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Introduction
This proposal suggests an investigation based on further work detailed in a report (Appendix A) and a presentation (Appendix B) which identifies inefficient gas consumption of a born heater at Vale Clydach. 
The report was commissioned by Vale Europe Ltd in 2012 as a response to a comparison made between monthly Natural Gas meter readings feeding two born heaters.
Clydach Refinery uses the ‘Mond Process’ to extract a near perfect Nickle product from Nickle Oxide sinter (TNOS), which has been processed in Matsusaka, Tokyo. 
The initial reaction required in the ‘Mond Process’ involves a ratio of TNOS and Nickel Sulphate being heated to 400°C. This is achieved by propelling Hydrogen gas which has been heated, into a rotating vessel (kiln), as the mixture of raw material  flows in the opposite direction. The objective of the reaction is to reduce the material by removing impurities such as Iron and Cobalt, a by-product of the reaction is the formation of water vapour.
The ‘Mond Process’  at Clydach is automated and controlled by a Distributed Control System (DSC) through which, process set-points and control strategy can be adjusted to suit the process environment. Instrumentation such as; Thermocouples, Gauge Pressure Transmitters and Differential pressure Transmitters are used to measure process variable such as; temperature, flow and pressure. The control strategy embedded in the DCS makes any required adjustment to the process variable with an actuating device, typically a butterfly control valve.
Clydach refinery has two separate process lines which performs this process, each have a Born Heater (Figure 1), that is used to heat Hydrogen Gas to the required temperature. Kiln 2 Born heater has been found to be less efficient than Kiln 1 with an annual energy consumption of 19,032,426KWh Verses 14,267,761KWh. 

Figure 1 Kiln 2 Born Heater
Aims
The original report (Appendix A), focuses on the losses incurred by Kiln 2 Born Heater however, assumptions have been made during that investigation. Little attention was given to the inputs that are required for the born heater to perform its function and, how the quality of said inputs effect its efficiently. 
For instance, a datum temperature of 9°C, an assumption of 100% purity and an assumption of a pressure of 1.5 Bar were used to model Hydrogen flowing into each of the Born heater . This suggests that there was little consideration to the effects of how the process inputs entering a Born Heater could affect its efficiency.
The aim of this report is to identify and then to evaluate all inputs required for a Born Heater to perform its function. Particular attention shall be made to the quality of; Hydrogen gas flowing to the born heater and how this could create a disturbance to the control system which tries to maintain a desired temperature set-point.
Relevance
Material science topics shall be researched to understand thermal conductivity of gases, in particular Hydrogen and any other gases that are a composite of the process gas flowing into the Born Heater.
Knowledge of control and automation shall be used to establish the control strategy of the Born Heater, a focus shall be how and where the process variable is measured then, what control philosophy is used to adjust the temperature within the born heater.    
If analysis suggests possible improvements to the quality of the afore mention input into the Born Heater then, it is likely that a sound knowledge of the systems control strategy will be required so, further work such as; adjustment to system configuration, can be discussed.
Process gases will need to be analysed and documented therefore an appropriate measuring system shall need to be created, this will draw on Six Sigma knowledge to design a system that considers process capabilities. Other  Six Sigma tools likely to be used during this project will include; Process Mapping; Root cause Analysis; Failure Mode and Effect Analysis.
Timeline
The timeline shown in Appendix C shows milestones which need to be achieved for the an adequate presentation of project information and progress can be made during the Interim Oral Examination.
A subsequent timeline will be presented in the interim Oral Examination which inform of the proceeding activities which will require completion before the ‘Final Dissertation Report’ hand-in date.
Literature Survey
An understanding of how gases absorb energy will be required therefore, information from sources such as Ahsan (2011), and Whitley, et al. (2014).
In depth Knowledge of how the ‘Mond Process’ works will be taken from Mond Process (2020), and operational process manuals.
The purity of the Hydrogen gas that is to be heated by the Born Heater shall have to be verified. It is unknown to the author if this facility exists at the refinery however, research of methods used shall be explored with literature such as; Arrhenius, et al. (2020).
Work Completed To Date
A cooperative industrial partner, Christopher Stirling a member of the Refinery’s Technical Department, has provided background information of Natural Gas meter readings (Appendix D). 
Next Steps
As the timeline shown in Appendix C illustrates, the project requires research. Collation of available information is required to establish a sound working knowledge of the process. 
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Heat balance of Born heaters supplying reduction gases
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This report details the heat flows into and out of both Born Heaters. From
consideration of all heat inpuis and outpus, the total amount of heat los due 1o
inefficiencies i calculated. The aim is o find the key areas of heat loss and
suggest ways to reduce them.

