDC;Z” Ste 'ér' E
R 700m RoHS RoHSv"

<Complete Product Details ’) REACH

Download all support documents

Download |

5.5.5 Focusing lens

LBF254-200-C - N-BK7 Best Form Lens, @1", f = 200 mm, ARC: 1050-1700 nm

Part Number: LBF254-200-C -Ask a

technical guestion
Package Weight: 0.05 Ibs / Each

Drawings and Decuments:

Available: Today Auto CAD PDF 'ﬁ Ee
RoHs: Auto CAD DXF MR
Price: $60.59 Solidworks &R
Add To Cart: ay{t | eDrawing B
Release Date: Atzd;;zg:: o il
& zoom Zemax e
(Complete Product Details ’) Zemax (ZMX) U=
RoHs [Ronse |
REACH

Download all support documents

Download |
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5.5.6 Photodiode

PDA10D2 - InGaAs Fixed Gain Amplified Detector, 900 - 2600 nm, 25 MHz BW, 0.8 mmZ, Universal 8-32 / M4
Mounting Holes

o> Part Number: PDA10D2 -Ask a

technical question
Package Weight: 2.18 Ibs/ Each

B

Drawings and Documents: Building a Setup?

Available: Today Auto CAD PDF 'ﬁ @. One-Click download of multiple documents
available from the shopping cart. No

RoOHS: Auto CAD DXF Q @_ purchase necessary.

Price: $568.12 Solidworks @ @.
Add To Cart: n Warranty (Subject to our General Terms
Qty eDrawing @ @_ and Conditions)
Add To Cart
Step Q @_ Two year warranty. Incorporated light
. Release Date:  Apr20, 2018 = sources are warrantied for the lesser of one
i e year or (1o the extent applicable) the number
P Zoom Manual 'ﬁ B of hours stated in the specifications
| Complete Product Details ’) RoHS
REACH

Download all support documents

Download

Share this Product - Print Friendly, $i Add favorite <> Wach for updates

Same detector as for CO measurement

5.6 List of components for SO2 measurement?2
2460 nm and 4020 nm

5.6.1 Laser diode (To do..V.)

Distributed Feedback Lasers: 2200 nm - 2600 nm

nanoplus offers DFB laser diodes at any wavelength between 2200 nm and 2600 nm.

12 From [Abdel-Karim, Aisha 2020]
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Building of the measurement environment

5.6.2 Collimator (To do...)

5.6.3 Isolator

12500C4 - Free-Space Isolator, 2.5 pm, 3.6 mm Max Beam, 1.2 W Max

Part Number: 12500C4 -Ask a technical
guestion

Package Weight: 0.11Ibs / Each

Drawings and Decuments:

Available: Today Auto CAD PDF
RoHs: Auto CAD DXF
Price: $3,193.31 Solidworks
Add To Cart:
Qty eDrawing
Add To Cart
Step
Release Date: Jan 12, 2018
R zoom Manual

REACH

Download all support documents

=
&
8]
Q
=

&
o
i
G
G
G
p

( Complete Product Details ’) RoHS

Download I

Share this Product -y Print Friendly Y. Add favorite <@ Watch for updates

5.6.4 Beam splitter (To do...)
5.6.5 Focusing lens (To do...)
5.6.6 Photodiode

PDA10D2 - InGaAs Fixed Gain Amplified Detector, 900 - 2600 nm, 25 MHz BW, 0.8 mm2, Universal 8-32 /| M4

Mounting Holes

Cm- Part Number: PDA10D2 -Ask a

technical guestion

Drawings and Documents:
Package Weight: 2.15 Ibs/ Each

Building a Setup?

Available: Today Auto CAD PDF 'ﬁ B
RoHS: Auto CAD DXF MNE
Price: $568.12 Solidworks BE
Add To Cart: aty eDrawing &R
Release Date: A;ZGD,TZ::Z” s el
R zoom Manual MDE
| Complete Product Details ’) RoOHS
REACH

Download all support documents

One-Click download of multiple documents
available from the shopping cart. No
purchase necessary.

Warranty (Subject to our General Terms
and Conditions)

Download

Share this Product —y Print Friendly iy Add favorite <@ Watch for updates

Same detector as for CO measurement
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5.7 List of components for HCI measurement??

1742nm 3395nm

5.7.1 Laser diode (To do.V..)

Nanosystems and
Technologies
GmbH

n a n O Products Services Applications

sternap | Products | Distibuted Feedback Lasers | 1651

Distributed Feedback Lasers: 1650 nm - 1850 nm

nancplus offers DFB laser dicdes af any wavelengin between 1650 nm and 1850 nm

< -
S~ G
i i

filg : ~G

SRS
-
.
L)

Key features of nanopius DFB laser diodes

m monomode

m confinucus wave
= com femperature
= funable
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Building of the measurement environment

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:

wavelength precision 0 nm 0.1

optical output power Pout mW 5

forward current It mA 70

threshold current lin mA 20 35 65
current tuning coefficient G nm /mA 0.008 0.02 0.03
temperature tuning coefficient Cr nm/K  0.07 0.10 0.14
typical maximum  operating Vo \Y 2

voltage

side mode suppression ratio SMSR dB >35

slow axis (FWHM) degrees 20 30 40
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fast axis (FWHM)
emitting area WxH
storage temperature Ts

operational temperature at case ~ Tc

degrees

pm x 20x1.0 30 x 50x20
um 1.5

°C -40 +20 +80

°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.

m = oM B O T oE m W W
el

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
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Building of the measurement environment

Distributed Feedback Lasers: 3000 nm - 6000 nm

nanoplus DFB interband cascade laser facilitates new TDLAS applications in mid-infrared

nanoplus offers a DFB interband cascade laser (ICL) at any target wavelength in the mid-infrared (MIR) between 3
um and 6 pm. The device operates in confinucus wave (cw) mede arcund reom tfemperature. Specifications and
behavior are very comparable to a nanoplus laser at lower wavelengths. When you set up an ICL-based analyzer,
you can, hence, fransfer the engineering knowledge you have gained from building shorwavelength gas sensars.

’ PRISM
- AWARDS

i

Why?

Because:
1742 nm
3395 nm

5.7.2 Collimator (To do...)

5.7.3 lIsolator

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.
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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)

Part No. Option Coda | Standard |  Packing
XXX part form

o .
E[40°Clo85'c) | SF(10-39) )3 -000 v
{4) Supply Voltage {2)Numberof (3] Package options:
B =26V thermopiles: A=120"%25" FOV
A=16X4 B= 60X16" FOV
C=reserved
D = 40"x10" FOV.

Temparature Package
Code

MLX90621

Example:
MLX80621ESF-BAB-000-TU

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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Building of the measurement environment

5.8.2 Camera Laptop connection

€ @ arduino.ce/en/Guide/ArduinoUno m ot @ »Q :

STORE SOFTWARE EDU PRO RESOURCES COMMUNITY HELP Q i SIGN IN

If you used the Installer, Windows - from XP up to 10 - will install drivers automatically as soon as you connect your
board.

If you downloaded and expanded the Zip package or, for some reason, the board wasn't properly recognized, please

follow the procedure below.

- Click on the Start Menu, and open up the Control Panel

- While in the Control Panel, navigate to System and Security. Next, click on System. Once the System window is up,
open the Device Manager.

- Lookunder Ports (COM & LPT). You should see an open port named "Arduino UNO (COMxx)". If there is no COM &
LPT section, look under "Other Devices" for "Unknown Device".

- Right click on the "Arduino UNO (COmzxx)" port and choose the "Update Driver Software” option.

- Next, choose the "Browse my computer for Driver software” option.

- Finally, navigate to and select the driver file named "arduino.inf", located in the "Drivers" folder of the Arduino
Software download (not the "FTDI USB Drivers” sub-directory). If you are using an old version of the IDE (1.0.3 or
older), choose the Uno driver file named "Arduino UNO.inf"

- Windows will finish up the driver installation from there.

See also: step-by-step screenshots for installing the Uno under Windows XP.
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Building of the measurement environment
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Building of the measurement environment

collimator
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6 Resiults

First Exp 20 .8.20.

Laser off:
X

@ get_temperatures | Arduino 1.8.13 -
File Edit Sketch Tools Help

get_temperatures

// library: https://github.com/Leenix/MLX90621-Lite

#include "Arduine.h”
#include
#include "MLK90621.h"

int refresh rate = 16;
MLX90621 sensor:

:t temperatures[€4]:

oid setup() {
serial. 115200)
Serial.println("Starting MLXS0621 thermopile sensor

0
sensor.initialise (refresh rate):

void leop(){

Serial. tln("\n\nReading sensor...”);

long start_time = millis();:
sensor.get_temperatures (temperatures);
long time taken = millis() - start time; v

@ coms - x
| Send
Ambient Ter 28.0 =
Reading sensor...
Time taken: 59
[26.01, 25.04, 25.83, 26.04, 25.46, 25.13, 26.12, 25.84, 27.30, 25.55, 25.56, 24.89, 25.88, 25.68, 25.73, 24.93]
[26.93, 25.87, 25.82, 26.29, 26.28, 26.20, 26.26, 25.60, 27.11, 26.62, 26.0%, 25.89, 25.61, 26.37, 26.61, 25.84]
[26.61, 26.00, 26.86, 26.44, 26.1%, 26.34, 26.1%, 26.77, 26.46, 26.64, 26.73, 26.24, 25.26, 25.42, 26.33, 26.35]
[26.76, 25.09, 25.84, 25.28, 25.40, 25.50, 26.29, 25.95, 25.98, 25.70, 26.98, 25.77, 25.99, 25.32, 25.23, 25.27]
Arbient temperature: 28.02°C
Reading sensor...
Time taken: 0
[25.42, 25.16, 27.08, 24.32, 26.07, 25.37, 25.58, 25.12, 25.71, 25.27, 24.81, 26.11, 25.98, 26.09, 25.64, 26.61]
[26.29, 25.94, 25.99, 25.16, 26.48, 25.25, 26.51, 25.67, 26.73, 26.48, 26.82, 25. 25.81]
[26.57, 26.34, 26.92, 25.99, 26.47, 26.40, 26.72, 26.12, 26.31, 26.51, 26.50, 25. 26.09]
[26.83, 26.57, 25.29, 25.47, 25.25, 25.67, 26.78, 25.08, 25.34, 25.11, 26.16, 25.97, 24.79, 25.52, 26.76, 26.45]
Arbient temperature: 25.00°C
Reading sensor...
Time taken: 5%
[24.47, 25.46, 26.50, 24.00, 25.41, 26.87, 26.95, 24.56, 26.97, 25.63, 26.56, 25.22, 25.83, 26.41, 26.47, 25.46]
[27.00, 26.03, 26.50, 26.02, 26.00, 25.85, 27.18, 25.86, 25.92, 26.67, 26.62, 26.35, 25.78, 25.73, 26.37, 26.00]
[26.67, 25.85, 26.63, 25.34, 25.71, 26.19, 26.52, 26.11, 27.06, 25.82, 27.16, 25.98, 25.74, 25.67, 26.77, 25.75]
[26.37, 26.05, 25.07, 25.34, 25.47, 26.39, 26.13, 26.26, 25.21, 25.10, 25.59, 25.72, 27.09, 25.86, 26.74, 26.17]
Arbient temperature: 28.03°C
Reading sensor...
Time taken: &0
[24.70, 24.87, 25.67, 25.57, 26.41, 25.48, 25.56, 26.02, 26.16, 25.67, 26.26, 25.07, 26.11, 25.77, 25.32]
[26.44, 26.61, 25.60, 25.52, 25.46, 6.35, 25.37, 26.42, 25.91, 26.66, 26.28, 26.58, .78, 25.41]
[26.49, 26.37, 26. 26.22, 26.82, 26.37, 26.14, 26.66, 26.54, 26.72, 26.33, 25.03, 61, 25.90]
[26.1%, 25.99, 25.52, 25.72, 25.35, 25.53, 26.41, 25.61, 26.46, 26.52, 24.89, 26.10, 25.67, 26.90, 25.13]
Arbient temperature: 28.01°C
v
Autoscroll [] Show tmestamp Newline ~ | 115200baud ~ Clear output

Laser on:

We have to ground it first.
22.8.20

Grounding completed.
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Second Exp:

Without Laser:

@ coms - X
Send
Reading sensor... ~
Time taken: 59
[25.37, 25.76, 27.21, 25.22, 26.20, 27.28, 27.84, 27.01, 26.83, 26.01, 26.82, 26.86, 26.24, 27.21, 27.24, 27.07]
[26.42, 26.07, 26.33, 26.05, 25.91, 26.49, 26.33, 26.11, 26.29, 26.41, 26.85, 26.59, 27.22, 26.45, 26.60, 26.45]
[27.44, 26.66, 27.99, 26.85, 26.17, 26.33, 26.66, 27.47, 26.44, 26.05, 26.82, 27.25, 26.73, 26.81, 27.29, 26.33]
[26.62, 25.58, 26.64, 25.48, 26.52, 26.42, 26.59, 26.16, 25.95, 26.78, 27.39, 26.82, 26.59, 26.12, 26.83, 26.44]
Ambient temperature: 2§.10°C
Reading sensor...
Time taken: 59
[25.94, 25.46, 26.51, 24.47, 25.89, 25.24, 26.73, 26.08, 25.99, 26.15, 26.01, 26.37, 26.25, 27.44, 26.52, 25.95]
[26.67, 27.25, 26.86, 26.50, 25.81, 26.20, 27.23, 26.54, 26.07, 27.02, 27.15, 26.80, 26.51, 26.37, 26.43, 26.36]
[26.92, 26.58, 26.39, 26.55, 26.40, 27.02, 26.58, 27.08, 26.56, 26.55, 27.€0, 26.34, 26.€3, 26.12, 26.91, 26.83
[26.41, 26.40, 26.04, 26.50, 25.62, 26.64, 26.39, 25.93, 26.€8, 26.02, 27.07, 25.62, 26.73, 26.36, 25.53, 24.97]
Ambient temperature: 28.14°C
Reading sensor...
Time taken: &0
[26.08, 25.74, 27.05, 25.9§, 25.53, 26.98, 26.19, 26.17, 25.52, 26.23, 25.62, 25.9§, 25.15, 26.96, 25.95, 27.72]
[26.99, 26.25, 26.61, 25.70, 26.00, 26.66, 26.42, 26.40, 26€.15, 25.89, 28.06, 26.7¢, 26.00, 26.62, 26.86, 26.22]
[26.57, 26.25, 26.36, 27.34, 25.72, 26.79, 27.20, 27.34, 26.85, 26.61, 27.27, 26.51, 26.49, 25.98, 26.73, 27.07]
[26.37, 26.57, 26.62, 26.91, 26.15, 26.50, 26.78, 24.94, 26.28, 26.42, 26.48, 25.83, 26.18, 24.80, 26.74, 25.74]
Ambient temperature: 28.11°C
Reading sensor...
Time taken: 59
[25.90, 25.58, 27.48, 25.35, 24.72, 26.71, 26.94, 25.90, 26.38, 26.11, 26.21, 25.71, 25.55, 26.41, 26.37, 25.81]
[26.87, 26.58, 26.92, 26.35, 26.23, 26.86, 27.29, 27.24, 26.72, 26.45, 27.40, 26.56, 27.84, 26.23, 26.95, 25.70]
[27.31, 26.83, 27.21, 26.51, 26.25, 26.59, 26.35, 26.73, 26.€3, 26.90, 27.27, 26.61, 27.02, 25.78, 26.49, 26.30]
[26.37, 25.86, 26.21, 26.47, 26.72, 26.60, 26.25, 26.37, 25.93, 27.08, 27.15, 26.92, 27.07, 26.33, 26.38, 26.01]
Awbient temperature: 28.13°C
Reading sensor...
w

Autoscroll [ Show timestamp Newline ~| 115200baud ~ | | Clear output

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.



Abstract

TechSupport Sale Support

-Applicafions -Catalog Products
-Specification ~Crrcder Status
~“Customization -Dielivery

-Pricing

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 | 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
| 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

| 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

0.2 mW

Samir Mourad

are displayed on the LDC205C
Victor

at 18:02, Aug 24:

Avre you using an Thorlabs laser diode?
Samir Mourad

yes

Samir Mourad

11550P5DFB

Samir Mourad

and ML925B45F before
Victor

at 18:07, Aug 24:

| see, was the LDC205C working properly with the I1550P5DFB? Or did it stop working when

the ML925B45F to the 11550P5DFB?
Samir Mourad

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

never ..
Victor
at 18:10, Aug 24

I see, which mount at you using?
Samir Mourad

LDM56/M
Victor
at 18:14, Aug 24:

What is the |_PD set to on the LDC205C?
Samir Mourad

0
Victor

at 18:18, Aug 24:
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at 18:00, Aug 24:

at 18:01, Aug 24:

at 18:03, Aug 24

at 18:03, Aug 24:

at 18:04, Aug 24:

you change from

at 18:09, Aug 24:

at 18:10, Aug 24:

at 18:11, Aug 24:

at 18:18, Aug 24:



Abstract

I see, so the |_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:
| can't set I-PD
Victor
at 18:21, Aug 24:
Actually, 1 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. | 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 | 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

© coms - x

| Send
Tabient e

Reading sensor...

Ambient temperature: 27.7L°C

Reading sensor...
Time taken: 5%

Reading sensor...
Time taken: 5%

Newine | [115200baud | | clear output
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Laser on in CP mode

@ coms ~ a8 x

MEbient temperi

e 26.14

A Autoscrel [ Show tmestame Newine | [115200bad | | Clear eutout

Laser on CC mode

@ coms — x
| Send
[z€.90, €.57, 28.01, 27.66, 27.67, 26.86, 27.45, 27.72, 27.€9, 27.33, 27.44, 27.77, 28.25, 27.50]
[28.47, 27.40, 27.48, 27.82, 28.26, 26.93, 27.63, 27.84, 2.4, 27.73, 27.15, 27.88, 28.12, 27.59]
[28.76, 27.87, 27.08, 27.75, 27.71, 28.19, 27.55, 28.25, 28.33, 27.35, 27.33, 28.24, 28.22, 28.09]
[27.39, 28.42, 26.95, 28.03, 27.29, 27.75, 28.13, 27.59, 27.17, 27.46, 28.27, 26.93, 27.68, 27.34, 28.32, 26.55]
Arbient temperature: 29.40°C
Reading sensor.
Time taken: 58
[27.62, 26.31, 28.66, 26.40, 27.05, 27.91, 28.53, 27.78, 27.58, 27.95, 27.33, 27.19, 26.51, 27.87, 27.41, 27.37]
[28.22, 27.61, 27.14, 26.74, 27.47, 27.51, 27.77, 26.18, 27.39, 27.44, 28.54, 27.61, 27.89, 27.97, 28.11, 27.€7]
[27.70, 27.70, 27.42, 27.8§, 27.71, 27.84, 28.25, 28.07, 28.29, 27.28, 28.€9, 27.75, 27.42, 27.83, 28.21, 27.53]
[27.93, 27.81, 27.25, 27.35, 26.94, 27.01, 28.74, 26.64, 26.80, 27.55, 28.€9, 27.28, 27.03, 27.79, 27.80, 27.87]
Ambient temperature: 29.40°C
Reading sensor.
Time taken: 58
[28.31, 27.07, 27.78, 26.98, 28.12, 27.35, 27.88, 26.15, 27.41, 28.1§, 27.07, 27.04, 26.35, 27.51, 27.90, 27.24]
[27.36, 27.37, 27.11, 26.93, 27.79, 27.78, 27.93, 28.14, 26.80, 27.32, 27.€7, 27.59, 27.43, 27.75, 28.45, 27.34]
[27.88, 28.14, 27.87, 27.31, 27.58, 27.53, 27.86, 28.25, 27.94, 27.45, 28.€7, 28.03, 27.29, 27.61, 27.90, 28.26]
[27.13, 26.99, 27.02, 28.32, 27.92, 27.81, 28.40, 27.€7, 27.14, 27.53, 27.79, 27.61, 28.02, 27.42, 27.93, 27.31]
Ambient temperature: 29.45°C
Reading sensor.
Time taken: 58
[26.84, 27.04, 28.46, 26.05, 27.78, 28.00, 27.73, 27.33, 27.25, 27.78, 27.86, 27.63, 26.59, 27.27, 27.78, 28.00]
[27.45, 27.77, 27.50, 27.01, 26.85, 27.76, 27.53, 27.28, 27.34, 27.68, 27.93, 27.1§, 27.41, 27.92, 27.87, 27.62]
[27.86, 28.12, 27.28, 28.53, 27.76, 27.69, 28.48, 27.52, 27.37, 28.09, 27.98, 27.49, 28.21, 27.69, 28.16, 28.56]
[27.11, 27.07, 26.89, 26.64, 27.11, 27.68, 27.75, 27.€5, 27.70, 28.04, 27.77, 27.94, 27.11, 26.93, 27.78, 27.15]
Ambient temperature: 29.42°C
Reading sensor.
Time taken: 58
[26.16, 27.40, 27.95, 25.80, 28.31, 27.78, 28.28, 27.38, 27.44, 26.12, 27.45, 27.07, 27.03, 28.20, 27.93, 27.71]
[27.98, 27.26, 27.34, 27.35, 27.81, 27.51, 27.77, 27.75, 27.95, 27.54, 27.75, 27.21, 27.46, 27.20, 27.5

Autoscroll [] Show tmestamp Newine ~ | 115200baud ~ | Clear output
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@ coms - x
Send
Imbient temperature: 29.56°C o
Reading sensor...
Time taken: 59
[26.63, 27.04, 28.50, 26.05, 28.72, 27.88, 28.13, 27.88, 286.24, 28.41, 28.12, 27.51, 27.66, 28.19, 28.24, 28.26]
[29.39, 28.55, 28.16, 27.81, 29.15, 28.20, 28.32, 28.78, 26.50, 28.51, 28.36, 28.12, 27.88, 28.35, 29.30, 28.43]
[28.75, 28.92, 29.02, 28.47, 29.27, 30.59, 32.10, 29.98, 29.99, 82.11, 190.80, 31.73, 30.00, 32.54, 43.99, 30.41]
[28.80, 29.38, 29.15, 29.21, 27.72, 28.55, 29.04, 28.03, 27.85, 28.30, 29.55, 28.33, 29.15, 27.20, 28.99, 27.17]
Arbient temperature: 29.54°C
Reading sensor...
Time taken: 58
[28.46, 27 28.77, 26. 29.82, 28.56, 28.02, 27.50, 27.70, 28.54, 27.44, 26.94, 27.€7, 29.07, 28.15, 28.27]
[29.16, 28. 28.07, 27. 28.83, 28.41, 28.3§, 28.17, 28.40, 28.91, 29.03, 29.32, 27.79, 28.36, 29.04, 28.09]
[29.18, 29 29.12, 28. 28.55, 31.16, 31.75, 29.89, 29.47, 82.00, 190.62, 30.86, 29.09, 32.65, 43.58, 30.42]
[29.90, 29.78, 28.9§, 28. 27.84, 28.46, 28.75, 28.62, 27.75, 28.53, 29.45, 28.11, 28.41, 27.56, 28.77, 28.11]
Ambient temperature: 29.54°C
Reading sensor...
Time taken: 58
[28.29, 27.07, 28.92, 26. .65, 28.31, 28.16, 27.38, 28.27, 27.83, 28.26, 28.18, 28.33, 28.76, 28.1§, 27.95]
[28.70, 28. g. 28. .07, 28.72, 28.65, 28.29, 28.74, 29.41, 28.39, 22.24, 28.87, 28.28, 28.41, 28.51]
[28.98, 29. 28 28, 31.08, 31.32, 30.00, 31.06, 81.66, 190.81, 31.56, 29.41, 32.28, £3.76, 30.12]
[27.95, 29. 9.77, 29 74, 28.57, 29.17, 28.29, 28.23, 28.32, 29.90, 28.24, 28.55, 27.69, 28.03, 28.€5]
Ambient temperature: 29.53°C
Reading sensor...
Time taken: 58
[28.64, 26.90, 27.92, 26. 29.20, 28.43, 27.78, 26.69, 28.39, 28.06, 27.79, 27.55, 27.80, 27.32, 28.25, 28.80]
[28.69, 28.25, 28.38, 28 29.28, 28.22, 28.93, 28.27, 28.40, 28.62, 28.93, 28.73, 28.11, 28.08, 29.31, 28.19]
[29.49, 29.49, 29.8§, 29. 29.49, 30.32, 32.29, 29.39, 29.79, £2.00, 190.81, 31.06, 29.30, 31.89, 43.58, 30.32]
[29.47, 29.30, 29.06, 28.48, 27.95, 28.66, 29.16, 28.62, 27.€3, 27.56, 28.80, 27.99, 27.53, 28.02, 28.30, 27.85]
Awbient temperature: 29.53°C
v

Autoscroll [ Show timestamp Newline ~| 115200baud ~ | | Clear output

We see in the middle of each temperature image a very high one, here 190 °C and 81/82 °C.

This is the Lasers consequence.

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

HCOOH — H,0 + 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 /1

It costs 25 000 LL powder.

Text
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Table for the planed experiments

EXP

LD type

co

ML925B45F

11550P5DFB

x/V

quantity

dip

dc

LD controller

const

LD POL

lum

I

Ipp

AG

CG

A W

w

T controller

lum

Tser

Tact

Irec

PID cal x/V

Sensor

LD Mount

LD

PD

Nr.

CG

AG

CG

AG

up

down

up

Down

Results

Camera

arduino

Nr.

D

Tmax
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9.1.20

9.1.20

EXP: Arduino ->Tools-> Serial Plotter
Work?

@ coms - hd
W Aubient W teuperaturs [l C9.85°C W sensor [0 BN 0 N CS- 44) W 26 35)
£0.0
50.0 7
40.0
I0.0 T T T T 1
100 o0 300 400 500
115200 baud  ~ Send No line ending

Yes.

With laser?

Dlc=10cm

@ coms3

M Aubient i temperature [ 30.41°C i sensor [ I 0 I I O 0 I B 29 44) QI 28 52)
0.0

50.0

40.0

30.0 K 1 ‘

20.0 t t t t
6496 6596 6696 £796 6896

115200baud v |

Send Noline ending
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7 Conclusion
Text
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Abstract

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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Annex

8.4 Manuals
D
THORL =S
™\

Laser Diode Controller

LDC200C Series Operation Manual

@ OPEN
@® LMIT
@ OTP

EENNNNNN DISPLAY NENNNNNR, @S5S MODE IRy

| E

x CONST :

O MO @Im A ' -r
I Q I

CAL € @ Puw LD POL

@ Y O AG ‘ o

@ CG PD RANGE
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Operational Incineration Tests with municipality waste

9 Cooperation with Greentrack (,azall (0 ;5,9)

9.1 Meeting 25.9.2019

Sorting facility (at Tripoli - Jabal Muhsin)

136
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9.3 Refused Waste Jabal Muhsin (for incineration)




Operational Incineration Tests with municipality waste

9.4 Planned Waste Incineration at Chekka

9.4.1 Hangar of refused waste

3

Cimenterie Nationale Q

Dr. Alexandre Nehme
Medical Center

@

ukh
U PP P

IPT Gas station
grto's Snack Ly wsvl 5> alaxo

Qg O

Chekka Municipality @

(Se @l
& Q Moussa's Mini-Market

\ -
BLC Bank Q Kobtan Cocktail § oy”

Q USEK University

Napoli Land Pizza

Moulin D'or
O Supermarket MCDC

Finianos - Gas Station Go gle

|
Uil

Kartendaten © 2019 ORION-ME  Libanon Bed
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10 TEMO-IPP Operational Test at Ras Maska'4
10.1 Preparations 26.8.-28.9.2019

10.1.1 Official Permission from Ras Masqga Municipality

Request
2ol eb 8 bassk ead laadly bl (ST ) W 8w 53 ~Ls[00:07, 28.8.2019] Samir Mourad:

[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: Qour 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
e Tank on terasse at Ras Maska
e |ocation: thd.

e connections/valves

Spray System for Fuel (Solenoid Valve)

10.1.2.2 Primary Water Tank

e Checking connecting with Condensor, pump, outlet

10.1.2.3 Cooling Cycle

o Water Tank (from Ras Nhache)
e connecting pipes
e pump (Ras Nhache)

10.1.2.4 Filter System

e Transformator 30kV (optional) (W ?)

e Spray System for Sodium Carbonate (Solenoid Valve, Kompressor)
e Heat Exchanger (optional)

e Installing 2. Exhaust Fan

141
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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 pressure sensor Atmospheric Condenser  Discharge

Safety Valve discharge valve Valve

10.1.3.2 Periphery Instruments for Turbine Govering System (TGS)

Turbine Go‘elimg Valve RPM Sensor
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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)

B

2]

o
RN

-
75

-

2270

> INS.CL_

EA
&

~ Q)
Ve
w0 =
£ [VHELL
a. =
1T >
o <
T -

Al 3

I\
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10.1.3.4 Periphery Instruments for Incinerator Control System (INC)

Incinerator Camera

(Glass Window)

Primary Air Secondary Air Fuel Burner
Supply Fan to | Supply Fan to T be
Incineration Incineration purchased?
Chamber Chamber .
(Interactive (Interactive ON/OFF Jle ol
ON/OFF Control) Tbd .
(Interactive
Control)
ON/OFF
Control)
Manual ON,
after max. 1
minute
automatic
OFF
O\ Thd.

oLl sl ~d 2 Lans

Waste Band Motor (ON/OFF
Control) ‘
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10.1.3.5 Filter Control System

Control Valve (ON/OFF) for

sodium hydrogen

carbonate spray valve

ot G ek
(Presstrized tank  with
sodium hydrogen
carbonate,

COMPT S 30r)

Electric Filter

30 kV Power
Supply
(Interactive

ON/OFF
Control)

Control Valve (ON/OFF)

Exhaust Fan 2

S 5 Bk (el e ay Llis)

Operator sets to ON

(cyclotrone

Control
Valve
(ON/OFF
)

Exhaust
Fan1
22)
baghouse
(<) _ild
Operator

sets to
ON

Parallel- und Reihenschaltung

In lufttechnischen Anlagen kénnen betriebsbedingt oder aus sicherheitstechnischen Griinden mehr

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

eine Verdoppelung des Fordervolumens.

Ventilator 1

O O

Ventilator 2

Beim Reihenbetrieb wird eine Druckerh6hung erreicht.
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10.1.3.6 Cooling Cycle

pump, Control Valve (ON/OFF)

ViR =% . "";.
Lo L
RO 70~ n
Qmax. 140 Wit
" Suct.Hmax 3 m &
Mot |V 220521020
kW 1) | HP TSNE
Gl ufF VL':‘tSQ-_‘.

