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CASALE licensed and recently completed a EPCC LSTK project for a new 1500 MTD Nitric Acid
plant in Navoiy, Uzbekistan. The main and distinctive process solutions adopted by CASALE are here
presented together with an overview of the main project schedule and milestones, and with focus on the
important phases and challenges faced during its execution, including the countermeasures and digital
techniques adopted in solving the difficulties caused by Covid-19, when the pandemic impacted the
project execution at the end of the mechanical completion and beginning of commissioning.

The paper illustrates a successful history of plant start-up despite the pandemic difficulties and
introduces a set of first considerations about the possible future application of available digital
technologies for remote commissioning of complex chemical plants.
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1. INTRODUCTION

JSC NAVOIYAZOT, the largest chemical company in Uzbekistan, leader in the production of mineral fertilizers,
awarded the project of a new 1500 MTD nitric acid plant to CASALE, as single partner, from BASIC phase to EPCC
LSTK completion phase.

The project is part of a larger modernization drive of the Navoiy chemical complex to meet modern energy efficiency
requirements and reduce the environmental impact.

The modern nitric acid plant licensed and constructed by CASALE balances investment costs and operational
expenditures with maximum energy efficiency and environment-friendliness. Moreover, it is a shining example of
innovation and crisis management during the Covid-19 pandemic, breaking new ground with remote commissioning.

Early-work construction began in 2018; the project was in the final stages of the installation and commissioning works
when the Covid-19 pandemic made its impact in the first half of 2020. Nevertheless, nitric acid production started
successfully on June 2020 , thanks to the prompt reaction of CASALE and JSC NAVOIYAZOT with respect to the new
challenges.

Through the JSC NAVOIYAZOT project overview, this paper illustrates the distinctive process solutions and project
execution strategies adopted by CASALE, showing the benefits to project and basically to end-user deriving from
CASALE's technologies know-how, integrated expertise, flexibility and capability to adapt to clients' needs.

The success of this project is the outcome of strong co-operation between JSC NAVOIYAZOT, CASALE and
Suppliers. By working hard together and listening to each other, they were able to accommodate not only unexpected
events and issues, which always pop up during a project execution, but especially the unexpected difficulties caused
by Covid-19.

This success story is a lesson for the future and demonstrates that a remote assistance methodology during plant
commissioning is not only a possibility, but also brings some great benefits:

optimization of costs and the availability of the right competences and knowhow anytime.
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Fig. 1: The new JSC NAVOIYAZOT nitric acid plant, Navoiy, Uzbekistan
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2. PROJECT OUTLINE

CASALE scope of work is including the nitric acid production unit, based on CASALE dual pressure technology and
all the required utilities (see Fig. 2):

o Nitric acid unit (1’500 MTD as 100% NA);

¢ Nitric acid storage (three-production days on three reservoirs, 2'000 m? each);

o Water treatment unit (including production of cooling water and demi water);

o Cooling water tower;

o Auxiliary boiler unit (for continuous operation and for nitric acid unit start-up);

o Administration building (incl. control room, electrical rooms, DCS room and fully equipped laboratory).

NITRIC ACID

Fig. 2: JSC NAVOIYAZOT Nitric Acid Plant Units — 3D model view

The plant was designed to cope with demanding design basis, by close cooperation of CASALE and CASALE
PROJECT (the well-known and reputed Czech contractor operating in the field of nitrogen fertilizers), ensuring the
maximum efficiency, reliability and operability, based on experience coming from several engineering and turn-key
projects developed in the areas of Nitric Acid, Ammonia, Urea, Melamine, Ammonium Nitrate and UAN.

The aim of the project was to design, construct and commission the new nitric acid plant meeting the following
objectives:

o Minimize raw materials (as NH3) consumption with a sound compromise in term of investment cost.
o Minimize net energy consumption by maximizing the amount of HP steam to be exported.
o Meet environmental requirements relating to N,O and NOx emissions.

e Produce, inside plant battery limits, both cooling water and demineralized water required for nitric acid unit
operation and HP steam required for unit start-up.

o Use raw water available from river for cooling water and demineralized water production; liquid effluents are not
allowed.

o Meet local statutory requirements and national laws.
o Meet the project time schedule of 36 months, from commencement date to plant start-up.

