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1. Executive Summary 

This document outlines how the Peterborough and Cambridge Business Development 
Company Limited (PACBDC) plant will obtain low levels of emissions via a number of 
good design practices. For example, use of adequate heat exchanger sizing, high 
performance vessel sealing with exceptionally low leakage rates, abatement capacities 
for gases two times larger than required, vapour traps with ultra-cool circulating systems 
and emission polishing plants with capacity for four times the daily likely condensable 
Volatile Organic Compound (VOC) liquid that manages to get past this highly vapour 
condensed package.  

Low process pressures created in the reactions and low gas purge volumes limit the 
escape of vapors from the process and, where they do escape, the abatement is sized to 
ensure that VOC or odorous gases are washed back and contained. 

Use of online monitoring and alarms for the correct functioning of the systems will protect 
against excursions against the normal and correct function of each production stream.  

Emissions are small and generally of substances of relatively low toxicity. This is 
commensurate with a small plant producing few compounds at low volume. Key 
emissions of the most toxic substances will be scrutinised to meet the company’s 
Environmental protection performance goals, which are to protect the environment, 
protect the public and operate at or above international standard for air quality and  
emissions.  

2. Overview 

To examine each process, we used actual batch data of mass balances from production 
runs, averaged over at least 20 repeats at the same scale. PACBDC employ personnel 
that have 20 plus years’ experience in manufacturing a number of these compounds.  
Throughout these 20 years of manufacturing much experience in best practice has been 
gleaned. Knowledge of shared practices from facilities in the UK and other countries has 
enabled PACBDC to build with confidence that the data presented about yields and 
emissions will be achieved on final commissioning.  

We believe our mass balances and emissions claimed and supported in this document 
are due to: 

a)  Highly mass efficient reaction step with minimal losses due to design best practice 
in use of non-return valves at the head of the reactor to minimize flow out of the 
process.  

b)  Use of static vacuum in material transfer.   

c)  Relatively low reaction temperatures.  

d)  Reaction pressures that never exceed 1.2 Bar absolute.  

e)  Small flows of purge gases move vapors out of the reactor and up to the process 
condenser which is well sized to condense such vapors and send them back the 
process. 
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f)  Optimised heat exchanger designs based on previously identified flaws in cooling 
capacity or surface area. 

h)  Optimal scrubber design to ensure efficient removal of any water soluble gases in 
our reactor emissions. 

i)  Emissions polishing as a final opportunity to polish the highly trapped VOC vapours 
in fast moving gas streams in the final stages of distillation this being data based 
and relative to the most harmful and difficult to capture emissions, with public 
protection being the number one priority. Such polishing is likely to be using carbon 
absorption, though catalytic oxidation is named here as a reserved method in case 
this is needed.  

 

Any change in method would be discussed with the Agency during implementation.  

The Manager of PACBDC has been working in specialty silicone ether materials since 
1996 and has been associated with the founder fathers of this niche chemical specialty 
sector. Collaboration with worlds’ leading companies in the field at senior levels by 
PACBDC management has allowed sharing of best practices    The PACBDC 
Management Team have exchanged environmental performance data to different extents 
with all these companies in order to derive the high levels of environmental security that 
are likely at the Lion Works, Whittlesford site. 

Recent years have seen significant improvements in safety and environmental 
consciousness of chemical companies. Competing companies within the industry 
frequently share best practices to help keep the industry up to speed. PACBDC are keen 
to continue to engage with similar companies who are willing to allow access to their 
plants in the interest of environmental safety, compliance with environmental standards 
and adoption of best practice.  

This document supports the submitted H1 emissions assessment from five emission 
points at PACBDC Whittlesford. A1 is the main plant emission point for reactor fugitive 
emissions and vacuum system exhaustion. A2 is the vent from the scrubber SC01. A3 
and A4 take emissions from laboratory operations only. 

In general, this document will set out:  

1) A simple equation for the chemical reaction naming substances, providing kg 
losses in the process and identifying substance SDS by number. These numbers 
are within our Site Condition Report substance list, which includes raw materials, 
products and by-products.  

2) A short written section about the process and details of the possible emissions 
from the same. Low emissions may be justified by several possible outcomes:  

a)  rapid consumption of the chemical in the process   

b)  low vapour pressure of the substance meaning it is unlikely to form a gas 
that can escape  

c) high affinity of the substance to remain in the process, such as high solubility 
in the reaction solvent or the water washes  
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d) adequate heat exchangers in the process design that condense any 
vapours and retain them in the process  

e) “external abatement” such as vapour traps or scrubbers  

f) “final polishing” abatement. Final polishing is likely to be carbon absorption. 

3) Table of losses from each reaction, often based on extrapolation of actual 
experience of the processes at other locations. Substances are referenced with 
(SDS numbers) to allow easy referencing.  

4) Table of emissions with total kg of each substance, referenced with substance 
number, to be emitted over what period, how many kg/hour (kg/hr.) this will equate 
to and what the air stream flow rate as metres cubed per hour (m3/hour) will be for 
the point of this emission. Along with the location of that emission according to the 
named emission points that will be part of a public document once the permit is 
granted. We will also show how the abatement will reduce these emissions if this 
information is available. The calculation method is explained in 2.1. 

5) Provide a schematic drawing of the process set up showing connection of process 
to abatement equipment and showing where emissions occur and at what 
concentration based on the mass losses. This data is largely backed up by running 
the processes elsewhere. This data is not presented but anecdotally mentioned to 
show the data is not without significant confidence.   

6) Table of significant reportable emissions that are submitted to H1 and the process 
contribution (PC) in µg/m3 calculated from the H1 software tool supplied by the 
Environment Agency (EA).  

7) Briefly confirm the Environmental Assessment Limit (EAL) used. Where we have 
used EALs that are not from the H1 tool or other Environmental Permit Regulations 
England (EPR), we have included an explanation of where that EAL came from.  
Guidance limits have been used for families of compounds.  

 

Below (Figure 1) is the layout of PACBDC showing the four reactor sets, scrubber, 
chillers, heaters, surge tank and the emission points.  
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Figure 1  
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2.1. How We Calculate Emissions 

Reactions are either vented to a scrubber or vented to a cold receiver to condense gases. 
The choice will be dependent on chemistry, but in general processes with acidic gases or 
basic gases will vent to a scrubber and the scrubber will be prepared with the appropriate 
scrubbing media for the vented substance. Flow into the scrubber is via natural process 
pressure generation or via the fan that emits to air at A2, shown in the site plan in Form 
B2 Site Plan. The flow in A2 is 300 m3/hr., so any gas leaving the scrubber will be 
calculated as a mass flow using the conversion (kg/hr.*1,000,000)/300 with the result 
converted to mg/m3.  

In general, the scrubber performance will be governed by the design efficiency of the unit. 
It was designed for 83 kg/hour of HCl (75) gas, and has a tower flow and tower efficiency 
to input at this level, 286,667 ppm and output at below 2 mg/m3, a factor of 143,000.  

For the purpose of conservative estimation, where a known substance enters the 
scrubber at 0.12 kg/hour this will be equivalent to 400 mg/m3, as an example, because 
the flow is 300 m3/hour, C will adopt a different approach which will yield lower emissions.  

In some cases, the emission is not to scrubber but to vapour traps. These will be shown 
by the process schematic in each section of this document. This will occur when a counter 
current scrubber is not the appropriate form of abatement. Here emissions would be 
drawn into an A1 emission point to atmosphere which has a flow of 6,480 m3/hr. Hence 
mass per hour data is converted to mg/m3 using the same (kg/hour *1,000)/6320 to 
provide a mg/m3 emission value.  

In many cases the most likely emission will be generated from the use of the vacuum 
system. Here the dry running vacuum pumps will have catch pots and heat exchangers 
designed to minimise emission. Data collection will be available from the vacuum pump 
exhaust or the entry point to the vacuum pump. This will be presented to support the 
emission claims where available.  

Emissions polishing equipment is built into the PACBDC design. This is carbon drum 
technology with one service train and one duty. We have projected the performance of 
this equipment based on experience and the supplier’s information. Actual use data will 
only prove whether they work, however PACBDC’s staff’s wide range of experience with 
these units highlights that:  

a)  some substances are easier to abate than others, and  

b)  most systems have a capacity and this might be small or large and only testing will 
show what that capacity is. This will need to be proven and documented in 
commissioning phase.  

However, using vendor support and designs used by the plant designers in other similar 
builds we expect substances like THF (15) and HMSDO (5) to be reduced in concentration 
by factor of 10. Hence the input stream of HMDSO (5) at a rate of 1.5 kg/hour. should 
output at 0.15 kg/hour or, likely, much less. For the purpose of being conservative in our 
presentation to the public, we use the factor of 10.  For a mass emission within a system 
flowing at 6,480 m3/hr. an input of 237.3 mg/m3 should be reduced to 23.7 mg/m3 allowing 
PACBD to reach Best Available Technology (BAT) conditions with some comfort.  
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The parallel nature of the installation is flexible to permit a change to series if emission 
values are not as desired. Similarly, more capacity could be added in series to meet the 
BAT requirement, should this be found to be needed. 

The whole package needs the continuous use of PID to indicate switch over, and this is 
easily achieved in the PACBDC design.  

To further justify emissions values, PACBDC can furnish volatile head space composition 
data to illustrate that most processes operate with small volumes of VOC in the head 
space over the reaction vessel. Due to the one-way valves above each process, 
chemicals will remain in the designed process internals, maintained there by the heat 
exchanger capacity to condense most of the condensables and ensure mass balances 
show minimal losses to atmosphere.  

2.2. Core Use of On-line Monitoring 

In general mass balances are supported by either plant measurements of emissions or 
use of PID. 