" Continuous duty N

I,

i oo M m W

U iI//WI/ﬂ///Wumum;(mnnuum i /f,'/flmmlmmwﬂ;uwwm m»ummwn»u-&f
N

Condensor Water tank for cooling cycle

Cooling

10.1.3.7 Cabinet for PLC
PLC

Modbus Cable
IP Cable for Camera

147



Operational Incineration Tests with municipality waste

: "?éﬁ.
i

N
";-\ '-A' =
SELLT

A‘\\\ ‘.”u'r;
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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

10.1.5 Waste Management

10.1.6 Costs

oLl ”Vi -

QL b o (B 0 ) M Led a2 ly) o) e oy —

(& V= Sl &lle 3L5) Jles s e L3)9,00 L

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)

350, Bl Uy 093 48,21 |rad o)l

Sl gl

Js pusall

Filter Fransformater 30V {eptional-W-2)

Putting Waste from Container into Waste Inlet
(bl Jlaay 4<h)

TOT, aluminium

|
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Incineration Chamber | Chamber-({nteractive ON/OEE Control) pLCdL
S i i S e Inci X
Chamber-(Interactive ON/OEE-Control)
Incinerator Camera + Cable Network To be installed e sl g aa il ae
Waste Band Motor (ON/OFF Control) To be tested
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10.1.7.1 Still Open Issues at 24.9.2019

Mechanical

Facility

e Ay
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10.2 System Test Specification / Plan (for electricity generation)

Test Activity

Expected Post condition

Post Result

condition

Control Read Temperature values from | T1: Linear Value
system Temperature sensors: T1, T2, T3, T4 | 5.1 inear Value
T3: Linear value
T4: Linear Value
Read Pressure values from the | P1: Linear Value
pressure sensors: P1, P2, P3, P4 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 No leaking smoke
vaporizer for a Stable Temperature value
half of hours without water Emergency Fire
extinguishing
Ignite fire on the Valve controlled via PLC
vaporizer for a OPEN\CLOSE
half of hours with water 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 | No leaking steam
turbine
Pipes  between turbine and | No leaking steam
condenser

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

156
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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
e ]

il L

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

Control System

Test Activity Expected Post Post condition Result
condition
Open & Close Fans | Open\Close main | Opened and | Success
fan (Big fan) closed normally
Open\Close Opened and | Success
secondary fan | closed normally
(small fan)
Open the two fan | Opened and | Success
together closed normally
Connect to | Clean and clear live | Image not too | Done with
burning room | video much clear remarks
camera

Burning room

Ignite fire on the

Burning room for
10 minutes

No leaking smoke

There are leaking

Leaks should be

in the room smoke, check | fixed
below for details
Stable normal Normal

Temperature value

Suction System

Keep fire burning

Smoke coming out

Yes it is, funnel

Nothing to do till

and turn on Main | from the funnel smoke  density: | the next test
Fan for 10 minutes about 4/10

Keep fire burning | Smoke coming out | Yes it is, funnel | Nothing to do till
and turn off main | from the funnel smoke  density: | the next test
fan wait a minute about 2/10

then turn on the
secondary fan for
10 minutes

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
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Electrolysis Unit & Fuel Burner Unit

Based on the follwing reports

[NLAP-WEDC 2017]
[NLAP-WEDC 2018]
[NLAP-WEDC 2019]

Detailed Design & Construction for:

e Electrolysis System
e Fuel burner

With contributions of:

Siham Aisha
Othman Dhaibe

Samer Youssef

Last update: 28. Sep. 2020 / 1442 [ 11 (oY)

D:\AECENARN\ICPT\ Electrolysis_sinceSep2019\ 18052020_ICPT-EFB_Reportl_2020.docx
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11 Conception and Predevelopment for Electrolysis Unit&Hydrogen Burner
Unit's

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

Schematic of Alkaline Water Ele

-
e

Water
contalner

Stainless steel cutting test

f
W Module of 2.5kW Electrolyser

Power Consumption

2.5kW
sas production per hour
hydrogen gas 500Iite!

gen gas 250liter, separate
Pressure
S bar
Temperature

80"
Purty of ga
hydrogen gas 999

15 from [NLAP-WEDC 2018]
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11.2 Concept

11.3 Design 1 (April 2018)

Ry R

Electrolyse_cadre.FCS 21042018_assemblag
td e_electrolysis(color).F(

Base plate for anode and cathode

R

17042018_Prototype
electrolysis.FCStd

Diaphragm

R

19042018_diaphragm
.FCStd
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Electrode

R

19042018_electrode.F
CStd

Pipe

28042018_pipe.FCStd

11.3.1 Materials

2 plates plastic Im*1m

8 plates plastic l.lcm*1m

4 plates caoutchouc Im*1Im*0.5cm
1 plate Stainless 95 cm *90 cm
1 plate Nickel 95cm *90 cm
2 tubes Nickel ® 1cm L:10 cm
2 tubes Stainless ® 1cm L:10 cm
6 tubes plastic ® 2cm L:10 cm
7 tubes plastic ® 2cm L:20 cm
7 elbows plastic ® 2cm

2 tubes plastic ®2cmL:1m

2 T plastic ® 2cm 4

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 By 1kg=25%

Alibaba 1kg = [15% - 40%]
Stainless Jog 1kg =4.5%

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

maoan.en.alibaba.com

11.4 Design 2 (May 2018)

R R

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)

electrolyse5081 8.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] ( 1oy xbs).
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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
2-sala

3-sala

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)
o ==
/‘
3 /

electrolyser 2010? 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

k (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 .

"__:_‘-ro:.-}‘," T 3
N iy

. small tan
X

stop cheék 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,1=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

pressu retjale. 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 (H2,02).
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Electrolyser base :180918
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11.6 Hydrogenics electrolyzer

Technical specifications
pecifi

LR R R R N R R R R R R RN
MODEL HySTAT-10-10 | HySTAT-15-10 HySTAT-10-25
Operating Pressure 10 barg 25 barg
Max. Nominal Hydrogen How 10 Nm/h l 15 Nm¥/h 10Nm/h
Hydrogen Flow range 40 - 100% (25 -100% as an option)
Hydrogen Purity (before HPS) 09,09%; H20 saturated, 02 < 1,000 ppm
Hydrogen Purity (after HPS) 99,998% (99,999% as an option); 02 < 2ppm; N2 < 12ppm;

Atm. Dew point: -60°C or -76°F (-75°C or -103°F as an option)

Nr. of cell stacks 1
Estimated AC power consumption (all included) 4,9 kWh/Nm? at full load
Voltage 3 x 400 VAC + 3% (3 x 480 or 575 VAC + 3% as an option)
Frequency 50 Hz + 3% (60 Hz + 3% as an option)
Installed power 100 KVA 120 KVA 100 KVA
Max. cooling water t° (electrolyte) 40°C 40°C 30°C
Design flow cooling water {electrolyte) 2mi/h
Max. cooling water t° (gas cooling) 15°C
Design flow cooling water {gas cooling) 0,15 m¥/h
Demineralized water consumption < 1 liter/Nm? H2
Electrolyte H20 + 30% wt. KOH
Approx. Electrolyte Quantity 300L
Installation Area Indoor, in dedicated building
Ambient Temperature Range +5°Cto +40°C
Dimensions Process Part (LxWxH)** 1,7mx 1,85m x 2,6m
Dimensions Power Rack (LxWxH) 0,9m x0,9m x 2,3m
Dimensions Control Panel (LxWxH) 1,0mx0,5mx2,1m
Approx. empty Weight Process Part 1.350 kg 1.500 kg 1.400 kg
Weight Power Rack 750 kg
Weight Control Panel 400 kg

(*) HPS = hydrogen purification system
(**) including 'ATEX  enclosure

HYDROGENICS
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12 Cascaded Design and Calculation for Alkaline Electrolysis Unit

12.1 Overview

Figure 1: Plant of electrolysis (FreeCAD)

Specification

7,483.66 mm

Voltage 8 volt
Current 300 Ampere
Power 24 KW
KOH 5.7Kg

Gas flow rate Hydrogen all stacks 2.27 L.min"?
Gas flow rate Oxygen all stacks 1.13 L.min™?!

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
- |+
]
|
T+ “+71+ =1+ + + -+
> >
2Velt 2 Volt )

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)

e Each electrode has thickness 2 cm: 166.6 g (KOH)
We have 30 electrodes (2 cm) => 30 * 166.6 = 5000 g (KOH)

e 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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Hydrogene

Fuel Cell

[\

Water supply

ondensor | eandcnn]
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Electrolysis Unit & Fuel Burner Unit

Radius: 15 cm

Figure 3: Serial stack

R

180319_Stack_electrol
Stack ysis.FCStd

adius: 6.35 mm
Height: 3 cm
Distance between
each cylinder : 2 cm

Radius : 6.35 mm
Height: 3 cm

R

180319_baseplate_ele
ctrolysis.FCStd
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1.5cm $ Radius 1: 15 cm
Radius 2: 13.5 cm

Base plate

Radius pipe:

1/2 inch ="
Radius pipe:

1/4 inch

Radius pipe:
_ 1/2inch

e M}A
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12.3 Calculation of the amount of water and KOH

V=[[.R2.h

Radius: 15 cm
Hi:4ecmH: =2 cm
Vi=[[.R2h

=1[. 0.152. 0.04
=2.82*10° m?
=2.82*10°.10° cm?
=2.82*10° cm?
=2.82 liter

V2 =[[.R2h:

=]]. 0.152.0.02
=1.41*10° m3
=1.41* 10°.10° cm?
=1.41*10° cm?
=1.41 liter

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

7 <--1000 ml

Amount of KOH in one cell end plate electrode = % =33333g

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 = S0m259 — 166.66 g
375ml

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™! or C: coulomb (1C = 1A.s)). Moreover, Eq. 1 is used to calculate the number of hydrogen
moles as follows.

It 75 (A) = 60(s)
W) T T 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 Va2 can be determined as,

S ny,RT  0.0233 mol/ minx 0.082 Latm K~'mol™" * 298 K
Mo =™ p 7 1 atm

Vi, = 0.569 L. min~!

Each stack produce 0.569 L.min~! => 4 stack produce =0.569 L.min~! * 4 (stack) = 2.279 L.min~!

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 Hz(g) moles. Hence, the number of O2(g) moles can be easily
determined as in Eq.
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_ "u,

noz = 5

ng, = 0.0116 mol/min

_ ng,RT  0.0116 mol/ min* 0.082 Latm K 'mol™' x 298 K
O20 7 p T 1 atm

Vo, = 0.284 L.min™!

Each stack produce 0.284 L.min~! => 4 stacks produce =0.284 L.min™ ! * 4 (stacks)=1.138 L.min~!

Other https://www.editions-petiteelisabeth.fr/calculs electrolyse 3.php

12.5 Power supply
T F
I
> <> |
2Volt  2velt __I
-+ + =l+|-|+ =1+ |-+ -|+

* Density current for electrolysis: 0.2 — 0.4 A/cm?

e Qur cell contains 0.5 liter = 250 cm?

250 cm? x0.3 A/cm?
1cm?

=754

+ Current apply for each cell =

* 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

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

12.6 Simplified Design®

12.6.1 Level Control System

tubes=12.5mm,6mm

16 Samer Youssef, July/Aug 2019
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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 1.33Kg
Gas flow rate Hydrogen all stacks 227 L.min™?
Gas flow rate Oxygen all stacks 1.13 L.min~!
Dimensions Electrode (Radius: 15 cm / thickness: 2cm)

Stainless 304

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

Table 2: Specification of electrolysis

+

|+ - -+

PELN PLERY |

2V 5V

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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e Each electrode has thickness 2 cm: 166.6 g (KOH)
We have 6 electrodes (2 cm) =>4 * 166.6 = 666.6 g (KOH)

e 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

Rt

electrolyser+fuel burnner 010120.FCStd

] | 1§t J

Figure 8
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Figure 9

N

Figure 10

Figure 11: Serial stack

R

180319_Stack_electrol
ysis.FCStd

214



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

Figure 12

Figure 13

R

original electroluser.FCStd
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Electrolysis Unit & Fuel Burner Unit

1.5cm $ Radius 1: 15 cm
Radius 2: 13.5 cm

Figure 14

Figure 15
Ry Sde slge
1/4" s 8 Jans
ez 10 Jsb
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@:16 mm 2 o o Sl
(azot)
@:16 mm 2 pls Ol
(Hyd,Oxy)s =,
1/2" 8 a8 =y ‘k'l}‘;’
20 mm 43 | ke > G
40 mm 35 7S o e

Table 3
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13.3 Calculation of the amount of water and KOH
V=[].R2h

Radius: 15 cm
Hi:4cmHe =2 cm
Vi=[[.R2.h

=][. 0.15%. 0.04
=2.82*10° m?
=2.82*10.10° cm3
=2.82*10° cm?

=2.82 liter

V2 =[[.R2h

=][. 0.15%2. 0.02
=1.41*10° m?
=1.41* 10.10¢ cm?
=1.41*10° cm?

=1.41 liter

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

1000 ml*250 g

Amount of KOH in one cell end plate electrode =
750 ml

=33333g

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

il

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

333.3 g KOH

T
T

Figure 16: Amount of KOH

125 g > 375 ml

7 <--500 ml

500 mlx125g

Amount of KOH in one cell base plate =
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™! or C: coulomb (1C = 1A.s)). Moreover, Eq. 1 is used to calculate the number of hydrogen
moles as follows.

It 75 (A) = 60(s)
W) T T 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 Vi) can be determined as,

S ny,RT  0.0233 mol/ minx 0.082 Latm K~'mol™" * 298 K
ORI 1 atm

Vi, = 0.569 L. min~?

Each stack produce 0.569 L.min~! => 4 stack produce =0.569 L.min~! * 2 (stack) = 1.138 L.min~?!

For oxygen:
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The amount of substance for Oz (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 Hx(g) moles. Hence, the number of O2(g) moles can be easily
determined as in Eq.

_ "H,
ng, = >

ng, = 0.0116 mol/min

v _ ng,RT  0.0116 mol/ min* 0.082 Latm K 'mol™' x 298 K
O20 7 p T 1 atm

Vo, = 0.284 L. min~1

Each stack produce 0.284 L.min~! => 2 stacks produce =0.284 L.min~! *2 (stacks)= 0.568 L.min~!

Other https://www.editions-petiteelisabeth.fr/calculs electrolyse 3.php

13.5 Power supply
15
|
—|+|+]| - -+
—>
pAY Y
Figure 17

* Density current for electrolysis: 0.2 — 0.4 A/cm?

Our cell contains 0.5 liter = 250 cm?

250 cm? %0.3 A/cm?
1cm?

» Current apply for each cell = =754

Voltage apply for each cell is 2V
Each stack has 2 serial cell => voltage =2*2=4V
Current = 75A

The total is 2 parallel stack => voltage =8 V
Current=2*75=150 A

e Power apply: Power = voltage x Current = 4 Volt x 150 Ampere = 0.6 KW
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13.6 Compact Design'’

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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40cm

12

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

electrolyser+fuel burnner 010120.FCStd




Electrolysis Unit & Fuel Burner Unit
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14 Fuel burner unit

14.1 Fuel burner

14.1.1 FreeCAD Design

%,
o

fuel_burner_261218.FCStd

Figure 26

Figure 27

Int diameter: 23 cm,

Ext diameter: 25c¢m,

Length: 50 cm .

Figure 28
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Fuel burner unit

Int diameter : 17 cm,

Ext diameter: 20 cm, Figure 29

Length : 40 cm .

Figure 30

length: 1 cm
width : 5Smm
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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Fuel burner unit

Height: 7cm
Int diameter: 8 mm

Ext diameter: 10 mm

Figure 35

14.1.2 Manufactoring

230
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Table 5

Table 6
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Fuel burner unit

Table 8

Table 7
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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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Fuel burner unit

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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Fuel burner unit

Figure 52 Figure 53 Figure 54

14.2.2 Manufactoring

Table 10

Table 10
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Table 12

14.3 Integration

Table 13
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Fuel burner unit

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

e — e

holder+fuleburner_05
1118.FCStd

ohubazarar
1arcss

fuel_burner_04_08_18.FCStd

Fuel burner test rig
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With air:

With oxygene

= m ﬁ I .| & ‘ l. 'lu, ‘9-"-!
e — e »

For ignition a sparc from a 10 kV

tranformator was used
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14.5 Summary Fuel Burner

The Fuel Burner:

Natural gas burner
equipping an
industrial cooking
oven

Combustion fan
with frequency
variator for gas /
oil burners

This burner is powered by oxygen and

Properties of the inlet of fuel
number

diameter(cm)

length ( cm)

volume of 1 tube (cm2)
volume of 9 tubes
Properties of the inlet of air

~ |diameter of pores(cm)

number of pores around each tube
total number
surface of pore
total volume
chamber of air
length ( cm)
diameter (cm)
volume (cm2)
chamber of fuel
length ( cm)
diameter
volume

dimension of the tube related flask to burner

diameter( cm)
surface of section
length ( cm)
combustion value of butane (MJ/m*)
flow rate of fuel (g/s)
velocity of fuel (m/s)

Lvelocity of oxygen(m/s)

hydrogen

the flow of oxygen on
the wall leads to its
cooling
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15 Fuel / Oxidizer Mixing Test Rig'®

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

Fancliude <stdio.h>
Fanclude <wiringPi.h>

170

( )
printf ("Raspberxy Pi blink\n") ;

’

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

~ 53.1 Flowmeter'

Quantity: 2

Price per unit: 15,775 L.L (11% VAT excluded)
Specification:

The lowest rated working voltage: DC4.5 5V-24V
Maximum operating current: 15 mA (DC 5V)
Working voltage range: DC 5~18 v

Load capacity: = 10 mA (DC 5V)

Use temperature: = 80°C

Operating humidity range: 35%~90%RH (no frost)
Allowing pressure; pressure 2.0Mpa
Temperature: -25~+80 *C

External threads: 1/2"

Outer diameter: 20mm

Intake diameter: 9mm

Outiet diameter: 12mm

Application:
Water heaters, credit card machines, water vending machine, flow measurement device!

15.1.7 Raspberry GPIO pins
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Fuel / Oxidizer Mixing Test Rig

LtV
Bl

T

15.2 Some basics connerning Python programming with Raspberry

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

JaoU s9mga 39Sy LV s A4 @ iy eV 35S0 &Y LED Lasb Lad Python

code ;5L° Sd> L..:jf

Attention: using this raspberry pi you must focus to GPIO.setmode(GPIO.BCM) NOT .BOARD

= =

1 import RPi.GPIO as GPIO ' ¢
2 import time
3 from time import sleep

;i © GPIO.setwarnings (False)
6 GPID.setmode(GPIO.BCM)
7 GPIO.setup(8, GPIO0.OUT,initial=GPIO.LOW)

GPIO0.output(8, GPIO.HIGH)

~ sleep(1)
 GPIO.output(8, GPIO.LOW) I

#

sleep(1l)

4+ GPIO.output(8, GPIO.HIGH)

 sleep(1)
16 GPIO.output(8, GPIO.LOW)

*7 sleep(1)
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15.2.2 Step 2: Hardware

15.2.3 Testing code for flow meter

The flow sensor s (jlﬂ :;L:.,:f(ﬁ.ﬁ\

#!/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 ==
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 countPulsel (channell) :
count+=1
print ("Number of revolution of wheel of flow sensor:")
print (count)

GPIO.add event detect (pulse pin, GPIO.RISING, callback=countPulsel)

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 ()

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

e We will also connect the sensor to the raspberry pi and we will try to reach a result
o We'll also connect the valve to the raspberry pi and we'll control it

o 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 ==
count = count+l
# print count
# flow = count / (60 * 7.5)
# print (flow)

GPIO.add event detect (FLOW SENSOR, GPIO.FALLING, callback=countPulse)

while True:

try:
start counter
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 ()

Il
—
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15.4.3 Running test result

.....
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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 servol as pin 11 as PWM
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GPIO.setup(11,GPIO.OUT)
servol = GPIO.PWM(11,50) # Note 11 is pin, 50 = 50Hz pulse

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

servol.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")
servol.ChangeDutyCycle (7)

time.sleep(2)

#turn back to 0 degrees

print ("Turning back to 0 degrees")
servol.ChangeDutyCycle (2)
time.sleep(0.5)
servol.ChangeDutyCycle (0)

#Clean things up at the end
servol.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 servol 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 ==

count = count+l
# print count

flow = count / (60 * 7.5)
# print (flow)
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servol = 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)
servol.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:

servol.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")
servol.ChangeDutyCycle (7)

time.sleep (2)

#turn back to 0 degrees

print ("Turning back to 0 degrees")
servol.ChangeDutyCycle (2)
time.sleep (0.5)
servol.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:
servol.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
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Electrolysis Unit & Fuel Burner Unit

15.6.5 The code

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

' ey

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 ==
count = count+l

# 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 =

print ("The flow is:

if flow # 0.0
GPIO.output (RELAY 1 GPIO,
GPIO.output (RELAY 2 GPIO,

elif flow < 15: # 1.9
GPIO.output (RELAY 1 GPIO,
GPIO.output (RELAY 2 GPIO,

elif flow < 20: # 2.1
GPIO.output (RELAY 1 GPIO,
GPIO.output (RELAY 2 GPIO,

else:
GPIO.output (RELAY 1 GPIO,
GPIO.output (RELAY 2 GPIO,

count = 0

time.sleep (5)

except KeyboardInterrupt:

print

GPIO.cleanup ()

sys.exit ()

15.8 Mixing control

(count * 60 * 2.25 / 1000)
" 4+ str(flow)

GPIO.
GPIO.

GPIO.
GPIO.

GPIO

GPIO.

GPIO.
GPIO.

+ " Liter/min" )

LOW)
LOW)

LOW)
HIGH)

. LOW)

LOW)

HIGH)
LOW)

("caught keyboard interrupt!")

o5 Ble e LYl Bskasl) aslan 055w Sekait oda S Bledl e e g oSl 5 4

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

e Raspberry pi
e Battery 12v

e Wires

e Flow sensor

it )l Ll 2. WSS
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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 ==

count = count+l
# print count

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

GPIO.add event detect (FLOW SENSOR, GPIO.FALLING, callback=countPulse)

while True:
try:

start counter

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 ()

Il
'_\

15.1 Pressure Sensor
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Electrolysis Unit & Fuel Burner Unit

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)

nn

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
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Today, 12:55 PM
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- Pressure sensor
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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
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17.2 Heavy Metals extraction unit?

17.2.1 COPPER EXTRACTION?

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

20 Murdoch Mackenzie, Henkel Australia Pty 1td , 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:

RHe + Cu™” + SO,° === R2Cu(pyg *+ 2H + SO,

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 H.SO4. 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 H,SOy:
H,504 H™ + HSO,
HSO, O™+ SO,72

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.
* 2EX1S
The usual circuit for heap leach plants
* 2EX2S

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.
*3EX2S

These can be justified when the PLS has a very high copper tenor, say above 20- 25g/1 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.
* 2EX1IW X 1S

The wash stage is used to remove entrained impurities, usually chloride, and entrained and

chemically loaded iron.

* 2EX 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 100C increase in temperature. At 300C the half-life of most copper extractants exceeds 150
days and it is only above 500C 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

SXif 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
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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.

EQUIPMENT DESIGN AND N

SELECTION UNIVERSITY OF LEEDS

Conventional Mixer settler
Meet the requirements of copper solvent extraction plant

Low power consumption and low organic air entrainments
Process optimisation and control are simple

?@ tom
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EQUIPMENT DESIGN AND

SELECTION UNIVERSITY OF LEEDS

Mixer settler designs

Four units designs: krebs, outokumpu vi, reverse flow and

conventional mixer settler.

MiXQI‘ Light Phase In
2 cylindrical mixing tanks per stage Heavy

Z . . Phase
Residence time : 3 minutes. In

Tank volume = (solution flow rate x
residence time)/effective volume

Tank volume: 6.62m?3 Miing
Chamber
Diameter=: 2.63m

Settling Chamber

Heavy Phase Out

A

Coalescence plates

Mixer

Light phase weir

weir

Light phase inlet Heavy phase inlet
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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.

Variable-speed drive
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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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Figure 13
Diagram supplied with permission from Alta Metallurgical Services Pty Ltd and Bateman
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Comparison between Bateman column and mixer settler?!

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;

e 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;

¢ Jower 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].
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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 I).

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/m?

¢ 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

ROTARY DISC CONTACTOR

Motor & Drive

Light Phase Out

Heavy Phase IN —

Baffels

Blades

1 @r

Light Phase IN —» Level
FM-1
— Control
FM-2
Heavy Phase OUT
—> —
Pump-1 Pump-2

Figure 57 : rotating disc contactor

Pump-3

Equilibrium condition on extraction step is in the range of 8-32%extractant volume percent.
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Column Length (cm)
Height 250
Radius 40
Sheet of stainless steel 2500x125
Inner Number of]
. Column Inner statorOuter rotor
Column height /| . column . . Compartmenticompartment
active . diameter /|diameter /| . .
cm . diameter /| height /cm  [in
height / cm cm cm . .
cm 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
Q/Quq 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 >30g/lCuat25°

Maximum copper loading >5.1g/1Cu

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

<18 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/m?)
Copper 999

Nitric acid 1510

Oxime LIX 806

Table 16 :Density of solutions
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Speed=230 rpm :>@

Oxime+copper
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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
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17.2.5.5 Bateman pulsed column

ariable -speed =>,

drive

=> light phase
heavy phase => -

inlet

e

light phase i E

¥ G heavy phase
. ( outlet

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

17.2.5.6 Mixer settler

Total surface needed to bateman pulsed column =20.4 m? (11 sheets 1x2 m)
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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 width Height

(m) (m) (m)

settler 2 0.3 1
Barrier to 2 0.3 2
scroll

Total surface needed to mixer=21.2 m?
Total surface needed to settler=6.3 m?

Total surface = 27.45 m? (13 sheet Imx2 m)
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17.2.5.7 RDC column

OAmA o SGH |0V eSF2B L@ 8 8-

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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stator

Figure 66 :Distribution of rotors and stators

297



Ashes Recyling and Heavy Metals Recovery

298



Ashes Recycling Unit (From [NLAP-WEDC 2018])

hottom
aecanter

inlet of extractor

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 m
column06082018.FCStd

Rotation axis m

column wih rotation axis140818.FCStd

Stator m

stator 06082018.FCStd

rotor m

rotor 06082018.FCStd

System m

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 cm

diameter: 30 cm

height : 20 cm
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thickness:2mm

Manufacturing
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307



Ashes Recyling and Heavy Metals Recovery

308



Ashes Recycling Unit (From [NLAP-WEDC 2018])

309



Ashes Recyling and Heavy Metals Recovery

310



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)

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.

k= Magnetic Separation

,4 4 | Grinding
Rotary Incinineration \
otary Incininerat OA “ =
Furnace /'/

(I +ﬁ§" | h Non-Magnetic
Bottom Ash Feedstock ‘\; ___{;/f? ‘ Part : STREP 1 |
SR T ron Remova
Magnetic Part [Concantrata)
(Tailing)
[m]
Tailings = Mo, V
== Recovery
Shake Flask Leaching  Reactor Leaching Step 2
Valuable Material
T Recovery
Concentrate . Mo,V
(=S Recovery

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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100% de B

100% de A ’ S >

100% de S
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

B B
YB l:‘

P S X(R)

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-
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products/extraction/liquid/liquid-extraction/extraction-columns
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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

Authors [10] [33] [34] [35] [36]
Type FA FA FA FA FA
Ag 31-95 ND-700 N/A N/A N/A
As 31-95 15-751 /A 93 N/A
Ba 920-1,800 88-9,001 N/A 4300 539
cd 250-450 5-2211 25.5 470 95
Co 29-69 2.3-1,671 N/A N/A 14
Cr 140-530 21-1,901 118 863 72
Cu 860-1,400 187-2,381 313 1,300 570
Hg 0.8-7 0.9-73 52 N/A N/A
Mn 0.8-1.7 171-8,500 N/A 1,600 309
Ni 95-240 10-1,970 60.8 124 22
Pb 7,400-19,000 200-2,600 1496 10,900 2,000
Se 6.1-31 0.48-16 N/A 41 N/A
Zn 19,000-41,000 2,800-152,000 4,386 25,800 6.288
Sn 1,400-1,900 N/A N/A N/A N/A
Sr 80-250 N/A N/A 433 51
v 32-150 N/A N/A 37 N/A
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18.2.3.2 Bottom ash
Authors [37] [33] [38] [31] [39]
Type BA BA BA BA BA
Ag 4.1-14 2-38 8.5-10.7 N/A N/A
As 19-80 1.3-45 209-227 160 13
Ba 900-2,700 47-2,000 1,104-1,166 N/A N/A
Cd 1.4-40 0.3-61 6.8-7.8 110 3
Co <1040 22-706 49.6-53.1 N/A N/A
Cr 230-600 13-1,400 323439 260 900
Cu 900-4,800  80-10,700 4,139-4,474 N/A 500
Hg <0.01-3 0.003-2 N/A N/A 2.6
Mn <0.7-1.7 50-3,100 869-894 N/A 280
Ni 60-190 9430 216-242 N/A 180
Pb 1,300-5,400  98-6,500 2,474-2,807 N/A 2,700
Se 0.6-8 ND-3.4 230-265 130 N/A
Zn 1,800-6,200 200-12,400 4,261-4,535 N/A 600
Sn <100-1,300 N/A N/A 340 260
Sr 170-350 N/A N/A N/A N/A
Vv 36-90 N/A N/A N/A N/A

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 500°C 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 Phosphonic acid (cyanex273 is the best ) — tri octyl phosphine oxide (cyanex 921)
(Nitric acid | and Tributyl phosphate (TBP) dissolved in kerosene.
0.6-3M)/ - EDTA
pH=4
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/1,ph=1.2.

- ethylendiaminetetraacetate (EDTA), or diethylenetriaminepentaacetate (DTPA)
with concentration 3.0% at the pH range 3-9.

Hg - Chloroform (OAP,Ph=9.5)

(liquid at | - By Cyanex 301 (Bis(24,4-trimethylpentyl)dithiophosphinic acid) and cyanex
ordinary 302(Bis(2,4,4-trimethylpentyl)thiophosphinic acid) from hydrochloric acid media
temperature

)

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 HNO; 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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Table 6 Comparison of extraction of clements by different acids (%)
(liquid/solid ratio 40:1 ml/g, concentration of organic acid 0.1 M,
temperaturc 25°C, Icaching time 60 min)

Lcaching recagent  Final Al Ca Fe Cu Zn Pb
pH

Citric acid 3.13 100 93.1 67.0 100 100 969
Malic acid 3.07 997 100 80.2 100 100  97.0
Acctic acid 3.02 884 100 23.2 100 100  70.1
Lactic acid 3.06 922 100 40.7 100 100  62.0
Oxalic acid 3.09 433 041 465 458 449 2.7
Tartaric acid 298 303 6.7 244 327 357 4.0
Sulfuric acid 3.03 442 100 5.8 524 579 283
Hydrochloric acid 3.10  42.5 100 29 502 543 148
Nitric acid 3.01 41.6 100 22 528 569 253

Experimental conditions of leaching (preliminary and main )

Sample

Parameters

Bottom Ash Concentrate
Bottom Ash Tailings

Experimental Conditions

Acidic/Basic Concentration

Sample Ratio (5/L) (Constant)
Mixing Rate (Constant)

Leaching Time (Constant)

Temperature (Constant)

1M HCl
3M H,S0,

6M NaOH
1:5

170 rpm

24 h
25°C

Figure 76: Experimental conditions of preliminary leaching tests.

Sample

Parameters

Bottom Ash Concentrate

Bottom Ash Tailings

Experimental Conditions

Reagent Concentration

Sample Ratio (S/1)
Temperature (°C)
Leaching Time (h)

H.,S0, TM, 2M, 3M, 4M

HO 1M, 2M, 3M
WaOH 3M, 6M, 9M
1:50/1:25/1:10/1:5

25
2,4

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.

Table 1 Concentration of metal ions (mg/L) and pH in water after varying times of water washing (liquid/solid ratio 5:1 ml/g)

5 min 10 min 30 min 1h 2h 16 h
pH 12.25 12.26 12.23 12.23 12.22 12.26
Na 7.99 x 10° 8.09 x 10° 6.77 x 10° 568 x 10° 505 x 10° 481 x 10°
K 1.92 x 10° 144 x 10° 177 x 10° 146 x 10° 113 x 10° 133 x 10°
Ca 5.23 x 10° 523 x 10° 472 x 10° 429 x 10° 387 x 10° 279 x 10°
Mg 0 0 0 0 0 0
Al 3.58 341 2.86 2.53 2.58 2.34
Zn 2.31 1.87 (.98 0.33 0 0
Ph 37.91 44.22 2532 14.19 451 0.40
P 1.29 1.31 1.29 1.09 1.09 0.92
Cu 0 0.043 0.017 0 0 0
Fe 0 0.11 0 0 0 0
Table 2 Concentration of metal ions (mg/L) and pH in watcr after varying times of water washing (liquid/solid ratio 10:1 ml/g)
5 min 10 min 30 min 1h 2h 16 h
pH 12.27 12.29 1231 12.29 12.27 12.33
Na 3.93 x 10° 3.86 x 10° 3.69 x 10° 350 x 10° 336 x 10° 331 x 10°
K 0.85 x 10° 054 x 10° 073 x 10° 081 x 10° 048 x 10° 042 x 10°
Ca 337 x 10° 339 x 10° 327 x 10° 320 x 10° 303 x 10° 258 x 10°
Mg 0 0 0 0 0 0
Al 228 229 2.67 227 1.98 1.32
Zn 1.76 0.68 0.23 0.29 0 0
Pb 12.00 8.14 5.74 11.44 4.00 2.77
P 1.29 0.92 0.93 091 0.89 0.83
Cu 0 0 0 0 0 0
Fe 0 0 1.77 1.45 0 0
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Table 3 Concentration of metal ions (mg/L) and pH in water after varying times of water washing (liquid/solid ratio 20:1 ml/g)

5 min 10 min 30 min 1h 2h 16 h
pH 12.37 12.41 12.42 12.39 12.35 12.39
Na 1.95 x 10° 1.96 x 10° 190 x 10° 1.89 x 10° 1.87 x 10° 191 x 10°
K 0.66 x 10° 0.63 x 10° 0.54 x 10° 0.68 x 10° 0.56 x 10° 0.67 x 10°
Ca 2.29 x 10° 222 x 10 220 x 10° 223 x 10° 2.15 x 10° 2.10 x 10°
Mg 0 0 0 0 0 0
Al 247 1.43 1.39 1.62 1.55 1.29
Zn 2.13 0.34 0 0 0 0
Fb 5.77 312 0.84 0.88 091 0.78
P 0.76 0.74 0.77 0.76 0.74 0.70
Cu 0 0 0 0 0 0
Fe 0 0 0 0 0 0

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.