The challenge was to achieve these targets by minimizing investment costs and operational expenditures, not only by
facing unexpected events and issues, which always occurr during a project execution, but especially the unexpected
difficulties caused by Covid-19.
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3. PLANT DESIGN
JSC NAVOIYAZOQOT nitric acid plant Block Diagram is shown in Fig. 3.
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Fig. 3: JSC NAVOIYAZOT Nitric Acid Plant Block Diagram

The nitric acid unit, based on the CASALE dual pressure technology, produces 1500 MTD of 60%wt. nitric acid
receiving ammonia from battery limit and taking ambient air.

The produced acid is sent to the storage, designed to hold three days of production and from here it is pumped to
plant client complex.

The cooling tower, consisting of four cells, with relevant circulation pumps, filtration facilities and chemical dosing
provides the required cooling water duty.

The natural gas auxiliary boiler produces steam for the nitric acid unit start-up, with quality suitable for turbotrain steam
turbine use.

River water received at plant battery limit is treated in the water treatment unit to produce cooling water for cooling
tower make-up and demineralized water for steam production in both nitric acid unit and auxiliary boiler unit. To comply
with the environmental constraints on liquid effluents, the zero liquid discharge concept is applied by treating in a
dedicated section not only the concentrated salt solutions deriving from river water purification but all the plant liquid
effluents as cooling tower blowdown, boilers blow down, filters backwash, rain and rising water.

3.1 NITRIC ACID DUAL PRESSURE UNIT

The CASALE NA 2000 dual-pressure scheme was selected to achieve low specific consumptions (as NHy/MT HNO3),
maximize heat recovery and reduce emissions while keeping investment and operating costs as low as possible.
This process technology has more than 50 years of development and experience in plant design and it is embodied
in some of the largest nitric acid plants built to date.

The JSC NAVOIYAZOT nitric acid plant is the world’s fourth plant with a large capacity based on CASALE dual
pressure technology and it is the third 1500 MTD plant with a single burner designed by CASALE.

The process flow diagram of JSC NAVOIYAZOT nitric acid dual pressure unit is shown in Fig. 4.

The plant was designed with LP section operating at 5 bar a and HP section operating at 11.5 bar a; pressure levels
were selected to minimize equipment size and design pressure and to balance the turbo-set shaft power.

CASALE carried out detailed studies on the layout and equipment to further improve energy saving by reducing energy
losses. The CASALE NA 2000 dual-pressure scheme enables a reduction of about 10% in pressure drop in
comparison with a conventional nitric plant of the same size.

Reducing pressure drop in both the LP and HP sections is beneficial because of its effect on the energy consumption
of the two major machines (air compressor and nitrous gas compressor).

During normal plant run, the heat recovered by ammonia oxidation reaction is used to generate 40 bar g steam at
410°C. The steam so generated is enough to fulfil the steam turbine requirement and supply an export stream which
is sent to plant battery limit after mixing with steam produced by auxiliary boiler.
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Fig. 4: JSC NAVOIYAZOT Dual Pressure Nitric Acid Unit

In terms of percentage, more than half of steam generated inside nitric acid unit is made available at BL (see Fig.5),
that corresponds to a specific export of 750 kg/MT HNOs.
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Fig. 5: JSC NAVOIYAZOT Nitric Acid Unit Power Balance

4. EQUIPMENT OVERVIEW

The main contemporary issues for the nitric acid industry are suppressing emissions of NOy and N,O and designing
more efficient plants to help offset higher raw materials costs. These are the major forces that have driven
improvements in the design of main equipment in the nitric acid process.

The next paragraphs will describe the design applied for key equipment of JSC NAVOIYAZOT nitric acid plant.
Proposed design takes advantage of original design developed by GPN/Borealis, already applied and proven in
several nitric acid plants, and CASALE's wide experience in equipment design as licensor for all the technologies of
the fertilizer complex.

41  CASALE SINGLE-BURNER

JSC NAVOIYAZOT nitric acid plant is the third 1500 MTD plant with a single 6 meters diameter burner designed by
CASALE (see Fig.6).

This proven design simplifies the plant arrangement, enhances ease of operation and reduces investment costs.

The burner hood is a critical item for nitric acid plants since a uniform flow distribution is essential to guarantee a long-
term utilization of the platinum gauzes and a high conversion efficiency, avoiding undesired by-products.
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Fig. 6: CASALE Burner Hood

CASALE Burner Hood is equipped with perforated deflectors, placed at different heights.
This design combines a uniform gas air-ammonia mixture distribution above platinum gauzes with low pressure drop.