Where PID is installed this will be 10.6 ev calibrated Ion Science ATEX 2000 series, 
preferred by the designer of the equipment. The plant can run with these devices 
permanently to enable feedback data. 

Gas analysis tubes of certain types are needed to analyse specific chemicals and these 
are listed below:  

• Draeger Tubes – 8101681 – for hydrochloric acid 

• Draeger Tubes – 6722601 - for carboxylic acids 

• Drager Tubes - 6718401 for triethylamine 

• Kyowa Kittagawa – 157SB for ethyl bromide 

All new processes would be subject to in house monitoring during commissioning and 
early phase development.  

2.3. Commissioning Plan  

In the forthcoming document PACBDC will justify the emission values used for H1 Tool 
derivation of Process Contributions (PCs) and ultimately how the processes avoid 
breaching 10% or short term EAL and 1% of long term EAL during the course of operation. 
The data shown is exemplified by schematic diagrams showing actual emissions data 
expected, depicted in the actual engineering layouts used at PACBD. Some of this data 
has been witnessed by the designer of the plant over many years and over many repeated 
batches. Some extrapolation is used to show how the improved equipment set up in the 
PACBD plant will improve such emissions. These improvements are indicated in the 
diagrams. 

2.4. Reaching BAT  

PACBD will try to reach the emissions BAT requirements for Class B VOC of 75 mg/m3 
wherever possible. This is relatively easy to achieve in all reactions, especially as most 
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reactions are not performed by forcing conditions of high pressure and high temperature 
that might be the case in a “large capacity” plant. The largest challenges being the 
relatively high volume VOCs needing to be distilled or stripped with vacuum methods in 
order to isolate the target compounds. For example, THF (15) and HMDSO (5) will likely be 
the emissions in higher concentration, though Acetone (10) in cleaning will also be a higher 
level emission.  

2.5. Analysing Emissions from Each Chemical Process 

PACBDC set out a basic mass balance table which details what goes in and what comes 
out of each process. The difference is then justified with an explanation of where it goes, 
largely the scrubber or a vapour condenser, or a vacuum system.  

2.6. The Substances Examined 

 Cross Referenced to the SDS Substance Numbers in the Site Condition Report Excel Spread 

Sheet:  

Substance (3) Emollient Silicone Ether 1 (ESE1) 

Substance (7) Hyper Emollient Silicone Ether 2 (HSE2) , this is analogous to substance (3) 
method A of the silicone ether reaction types.  

Substance (12) Fluoroester 2 

Substance (18) alkoxy silane 

Substance (38) Amide 2 

Substance (46) Aromatic Ester 

Substance (21) Vinyl ester 

 

3. Overall Emissions Locations and Sources 

The plant is built to emit minimal VOC to the air. This is via our demonstrable BAT 
selection, and by specifying the best equipment for the job. In consulting with expert 
chemical engineering consultancies such as Manrochem, Brighouse, West Yorkshire, 
sharing best practices mentioned in section 2 above, we believe our plant will offer 
world class emissions from all sources.  
 
Emissions will come from processing the products we have declared in our EPR 
application document and are essentially shown schematically in figure 1 below.  
 
We will continuously monitor our key emissions to ensure that although generally not 
harmful, must be retained in our building for the sake of environmental protection.  
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Specific processes and their emissions will be detailed in the ongoing sections below.  

4. Substance (3) The Silicone Ether Abbreviated to “ESE1” 

4.1. Overview of process 

In making Emollient Silicone Ether 1 (ESE1) (3) only HMDSO (5) is the significant emission, 
HCl (75) is emitted but the scrubber will remove it to safe and low levels. As the name 
suggests the silicone ethers are gentle in chemical nature, generally made to provide 
“beneficial to human health” properties, such as emollience, improved vapour or gas 
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transmissions to human organs and improve life quality in human existence, and to 
manage health conditions that patients suffer, allowing them to live a near normal life.  

4.1.1. Synthetic Methods for Making Silicone Ethers  

Silicone ethers can be made by a number of routes and PACBDC aims to adopt the most 
efficient manufacturing method from an environmental stand point. It also plans to patent 
its most environmentally friendly method to allow it to exploit the growing clamour for the 
lowest “whole life” cost of the products humans consume in their daily lives. Whole life 
meaning emissions and carbon foot print.  

4.2. Manufacture of Substance  ESE1 (3) by Method A 

4.2.1. Mass Balances   

Making silicone ethers covers ESE1 (3) and HSE2 (4) 

Silyl chloride (1) + alkoxy silane (59) + Water + IPA (2) = ESE1 (3) + (HCl (75) + Methanol (68) 

+ IPA (2) + Water) + (using Method A) 

 

A mass balance for the process reveals emission of a small amount of HCL(75) to the 
bespoke designed scrubber aims at capturing it and neutralising it. An 11kg loss of 
HMDSO occurs over a seven hour batch time.  

4.2.1.1. H1 Emissions Inventory Table 

Hence submitted to H1 declared emission:  

Substance Kg lost 
in  

seven 
hours  

Kg/hr 

emission to 
air 

 

Emission  

phase 

Emission 
Point 

Mg/m3 at  

Pre-abatement 
point 

Mg/m3 
at 
emissio
n point 

HMDSO (5) 11 1.57 Stripping A1  248.6 24.9 

HCl (75) 33.1 4.27 Reaction A2 14,233 <2 

 

Silyl chloride (1) only exists in the reaction for a short time after charging. It is consumed 
as water is added and converted to product, HMDSO (5) and HCl (75). The scrubber SC001 
has a large capacity and has alarms to warn if its capacity is spent or it is not working. A 
small flow of air from a fan is used to draw the gasses from the process into the scrubber 
and the pH is constantly monitored. There is automated make up of caustic soda should 
the scrubber run out of capacity during a batch.  

HMDSO (5) is a high vapor pressure substance that is hard to trap by even the largest 
heat exchanger. Stripping is performed as a batch process using very high performance 
mechanical seals on vessels. However, during stripping, when vacuum is applied to the 
process, there are losses to the vacuum system and several kilos of HMSDO (5) will end 
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up in the vapour line by-passing the condenser. Loss of 11 kg per batch occurs. This 11 
kg would be either part of an air emission during the period of stripping, which is about 5-
7 hours on the day the batch is at this point in the process. 11 kg in seven hours is 1.57 
kg per hour in an air stream which is collected in the emissions polishing plant before 
being expelled at the duct at 6,480 m3/hr. This would be 248.6 mg/m3 before emissions 
polishing. This reduces the 1.57 kg/hr. to 0.157 kg/hr. and thus 24.9 mg/m3 for the seven 
hours the process runs.  

The scrubber is designed to capture all 83 kg HCl (75), this provides expansion potential 
and safety. The scrubber was designed by a reputable and experienced manufacturer of 
abatement equipment.  

Figure 1 is a schematic representation of the abatement systems used to prevent 
emission to air of VOCs and HCl (75) from our process. Figure 2 concentrates on the actual 
emissions during ESE1 manufacture and considers the measurable emissions only. It is 
known that the fugitive emissions will be deminimus and hence are not shown.  

Fugitive emissions from this process are minimised by the equipment, through the use of 
the mechanical seals on vessel agitators and the double valves used on vessel bottoms. 
This means that the most likely release, HMDSO (5), must be limited to <0.5 kg/hour, and 
within a stream of air movement around 6,480 m3/hr. this gives an emission background 
of 79 mg/m3.This value is reflected in our H1 release characteristic.  
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H1 Emissions Process Contributions Table relative to EAL 

Actual likely emissions performance  

 

Silyl ethers from TMCS (1) reaction 

Substance EAL Long 
Term(source) 
µg/m3 

EAL Short 
Term (source) 

µg/m3 

PC short 

µg/m3 

PC Long 

µg/m3 

Comment 

HMDSO (5) 53,400 (DNEL) 53,400 (DNEL) 230 1.87 

 

Meets BAT 
requirements 

When many 
other producers 
of silyl ethers 
around the 
world emit > 
400 mg/m3  

HCl (75) No limit (EA) 750(EA) 9.4 

 

insignificant Very low % of 
short term  

EAL 

Conclusion:  No emission needs screening due to measures in place. 

 

4.2.2. Justifying Emission Limit Values Where No EAL Is Available 

A more detailed specific Section 17 of this document will cover EALs and how we have 
derived them when EA guidance gives no limit.  We use available derived limits for 
exposure from recognisable data sources. 

4.2.3. Supporting Data  

Many of the potential emission leaks in a chemical plant are due to the mechanical seal 
on the agitator, as this is one of the wear parts. In building Lion Works, BAT has been 
provided in terms of high-performance seals and vacuum leak rates have been found to 
be very low in post installation testing. Hence PACBDC believe that the data presented 
in H1 is likely to be delivered. 

To support the submission, we will provide speciated MCERTS collected data to the EA 
for the production of these silicone ether materials, not part of the submission, on request.  

Each process has a detailed chemical engineering sheet that calculates vapors in the 
columns and condensers to ensure we have adequate heat exchanger availability.  
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4.3. Manufacture of Emollient Silicone Ether 1(3) By Method B 

4.3.1. Overview of Process 

HMSDO (5) is an emission from this process, but much below EAL, though very small 
Methanol (68) and carboxylic acid(73) emissions are possible, but at very low levels.  

4.3.2. Discussion of The Method of Manufacture 

The most economic route to some silicone ethers is via silyl chlorides (1). However, this 
route has environmentally hazardous materials used in stoichiometric quantities. This 
carboxy silane (8) route uses a catalytic approach.  

Hence Substance (3) in our submission can be made by an alternative route: 

Carboxy silane (8) + alkoxy silane (59) + H2SO4 (6) = HMSDO (5) + ESE1(3) + carboxylic acid 
(73) + Methanol (68) + Spent Sulphuric Acid (77) 

In the above process, carboxy silane (8) and an alkoxy silane (59) are charged using the 
vacuum technique outlined in Section 1 above, and the catalyst is added into the reactor 
avoiding the displacement of HMDSO (5).  