Speed=230 rpm =>® Oxime+copper

1 0305 0504°03,05 €

T
LGa

nitric acid+copper
+others

_—

waste +nitric acid
+others »
continuous phase,

rate of continuug ¢
rate of dispersed

—
)

IExtraction
kinetics=
>95%

(30 seconds)

dispersed phase,
oxime:LIX

AR WLV AOAL

n

Net copper
strip phase transfer== 2.7
separation =80s ¢/1 Cu

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 x 10-° m3/ s and 2.33 x 10-° m? /s respectively. With
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e Qc: continuous phase flow rate,

e (Qd:dispersed phase flow rate.

Ash leaching
MH:MNO3
24 hours, L/5=5

Ash leachate, pH=2
~20 mmaol Cufkg

Cu extraction .
AfO=1, 1 stage Cu raffinate, pH=0.7
<1 mmol Cu/kg

Ed
Spent organic Loaded organic
17w/ w6 LIX BGON-I ~20 mmol Cufkg
<1 mmol Cufkg <1 mmolfkg Ca, K, Mg, Na, Zn
Cu stripping

AJO=1, 1 stage

Pragnant electrolyte ~19
mmaol Cu/fL

Spent electrolyte <<1mmaol/LCa, K, Pb, Zn...
4 2 M Ha50u

Cu electrowinning

l

Cu metal

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(Il) 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(Il). CYANEX 272 gave the best results extracting about 90% of the Zn(Il) 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.

Ash leaching
HNO3
48 hr, L/S=5
At differeni pH
pHZ, 3, 4,5
Zn Exiraction e eamil) yamex
MO:I 272, C}mx M].
TEP)
Zn Siripping
With Strong H2504
Zn metal

Figure 80:process flow chart
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18.2.8 Zinc and copper recovery by Cyanex 272

MSWI fly ash
~Bd0mgkg Cu
~ 17000 mg'kg Zn

Imol/L HCL, 20°C
— 20 hours,

Pilot scale leaching and
solvent extraction

0.lmol'L Cyancx

923 *
in kerosene

.

LS wiv =20
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s c':,: Zn pawder
~&0% Zn H
L i
0.0lmol/L = _1___1

Cu extraction

LIXEAON-1 - H-  Raffinate | * C tion

in kerosens OnA=1:2, 2 stages

Zn extraction
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Loaded organic |
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Cu rich salution
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Water Water =¥ Zn stripping % _0.90% Zn i the
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Figure 81: . Mass flowscheme of the leaching-extraction process

Cyanex 923
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18.2.9 Efficiency of leaching

Element Solution type and metal concentration (mg/L)

Leachate  Raffinate | Stripping Raffinate Il Stripping

(Cu product I (Cu (Zn product 11
extraction) extraction) extraction) (Zn extraction)

Al 1,089.3 1,090+129 nd 1,093 £4.2 nd

Ca 4,570 4,582 +23 nd 4,582+ 14 nd

Cd 1.9 1.9+0.0 nd 1.4+0.0 nd

Cr 35 3.5+0.0 nd 3.5+0.0 nd

Cu 243 1.9+0.1 43.6+0.3 1.9+ 0.0 nd

Fe 83.2 825+1.0 nd 8.1+0.2 0.1+0.0

K 1,030 1,036.3+16.0 nd 1,037.1+5.7 nd

Mg 686.5 687.5+9.2 nd 688.0 + 6.4 nd

Mn 27.2 27.3+0.9 nd 27.5+0.1 nd

Na 1,290 1,300 + 7.7 nd 1,3002+9.3 nd

Pb 452 452+09 nd 19.6 +£0.7 nd

Ti nd nd nd nd nd

Zn 680.3 679 = 8.1 nd 3.7+0.1 613.9+3.3

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.
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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
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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/m?® ) 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 HNO; - H,O at 20
°C & 1,013 bar :

Gew % HNOs3 0 10 20 30 40 50 60 70 80 90 100
volumetric 1,00 | 105 | 1,22 | 1,18 | 1,25 | 1,31 | 1,37 | 1,42 | 1,46 | 1,48 | 1,513
mass
(g/cm3)
Viscosity 1,00 | 1,04 | 1,24 | 1,32 | 155 | 1,82 | 2,02 | 2,02 | 1,84 | 1,47 | 0,88
(mPa-s)
Tis (°C) 0 -7 =17 -36 -30 -20 22 -41 -39 —60 —42
Teb (°C) 100,0 | 101,2 | 103,4 | 107,0 | 112,0 | 116,4 | 120,4 | 121,6 | 116,6 | 102,0 | 86,0

328



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

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)

R(HNO3) 0,0 0,0 0,0 0,0 0,0 0,3 12 3,9 14,0 | 36,0 | 60,0
(mbar)

p(H-0) (mbar) | 23,3 | 22,6 | 20,2 | 17,6 | 144 | 105 | 65 | 35 | 12 | 03 | 00

Molarity 0 1,7 3,6 5,6 7,9 10,4 | 13,0 | 15,8 | 18,5 21 | 24,01

(mol/)

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 :

e Each hour, 1690 L of acid,
e During 10 hours of incineration, the quantity of ash becomes: 338*10=3380 kg,
e |n 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 1 of this mixture leached .

metal | g/kg 338 | metals | Percentage of | NOUNS OF extractants The
s ofash | kg of | in 338 | metals in 70 L of amount of
ashes | of mixed =4.414, extractant
ash(g) | the amount of (ml)
metals(g)
Cu 2.678 338 905.16 37.4737896 | LIX® 984N (mixture of 2-| 74.9475792
4 hydroxy-5-nonylacetophenone
oxime and 5-

nonylsalicylaldoxime in a high
flash diluent),

Zn 7.3 338 2467.4 102.15036 | Cyanex273( Phosphonic acid) | 204.30072
Pb 7.76 338 2622.8 108.587232 Cyanex 272(Bis(2,4,4- | 217.174464
8 trimethylpentyl)phosphinic
acid)
Ni 1.9 338 642.2 26.58708 Cyanex 272(Bis(2,4,4- 53.17416
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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( Phosphonicacid) | 7.0805592
Hg 0.0067 | 338 2.2848 0.094594032 | By Cyanex 301 (Bis(2,4,4- 0.18918806
6 8 trimethylpentyl)dithiophosphi 4

nic acid) and cyanex
302(Bis(2,4,4-
trimethylpentyl)thiophosphini
¢ acid

18.3.4 Freecad design

EJ R leaching vith coumns: 1 [
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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)

Startpage L1 R leaching with coumns :1 [

Sturtpage 1 RP leaching with coumns 11 3
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Column 8
Column 7 Hg

Column 6 Cr

Column 5 Cu

Extrait:extractant + Zinc Column 4 Pb
— Stripping Column 3 Ni

Column 2 As

Column 1 Cd b ! e o=
Filtration Zn = -
1 die - | le- Cyanex302

T Nitrilotrj ~jf¢yanex 301

-acetic acid Ashes without

(NTA)- cu,zn,pb,Hg,cd,cr
Ni,As

Tank of
LIX® 984N

-

#
- l Tank of

cyanex
Pump for Pump for B

t extractant raffinat to Tank of

of Zinc | befeed of cyanex
Mixer for acid leaching of column 2 273

ashes (nitric acid ) during 24
hours

LIX® 984N (mixture of 2-hydroxy-5-
nonylacetophenone oxime and 5-
74.9475792nonylsalicylaldoxime in a high flash diluent), Cu

204.30072 Cyanex273( Phosphonic acid ) Zn
Cyanex 272(Bis(2,4,4-trimethylpentyl)phosphinic
217.174464 acid) pb
Cyanex 272 (Bis(2,4,4-

53.17416 trimethylpentyl)phosphinic acid) Ni
1.5672384 Cyanex273( Phosphonic acid ) Cd
42.259464 nitrilotriacetic acid (NTA)- cr
7.0805592 Cyanex273( Phosphonic acid ) As

By Cyanex 301 (Bis(2,4,4-
trimethylpentyl)dithiophosphinic acid) and
cyanex 302(Bis(2,4,4-

0.189188064 trimethylpentyl)thiophosphinic acid) Hg
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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)

™

column of hevy metals recycling100419.F(

B

leaching with columns100419.FCStd

18.3.5 Operating the Column

Open the pump and reach the column with 44 | 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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e The optimum setting of this rotameter will allow for a semi-stable interface and give a minimal

amount of drift in the interface level.
o 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.

e Allow the column to run until steady state is achieved (about hour).

To feed the column in our case with extractantwe need 9890 cm?® (9.89 Liter
extractant per batch load). Wotking time about 1 hour.

334



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 .

p— LEACHING Raffinate
Bleed
PLS Raffinate
Cu 3.0 ¢gpl Cu 0.3 gpl
H50: 2.0 gpl H280¢ 6.0 gpl

SOLVENT
EXTRACTION

.h—
Loaded Stripped
Organic Organic
Cu 4.53 gpl Cu 183 gpl

SOLVENT
STRIPPING

| D
Spent
Sprong Electrolyte
Electrolyte Cu 35 gpl
Cu 50 gpl
HiS0« 157 gpl H:804 180 gpl
Tankhouse
L » ELECTROWINNING | Bleed

CATHODE
COPPER
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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 75°C 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 HNOz 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 gcm?) 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:
e Each hour, 1690 L of acid
¢ During 10 hours of incineration, the quantity of ash becomes 338*10=3380 kg
e 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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Heavy Metals Recycling Test Rig

20 Heavy Metals Recycling Test Rig

20.1 Mechanical integration

i

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

2 Ali Ibrahim, Ali Awad, Walid Naous, Wasim Al Haj
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20.2.2 Concept

-z e B _/-". B = A::';/

30\

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

e Open the pump and reach the column with 44 L of ash mixed with nitric acid

e When the liquid level in the column reaches the top right nozzle (turn the feed flowrate down to
the desired set point

e Turn on and set the extractant flowrate to the desired set point by adjusting the pump speed

e Close the extrait out rotameter when the liquid level reaches the top left (extrait out) nozzle.

e 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.

e Once the interface is formed in the desired location, open the extrait out rotameter slowly until
there are flowrates out of the column.

e 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.

e The optimum setting of this rotameter will allow for a semi-stable interface and give a minimal
amount of drift in the interface level.

e Small adjustments should be made in order to keep the interface constant.

e 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.

e 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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21 SsillProcess Control System (PCS) 2013
21.1 Test Plant Process Control System - Part 2 (February 2012) - System Design

Solar Pipe
Mechanical Safety Valve

Controlled Safety Valve

Temperatur Sensor

Generator

Pressure Sensor
Controlled Valve

Vaporizer T

M

>

Overheater

P
Air ventilator

Water Pum

Condenser

Water Tank

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 57-300 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:
e Implement S7-300
e Program PLC using STEP7
e Develop WinCC GUI user interface
e System — PLC — Computer Communication

e 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
lodle woulss 3ol Gub 9 PLC Jl @201 21.4.1

i @AW&LL&;TQJMM)&&\WL@M PLC J) nkod Liogs Js

b s e 2l g g PLch@.éwL;;d\JQU\ CPU U 5w OF b Y ( Lhwoss
:L}\:J\ W‘ | ¢ SIMATIC Manager

dedsnll CPU N Las] AN 2 9 ( 'New Project' Wizard ) g § g s CB ke jS 1

ol el el aalall jlay s 3524l SIMATIC 300 station s Jlxall LG .2
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W) 50l 3 ol ISa) e Profibus I sl el € TEMO-Stpp § 9,50 3

SIEMENS

Figure 4.1: S7-300 PROFIBUS NET

f o Ahaxzadl el

Other description Order Number Module

Power Supply 6ES7 307-1EA00-0AAO PS 307 5A

SIMATIC S7-300 V2.6.11 6ES7 312-1AE13-0AB0 CPU 312
X1 MPI

Communication Profibus 6GK7 342-5DA02-0XE0 CP 342-5
module SIMATIC NET
V5.7
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Bus interface  module 6ES7 153-1A A03-0XB0 IM 153-1

SIMATIC ET 200M
Profibus-DP

Digital Input module, 6ES7 321-1BHO01-0AA0 SM321 DI 16xDC24V
grouping 16

Digital Output module, 6ES7 322-1BH01-0AA0 | SM322 DO 16Xdc24V/0.5A
grouping 8

Analog input module, 6ES7 331-7KB02-0AB0 SM331 Al 2x12BIT
12Bit

b Jo Jem ) s e 4wl Lo & ) JKadl PLC ) agym g 53WST
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Figure 4.2: HW Config building
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Figure 4.6: HW Config Add Net module
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Analog input Reading 21.4.3
:Analog input module JI &y 25 21.4.3.1
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Figure 4.11: I/ 0 number specification
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:DI_R ( Digital to Real converter) e
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=2 ,Decimal Jl Hexadecimal e QST , A2 ¢ \%T Ji S LL Ja}ﬁa (}55
.Converter ('M'; oo L)

:DIV_R (Real Division) e

.Floating-point function VM'; e L@:—\).wa ] ,L}\.ﬂ\ L;L" Jf}!\ J”'-U‘ EONT (}55

:LT_R (CMP < R compare real number, true if less than) e
3 o mpdaas Yl g B el SN sl 0T 0T ey gk
-Comparator

:GE_R (CMP >=R compare real number, true if greater than or equal) e

.Comparator r-«m:e

:PLC I CPU J1 & bl i b
bad gelisn] Ss @) bl Lis b e sue Lo CPU JI s

pr S eda o5 e J B8 O me bsmae M 22 L) Ly el ) Y a8l oL
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0Bl : "Main program: analog input reading (Cycle)”

Comment :

LISHAEAANE: analog read move from the input pin te the memorry doukle MDIQO

Comment : ‘

MOVE
ENOD

TW6d
Psorag MD100 5530 ,}) IWG4 (3« o5 sial o )l Jily o o8 A<u8M 030

"IW 64" {IN OUT —MD 10O

Network 2: digital to real converter

Comment : ‘
DI_R
EN ENG
MD 100 - IN OUT —MD1IO

Real ) Digital (3 Sl (5 siaa Jygady poii 4S80 230

Network 3: divisor set (MD])

MOVE DI_R
EN END EN ENO
100 —4IN OUT |-MD] MD ] <IN OUT |-MDZ

MD2=Real100 s MD1=100 Jx; o sii <3811 o34
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Network 4 : division network to minimize the real number

Comment :

DIV_R
EMO

D110 IN] oUT L-MD120

MD2H{IN2

Network 5: comperater set MD3

MD120 A Liai ) IN2 J lo INT ) Lad) o 5 1S000 30

Comment:

MD4=Real50 s MD3m50 Jea; o il 45,50 o34

Q70.6 Jili Ciagi 13 JA5 liay o sl 1S3 o34

Q70.5 Jadls Caans 13) ,45 iy o gi3 A3 o34

MOYE DI_R
ENO EN ENO
50—+1IN OUT -MD3 MD3 — IN OUT  —MDd
Network 6 : comparision network |
Comment: ‘
970.6
output
0.8
CMP <R "ei0. 4"
-
MD120 -IN]
MDA {IN2
NHetwork 7: comparision network 2
Conment: ‘
970.5
output
T0.5
CMP ==R "ar0. 5"
]
MD 120 4 IN]
MD4 - IN2
NHetwork 3 : comperater set MDS
Conment: ‘
MOVE DI_R
ENO EN ENO
100 1IN OUT | -MDS D5 — IN OUT  |-MDA

Network 9 : comparision network 3

MD6=Real100 s MD5=100 Jaa; o iSpll oia

Comment:

Q70.4
output
0.4

CMF =R 0.4

ml

IN2

T
|

368

Q7 0.4 Jais Ciand 13) A3 liag o is A3 238



S>3l Process Control System (PCS) 2013

Network 10 : comperator set MDT

Comment:

MO 7 MDY — IN OUT |-MDE

T
g

Network 11: comparisien network 4

MD8=Real150 s MD7m150 Jaa o5k i3 sl

Comment : ‘

070.3

output

70.3

CMP =R "ar0.3"
————————— —

MD120IN]
MDE —{INZ

Network 12: Title:

QT70.3 Jadld Ciaas 13) ;45 jliag o sl ASHAD 038

Comment:

200

MOVE
ENO

I ouT

DI_R
EN ENO
oo Mo | IN oUT |-MDLO

Network 13: Title:

MD10=Real200 s MD9=200 Jx> s 1<, o2

Comment: ‘

070.2
output

TO.2

CMP =R "af0.2”
]
M) 20 —{IN]
w102 Q70.2 Jais Caaai 1) ,ﬂs_)t.‘i.q P A5l o230

sz AL it il By 4 CPU Y e oot 585 el a o clemY) an

Volt 10 U1 O e spine 250 oS 01

D&l 8y5eal) (3 LS Analog A 5 me Lgndis 9 PLC ) foosi o

369



Process Control System

SIEMENS

Figure 4.13: PLC Analog input connection
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(14 552

Figure 4.14: module connection MAP
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Figure 4.15: analog voltage on output PIN

bzl s e G5 5 SIMATIC &) sy o0 PLC ) e (5,2 L 3512 cl ] S LS

W)

:PLC )l Je &ia> AP LY ‘gﬂ L & ,0B1 J G cﬂbjz o Monitor )

((Analog I J5-s s g 5.3 (g5l 3L 48 A Jlss) dlal) 3051 I Sl o )

371



Process Control System

.mumunﬁmw—mu

Dl (& ¢ R
—_—k

w: Al peed meos feom whe gl pin Ue Vhe memsrcy fedble Pl

= FX
5 o |G s [ Soer)ic o [T |46 o0 5 L W]
0f: "Enwiconsamtiintsrdsee’
+ - T
40| :  ‘Main progeas: sasleg ingut casding (Eycla)® i

O Pe bR Fomt A Cebug Bem ot Mrdom Heb

DeFl-u (& ¢ -8

] J-'.Ilr '

"II:I:IE = |k # '(:-

- X
e ﬂ|

+ i TEE

Beckwork 31 diviser sk (BDL)

o A

|qw sz |1ggpoossoss  ooosaooojea . ssaoooeaaioe

Mestwork 4: divisica ratwork €0 3ircimire tha Teml rumbar

I o5 |

Tz

ey | PR ERIATI

372




M‘ Process Control System (PCS) 2013

O Mo DR boet M Orbup Mewm Oobere Midom  Heb

-3 A TR - Y I o] TR R S e e
et | [ Bf: "Eoei A
- 3T
Tt ek + - T
+guhg- =1
% ] Comparator
1 g Toree
R R L Extwock & romparwesr mak FDG
o O ol
([
ERTTR o
o 8 Meadrerped bt
] M
+-§pnqu--u |,,, 'Mm . D'-"ml
% i TitfEctetn
igﬁﬁ qlm . F IR x| TRRRESSIES
gl A e
- i ok
i g P bl Mstwork 5 coaparisioe ssoeck |
v (El T bl
g W s
[
- Lbrwist
0n.&
oebpu
m.&
T “qli.E
i
= - memwnrk 70 oomgarisios setswk L
Wirmpres [FEdnc | o

Prow Pl

% EL

O Pe bR Fomt A Cebug Bem ot Mrdom Heb

- A T - e Y N e - I N S ]

1

K 0f: "Enwi
+ i TEE
=

i

i

Exkwork 7 romparision ockwork 1

o
aerpos

ji
i

i
i

FREFHFABREFAE
h’l’lﬂl‘.‘;ﬁ‘ﬁﬁﬁ'ﬁ'ﬁ'
X

T &
CMF e .3

o
i3
]

g W Wl iz

Hatwork K ccapacwtsr aat MO

| o M . Mml

— |qm_
-

1] 1Ihlili| a4 2inm Y= 4 deddima b = &0 T




Process Control System

O W bR domt MC Oebeg Bem Oobwe Mo Hob

= FX

Ochl- [ 8] 5 BB o o e ] Sl oo I E 8 0B L =W
—r k 0f: "Enwi A
[= &F Intacface
s Sestemh + - TEm
] O b =]
&\ ] Comparator
o 2y Toree
+ St 1+
i sl merwnrk 1 comparasion semwnck 3
+-§J.-1-
111 Iremer baraton
o Meatrrped b
i M
+§m-ﬁd .4
= ShitiFciets ankpos
BT R .4
o (g Tt MR Sl 4
+ O W e —_—
+xnm
|l ok i
R
g W s {2
Pl B
+ M b
memmnek L0 1 roapersas et MO L1
o "M o P I
B F L |F
- &
a8
II][[[:[:] T Lo 2 T Ciassbsuncal 4 hedlimat ko = ] T

O Pe bR Fomt A Cebug Bem ot Mirdom Heb = &K
Oocr B ] % B B | e e e 5 OB o 4R 0 E L 2|
EF k af: "Enwi 0
= GF totaciace
Fotn Ttk + i TEm
# i b =
] epsarasor
0 5y Tore
+ E Soante ]
4 (e O call
+.§ pr— Worwark || cospacisios meteeck 4
5 Tndegper Faraiors
B[ e—
+ g P
1-;“1@-“
Sttt
o St b
o (5 Teetr
G Wt b
i P ek
il FC biada
e LT
1 Y W s
it i
4 M ibiwris
Wemwnrk 120 Tinler
a
o " o Oy |
Ll ol [ I | L UL T I |m_ﬂ
7] &
a

ﬂli 1lhlili| [ L

T Cooariubasancal

A4 deddimn b =

&0 T

374



vgzﬂ‘ Process Control System (PCS) 2013

[ LADVETLEND . pmamt - Tyas 57 _an alceg SIMATIC 3 Strica CPU TR 00 DRLINE] dﬂg

i B R ewt ALC Oebeg Sowm Cotirs Mrdom Heb

=3 S B E o] ] e [in]:] L
Tontante 0 "Ened conmsthIntar |
Toam= ]
= o 1
N 1

1 darpm Eskwork 13 : Ticlae:

iy
1
I

Piakiphe i
- Lbrwist

| b
L I—Ihﬂsum O 7]

Il|l|ljll|'|, TEsa J, 2o | FOoocsssscm  § dhdimunks b Sekdly N GOegecaicr N TCompaamn

Fre Pl ek ek, i oL Fd
ﬁ' M T | Cristen | Eomterpst- sy, [EECCT T o surter - red | EPCE wam

21.5 WinCC WorkFlow:
WinCC Jl wle ( gwadsill ) Jodl g9 a0l 21.5.1

WinCCflexible- Ul < 555\l Tutorial J) 3elexy Ld WinCC JI CAU PP JRCUEARY

TEMO-STPP ¢ 3, s onlizd &Mdad) 2%y o GettingStarted-FirstTimeUser

1stPROJECT.
Project  Edit Wiew Insert Format  Faceplates  Options  window  Help
New < b WO - X X R g

nglish [United States) %

Lt profectt ALt
ems Device_1(0P 7781 SIMATIC PANEL —c i
& Scieens ?r:p EOdJoE:;a
X &dd Sereen [ . nhanced Objects
[ Templte o TempEEE 100007 C Graphics
Library

0 esoge oS T — 0000 bar

[ Selection X
G . Ternp I 1 0000° C
Pres S 0000 bar

= Communication
<= Tags
5 Connestions
=8 Cyles
& Alarm Management
B4 Analog Alarms
52 Discrete Alams
@ Settings
W Recipes
% Repoils
= Text and Graphies Lists
% Runtime User Administ ation
= Device Setiings
3 Language Seftings

@ Project Languages “ .

m General
W Froperties Appearance

= Stuectues  Appearance Colors Sorde,

g Version Management i
Tt e N | —

Flashing gar background color [ ~| a0 [
Limits

Hlisc Backaround color |[] =]

Scales -
Scale label color [ ~| Drop any object

P Animations I' here to delete
it.

P

Mo libraries opened,

Use the contextrnenuy, the
toclbarordrop objeds
heretacreate aropen

libraries

< I 15

Flexble Advan... oe [ R

375



Process Control System

s (ﬂexible Runtime Simulator) Gﬂt’ FRHES e Gﬂ\b ol ) Jeri U5 ey Lad

) a0 3 sl Alal) e baral) Y5 s
Project Edit ¥iew Insert Format Faceplates  Options  Window  Help

Do b P Cu - R.ivD
||

‘Enghsh [United States] V| o | ‘ Start runtime system with simulator.

o. I [Start Screen - Starts the simulator.
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S WinCC flexible Advanced - Temo stpp Test 1.hmi
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21.6 WinCC/step7 Integration
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21.7 Monitoring software
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sanno M A A2 AS
o HER
1

JUMPER SETTINGS

: T )
© Velleman® 2006 ANALOG OUTPUTS
P8061-1 B 7 o o 5 00V a8

VK8061CPU
© copyright Velleman

’ For home or office use
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Figure 4.7.6: Velleman board interaction with Diagnosis
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:Python Software 21.7.2
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Figure 4.7.9: python monitoring software

N lgst NV 4dlo) S 9 Python compiler ] Joadl lda Laid ¢ daud C\-:-’j'

V) e Lo Jsad SlSs o G U 0,8 & Lead wxPython g8 5 53l compiler

POl me o LS s g el ) BLS e, Ll e ada

#*********************

il T Il T T I T 111 I I T T r e R P Y I T T Y P T T P P 2
KEFFK

import wx
import random
import sys

import time

from ctypes import *
import thread

#********************** pan el fram e

Fh A IR IIIIIIIIIIIRIAT A e e 5 s 3 3 S S0 30 e e e e ofe ofe ofe ofe ofe 3fe ofe e ofe 3 S S S S0 S 30 e e ofe ofe ofe ofe 3fe ofe ofe ofe ofe e S S S 3 S e ofe 3 ofe ofe ofe ofe ofe ofe ofe e ke o
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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

dc =

class MyFrame(wx.

def __init_ (self, parent

self.
self.
self.
self.
self.
self.
self.

panel
LABEL

wx.ALIGN_CENTER_HORIZONTAL

#Start

self.button_Start_Flow_Read

pos=(

= None):

wx.BufferedPaintDC(self, self.bmp)

Frame):

testUSB =
dll = None
USBAdre
USBAdrl
USBAdr2 =
USBOpened

N RO

= None, title = "TEMO-Stpp Monitoring program"):
True

False

counterUSBBoards = 3
wx.Frame.__init_ (self, parent, -1, title)

= MyBackgroundPanel(self)
STYLE = wx.BORDER_SUNKEN | wx.ST_NO_AUTORESIZE |

of pump

650,570))

wx.Button(panel, -1, "START PUMP",

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 =

panel

)

self.pressure_Vaporizer_out
panel, size = (26, -1), pos

)

# Overheater in
# Overheater out
# SolarPipe in

# SolarPipe out

wx.StaticText(
, size = (26, -1), pos

(160, 165), style = LABELSTYLE
wx.StaticText(
(200, 165), style = LABELSTYLE

12,23 LabelStyle J) 34,\35('3& Ay bl in
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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()

tom USS ol Label | v ok Ayl i
# Overheater in
# Overheater out

# SolarPipe in
# SolarPipe out

Analog PIN Channel number 3 gy &

AR Run USB System
FhRIIIRIIIIKRIIKRIKRIKRKIRIIK S ofe 3o e 3o 3 ofe 30 2 30 3 e 30 2 20 3 ofe 30 3 3¢ 30 ofe S0 3 3¢ 30 3fe 3 3 2 30 3 S 3 3 e ofe Sfe Sfe o Sfe fe ofe Sfe o Sfe sfe o ke ok o ke o
def OpenUSBBoardThread(self):
self.dll = windl1.K8061
i = self.counterUSBBoards
for doit in range(9,i+l):
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
KA IIAIAIIIIIIIIKI K F R FF A A A A A KK e e e oo oo e S S e e e e e e e e e S0 S0 e e e e e e e e e e e S0 S0 S 0 e e e e e e e e e e
def StopReadButton(self, event):
self.dll.ClearDigitalChannel(3,1)
print 'Digital Channel Cleared, pump turn off’
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# iaiakalaiaiaiaiale START Button
* %% * k% e 3fe ofe e ofe e ofe ofe e e e e ofe e 3fe e e ofe e ofe e e ofe e 3fe e e ofe e e e e 3fe e e e e ofe e e e e o e e o e sfe e e e s ook KK
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)

# kR main definition and loop
* *x e ofe ofe e ofe e ofe 2fe e ofe e ofe ofe e ofe e 3fe e e ofe e e ofe e e e e o e e e e o e sfe e e sk e g ek ok ok kKK
def main():
mn "Testing" nn

app = wx.PySimpleApp()
f = MyFrame()

f.Center()
f.Show()
app.MainLoop()

if __name__ == "_ main__":
main()

#*********************
e SR K e e e e ofe Sfe ofe Sfe e ofe S S S K K e e e e e e e ofe ofe e e fe fe e S K KK e e e e ofe ofe fe ofe ofe e fe e S e S K e e e e e e ofe ofe fe 3fe S ofe S S K KK e e e e ofe ofe ofe e KKK
ook kK

sdadl alelad) asled) Sl gbre g Run Jo bzl s o wﬁ@bﬁj\ BLS pLE| ey
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Figure 4.7.10: PyScripter software

NotePad ' JY= o $dle text file 5@\3)3-“ &WM PyScripter G»Uj, Y s ol Wl
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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
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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.

- -ALM +ALM V+ COMP VO

IWIIWIIWIIWIIWIITIIF_BBI

OVERLOAD
AD594/AD595 !

DETECT

ICE
Ana—| POINT

] comp. |-TC
+TC[

ILIILIILIILII;IILIIVLI

4N +C T coM T <
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.

CONSTANTAN W5V
(ALUMEL) 10mVIC

r'.ﬂn'llmnmm¢

Y
Y S
comp.|5TC
—
II{EIC-I)EOMEL) _‘-I‘-' (B2 JR 0 R 8 ) 8 R L1 ) 4
—————t- COMMON

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:
AD395 output = (Type K Voltage + 11 pV) x 247.3

Type K voltage = (AD595 output/247.3) — 11 nV
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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

Thermocouple Type K AD395 Thermocouple Type K AD395
Temperature Voltage Qutput Temperature Voltage Output
°C mV mV °C mV mV
-200 -5.801 —1454 100 4.095 1015
—180 -5.550 —-1370 120 4.019 1219
—-160 -5.141 -1269 140 5.733 1420
—-140 —4.669 -1152 160 6.539 1620
-120 —4.138 -1021 180 7.338 1817
-100 -3.553 —876 200 8.137 2015
—80 -2.920 -719 220 8.038 2213
—60 -2.243 -552 240 9.745 2413
—40 -1.527 -375 260 10.560 2614
=20 =777 -189 280 11.381 2817
-10 -.392 94 300 12.207 3022
] ] 2.7 320 13.039 3227
10 397 101 340 13.874 3434
20 798 200 360 14.712 3641
25 1.000 250 380 15.552 38490
30 1.203 300 400 16.395 4057
40 1.611 401 420 17.241 4266
50 2.022 503 440 18.088 4476
60 2.436 605 460 18.938 4686
80 3.206 810 480 19.788 4896

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.