The Burner Hood is also designed paying special attention to sealing between catalyst basket and pressure vessel,
as air-ammonia mixture bypass of gauzes not only reduces the ammonia conversion rate but could lead to dangerous
formation of ammonium nitrate/nitrite in downstream equipment.

The mechanical design of catalyst basket support takes into account thermal expansion resulting from the large
temperature gradients between the burner shell and the gauzes/catalyst support basket.

The basket design is also tailored to meet specific client’s requirements; in JSC NAVOIYAZOT burner hood the basket
is designed for the provision to install deN2O secondary catalyst.

4.2 CASALE NiTRIC AcID ABSORPTION COLUMN

Nitric acid absorption column designed for JSC NAVOIYAZQOT nitric acid plant
achieves a high recovery of NOj, with a resulting high ammonia efficiency, thanks
to the unique design of CASALE Absorber (see Fig. 7).

Internals of CASALE Absorber consist of a series of sieve trays with integral
cooling coils. Improvements in the design of the individual absorption trays have
reduced the number of needed stages and, consequently, the investment cost of
the absorption tower.

The CASALE Absorber designed for JSC NAVOIYAZOT nitric acid plant is higher
than 50 meters, which is in the usual range of 1500 MTD capacity plants. Chilled
water circuit foreseen in the upper part of the column enhances NOx recovery and
guarantees stable operation even in presence of the significant daily and seasonal
temperature fluctuation typical of Navoiy region.

NOxconcentration in the tail gas leaving absorption column is as low as 300 ppmv.

Fig. 7: Detail of absorber exchange plate and absorption tower

6 Nitrogen + Syngas 2021 Virtual Conference & Exhibition (1-3 March 2021)




15600 MTD NA plant commissioning and start-up with remote assistance during Covid-19 pandemic

4.3  N20 AND NOx ABATEMENT

CASALE offers a referenced combined tail gas treatment system able to reduce tail gas concentrations of NoO and
NOx down to 10 ppmv.

The catalytic abatement system is installed directly upstream the tail gas turbine and normally operates at a
temperature sufficient to ensure the decomposition of N,O to N2 and O; in the presence of NO, as kinetic promoter.
NOx is also decomposed by ammonia gas mixed with the tail gas upstream of the catalyst bed.

CASALE combined tail gas treatment system guarantees maximum efficiencies with low pressure drop; slippage of
NH; is minimized (concentration below 2 ppmv is achieved) to ensure that ammonium nitrate is not formed during
start-up preventing unsafe situations.

JSC NAVOIYAZOT nitric acid plant was designed with all the necessary provisions to reduce emissions below limits
imposed by local regulations: NOx <50 ppmv, NH3<5 ppmv, N.O<50 ppmv.

4.4 COMPRESSION TRAIN

The turbo machinery train for air and NOx compression, as well as energy recovery, is the heart of nitric acid plants
and a major factor in plant profitability.

For the nitric acid plant in Navoiy, the widely proven in-line turbo machine by the Germany based company MAN
Energy Solutions was selected, consisting of (see Fig.8): a steam turbine driver, an axial air compressor, for
compressing atmospheric air to LP section, a centrifugal nitrous oxide compressor, for compressing the NOx gas from
LP to HP section, and a tail gas expander, powered by tail gas, which is the main driving machine of the train.

Aucxiliary equipment, including the condensing system, the lube and control oil and a SIL rated PLC for control and

protection purpose, were provided by MAN acting as single supplier, allowing the train to be flexibly matched to the
project’s needs, permitting the demanding process of nitric-acid production to be optimized for maximum efficiency.

Steam NOX Air Tail Gas
Turbine compressor compressor Expander

MAN Energy Solutions

Fig. 8: MAN ES Compression Train Layout

5 PLANT PERFORMANCES

JSC NAVOIYAZOT nitric acid unit performances are in line with the state-of-the-art of nitric acid technology.
Main performance figures are summarized in the following Table 1:

CAPACITY 1500 MTD HNO;s (as 100%)
NITRIC ACID CONCENTRATION 60% wt.
TURNDOWN RATIO 70-110 %
NH3 SPEC consumption (including DeNOy) 283 kg/MT HNO3 (as 100%)
SPECIFIC STEAM export (40 bar g, 410 °C) 750 kg steam/ MT HNOs (as 100%)
COOLING WATER (DT 10°C) 105 m3/MT HNOs (as 100%)
Emissions:

NO, <50 ppmv

N.O < 50 ppmv

NH3 <5 ppmv

Table 1 -Plant Performances
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6 PROJECT EXECUTION

EPCC-LSTK work was executed by an integrated team of
CASALE and CASALE PROJECT.