Emissions for this process are limited to a small amount of Methanol (68), carboxylic acid(73) 
and some HMDSO (5) which occurs during the distillate stripping process.  It is mostly 
retained by the super cooled, large volume heat exchangers. Using batch stripping, the 
losses are less than 1.1kg Methanol (68),  1.3 kg carboxylic acid (73)  and 8 kg of HMSDO 

(5) and, hence 0.16kg/hour Methanol (68), and 0.18 kg/hour carboxylic acid (73) and 1.14 
kg/hour HMDSO (5). With the use of emissions polishing equipment, this value will be 
decreased to below BAT VOC Class B levels exhausting to A1 at a maximum of, 2.49 
mg/m3 , 2.96 mg/m3  and 18.1 mg/m3 respectively short term.  

The problem with this route is the ESE1 (3) yield per kg of HMDSO (5) is lower, and the 
HMDSO (5) has limited other uses, hence the company hopes to use this method in limited 
ways.  

The main loss is HMDSO (5), which can be minimised by good plant design as seen in 
3.2.1 in this permit document, and the emissions polishing which is described in the 
Technical Description, Permit Application form B3.  

Once the product is washed there is a small residue of carboxylic acid (73), about 1.3kg 
that goes into the stripping phase and it is mostly collected as acidic HMDSO (5).  

4.3.3. H1 Emissions Inventory Table 

Formation of silicone ethers using carboxy silane 

Substance Period of  

emission 

Mass of 
emission 
kg/hr 

Volumetric 
flow  

rate m3/hr 

mg/m3 pre-
emissions 
polishing 

Emission 
at 
emission 
point 
m3/m3 

Phase 
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Carboxylic 
acid (73) 

7 0.18 6,480 29.4 2.94 Stripping 

HMDSO 

(5) 
1.14 180.8 18.1 

Methanol 

(68) 
0.16 24.9 2.49 

 Conclusion: Mass balance in reaction shows about a 10.4 kg loss, nearly 
all being HMDSO (5) in stripping, emissions polishing however will easily 
cope to deliver <75 mg/m3.  

 

The emissions are visually represented in the diagram below:  
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4.3.4. H1 Emissions Process Contributions Table Relative to EAL 

Emissions according to H1:  

Silyl ethers from ATMS 

Substance EAL Long 
Term 
(source) 

µg/m3 

EAL Short 
Term 
(source) 
µg/m3 

PC short 

µg/m3 

PC Long 

µg/m3 

Comment 

HMDSO (5) 53,400 (DNEL) 53,400 
(DNEL) 

133 3.37 This PC is 
based on this 
process and 
may not be the 
one reported in 
H1 as this is not 
the likely worst 
case HMDSO (5) 
emission 

carboxylic Acid 
(73) 

350 (EA) 3700 20.4 0.08  

Methanol (68) 2,660 (EA) 33,300 11.3 0.03  

Conclusion: subject to final H1 screening, this process poses no increased risk to the 
environment 

4.3.5. Justifying EALs used 

Carboxylic acid (73) we use H1 value. 

Methanol (68) we use H1 value. 

HMDSO (5) is justified in section 17. 

4.4. Manufacture of ESE1 (3) By Method C Versions (i) and (ii) 

4.4.1. Overview of Process 

This is a brand new and utilizes the re-use of waste product.  This process emits HMDSO 

(5) as the only significant emission, in common with other methods to make silicone ethers, 
but uses by-product and an environmentally cleaner way to make the desired product, 
plus is the EA favoured catalytic rather than stoichiometric method.  PACBDC believes 
this method offers the green credentials to transform the use of these Emollient Silicone 
Ethers and hence has a pending patent application to protect its IP.   

From day one PACBD will manufacture silicone ethers but the route to be used has not 
been completely decided and is subject to some customer preference and the success of 
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getting Method C to work as desired. However, there are some environmental benefits 
from this third method of synthesis. 

PACBDC’s hope is that this route will provide a significant environmental improvement 
on Method A above. However, public sight of this information could prevent a patent 
application because of the patent office insistence on “public domain” information, or 
some detail that you can find on some public forum, such as the EA’s public disclosure 
web site https://www.gov.uk/government/collections/environmental-permitting-waste-
installations-and-radioactive-substances-activity-notices-of-applications-made.  

Route A and B give the following environmental performance:  

Method kg waste per tonne product kg water per tonne product 

A 2293 4545 

B 287.6 2920 

C 0 2699.8 

 

This process is a  patentable route to emollient silicone ethers and hence detail of the 
method can not be made public, but have been shared with the EA. 

Of interest to the public are the potential emissions from the installation. Here, Ammonia 

(76), would constitute a very small release, 3.4 kg as Ammonia (76) released from the 
scrubber will be undetectable, and we have confirmed this during lab experiments. 

The significant emission would be HMDSO (5) with a larger amount required to strip than 
methods described above. Trials suggest a very similar loss during stripping of less than 
6 kg over the course of a seven hour batch. This value is less than for other ESE1  
processes. Emissions polishing will reduce this to below BAT emission levels for Class B 
VOC at A1 and hence emission point A1 of 13.1 mg/m3. Methanol (68) loss is 
unmeasurable in this process, there is no detectable emission from the reaction.  

A series of head space composition calculations were performed with the reaction at 
normal operating conditions. Due to the low temperatures, it is almost impossible to emit 
during reaction phase. These calculations can be made available on request but involves 
some catalytic detail which we believe is not public information and may be part of a 
patent application.  

4.4.2. H1 Emissions Inventory Table  

Formation of ESE 1 using HMDZ (70) as the silylation agent 

Substance Period of  

emission 

Mass of 
emission 
kg/hr. 

Volumetric 
flow  

rate m3/hr. 

mg/m3 
emission,  

pre-carbon 
abatement 

mg/m3 

Post 
carbon 

drum  

Phase 

HMDSO (5)  0.85 6480 131.2 13.1  

https://www.gov.uk/government/collections/environmental-permitting-waste-installations-and-radioactive-substances-activity-notices-of-applications-made
https://www.gov.uk/government/collections/environmental-permitting-waste-installations-and-radioactive-substances-activity-notices-of-applications-made
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Conclusion: Mass balance in reaction is almost perfect, there are small losses of 
HMDSO (5) in stripping. Approx. 14 hours per month could see 13.5 mg/m3 emission of 
HMDSO (5) after emissions polishing. 
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4.4.3. H1 Emissions Process Contributions Table Relative to EAL 

Silicone ethers from HMDZ (70) directly 

Substance EAL Long 
Term(source) 
µg/m3 

EAL Short 
Term 
(source) 
µg/m3 

PC short 

µg/m3 

PC Long 

µg/m3 

Comment 

HMDSO (5) 53,400 (ECHA) 53,400 
(ECHA) 

101 2.52 Meets BAT 
requirements 

When many 
other producers 
of silyl ethers 
around the world 
emit >> 400 
mg/m3,  

Ammonia (76) 180 

 (EA) 

2,500(EA) 0.326 0.0012 Added as 
conservative 
approach 

HMDZ (70) 53,800 (DNEL) 53,800 

(DNEL) 

0.7 0.008 HMDZ emission 
is highly unlikely, 
screened at 
0.1mg/m3 

Conclusion: HMSDO (5) can be removed in the emissions polishing plant and we expect 
each unit to capture 60 kg of HMDSO (5), enough for several batches. Without emissions 
polishing the value would be 135.6 mg/m3 far below the global average for this type of 
product.  

Ammonia (76) is added because there is less knowledge of this process and PACBD have 
not had extensive production data to justify a much lower value. Note the above we also 
considered the lower long term EAL for lichens in our H1. This again is insignificant.  

 

If abundant supplies of HMDSO are available, the recipe for method C would change, 
with HMDZ no longer needed, This recipe is part of the patent application and shown to 
the EA only.   

 

The emissions from this virtually equivalent as in method C(i).   

Method C (ii)may be applied to Hyper Emollient Silicone Ether 2 (HSE2) once optimised 
in order to increase environmental protection and sustainability.  

4.4.4. Justifying EALS Above 

HMDSO’s (5) EAL is justified in section 17 and other values are the EA’s. HMDZ (70) needs 
to be considered.  
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Alternative recipe that would be part of the intended process C.  

5. Substance (4) Hyper Emollient Silicone Ether 2 (HSE2) 

5.1. Overview of Process 

This process is analogous to other silylations performed by PACBDC, a scrubber will be 
used to collect HCl (75).  

5.2. Making Hyper Emollient Silicone Ether 2 (HSE2) 

Silyl chloride (1) + Alkoxy silane (18) + Water = HSE2(4) + (HCl (75) + Ethanol (7) + IPA (2) + 
water) + (using method A or compound (3)) 

 

This reaction is run at low temperature and water is added over a 3–4 hour period. There 
is little vapourisation and hence losses are lower than in other silylations.  

Due to the extremely low water solubility, virtually no HSE2 (4) is taken into the aqueous 
layer, none lost to the ethanolic IPA (2) layer and although IPA (2) and Ethanol (7) are 
soluble in water, they are already removed into the initial aqueous layer. The IPA-ethanol-
HCl-HMDSO-water mixture is easily separated as a discrete layer from the reaction and 
this would be 60% of the HCl (75) gas emission, hence the weight of the aqueous layer is 
typically 161 kg.  

The scrubber takes 13.08 kg of the HCl (75) gas and will easily clean this to <1 mg/m3 as 
HCl (75).  

Because of the above, the process losses are very small with by far the largest being 
HMDSO (5), typically 1 kg in a batch, over a seven hour batch stripping process. 