TEMP -sensar TEMP-semnsor

Ampl i Fier Avp | Fier

Figure 5.1.5: Layout Figure 5.1.6: ARES Design Figure 5.1.7: 3D view
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23 ilo Appendix

Appendix A: Programming with STEP723 / STEP7 o d20,,J/23. 1

il 2l 2l Lol
Gourche et. al., Siemens S7-300 ' }++~, 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

\
|

(il LT

=
pam——t
=]
=
=
"
—
.
o
o]
T

\

2 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

il gl 2l faddly
Gourche et. al., Siemens S7-300 ' }++~, Karlsruhe/Ras Nhache, July 2010

(http://www.aecenar.com/download/doc_download/25-siemens-s7-300--)
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3 % PROFIBUS-PA

7 B PROFINET 10

g SIMATIC 300

] SIMATIC 400

10 SIMATIC PC Based Cantrol 300/400
1 B SIMATIC PC Station
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Steckplatz Baugrupp... | Bestellnummer Firmware MPl-Ad.. | E-Adiesse Atdresse Kommentar
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Driicken Sie F1, um Hilfe 2u erhalten.
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3 FC Bausteine
3 SFE Bausteine
3 SFC Bausteine
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Driicken Sie F1, um die Hilfe aufzurufen,

ﬂInEhaaﬁallsh\SImTIC 300-8tationiCPUILZ (L)Y, . \FCL -
(L] 1: Fehler 2 Info 3 Quervenssise

Driicken Sie F1, um Hife zu erhalten.

i)

/s Start

23.1.1

<offline=

4 Dperandeninfo

The communication interface

MPI-USB- interface for S7-300

The multipoint interface (MPI) is a proprietary interface of SIMATIC S7 controller from

5: Steuen E: Diagnose 7 Weigleich /

M 1

A Small

program

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:

e Simatic Manager --> Extras --> PG/PC-Schnittstelle einstellen... (Step1)

Programmzugriff und -standards

Stepl

& wirdows Update
W Windows-Katalog
M SIMATIC I/ Dokumentation »
A L .
@ Aukostart ll‘j License Management
] I Produkt-Hinweise »
I spiele _
Internet . I mMcms? 3
@ Mozilla Firefox "‘j Zubehir L4 -
% SIMATIC Manager np:& KOR, &AWL, FIUP - 57 Bausteine programmisren
E-Mail @ Internet Explorer
| E-Mai ] )
L) Microsaft Office Cutlook [§ Wl MsN |H| Memory-Card parametrisren
B MetPro - Netz konfiguri
i () Outlook Express B® NetPro - Metz kanfigurieren
v : mj ittstelle einstells
7i SIMATIC Manager o Remoteunterstitzung - BEE EnEEE

{ PID Contral Eri
LA} @ Windows Media Player a ontrol paramettieren
(S} 5| Pa-PC-Schnikkstelle einstli <5 Dt korvertioran
ﬂ Windows Messenger

S7-GRAPH - Ablaufsteusrungen programmiersn

% WEN Client ’-’& Windows Movie Maker
@ Avira » 57-PDIAG - Prozessdiagnose projekkieren

‘w Paint @ Cisco Systems WFN Clisrt » S7-PLCSIM Baugruppen simulieren

ulj Microsoft OFfice N v, 57-5CL - 57 Bausteine programmieren
@ WinRAR @ Microsoft Yisual Studio 2005 R SIMATIC-Arbeitsplatz konfigurieren
é Internet Explorer uﬂ Mogzilla Firefox 3 . E :Eziz: EizatEi anvertieren

u_‘j PKZIP Server » ] atei korvertieren

1) wirkaR v

I Alle Programme B adobe Reader &

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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PGIPC-Schnitistelle einstellen X
Zugriffsweq | LLOP
Zugangspurkt der Applikation:
[Standard fir STER 7]
Benutzte Schnittstellenparametrierung:
|PL AdapterMP] |
PC Adapterfuta) ~
PC AdaptertPl)
FC AdaptelPROFIBLIS]
BB FLCSIM{ISD) P
< | s
[Parametrierung lhres PC Adapters flir ein
MPI-Metz)
Schnittstellen
Hinzufiigen/Entfernen:
Casbecren ) | )

Step2

Eigenschaften - PC Adapter(MPl) @

MPI Lokaler Anschiul |

Anschluld an: 4]

SB

¥ Einstelungen baugruppenglobal ibemehmen

o ]

Standard I

abbeechen |

Hife

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.

Eigenschaften - PC AdapteriMPl)

MFI Lokaler Anzchlul ]

Stationsbezogen
¥ PG/PC ist sinziger Master am Bus
Adresee: 1] =

Tirmeaut: IR i

—Metzbezogen

Dbertragungsgeschwindigk eit:

187 5 kbit’s =
13,2 kbit/!

Hochzte Teilnehmeradreszze;

Eisenschaften - PC Adapter(MPI)

MPI l Lokaler &nschiun ]

Stationzbezogen

I PGAPC it einziger Master am Bus

Adresze:

Timeout: s

i Netzbezogen

Ubertragungsgeschwindigk.eit:

Huochste Teilnebmeradresse: k1]

I

187 5 kbit's =

*

-

o]

Standard I Abbrechen J

]

Standard J Abbrechen J

Hilfe |

Step4
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23.2 Appendix B: thermocouples sensor datasheet:

(} Farnell

TEMPERATURE & PROCESS TECHNOLOGY

Ao et Lakracility PTFE Exposed Welded Tip
Formed in 1971, Labfacility ThermOCOU ples

specialize in the field of
Temperature and Process

Measurement.

We are the largest UK
manufacturer of both Available in type K& T
temperature sensors and

thermocouple connectors.

. ! ¢ Thermocouple types K & T ¢ Tolerance to IEC 584 Class 1
Quality & Service 2 s
¢ Fastresponse, welded exposed junction ¢ Colour code to IEC 584-3
Quality and Service are key ¢ 1,2,3 &5 metre long PTFE twin twisted ¢ Good mechanical strength and flexibility,
elements in the continued growth cable resistant to oils, acids and other adverse
" ¢ 1/0.2mm conductors fluids
of Labfacility. s o
¢ Temperature range —75°C to +250°C ¢ Ideal for test & development applications
Technical support is always freely
bl o o T/C Length Manufacturing +P.05|"clve Llega.tli Farnell
Type Part Number tail wire tail wire Order Code
experienced technical sales teams
and the company has 1509001 K 1 metres Z2-K-PTFE-TT-1/0.2-1.0-T Green thte 707-6150
%K 2 metres 22-K-PTFE-TT-1/0.2-2.0-T Green White 707-6162
accreditation. K 3 metres Z2-K-PTFE-TT-1/0.2-3.0-T Green White 163-3481
K 5 metres Z2-K-PTFE-TT-1/0.2-5.0-T Green White 163-3482
ki 1 metres Z2-T-PTFE-TT-1/0.2-1.0-T Brown White 707-6174
T 2 metres Z2-T-PTFE-TT-1/0.2-2.0-T Brown White 707-6186
il i 3 metres Z2-T-PTFE-TT-1/0.2-3.0-T Brown White 163-3483
4 i 5 metres Z2-T-PTFE-TT-1/0.2-5.0-T Brown White 163-3484
K 1 metres Z2-K-PTFE-TT-1/0.2-1.0-Tx5 Green White  859-8223 (pack of 5)
K 2 metres Z2-K-PTFE-TT-1/0.2-2.0-Tx5 Green White  859-8150 (pack of 5)
Contact Details L4 1 metres 22-T-PTFE-TT-1/0.2-1.0-Tx5 Brown White  859-8231 (packof 5)
T 2 metres Z2-T-PTFE-TT-1/0.2-2.0-Tx5 Brown White  859-8169 (pack of 5)
Email
sales@labfacility.com
Website
www.labfacility.com sesee
3333331
FAR003/0313. PTFE Exposed Welded Tip Thermocouples mg
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23.3 Appendix C: thermocouple Amplifier AD595 datasheet:

ANALOG Monolithic Thermocouple Amplifiers

DEVICES

with Cold Junction Compensation

AD394/AD395

FEATURES
Pretrimmed for Type J (AD594) or

Type K (AD595) Thermocouples
Can Be Used with Type T Thermocouple Inputs
Low Impedance Voltage Output: 10 mV/°C
Built-In Ice Point Compensation
Wide Power Supply Range: +5V to 15V
Low Power: <1 mW typical
Thermocouple Failure Alarm
Laser Wafer Trimmed to 1°C Calibration Accuracy
Setpoint Mode Operation
Self-Contained Celsius Thermometer Operation
High Impedance Differential Input
Side-Brazed DIP or Low Cost Cerdip

PRODUCT DESCRIPTION

The AD594/AD595 is a complete instrumentation amplifier and
thermocouple cold junction compensator on a monolithic chip.
It combines an ice point reference with a precalibrated amplifier
to produce a high level (10 mV/°C) output directly from a ther-
mocouple signal. Pin-strapping options allow it to be used as a
linear amplifier-compensator or as a switched output setpoint
controller using either fixed or remote setpoint control. Tt can
be used to amplify its compensation voltage directly, thereby
converting it to a stand-alone Celsius transducer with a low
impedance voltage output.

The AD594/AD595 includes a thermocouple failure alarm that
indicates it one or both thermocouple leads become open. The
alarm output has a flexible format which includes TTL drive
capability.

The AD594/AD595 can be powered from a single ended supply
(including +5 V) and by including a negative supply, tempera-
tures below 0°C can be measured. To minimize self-heating, an
unloaded AD594/AD595 will typically operate with a total sup-
ply current 160 pA, but is also capable of delivering in excess of
+5 mA to a load.

The AD594 is precalibrated by laser wafer trimming to match
the characteristic of type ] (iron-constantan) thermocouples and
the AD595 is laser trimmed for type K (chromel-alumel) inputs.
The temperature transducer voltages and gain control resistors

REV.C

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

N -ALM +ALM V+ COMP VO FB

[4] [73] [iz] [77] [fo] [e] [&@]

& )

OVERLOAD
DETECT

<

AD594/AD5!

"M 1ce
; v—| POINT
coMmp. |-TC
+TC[
| I ——
L 2] [ [al 5 7
+IN +C +T  com  -T - V-

are available at the package pins so that the circuit can be
recalibrated for the thermocouple types by the addition of two
or three resistors. These terminals also allow more precise cali-
bration for both thermocouple and thermometer applications.

The AD594/AD)595 is available in two performance grades. The
C and the A versions have calibration accuracies of £1°C and
+3°C, respectively. Both are designed to be used from 0°C to
+50°C, and are available in 14-pin, hermetically sealed, side-
brazed ceramic DIPs as well as low cost cerdip packages.

PRODUCT HIGHLIGHTS
1. The AD394/AD595 provides cold junction compensation,
amplification, and an output buffer in a single IC package.

2. Compensation, zero, and scale factor are all precalibrated by
laser water trimming (LWT') of each IC chip.

3. Flexible pinout provides for operation as a setpoint control-
ler or a stand-alone temperature transducer calibrated in
degrees Celsius.

4. Operation at remote application sites is facilitated by low
quiescent current and a wide supply voltage range +5 V to
dual supplies spanning 30 V.

=

. Differential input rejects common-mode noise voltage on the
thermocouple leads.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999
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AD594/AD595-SPECIFICATIONS

(@ +25°Cand Vg = 5V, Type ) (AD594), Type K (AD595) Thermocouple,
unless otherwise noted)

Maodel ADso44 ADso4C ADsasA ADsasC
Min Typ  Max Min Typ Max Min Typ Max Min Typ  Max Units
ABSOLUTE MAXIMUM RATING
+Vg 1o -V 36 36 36 36 Volts
Commen-Mode Input Voltage -Vg-0.15 +Vg “Nyg-0.15 +WVy -V -0.15 +Vy Vg-0.15 +Vy Vols
Dhifferental Input Veltags -V +Vg Vg +Vy -V +Vy Vg +Vy Vols
Alarm Volages
+ALM W Va3 | Vs “Ve+ 36 |-V Ve +36 | Vs “Ve+ 36 | Vohs
-ALM W +WV; Vg +Vs -V +We Vs +Vg WVales
Operating Temperature Range 55 +125 -55 +125 -55 +125 -55 +125 °C
Orurput Short Circwit to Commeon | Indefinite Indefinite Indefinite Indefinite
TEMPERATURE MEASUREMENT
(Specified Temperanre Range
0FC 1o +50°C)
Calibration Error at +25°C! *3 *1 *+3 *1 *C
Seability vs. Temperature® 0,05 +0.025 0,08 +0.025 *CC
Gain Error =1.5 £0.75 +1.5 +0.75 Y
Nominal Transfer Function 10 10 10 10 mVC
AMPLIFIER. CHARACTERISTICS
Closed Loop Gain® 193.4 193.4 247.3 247.3
Inpur Offser Voltage (Temperature in °C) x (Temperatures in “C) * (Temperaturs in =C) * (Temperature in °C) x
51,70 {VISC 51,70 JiVEC 40.44 |IVIPC 40,44 [VI°C w
Input Bias Current 0l .l 0.1 0.l pA
Dhfferential Input Range -10 +50 -10 +50 -10 +50 mV
Commen-Mode Range Ve -0.15 Ng-4 | -Vg-0.15 Ve-4 | -Vg-15 Ng-4 | -Vg-n.15 Ny-4 Valts
Commen-Mode Sensitwity - BTO 10 1% 19 10 mVV
Power Supply Sensiuvity - RTO 10 10 10 10 mV/V
Oratput Voltage Range
Diaal Supply “Va+2.5 +Vg-2 Vg +2.5 +¥g-2 “Vs+2.5 +Ve=2 |-Vs+12.5 +Vs-12 Vot
Single Supply i +Vg=2 ] -Vg-2 i +V;+2 i +Vz-2 WVales
Usable Charpur Current* +5 +5 +5 mé
3 dB Bandwidth 15 15 15 15 EHz
ATARM CHARACTERISTICS
Vepmar at 2 mA 0.3 03 0.3 0.3 WVales
anl%agr Current +1 +1 +1 +1 PA ma
Operating Voltage at —ALM +Vs=4 +Vs=4 +Vs=4 +Vg=4 WVales
Short Circuit Current 20 20 20 20 méA
POWER REQUIREMENTS
Specified Performance +Ve=5-V;=0 WV, =5,-Ve=10 +WVy=35,-Ve=10 +Vy=35-V;=0 Valts
Operating” +Vs 1o Vs £ 30 +Vs 1o -Vs = 30 +WVs o -Ve =30 +Vato-Vs 230 WVales
(uescent Curent (No Load)
+Vs 1ad 300 160 300 160 300 1ad 300 pA
W 100 100 100 100 PA
PACKAGE OPTION
TO-116 (D-14) AD524AD AD594CD ADsasAD AD5e5CD
Cerdip (Q-14) AD54AQ AD594C0 ADSI5A0 ADSe5C

NOTES

'Calibrated for minimum error &t +25°C using a thermocoupls sensitivity of 51.7 pVFC. Since a ] type themmocouple deviates from this straight line approximation, the ADS94 will normally
read 3.1 m¥ when the measuring junction is at 0°C. The ADSS5 will similarly read 2.7 m% ar 0°C.
*Defined as the slope of the line connecting the ADS24/ADS95 errors measured at (PC and 50°C ambient emperature.

*Pin & shorted to Pin 0.

dCurrent Sink Capability in single supply configuration is limited to current drawn to ground through a 50k resistor at output voltages below 2.5 V.

W must not exceed —16.5 V.

Specifications shown in boldface are tested on all production units ac final electrical test. Resuls from those tests are used to calculate outgoing quality kevels. All min and max specifications

are guaranteed, although only those shown in boldface are tested on all production units.
Specifications subject to change without notice.

INTERPRETING AD3594/AD595 OUTPUT VOLTAGES

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 AD594/AD595 is gain trimmed
to match the transfer characteristic of J and K type thermocouples
at 25°C. For a type ] output in this temperature range the TC is
51.70 pv/*C, while for a type K it is 40.44 uV/"C. The resulting
gain for the AD594 is 193.4 (10 mV/*C divided by 51.7 pV/°C)
and for the ADS95 is 247.3 (10 mV/°C divided by 40.44 pV/°C).
In addition, an absolute accuracy trim induces an input offset to
the output amplifier characteristic of 16 UV for the AD594 and
11 UV for the AD595. This offset arises because the ADS94/
AD395 is trimmed for a 250 mV output while applying a 25°C
thermocouple input.

Because a thermocouple output voltage is nonlinear with respect
to temperature, and the AD594/AD595 linearly amplifies the

compensated signal, the following transfer functions should be
used to determine the actual output voltages:
AD5%4 output = (Type J Voltage + 16 U7 x 193.4
AD395 output = (Type K Voltage + 11 PF) % 247.3 or conversely:
Type J voltage = (AD594 ourput/193.4) — 16 UV
Type K wvoltage = (AD595 output/247.3) - 11 uV
Table I lists the ideal AD594/AD595 output voltages as a func-
tion of Celsius temperature for type J and K ANSI standard
thermocouples, with the package and reference junction at
25°C. As is normally the case, these outputs are subject to cali-
bration, gain and temperature sensitivity errors. Output values
for intermediate temperatures can be interpolated, or calculated
using the output equations and ANSI thermocouple voltage
tables referred to zero degrees Celsius. Due to a slight variation
in alloy content between ANSI type J and DIN FE-CUNI

REV.C
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Table I. Output Veltage vs. Thermeocouple Temperature (Ambient +25°C, Vg = -5V, +15 V)
Thermocouple Type] ADs94 Type K ADsgs Thermocouple Tvpe] ADs94 Type K ADs9s
Temperature Voltage Chutput Voltage Cutput Temperature Voltage Output Voltage Output
“G mY mV mV m¥ G mY mY mV¥ m¥

=200 =7.890 -1523 -5.891 —1454 500 27.388 5300 20.640 5107
—180 —7.402 -1428 —5.550 —1370 520 28.511 5517 21.493% 5318
L&D —6.821 -1316 -5.141 —1269 540 20,642 5736 22.346 5520
140 —6.159 -1188 —4.669 —1152 560 30.782 5956 23.198 5740
-l20 —5.426 -1046 —4.138 —1021 580 31.933 6179 24.050 5950
-100 —4.632 —203 -3.553 —876 600 33.096 6404 24.902 6lal
—80 —3.785 -729 -2.920 -719 620 34.273 G632 25.751 6371
—60 —2.892 —556 -2.243 -552 640 35.404 G862 26.599 6581
—40 —L.2460 —376 -1.527 =375 660 36.671 7055 27.445 G790
=20 —-.995 -189 =777 -189 GE0 37.80% 733z 2B.288 6998
-10 —501 —04 -.302 94 o0 30.130 7571 20.128 7206
[} 0 3.1 [} 2.7 7200 40.382 7813 20965 T413
10 507 101 307 101 740 41.647 a0ss8 30,799 T619
2an L0129 200 708 200 750 42.283 alsl 3lzl4 7722
25 1277 250 Liooo 250 TE0 - - 31629 7825
30 1536 300 1.203 300 TR0 - - 32.455 8029
40 2.058 401 Lell 401 800 - - 33.277 8252
50 2.585 503 z.022 503 820 - - 34.095 8434
an 3115 606 24536 605 840 - - 34900 8636
a0 4.186 ars 3.266 810 860 - - 35.718 8836
100 5.268 1022 4.005 1015 880 - - 36.524 Q035
120 6,259 1233 4.919 1219 Qo0 - - 37.325 0233
140 7.457 1445 5.733 1420 920 - - L bl 9430
160 8.560 1659 6.530 1620 940 - - 3B8.915 Q626
120 9,667 1873 7.338 1817 Q60 - - 30,703 821
200 10.777 2087 8.137 2015 QB0 - - 40,488 10015
220 11.887 2302 8.938 2213 1000 - - 41.269 10209
240 12.9938 2517 9.745 2413 1020 - - 42.045 10400
260 14,108 2732 10.560 2614 1040 - - 41817 10591
280 15.217 2046 11381 2817 1060 - - 43,585 10781
300 16.325 AL60 12207 3022 1080 - - 44,439 10070
320 17432 2374 13.039 3227 1100 - - 45108 11158
340 18.537 3588 13.874 3434 1120 - - 45,863 11345
360 15,640 3801 14712 3641 1140 - - 46.612 11530
380 20.743 4015 15552 3849 1160 - - 47.356 11714
400 21.846 4228 16.395 4057 1180 - - 48.095 11827
420 22.949 4341 17.241 4266 1200 - - 48.828 12078
440 24.054 4655 18.088 44768 1220 - - 40,555 12258
460 25.161 4860 18.938 4686 1240 - - 50276 12436
480 26.272 5084 19,788 4806 1250 - - 50,633 12524

thermocouples Table I should not be used in conjunction with SINGLE AND DUAL SUPPLY CONNECTIONS

European standard thermocouples. Instead the transfer function The AD594/AD595 is a completely self~contained thermocouple

given previously and a DIN thermocouple table should be used. conditioner. Using a single +5 V supply the interconnections

ANSI type K and DIN NICR-NI thermocouples are composed shown in Figure 1 will provide a direct output from a type |
thermocouple (AD394) or type K thermocouple (AD593) mea-

CONSTANTAN suring from 0°C to +300°C.

(ALUMEL)

Any convenient supply voltage from +5 V to +30 V may be
used, with self-heating errors being minimized at lower supply
levels. In the single supply configuration the +5 V supply con-
nects to Pin 11 with the V- connection at Pin 7 strapped to
power and signal common at Pin 4. The thermocouple wire in-
puts connect to Pins 1 and 14 either directly from the measuring
\RON point or through intervening connections of similar thermo-
(CHROMEL} L L couple wire type. When the alarm output at Pin 13 is not used it

T COMMON should be connected to common or V. The precalibrated feed-
back network at Pin 8 is tied to the output at Pin 9 to provide a
10 mV/*C nominal temperature transfer characteristic.

A

Figure 1. Basic Connection, Single Supply Operation

of identical alloys and exhibit similar behavior. The upper tem-
perature limits in Table I are those recommended for type J and
type K thermocouples by the majority of vendors.

By using a wider ranging dual supply, as shown in Figure 2, the
AD394/AD595 can be interfaced to thermocouples measuring
both negative and extended positive temperatures.

REV. C 3
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AD594/AD395

CONSTANTAN .
(ALUMEL)

ADS594/

SPAN OF
oV TO 30V

3

1 —
IIEaHOMEL _LI" R e
LR, _ | _ T
! COMMON_|
0V TO -25V

Figure 2. Dual Supply Operation

With a negative supply the output can indicate negative tem-
peratures and drive grounded loads or loads returned to positive
voltages. Increasing the positive supply from 5 Vo 15 Vex-
tends the output voltage range well beyond the 750°C
temperature limit recommended for type J thermocouples
(AD594) and the 1250°C for type K thermocouples (AD}595).

Common-mode voltages on the thermocouple inputs must remain
within the common-mode range of the AD594/AD595, with a
return path provided for the bias currents. If the thermocouple
is not remotely grounded, then the dotted line connections in
Figures 1 and 2 are recommended. A resistor may be needed in
this connection to assure that common-mode voltages induced
in the thermocouple loop are not converted to normal mode.

THERMOCOUPLE CONNECTIONS

The isothermal terminating connections of a pair of thermo-
couple wires forms an effective reference junction. This junction
must be kept at the same temperature as the AD594/AD595 for
the internal cold junction compensation to be effective.

A method that provides for thermal equilibrium is the printed
circuit board connection layout illustrated in Figure 3.

£
# CONSTANTAN
[ALUMEL)

IRON
(CHROMEL)

COMMON

&

V- Vour Ve

Figure 3. PCB Connections

Here the AD594/AD595 package temperature and circuit board
are thermally contacted in the copper printed circuit board
tracks under Pins 1 and 14. The reference junction is now com-
posed of a copper-constantan (or copper-alumel) connection
and copper-iron (or copper-chromel) connection, both of which
are at the same temperature as the AD394/AD5095,
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The printed circuit board layout shown also provides for place-
ment of optional alarm load resistors, recalibration resistors and
a compensation capacitor to limit bandwidth.

To ensure secure bonding the thermocouple wire should be
cleaned to remove oxidation prior to soldering. Noncorrosive
rosin flux is effective with iron, constantan, chromel and alumel
and the following solders: 95% tin-5% antimony, 95% tin-5%
silver or 90% tin-10% lead.

FUNCTIONAL DESCRIPTION

The AD594 behaves like two differential amplifiers. The out-
puts are summed and used to control a high gain amplifier, as
shown in Figure 4.

JN  -ALM +ALM W+ COMP VO FB
[ta] [13] [iz] [91] [io] [9] [s]

OVERLOAD

AD5S94/AD595 !

ICE
1 +'T'C'r comp_|-Te
| —
I O 2 N I I [ T I - O
+N +C +T COM -T -C V-

Figure 4. AD594/AD595 Block Diagram

In normal operation the main amplifier output, at Pin 9, is con-
nected to the feedback network, at Pin 8. Thermocouple signals
applied to the floating input stage, at Pins 1 and 14, are ampli-
fied by gain G of the differential amplifier and are then further
amplified by gain A in the main amplifier. The output of the
main amplifier is fed back to a second differential stage in an in-
verting connection. The feedback signal is amplified by this
stage and is also applied to the main amplifier input through a
summing circuit. Because of the inversion, the amplifier causes
the feedback to be driven to reduce this difference signal to a
small value. The two differential amplifiers are made to match
and have identical gains, G. As a result, the feedback signal that
must be applied to the right-hand differential amplifier will pre-
cisely match the thermocouple input signal when the difference
signal has been reduced to zero. The feedback network is trim-
med so that the effective gain to the output, at Pins § and 9, re-
sults in a voltage of 10 mV/”C of thermocouple excitation.

In addition to the feedback signal, a cold junction compensation
voltage is applied to the right-hand differential amplifier. The
compensation is a differential voltage proportional to the Celsius
temperature of the AD594/AD595. This signal disturbs the dif-
ferential input so that the amplifier output must adjust to restore
the input to equal the applied thermocouple voltage.

The compensation is applied through the gain scaling resistors
so that its effect on the main output is also 10 mV/°C. As a
result, the compensation voltage adds to the effect of the ther-
mocouple voltage a signal directly proportional to the difference
between 0°C and the AD594/AD595 temperature. If the thermo-
couple reference junction is maintained at the AD594/AD595
temperature, the output of the AD594/AD3595 will correspond
to the reading that would have been obtained from amplification
of a signal from a thermocouple referenced to an ice bath.
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The AD594/AD595 also includes an input open circuit detector
that switches on an alarm transistor. This transistor is actually a
current-limited output buffer, but can be used up to the limirt as
a switch transistor for either pull-up or pull-down operation of
external alarms.

The ice point compensation network has voltages available with
positive and negative temperature coefficients. These voltages
may be used with external resistors to modify the ice point com-
pensation and recalibrate the AD594/AD595 as described in the
next column.

The feedback resistor is separately pinned out so that its value
can be padded with a series resistor, or replaced with an external
resistor between Pins 5 and 9. External availability of the feedback
resistor allows gain to be adjusted, and also permits the AD5%94/
AD595 to operate in a switching mode for setpoint operation.

CAUTIONS:

The temperature compensation terminals (+C and —C) at Pins 2
and 6 are provided to supply small calibration currents only. The
AD594/AD595 may be permanently damaged if they are
grounded or connected to a low impedance.

The AD594/AD595 is internally frequency compensated for feed-
back ratios (corresponding to normal signal gain) of 75 or more.
If a lower gain is desired, additional frequency compensation
should be added in the form of a 300 pF capacitor from Pin 10
to the output at Pin 9. As shown in Figure 5 an additonal 0.01 pF
capacitor between Pins 10 and 11 is recommended.

T
== 300pF

L 001uF

+‘|" -1

Figure 5. Low Gain Frequency Compensation

RECALIBRATION PRINCIPLES AND LIMITATIONS

The ice point compensation network of the AD594/AD 595
produces a differential signal which is zero at 0°C and corre-
sponds to the output of an ice referenced thermocouple at the
temperature of the chip. The positive TC output of the circuit is
proportional to Kelvin temperature and appears as a voltage at
+T. It is possible to decrease this signal by loading it with a
resistor from +7T to COM, or increase it with a pull-up resistor
from 4T to the larger positive TC voltage at +C. Note that
adjustments to +T should be made by measuring the voltage which
tracks it at -T. To avoid destabilizing the feedback amplifier the
measuring instrument should be isolated by a few thousand
ohms in series with the lead connected o -T.

AD594/

Figure 6. Decreased Sensitivity Adjustment

Changing the positive TC half of the differential output of the
compensation scheme shifts the zero point away from 0°C. The
zero can be restored by adjusting the current flow into the nega-
tive input of the feedback amplifier, the - T pin. A current into
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this terminal can be produced with a resistor between —C and
—T to balance an increase in +T, or a resistor from -T to COM
to offset a decrease in +T.

If the compensation is adjusted substantially to accommodate a
different thermocouple type, its effect on the final output volt-
age will increase or decrease in proportion. To restore the
nominal output to 10 mV/°C the gain may be adjusted to match
the new compensation and thermocouple input characteristics.
When reducing the compensation the resistance between —T
and COM automatically increases the gain to within 0.5% of the
correct value. If a smaller gain is required, however, the nominal
47 Kk} internal feedback resistor can be paralleled or replaced
with an external resistor.

Fine calibration adjustments will require temperature response
measurements of individual devices to assure accuracy. Major
reconfigurations for other thermocouple types can be achieved
without seriously compromising initial calibration accuracy, so
leng as the procedure is done at a fixed temperature using the
factory calibration as a reference. It should be noted that inter-
mediate recalibration conditions may require the use of a
negative supply.

EXAMPLE: TYPE E RECALIBRATION—AD3594/AD595
Both the AD594 and AD395 can be configured to condition the
output of a type E (chromel-constantan) thermocouple. Tem-
perature characteristics of type E thermocouples differ less from
type I, than from type K, therefore the AD594 is preferred for
recalibration.

While maintaining the device at a constant temperature follow
the recalibration steps given here. First, measure the device
temperature by tying both inputs to common (or a selected
common-mode potential) and connecting FB to VO. The AD594
is now in the stand alone Celsius thermometer mode. For this
example assume the ambient is 24°C and the initial output VO
is 240 mV. Check the output at VO to verify that it corresponds
to the temperature of the device.

Next, measure the voltage —T at Pin 5 with a high impedance
DWVM (capacitance should be isolated by a few thousand ohms
of resistance at the measured terminals). At 24°C the -T voltage
will be about 8.3 mV. To adjust the compensation of an AD594
to a type E thermocouple a resistor, R1, should be connected
between 4T and +C, Pins 2 and 3, to raise the voltage at -T by
the ratio of thermocouple sensitivities. The ratio for converting a
type J device to a type E characteristic is:

r (AD394) =(60.9 uFPC)(51.7 ui°C)= 1.18
Thus, multiply the initial voltage measured at —T by r and ex-
perimentally determine the R1 value required to raise T to that

level. For the example the new —T voltage should be about 9.8 mV.
The resistance value should be approximately 1.8 k2.

The zero differential point must now be shifted back to 0°C.
This is accomplished by multiplying the original output voltage
VO by r and adjusting the measured output voltage to this value
by experimentally adding a resistor, R2, between —C and -T,
Pins 5 and 6. The target output value in this case should be
about 2583 mV. The resistance value of R2 should be approxi-
mately 240 ki

Finally, the gain must be recalibrated such that the output VO
indicates the device’s temperature once again. Do this by adding
a third resistor, B3, between FB and =T, Pins 8 and 5. VO should
now be back to the initial 240 mV reading. The resistance value

_5_
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of R3 should be approximately 280 k. The final connection
diagram is shown in Figure 7. An approximate verification of
the effectiveness of recalibration is to measure the differential
gain to the output. For type E it should be 164.2.

Figure 7. Type E Recalibration

When implementing a similar recalibration procedure for the
AD595 the values for R1, R2, R3 and r will be approximately
650 €2, 84 ke, 93 k2 and 1.51, respectively. Power consump-
tion will increase by about 50% when using the AD595 with

type E inputs.

Note that during this procedure it is crucial to maintain the
AD394/AD595 at a stable temperature because it is used as the
temperature reference. Contact with fingers or any tools not at
ambient temperature will quickly produce errors. Radiational
heating from a change in lighting or approach of a soldering iron
must also be guarded against.

USING TYPE T THERMOCOUPLES WITH THE AD595
Because of the similarity of thermal EMFs in the 0°C to +50°C
range between type K and type T thermocouples, the AD595
can be directly used with both types of inputs. Within this ambi-
ent temperature range the AD595 should exhibit no more than
an additional 0.2°C output calibration error when used with
type T inputs. The error arises because the ice point compensa-
tor is trimmed to type K characteristics at 25°C. To calculate
the AD595 output values over the recommended —200°C to
+350°C range for type T thermocouples, simply use the ANSI
thermocouple voltages referred to 0°C and the output equation
given on page 2 for the AD395. Because of the relatively large
nonlinearities associated with type T thermocouples the output
will deviate widely from the nominal 10 mV/*C. However, cold
junction compensation over the rated 0°C to +50°C ambient
will remain accurate.

STABILITY OVER TEMPERATURE

Each AD594/AD595 is tested for error over temperature with
the measuring thermocouple at 0°C. The combined effects of
cold junction compensation error, amplifier offset drift and gain
error determine the stability of the AD594/AD595 output over
the rated ambient temperature range. Figure 8 shows an AD5%94/
ADS595 drift error envelope. The slope of this figure has units
of "C/*C.