With CASALE acting as EPCC contractor, licensor and EPCC
contractor are part of the same project team involved
throughout the project execution. This implies no risk of gray
areas between different project phases, no need of
engineering documents to be approved by licensor,
involvement of construction and commissioning teams since
the very early stage of the project.

Process design was performed mainly by CASALE
headquarter in Lugano as licensor, while detailed engineering
activities were mainly performed by CASALE PROJECT, with

mobilization of a site team from both offices for the
construction phase. Fig. 9: Drone view during construction

The perfect integration between the two entities of CASALE
GROUP combined with this approach resulted in a greater efficiency across project lifecycles, with substantial benefits
in terms of capex, time schedule and design.

The construction phase (early works) started in 2018 with the site mobilization and excavation works.

Plant start-up was foreseen in the early months of 2020 and thanks to a creative approach to commissioning during
Covid-19 worldwide pandemic emergency lockdown, the plant has been operating steadily since June 2020.

6.1  THE EP PHASE: DESIGN, SUPPLY AND QUALITY CONTROL

CASALE's approach to JSC NAVOIYAZOT project was to s
develop basic engineering at such a detailed degree to be "
directly available for the development of the detail
engineering. This approach has the advantage of
shortening the project schedule by anticipating the
development of the detail engineering and facilitating the
subsequent project phases.

The constructability and the commissioning potential
issues were considered in CASALE’s approach as the
main drivers of the project since the preliminary phases. In
fact, the engineering team was integrated with the staff in
charge of the downstream steps, mainly construction and
commissioning, so as to avoid delays and risks related to
such project phases. Fig. 10: Assembly inspection of Air Compressor

CASALE planned the execution and the completion of the

Project on the basis of a system-oriented approach, which was applied starting from the detail engineering and
progressing through the construction, the pre-commissioning and the commissioning phases, up to the Ready For
Start-Up condition of the Plant.

Once all the conceptual design criteria had been defined and agreed, CASALE performed the basic and detail design
up to the "Issue For Construction" deliverables.

The following step was the timely definition of the material requisition for all the equipment and bulk materials that
were supplied by CASALE and CASALE PROJECT.

The key equipment was sourced mainly from Europe but with important exceptions such as the absorption tower which
was purchased from India. For each individual supply contract, CASALE considered only qualified and referenced
Suppliers and performed an extensive procurement planning, expediting and inspection control campaign to ensure
the proper level of quality of all materials and to avoid any delay on the project schedule.

Thanks to tens of years of experience in procuring critical equipment for several chemical process, the right expertise

and optimized control efforts were spent on reviewing the procedures of the critical fabrication activities and a robust
co-ordination of several external expediting and control agencies was put in place to cope with the various locations

8 Nitrogen + Syngas 2021 Virtual Conference & Exhibition (1-3 March 2021)




15600 MTD NA plant commissioning and start-up with remote assistance during Covid-19 pandemic

of the fabrication activities around the globe, to ensure the CASALE’s nominated inspectors to witness the critical
activities and the final inspection steps of most of equipment.

The effort and investment involved at this stage was vindicated by the low number of non-conformities and defects
encountered later during the erection works.

For the biggest equipment, since the early stage of
the project, CASALE carried out with its shipping
partners a set of feasibility studies, which permitted
to define and optimize the mobilization paths and the
related costs.

It is worth to mention that the Volga-Don shipping
canal was used for bigger equipment from Europe
and India, such as the turbo-set and the absorption
tower, and that the Turkmenistan’s and Kazakhstan’s
international seaports were used, since Uzbekistan

does not border with the sea. )
) Fig. 11: Unloading of auxiliary boiler at Int. Seaport,
Another challenging aspect of the procurement Turkmenistan

phase was the compliance with the Uzbekistan
technical regulations. With this regard, CASALE performed a dedicated analysis that allowed the identification of the
right set of certifications required for each kind of equipment as for importation, installation and operation in Uzbekistan.

6.2  CONSTRUCTION AND CONSTRUCTION MANAGEMENT

CASALE focused on the construction works since an early stage in the project,
after the execution of the FEED phase. The entire project work breakdown
structure (WBS) was analysed by identifying five main work packages, such as:
civil works and piping underground, equipment erection, steel structures erection,
piping erection works, E&l field works.