The reduction kil s a vital component of Vale's Cydach refinry. Pre-processed feed
(FMW), which is mainly nickel oxide (NIO) i fed directly into the kiln, where it is
reduced by hot hydrogen (H:) accoding to the reduction reaction,
N+ H, - Ni-+ H.0. Following the reduction reaction in the reduction Kiln, the
reduced FMW progresses for further processing. In order to optimise the reduction
reacton within the kil the EMW nceds to be heated o about 400°C. This i achieved
by heating the incoming reduction gas, which in tun heats the FMW. The reduction
gas i heated by the combuston of Natural gas in the Bor Heater. The born heaters
are currntly being investigated o try and improv thei efficency.

Analysis

The fist step in our analysis is to consider the heat flows around the heater under
curtent operating condiions. This requirs caleulation of all heat inputs and outputs,
10 and from the system. This entails consideration of heat carried by all incoming
‘material o the system, all outgoing material from the system heat released due o the
combustion of Natural ga within the heaterand any other heat losses. Data used s an
average value taken over the period 28" October 2012 to 27% November 2012 in
order to beter reflectsable operating conditions of the heater.

The consideration of all heat inputs and outputs i simplified somewhat by defining
some of the incoming material as having zero thermal energy. Thisis simply done by
considering all therml energies with respect to a daum temperature. The datum
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temperature is set as 2 typical atmospheric temperature during the period of
consideration, 9°C, 282°K. Consequently, all material entering the Heater at an
ambient temperature is considered to have zero thermal energy. The remaining heat
inputs and outputs are lsted in table 1

Fieat input o the system Fieal output from the system

"« Heat released by combustion reaction | » Heat carried by outgoing reduction

s
 Heat carried by outgoing combustion

gases.
 Heat lost from heater surface

Table 1. Heat inputs and ouipus o the Born heater.
It has been assumed that the Natural Gas stream, the Reduction Gases In stream and

the Air In stream are all at atmospheric temperature.
‘The calculations and consideration for each input and output are detailed below.

Heat Released by the combustion of Natural gas.
To caleulate the heat released by the combustion of natural gas, the following
assumptions have been made:

 The Natura Gas Stream is Pure Methane and behaves ideally.

= The Air In stream s 21mol% Oxygen and 79mol% Nitzogen.

= The only reaction that takes place inthe Born Heater s,

CH;+20, > CO + 2H,0
Using the following data for the Standard Enthalpy of formation of vapour at 298K:
Species Enthalpy of formation
(k/mol)
EQ O
3 30377
HIO 220

Table 2. Enthalpies of formation of different species ai 298K. "1
‘The enthalpy of reaction was found to be 8029 1kJ/mol.
To caleulate the kmoles of Natural gas the following data was used:

Kin 1 Kiln2

Volumetric flow rate 13265 17446
(mhour)





image5.png
Fressure (bar) T3 15
Temperature (K) B =5
Tdeal gas constant (J mol™ T30 331
K

Table 3. Natural gas sirean data

‘These values gave the molar flowrate as:

‘The energy from combustion was found to be:
80291 x 0.839738 = 6742.3 Mi/hour for kiln |
80291 x 1.104415 = 8867.5 Mi/hour for kiln 2

Hea gained by the Reduction gas stream
o calculate the heat gained by the Reduction gas stream, the following assumptions.
have been made:
 The Reduction gas stream is pure Hydrogen, i behaves ideally and is at 1.5
bar pressure.
The heat was obtained from the inegals below:
fm., = 27,143 4 92710747 - 138X10°5T" + 765X10°°T dT.

From the cquation above the specifc enthalpy of was found to be:
13,68 k¥/mol for kiln 1
13,60 K¥/mol for kiln 2
This gave the heat gained by the eduction gases as:
147.53 x 13.684 = 2018.9 M hour for kiln 1
160.92.x 13.600 = 2158.6 Mhour for kiln 2
Heat lost by the exhaust gases
To calculate the heat of the exhaust gas stream the following assumptions have been
made:
 The exhaust gas stream is made up of the products ofthe combustion reaction
and the un-reacted nitcogen in the s strea.
The heat was obtaned from the integrals below s
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Using the same method as for the reduction gases gave the heat of the exhaust gas.
streams as:
540.2 M hour for kiln |
12697 Mi/hour for kiln 2
Heat lost by other sources
‘The heat lost by other sources is calculated by subiracting the energy of the outgoing.
streams from the energy inputs.
This gave the heat loss by other sources as:
6742.3 - 5402 -2018.9.= 4183.2 M hour for kiln |
8867.5 - 1269.7 - 2188.6 = 5409.1 MV/hour for kiln 2

Conclusion and Recommendations
‘The conclusions of the report are summarised in table 3 and 4:

Kin 2 (MJour)
Kin 1 (MJhour) Energy into the
Energy into the system 88675
system 67423 Energy used
Energy used usefully 21886
usefully 20189 Total energy
Total energy lost 47235 lost 66788
%Efficiency 2994 %Efficiency 2468
Table 3 Kiln I energies and effciency ‘Table 4 Kiln 2 energies

and efficiency
Itis apparent that Kill 1 is more efficien than Kiln 2. A major source of energy loss.
inkiln 2 is through the exhaust gases. I the energy lostthrough the exhaust gases was.
equal to that of kiln 1 the effciencies of both kilns would be equal. The exkaust gases.
containing more energy for kiln 2 signifies that the energy is not being ransferred
from the reaction to the hydrogen siream, To improve this, the conditions in the heater
should be turbulent. How could this be achioved? To achieve more favoursble heat
transfer conditions in the heater the flow rat of the gases needs to ncrease. However
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by increasing the turbulence in the heater you would also be increasing the heat lost
from the surface of the heater.