5.2.1. H1 Emissions Inventory Table 

Hence submitted to H1 declared emission:  

Substance Kg 
lost  

in  

seven 
hours  

Kg/hr. 

emission 
to air 

 

Emission  

phase 

Emissi
on 
Point 

mg/m3 pre-
abatement 

Air  

flow  

rate, 
m3/hr
. 

mg/m3 at 
emission  

point  

HMDSO (5) 1.0 0.14 Stripping A1  21.6 6480 2.16 

HCl (75) 0.007 4.67 Reaction A2 15,567 300 2 

 

Silyl chloride (1) only exists in the reaction for a short time after charging. It is consumed 
as the water is added and converted to product, HMDSO (5) and HCl (75). The scrubber 
SC01, described in the Technical Description as part of form B3, has a large capacity and 
is fitted with alarms to warn technicians if its capacity is spent or it is not working. A small 
flow of air from a fan is used to draw the gasses from the process into the scrubber and 
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the pH is constantly monitored. There is automated make up of caustic soda should the 
scrubber run out of capacity.  

Overall schematic of silicone ether plant is described in the analogous process for 
ESE1(3). 
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5.2.2. H1 Emissions Process Contributions Table relative to EAL 

Silyl ethers from silyl chloride (1) reaction (analogous to ESE1) 
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Substance EAL Long 
Term(source) 

µg/m3 

EAL Short 
Term 
µg/m3 

PC short 
µg/m3 

PC Long 

µg/m3 

Comment 

HMDSO (5) 53,400 (DNEL) 53,400 
(DNEL) 

14.1 

Compares 
to 230 

Value for 
substance (3) 

Method A 

0.211 

Compares 
to 1.87 
value for 
substance 
(3) method 
A 

Higher value 
is shown in 
H1 as this is 
not worst 
case HMDSO 

(5) emission, 
which is 
substance (3) 
method A. 

HCl (75) No limit (EA) 750(EA) 9.4 insignificant Very low % of  

short term 
EAL 

Conclusion: Values for HMDSO (5) are quoted from this case and worst case HMSDO 

(5) emission process 

 

5.3. Supporting Data  

Many of the emissions generated by a chemical plant have been improved drastically in 
the past 10 years and plants older than this have had to spend significant sums to control 
emissions. Such plant >10 years old can still demonstrate BAT but they do not have best 
available equipment.  Therefore, PACBDC believe that the data presented in H1 is likely 
to be delivered. 

5.4. Justifying Emission Limits 

HMDSO (5) is explained in Section 17 of this document and HCl (75) is in H1 Software Tool.  

6. Substance Fluoroester 2 (12)  

6.1. Overview 

Emissions of significance are only the final product Fluoroester 2(12). 

6.1.1. Details on History of Fluoroester 2 Making 

This section contains details of how emissions in manufacturing Fluoroester 2 (12) is 
controlled. This section focuses on the mass balances and examines them in order to 
justify where the by-products and recovered materials end up.  

6.2. Explanation of Methods 

An example of Pseudo Fischer Esterification  

Fluoro alcohol (13) + acid anhydride (14) =Fluoroester (12) + Carboxylic Acid (26) 
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This process is carried out in similar equipment to the ESE1 (3) reactions. There is almost 
entirely a quantitative yield of Fluoroester 2 (12) from the amount of fluoro alcohol (13) 
charged.  

Actual PID measured data is detailed below diagrammatically. This was obtained from 
actual test batches made in a lab or in processes designed for use in similar factories.  

The 10.6 kg of Fluoroester 2 (12) is lost in a number of ways, to the vacuum system and 
to a tiny solubility in water of 47 mg/L and hence the washes will contain 0.423 g, small 
enough to ignore in this calculation.  As a conservative emission of one of the largest 
products, we have shown a 10.6 kg loss. We expect half this value. 

6.2.1. H1 Emissions Inventory Table 

Formation of an ester from a Fischer Reaction 

Substance Period of 
Emission 
hrs. 

Mass of 
emissio
n kg/hr. 

Volumetric 
flow rate 
m3/hr. 

mg/m3 
emission 
pre-
abatement 

mg/m3 at 
emission 
point 

Phase 

Fluoro 
alcohol (13) 

7 0.012 300 40 0.2 Reaction 

Acid 
anhydride 
(14) 

0.006 NA 1 

Fluoroeste
r 2 (12) 

7 1.51 6,480 233.0 23.3 Distillation 

Conclusion: Mass balance is almost perfect for reaction, there is a tiny loss of Fluoroester 
2  (12) on distillation, which is seven hours over every month. Acid anhydride (14) is 
included to be conservative about emission possibilities.  
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6.2.2. H1 Emissions Process Contributions Table relative to EAL 

Formation of an ester from a Fischer reaction 

Substance EAL Long 
Term(source) 

µg/m3 

EAL Short 
Term 
(source) 
µg/m3 

PC 
short 

µg/m3 

PC 
Long 

µg/m3 

Comment 

Fluoro alcohol 

(13) 
100 (self-
imposed) 

1,000 (self-
imposed) 

55.2 0.007 5,000 limit in 
guidance EPR S4.02 
see EAL justification 

Acid 
Anhydride(14) 

26,500 
(DNEL) 

79,500 
(DNEL) 

0.326 0.0004 Insignificant due to 
low Vp 

Fluoroester 2 (12) 5,000 
(EPRS4,02) 

5,000 
(EPRS4,02) 

222 0.161 Used EPR guidance 
because of long term 
known safety in use of 
Fluoroester 2 (12) 

Conclusion:  No emission needs screening due to measures in place. 

 

Fluoroester 2 (12) does not have an EAL provided by the EA in the H1 emissions data 
package. 5,000 µg/m3 was used as a general fluorochemical guidance in EPR 
documents. Acid anhydride (14) emissions are loaded into H1 as a conservative approach. 
There really is no possibility of emission as it has a boiling point of 197oC.  

6.3. Justifying EALs 

Fluoro alcohol (13) is registered under https://echa.europa.eu/registration-dossier/-
/registered-dossier/21690. Justifying an emission limit is discussed in section 11.  

Fluoroester 2 EAL is justified in section 17. 

7. Substance (24) -Vinyl ester 

7.1. Overview 

The process uses Toluene (20) which when isolating the compound this is the main 
potential emission.  

7.1.1. History of the Product 

This section takes the mass balances, examines them and justifies where the by-products 
and recovered materials end up. This data is based on limited lab work and small-scale 
work, vessels no larger than 10 litres. 

7.2. Ester Manufacture Using Acid Salt Plus Aryl Chloride. 

This is the formation of a carboxylate salt before reacting this with an aryl halide.  

https://echa.europa.eu/registration-dossier/-/registered-dossier/21690
https://echa.europa.eu/registration-dossier/-/registered-dossier/21690
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carboxylic acid (26) + DBU (24) + aryl halide (19) = vinyl ester (21) + DBU (24) probably carried 
out in RE400. 

Loss of aryl halide (19) does not occur because the boiling point is too high, and DBU (24) 
is consumed rapidly in forming a salt with the carboxylic acid (26).  

Toluene (20) is likely to be lost in the stripping step, up to 2 kg in a seven hour strip, emitted 
in a 6,480 m3/hr. air stream. However, the emissions polishing will reduce this 44.1 mg/m3 
to less than 5 mg/m3 as detailed below. 

The emissions are visually represented in the diagram.  
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7.2.1. H1 Emissions Inventory Table 

Formation of an ester from an organic salt 

Substance Period 
of 
emission 

Mass of 
emission 
kg/hr. 

Volumetric 
flow rate 
m3/hr. 

mg/m3 
emission 
pre-
carbon 
drum 

Emission 
at 
emission 
point 

Emission 
point 

Phase 

Aryl halide 
(19) 

3 0.01 6,480 NA 1.58 A1 Reaction 

Toluene (20) 7 0.29 6,480 44.1 4.41 A1 Stripping 

Conclusion: Mass balance shows minimal loss, aryl halide (19) is included as conservative worst 
case.  

Toluene (20) is lost but only in stripping, the 4.41 mg/m3 declared is for conservative emission 
reporting. 

 

Detailed mass flow calculations using Clayperon-Clausius and Raolt’s Law were 
performed at 60oC to show theoretical composition of head space gases that might be 
lost to atmosphere. These show that only toluene (20) has a potential emission if 
abatement was not available. Emissions declared at 2 mg/m3 for aryl halide (19) are 
included as we are being conservative in our emissions outlook.  

7.2.2. H1 Emissions Process Contributions Table Relative to EAL 

Formation of an ester form an organic salt 

Substance EAL Long 
Term(source) 

µg/m3 

EAL Short 
Term 
(source) 
µg/m3 

PC 
short 
µg/m3 

PC Long 

µg/m3 

Comment 

Toluene (20) 8,000(EA) 1,910(EA) 31.8 0.0027 Carbon drums are 
used to reduce this 
emission, maintaining 
performance will be 
needed 

Aryl halide 

(19) 
3,660(*) 3,660(*) 0.65 0.0002  

Conclusion: Emissions from process are low but substances are relatively toxic, hence 
importance of maintaining PID emission continuous monitoring and managing emissions 
polishing plant. 
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7.2.3. Justifying EALs Used Above     

Toluene (20) has an EAL set out in H1 but aryl chloride(19) does not. Refer to the complete 
treatment of substances and emission limits in section 13.  

8. Substance (38) – Amide 2 

8.1. Overview 

MTBE (35) , TEA (32) and carboxylic acid (41) might be emitted in the process for a short time 
during stripping, but at levels well below EAL and representing low risk to the 
environment.  