With the work packages to be subcontracted in mind, CASALE first of all
organized and staffed its own internal subcontracting group and then prepared
the methods of measurement and price codes for each and every planned activity,
including the preparation of the set of “work requisition” specifications from all
involved technical disciplines. CASALE performed then an extended
constructability analysis and dedicated erection studies which resulted in a project
construction execution plan, according to which the overall construction activities
were split.

In order to get the greatest advantage from different potential subcontractors'
feed-back, CASALE floated to the market and several bids were received and
analysed and this gave a practical contribution for adjusting the sights. CASALE,
in the selection process, consciously decided to give precedence to HSE, which
is a precondition for working with CASALE, and to local potential sub-contractors.

Once the final experienced sub-contractor was identified and was awarded the
scope of work, the construction phase (early works) started in 2018 with the site ~ =
mobilization and excavation works. Fig. 12: Absorption column

6.3 PRE-COMMISSIONING AND COMMISSIONING

From the detail engineering phase onwards, CASALE implemented a system-wise and commissioning-oriented
approach to the project with the aim of achieving a smooth transfer of the activities from an "area-based" approach in
the early stages of construction (up to 50-60% complete) to a "commissioning system-based" approach.

A dedicated mechanical completion & commissioning co-ordinator was appointed to promote quick and smooth
completion of all those pre-commissioning activities that needed to be completed before the condition of mechanical
completion could be considered to have been attained.

For the sake of clarity, pre-commissioning was considered to mean all those non-operating activities carried out on
each equipment item, piping line or individual component (such as instruments, electrical motors, electrical and
instrument cables, etc.) which were to be accomplished to consider it ready for the commissioning phase.
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Fig. 13: JSC NAVOIYAZOT Nitric Acid Plant under commissioning

As mentioned, the commissioning activities were organized on area basis, and were originally scheduled according to
a tight plan which was founded on the CASALE solid and strategic approach to the complete project, being a single
licensor and EPCC entity.

As part of the commissioning phase, CASALE performed the training of JSC NAVOIYAZOT's personnel at the site.
During three weeks, CASALE'’s technologists and engineers shared with owner's personnel details on design,
operating procedures, troubleshooting tips.

7 COVID-19 PANDEMIC: CHALLENGE & CHANCE

The new nitric acid plant project was in the final stages of the installation and commissioning works when the Covid-
19 pandemic made its impact in the first half of 2020.

As shown in the following Figure 15, some of the most critical commissioning milestones were still pending.

The water treatment section had not yet been completed and some key equipment such as the turbo-set were under
mechanical completion.

At that time unforeseen lockdowns and travel restrictions started within the country and worldwide. This, in conjunction
with internal HSE policies, forced the key Suppliers to rapidly demobilize their personnel from the site, while moving
new personnel to site became almost impossible, and this had a rapid negative impact to the headcount of site team
and basically put at risk the completion of the project.

In front of this new, unwanted and totally unforeseen emergency situation, CASALE reacted promptly to rapidly assess
the company capability and flexibility with respect to the new challenges. Faced with strict travel restrictions, CASALE
and JSC NAVOIYAZOT were forced to think creatively and rapidly devise a new approach to accomplish the last
phases of the project.

A reduced CASALE staff on site granted the minimum necessary operability, while CASALE head office provided
assistance and support remotely, together with the manufacturers of key equipment.

The strong commitment to proceed on site was testament to the professionalism of the people involved,
notwithstanding the personal issues that those involved had being absent from home during this time.

A dedicated technical risk assessment of this new scenario was carried out to assess the higher risks in starting the
plant with reduced team, including the risk of damage to the critical equipment under commissioning, as well as the
HSE safety concerns in conducting the commissioning with a reduced site team under much stressful condition.

To mitigate the HSE risks, the HSE procedures were reviewed and enhanced, a special attention was paid to ensure
that the people at site were not too overloaded. It was also crucial that JSC NAVOIYAZOT immediately understood
the situation and provided reinforcements to the site team with its engineering and experts.