DRIFT ERROR

TEMPERATURE OF AD394CIADSS5C

Figure 8. Drift Error vs. Temperature
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THERMAL ENVIRONMENT EFFECTS

The inherent low power dissipation of the AD594/AD595 and
the low thermal resistance of the package make self-heating
errors almost negligible. For example, in still air the chip to am-
bient thermal resistance is about 80°C/watt (for the D package).
At the nominal dissipation of 800 UW the self-heating in free air
is less than 0.065°C. Submerged in fluorinert liquid (unstirred)
the thermal resistance is about 40°C/wartt, resulting in a self-
heating error of about 0.032°C.

SETPOINT CONTROLLER
The AD594/AD595 can readily be connected as a setpoint
controller as shown in Figure 9.

LOW ==>T < SETPQINT
HIGH = = T > SETPOINT

COMPARATOR OUT

CONSTANTAN —< SETPOINT
| HEATER | (ALUMEL) +5v | " VOLTAGE
| INPUT
]! 2

| 20M{L
| (OPTIONAL)
| | FOI
| N | HYSTERESIS
Y
L__ L
L I(EEQOMEL] _Ll-| =] L]:‘ L

Croven) | _? ______ _|
TEMPERATURE ] COMMON
s

Figure 9. Setpoint Controller

The thermocouple is used to sense the unknown temperature
and provide a thermal EMF to the input of the AD594/AD595.
The signal is cold junction compensated, amplified to 10 mV,"C
and compared to an external setpoint voltage applied by the
user to the feedback at Pin 8. Table I lists the correspondence
between setpoint voltage and temperature, accounting for the
nonlinearity of the measurement thermocouple. If the setpoint
temperature range is within the operating range (-55°C to
+125°C) of the AD594/AD595, the chip can be used as the
transducer for the circuit by shorting the inputs together and
utilizing the nominal calibration of 10 mV/°C. This is the centi-
grade thermometer configuration as shown in Figure 13.

In operation if the setpoint voltage is above the voltage corre-
sponding to the temperature being measured the output swings
low to approximately zero volts. Conversely, when the tempera-
ture rises above the setpoint voltage the output switches to
the positive limit of about 4 volts with a +5 V supply. Figure
0 shows the setpoint comparator configuration complete with a
heater element driver circuit being controlled by the AD594/
AD595 toggled output. Hysteresis can be introduced by inject-
ing a current into the positive input of the feedback amplifier
when the output is toggled high. With an AD594 about 200 nA
into the +T terminal provides 1°C of hysteresis. When using a
single 5 V supply with an AD304, a 20 ML resistor from Vg to
+T will supply the 200 nA of current when the output is forced
high (about 4 V). To widen the hysteresis band decrease the
resistance connected from VO to +T.
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ALARM CIRCUIT

In all applications of the AD594/AT¥5095 the ~ALM connection,
Pin 13, should be constrained so that it is not more positive
than (V+) — 4 V. This can be most easily achieved by connect-
ing Pin 13 to either common at Pin 4 or V- at Pin 7. For most
applications that use the alarm signal, Pin 13 will be grounded
and the signal will be taken from +ALM on Pin 12. A typical
application is shown in Figure 10.

In this configuration the alarm transistor will be off in normal
operation and the 20 k pull up will cause the +ALM output on
Pin 12 to go high. If one or both of the thermocouple leads are
interrupted, the +ALM pin will be driven low. As shown in Fig-
ure 10 this signal is compatible with the input of a TTL gate
which can be used as a buffer and/or inverter.

57
k03 ALARM
CONSTANTAN ALARW ouT TTL GATE
{ALUMEL) prAL L
L oo odn o h o temwec
OVERLOAD)
. | CETECT
AD594/ ~
)( AD585
3 e N R
K .

:Féﬁgomz L) cT [T (2] [T [ET [T T

I GND

Figure 10. Using the Alarm to Drive a TTL Gate
(“Grounded” Emitter Configuration)

Since the alarm is a high level output it may be used to directly
drive an LED or other indicator as shown in Figure 11.

ve
LED

CONSTANTAN 2700

(ALUMEL} 10mvre
P4

N
IRON L
[CHROMEL) 4 = LBD
b o o —— — — —
' COMMON

Figure 11. Alarm Directly Drives LED

A 270 € series resistor will limit current in the LED to 10 mA,
but may be omitted since the alarm output transistor is current
limited at about 20 mA. The transistor, however, will operate in
a high dissipation mode and the temperature of the circuit will
rise well above ambient. Note that the cold junction compensa-
tion will be affected whenever the alarm circuit is activated. The
time required for the chip to return to ambient temperature will
depend on the power dissipation of the alarm circuit, the nature
of the thermal path to the environment and the alarm duration.
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The alarm can be used with both single and dual supplies. It
can be operated above or below ground. The collector and emit-
ter of the output transistor can be used in any normal switch
configuration. As an example a negative referenced load can be
driven from —ALM as shown in Figure 12.

CONSTANTAN o
[ALUMEL) _
U OO CaoGnomEoro oo fomvrc
~
1
1 IroN
LICHIOMED
GND
i [
i |
ALARM | )
RELAY | f —12v
I
|
[ i

Figure 12. -ALM Driving A Negative Referenced Load

The collector (+ALM) should not be allowed to become more
positive than (V=) 436 V, however, it may be permitted to be
more positive than V+. The emitter voltage (—~ALM) should be
constrained so that it does not become more positive than 4
volts below the V+ applied to the circuit.

Additionally, the AD394/AD395 can be configured to produce
an extreme upscale or downscale output in applications where
an extra signal line for an alarm is inappropriate. By tying either
of the thermocouple inputs to common most runaway control
conditions can be automatically avoided. A +IN to common
connection creates a downscale output if the thermocouple opens,
while connecting —IN to common provides an upscale output.

CELSIUS THERMOMETER
The AD594/AD595 may be configured as a stand-alone Celsius
thermometer as shown in Figure 13.

W TO #15V
= QUTPUT
(I [ i [ _[] 10mVIFC
- e

AD5S94/

GND
b 0 TO 15V

Figure 13. AD594/AD595 as a Stand-Alone Celsius
Thermometer

Simply omit the thermocouple and connect the inputs (Pins 1
and 14) to common. The output now will reflect the compensa-
tion voltage and hence will indicate the AD394/AD3595
temperature with a scale factor of 10 mV/°C. In this three termi-
nal, voltage output, temperature sensing mode, the AD594/

AD395 will operate over the full military -55°C to +125°C tem-
perature range.

_7-
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THERMOCOUPLE BASICS

Thermocouples are economical and rugged; they have reason-
ably good long-term stability. Because of their small size, they
respond quickly and are good choices where fast response is im-
portant. They function over temperature ranges from cryogenics
to jet-engine exhaust and have reasonable linearity and accuracy.

Because the number of free electrons in a piece of metal de-
pends on both temperature and composition of the metal, two
pieces of dissimilar metal in isothermal and contact will exhibit
a potential difference that is a repeatable function of tempera-
ture, as shown in Figure 14. The resulting voltage depends on
the temperatures, T1 and T2, in a repeatable way.

/’T\\w

- +
u Cu
CONSTANTAN — T =~ T~ CONSTANTAN
T ———= T2
- ’
IRON TN
e —— \CE FOINT
UNKNOWN

TEMPERATURE REFERENCE

Figure 14. Thermocouple Voltage with 0°C Reference

Since the thermocouple is basically a differential rather than
absolute measuring device, a know reference temperature is
required for one of the junctions if the temperature of the other
is to be inferred from the output voltage. Thermocouples made
of specially selected materials have been exhaustively character-
ized in terms of voltage versus temperature compared to primary
temperature standards. Most notably the water-ice point of 0°C
is used for tables of standard thermocouple performance.

An alternative measurement technique, illustrated in Figure 15,
is used in most practical applications where accuracy requirements
do not warrant maintenance of primary standards. The reference
junction temperature is allowed to change with the environment
of the measurement system, but it is carefully measured by some
type of absolute thermometer. A measurement of the thermo-
couple voltage combined with a knowledge of the reference
temperature can be used to calculate the measurement junction
temperature. Usual practice, however, is to use a convenient
thermoelectric method to measure the reference temperature

and to arrange its output voltage so that it corresponds to a ther-
mocouple referred to 0°C. This voltage is simply added to the
thermocouple voltage and the sum then corresponds to the stan-
dard voltage tabulated for an ice-point referenced thermocouple.

Vy=vy
FOR PROPERLY
SCALED V' = f[Ty)

Cu
CONSTANTAN |

I I
1
1 IRON LR ——1

i e e e e s e e e sl

Figure 15. Substitution of Measured Reference
Temperature for Ice Point Reference

The temperature sensitivity of silicon integrated circuit transis-
tors is quite predictable and repeatable. This sensitivity is
exploited in the AD594/AD595 to produce a temperature re-
lated voltage to compensate the reference of “cold™ junction of a
thermocouple as shown in Figure 16.

CONSTANTAN

Figure 16. Connecting Isothermal Junctions

Since the compensation is at the reference junction temperature,
it is often convenient to form the reference “junction™ by connect-
ing directly to the circuit wiring. So long as these connections
and the compensation are at the same temperature no error will
result.

OUTLINE DIMENSIONS

Dimensions shown in inches and {mm).
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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:

#*********************

o fe e e e e e e e e e e K e oA fe e e K e e e Fe e e e K e oA fe e e K e e e ofe e e e K o e e e e e K e e e fe e e K K o Ao e e e e K o e e e e e K K e Ao e e e e K e e Ao e e e K K e Ao e e K
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import wx

import random

import sys

import time

#import ctypes
from ctypes import *
import thread

#********************** panel frame

Fehkkkkdkhhhhhddhhdhdodededododk Kook R R o 3K oo 3 o o o e ofe 3 2o ofe o 30 ofe 3 e ofe o S0 ofe e e e e 3 e ofe e ofe o 3 e ofe S e ofe S e ofe S e ofe Sk ofe sk ke o sk kA kKK

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.USBAdre
self.USBAdrl
self.USBAdr2 =
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

I
N PR O

#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 = (1490, 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 = (319, 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.SetlLabel(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(1e, 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()

KX FKAKKHK Run USB System

*hek * kK P LI T T Y LI I 11 11 11 It

def OpenUSBBoardThread(self):

self.dll = windl1.K8061

i = self.counterUSBBoards

for doit in range(0,i+1):

try:

self.dll.OpenDevice()
self.USBOpened = True

# debug info
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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)

#********************** STO P B utto n

KAIIRIKAKKKKKKKKKKIR e ofe S e o 3 5K 33K 33K 30 30 340 30 36 36 ofe ofe e 3fe e fe e S 3 3 30 3K 30 340 30 30 36 30 e e ofe Sfe e ofe S SR e S S S S e S e ofe e ofe ofe e e ofe o o

def StopReadButton(self, event):
self.dll.ClearDigitalChannel(3,1)
print 'Digital Channel Cleared, pump turn off'

#********************** START Button
dhkkhhhhhhhhhdddodhdoded Fofk ok ok ok of o fo ofe o sk ofe of s e ofe sk ofe ol e e ofe s e ofe ofe e ofe e e ofe S e ofe ofe S ofe e S e ofe S ofe ofe S e ofe S ofe ofe e e ofe sk e ook e ok ok
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)

Rk ko ok k% main definition and loop
Fehkkdkkhkhdhhddddodddoded ok ok o ofe sk o ofe Sk o ofe s e ofe S e ofe e e fe e e ofe sfe s e ofe S e ofe e e ofe S e ofe e e ofe ofe e ofe sfe e sfe Sk ke ofe sk K
def main():
"""Testing
app = wx.PySimpleApp()

f = MyFrame()

f.Center()
f.Show()
app.MainLoop()

if __name__ == "__main__":
main()

# ** *k*k *k*k **
O il T LI T T T 1111 I T T T e Y T I T T T T P 2
KEFFK
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Turbine governing system Boiler Pressure control
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Chapter 1

PLC DELTA DVP20SX211R

BEEEEEHEH HEHEBHNEH
BEREEEE0E B0EEEERES

1. Specifications
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_ Program capacity: 16k steps/Data register: 10k words

_ Higher execution speed compared to the competition: LD: 0.35us, MOV: 3.4pus

_ 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

Built-in Analog l/O

Analog Input Analog Output

Channels 4 Channels 2
Resolution 12-bit Resolution 12-bit
-20~20mA or 0~20mA or
Spec. -10~10V or Spec. -10V~10V or
4-~20mA 4~20mA

2. Product Profile

(3) POWER/RUN/ERROR/USB indicator
ect fastening hole

(4) COM1 communication
indicator (RS-232) W

| L
I
(5) COM2 communication —
indicator (RS-485)
® /0 indicator ———»|

<«— (11 /O terminal

ist-sisaSsssrunxusl

— —

{2 RUN/STOP switch

(7) USB port

(8 VRO/VR1 (13 COM1 port
— (RS-232)
U
(® DIN rail clip [Figure 1]

({9 3PIN removable terminal

ey
19 COM2 port (@ 10 module
(RS-485) (standard component) ~ positioning hole
= = l
g—=r < u:‘g E 6:9) /O module
j;ﬂ.ﬂ- ":E ' connection port
—r—— ———1 ; P i
e [ ————— 1 20 Mounting slot
: Iﬂ 0= : | (35mm)
s Tl
(9 Power input (7 Power input connection - o )
port cable (standard component) 2V1/0 module fastening clip [Figure 2]
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3. Point Specifications

3.1-Input point Specifications

Spec. Input Point

ltems 24VDC (-15% ~ 20%) single common port input
Input No. X0, X2 | X1, X3 | X4 ~ X7
Input type DC (SINK or SOURCE)
Input Current (x 10%) 24VDC, 5mA
Input impedance 4. 7K Ohm
Action level of=on ELE

On—Off <5VDC
Response | Off~On < 2.5us < 10us < 20us
time On—Off < 5ps < 20ps < 50us
Filter time Adjustable within 0 ~ 20ms by D1020 (Default: 10ms)

3.2-Output point Specifications

Spec. Output Point
ltems Relay
Output No. Y0 ~Y5
Max. frequency 1Hz
Working voltage 250VAC, < 30vDC

Resistive | 1.5A/1 point (5A/COM)
Max. load

Inductive 2

Lamp 20WDC/100WAC

Off=0On
?esponse Approx. 10 ms
(i On—Off

3.3- Analog input & Analog output Specifications

) Analog Input (A/D) Analog Output (D/A)
ems

Voltage Current Voltage Current
Analog I/0 range +10V +20mA |4 ~20mA*' | #10V | 0 ~20mA |4 ~ 20mA*
gﬁgg' CONVEISION 1 o000 | +2.000 | 0~+2,000| 2,000 [0~+4,000|0~+4,000
Resolution * 12-bit

4. Point Wiring

430




PCS Platform 2019

Vo+ S/S
10+ X0
VI0- X1
W1+ X2
11+ X3
Vi1- X4
W2+ X5
12+ X6
Vi2- X7
V3+ co
13+ YO
VI3- Y1
FE Y2
VOO [
100 C1
VO1 Y3
101 Y4
AG Y5

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.)

® DC Signal IN — SINK mode * DC Signal IN — SOURCE mode
Input point loop equivalent circuit Input point loop equivalent circuit
24G 5 B
SIS 7
% %ﬂ SIS
X0 % %ﬁ:i:
E—

4.2- Output Point Wiring

Output terminals, YO, Y1, and Y2, of relay models use CO 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.

|1 | l‘i’li’l‘i’

CO YO Y1 Y2 C1 Y3 Y4 Y5

IR RSN AN AN
1179

Relay (R) output circuit wiring
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%

CO[YO[YT1|Y2] e

C1]Y3|Y4[Y5

@ |
[T H
To

@F |]

EMCZ MC1

®
®@[
®

| 7®
@ 1

T
[ Figure 11]
PLC Rela PLC Relay
output Y output Larger power and
Smaller power frequent on/off
| p—| Y | | &
¢ = VDC _|4_>\_I —= VDC
D I+ D zD +
co Co
D: 1N4001 diode or equivalent component D: 1N4001 diode or equivalent component
[Figure12a] | ZD:9VZener5W [ Figure 12b]

PLC Relay output

AC load

R:100~1200
C:0.1~0.24uF

C1

[Figure 13 ]

43 Analog input A/D & Analog output D/A Extemal Wiring

¢ A/D: Active

m
W

Voltage input

¢ A/D: Passive

| j: VO+
U] £ 0+
- Yoo 1 VIO-
(@) shielded 1
@ Currentinput ~ ©2PI¢ CH3 i
. V3+
- 13+
UIN
| T@ 1 VI3-
) (@) Shielded gt FE
©) cable L
@ Terminal ' @
of power module @ — oV
T 24v
(5 Grounding (100£2or less)
[Figure 16 ]

432

@'\/o\tage input

ﬁ VO+
10+
AV \/0-
@ shielded T
i cable T
@ Current input o CH3 V3+
- A A = 13+
S — VI3
t @ Shielded -
+ cable - FE
N I i
!
@Terminal of @
power module
oV
3 X L
@’; . T 24\/
(8) Grounding (1000 or less) l
r
[Figure 17 ]
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e D/A
(8 Voltage output
-—— CH1
VOO
100
® T T
AC drive, recorder, = |solation wire
scale value... e t outout T
7) Current outpu
- cH2 Vot
101
® g AS
A N
AC drive, recorder, L |solation wire [Figure 18]
scale value...
5. DVP20SX2 Memory Map
Specifications

Control Method

Stored program, cydic scan system

IO Processing Method

Batch processing method (when END instruction is

executed)

Execution Speed

LD instructions — 0.54ps, MOV instructions — 3.4ps

Program language

Instruction List + Ladder + SFC

Program Capacity

15872 steps

XK0~X377, octal number system, 256

X | External inputs points max. 4;3}%2
Y0~Y377, octal number system, 256 *
Y | External outputs points max. 11O(*4)
MO~M511, 512 points, (*1)
General M768~M999, 232 points, (*1)
. M2000~M2047, 48 points, (*1)
Awrdiliary - Total
M M512~M767, 256 points, (*2) .
relay | Latched M2048~M4095, 2048 points, (*2) 4096 points
) M1000~M1999, 1000 points, some
Special are latched
TO~T126, 127 points, (*1)
100ms T128~T183, 56 points, (*1)
(M1028=0N, T184~T199 for Subroutines, 16
Te4~T126: points (*1)
10ms) T250~T255(accumulative), 6 points
(*1) Total
T| Tmer M oms T200~T239, 40 points, (*1) 256 points
(M1038=0N, T240~T245(accumulative),
T200~T245: 1ms) | 6 points, (*1)
T127, 1 points, (*1)
Bit 1ms T246~T2459(accumulative), 4 points,
Contacts {*1)
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16-bit count up

CO~C111, 112 points, (*1)
C128~C199, 72 points, (*1)

(Supported by V2.00 and above)

C112~C127, 16 points, (2) 233T[E=tgilnts
32-bit count C200~C223, 24 points, (*1)
up/down C224~C232, 9 points, (*2)
C235~C242, 1 phase 1 input, 8
Soft- | points, (*2)
Counter 39Di ware C233~C234, 2 phase 2 input, 2
it =L
high- points, (*2) .
S C243~C244, 1 phase 1 inpuf, 2 Total
count points, (*2) _ 22 points
up/down Hard- C2_45~C25D, 1 phase 2 input, &
ware | points, (*2)
C251~C254 2 phase 2 input, 4
points, (*2)
Initial step point 30~39, 10 points, (*2)
. S10~519, 10 points (use with IST
step | 2SO POINLTEMM | i otruction), (*2) Total 1024
point | Latched S20~S127, 108 points, (*2) points
General 31268~5911, 784 points, (*1)
Alarm S912-51023, 112 points, (*2)
Specifications
Current value T0~T255, 256 words
Current value C0~C199, 16-bit counter, 200 words
C200~C254, 32-bit counter, 55 words
D0~-D407, 408 words, (*1)
General D600~D999, 400 words, (*1)
D3920~D9799, 5880 words, (*1)
D408~D599, 192 words, (-2)
Rz‘;?gfer = EIEL D2000~D3919, 1920 words, (*2)
Data Special D1000~D1999, 1000 words, some Total
register are latched 10000 points
Rgi-Si0e Special | Dga00~D9g9s, 100 words (*1) ('6)
;Tdﬁ:ge special | hg800~p98g, 100 words (*1) (*7)
Index EO~E7, FO~F7, 16 words, (*1)
Master control loop MNO~N7, 8 points
Pointer PO~P255, 256 poinis
1000/1001(X0), 1100/1101(X1), 12001201(X2),
_ 1300/1301(X3), 1400/1401(X4), 1500/1501(X5),
Extemnal interrupt | 5601601 Exag, I700/1701 E}:?:;: 8 points {EH : ::ising-
edge frigger _{ , 00: falling-edge trigger 1)
SR S Iﬁgﬁ;lﬁgﬁ, [702~1799, 2 points (Timer resolution =
Service | 1METINEMUPL | 502" 1899, 1 point (Timer resolution = 0.1ms)

High-speed
counter interrupt

points

1010, 1020, 1030, 1040, 1050, 1060, 1070, 1080, 8

Communication
interrupt

(3)

1140(COM1), 1150(COM2), [160(COM3), 3 points,

434




PCS Platform 2019

Constant

Decimal

K-32.768 ~ K32,767 (16-Dit operation),
K-2,147,483,648 ~ K2,147,483 647 (32-bit
operation)

Hexadecimal

HO000 ~ HFFFF (16-bit operation),
HOO000000 ~HFFFFFFFF (32-bit operation)

Serial Ports

SA2

COM1: built-in RS-232 ((Master/Slave)
COM2: built-in RS-485 (Master/Slave)
COM3: bullt-in RS-485 (Master/Slave)
COM1 is typically the programming port.

SX2

COM1: built-in RS3-232 ((Master/Slave)
COM2: built-in RS-485 (Master/Slave)
COMS3: built-in USB (Slave)

COM1 is typically the programming port.

Real Time Clock

Year, Month, Day, Week, Hours, Minutes, Seconds

Right side: Up to 8 I/O modules can be connected

Special 'O Modules

connected

Left side: Up to 8 high-speed I/O module can be

File Register (*3)

KO~K4399, 5000 points (*2)

6. PLC Device Address

Effective Range
, = MODBUS
Device Range ES2/EX? 552 Sgi.I'ESE Address Address
S 000~255 000001~000256 | DOOD~DOFF
S 256~511 000257~000512 | 0D100~0D1FF
000~1023 000~1023

S 512~767 000513~000768 | 0200~02FF
S 768~1023 000769~001024 | 0300~03FF
X 000~377 (Octal) | 000~377 0D0~37T7 101025~101280 | 0400~04FF
Y 000~377 (Octal) | 000~377 000~377 001281~001536 | 0500~05FF
T 000~255 bit 000~255 00D0~255 001537~001792 | 0600~06FF

000~255 word 000~255 0D0~255 401537~401792 | 0600~0D6FF
M 000~255 0800~08FF
M 256~511 0000 0900~09FF
M 512~TEBT OADO~DAFF
m 768-1023 4{;95 00D00~4095 002049~003584 OB00-0BEF
M 1024~1279 0CO00~0CFF
M 1280~1535 0DO00~0DFF
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Effective Range
. MODBUS
Device Range ——=| - T s.;z;;sE - Address

M | 1536~1791 BOOO~BOFF
M | 1792~2047 B100~B1FF
M | 2048~2303 B200~B2FF
M | 2304~2559 0000 B300~B3FF
M | 2560~2815 ~ 0000~4095 045057~047616 | B400~-BAFF
M | 2816~3071 4095 BS00~B5FF
M | 3072~3327 BE00-B6FF
M | 3328~3583 B700~-B7FF
M | 3584~3839 B800~-BAFF
M | 3840~4095 B900~BIFF
000~199 000~199 003585003784 | OEOD~OECT

C | 000~199 (16-bit
(16D 500199 000~199 403585-403784 | OE00~OECT
200~255 200~255 003785~003840 | OEC8~O0EFF

. 401793~401903

C | 200~255 (32-bit

(3ZD1t))  550-255 200~255 (Odd address | 0700~076F
valid)
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D | 000~255 1000~10FF
D | 256511 1100~11FF

D | 512~767 404097~405376 | 1200~12FF
D | 768~1023 1300~13FF
D | 1024~1279 1400~14FF
D | 1280~1535 1500~15FF

D | 1536~1791 1600~16FF

D | 1792~2047 1700~17FF

D | 2048~2303 1800~18FF

D | 23042559 0000 1900~19FF

D | 2560~2815 4999 405377~408192 | TAD0~TAFE
D | 28163071 0000 0000 B00~1BFF
D | 3072~3327 9999 9999 1COD~1CFF
D | 33283583 1D00~1DFF
D | 35843839 1E00~1EFF
D | 3840~4095 1F00~1EFF
D | 4096~4351 5000~90FF
D | 4352~4999 9100~91FF
D | 4608~4863 9200~92FF
D | 4864~5119 9300~93FF
D | 5120~5375 436865-440960 =5 00-94FF
D | 5376~5631 A 9500~95FF
D | 5632~5887 9600~96FF
D | 5888~6143 9700~97FF
D | 6144-6399 9800~9BFF

D | 6400~6655 9900~99FF

D | 6656~6911 9ADD~OAFF
D | 6912~7167 9B00~OBFF
D | 7168~7423 436865-440960 —5=rG-acFF
D | 7424~7679 9D00~9DFF
D | 7680~7935 9ED0~OEFF
D | 7936~8191 0000 0000 9F00~9FFF
D | 8192-8447 9999 N/A 9960 ADDO~ADFF
D | 8448~8703 A100~A1FF
D | 8704~8959 A200~A2FF
D | 8960~9215 A300~A3FF
D | 9216-9471 4403961~442768  —pa00-AaFF
D | 9472~9727 AS00~ASFF
D | 9728~9983 AGO0~AGFF
D | 9984~9999 A700~ATOF
D | 10000~11999 Applicable to DVP-SE 442769444768 | A710~AEDF

~

Instructions
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438

Execution speed
. . {us)
Instruction Function Operand ESJEX2/SS2 - Steps
SAZISK2
LD Load NO contact XY MS5TC 0.76 064 | 1~3
LDI Load NC contact XY MS5TC 0.78 068 | 1-3
AND Connect NO contact in series XY MS TC 054 058 | 1-3
ANI Connect NC contact in series XY MS TC 056 062 1-3
OR Connect NO contact in parallel XYM S TC 054 062 | 1-3
ORI Connect NC contact in parallel XYM S TC 056 064 | 1-3
ANB Connect a block in senes MN/A 0.68 0.68 1
ORB Connect a block in parallel MN/A 0.76 0.76 1
MPS Start of branches. Star&s_current MN/A 074 0.68 1
result of program evaluation
MRD Reads ﬂﬁg stored current result MN/A 0.64 054 1
from previous MPS
End of branches. Pops (reads and | N/A
MPP resets) the stored result in 0.64 0.54 1
previous MPS
ouT Output coil ¥, 5, M 0.58 068 | 1-3
SET Latches the ON status ¥, 5, M 0.76 068 | 1-3
RST Resets contacts, registers or coils E r-l.:-'l S.T.C.D, 22 1.04 3
MC Master control Start NO~N7 1 0.8 3
MCR Master control Reset NO~N7 1 0.8 3
END Program End N/A 1 0.8 1
NOP Mo operation MNIA 0.4 0.5 1
P Pointer PO~P255 0.4 0.5 1
| Interrupt program pointer looo 0.4 0.5 1
STL Step ladder start instruction S 2.2 2 1
RET Step ladder return instruction N/A 1.6 1.4 1
NP Megative contact to Positive N/A 166 0.72 1
contact
PN Positive contact to Negative N/A 162 0.72 1
contact
Chapter 2 : WPL Soft
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“WPL Soft” s PLC Jl dxe sl Gasaiall malindl -1

PLC Jb < smdall ) Ja) (e iy yaill eo UC-RRG020-12A ilea 31 zUini PLC Ul dse sl -2

Dvp20sx2
By £4]
Convertisseur sériel
UC-RRG020-12A
w
RS 232« USB
[ 1
B Il |

PLC Jl ey sl -3
File— New (o= Jazaial

Edit Compiler Comments Search Yiew | Communication Options Wizard Window Help

New CirH-N | 0 1 -
“|[& Open CtrH0 oo v

& File Name (52 & 9 el anl mumaiy (sx2¢( PLC ) g8 DA
. OK Ll
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Select a PLC Model

Program Title
Model Type  [PLC -
Select SX2 -

unication Sefting
| RS232 (COMD) | Setting_ |

File Mame

IExl

OK | Caneel |

PLC JI & gl Ja il paibad
=t sl JAe Communication setting 8 RS232 (Ao baaai PLC Jb < salad) Loy 5 2ay
el iy (e S S (COM4) Port J) 2 sa s asiil

1 address J! 058 PLC J) Jleatind J8) PLC Jb p=lall station address J ksl s
(Y o) yins LaS A ) JBMA (g 0 il (S
.RTU ) ASCII W) PLC Ul &se s lsial USay

=1/t Communication Setting
v RS232

£-EP Ethernst

¢ .Y DVPENOLSL
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Communication Setting

Stop Bits Il vl
Band Rate |9600 I

Connection Setup
Type |Rs232 ~|
rCommunication Setting
COM Port lm _I ¢ AsCO
Data Length |-,' v[ " RTU (8 bits)
Parity Even -

Auto-datect

Station Address Il ﬂ ﬂl

Ethetnet Setting
[T LssignIP

— _
Port [

—Baud Rate Decided by

@ PLC Setting
" WEL Setting

—Setup Responding Time
Times of Auto-ratry |3 i’
P 3

Time Interval of Auto-retry (sec.)
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PLC JI o guabill dus -5

=
= Ex1 - Delta WPLSoft
File Edit Compiler Comments Search View | Communication Options Wizard Window Help
D EE| Doy ea e = Ol e 3
BEEEewRE=ES0O E@gocﬁmgmlwéua@“"ﬁe
RiyType N B W R R m b MMk V0O 0 5 oM@k [ i @

Instruction List Mode

T BlasderDiaguamMode
— 00 1

F T B QW e bhani PLC J) 8 Gile IS el Jee 481540 -6

! Online Mode (Ctr+F4)|

o
File Edit Compiler Comments 3Search View | Communication Options Wizard Window Help
TTLEIEEREELYIE % ol ¢

BEEew BB SSTI0EREO0OORR & & ¥ 3
Relay Type H?'f #5 ¥2 FY Online Mode (CttF4) [P #72 | o do e 4% © @ G

2=
E...ﬁ; Communication Setting
v R8232
E| @ Ethernet
4 DVPEN01-SL
J IFD9506 Instruction List Mode
00
00
00
00
00
nn
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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.

Vijeo-Designer @

Welcome to Vijeo-Designer

What would you like to do?

(@) Create new Project
() Open last Project - Project

() Open existing Project

[ Dont show this dialog box again

| <Back [ Net> | [ Fmsh | [ Conesl |

Enter the name of your project and click Next. In our case, type "Manual™.

| Create New Project (23]

Enter Project Name to Create
Project Name Vijea_PLC|

Description or Comment

Type
(@) Project with Single Tanget

() Project with Targets
|| Project Password
Enter Password | |

Confirm Password | |
Hint {Optional) | |

[ <Back |[ Med> | [ Fnsh | [ Cancel |

Select the target type ..., and the model ..., Click Next, Next.
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Create New Project @
Erter Project Name to Create
Project Name Vijeo_PLC |
Target : 1/1

New Project/Target
Target Name Target1

Target Type | XBTGK Series -
Modsl | XBTGK5330 (540e480) -]
[ <Back |[ Net> | [ Fmsh | [ cancel |

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

Enter Project Name to Create Manufacturer:
Project Name | Project | [schneider Electric Industries 545 -
Target : 111 Driver: Equipment
Equipment List =
FIPIO Modbus Equipment
Adds drivers and equipment. Define settings in the Navigator FIPWAY 2
window's Driver and Equipment properties. Jbus (RTU)
Modbus (RTU)
Modbus Plus USB
Modbus Slave
Modbus TCP/P
PacDrive - Ethernet
Uni-Telway
XWAY TCRIP
[ ox ][ Cancel H Help ]

A variable is a memory address indicated by a hame. Vijeo Designer handles the

following types of variables:
0BOOL

0INT (16 bit signed integer)

0 UINT (16 bit unsigned integer)

0 DINT (32 bit signed integer)

0 UDINT (32 bit unsigned integer)
0 Integer (1-32 bit generic integer)
0 REAL
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0STRING

0 User Data Type (Array or Structure)

o Folder

0 Block INT (16 bit signed block integer)

0 Block UINT (16 bit unsigned block integer)

0 Block DINT (32 bit signed block integer)

0 Block Integer (1-32 bit generic block integer)

0 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".