8.1.1. History of Amide 2 Making 

PACBDC present the mass balances, examines them and justifies where the by-products 
and recovered materials end up. This data is from limited batch history. However, several 
similar amides using an identical process have been made on more than 30 occasions at 
250l scale by the designer of this process, and emissions data used below is consistent 
with that found and declared to the UK EA in recent years.  

8.2. Making an Amide (38) from an Amine and an Acid Chloride 

This reaction has only been run in Germany, but emission data is available to the author 
of this plan.  

The scrubber will be the main protection against any emission, the tiny amount that might 
end up there would be easily consumed and it would be hydrolysed rapidly to carboxylic 
acid(41).  

8.2.1. H1 Emissions Inventory Table 

Formation of an amide using the Schotten Bauman Reaction 

Substance Period of  

emission 

Mass of 
emission 
kg/hr. 

Volumetric 
flow  

rate m3/hr. 

mg/m3 
emission pre-
abatement 

Mg/m3 at 
emission 
point 

Emission 
point 

Phase 

TEA (32) 7 0.12 300 400 2 A2 Reaction 

Carboxylic 
acid (41) 

0.07 233 1.2 A2 

MTBE (35) 7 0.057 6,480 8.8 8.8 A1 Stripping 

Conclusion: Mass balance shows losses are small, we will use data conservatively and include 
carboxylic acid(41) in H1, even though it is unlikely to be emitted at all. The MTBE (35) emission is 
quoted without emissions polishing as an efficiency value for this substance is not substantiated 
at this time.  
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The emissions are visually represented in the diagram.  
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8.2.2. H1 Emissions Process Contributions Table Relative to EAL 

Formation of an made from Schotten Bauman reaction 

Substance EAL Long 
Term(source) 

µg/m3 

EAL Short 
Term (source) 

µg/m3 

PC 
short 

µg/m3 

PC 
Long 

µg/m3 

Comment 

Carboxylic acid 

(41) 
300 (EA) 6,000 (EA) 1.44 0.001  

TEA (32) 8,400(DNEL) 12,60(DNEL) 0.651 0.0012 10,000 µg/m3 
BAT benchmark 
for amines, there 
is no EAL 
provided in H1 

MTBE (35) 178,500(DNEL) 357,000(DNEL) 175 0.053  

Conclusion:  No emission needs screening due to measures in place. 

 

8.3. Justifying Emission Limits 

TEA (32) is potentially emitted and needs an EAL. This is justified in section 10.  

Carboxylic acid (41) has an emission limit in H1.  

MTBE (35) EAL is justified in section 17. 

9. Substance (18) Alkoxy Silane 

9.1. Overview 

This process potentially emits THF (15) but several materials are emitted at low levels.  

9.1.1. History of Alkoxy Silane making 

Below PACBD lay out the mass balances, examines them and justifies where the by-
products and recovered materials end up. This data is partly from experience in making 
several hundred batches on 200 litre scale of the product in one global location for a 
manufacturer of this alkoxy silane.  

9.2. Making Alkoxy silane (18) Using Insitu Grignard Process.  

Magnesium Metal (81) + halostyrene (16) + tetra alkoxy silane (17) = alkoxy silane (18) + 
MgOH(halide)(80) + Ethanol (7) 

Tetra alkoxy silane (17) is high boiling and unlikely to be lost in the process. 

In considering the potential air emission, the rate of addition of halostyrene (16) and Ethyl 
Bromide (28) need to be a prime consideration.  
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In H1 screening THF (15), we estimated a maximum loss to the stack systems of 1 kg/hr., 
in practice it is likely to be much less. This is a gross overestimate after examining mass 
balances over a number of batches made under laboratory conditions and also in facilities 
that have already manufactured this material. 1 kg/hour gives 158 mg/m3 short term and 
a much lower-level long term.  

In H1 we also screened halostyrene (16) at 10 mg/m3 short and 1 mg/m3 long term, though 
these are over-estimates based on the life time of the substance in the process.  

Ethyl bromide (28) is a very toxic substance, but exists very briefly in the reaction. It is 
added to the process at a rate around 0.16 kg/hr. within a large surface area for 
condensation. Despite very high vapour pressure and low latent heat, measurements 
show that 95% is converted in the reaction mixture immediately (confirmed by GC study) 
and the material is easy to condense.  There could be an emission of 0.1 mg/m3 for the 
four hours during production (via A1), measurements using Koyo Kitagawa tubes do not 
detect the substance in the air stream from the reaction vessel. This indicates zero 
emission. In order to be conservative, we declare 0.10 mg/m3 because of the sensitivity 
of this material. 

The Ethyl Bromide (28) derived Grignard will yield a small amount of ETES (71), a well 
known material that could only be emitted at 1.2 kg over seven hours. This emission will 
be insignificant in size.  

 

These results are predicted from history with the product at other plants in Pennsylvania 
and UK where the process was developed with others.  

Using come conservative approaches to these actual losses the emissions are likely to 
be as below.  

9.2.1. H1 Emissions Inventory Table 

Formation of an alkoxy silane via a Grignard formation on an aryl chloride 

Substanc
e 

Period 
of 
emissio
n 

Mass of 
emission  

kg/hr. 

Volu
metric 
flow  

rate 
m3/hr. 

mg/m3 emission, 
pre-abatement 

Emissio
n Point 

Emissi
on 
final 
mg/m2 

Phase 

Ethyl bromide  

(28) 

4 0.000632 
(=0.632g/hr.) 

6,480 NA A1 0.10 Reaction 

THF (15) 0.001 NA A1 0.16 

Tetra alkoxy 
silane (17) 

0.001 NA A1 0.16 

Halo styrene 

(16) 
0.001 NA A1 0.16 

Ethanol (7) 0.1 NA A1 15.8 
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ETES (71) 0.1 NA A1 15.8 

THF (15) 7 1.43 6,480 226.3 A1 15.8 Stripping 

Ethanol (7) 0.1  15.8 A1 1.58 

Conclusion: Mass balance shows the volatile loss is very small and only THF (15) is really significant. 
The number of runs of the process in one year is low so this is only a short term emission concern. TA 
Luft limit is 1 mg/m3 or 2.5 g/hr. Emissions polishing will reduce the emission to less than 2 mg/m3 

Ethyl Bromide (28) emission is low, but the short term emission is close to the threshold based on values 
above. However, as actual gas testing showed, no measurable value.  

 

The above values are substantiated in the submission by previously measured data using 
PID to measure VOC.  
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In a similar way to the other processes, the above reaction was subjected to a head space 
composition study. This evaluates the potential headspace of the reactor above the 
reacting media. The composition is worst case at the start of the reaction and does not 
take account of the actual consumption unless snap shots are used (this can be done but 
is not reported here). This shows that halostyrene(16) has no significant content in the 
composition of the reacting process, and only THF (15) and tetra alkoxy silane (17) are 
significant in the head space composition, and Ethyl Bromide (28) in the worst case 0.099 
kg/hour, is potentially released to A2 at 0.008 mg/m3, if 95% is reacted but 1% not 
condensed. Our studies show 95% conversion almost instantaneously, so 1% estimate 
seems fully justified and backed up by Kitagawa tube studies, all showing no measurable 
emission. Using the same process, THF (15) would release at 27 mg/m3. 

Kitagawa detection tube data during reaction (performed ten times during a separate 300 
litre reaction for another company, in no case was the lowest detection level exceeded):  

Kitagawa Tube data during reaction: 

Ethyl Bromide (28) content – <0.09ppm, this is 0.34 mg/m3. 

PID data during reaction:  

VOC 0-1 ppm, as THF this would be 18 mg/m3. 

PID data during stripping:  

Total VOC as carbon 3-7 ppm, as THF (15) this would be *2.99*6= 54 to 126 mg/m 

9.2.2. H1 Emissions Process Contributions Table Relative to EAL 

Silyl ethers from TMCS (1) reaction 

Substance EAL Long 
Term(source) 

µg/m3 

EAL Short 
Term 
(source) 

µg/m3 

PC short 

µg/m3 

PC Long 

µg/m3 

Comment 

Ethyl bromide 

(28) 
1,000 (TA Luft 

says 1000) 
1,000 (TA 

Luft says 1,000) 
0.703 0.001 Emission is 

small but 
sensitivity needs 
to be at in 
operation, 
because lowest 
detection limit of 
the tubes.  

halostyrene 

(16) 
800 (Styrene 
read across) 

800  1.13 0.008  
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Ethanol (7) No limit No limit NA NA  

ETES (71) 50,000 (TA  

Luft) 

50,000(TA  

Luft) 

111 0.085 No risk 

THF (15) 59,900 (EA) 3,000 (EA) 111 0.086 Emission 
controlled 

Conclusion:  No emission needs screening due to measures in place. 

 

9.3. Justifying Emission Limit Values Where No EAL is Available 

THF (15) is in the H1 database. 

ETES (71) is a by product in alkoxy silane (18) manufacture. We justify an EAL in Section 
17. 

Ethyl Bromide (28) is used to accelerate Grignard reactions on aromatic substrates. It is 
used in small amounts in relatively large volume reactions. The material carries H351 -
suspected of causing cancer. DMELs are not often defined for such intermediates as they 
are not to be used by the general public. We have used a low EAL, 1,000 µg/m3 and 
ensuring this is met will need to be monitored once the process is operational. German 
TA LUFT recommends 1 mg/m3 which is further justified in section 17. 

9.4. Supporting Data  

Many of the potential emissions in a chemical plant are due to the mechanical seal on the 
agitator. In building Lion Works, BAT has been provided in terms of high-performance 
seals and vacuum leak rates have been found to be very low in post installation testing. 
Hence PACBD believe that the data presented in H1 is likely to be delivered. 

To support the submission, we can include speciated MCERTS collected data for the 
production of these silicone ether materials.  