Logistic solutions were identified to move materials. Moreover, CASALE decided to invest an important value to
organize a certain number of private flights, enabling key people to reach the site from Europe.
Concerning the risks related to the damage of the critical and expensive equipment, CASALE asked for the

collaboration of the equipment manufacturers, which reacted as partners and joined this world’s first experience of
remote commissioning.
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7.1  REMOTE COMMISSIONING

The main solutions adopted by CASALE to complete the commissioning of the plant despite the pandemic challenge,

were the following:

o the commissioning of the turbo-set was carried out with remote and integrated support of MAN's supervisors;

o the installation of the catalysts was remoted assisted by the Supplier;
¢ the DCS was connected to head offices for remote assistance by Yokogawa;

o the commissioning of the boiler unit was remotely supported mainly for troubleshooting purpose;
¢ aflexible approach to commissioning of the water treatment unit was implemented.
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Fig. 14: JSC NAVOIYAZOT & CASALE teams during remote commissioning

Luckily, a set of existing technologies were available to permit the remote assistance
already structured to provide remote technical support to the end user with different
trouble-shooting or for optimization of site operations.

since the key Suppliers were
purposes such as diagnostic,

Key equipment, such as the MAN’'s and UNIDRO’s PLCs and the Yokogawa's DCS were “designed for digital”,
meaning that it was possible to connect them via internet to the head office with reading and writing access from

thousands of kilometres of distance.
The next paragraphs provide details of the remote assistance methodology applied to

the different equipment of the

plant, and Fig. 15 shows the actual schedule of the entire remote commissioning for Navoiy project.

In the figure it is clearly shown that the commissioning phase sustained a significant impact originated by the Covid-
19 pandemic, but thanks to the new methodology it was absorbed in no more than couple of months of delay, and
this, in consideration of the tough circumstances, is deemed to be a success by CASALE.

Commissioning Roadmap to Start-up

Actual schedule with Covid impacts and remote assistance _

Original plan
»

Completion of Steam Blowing

HPS5 and MPS for steam turbine available

P N A A pe MPS+LPS+LPC system is ready
Boiler Feed Water system is ready

rocess plant - water games completed

i Pe - Catalyst insallation

>

P Ready for Ammonia Evaporation

—————— #=| Ready for Start-up

1zo  Days

Fig. 15: Commissioning road map to start-up
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7.2  TURBOSET REMOTE COMMISSIONING

On March 2020, due to COVID-19 and lockdown in Uzbekistan, the MAN supervisors were required to leave the
country as part of an emergency plan activated from MAN'’s top management at Germany head-quarters

MAN decided anyhow to support CASALE and to try to continue with remote assistance. This was a first and never
tried experience for either MAN and CASALE, anyhow MAN trusted in CASALE and in JSC NAVOIYAZOT technical
skills and provided a formal greenlight to go ahead without a direct supervision with the machines under warranty.

The remote commissioning was made possible by the MAN CEON, which is an application that monitors the
compressor train’s operation in real time and permits the access to the Programmable Logic Controller (PLC) to MAN
remote supervisors, while the Human-Machine Interface (HMI) for data analysis and tuning of control parameters were
accessible in real time by all involved parties, operators at site, MAN and CASALE teams in Europe. Additionally, the
MAN PrimeServ EyeTech support tool, an augmented reality app originally introduced by MAN Energy Solutions for
remote servicing or to provide technical assistance during troubleshooting, was installed on smartphones and used to
allow MAN's technical staff to see what local technicians were doing.

At site the daily activities were fully re-organized to meet with the new methodology:

¢ A daily conference call with participation of MAN and CASALE head offices was arranged at a convenient time
for Uzbekistan and Europe, to coordinate the remote teams (MAN and CASALE) with the site teams. Every day
it was verified the availability at site of all required input information, and the progress and to-do status of
commissioning activities was checked, together with the identification of expediting the solution for the issues
and open points.

e A dedicated chat group was created, to share instructions and information and to have a first level simple open
communication channel 24/7 for all people involved.

e A mobile phone was dedicated to communication with MAN via the PrimeServ Eyetech MAN's registered
software.

o A CASALE rotating equipment engineer and a process engineer were assigned full time to follow this activity for
remote support from headquarter.

o Two MAN commissioning supervisors were involved on a daily basis from remote, 10h per day, 6 day/week, one
focused on instrumental and control topics and one on the mechanical ones.

o An expert of Siemens S7 PLC (MAN architecture) was specifically hired on contract basis for this task, and
urgently sent to site with private jet.

The positive outcomes of this remote commissioning process could be seen in a short time:

o The first task completed via remote support was the shaft alignment of this complex train that was finalized on
the 3 of April.

¢ Then the instrumental loop checks were performed as well as the commissioning of the auxiliaries and of the
process valves in MAN's scope (sealing system, condensing system efc).