Mavigator * O X

Projet - Panell [All] - Languagel X r Projet - Base Panels ]

Actions -
|2| Environment
-F& Resource Library
L.l.J Alarms

-8, Recipes

-8 Data Logging

m

Communication

¥=]o oo

z 10 Mana Open
4 r" MNew Variable
@Vijeo-l\danager L Paste Ctrl+V
Import Variables... Ctrl+I
Base Panel Export Variables... Ctrl+E
Name Panell Variable Reference & Reports... Ctrl+T
PanellD 1
Description MNew Variables From Equipment...
Width 640 Link Variables...
Height 450 Update Link...
Back Color
I Validate Variables...

PublishTe Al

avec PLC

New...

BOOL
Integer
INT
UINT
DINT
UDINT
REAL
STRING

Folder

User Data Types

1-32 Bits Generic
16 Bits Signed
16 Bits Unsigned
32 Bits Signed
32 Bits Unsigned

specify the variable source (external in this case). In the Device Address property,

Change the name of the
Boolean-type "BOOLO1"
variable. In this window,

—
EoEm < am|BErnw-A E-FB% &
MName “ Data Type | Data Source | Scan Group Device Address | Alarm Group Legging Group
" Integerll Integer External ModbusEquipmer B0001 Disabled Nene
R 2 LI inp01 BOOL External MedbusEquipmer 00001 Disabled MNone
3 LI outll BOOL External MedbusEquipmer 00065 Disabled Nene

Basic Properties |Qata Details I 10 Settings I Data Scaling I Alarm I

Variable Name:

Description:

put01 ]

Data Type:

[BooL

- ] Amray Dimension: 0

Data Source:

Sharing:

ScanGroup:

@ None

[ModbusEquipmert01

() Read Only
() Read / Wiite 00065

Device Address:

[ Indirect Address

will be placed.

button

Select the "Switch" icon in the toolbar and use it to draw a rectangle, defining an area on the screen where

445



PCS Platform 2019

it will be placed.
AANE-0>60-= AE-(T)I-B-0-20

The Switch Settings window is displayed. Configure the properties as shown in the screen below:

In the General window:

0 select 00001 as the switch style.

Under the "When Touch" tab, click the icon ¢ and:

O select the "BOOL" "Emptying" variable,

0 select “Set” which will switch ON the Emptying bit when the button is pressed
0O click Add to confirm the selection.

Switch Settings - - a B E

General | Color | Label | visibility | Advanced |

Mode @ Switch Switch with Lamp  Category
Name Switch01

- style 00001 -
w0
Lamp g Reverse On Touch

When Touch | whie Touch | when Release |

-

Operation
@ Set
© Reset
©) Toggle
) Momentary ON

*) Momentary OFF

Destination

outll ﬂ
Apply Add >

Under the "When Release" tab, click the icon and:
0 select the "BOOL" "Emptying" variable,

O select “Reset” which will switch OFF the Emptying bit when the button is released
0O 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.

poANO-0 6 (O-=-AB- T i-(BrE-@H

The Numeric Display Settings window is displayed. Configure the properties as shown in the screen below:

General |InputMode | Color I Visibility IAdvanced|

MName NumericDisplay01
Style 00025 -
Data Type @) Integer () Float

Variable ol o Zero Suppress || Enable Input Mode

§| | Cisplay Digts & L Display Zero(s)

Format [ Digit Grouping
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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.

PAR . WAV o e WO R W 1R %!v®v@vvmg;
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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Execution speed
. . {us)
Instruction Function Operand ESJEX2/SS2 - Steps
SAZISK2
LD Load NO contact XY MS5TC 0.76 064 | 1~3
LDI Load NC contact XY MS5TC 0.78 068 | 1-3
AND Connect NO contact in series XY MS TC 054 058 | 1-3
ANI Connect NC contact in series XY MS TC 056 062 1-3
OR Connect NO contact in parallel XYM S TC 054 062 | 1-3
ORI Connect NC contact in parallel XYM S TC 056 064 | 1-3
ANB Connect a block in senes MN/A 0.68 0.68 1
ORB Connect a block in parallel MN/A 0.76 0.76 1
MPS Start of branches. Star&s_current MN/A 074 0.68 1
result of program evaluation
MRD Reads ﬂﬁg stored current result MN/A 0.64 054 1
from previous MPS
End of branches. Pops (reads and | N/A
MPP resets) the stored result in 0.64 0.54 1
previous MPS
ouT Output coil ¥, 5, M 0.58 068 | 1-3
SET Latches the ON status ¥, 5, M 0.76 068 | 1-3
RST Resets contacts, registers or coils E r-l.:-'l S.T.C.D, 22 1.04 3
MC Master control Start NO~N7 1 0.8 3
MCR Master control Reset NO~N7 1 0.8 3
END Program End N/A 1 0.8 1
NOP Mo operation MNIA 0.4 0.5 1
P Pointer PO~P255 0.4 0.5 1
| Interrupt program pointer looo 0.4 0.5 1
STL Step ladder start instruction S 2.2 2 1
RET Step ladder return instruction N/A 1.6 1.4 1
NP Megative contact to Positive N/A 166 0.72 1
contact
PN Positive contact to Negative N/A 162 0.72 1
contact
Chapter 3

RS485 ~ Modbus RTU slave jsid PLC P z4by seenai-1
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Funection Group COM Port Function

tem o™ | com | comz | com3
_\_\_'_‘—‘——\_
Number Communication format D1036 | D1120 | D1109
Communication setting holding | M1138 | M1120 | M1136
ASCI/RTU mode M1139 | M1143 | M1320
Slave communication address D1121 D1255
Contents:

COM ports (COM1: R5-232, COM2: RS-485, COM3: R5-485) support communication format of
MODBUS ASCIVRTU modes. When RTU format is selected, the data length should be set as 8.
COM2 and COM3 support transmission speed up to 921kbps. COM1, COM2 and COM3 can be
used at the same time.

COM1:

Can be used in master or slave mode. Supports ASCII/RTU communication format, baudrate
(115200bps max), and modification on data length (data bits, parity bits, stop bits). D1036: COM1
(R5-232) communication protocol of master/slave PLC. (b8 - b15 are not used) Please referto
table below for setting.

comz:

Can be used in master or slave mode. Supports ASCI/RTU communication format, baudrate
(921kbps max), and modification on data length (data bits, parity bits, stop bits). D1120: COM2
(RS-485) communication protocol of master/slave PLC. Please refer to table below for setting.
COMa3:

Can be used in master or slave mode. Supports ASCI/RTU communication format, baudrate
(921kbps max), and modification on data length (data bits, panty bits, stop bits). D1109: COM3
(RS-485) communication protocol of master/slave PLC. (b8 - b15 are not used) Please refer to
table below for setting.

w1002
_| I MOy Ha1 01120
SET M1143
11002
I lMDV K2 D1121 |
IMDV K100 01129 |
SET M1120

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.

M1002

actuator 9} analog output (0-10v) < M @U e -2
PLC d\ &= actuator d\ d—“"ﬁ c_sﬁﬁ)j‘

VOO

Channel 1 ' TO

VO1

Channel 2 ! ot
anne AG

!MDV K2000 uli] ‘

lMDV uli] D116 ‘

lMDV k1000 D1 ‘

lMDV D1 D117 ‘

MOV K2000 DO : MOVE 2000 in DO

D1116 : Analog output channel DAO (VOO)

D1116 : Analog output channel DA1 (VO1)

MOV D0 D1116 : MOVE 2000 in DAO (2000 =10V)

MOV D1 D1117 MOVE 1000 in DA1 (1000 =5V)
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Proximity Sensor LJ12A3-4-Z/BX

NPN NO/NC Inductive Sensor Schematic wiring diagram

Brown o\
iv Load
Indu.ctlfe Siaidl
Proximity DC6~36V
Sensor
Blue o oV
Max 300mA

8 plad 0 Bsdas 33L 018 ey Normally opened i-gis dbidt 065 pludt Jos |3

Adlke )

PLC J! g Sensor JI | s 44,k

Browi
Indu.ctlf’e Black
Proximity
Sensor
Blue
— ]
Sensor PLC

oo 8y 5 Ol Ok Byes ST W) IS e 055 as,ldl Gl 44

sl aheal) S5 £ D0 U@ T Ol iyl ods

X0 Lfil:i) u»\.w.;-\ M u»\..m.;-\
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V%kéj‘ bﬁ\y&&ﬁ@wxéd)bﬁﬂ\ sde Lemns "VJ-;E.U.\ odn My (1s) a5l

D2 8 b

]
_{ I IMCF po

w1000

I !TMH T1 K10 |
T1

I !MDV [ali] D1 |
T1

I !MDV A1) Do |

!MDV 3] D2 |

RST T1
EMD

30/15,872 Steps 5X2 (PLC Station Address: 2)

-INCP DO: When X0 is triggered, the content of DO will be incremented by 1.

-TMR T1 K10 : M1000 is ON, T1 is activated After 1 seconds (K10 x 0.1 sec = 1 sec),
NC contact T1 is ON,

-When T1 is OFF move DO in D1

-When T1is ON : DO is cleared, move D1 in D2 & Reset T1

-When Reset T1 then the operation is repeated.

analog input (4 - 20 JM5 ;o Pressure transmitter o Jervall 51,3 EAU 7 oS -4
mA)

Pressure transmitter ! wlislgs

COMPANY : GAMICOS
MODEL : GPT220
Range : 0-16bar

Output : 4-20 mA

Power : 12- 36V
Temperature : 220° C

PLC ! & Sensor J d\g«oy" iy b
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24vDC
i) *) Red W+ ’
——i [ —_— 1
| |_ PN Pressure
. Tranamitter
I-) ——= (*] Green Vout PIN 2
—1 )
READOUT
Red W+ BN ’
M Pressure
Vo+ CH1 L Tranamitter
s GreenVout | piy 2
10+ \- [
V0-
V3+
13+
V13-
FE
oV
24V
+41000 _—
_| I lMDV K257 01115 |
lMDV D110 m |
!MUL32 01 k4 (sali] |
lDIV32 010 K5 D20 |
EMND

M1000 : normal on

D1115 : analog input/output mode setting
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Device .
Function
number
20EX2/SX2 analog input/output mode setting (Default=H'0)

bit0~bit5: Selection between the voltage/current mode (0: Voltage; 1: Current;
Default: Voltage)

bit0~bit3: Analog inputs (AD0~AD3)

D1115 bit4~bit5: Analog outputs (DAO~DAT)

bitB~bit 13: Current mode

bit8~bit11: AD0~AD3 (0: -20 mA~20 mA; 1: 4~20 mA)

bit12~bit13: DAD~DA1 (0: 0~20 mA; 1: 4~20 mA)

MOV K257 D1115:
(257 decimal = 0000 0001 0000 0001 Binary ) ,

bit0=1 I analog input mode of ADO 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

- IS e 585 akacall 5615 4y sk

(0 bar = 0 in PLC , 16bar =2000 in PLC) sl (e 1 & prc

Mo rX2) b e Jans ubuaalls Agaadi 3618 ) pre JI sel§ Jisad
D11 D10 (58 L8t g 4 o piai g D1110 (o osbesd) dad ) j85 (1 2000X §:1600
o) dady 4l JSG e pp1 D20 (At g 4 Ao s &

MUL32 D1 K4 D10:
(D2,D1) x(4) = (D11,D10)

6. 32-bit binary multiplication

GD+1 G+ G2 (@ +1 @
[b31.....b16[b15. . b0]x [031  b16][b15.____b0]=[b31.__b16][b15 b0]
b31is a sign bit b31is a sign bit b31is a sign bit

DIV32 D10 K5 D20 :
(D11,D10) / (5) = (D21,D20)

(single-phase motor) I ~ ‘ﬂ_)M Z\Lube Valve <2 eS;Sﬂ @-A\-'L)-J e,-!A*A:\-S
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PLC
B £
Relayl
]
] Relay2
i -

\;163 Relay 2 dﬂ’“ﬁ 3—*‘;) NENWY J:"-ﬂ Relay 2 d\) ‘ﬂjé-d‘ dﬁ’-&-\j Relay 1
O (S Relay 2 <& die g vave ) 3OeY ala & el Ol =
O dds Gl (Ne Vo) il A T8 (vave J) il aaise & jadll
Je potentiometer (< voltage ‘\-wd Je L.Léé-') Potentiometer Jha 39 Jdoa

.(valve J) C:\ﬁ A s

Potentiometer

Voltage Out Voltage In

()b & —= W

A potentiometer is a manually adjustable, variable resistor with three terminals. Two

terminals are connected to a resistive element, the third terminal is connected to an

adjustable wiper. The position of the wiper determines the output voltage.

ol uad Jal (3 Relay & Al Joa 5348, 4l

Ph N

1 k 13 Relay 1
Relay 1 _
3 ( 7 455

4% 3% 5%7
Relav 2 {
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PLC d\ &< potentiometer d\ 9 Relay d\ 5" 5 ‘\sg)la

O+ s/S
10+ X0
vio-| [ x1
V1+ X2 o N
11+ X3
vii- | [ x4
V2+ X5
12+ X6
Vi2- X7
V3+ co
13+ || o0 Al Relay1 Ao
VI3- Y1
FE Y2
o5 [ = Relay?2
100 c1
votl|[ va
101 Y4
Voltage Out Voltage In 1= N

—= CW

Potentiometer
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DA0 (VO0) JA (1 10V potentiometer J) (5 a5 ¢ el s 44y 5k
) ADL (VI4) P e valve ) o8 4w potentiometer J) (y i
e 9 1V potentiometer J) Ldasy laa varve J) O sSo Ladie Uie 4 yda WO

((85v Lihany JalS JSGs 332 Y)

&e 8V (o J8) potentiometer J) 05 () Ba_pda yo Adas) 53 valve J) 8 S
I oS o i v s vo Aaul s vave J) 33e) (e xo i

X0 Jplis &R 1V O ) potentiometer

M1002
| | lmuv k2000 i |
lmuv i D116 |
M1000
| lmuv o D2 |
%0
_| }_|> D2 K300 I oYl
1
} [oMD )
%2 1
_H_|< D2 K1600 I m oM
MO
} [ o 1
M1
END

k2000 Do |

oo

os | Move 10V in DAO (VOo) for potentiometer

D b2 | D1111: AD1 read voltage from potentiometer, Move AD1 in D2

D2

[iselili]

F :1f D2 > K300 (Voltage from potentiometer>1.5 V)
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0
}_{> D2 K200 I (v
\_{w
I [ MO )

If Xx0=ON & Voltage from potentiometer>1.5V , Y1=ON
If X0=ON & Voltage from potentiometer>1.5 V &Y1=0ON, M0=ON (Y0=MO0=0ON)

L N o if D2 < K1600 (Voltage from potentiometer<8 V)

w2 w1
}_|< D2 k1600 }_{ / } [ M !
MO

If x2=ON & Voltage from potentiometer < 8 V &Y1=0OFF, M1=ON (Y0=M1=0ON)

d% (A “Boiler pressure control” dl-) aSAﬂ\ 3 :\-.\5‘ JAﬂ @AU 5 H.«aﬁ -6
U'k’ Vijeo Designer =ald JLM:MU) ‘modbus  J! éuh O @ galal)
(Pl

Boiler pressure control system

Modbus RS 485 Network
PLC
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b Jee 2l
14.1 i baal jziss Lae, Condenser valve xz 15 bar Q) biall iy Lie) PLC J1albuly  Slgy) S Wi vValves Ji g (oSl 055

-Valve Ji sl 14.1 bar ) Laall i Ly atmospheric valve s 15.5 bar Ji kiall fe: Lus Ui . valve sk bar

Communication between Vijeo software and the PLC

Dvp20sx2
By /9]
Convertisseur sériel
Ex9530
»
RS485 < USB

|

[ —

iy i) aa Exo530 Ada ol liad vijeo JI gl aa pLc IVl A

2-configure the communication settings

The communication parameters are given in the following table:
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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 26.109600

26.11 Data bits 26.128
26.13 Parity 26.14None
26.15 Stop bit 26.161

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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26.17Device 26.18The 26.19 Fonction 26.20 Action
in address in
PLC decimal
26.21M4 26.2202053 26.23Read | 26.24 Status of atmospheric
valve
26.25M10 26.2602059 26.27write | Control of atmospheric valve
26.28 M11 26.292060 26.30write | 26.31 Control of condenser
valve
26.32Y3 26.3301284 26.34Read | 26.35Status of condenser
valve
26.36 D5 26.3744102 26.38Read | Monitoring the pressure
26.39
26.40D7 26.4144104 26.42write | 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

af

- Ty Resource Lib

% Alarms
i Recipes

@[5 Data Logging

Variables
=8 Z I0 Manager

=] g MedbusRTUOL [ 1
- 08 ModbusEquij

3) Creation of the supervision page.

Targetl - Panell - Languagel ¥ Targetl - Variable Editor X
A o d > B [m] B [Enw AL CE
ray Mame A| Data Type | Data Source | Scan Group Device Address | Alarm Group Legging Group

1 -~ D5 Integer External z‘ ModbusEquipmer 44102 Disabled MNone

2 -~ D7 Integer External ModbusEquipmer 44104 Disabled Mone

— 3 LI M10 BOOL External ModbusEquipmer 02059 Disabled Mone

E 4 L1 mi1 BOOL External ModbusEquipmer 02060 Disabled MNone

L4 5 L mé BOOL External ModbusEquipmer 02053 Disabled Mone

: ¥ 6 L3 BOOL External ModbusEquipmer 10284 Disabled Mone
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Targetl - Panell - Languagel > | Targetl - Variable Editor

&

@ VUEQ_PLC_DVP_TEST
—ﬂ Targetl

I Graphical Panels
= Base Panels

B3¢ Popup Windows

: - Master Panels
@ Forms & Reports

ﬁ'ﬂ Actions

Environment

[y Resource Library

+ nﬁ“; Alarms

[, Recipes

2, 10 Manager

EE Vijeo-Manager @ Project

4) Definition of the communication parameters in the "Driver configuration” and

"Equipment Configuration" windows ((the communication parameters in the "0 Manager"

node from the "Navigator" window).

Projet - Panell [All] - Languagel X

i a 100 200 30 400
e
+% Resource Library * ||| Driver Configuration @
o B8 Alarms
-, Recipes TR TR Schneider Electric Industries SAS  Driver: Modbus (RTU)
&) Data Logging
Variables
-, 10 Manager = COM Port comz |  PariyBi [None -
= ModbusRTU0L [ COM2 |
g@ ModbusEquipmentll _ Serial Interface RS-485 Stop Bit |1 v|
4 m 3
[EE Vijeo-Manager @pmjed: Flow Control None Data Length 3
Tr ission Speed | 9500 - Rev. Time Out 1 = sec
Driver
MName ModbusRTUOL Retry Count 2 = . — 2
Manufacturer ERNEAE > ™eC
Driver Default value W
Configuration
String Encoding  ASCI
oK ] | Cancel | | Help
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2

i -l Resource Library -
Pﬂe Alarms

- il Recipes
-[&] Data Logging
Variables

2, 10 Manager

EI@ MaodbusRTUOL [ COM2 ]
L. ModbusEquipment0l _

4 L 2

@ Vijeo-Manager Project

m

Equipment Configuration
Eguipment Address

Slave Equipment Address: E = Dec

Communication Optimization

Preferred Frame Length ’Custnm

120 | bytes

[T ECE1131 Syntax

0-based (Default)

Equipment Variables
Name ModbusEguipment0l Double Word word order ’High word first v]
Equipment )
Configuration E] ASCI Display byte order ’Luw byte first v]
ScanRate Medium |T
Dialeg Table E] [ 0K l l Cancel ] l Help l
In the WPL soft we did:
Comrmunication Modbus BTU protocaol by COME (RS-485)
1002
_| I IMDV Ha1 C11z20 |
SET 11143
IMDV K2 01121 |
IMDV K1a0 L1129 |
SET 1120
Feadthe pressure sensor
1000
_| I lMDV K257 01115 |
IMDV 01110 o1 |
!MUL32 o1 k4 D3 |
lDI\u"32 [} K& D5 |
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Comparison The pressure sensor with setpoint

<|>= D5 K150 I SET M
<|<= D5 k1410 I RST i
<|>= D5 K1550 I SET M1
<|<= D5 K1410 I RST M1
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
Condenser discharge valse
MO
I [ 3 1
mTJ
If MO ON or M10 ON from User interface, Solenoid valve Open by Y3
Atmospheric discharge valve
M1002
— | !MDV k2000 D10 |
lMDV D10 D116 |
M1000
| | lMDV D111 D11 |
<|> D11 K1500 I {Me
M1 M1
_|/|—|/}_{> D11 Ko I e I
1
L | Cow
M1 1
] |_<|< o k1500 |/} {oM3
M11
_| l_
M2
_| I [ w0 )
M3
_| l_
END

132/ 15,872 Steps

SX2 (PLC Station Address: 2)

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 YO & Y1)

Note : For test We replaced D5 (real pressure ) by D7 (default Pressure from user )

Comparison The pressure sensor with setpoint

- o7 ko0 | SET M

<= o7 kiam | RST M

- o7 KisE0 | SET M1

<= o7 kiso | RST M1

Simulation

[3] Vijeo-Designer Runtime 5.0.0.537 = [ -& |25

F @ F @

SUpose Pressure for test Fressure
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[55] Vijeo-Designer Runtime 5.0.0.537 =R ==

Boiler pressure Control

Condenser Discharg

=]

Fressure

[] Vijeo-Designer Runtime 5.0.0.537 o[ -E | (S

Condenser Discharge Walve W alve

=]

FPressure
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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.

Monitoring
(+control)

Modbus RTU

Control Unit
(PLCs)

Sensors/
actuators

b e ta &

incinerator power control turbine generator loop

feedwater and extraction steam

loop loop

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.
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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.
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29 Software Structure
29.1 Class diagram

Program A
. Klasse
a, ipc_window IPC
Klasse
b Form 4 Methoden
@, Main
@ m
BPC ¥, sm | StateMachine ﬁe. gModbusMaster IModbusMaster ¥ ConnectionfForm ¥
Klasse Klasse hni Klasse
PE— %, bpcw.. | =+ Form -+ |Disposable -+ Farm
Overview - @, sm b Felder 2
Klasse
=B Form G! tgs_wi... @ b Eigenschaften | 0000000000000 e ——— -
' s =M @ filelogger (. 1
TGS » Methoden FileLogger ¥ | tools ¥ H
Klazze Klzzzse I Static Klzsze 1
=+ Form ]
Qa cm b, -
%, Ic_window Lc
Klasse
=+ Form
Visualisation (GUI Operation )
( ) p Connection/Management
( Program
I Klasse
@, ipc_window L’;‘;
= Form 4 Methoden
° @, Main
), sm \.
( BPC @8 il | StateMachine ’*a‘. gMdbbuMaster [ IModbusMaster ¥ ) [ ConnectionForm i
Klasse Klasse Schninstelie Klasse
P a\. bpc_w.. | - Form : |Dispasable -+ Form
g:;nlirw @Rl + Felder -
@ .
-+ Form a tgs_wi... @ ..l | ¢+ Eigenschaften p ) L -
| F—1es 1 R flogse  ((Brtogger ¥) {rooks ¥
Klasse )| Klasse : Static Klasse 1
R @, L, y
@, lc_window e
Klasse
= Form

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):

User GUI-'Page "
1:
|
2: click on Open Valve b g >-
l 3: Connect()

2.1: open valve

| 3.1: Connect to Slave(s) (PLCs)

2.1.1: writeRegister(address x true) :

2.1.1.1: send Command to Serial port (to Modbus slave)

—_—————

Powered BY Visual Paradigm Community Edition 0
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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).

55 Overview x
Boler Pressur Control
BFC-
Tubine Govemment System cument pressure
TGS

Incenerator Power Cantrol
JPC-

current atmospheric valve opening

LEVEL CONTROL l
ST —
P>lq
currert turbine speed
fresh water pump ]
condenser valve opening
curent valve opening

Supply Fan E [ CMDOFF |

exhaustiant | NN

pq—
A 4
y N
exhaustion2 |0

waste motor |0 | CHIBNOE

curent bool test status | V€ current numbertest status
st [ | e

~ 2 € ¥ Q) ENG |

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:

currert atmospheric valve opening condenser valve opening

— | < o —

-Red->False/CLOSED

cument atmospheric valve opening condenser valve opening

] >|4 o
-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))
~ CMDOFF

-Green—>True/ON Command is send (the state field should also be green (ON))
CMDON

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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8! Boiler Pressure Control

Pressure
[ auto/man  AUTOMATIC

Atmospheric Valve MIN SETPOINT: WRITE
ATMOSPHERIC SETPOINT: |0 =
J— vAITE
CONDENSER SETPOINT. WRITE

s pr
OPEN

AUTOMATIC

Condenser Valve

OPEN
AUTOMATIC

curert vatve penins | [

30.2.1.1 Valves

Color indication for states (Text fields):

For atmospheric and condenser valves:
" Condenser Valve
A
Atmospheric Valve

curert vaveopering (NN corert valve opering | (I

-Red—->False/CLOSED

" Condenser Yalve -

[

M

Atmospheric Valve

curment valve opening I:I cument valve opening I:l

-Green—> True/OPEN

Control indications (Buttons):

By clicking the Buttons its possible to open the valves manually.

There can be 2 situations:

OPEN

AUTOMATIC

Thant means the valve is in AUTOMATIC mode. Clicking the button will open the valve manually
and turn into MANUAL mode.

AUTOMATIC

MANUAL OPEN CMD SENT
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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:

e

-

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.

] aute/man AUTOMATIC

s

MIN SETPOINT: |0 - WRITE

ATMOSPHERIC SETPOINT: |0 - WRITE
CONDENSER SETPOINT: |0 = WRITE

- 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.

auto/man MAMNUAL

MIN SETPQINT: D 5 WRITE
ATMOSPHERIC SETPOINT: |0 = WRITE
CONDENSER SETPOINT: |0 = WRITE
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30.2.2 Turbine govering system (TGS)

5! Turbine Government System - X

turbine speed (RPM)
[ auto/man  AUTOMATIC

SETPOINT:

WVal

o —

curef

O

[ automatic/manual ~ AUTOMATIC

manual Valve opening ()

o i+

30.2.2.1 Valve

The current valve opening is monitored in %:

Wal

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.

] automatic/manual  AUTOMATIC

manual Yalve opening (%) change Valve

0 = :
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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.

automatic/manual  MAMUAL ‘

manual Valve opening (%)

change .‘u’alve
| 0 E" opening

30.2.2.2 Turbine speed

The current turbine speed is monitored in rpm:

] —

O

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.

turbine speed (RFM)
[] aute/man AUTOMATIC

‘ SETPOINT: |0 | wRITE

- 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.

turbine speed (RFM)
auto/man MANLIAL

SETPOINT: 0 S wRITE
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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.

85! Incenerator power control - X

CMDON || OFF CMD SENDET
CMDON Fuelbumer 11 CMDON || OFF CMD SENDET
Fuelbumer 2 |  CMDON

Sppy Fon | | HM| NSO

Ermr |
crhauston? || RERR | SN

[ waste motor || INEHE [NCHDBEN

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.

ol Level Control — O *

vt ol

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.
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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).

iU

NLAP-PCS_G
Ul_release011
019

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.

55 Overview _ %
Boler Pressur Control
-BPC-
BPC
Turbine Govemment System curent pressure
Incenerator Power Control
-IPC-
cument atmospheric valve opening
LEVEL CONTROL
— E—
TGS

currert turbine speed

fresh water pump RN

Supply Fan [N | CMD OFF
exhaustfan _l CMD OFF
stusiznz EEB D OFF

waste motor [HN] | CMD OFF
cooling pump _| CMD OFF

condenser valve opening
curent valve opening

Pl E—
A4
A

curent oo test status cument numbertest status

From there, to operate see Overview in 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)

25.9.2019 14:50:59.622

bpc_Current_pressure: 1
bpc_Current_atmospheric_valve opening: False
bpc_Current_condenser_valve_opening: False
tgs Current_turbine speed: 60
tgs_Current_valve_opening: 65522
Current_exhaustfanl_status: False
Current_exhaustfan?_status: False
ipc_Current_wastemotor_status: False
ipc_Current_supplyfan_status: False
Current_coolingpump_status: False
lc_Current_levelControl_status: False

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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Login X + S X

@ !
€ C  ® Notsecure | 192.168.1.64/doc/page/login.asp?_1574077150695 - % B O O

HIKVISION

admin

“-‘}1.. SR s g YA S

= 1:39PM
£ OB D) NG, B

VISTON Live View Configuration 2 admin  [> Logout

7 @3 %m ) ENG

483



PCS Platform 2019

@ Configuration x 4+ = X
& € @ Notsecure | 192.168.1.64/doc/page, asp * B | 6 0
VISTON Live View Configuration 2 admin  [> Logout
Basic Information Time Settings DST RS-232 About
G Local —_—
E] system Device Name IP CAMERA
System Settings Device No 88
Maintenance Model DS-2CD1023G0-I
Security Serial No. DS-2CD1023G0-120180625AAWRC29438810
User Management Firmware Version V5.5.6 build 180326
O Network Encoding Version V7.3 build 180326
@l') VideofAudio Web Version V4.0.1 build 171218
=g Plugin Version V3.06.33
Number of Channels 1
[E] Event
Number of HDDs
Storage

Number of Alarm Input
Number of Alarm Output

Firmware Version Property B-R-E3-0

B save

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

2- copy

open VLC media player

r

VLC media
player

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)

camera

addresses.bd

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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& VLC medic player
Media  Playback Audio

Video  Subtitle  Tools

Open File.. Ctr0
Open Multiple Files.. Ctrl+Shift=0
1 Open Folder... Ctrl+F
Open Disc.. CtreD
%5 Open Network Stream... Ctri+N
£l Open Capture Device... CtrlC
Open Location from clipboard CtrieV
Open Recent Media
Save Playlist to File... CtriY
Convert / Save.. Ctrl+R
) Stream... Ctrl+S

Quit at the end of playlist

Quit

P ke E |

I

Ctrl+Q

i 5S|4

i 5S|4

View  Help

, Open Media

) File " Disc = Network [} Capture Device

Network Protocol

Please enter a network URL:

[risp/jadmin:admin 12345 @192. 168, 1.64:5: hannels/101]

[ Show more options

Cancel

2- use the script:

Steps:

1- doubleclick the script “camera.bat” on the Desktop

camera.bat

camera.bat
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2- VLC will open....

A rtsp://192.168.1.64:554/Streaming/channels/101 - VLC media player - X
Media Playback Audic Video Subtitle Tools View Help

01-21-1970 Wed 00:10

-

For more possibilities and configurations see the camera manual.
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34 Appendix

34.1 Source code

nlap_pcs_platform_
GUI_sourceCode201

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 GUL. 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 “COM?2” 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
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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:

3 mm

i | ——
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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]

501






W AECENAR
-

Association for Economical and Technological Cooperation o
. . - - Jlidl Bl
in the Euro-Asian and North-African Region

North Lebanon Alternative Power
.aecenar.com

www.nlap-lb.com
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Introduction

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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Laws

37.1.1 Steps of EIA

P il ettt -

Screening
(as appropriate)

<

Scoping
(as appropriate)

[ ——

The Competent Authority mokes o decision about
whether HA is required. At the end of this stage, a
Screening Decision must be issued and made public.

e

)
N
’

The Directive provides that Developers may request a ‘E
Scoping Opinion from the Competent Authority which |
identifies the content and the extent of the assessment |
and specifies the information to be included in the ElA |
Report. '

/

508

- - o

!  The Developer, or the expert(s) on his behalf, camies
out the assessment. The outputs of the assessment are
presented in the EA Report which contains:
information regarding the project, the Baseline
scenario, the likely significant effect of the project, the
proposed Alternatives, the features and Measures to
mitigate adverse significant effects as well as a Non-
Technical Summary and any additional information
specified in Annex |V of the BIA Directive. J

The Competent Authority makes the HA Report ".
available  to  authorities  with  environmental |
responsibilities, local and regional authorifies and to |
other interested organisations and the public for |
review. They are given the opportunity to comment on i
the project and its environmental effects. i

1

1

.'" The Competent Authority examines the HA report ‘:
| including the comments received during consultation |
i and issues a Reasoned Conclusion on whether the i
i project entails significant effects on the environment. |
! This must be incorporated into the final Development E
i Consent decision. E
\ J

5

e public is informed about the Development Consent
ecision.