10. Manufacture of Aromatic Ester Substance (46)  

10.1. Overview 

Direct esterification methods tend to lead to emissions of the azeotroping solvent due to 
its highest volatility. Hence Heptane (27) may be emitted at low level in this process.  

10.1.1. History of Making Aromatic Esters 

PACBD presents the mass balances and examines them in order to identify and justify 
where the by-products and recovered materials end up. This data is partly from 
experience in making more than 30 batches of the product in one location one global 
location since 2014.  
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10.2. Explanation of Methods 

In general mass balances are supported by either plant measurements of emissions or 
use of PID. 

10.3. Making an Ester from an Aromatic Alcohol and Carboxylic Acid (41) 

Aromatic Ester (46) is esterified using Sulphuric Acid (6) as a catalyst, and utilising Heptane 

(27) as a solvent. 

This reaction has been run many times (>30) and the mass balance is maintained as long 
as the equipment is maintained in leak free equipment, as this process is run under a 
moderate vacuum. The azeotrope water-carboxylic acid-heptane can be easily trapped 
though, well before it leaves the plant.  

Acid anhydride (39) is added at the end of the process. It would never be released because 
it is reacted and converted to carboxylic acid (41) and aromatic ester(46). We put it in H1, to 
be conservative.  

Aromatic alcohol (43) is much too high boiling to be released, but the carboxylic acid (41), 
Heptane (27) and water can be can be released if the process is not properly controlled. 
Good trapping alone will achieve <5 mg/m3 at the inlet to the vacuum pump. The trap 
here and the carbon will do the rest.  

10.3.1. H1 Emissions Inventory Table 

Formation of an ester from an alcohol  

Substance Period of  

emission 

Mass of 
emission 
kg/hr. 

Volumetric 
flow  

rate m3/hr. 

mg/m3 
emission 

at A1 

Phase 

Carboxylic Acid 

(41) 
7 0.02 6,480 3.2 Reaction 

Heptane (27) 0.02 3.2 

Heptane (27) 7 0.02 6,480 3.2 Stripping 

Conclusion: Mass balance shows losses are small. 
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10.3.2. H1 Emissions Process Contributions Table Relative to EAL 

Methacrylate esters from Fischer reaction 

Substance EAL Long 
Term(source) 

µg/m3 

EAL Short 
Term 
(source) 

µg/m3 

PC short 

µg/m3 

PC Long 

µg/m3 

Comment 

Carboxylic Acid 

(41) 
300 (EA) 6,000 

(EA) 
1.44 0.001  

Heptane (27) 2,985(DNEL) No limit 22.6 0.85 Note H1 
default has no 
EAL because 
the EA regards 
Heptane as 
having no 
hazards 

Conclusion:  No emission needs screening due to measures in place. 

 

10.4. Justifying EAL  

Heptane (27) has no limit in H1 and a limit is derived in section 17. 

The carboxylic acid (41) is in the H1 Tool database.  

11. Emissions from the Surge Tank SU01 

11.1.1. Overview 

There are seven substances of the highest volatility that have potential to create 
emissions through the surge tank at emission point A5. We have used a simple estimate 
of emission based on the same release for each substance rather than prorate the most 
volatile substances. It is a high mass flow value because of the low flow rate. However, 
due to the low flow rate likely and high volume capacity of the surge tank emissions are 
likely to be much lower than estimated, therefore the estimates provided represent a 
conservative approach. 

11.1.2. Risk of Emission from SU01 

The surge tank is designed as a fail safe in the event an over pressure situation occurs 
in one of the four reactors.  
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Each process in each reactor has been risk assessed for a series of mal operations that 
could lead to a form of runaway reaction, spontaneous polymerization or pressure build 
up.  In the event of pressure build-up, the burst disk would fail and release the pressure 
to the surge tank.  These situations are unlikely because the reactions have been tested 
to ensure safety. 

The most likely cause of a burst disk failure is accidental over pressure with nitrogen 
inserting when there is no thermal event occurring in the reaction vessel at all. This would 
be  when the reaction contents are cool. Such an event would not discharge the whole 
vessel contents.  

In the unlikely event that one of the above scenarios occurs, each vessel is connected to 
and can relieve to the surge tank. This is why PACBDC are evaluating and considering 
the potential for emissions at A5.  

PACBD have modelled the potential relief of the main manufacturing processes and are 
assuming the whole volume of the reaction would enter the surge tank, with two-phase 
flow.  PACBD have used this modelling to estimate the potential emissions at A5. 

The above worse case scenarios are very unlikely to occur, the most likely scenario would 
be partial discharge with only gaseous phase flow.   

The surge tank is connected via a 100mm pipe which is around 25 metres long for each 
vessel. The connecting pipe from vessel to tank will potentially hold 200 L. 

11.1.3. Calculating Emissions from SU01 

The three scenarios most likely to cause emissions are the large volume products 
manufactured by PACBDC, which are the making of ESE1 (3) via one of the methods A, 
B or C; the making of Fluoroester 2 (12) or the making of is alkoxy silane (18). The other 
envisaged processes are small and emissions unlikely.  

One key consideration is heat. Pressure is created by heat from a runaway reaction.  In 
this instance excess gases would be generated.  Through the use of vents the reacting 
liquids could be released . The vessel itself will be at room temperature in the coolest part 
of the process area under the mezzanine floor. The 6.13 m2 of surface area will cool the 
reaction, as will contact with the burst pipe train of 25 m, adding a further 7.9 m2 of cooling 
surface. 

In reality the pool inside the 2,200 L vessel is probably going to be less than 500 L, with 
a large volume of glass lined tank to act as a condensing surface above it. 

In addition, the vent pipe is 6m above the vessel and acts as a giant condenser with a 
surface area of 1.9 m2. 

The flow rate in a vent pipe with no forced convection is going to be small. We estimate 
that the emissions will be small, but the flow rates are low, meaning the concentrations 
will be higher than a “normal” process.   

To meet BAT for class B VOC, 75 mg/m3, the emission on such a small flow would need 
to be less than 0.0004 kg/hr., equivalent to 0.4 g/hr. This is not unlikely in a real situation 
in moderate UK climate conditions.  
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To be conservative in its estimates, PACBDC calculates possible but unlikely emissions 
of 0.05 kg/hr. for each of the seven substances, leading to the emission value of 8,850 
mg/m3. 50 g/hr. per hour is a perfectly feasible value for a process in which the transferred 
mass from the reactor is unlikely to be at a temperature greater than 80oC, the likely 
transfer volume, given the hold up of up to 200 L in the transfer pipe, and the cooling and 
condensation surface area  

A thermal hazard study was performed for the HazOp and this included calculations to 
justify vent sizing. These documents can be provided to substantiate the calculations if 
required.  

Hence we deduce that only the most volatile substances, and those with significant life 
time in the moist air, will be emitted and we included Acetone (10) to be conservative. 
Therefore, in the event the three likely reactions are vented to the surge tank it is 
estimated that the emissions levels will be as outlined in the table below.  

EALs are the ones used in the processes the emissions came from and discussed in 
detail in section 17.  

11.1.4. Emissions Inventory for A5 

Process Substance Emission - Yes 
or No 

Why 

1A (ESE1) (3) chlorosilane (1) No Hydrolysis  

1A (ESE1) (3) IPA (2) Yes Volatile 

1A, B or C (ESE1) (3) HMDSO (5) Yes Volatile and in 
large enough 
amount 

1 A,B or C (ESE1) (3) Methanol (68) No Too small an 
amount 

1B (ESE1) (3) Carboxy silane (8) No Readily 
hydrolyses  

1C (ESE1) (3) HMDZ (70) No Readily 
hydrolyses 

5 (Fluoroester 2) (12) Fluoro alcohol (13) Yes Volatile 

5 (Fluoroester 2) (12) Fluoroester 2 (12) Yes Volatile 

5 (Fluoroester 2) (12) Acid anhydride (14) No Rapidly 
hydrolyses 

8 (Alkoxy silane) (18) THF (15) Yes volatile 

8 (Alkoxy silane) (18) Ethyl Bromide (28) No Small quantity, 
rapidly 
consumed in 
process 
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8 (Alkoxy silane) (18) Ethanol (7) No Too small a 
volume 

 

PACBDC have calculated the likely emission in kg/hour at the end of A5 is only 0.05 kg/hr. 
This will give a relatively high volumetric emission due to the low gas flow rate at the 
stack. However, wind dispersion will dilute this and the emission still screen out in H1 as 
only giving a short term PC of 55.1 versus an EAL of 750, 7.35%, which is higher than 
many of our emissions, but the duration would be very small.  

11.1.5. Emissions PC for A5  

Substance Period of 
emission, 
hours 

Mass of 
emission, 
kg/hr. 

Likely 
emission 
mg/m3 

PC short 
term 

PC long 
term 

Acetone (10) 2  0.05 8,850 55.1 0 

Fluoroester 
2 (12) 

2 0.05 8,850 55.2 0 

Fluoro 
alcohol (13) 

2 0.05 8,850 55.1 0 

IPA (2) 2 0.05 8,850 55.1 0 

HCl (75) 2 0.05 8,850 55.8 0 

HMDSO (5) 2 0.05 8,850 55.1 0 

THF (2) 2 0.05 8,850 55.1 0 

12. Mass Balances in Cleaning the Plant   

12.1. Overview 

Acetone is a large scale emission but not an insidious one and will be reduced the 
emissions polishing plant.  

12.2. History of Cleaning Vessels 

This section takes account of actual data from processes operated in several plants 
largely using FID or PID to prove emission data, but also provide weights of loadings and 
retrievals.  