¢ The commissioning of the entire train started with the mechanical running test of the train and the surge test of
the air compressor as main tests. The latter was a critical test because the air compressor is an axial machine
and is very sensitive to the surge. The day of the test a set of key figures at site was assigned to different tasks
such as the monitoring of machine noise, machine vibration, or the control of integrity and noise in the suction
filter. People in charge of carrying out the test and tripping the machine in case of issues, and obviously MAN
specialists, were online from Germany and connected to the graphic pages and via phone.

o After the surge test, several other commissioning activities were carried out and on the 16t of May MAN provided
the greenlight to start the entire train for plant operation.

7.3  AMMONIA BURNER - CATALYST INSTALLATION

The installation of the platinum catalyst gauzes, worth millions of euros, is critical for the performance of the plant, for
the emission guarantee and for the relative guarantee of the catalyst performance itself.

Due to the pandemic, the original conditions of the contract were modified according to the new work environment but
maintaining the original performance guarantee.
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KRASTVETMET, platinum gauzes and secondary catalyst Supplier, placed trust in CASALE’S abilities and offered
remote support for the critical activity of catalysts’ installation, which normally require a mandatory presence of
supplier's specialists to assure correct installation.

CASALE and KRASTVETMET performed a remote training to a group of skilled workers selected by CASALE's site
team and JSC NAVOIYAZOT, to clarify all steps of the installation.

All the activities were performed with CASALE headquarter and KRASTSVETMET providing remote support; video
connection was established for the entire duration of the installation works.

The operation was completed successfully by solving any issue in real time thanks to the continuous remote assistance
of both licensor and catalyst supplier.

Fig. 16: Secondary Catalyst installation — remote view

7.4  TAIL GAS TREATMENT SYSTEM - CATALYST LOADING

Also for the abatement system, the loading of catalyst is a critical and essential activity to guarantee the performance
of catalyst itself and satisfy atmosphere emission guarantees.

As per ammonia burner, CASALE headquarter organized a remote training with the site workers to clarify all steps of
the installation, which was performed following the CASALE DENSE LOADING procedure.

All the activities were performed with CASALE team providing remote support from Europe, video connection was
established for the entire duration of the installation works.

Since abatement system is a CASALE proprietary item, no additional party was attending the remote loading.

7.5  WATER TREATMENT UNIT

The water treatment unit, supplied by UNIDRO Company, is composed by several equipment and sub-systems (like
Multi Media Filters, Reverse Osmosis, EDI, Lamella Clarifier, Centrifuge, Resin Tower, Evaporator, Chemical Dosing
Systems etc), some of which are by UNIDRO'’s sub-vendors.

These equipment and sub-systems were manufactured, assembled and packaged mainly in Italy and then delivered
to site.

A flexible approach to commissioning was adopted for the water treatment, in particular a temporary solution (with the
use of desalted water from the client instead of raw water) was implemented to by-pass part of the system and achieve
the requested demi-water production required for commissioning of the process unit and plant start-up.

By using this approach, it was possible to bypass part of the system devoted to the demi water production during
commissioning (filtration through multi-media filters, reverse osmosis for cooling water production, chemical dosing
systems) and produce temporarily demi water with the support of only one commissioning supervisor, during border
closing, at a time when other UNIDRO commissioning staff experts were unable to reach Uzbekistan.

This approach also overcame the problem of pandemic-related delays to the delivery of some chemicals for demi

water production, as chemicals were not necessary during operation with the temporary configuration of the unit. With
Uzbekistan in lockdown, the earliest UNIDRO experts from Italy were able to reach Uzbekistan in early June 2020.
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Fig. 17: Water treatment unit — drone view

A limited group of UNIDRO experts dedicated to commissioning (a commissioning manager, an automation specialist,
an instrument specialist and a mechanical specialist) reached Uzbekistan with a private jet arranged by CASALE.
Therefore, part of the commissioning and start-up activities were remotely assisted from Unidro offices in Italy and
from CASALE headquarter, together with the local team in Uzbekistan, as follows:

¢ Two conference calls per week with participation of UNIDRO and CASALE head office experts was implemented
at a convenient time for Uzbekistan and Europe, to assist the site team with the required input information, and
to strictly monitor the status of completed activities and expedite the solution for the issues and open points.
Daily assistance was also assured from CASALE headquarter.

o A CASALE packages section manager, a utilities and off site manager and a senior process engineer followed
this activity from the CASALE head office in Switzerland.