Q

S

5

# ~,

During construction and operation phase of the project

-,
-

! i
E the Developer must monitor the significant adverse |
i effects on the environment identified as well as i
! measures taken to mitigate them. i
E i
\ ‘f

...............................................................
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37.1.2 THE REVIEW CHECKLIST

SECTION 1 DESCRIPTION OF THE PROJECT

Review Question What further information is needed?

[=]
=

Relevant?
IAdequately
lAddressed?

The Objectives and Physical Characteristics of the Project
1.1 Are the Project's objectives and the need for
the Project explained?

1.2 Is the programme for the Project's
implementation described, detailing the
estimated length of time (e.g. expected start
and finish dates) for construction, operation,
and decommissioning? (this should include any
phases of different activity within the main phases of the

Project, exiraction phases for mining operations for
example)

13 Have all of the Project's main characteristics
been described? (for assistance, ses the Checklist in
Part C of the Scoping Guidance Document in this senes)
14 Has the location of each Project component
been identified, using maps, plans, and
diagrams as necessary?

15 Is the layout of the site (or sites) occupied by
the Project described? (including ground levels,

buildings, other physical structures, underground works,

coastal works, storage facilities, water features, planting,
access comidors, boundaries)

1.6 For linear Projects, have the route cormidor, the
vertical, and horizontal alignment and any
tunnelling and earthworks been described?

1.7 Have the activities involved in the construction
of the Project (including  land-use
requirements) all been described?

1.8 Have the activities involved in the Project's
operation (including land-use requirements
and demaolition works) all been described?

19 Have the activities involved in
decommissioning the Project all been
described? (eq cosure, dismanting, demalition,
clearance, site restoration, site re-use etc.)

1.10 Have any additional services, required for the
Project, been described? (eg. transport access,
water, sewerage, waste disposal, electricity, telecoms)

111 | Are any developments likely to occur as a
consequence of the Project identified? (zg new

housing, roads, water or sewerage infrastructure, aggregate

extraction)

1.12 | Have any existing activities that will alter or
cease as a consequence of the Project been
identified?
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‘whole Project’ excluded from the assessment?
Are  such  exclusions  justified?  (eqg
associated/ancillary activiies can be included either
because they fall under the scope of the Directive (Annex |
or ) or because they can be considered as an integral part
of the main infrastructure works using the “centre of gravity
test'. Guidance on associated and ancillary works has been
published by the European Commissicn in an Interpretation
Line available at
hitp-ffec.europa. ewenvironment’eia/pdfiMNote %.20-

%2 Dinterpretation®:2 00 200irective: 20685-337-EEC. pdi)

SECTION 1 DESCRIPTION OF THE PROJECT
Review Question What further information is needed?
& >%
c z
: |
S T @ o
2 o T T
< <
1.13 | Have any other existing or planned
developments, with which the Project could
have cumulative effects, been identified?
1.14 | Has the ‘whole Project’ been described, e.g.
including all associated/ancillary works?
1.15 | Are any activities described as part of the

The Size of the Project

1.16

Is the area of land occupied by each of the
permanent Project components quantified and
shown on a scaled map? (inciuding any associated

access arangements, landscaping, and ancillary facilities)

1.17

Has the area of land required temporarily for
construction been quantified and mapped?

Is the reinstatement and after-use of the land
occupied temporarily for the operation of the
Project described? (eg. land used for mining or

quarrying)

Has the size of any structures or other works
developed as part of the Project been
identified? (e.g. the floor area and height of buildings, the
size of excavations, the area or height of planting, the height
of structures such as embankments, bridges or chimneys,
the fliow or depth of water)

1.20

Has the form and appearance of any
structures or other works developed as part of
the Project been described? (eg. the type, finish,
and colour of materials, the architectural design of buildings

and structures, plant species_ground surfaces, etc.)

1.21

For urban or similar development Projects,
have the numbers and other characteristics of
new populations or business communities
been described?

1.22

For Projects involving the displacement of
people or businesses, have the numbers and
other characteristics of those displaced been
described?
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SECTION 1 DESCRIPTION OF THE PROJECT
Review Question What further information is needed?
I~ =5
e z
s | 2f
S T 8o
= (14 T T
e
1.23 | For new fransport infrastructure or Projects

that generate substantial traffic flows, has the
fype, wvolume, ftemporal pattern, and
geographical distribution of new traffic
generated or diverted as a consequence of the
Project been described?

Production Processes and Resources Used

1.24 Have all of the processes involved in operating
the Project been described? (e.g. manufacturing or
enginesring processes, primary raw material production,
agriculiural or forestry produciion methods, extraction
processes)

1.25 Have the types and quantities of outputs
produced by the Project been described? (these
could be primary or manufactured products, goods such as
power or water or services such as homes, transport,
retailing, recreation, education, municipal services (water,
waste, etc.)

1.26 | Have the types and quantities of resources,
e.qd. natural resources (including water, land, soil, and
biodiversity), raw materials, and energy needed
for construction and operation been
discussed?

1.27 Have the environmental implications of the
sourcing of resources, e.g. natural resources
(including water, land, =oil and biodiversity), AW
materials, and energy been discussed?

1.28 | Have efficiency and sustainability in use of
resources, e.g. natural resources (including water,
land, soil and biodiversity), raw materials, and
energy been discussed?

1.29 Hawve any hazardous materials used, stored,
handled or produced by the Project been
identified and quantified?

« during construction;

+ during operation;

+ during decommissioning.

1.30 | Has the transportation of resources, including
natural resources (including water, land, soil,
and biodiversity) and raw materals to the
Project site, and the number of traffic
movements involved, been discussed? (including
road, rail and sea transport)

+ during construction;

+ during operation;

+ during decommissioning.
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any temporary or permanent employees for the
Project been discussed? ithis is relevant for Projects
that require the migration of a substantial, new workforce

into the area, either for construction or in the long term)

SECTION 1 DESCRIPTION OF THE PROJECT
Review Question What further information is needed?
< =5
c g o
. s |58
2 2 S B
<
1.31 Have the Project's environmentally relevant
social and socio-economic implications been
discussed? Will employment be created or lost
as a result of the Project, for instance?
+ during construction;
« during operation;
¢ during decommissioning.
1.32 | Have the access amangements and the
number of fraffic movements involved in
bringing workers and visitors to the Project
been estimated?
« during construction;
« during operation;
+ during decommissioning.
1.33 | Has the housing and provision of services for

Residues and Emissions

1.234

Have the types and quantities of solid waste
generated by the Project been identified?
(including the construction or demolition of wastes, surplus
spoil, process wastes, by-products, sumplus or reject
products, hazardous wastes, household or commercial
wastes, agricultural or forestry wastes, site clean-up wastes,
mining wastes, decommissioning wastes)

« during construction;

« during operation;

+ during decommissioning.

1.35

Have the composition and toxicity, or other
hazards from all solid wastes produced by the
Project, been discussed?

1.36

Have the methods for collecting, storing,
treating, transporting, and finally disposing of
these solid wastes been described?

1.37

Have the locations for the final disposal of all
solid wastes been discussed, in consideration
with the Waste Management Plan(s)
concemed?

1.38

512

Have the ftypes and quantities of liguid
effluents generated by the Project been
identified? (including site drainage and run-off, process
wastes, cooling water, treated effluents, sewage)

+ during construction;

+ during operation;

+ during decommissioning.
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SECTION 2 DESCRIPTION OF ENVIRONMENTAL FACTORS LIKELY TO BE
AFFECTED BY THE PROJECT

Review Question What further information is needed?

[}
=

Relevant?
Adequately
Addressed?

Baseline: Aspects of the Environment

21 Have the existing land uses on the land to be
occupied by the Project and the surrounding
area described and are any people living on

or using the land been identified? (including
residential, commercial, industrial, agricultural, recreational,
and amenity land uses and any buildings, structures or
other property)

22 Have the topography, geology and soils of the
land to be occupied by the Project and the
surrounding area been described?

23 Have any significant features of the
topography or geology of the area described
and are the conditions and use of soils been
described? (including soil quality stability and erosion,
agricultural use and agricultural land quality)

24 Has the biodiversity of the land/sea to be
affected by the Project and the surrounding
area been described and illustrated on
appropriate maps?

25 Have the species (including their populations
and habitats), and the habitat types that may
be affected by the Project been described?
(Particular attention should be paid to any
species and habitats protected under the
Habitats and Birds Directives (Directives
92/43/EEC and 2009/147/EC).

26 Have the Matura 2000 sites that may be
affected by the Project been described?

27 Has the water environment of the area been

described? (including reference to any River Basin
Management Plans/Programme of Measures under the
WFD, running and static surface waters, groundwaters,
estuaries, coastal waters and the sea and including run off
and drainage. N.B. not relevant if water environment will
nat be affected by the Project)

28 Have the hydrology, water quality, and use of
any water resources that may be affected by
the Project been described? (including any River
Basin Management Flans/Programme of Measures under
the WFD, use for water supply, fisheries, angling, bathing,
amenity, navigation, efluent disposal)

29 Have local climatic and meteorological
conditions in the area been described? (N.B.

not relevant if the atmospheric environment will not be
affected by the Project)

210 Has existing air quality in the area been
described, including, where relevant, limit
values set out by Directives 2008/50/EC and
2004/107/EC as well as relevant Programmes

adopted under this legislation? (N.B. not relevant
if the ambient air will not be affecied by the Project)
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SECTION 3 DESCRIPTION OF THE LIKELY SIGNFICANT EFFECTS OF THE
PROJECT

Review Question What further information is needed?

[+]
=

Relevant?
Adequately
Addressed?

Scoping of Effects

3.1 Has the process by which the scope of the
information for the EIA Report defined been

described? (for assistance, see the Scoping Guidance
Document in this series)

39 Is it evident that a systematic approach to
Scoping has been adopted?

33 Was consultation camried out during Scoping?

3.4 Have the comments and views of consultees

been presented?

Prediction of Direct Effects

35 Have the direct, primary effects on land uses,
people, and property been described and,
where appropriate, quantified?

36 Have the direct, primary effects on geological
features and characteristics of soils been
described and, where appropriate, quantified?

37 Have the direct, primary effects on biodiversity
been described and, where appropriate,
quantified? (if relevant, are references made to
Matura 2000 sites? (Directive 2009/147/EC
and Directive 92/43/EEC))

18 Have the direct, primary effects on the
hydrology and water quality of water features
been described and, where appropriate,
quantified?

39 Have the direct, primary effects on uses of the
water environment been described and, where
appropriate, quantified? (if relevant, are
references made for River Basin Management
Plans/Programmes of Measures under the
WFD (2000/60/ECY))

3.10 Have the direct, primary effects on air quality
been described and, where appropriate,
quantified? (if relevant, are references made to
Air Quality Plans under Directives 2008/50/EC
and 2004/107/EC))

ER R Have the direct, primary effects on climate
change been described and, where
appropriate, quantified?

312 Have the direct, primary effects on the acoustic
environment (noise or vibration) been
described and, where approprate, quantified?
(if relevant, are references made to Action
Plans/Programme under the Environmental
Moise Directive (2002/49/EL))

113 Have the direct, primary effects on heat, light
or electromagnetic radiation been described
and, where appropriate, quantified?
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SECTION 4 CONSIDERATION OF ALTERNATIVES
Review Question =5 What further information is needed?
L % g
1=
s ze
. L. o o
o ] ==
= o < <
4.1 Have the different Alternatives suggested
during Scoping been considered and
assessed, and if not has justification been
provided?
4.2 Have the Developer and practitioners, who are

preparing the EIA Report, identiied and
assessed additional Altematives (fo the ones
suggested during Scoping)?

43 Have the process by which the Project was
developed been described and are the
Alternatives to the design of the Project
considered during this process been
described? (for assistance, see also the guidance on
types of Altematives which may be relevant in the Scoping
Guidance Document in this series)

4.4 Have the Alternatives to the design considered
during this process been described? (for
assistance, see also the guidance on types of
altematives which may be relevant in the
Scoping Guidance Document in this series)

4.5 Have the Altematives to technology been
considered during this process?  (for
assistance, see also the guidance on types of
Alternatives which may be relevant in the
Scoping Guidance Document in this seres)

46 Have the Altematives to the location
considered during this process been
described? (for assistance, see also the
guidance on types of alternatives which may
be relevant in the Scoping Guidance
Document in this series)

4.7 Have the Alternatives to the size considered
during this process been described (for
assistance, see also the guidance on types of
altematives which may be relevant in the
Scoping Guidance Document in this series)

4.8 Have the Altematives to the scale considered
during this process been described? (for
assistance, see also the guidance on types of
altematives which may be relevant in the
Scoping Guidance Document in this series)

4.9 Has the Baseline situation in the ‘do-nothing’
scenaric been described?

410 Are the Altematives realistic and genuine

Alternatives to the Project? (ie. feasible Project
options that mest the objectives)
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SECTION 5 DESCRIPTION OF MITIGATION

Review Question

Relevant?

No.

Adequately

Addressed?

What further information is needed?

51 Where there are significant adverse effects on
any aspect of the environment, has the
potential for the mitigation of these effects
been discussed?

52 Have the measures that the Developer has
proposed to implement, in order to mitigate
effects, been clearly described and is their
effect on the magnitude and significance of
impacts clearly explained?

53 Have any proposed mitigation strategy's
negative effects been described?

54 If the effect of Mitigation Measures on the
magnitude and significance of impacts is
uncertain, has this been explained?

55 Is It clear if the Developer has made a binding
commitment to implement the mitigation
proposed or acknowledged that the Mitigation
Measures  are  just  suggestions  or

recommendations?

56 Do the Mitigation Measures cover both the
construction and operational phases of the
Project?

5T Have the Developer's reasons for choosing the
proposed mitigation been explained?

58 Have the responsibilities for the

implementation of mitigation including roles,
responsibilities, and resources been clearly
defined?

59 Where the mitigation of significant adverse
effects is not practicable, or where the
Developer has chosen not to propose any
mitigation, have the reasons for this been
clearly explained?

5.10 Is it evident that the practitioners developing
the EIA Report and the Developer have
considered the full range of possible
approaches to mitigation, including measures
fo avoid, prevent or reduce and, where
possible, offset  impacts by alternative
strategies or locations, changes to the Project
design and layout, changes to methods and
processes, “end of pipe’ treatment, changes to
implementation plans and management
practices, measures to repair or remedy
impacts and measures t{o compensate
impacts?

Other Questions on Mitigation
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SECTION 6 DESCRIPTION OF MONITORING MEASURES

o Review Question o Y What further information is needed?
[
= 5 53
= W
3 g @
2 S
o ° 3
< g
6.1 Where adverse effects on any aspect of the
environment are expected, has the potential
for the monitoring of these effects been
discussed?
6.2 Are the measures, which the Developer

proposes implementing to monitor effects,
clearly described and has their objective been
clearly explained?

63 Is it clear whether the Developer has made a
binding commitment to implement the
proposed monitoring programme or that the
Monitoring Measures are just suggestions or

recommendations?

6.4 Have the Developer's reasons for choosing the
monitoring  programme  proposed  been
explained?

65 Have the responsibilities for the

implementation of monitoring, including roles,
responsibilities, and resources been clearly
defined?

6.6 Where monitoring of adverse effects is not
practicable, or the Developer has chosen not
to propose any Monitoring Measures, have the
reasons for this been clearly explained?

67 Is it evident that the practitioners developing
the EIA Report and the Developer have
considered the full range of possible
approaches to monitoring, including Monitoring
Measures covering all existing environmental
legal requirements, Monitoring Measures
stemming from other legislation to avoid
duplication, monitoring of Mitigation Measures
(ensuring expected significant effects are
mitigated as planned), Monitoring Measures
capable of identifying important unforeseen
effects?

68 Have arrangements been proposed to monitor
and manage residual impacts?

Other Questions on Monitoring Measures
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SECTION 7 QUALITY

[}
=

Review Question

Relevant?

Adequately
Addressed?

What further information is needed?

Quality of presentation

71

Is the ElA Report available in one or more
cleany defined documents?

7.2

Is the document(s) logically organised and
clearly structured, so that the reader can locate
information easily?

7.3

Is there a table of contents at the beginning of
the document(s)?

74

Is there a clear description of the process that
has been followed?

7.5

Is the presentation comprehensive but
concise, avoiding irrelevant data and
information?

7.6

Does the presentation make effective use of
tables, figures, maps, photographs, and other
graphics?

7.7

Does the presentation make effective use of
annexes or appendices to present detailed
data that is not essential to understanding the
main text?

7.8

Are all analyses and conclusions adequately
supported with data and evidence?

7.9

Have all sources of data been propery
referenced?

7.10

Has terminology been used consistently
throughout the document(s)?

7.1

Does it read as a single document, with cross
referencing between sections used to help the
reader navigate through the document(s)?

7.12

Is the presentation demonstrably fair and, as
far as possible, impartial and objective?

Non-Technical Summary

7.13

Does the ElA Report include a Non-Technical
Summary?

7.14

Does the Summary provide a concise but
comprehensive description of the Project, its
environment, the effects of the Project on the
environment, the proposed  Mitigation
Measures, and  proposed — monitoring
arangements?

7.15

Does the Summary highlight any significant
uncertainties about the Project and its
environmental effects?

7.16

Does the Summary explain the Development
Consent process for the Project and the EIA's
role in this process?

717

Does the Summary provide an overview of the
approach to the assessment?
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37.1.3 Example section: Waste Framework Directive

WasteFD | Directive 2008/98/EC of the Eurcpean Pardiament and of the Council of 19 Movember
2008 on waste and repealing certain directives

Relevant fy ® Application of ElA Directive to the rehabilitation of landfils.

guidance:

The WasteFD establishes a legal framework for the management and treatment of most waste types.
The Directive sets out a waste luerarchy that ranges from prevention to disposal. Waste management
under the Directive must be implemented without endangering human health and without harnung the
environment (e.g without risk to water. air, biodiversity. and without causing nwsance). It also sets
out rules for extended producer responsibility, effectively adding to the burdens of manufacturers to
manage products returned after use.

Opportunities for synergy

The WasteFD requures the adoption and implementation of Waste Management Plans and Waste
Prevention Programmes at the national and local levels. These plans and programmes should analyse
the current situation with regards to waste treatment. as well as identify the measures needed to carry
out waste management in the context of the WasteFD’s objectives. This includes existing and plannad
waste management installations, which are likely to constitute Projects subject to the EIA Directive.
As waste installations should be provided for under Waste Management Plans, they are also subject to
the requirements of the SEA Directive (see above).

The EIA Directive may also bear relevance for any Project with regard to the waste produced not only
during the construction and operation of the Project, but also, in particular, with regard to the
decommissioning and/or rehabilitation of the site.

During the preparation of the EIA Report, the waste produced and returned to the Project location
must be taken into consideration in assessing the Project’s significant effects on the environment. and
would be relevant for the establishment of Alternatives and Mitigation as well as Compensation
Measures.

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 (502), hydrogen chloride (HCI), hydrogen

2 http://ec.europa.eu/environment/archives/air/stationary/wid/legislation.htm
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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 2°:

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.

% https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=LEGISSUM:128072
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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:

e vegetable waste from agriculture and forestry;

e vegetable waste from food processing, if the heat generated is recovered;

e 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;

e certain wood waste;

e cork waste;

e radioactive waste;

e animal carcasses;

e 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.
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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

e 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.

e Co-incineration plant: any stationary or mobile plant whose main purpose is the generation of
energy or production of material products and:

References
Act Entry into Deadline for transposition in the Official Journal
force Member States

Directive 2000/76/EC| 28.12.2000 28.12.2002 OJ L 332 of

28.12.2000
Amending act Entry into Deadline for transposition in the | Official Journal

force Member States
Regulation (EC) 11.12.2008 - OJ L 311 of
No 1137/2008 21.11.2008

The successive amendments and corrections to Directive 2000/76/EC have been incorporated in the

original text. This consolidated version is of documentary value only.

37.2.2.16 RELATED ACTS
Directive 2010/75/EU of the European Parliament and of the Council of 24 November 2010 on

industrial emissions (integrated pollution prevention and control) [Official Journal L 334 of
17.12.2010].

Commission Decision 2006/329/EC of 20 February 2006 laying down a questionnaire to be used

for reporting on the implementation of Directive 2000/76/EC on the incineration of waste
[Official Journal L 121 of 06.05.2006].

See also

 Integrated pollution prevention and control (IPPC Directive)

e Framework Directive on Waste
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37.2.3 Legislation Summary - Incinération des déchets?

L'Union européenne (UE) fixe des mesures visant a prévenir ou réduire la pollution de l'air, de
I'eau et du sol résultant de l'incinération et de la coincinération des déchets, ainsi que les risques
pour la santé humaine qui en résultent. Ces mesures imposent notamment 1’obtention d’un permis
pour les installations d'incinération ou de coincinération et des limites d'émission pour certaines

substances polluantes rejetées dans l'atmosphere et dans les eaux.

ACTE

Directive 2000/76/CE du Parlement européen et du Conseil du 4 décembre 2000
relative a I'incinération des déchets [Voir acte(s) modificatif(s)].

SYNTHESE

L'incinération des déchets dangereux et non dangereux peut donner lieu a des
émissions de substances polluant 'air, I'eau et le sol et ayant des effets nocifs sur
la santé humaine. Pour limiter ces risques, I'Union européenne (UE) impose des
conditions d’exploitation et des exigences techniques strictes aux installations

d’incinération * et de coincinération * de déchets.
Les installations

La présente directive s'applique non seulement aux installations destinées a
l'incinération des déchets solides ou liquides mais aussi aux installations de

coincinération.

Sont exclues du champ d'application de la directive les installations
expérimentales visant a améliorer le processus d'incinération et traitant moins

de 50 tonnes de déchets par an, ainsi que les installations traitant seulement:

o des déchets végétaux agricoles et forestiers;

% https://eur-lex.europa.eu/legal-content/FR/TXT/HTML/?uri=LEGISSUM:128072&from=EN
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o des déchets végétaux provenant de la transformation alimentaire si la
chaleur produite est valorisée;

» certains déchets végétaux fibreux issus de la production de la pate a
papier ou du papier s'ils sont coincinérés sur le lieu de production et si la
chaleur produite est valorisée;

« certains déchets de bois;
o des déchets de liege;

o des déchets radioactifs;

o des carcasses d'animaux;

« des déchets provenant de I'exploitation de pétrole et gaz et incinérés dans
des installations offshore.

Les permis

Toutes les installations d'incinération ou de coincinération 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 étre traités, la capacité d'incinération ou de coincinération de
l'installation et les procédures d'échantillonnage et de mesure des polluants de

l'air et de I'eau qui vont étre utilisées.
La livraison et la réception des déchets

Lors de la livraison et de la réception des déchets, I’exploitant de 'installation
d’incinération ou de coincinération prend les précautions nécessaires afin de
prévenir ou limiter les effets négatifs sur I'environnement et les risques pour les

personnes.

Par ailleurs, avant que des déchets dangereux puissent étre acceptés dans une
installation d'incinération ou de coincinération, I’exploitant de l'installation doit
avoir a sa disposition des informations administratives sur le processus de
production, sur la composition physique et chimique des déchets, ainsi que sur

les risques inhérents a ces déchets.

525



Laws

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 coincinération a 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 a
1%, la température doit étre amenée a 1100 °C pendant au moins deux

secondes.

La chaleur résultant du processus d'incinération devra étre valorisée autant que

possible.
Les valeurs limites des émissions dans ’air

Les valeurs limites des émissions atmosphériques pour les installations
d'incinération sont indiquées a 'annexe V de la directive. Elles portent sur les
metaux lourds, les dioxines et furannes, le monoxyde de carbone (CO), les
poussieres, le carbone organique total (COT), le chlorure d'hydrogene (HCI), le
fluorure d'’hydrogene (HF), le dioxyde de soufre (502) et les oxydes d'azote (NO
et NO2).

La détermination des valeurs limites d'émissions atmosphériques pour
les installations de coincinération est indiquée a 1'annexe II. Des dispositions
spéciales relatives aux fours de ciment et aux installations de combustion

coincinérant des déchets y sont aussi indiquées.
Rejets d’eaux usées provenant de I’épuration des gaz d’échappement

Les installations d’incinération ou de coincinération doivent posséder un permis
qui les autorise a rejeter les eaux usées résultant de l'épuration des gaz
d'échappement. Ce permis doit garantir que les valeurs limites d'émission

indiquées dans I'annexe IV de la directive sont respectées.
Les résidus

Les résidus du processus d'incinération ou de coincinération doivent étre réduits

au minimum et recyclés dans la mesure du possible. Au moment du transport
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des résidus secs, des précautions doivent étre prises pour éviter leur dispersion
dans l'environnement. Des essais doivent étre faits pour connaitre les
caractéristiques physiques et chimiques des résidus, ainsi que leur potentiel de

pollution.
Le controle et la surveillance

La directive prévoit l'installation obligatoire des systemes de mesure permettant
de surveiller les parametres d'exploitation et les émissions pertinentes. Les
émissions dans l'air et dans l'eau sont mesurées en continu ou périodiquement

conformément a l'article 11 et a I'annexe III de la directive.
L’accés a I'information et la participation du public

Les demandes de permis pour des nouvelles installations seront mises a
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 a deux tonnes
par heure doivent mettre a 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

progres réalisés dans le controle 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 ceuvre de la directive seront aussi établis.
Les sanctions

Les Etats membres déterminent les sanctions applicables aux violations des

dispositions établies par la directive.
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Contexte

La présente directive vise a intégrer dans la législation existante les progres
techniques en matiere de contrdle des émissions des procédés d'incinération et a
assurer le respect des engagements internationaux pris par la Communauté en
matiere de réduction de la pollution, notamment ceux concernant la fixation de
valeurs limites pour les émissions de dioxines, de mercure et de poussieres
occasionnées par lincinération de déchets. La directive se fonde sur une
approche intégrée: aux valeurs limites mises a jour pour les émissions

atmosphériques s'ajoutent des limites relatives aux rejets dans I'eau.
Termes-clés de I'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 ou les substances qui en résultent
sont ensuite incinérées.

o Installation de coincinération: une installation fixe ou mobile dont
l'objectif essentiel est de produire de I'énergie ou des produits matériels et:

Références
Acte Entréeen | Délai de transposition dans les Etats | Journal officiel
vigueur membres

Directive 2000/76/CE,  28.12.2000 28.12.2002 JO L 332du

28.12.2000
Acte(s) modificatif(s) Entrée en Délai de transposition dans les Journal officiel

vigueur Etats membres
Reglement (CE) 11.12.2008 - JOL311ldu
n° 1137/2008 21.11.2008

Les modifications et corrections successives a la directive 2000/76/CE ont été

intégrées au texte de base. Cette version consolidéen’a qu’une valeur

documentaire.
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ACTES LIES

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 a utiliser pour rendre compte de la mise en ceuvre 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
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38.1 Introduction

38.2 Description of the Area
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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

O Yes O

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)

O Terrain is flat or level (0-3% slope)

O Gently sloping to undulating (3-8%
slope)

O Undulating to rolling (8-18% slope)

O Rolling to moderately steep (18-30%
slope)

O Steeply rolling (30-50% slope)

O Very steep to mountainous (>50% slope)

0O Terrain is flat
or level (O-
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: |0 Heavy Rains

O Unstable O
Slopes

Others, pls. specify

Do you know of any land sliding occurring or that has occurred in the site? NO

Cause of Landslide:

O Earthquake |O Unstable O Earthmoving

slopes

0O Others, pls. specify

Has the area experienced any flooding during th

e wet season?

If yes, when was the last time the area was flooded? Period(s) of flooding:

Causes of flooding: O lowar

ea O poor
drainage

O water logged
areas

Soil type of the |O Clayey O Sandy
area soil soil

loam | O Sandy soil

0O 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 | Electricity
list them Water

Project Activities Affecting the Physical Environment | O Yes O 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 , [ 1 concrete, [ ] asphalt

B. Biological Environment O Yes |O No

Are there any trees and other types of vegetation in the project site? If yes, | Yes
please identify.

Avre there birds and other forms of wildlife found in the area? Please identify. | Yes

Avre 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?
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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 | NO
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

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 | Size (No. of | Location (village, | Distance  from
number if more | students or beds) | road, district, | Site
than 1 etc.)

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

Avre 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

project

site

S
Tripoli - Kou‘bajﬁaad‘n
8
i <

L4

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.
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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)

Boiler

LA Ha sl ﬁL‘-&
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(Heating) slall (pdudl 3 ) jall Ga 305 (S g
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39.6.2 The already built kernel power plant (mobile plant NLAP-IPP)

Type Quantity Type
Waste 1ton/day Electricity
Cooling Water 10 m3/day Smoke (Dust)
Electricity 2 kw Ashes
Hot Water

= /1412018

Quantity
25 kW

<170 mg/m?

300 kg/day
(30% M, 10% V)
10 m3/day
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39.6.3 Waste material cycle

Waste input Incinerator

i
iy

Ashes recycling

4i e,, u§30wt%

84 % g_ e
et o VST - G
<ala 5y h .%E ' '_L 10 vol. %

M"* _______________

11 % Iron and other metals  « -
Lale salstiuid 4/11

541



Environment Impact Assessment for Rayhaniyye Camp

39.6.4 Incinerator (Burning chamber) and filters
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Water NaOH  Water
NH, Water
micpal [ G bostion , ; Water Quench| SO, - Stac
Waste ol chamber |Steam boiler j—JElectrostaticl | Catalytic HCLHF |Absomption+| Ringet L __
01 165 tly SNCR : Pf“q:m‘“ ﬁl.“ absorption | OXidation
1261800y 114451y 1950 thy 121 ty 1 |
| |
| ]
| ' 2416ty | Fly ash acid

above mass flow data for a 250t/day incinerator
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Evacuations system A e allad
(Chimney, Filters & Ducts) (sl 5 D& (ddis)

LA

* Turbine

D e ~L L g
“ o D‘d:‘:‘liﬂg(_ﬂd-'ﬂi)*f'f -
o ?“‘E'.' g Adada o - *» Electrical-Generator
- CVapoialo
* Filters System * Chimney *» Condenser
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Bag-house

4 Feet (Electrical Filter) 7 Filter
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39.7 Layout Specifications

Incinerator Dimension:

Separation Room

(mr 7500 Jls) aslball 2,91 2L
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mobile NLAP-IPP unit

1400 cm

-
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549



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

Insulation (Incineration Ch.,

9 April . Incinerator plant project (1200 $
Evaporator, Condenser, Chimney...)
Water supply & Accessories (Tank,

16 April Pump, Pipes, Filtration & |Incinerator plant project 2000 $
Demineralization RO)
Process Control System (Valve,

23 April Sensor, Display, Electronic devices &|Incinerator plant project 600 $
software) installation

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

I N N
Project manager Eng. expert NLAP internal

I N A
Waste Separation employees Unlearned worker 300 $

I N R
Maintenance Technicians: (Plumbing, 300 $

Welding, Electricians...

)
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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

technical project leader cost (Dr Khaled Maulaoui)

$7.000 AECENAR {lalenfSJl oo ->
June - Nov 2018
Getting permission from Environmental
Ministry in Lebanon for Operational Test
Phase Sep-Dec 2018 $1.800 dnlie
$800 dnl
$1.200 Anlie (31eY slael
BN CONRSUTRERNR ROV U R0 N W =
$7.000 A i

Completing Preparation of Plant

$2.000
$2.000
$3.000
$1.500

Cooling Cycle, sewage collection
network

Insulation

Waste Separation

Waste Inlet and Oulet

Installing Process Control System at Plant

$1.200
$1.200
$1.200

Turbine Control Cycle
Boiler Pressure Control
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

Jan-Jun 19

Project manager (1) ¢, o9

Developers waste

recyling (1,5) $3.000
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
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39.9 Site Visit

In Rayhaniyya Camp 10.6.2018

S e 1L gy STl Flug) dastl S O (3 Sy LY s 1 8 el Bl F 5y
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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

5t/ day cooling water, to be taken from local water supply pipe.

39.114 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
Daniah Turjman

samir.mourad@aecenar.com
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, 7" Floor, Block A-4, Room 7-50 A. P.O. Box: 11/2727- Beirut, Lebanon
Telephone | +961 1 976555- Ext: 554
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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
Von:
Daniah Turjman <D.Turjman@moe.gov.lb>

An:

samir.mourad@aecenar.com
Ce
Diane Derjani <D.Derjani@moe.gov.|b>, Samar Malek <S.Malek@moe.gov.Ib>, Jeryes Berbari
<J.Berbari@moe.gov.|b>
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 | 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, | 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 | 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, 7" 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=FhQp8ZP52Dqg

(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
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40.2.1 Attachments

BIPERPY (PRI AW P

\’_)L«;J - :_{9_&;.