12.3. Rinsing and Refluxing Methods 

Typically glass and glass lined vessels are cleaned from liquid only reaction chemistry 
using minor Acetone (10) rinsing before water washing using a pressure washer. The use 
of the pressure washer tends to drastically reduce the volumes used in the clean.  
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PACBDC process mostly liquid processes, this makes cleaning relatively easy.  Cleaning 
should produce low emissions, or at least emissions of relatively nonhazardous chemicals 
than any reaction process.  

The packing of the column is the largest hold up point and the only way to remove this is 
vacuum stripping it and collecting as much as possible in the vapor traps. Inevitably for 
approximately one hour during the last part of cleaning, there could be an emission of 
300 mg/m3 or acetone into the vacuum pump.  

The emissions polishing plant  will bring this emission to less than 25 mg/m3.  

Acetone (10) should not reach the scrubber, but Acetone (10) is freely miscible in a water 
system of >1000L. Emission will be negligible.  

12.3.1. Mass Balances Table 

Point Cleaning Regime 

 Where What Kg Recovered Loss 

1 Manway Acetone (10) 60 59 1.0 

1 Manway Water 100 99 1.0 

2 Vapour trap/receiver Acetone (10) 15 14.5 0.5 

2 Vapour trap/receiver Water 30 29 0 

3 Column Acetone (10) 20 18 2.0 

4 Feed Vessel Acetone (10) 5 5 0 

4 Feed Vessel Water 5 5 0 

5 Filter Acetone (10) 10 9.9 0.1 

      

      

Total VOC lost to cleaning 3.6 

12.3.2. H1 Emissions Inventory Table  

Hence submitted to H1 declared emission:  

Substance Kg lost in  

Process, 
typically 
2-4 hours 

Kg/hr. 

emission to 
air 

 

Emission 
Point 

mg/m3 

 

mg/m3  

With emissions 
polishing plant 

Acetone (10) 3.6 1.8 (worst  

case) 

A2 285 28.5 
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Overall scheme of cleaning 

 

 
 

12.3.3. H1 Emissions Process Contributions Table Relative to EAL 

Acetone (10) emissions as H1 screening tool outcomes 

Substance EAL Long Term(source) 

µg/m3 

EAL 
Short 
Term 
(source) 
µg/m3 

PC 
short 

µg/m3 

PC Long 
µg/m3 

Comment 

Acetone (10) 18,100 (EA) 362,000 
(EA) 

645 4.47 Emission 
is the 
largest 
but  

Still 4% of 
EAL  

Conclusion: No emission needs screening due to measures in place. 

 

12.4. Emissions in Charging and Purging   

At PACBDC the plan is to use vacuum to charge pre-weighed chemicals in batch 
manufacture. Vacuum is applied to the vessel, some relieving of this vacuum is preformed 
to nitrogen gas (42) to minimise risks when handling flammables and then at 200 mBar the 
materials are charged using antistatic hoses loaded through the 2-inch drum bung. The 
fugitive emission around a bund hole of such size in this time is miniscule and the loss to 
the vacuum system is never significant because of the vacuum being static. Any loss 
would be accounted for in the mass balances presented and considered for this emissions 
report.  

Purging of vessels will displace some small amounts of volatiles to scrubber of vent 
condenser. Again, this is already accounted for in the emissions data presented. Typical 
purges are 0.25 m3/hr. during reaction to form Fluoroester 2 (12) or ESE1 (3) by Method A, 
for example, have been taken into account in the above.  

 

13. PACBD H1 Tool Submission 

PACBD submitted inserted the data above into the tool and most of the PC values 
emerging should match what is reported there.  
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There are a few substances we conservatively added to the tool and these are listed 
hew in case there is need to justify these.  
 

Substance Process PC 
short 
Term 

PC 
Long 
Term 

Emission, 
short 
term 

Comment 

Methanol(68) ESE1 
method B 

123 0.08 17.5 We justify 2.5mg/m3 
above, this is very 
very conservative 

Tetra alkoxy 
silane (17) 

Alkoxy 
Silane 

1.13 0.008 0.2 Conservative 
inclusion 

 Acid 
Anhydride (39), 

Aromatic 
ester 

0.326 0.0012 1.0 Never likely due to 
scrubber 

DBU(24) Vinyl ester 3.26 0.0012 10 Never likely due to 
scrubber 

Chlorosilane(1) ESE1 
method A 

73.5 0.66 10 Never likely due to 
scrubber 

Carboxy 
silane(8) 

ESE1 
method B 

70.2 0.08 10 Never likely due to 
scrubber 

Carboxylic 
acid (26). 

Vinyl ester 3.26 0.001 10 Never likely due to 
scrubber 

 
Notes on the above substance emissions:  
 
Short term emissions only are noted as the long term emissions are always low ratio f 
PC to EAL due to the length due to the nature of our operation.  
 
Most substances are screened at higher than the likely emission and water soluble 
materials or water reactive materials like, acid anhydride (39), DBU(24), Silyl chloride1). 
Carboxy silane (8) and carboxylic acid(26). Would be captured in the scrubber or 
consumed well before they could reach the scrubber.  

 

Substance n-hexane (29) may be needed in some processes, so is added to avoid 
needing to consider this soon after Permit Determination phase.  
 
Substance tetra alkoxy silane (17) is too low in vapour pressure but added due to 
quantity used and conservative approach to emissions declarations.  
 
Substance Methanol (26). was screened at a much higher than necessary value due to 
being ultra conservative.  

14. How we Derive EALs for Substances Not Part of the EPR H1 v2.78 
Software Tool 

Environmental Assessment Levels (EALs) are an air emission concentration of substance 
deemed to be safe and not causing harm to people with in a proximity of that emission. 
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PACBDC intends to emit a limited number of substances at five named and identified 
stacks at the rear of Unit 4A Lion Works as part of its EPR application. As part of the 
permit application a calculation of likely emissions is made using the Environment 
Agency’s own software tool, the Horizontal Guidance 1 software Tool, version 2.78, 
usually referred to as the H1 Assessment Tool.  

The purpose of the H1 Tool is to provide means to assess risk and identify emissions that 
approach a fraction of the EAL value. The H1 Tool has embedded EALs for many 
substances, and the user has to merely input likely emissions from locations along with 
the flow rates at those locations and the durations of the emissions.   

Where a substance is not in H1, the EA asks for a justification of an EAL selected, this 
value being manually added to the database in order to calculate the PC value.  

In the sections below PACBDC derives the values of the chemical substances at five 
emission points at the Whittlesford Site that are claimed in the H1 Assessment tool.  

Many of the substances used by PACBDC are not included in embedded H1 Tool, 
therefore we have derived emission limits largely available from the European Union’s 
European Chemical Agency (ECHA) ‘s Registration, Authorisation, Evaluation and 
Restriction of Chemicals (REACH) database for the actual substance being emitted or 
analogous substances.   

In one single instance we use a German standard from the German Government 
organisation the Institute for Occupational Safety and Health of the German Social 
Accident Insurance (Institut für Arbeitsschutz der Deutschen Gesetzlichen 
Unfallversicherung (IFA)). 

In a single instance we use the Health Council Netherland’s 2003 data, but this is close 
to the value in ECHA’s data base for the same substance.  

The Environment Agency provide significant guidance in all matters of permitting and in 
one case PACBDC uses a general compound family guideline from the EA. Such an 
example in the EPR guidance notes S4.02 emissions values are specified for 
“compounds containing fluorine”. 

It is the duty of PACBDC to operate safely for the protection of its staff and close 
neighbors of the site. Hence all EALs are a limit to which we do not approach. In fact, we 
rarely encroach 10% of the EAL short term and more likely less than 1% of EAL short 
term. 

Chemistry often involves handling noxious substances to achieve manufacture of 
something that ultimately greatly benefits society. All noxious chemicals can be handled 
safely if enough measures in place or measures that are added to the process. Emissions 
monitoring and this document, ultimately audits the measures for effectiveness and 
defines risk to others. This document is justifying the validity of the limits we set and 
provide scope for error, so that if substances are found to be more toxic than first thought, 
there is room, in our operational profile to mean we never pose or posed a risk to those 
who are engaged in proximity of our business.  

To summarise the below, the chief substances in significant volume are HMDSO (5) and 
THF (15), one of which requires a limit being justified. These substances could be emitted 
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for relatively long periods but their toxicity is quite well understood. There are then some 
much smaller volumes that realistically are unlikely to be emitted, but for the sake of 
conservative assessment, we have included them. Aryl chloride (19) and Ethyl Bromide (28) 
are such substances used in small amounts for periods of 2-3 hours per month.   

15. Background for EAL Setting 

When completing the H1 assessment, it was found that a number of substances used by 
PACBDC have no published EAL. Referring to ECHA registration dossiers, as completed 
within the last 5 years, should provide and referenceable data. The ECHA dossiers 
required much toxicity data for many exposure scenarios for humans, as well as requiring 
toxicity for fish, invertebrates and bacteria. At the time it was the largest ever single 
concerted examination of chemical safety assessments ever conducted.  

REACH dossiers were submitted by a number of interested parties, sellers and producers 
who would use the data to disseminate to users aimed at driving improvements on 
knowledge of environmental emissions and their potential hazards as well as improve 
work place health and safety standards.  

The specific aim of REACH was to improve health and wellbeing of people living in the 
EU by understanding individual toxicity profiles of substances.  

Using the ECHA database of REACH Dossiers works well for substances produced in 
volumes greater than 1 tonne within the EU, or imported into the region. However, data 
requirements for lower volume substances does vary and certain materials are deemed 
“intermediates” and require less stringent testing of exposure scenarios. 

Most substances that have a REACH dossier report a Defined No Effect Limit, or a 
“DNEL” which are the REACH derived values for safe human contact. 