¢ A UNIDRO process specialist was remotely involved on a daily basis from the Italian office and then spent 15
days only on site for the most critical phase of the zero liquid discharge section commissioning.

o All sub-systems, in particular machinery, such as the centrifuge, were commissioned by CASALE and UNIDRO
commissioning specialists, by assuring the correct level of technical expertise without the support of UNIDRO
sub-vendors specialists.

The production of cooling water and demineralized water from raw water was put in operation on the 30t of July 2020
and this, in consideration to the tough circumstances, is deemed to be a success achieved thanks to the close
cooperation of JSC NAVOIYAZOT, UNIDRO and CASALE.

8 CONCLUSIONS

Nitric acid production started successfully at the beginning of June 2020, with the full achievement of all the
performance guarantees.

This was a milestone for a new way of digital supported commissioning.

The continuous and tremendous attention which was paid by all the people at site, including CASALE, Sub-contractors
and Suppliers teams, in strictly comply with all HSE rules, has been prized with target of zero incidents achieved, and
still unbeaten after months of plant operations.

For the first time, tens of engineers assisted people remotely at site, coordinated the activities and the manpower in
perfect symbiosis and were able to smoothly start a Nitric Acid Plant.

This successful story is a lesson for the future. It tells us that remote assistance during plant commissioning is not just
a theoretical possibility but a proven methodology with a big advantage: optimization of costs can be reached without
any compromise on quality since the right competences and know-how can be available anytime, directly from the
heart of engineering head offices where the know-how is.

In addition to the commissioning phase, the remote assistance can be applied also to erection of equipment and of
course it is already well proven for diagnostic, maintenance and trouble-shooting.
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Based on the experience of the JSC NAVOIYAZOT project, CASALE has identified the following conditions as the
basis for a successful future application of remote assistance to commissioning/start-up of critical equipment:

o All parties (Supplier, EPCC contractor and End-User) shall agree about this new methodology since the
beginning phase of the project and shall be familiar with the digital techniques.

o Adedicated assessment of costs vs benefit shall be done in early stage to define the extent of the methodology,
and to allocate resources accordingly.

¢ Planning of remote commissioning activities, either at site and from headquarters shall be organized in advance.
o Logic PLC controllers of equipment involved shall be digitally enabled, with secure connection to internet.

o Site commissioning team shall include control specialists familiar with the PLC architectures implemented on the
key equipment subject to remote commissioning.

o Dedicated purchase order shall be agreed between parties (contractor and supplier), to cope the warranty
aspects of the equipment and the responsibilities of each party.

At last, since several teams will work at big distance from different parts of the world, a mutual technical respect, frank
collaboration between all the parties and flexibility in adaptation to this new methodology is essential necessity.

In this project CASALE has demonstrated its competences in providing remote support even during the critical phases
of plant commissiong and start-up. In doing this CASALE team took advantage of the experience gained in developing
the well-known digital services, CARES (Casale remote enigineering services), already included in CASALE portfolio
and implemented to support Owners to achieve their daily production targets, maximize process efficiency and reduce
emissions.

It is beyond any doubt that JSC NAVOIYAZOT has been a successful project and the key to the success is CASALE.

CASALE has made available to JSC NAVOIYAZOT an innovative combination of know-how and technological
solutions and an effective strategy of project execution, providing an efficient and reliable plant.

With its extended portfolio of proprietary technologies and worldwide experience in executing projects at all levels of
responsibility, CASALE has managed and executed the JSC NAVOIYAZQOT project providing a single and complete
point of competence from licence through to Start-Up condition of the Plant.

The synergic combination of CASALE know-how and process leadership in nitric acid technology and CASALE
PROJECT experience as global contractor, has brought unparalleled advantages to the project and finally to the end
user.

Fig. 18: JSC NAVOIYAZOT project team working remotely

Nitrogen + Syngas 2021 Virtual Conference & Exhibition (1-3 March 2021) 15




	1. Introduction
	3.1 Nitric acid dual pressure unit
	4.1 CASALE Single-Burner
	4.2 CASALE Nitric Acid Absorption Column
	4.3 N2O and NOX Abatement
	4.4 Compression train
	5 Plant performances
	6 PROJECT EXECUTION
	6.1 The EP phase: design, supply and quality control
	6.2 Construction and construction management
	6.3 Pre-commissioning and commissioning
	7 COVID-19 PANDEMIC: CHALLENGE & CHANCE
	7.1 Remote commissioning
	8 Conclusions