Y OVAJOY b Cag VYAVA - a8
poiaall Al s (Hlas

Gaa ey slai¥l Galae (53 s pall Al & LY Laighh CASAL AatY p guagall
Al il ll ks

Al i Guladl gal dasdl YOVENGNA AU QETIY ) WSUS - caaall
"‘\i/\'/"t @)Ll)(,/\-""o
ARRAPVAVAR TR CRVAR F P PRIt

el Gnall g sall 5 & g gall ) 6 LEYL

CalS) 4a53 aSay g 55 aSall el odlel an pall 3 Al LA ASUES e like

A e LAY o A )l jlee Yy elasl ulaa o) Ao pall Al & LY Auigl)

lels aSays 5 G Jbay of e i) clud ol Bls — Aalisd) 6 AW eV 45 3w e

LS 8 5 ) gl @l e Yoy Slld g cdy sllaall 4530 oliaf o s o3 e 1 yay Canaai gl
AERRZARVARE T8 RV LAV IS

- ACE - Associated Consulting Engineers

- Al Mouhit Consulting Engineers (MCE)

- Beirut Business Management Consultant (BBMC) S.A.R.L.

- BTD - Bureau Technique pour le Développement

- BTUTP - Bureau Technique d'Urbanisme & des Travaux Publics
- Dar Al Handassah (Nazih Taleb & Partners)

- Dar Al Handassah Consultants (Shair & Partners)

- Delta Engineering Studies

- Earth Link & Advanced Resources Development SAL - ELARD
- Ecocentra S.A.R.L.

- Ecodit Liban S.A.R.L.

- ElBacha L.L.C.

- Engico Consulting Engineers

- Engineer Roger Georges Khalil

- Engineering & Environmental Consultants S.A.R.L.

- Engineering, Design & Environmental Services - Edessa

%

PQLIistsCSE]AMOfEnv10225P02010BD356-26-4-2018
2/5/18

- Envirotech Ltd.
- Geoflint S.A.R.L.
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BIPELT (PP PN A P

- Geti

- Gicome - Antoine Salamé & Associés

- Information International Ltd.

- Issa Consulting

- Jouzy & Partners CEB

- Kabbara & Associates

- Kassia Environmental Consultancy SARL

- Khatib & Alami, Consolidated Engineering Co.

- Kredos.a.l.

- Lebanese Arab Co.For Eng. & Consultancy "Laceco"
- Libanconsult AGM

- Matrix Engineers

- Maurice Bonfils Architecte (MBA)

- Mazen Ramadan - Consulting Engineers

- Middle East Engineers and Architects s.a.r.l.

- Mores S.A.R.L.

- Nicolas Gerges & Sons (Scte N.Gerges & Fils)

- Rafik El-Khoury & Partners Consulting Engineers

- S.E.S. Sustainable Environmental Solutions S.A.L

- Santec

- Services Design Technology Lebanon SARL (SDT)
- Spectrum Engineering Consultants S.A.R.L.

- Touma Engineering SARL-Engineering & Research
- Team International

- TURBA Lt

- United Management Bureau Quality Management Institute
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Edessa

Firm Contact person  |Email Phone number Fax
ACE - Associated Consulting |Jimmy Hakim ace@ace-intl.com 01-497250/ 01-497550
- Engineers 1/2/3/4/5/6/7/8
2 Al Mouhit Consulting Nada Soboh mohitfawaz@live.com 01-835 449
Engineers (MCE)
Beirut Business
3 Management Consultants
(BBMC) S.A.R.L.
BTD- Bureau Technique Mr. Michel- btd@btd-lb.com 04-712157
pour le Developpement Abboud N
Majdalani
(Chairman &
General Manager)
Mr. Jean M Hajal
4 (Member of the
Board)
Mr. Jean-Pierre A
Seoud (Member of}
the Board)
BTUTP- Bureau Technique btutp@btutp.com 01-820 472
d'Urbanisme & des Travaux btutp@cyberia.net.lb 01-821 046
5 |Publics 01-826 051
01-381281
01-312548
6 Dar Al Handassah (Nazih Karim Yammine Jinfo@daralhandasah.com 01-866665 01-863434
Taleb & Partners)
Dar Al Handassah Fouad El Khoury |beirut@dar.com 01-790002 01-869011
7 |Consultants (Shair & fouad.khoury@dar.com
Partners)
8 Delta Engineering Studies  |Youssef Hamze |yhamze@ul.edu.lb 03-828612 07-760612
Earth Link & Advanced info@elard-group.com; rkhoury@elard-  |01-896793 ext: 146
9 |Resources Development lgroup.com 01-888305
SARL - ELARD
10 |Ecocentra S.A.R.L info@ecocentra.me 01-746799 01- 746799
1 Ecodit Liban S.A.R.L. |liban@ecodit.com; kjisr@ecodit.com; 05-458 012 05-458 013
cchabarekh@ecodit.com
12 |El Bacha L.L.C info@bachaconsulting.com 01-900632 03-075551
13 Engico Consulting Engineers info@ pixelinvention.com 01-575753
14 Engineer Roger Georges rogerkhalil@yahoo.com 03- 116603 01-893830
Khalil
Engineering and
15|Environmental Consultants
SARL
Engineering, Design & Jaque Chahine |beirut@edessagroup.com 01-615 140 01-615 140/2
16 |Environmental Services- ichahine@edessagroup.com 03-330 268
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Institute

17 Envirotech Ltd. 01-390170 01-390170
76-334848
18 Geoflint S.A.R.L. Khalil Zein info@geoflint.com; kzein@geoflint.com 03-219059 05-955886
Geti najla@elholding.com 03-416668 Najla  |01-203136
03-309355
Christian
19 01-397291
01-397027
01-203094
Gicome S.AR.L. Michel Khayata  |michel.khayata@gmail.com; 03-902040 Mr.
20 info@gicome.com Michel Khyata
01-333997/8
21 Information International infointl@information-international.com  |01-983008/9 01-980 630
Ltd.
22 |Issa Consulting
23 |Jouzy & Partners CEB 01-785948
Kabbara & Associates info@KabbaraAssociates.com 01-803112 01-803 112 -
24 Ext. 104
Kassia Environmental inquiries@kassia-env.com 03-727 230 01-342 093
25 Consultancy SARL 01-342 093
Khatib & Alami, Maher Habanjar  |beirut@khatibalami.com 01-843843 01-844400
26 [Consolidated Engineering maher.habanjar@khatibalami.com
Co
27 |Kredos.a.l. kredo@kredo.net 01-204957/8/9 01-336 399
)8 Lebanese Arab Co.For Eng & laceco@laceco.net 01-340304 01-736 454
Consultancy "Laceco”
20 Libanconsult AGM libanconsult@libanconsult.com; 01-613 863 01-427 530
naji.abouassaly@libanconsult.com 03-320678
30 |Matrix Engineers 05-457488
31 Maurice Bonfils Architecte
(MBA)
Mazen Ramadan - mazenramadan@hotmail.com 01-808540
32 Consulting Engineers 03-753159
33 Middle East Engineers and rhaddad@afedonline.org 01-321800 01-321 900
Architects s.a.r.l.
Mores S.A.R.L. mores@mores.com.|b; 05-953 927 05-953 268
34 raji.maasri@mores.com.lb; 71-747 161
Helen.mounzer@mores.com.lb
15 Nicolas Gerges & Sons (Scte najibgerges@yahoo.com 03-340 776 06-204 529
N.Gerges & Fils) 03-345867
Rafik El-Khoury & Partners |Mazen Makki contact@rafikelkhoury.com; 01-493150 01-493 151
36 [Consulting Engineers Mazen.makki@rafikelkhoury.com 03-370426
S.E.S Sustainable info@ses-lb.com; nchamieh@ses-lb.com |01-374287/8 01-371 864
37 |[Environmental Solutions
SAL
38 |Santec Azzam Sankari a.sankari@santec.com.lb 01-203730
Services Design Technology branch.lebanon@sdtconsultant.com 01-250835
39|Lebanon SARL (SDT)
40 Spectrum Engineering Hisham hisham.mneimneh@spectrumlb.com 01-309416 01-817035
Consultants S.A.R.L Mneimneh
41 Team International teambeirut@team-international.com 01-353458
01-353477
42 Touma Engineering SARL-  [Bassam Touma  |btouma@touma-engineering.com 04-715401/2/3 04-712 478
Engineering & Research 03-885288
43|TURBA Ltd info@turbasolutions.com 01-385081 01-385 082
United Management Bureau info@gmiaw.com 01-455
44 |Quality Management 512/3/4
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40.3 Meetings with Dr Mirvet House

Najib Gerges 06 204 529) JLzdl 3 jos M doll LS s 5ebl cide Lo
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40.3.1 Project Information

Project Name: n
Project Owner:

Land Ownership:

Full Address:

Phone:

Fax:

Email address:

Lot number:
Petroleum brand: usual

. Project Cost:

. Operation:

. One shift per day?

. Any days for maintenance:
. Working days:

15.

Man power operating the process:

Position No. Required

Manager

Total
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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

O Agricultural O Residential 0O Tourism
O Industrial O Forest Land O Institutional
O Commercial O Open Spaces O Others, Pls. Specify:

23. Project Components

Services

Facility No. of Unit

Area (m?)

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 ) Discharge
Location Depth (m) ] g
Pump/Tanks (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

OoooOooo

Drainage System
Type of drainage:

a) Major Road:
b) Other road (street):

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

Is there any surface water body (river, canal, stream, lake, wetland ) within 1,000m of the

proposed site?

O Yes O 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)
O Local Electric

O Own Generator:

0O  Others, pls. specify
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26. Wastewater (Sewage) Disposal System
Sewage System:

| O Individual Septic Tank | O Communal Septic Tank |

Sewage Design:

O 2 chamber septic tank with leaching O 2 chamber septic tank without leaching

O 3 chamber septic tank w/ leaching X O 3-chamber septic tank w/o leaching

O 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 O Yes O 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)

O Terrain is flat or level (0-3% slope)

O Gently sloping to undulating (3-8%
slope)

O Undulating to rolling (8-18% slope)

O Rolling to moderately steep (18-30%
slope)

O Steeply rolling (30-50% slope)

O 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: | 0 Heavy Rains O Unstable

Slopes

O Others, pls. specify

Do you know of any land sliding occurring or that has occurred in the site?

Cause of Landslide:

O Earthquake |O Unstable O Earthmoving

slopes

O 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: O low area O poor O water logged
drainage areas
Soil type of the |O Clayey O Sandy loam O Sandy soil O Other soil types:

area soil soil

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

Avre there existing structures or developments around the project site? If yes, please

list them

Project Activities Affecting the Physical Environment | O Yes
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Avre 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:
[ 1 all weathered road, length (m) width , [ ] concrete, [ ] asphalt

B. Biological Environment O Yes |O No

Are there any trees and other types of vegetation in the project site? If yes,
please identify.

Avre there birds and other forms of wildlife found in the area? Please identify.

Avre 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

Avrea 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 | Size (No. of | Location (village, | Distance  from
number if more | students or beds) | road, district, | Site
than 1 etc.)

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?

Avre 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?

Avre there already existing commercial establishments within the vicinity of the project
area?

40.3.2 Content of Evirnment Impact Assessment Ch3+4

1 Chapter 3: Description of the Environmental............cccccooeoiiiiiiiiciiecic e 25
00 R 101 oo [0 Tox o] OSSO PRSSPR 25
1.2 DeSCription Of the Ar€a........cccviiiiiiie ittt 25
1.3 Environmental Components in AKKA ... 26

1.3.1  PRYSICAl RESOUICES. ......cueiiiiieiiiie sttt 26

1.3.2  ECOIOQICAl RESOUICES ......veeiiiiiiieiiie sttt s 33

1.3.3  Socio-Cultural and ECONOMIC ACHIVITIES ......coeee e e 38
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1.3.4  Education and LIteraCy........ccccceeveriververeenieeseeriesieesnenennns
1.3.5 Environment, Archaeological Sites and Cultural Heritage
1.3.6  Cultural FaCIilitieS .......ccceevuviiiiiiie e
1.3.7  Health FACIlItieS ........ccooiiiiiiieieeee e
2 Chapter 4: Description of the Project..........cccocoviiiiiiniiieienn,
2.1  Location of the Project .........ccocviiiiiiiieiienese e

2.2  Type of Project (Size and Magnitude of the Project)

2.3 Need of the Project

2.4 Project™s ODJECLIVE .....ccecve e
2.5 Data Collection and Preparation of Maps..........c.ccocevvrivrnninnnn.
2.6 Methodology ......ccoviieieiiieierere e
2.7  Description of the Project.........cccovveveiieiiiie e
2.8 Layout SPeCifiCatioNS .........ccceoeiiririiieice e
2.8.1  Construction Material...........cccccoervrieniierinin e,
2.8.2  Construction EQUIPMENt.........cccocoiiieiiee e,
2.8.3  Construction of the sewage collection network
2.9  Financial Plan (Project COSt).........ccoouviriieieneneie s
2.10 SITE VISIT .ot

2.11 Processing Techniques and Unit Operations (Size and Magnitude of the Project) 52

2.11.1  HUMAN RESOUICE ... ettt ee e
2.12 Infrastructure Services (Proposed Infrastructure/Utilities and layout)

2.12.1 Environmental Aspects

2.12.2  POWEN SUPPIY oo
2.12.3  Water SUPPIY ..ooveeeeceeeee e
2.12.4  SEWEIAQge SEIVICES.....ccuiiviitiriirieiieeieeieie et
2.12.5 Solid and Liquid Waste Management..............ccoceeevrvenne
2.12.6 Proposed Wastewater Treatment Plant.............cccccccevennen.

40.4 Aecenar incinerator in rayhaniyya camp

16. Oktober 2018 11:08 16,7 MB
Samir_ayoubi Samir_ayoub

D.Turjman@moe.gov.lb
samir.mourad@aecenar.com
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40.6 Request for appointment for a meeting regarding a research experiment
prototype for waste incineration

25. Oktober 2018 15:06 24 KB
Daniah Turjman
Bassam Sabbagh, Samar Malek

Samir_ayoubi Samir_ayoub, Samir Mourad
Dear Mrs. Malek and Mr. Sabbagh,

| 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 WiE 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.qgov.lb/

Ministry of Environment, Lazarieh Center,
7" 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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41 Cooperation with Greentrack (,a.aall (0 5,9)
41.1 Meeting 25.9.2019

‘ % GreenTrack

| e e uz

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 Unit?’

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 Diameter Height Number Nominal Reboiler Condenser
s in the of plates?® holdup?® area area
stage gallons ()
1 2 0.32m (12 inch) 2.47m 7 5.8 0.6967 m? 5.574 m?
0.24m (10 inch) 2.74m 8 45
2 2 0.32m (12 inch) 2.47m 7 52 0.6967 m? 5.574 m?
0.24m (10 inch) 2.74m 8 45
3 1 0.17m (6 inch) 2.35m 7 1.6 0.1858 m? 1.4864m?
4 1 0.08 m (3inch) 2.35m 7 0.35 0.4645 m? 0.3716m?

7 from [NLAP-WEDC 2017] and [NLAP-WEDC 2018]
2 plate spacing in all columns is 12 inches

2 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

By

R

nlap-Desalination_dd-12-12-016.FCStd



rom extraction
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SJ:Steam_ jets

CO:Cooler
T:tower
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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.

Pressure units

Pascal Bar Technical atmosphere Standard atmosphere Torr Pounds per square inch
V:T'E T T {
(Pa) (bar) (at) (atm) (Torr) (psi)
1Pa = 1 N/m? 1078 1.0197 x107% 9.8692 x 1078 7.5006 x 1073 1.450 377 x 1074
=100 kPa
1 bar 10° 5 ) 1.0197 0.986 92 750.08 1450377
=10° dyn/cm
1at |9.80665x10* 0.980 665 =1 kplcm2 0.967 8411 7355592 14223 34
1 atm | 1.01325x10° 101325 1.0332 1 =760 14 695 95
=1 Torr
1 Torr 133.3224 1.333224 x1073 1.359 551 x1073 =1/760 ~1.315 789 x 1073 q H 1.933678 x1072
mmHg
1psi | 68948 x10° | 6.8948 x1072 7.03069 x 1072 6.8046 x 1072 514443 =1 Ibf fin?

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.

601



Other planned elements: Desalting Unit, Wind Energy, Methan Liquefication, Purification of water

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.

F=u~p
where | = vapor velocity, ft/sec (average
velocity over column cross section)
p = vapor density, 1b/ft®

index of column capaclty
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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.




Other planned elements: Desalting Unit, Wind Energy, Methan Liquefication, Purification of water

42.5 Construction Materials

Stage No. #column Diameter Height Number Nominal Reboiler Condenser
s in the of plates®® holdup*! area area
stage gallons ()
1 2 0.32m (12 inch) 2.47m 7 5.8 0.6967 m? 5.574 m?
0.24m (10 inch) 2.74m 8 4.5
2 2 0.32m (12 inch) 2.47m 7 5.2 0.6967 m? 5.574 m?
0.24m (10 inch) 2.74m 8 4.5
3 1 0.17 m (6 inch) 2.35m 7 1.6 0.1858 m? 1.4864m?
4 1 0.08 m (3inch) 2.35m 7 0.35 0.4645 m? 0.3716m?

Table 5: Equipment Description 1:10 length, 1:100 areas, volumes 1:1000

Stage Numbers of columns |Column Number of plates
Manteau
Surface [m?]
1 2,8 7
2,2 8
2 2,8 7
2,2 8
3 1,30 7
4 0,57 7
Total 11,87 44

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 (osl .»): Ahmad +961 76361241 (Miniye)

% plate spacing in all columns is 12 inches

31 holdup includes associated calandria and /or condenser
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43 5kW Wind Turbine32

Gl aal) Al e Culan] A5 (e gz e 00 Raalt] Aucall) ALY SIS e JSE A #
RN gl g ¢ a1 e AU ane g6 g pall DM (8 Lt 2

Operation

Types of wind turbine

NREL 42794, Mike vanBavel (Lef), NREL 50000, Suzanne Tegen (RIght)

il e gl kn sy ¢ ol e ol GRS Laic The maximum theoretical power

In Tripoli, the wind power density is about 258 W/mA2(data from GLOBAL WIND
ATLAS MEAN WIND POWER DENSITY MAP LEBANON )
* Area of swept surface =32.84 m"2
* Radius of blades =3.23 m
* Therefore, the height of tower should be between 1.5X to 3X the rotor
radius, then between 4.85 &9.7m.
The speed of wind is between 6.0 m/s (13.4mph) / 6.4m/s (14.3mph).
A(TSR)=4*pi/number of blades
rpm =60 *V * TSR/ (Pi * D)
Number of rotation per minute =77

o e e .

Wind turbine components

1-Foundation,

2-Connection to the electric grid,
3-Tower

4-Access ladder,

5-Wind orientation control
6-Nacelle (),

7-Generator,

8-Anemometer + wind vane

9-Electric or Mechanical Brake

10-Gearbox,
11-Rotor blade
12-Blade

13-Rotor hub

3 el hica i GSGY) gy 3t e sl | OULPULP iS:

Jﬂmltj,\.,a.dbcajlga&u{]ij.ﬂl@l; P81y 8 s

s sally gl doaty lsall O yss s 3y a5 272 27

o 35 o o (52 a5 S V) 5 5200 L

gty Qs g b (s Ade) ag ) e Adus | the effective area of the disk is

Al 8l G Al Bas il Sswlp and the wind velocity v, pis
el By oS e s 3l |y it density.

1-Blades :
-Nb:3
-length:3.2 m

4-ANEMOMETER (+WIND VAN

5- BRAKS

|

HHERHE

3-Gearbox (SPEED 6-rotor hub

AP ARSI 2weARG INERNA MACHINERT 0. T8,
T T SANGHAI ORRIT TRADINS GO, LTO.

Price ($)
2000-3500

Suppliers
Wind turbine

Ouyad.com

Blades 50-400 www.aerofp.com/GREEF
NEW ENERGY
Generator 5 900 GREEF NEW ENERGY
kw/1500rpm
Flange hub 190 GREEF NEW ENERGY
Gear box 100-300 Orbitindustry.com
Maysaa kamardine 03-03-2019

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

Moisture
separator
i SoIDos _’\‘_ -5 . Reheaters
Fommmmemee N LR .
1 1 1
Steam ( ) ~--------- -D i i jmmm e L S .

o 0 ' '

generator

Low pressure
turbine 2

Low pressure
turbine 1

High pressure
turbine

Condenser

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

% 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.
O gAY s Jitn 5 (sdial) eldl adnd BUS (e ¢ ja 8 Ll Slea
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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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BURSTING DISC OR
DEAERATOR LP feedwater (condensate) Ventsr:gre SAFETY RELIEF VALVE
WATER BOX \ i \ Sl :s‘p
b L - 8 : INVERTED SPRAY
IMDINAEMENT Lo . . " ’;:1#_'? VALVES
PLATES T s e sl b SPRAY VALVES
B e e N CASCADE TRAYS
HP f —_—  ~——— |
;oo NL—A  k—A x—a |2~ HP feedwater drains
C 1 14C N r_' Boiler feed
SUPPORT Heating Steam 1 maﬁng Stea ' Heaﬁn?Steam t reeirculationpump
DOWNCOMER
[ DISTRIBUTION HEADER ]
MW M M, M MM W

woned’ 11 1T T 10| T

TANK

ELECTRIC HEATERS To boiler ELECTRIC HEATERS
feed pumps

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
teedwater temperature (°C).

* Pop-up controls for “auto/manual” for boiler level control valves LCV1 & LCV2.
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44 .3 DEAERATOR FROM alibaba

o |
PURGE VENT—/" "

High-Quality Horizontal Power Plant Steam Boiler Deaerator
FOB Reference Price: Get Latest Price

1 Set/Sets (Min. Order)

[ Contact Supplier

) Leave M
Payment: visa @2 TT eChecking Paylater More
Shipping: Alibeba.com Qcean Shipping Service from China to US
Get shipping quote
View larger image
Add to Compare T,Share

Product Details Company Profile Report Suspicious Activity
Overview
Quick Details
Type. Natural Circulation Ussge: Power Station Structure: Water Tube
Pressure: High Preazure Style: Horizontal Fuel Gea-fired
Place of Origin Zhejiang, China (Msinland) Brand Name ZHM Model Number: deserstor
Output: Steam
Supply Ability
Supply Ability: 6 Set/Sets per Month
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Product name

Product information

Unit price

Min. order quality

Payment terms

Quotation valid ime

Product description

Supplier background

Business type

Main products

Product centification

Thermal de-aerator with Water Tank

USD 25000/Sets
1 Sets

T

2018-12-28

Place of Origin:China Type Tanks Brand
Name:LSBiotech Working
Pressure:0.2MPa Working
Temperature:104 degree Cel. Water
Tank:Include. 25 CMB Water Flowrate: 50
ton per hour Arrangment:Horizontal tank
Valves & Instruments: without

' Trading Company

BOILER,BOILER PARTS,BOILER ISLAND

2500 t/h approximately

44 4 freecad design

R

dearator031218.FCStd

the flowrate is 50 t/hour

RO@QRCAEE R MG

. It should be
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44 .5 Deaerator Systems from Zmerly, Tripoli
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45 Methan Liquefication34
Methane liquefaction (bl ) Juwd i )

‘ LNG Production diagram \

LNG Proprieties

lNatural Gas Feed

* LNG has the best safety record of all fossil fuels: Not flammable or Nierclry
explosive in liquid form - —

* Noncorrosive and nontoxic

+ Stable and stored at low pressures

* Evaporates quickly and completely leaving no fire hazard puddle l

CO:/ H:S
s -

* LNG is refrigerated around -160°C

* Volume reduction 600 times with the same calorific capacity

* LNG is composed mainly from methane (more than 90%)

* The liquefaction factory consumes nearly 10% of the natural gas while
functioning

* The LNG will be stocked at an atmospheric pressure in storages made
from concrete or metallic tanks, possessing double wall and thermal
insulation.

* The principals LNG exporters are: Qatar, Australia, Malesia, Nigeria and
Indonesia (more than two-thirds)

M annel heat excha HE- mai .
heat excha in LNG plant

Liquefied
Natural Gas

A
'
E Hlectrical motor il stage HFC compressor
'
vapor liquid
; seperator
WFC condenser
; Pre cookng spparseus | In
F ot Gusfeed ] R
. stream --u' !
| ___h___, K &
= s
| el
2 '
3 E i
=il o D
afi - N L ¥
Ll S
L fon r‘ e
/
" ] F] 7
Intercooter 7

* The MCHE is a spiral wound heat exchanger consisting of bundles with thousands of
tubes to provide sufficient surface area needed for a close temperature approach
between the inlet gas and the cooling medium.

+ These bundles can be classified as warm and cold bundles and are arranged in a
vertical shell with the warm bundie on the bottom and the cold on top.

* The high pressure mixed refrigerant is first cooled by propane and is subsequently
separated into light and heavy mixed refrigerant streams.

+ The high pressure mixed refrigerant and feed gas streams flow upward through the
tube side of the MCHE while the high pressure mixed refrigerant undergoes a series of
flashes d llyreducing P

* The cold flashed mixed refrigerant flows counter current (shell side) to cool both the
inletgas and the inlet mixed refrigerant.

* A final cooling stage is accomplished through a J-T valve or hydraulic expander to
further cool the liquid and remove any excess nitrogen.

+ At this stage, the gas stream is fully liquefied to -160°C, and is pumped to storage. The
warm vaporized MR (mixed refrigerant) stream is taken off the bottom (shell side) of
the exchanger and enters the first stage suction of the MR compressor. ,

* The compressed MR is first cooled with air or water followed by propane belon:e//
returningto the MCHE to repeatthe process.

Maryam Abdel-Karim @AECENAR/NLAP Dec 2018

3 from [NLAP-WEDC 2019]
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46 Liquefication of air / oxygene

tpage [] R liquefaction of air240719 : 1 [
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W AFECENAR
®

Association for Economical and Technological Cooperation
in the Euro-Asian and North-African Region

JL G0
North Lebanon Alternative Power
www.nlap-lb.com

Liquefaction of air(oxygen)

Process of purification and liquefaction of Process of liquefaction of oxygen
air .

Water cooler
supt g2 smeed Tl
112003 e ow e g 1126 1100

Tesure o as
06 rure ey oo
i 123 gt swe B4 1256
WD 364 Uatlet Pressure, kP WBE SIS SIS
17 WinOsmsty, /3 50 204
W hucplonsomer W 3% 1008
~ Compressor Pt

-z Gy

02 [Pt
- The gas is compressed to 51 bar, which adds ‘

external energy (300 k) into the gas, to give it what is
needed for running through the cycle.

In this process at first air is filtered & compressed to 6.8 atm in turbo | The high pressure gas is then cooled by immersing the
compressor. During the compression cooling is done to maintain the | gasin a cooler environment; the gas loses some of its
temp to 35 - 40°C. energy (heat).

After compression the air is divided into two streams. One is 65% stream | - The high pressure gas is further cooled with a I

Heat exchanger

Pt

N

& the other is 35%, now the larger stream is then passed through after | countercurrent heat exchanger to arrive to 150 k; the P Expansion valve
cooler and heat exchanger where it is cooled to -150°C to -170°C by the | cooler gas leaving the last stage cools the gas going to

incoming pure nitrogen & waste nitrogen streams produced from | the last stage .

rectification columns. - The gas is further cooled by passing the gas through Separator
The smaller stream is passed through reciprocating compressor to | aJoule-Th orifice (expansion valve); the gas is

increase the pressure to about 200atm.Here the air temp is maintained | now at the lower when it is forced through a valve or

at 4-8°C by intermediate cooling between stages using cold water | porous plug while keeping it insulated so that no &

obtained by ammonia refrigeration. heat is exchanged with the environment.

Then the air goes through high pressure heat exchanger where the temp
of air is brought down to about -120 -140°C. Now the air undergoes
expansion to about 6.5 atm in the expansion engine.

The temperature of air is brought down from -170 to -174°C by joule
Thompson effect.

Now the air will be in liquid state & mixes with the larger stream &
changes the whole air stream into saturated liquid state.

This saturation liquid is fed to Linde rectification column. This column
may be single, double or compound depending on requirement. the
liquid product coming out will have a purity of about 99.4 -99.99%.

- The low pressure gas is now at its coolest in the current cycle.

Some of the gas may condense and become output product.

The low pressure gas is directed back to the countercurrent heat exchanger to cool the
warmer, incoming, high-pressure gas.

After leaving the countercurrent heat exchanger, the gas is warmer than it was at its
coldest, but cooler than it started out at step 1.

The gas is sent back to the compressor to make another trip through the cycle (and
become still colder).

This liquid is partially vaporized in condenser, to liquefy the nitrogen Oxygen properties
vapor &the rest may be taken as liquid product or it may be obtained in OXYGEN IN SOLID STATE: It is a hard, pale blue, doubly refiacting crystalline
pel "y g cry
gaseous state if it is used for cooling of incoming air, the other products solid.
that obtained are pure nitrogen of purity above 98% & waste nitrogen Melting point: -21881°C
product of purity of about 92-96%. Density at -252.5°C: 14256 gvec
TABLES. i or Specific heat at -256°C: 0.078 cal
Power of Compressor 364355KW ool haon i 210%C) 313 ciliga
Rotational Speed 2300.0698pm
- SC OXYGEN IN LIQUID STATE: It is a pale stecl blue, transparent and very
Tnlet absolute velocity from fmp 5045ms ol lgud
el abs ¢ velocit 74.726m’s
Outlet absolute velocity from Imp 6m's ey G
Radius of Impeller 1 tip 0.0755m
Density at boiling point: 1.14gmvce.
Radius of tmpeller 2 tip HT) Y s e
— — - atBP: 13074 ds
Number of impeller blades 20
Width of diffuser 1 0.033m Itis a non-conductor of clectricity and strongly magnetic when compared to iron.
Width of diffuser 2 0.00938 OXYGEN IN GASEOUS STATE: It is a colourless, odourless, tasteless,
diatomic gas, a volume of it slightly heavier than equal volume of air. One Litre of
VE under dif 4290 g wei
T e oxygen weighs | 1gm and the comresponding weight
T ST FATE FATE of air is 1.2929gm. The oxygen is only slightly soluble in water at ordinary
COMPONENT FEED.FI o ‘ 8 il ks temperature and pressures
T o o Rt sizna ol
fin thickness(t) 30mm TATROGEN o= [o55 I3 FUATE EFFIENCY - 5%
- - o .
ffnlmmncym 0.7435 fin per meter e LT o o g Table 12 Work Required to Liquefy Selected Gases®
fin length (1) 250mm Tl = HOLE SIZING LP Smm 208 2’ =
Tim height (h) Somm. PRp— =195 | Vel < 3076 me TOLE SZE. 0 - oo . ik Thermal _
T T D TENFERATURE S7¢ O Energy
et FrRCENCY Substance cal/sole J/mole, Btu/lb  (Btu/Ib) iGb/1>  kib/kg
¢ thickness (b) SO OLUMN SIZING o 0
L) i COUAN B air 5,000 20,900 310 930 0.091 20
free flow arca (A 4000mm*2 o =03 R S w— Oxygen 4,800 20,300 213 819 0.080 0.18
= T WEIR LIQUID|LENGTH  OF Nicrogen 5,100 21,400 28 984 0.096 0.21
Wodtal et (A) 1120002 : T WERDOWNCOMER [ CREST. how | WER. L JHelivm | 6,500 ¢ 27,200 2,935 8,805 < 0.86  1.89
Theat transfer arca (As) R3000mm*2 TOW PRESSURE COLUNN, szNG Sl | 36190 Hydrogen 5,700 23,800 5,119 15,357 1.50 3.30
T = = SRTINE TooRo|  [WEKT OF WER
T area (AT) 000y P = : oy sing ideal (chermodynamically reversible) process:
oquilibrivm diametcr (Dh) A8 19mm G e e T DGR Wrov ™ TadS - 8H, where T, = 298 K (25°C), and Py = 1 ata.
Tin arca/total surface arca 03373 NTROGEN [or [7 I CLEARANCE. b - L3onm Sote: The values given for each gas are equivalent amounts of
= T VAROUR LIQUID FLOW energy (or work) expressed in several units of measure.
frontal arca ratio ($) 03571 FOWRATES Kol D630 [ | e ek
height-spacing ratio (a) 045453 L2 N TLOOD VELOCTTY, U
B wico  |vea-wsem [asm sl
it Vi = 0 - = ey
thickness-spacing (v) 027273 FEED POINT 5 :. :::l:\ xv’ -
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