Looking at both kilns it is seen that both are quite ineffiient, One of the assumptions.
in the heat balance s that the Natural gas is perfectly combusied. Can this be
assumed? To identify i this assumption i true a measurement of the exhaust gases.
could be taken. Altematively the energy lost from the surface of the heaters could be.
calculated and this would give 2 clearer indication of the energy lost by incomplete
combustion. How could you achieve a betier combustion? To achieve better
combustion, oxygen should be in excess.

One possible way to achieve these improvements is by forcing air ino the heater
using a fan simillr to that used on the pellet unt fumaces. This would increase the
amount of Oxygen and the turbulence in the heater. As mentioned above this would
increase the heat lost from the surface of the heater

A study to determine if this step would improve the efficiencics of the heaters is
beyond the scope of this report.

Refrences:
[1]- Coulson & Richardson - Chemicl Engineering Vol 6
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Background

Energy Consumption Cost
Utility
kWh/year £/year %
Gas - Born Heater 1 14,267,761kWh £321,025 43%
Gas - Born Heater 2 19,032,426kWh £428,230 57%
Total Energy 33,300,187kWh £749,255 | 100%
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Energy Balances

BORN Heater 1 - Energy Use (%) BORN Heater 2 - Energy Use (%)
a Stack Loss aStack Loss
m Surface Heat Loss (by diff) m Surface Heat Loss (by diff)
 Hydrogen Heating = Hydrogen Heating

DIFFERENCE ~£95K
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Surface Heat Loss
> Stack Loss
> Heat Transfer

Most likely to be combinations of the above eg
Heat Transfer & Stock Loss
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> Savings £36K
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>
Long Term

New Units

«» Improved Convection Box — Control gases to just
above dewpoint

*»* Highest Insulation Standard - No greater than 60C
— try higher

+* Fuel/Air Ratio — Monitor
> Savings £195K
> CAPEX £1.8-£2M - Other Reasons

@
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” CAPEX

[1tems CapEx
Removal of Existing Plant £80,000
Project Management & Design £90,000
CDM & HAZID plus HAZOP £35,000
Cranes £40,000
Born Heater (incl. Delivery) £410,000
Installation £100,000
Burner & WHR £150,000
Contingency £90,000

10%
Total £995,000
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Project Proposal IN PROGRESS

Engage with stakeholders to find suitable 

project

COMPLETE

Identify evidence to support project COMPLETE

Write Proposal IN PROGRESS

Proposal submission date NOT STARTED

Research NOT STARTED

find appropriate Pipework & instrumentation 

Diagram (PID)

NOT STARTED

Study Process User Manual for reduction circuit NOT STARTED

Study how the mond process works NOT STARTED

Create a process map and SIPOC NOT STARTED

Study the origins of all inputs into the system NOT STARTED

Study Control Philosophy of Born Heater NOT STARTED

Measurement NOT STARTED

Create data collection plan NOT STARTED

Collect data NOT STARTED

Analyse data NOT STARTED

Interim Oral Examination

NOT STARTED

collate findings to date  NOT STARTED

Decide on next steps NOT STARTED

Create Presentation NOT STARTED

Present findings in VIVA NOT STARTED

Date Week Commences

Status Milestone Description
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In M&T data files : kiln gas efficiencies.

Christopher Stirling
To © Paul Benbow

HiPaul,
Here i the link, which will take you to the CR+ study.
P\Technical\Energy\Kiln Plant\Born Heaters CRPlus 2012-13 Study

've taken a bit more of a look, and that work was is 5l somewhat inconclusive’ (at least to the relative contributions of the various factors),
The examination of heat balance, however, plus some of the other documents in “Kiln Plant’ folder, should help with the project, I think.

Regards,
Chris.

From: Christopher stirling

‘Sent: Wednesday, August 23,2023 2:13 PM

To: Paul Benbow <Paul Benbow@vale.com>

iin MET data files : kiln gas efficiencies.

Here are the M&T report fles for Kiln plant we looked at
These should give you the weekly data back to 2019, and end of year plots (with previous year's trend] for 2019, 2021, 2022 and 2023 YTD.
Hope that it makes a good start with assessing directions to take with the project.

Pity, in retrospect, that t does not log and take account of feed type (lower gas consumption expected with FMW vs. TNOS at same feed rate)
However, the feed type would be avalable from the Bonham, if needed.

Any issues with files or questions then let us know.

Regards,
Chris.

Chris Stirling
Senior Technologist
Vale gurope Ltd
Clydach Refinery
Glais Road

Clydach

Swansea

SA65QR