Hence, the ECHA website and the REACH dossiers are also an excellent source of 
exposure data, https://echa.europa.eu/da/registration-dossier/. Another reference list 
containing 6,000 substances and their DNELs is available on the Gestis site, run by the 
IFA, https://www.dguv.de/ifa/gestis/gestis-dnel-liste/index-2.jsp. These values are used if 
an EAL is not available in the H1 substance list. If there are multiple DNELS for different 
exposure routes, the worst case health effect will be used.  

There are several ongoing industry discussions that are considering whether ECHA 
DNELS are conservative. SECO (Swiss State Secretariat for Economic Affairs) 
recommends applying safety factors to the DNEL values. However, the methodology of 
the H1 Tool is to define by initial screening what the long term and short term process 
contribution (PC) is. These PC outcomes are then compared to EAL. If the emission 
concentration is higher than 1 % of long term EAL or 10 % of short term EAL, the emission 
is considered to require further study. This approach ensures that we factor in a sizeable 
safety margin, especially since the H1 Tool will allow a second level of examination at 
20% of EAL short term, if the material is readily decomposed in air by biodegradation by 
some means such as air oxidation, UV light, hydrolysis etc. Approaching these higher PC 
% of EAL should rarely be needed.  

https://echa.europa.eu/da/registration-dossier/
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16. PACBDC Approach to EAL Selection 

PACBDC will apply BAT to avoid emission as much as possible and apply rigid testing of 
actual emissions to validate its methods and, if needed, will invest to improve 
environmental performance. It will also apply specific precaution to chemicals of high 
concern, in our case chemicals like Ethyl Bromide (28) but also the materials of significant 
odour potential like Silyl Chloride(1), and acid chlorides(34).  

A number of key substances used and produced in the processes conducted at Unit 4A 
Lion Works will require EAL assignment and emission limit applied. At the time of writing 
the plant is built and undergoing testing, no actual environmental performance 
measurements have been made. The design of the plant has been carefully considered 
with advice from industry experts and experience in making similar compounds at similar 
facilities in other parts of the world such including UK, Ireland, North Carolina, Germany, 
USA and Singapore.  

PACBDC justifies the use of an EAL for the key substances with more attention to those 
that are known to be emitted.  

We will tabulate the used EA EALs for the substances in Table 1 and compare them to 
ECHA DNEL values to show the relative comparison in Table 2 and prove that there is 
no specific bias for higher emission levels from one source or another and provide context 
in a wider number of substances.  

A few substances have no obvious EAL within ECHA, the IFA or the EA. In such cases a 
read across substance is chosen that does. EA guidance states that this is an acceptable 
strategy, but it needs to be justified. It also states that a worst case is to use Benzene, a 
highly toxic substance. PACBDC justifies why Benzene is not used in this assessment 
and how another read across substance is suitable, in text below discussing specific 
releases.  

Table 3 shows values for EAL that may be used for a family of substances.  

Table 4 summarises all the emissions PC values compared to the EALs chosen as a 
result of the H1 Tool assessment carried out. 

17. EAL Derivation 

Below is a justification of the EAL values selected for the key substances:  

HMDSO (5) is described in ECHA dossier https://echa.europa.eu/cs/registration-dossier/-
/registered-dossier/15156/7/1. No long term effects from inhalation are known and DNEL 
long term is quoted 53.4 mg/m3. As this is one of the largest substances emitted from the 
site this value is important to note, and confirms that it is not reasonable to use Benzene 
as a substitute for H1 screening. The REACH dossier shows that no short term DNEL is 
appropriate because there is no short term exposure response.  

HMDZ (70) is described in ECHA dossier https://echa.europa.eu/da/registration-dossier/-
/registered-dossier/15274/7/1. Data is similar to HMDSO (5) above but 53 mg/m3 is quoted 
for long and short term exposure. This is seen in H1 screening, but emission of HMDZ (70) 
is very unlikely in reality.  

https://echa.europa.eu/cs/registration-dossier/-/registered-dossier/15156/7/1
https://echa.europa.eu/cs/registration-dossier/-/registered-dossier/15156/7/1
https://echa.europa.eu/da/registration-dossier/-/registered-dossier/15274/7/1
https://echa.europa.eu/da/registration-dossier/-/registered-dossier/15274/7/1
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Acid anhydride (14) is described in ECHA dossier https://echa.europa.eu/cs/registration-
dossier/-/registered-dossier/5277/7/1. A DNEL long term is 26.5 mg/m3. A short term 
DNEL of 48.5 mg/m3 is assigned. These values will be used in the H1 we submit. 
Emission of acid anhydride (14) is also unlikely due to short life time in the PACBD process. 
An emission would hydrolyse to a carboxylic acid (26) with a half life of about 25 mins at 
pH5. Therefore, the EAL might be considered the same as carboxylic acid (26) which is 
discussed below.   

Tetra alkoxy silane (17) has a DNEL long term 85 mg/m3 and short term is claimed as the 
same. https://echa.europa.eu/da/registration-dossier/-/registered-dossier/14920. 

Carboxylic acid (26) is https://echa-term.echa.europa.eu/hr/web/guest/registration-
dossier/-/registered-dossier/  15411/7/1 with a DNEL of 29.6 mg/m3 long term with 1% 
being the short term value. It could be released in small amounts as emissions from 
stacks.  

The silyl chloride we use (1) ,is https://echa.europa.eu/it/registration-dossier/-/registered-
dossier/27868/9 and a DNEL of 89 mg/m3. However, release of silyl chloride (1) is unlikely 
due to its chemical reactivity and short life time in the PACBDC’s processes. Hence 
emission of >1mg/m3 is unlikely, and PACBDC’s Manager has used this substance 
repeated times in several synthetic scenarios. It is consumed rapidly in the process.  

The fluoroalcohol (13), is registered under https://echa.europa.eu/registration-dossier/-
/registered-dossier/21690. Due to the skin corrosivity toxicological data requirements are 
less. Therefore, a read across is needed to an appropriate similar substance. Hence data 
published for Trifluoroethanol (a substance not used at PACBDC but is analogous) is 
used for DNEL and aquatic toxicity data.  

Fluoroester 2 (12) is https://echa.europa.eu/registration-dossier/-/registered-
dossier/23715/7/1. The dossier states no hazard identified to human health. Read across 
is used for this substance from the alkane from which it is a few steps removed. This 
enables us to review the worst case scenarios. Emission of this substance is possible 
because of the vapour pressure. It should be easily abated by the low temperature 
trapping. General 4.02 sector guidance on BAT is applied, i.e. 5,000 µg/m3 is used in H1.  

Ethyl Bromide (28) is used in small amounts in relatively large volume reactions. The 
material carries H351 - suspected of causing cancer - label. DMELs are not often defined 
for such intermediates as they are not to be used by the general public. We have used a 
low EAL, 1 mg/m3 and ensuring this is met will need to be monitored once the process is 
operational. German TA LUFT recommends 1 mg/m3. 

DBU (24) will potentially be used in some PACBDC processes. DNEL are taken from 
REACH dossiers. Emission is unlikely as it is consumed rapidly in the process.  

TEA (32) will potentially be used in processes. DNEL is imported from ECHA REACH 
dossier as 12,600 µg/m3 short term and 8,400 long term µg/m3, though an amine 
benchmark in EPR4.02 guidance is given as 10,000 µg/m3 for long and short term.  

Acid chlorides (34) are used in moderate amounts to make amides, all non-commercial at 
this stage and in lab quantities. It is consumed rapidly in the process and is unlikely to be 
an emitted chemical other than on a fugitive basis. Obviously extreme measures would 
be applied to avoid release of this very lachrymatory chemical. It is only registered as an 

https://echa.europa.eu/cs/registration-dossier/-/registered-dossier/5277/7/1
https://echa.europa.eu/cs/registration-dossier/-/registered-dossier/5277/7/1
https://echa.europa.eu/it/registration-dossier/-/registered-dossier/27868/9
https://echa.europa.eu/it/registration-dossier/-/registered-dossier/27868/9
https://echa.europa.eu/registration-dossier/-/registered-dossier/21690
https://echa.europa.eu/registration-dossier/-/registered-dossier/21690
https://echa.europa.eu/registration-dossier/-/registered-dossier/23715/7/1
https://echa.europa.eu/registration-dossier/-/registered-dossier/23715/7/1
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intermediate and hence DNELS do not need to be calculated. Many acid chlorides are 
only registered as intermediates and have similar lack of DNEL derivation. However, the 
hydrolysis half life of the acid chloride (34) is less than 10 minutes at 25oC. It is almost 
certain that the release would be the corresponding carboxylic acid (41) within a short time. 
Hence the carboxylic acid(41) DNEL data is justifiably used, this data being 30 mg/m3 both 
short and long term. This level is higher than the H1 carboxylic acid (41) value. 

MTBE (35) may be used to make amides that are not yet commercialised. There is no EAL 
and we have used DNELS from ECHA, a long term limit of 357 mg/m3 and short term 
178.4 mg/m3 as shown in the link https://echa.europa.eu/da/registration-dossier/-
/registered-dossier/15543/11 

Aromatic alcohols (43) and (44) are similar compounds that are both unlikely to be emitted 
to air. The former has a long term DNEL of 5.7 mg/m3 with no short term hazard, and the 
latter 59.9 mg/m3. These substances will not be emitted due to their high boiling points.  

Halostyrene (16) is used in small amounts by PACBDC. This substance is not registered 
in ECHA, therefore we have determined a read across from Styrene to be a reasonable 
measure for this assessment. Although we are including this data, release is unlikely as 
the substance is consumed rapidly in Grignard synthesis. A DNEL of 85 mg/m3 long term 
and 289 mg/m3 for short term exposure has been included. We note these values are 
lower than those in the H1 tool for Styrene, which are 800 mg/m3.  

Acid anhydride (39) is used in very small amounts and is consumed rapidly in the process. 
It is not a REACH registered substance. Read across was used from another acid 
anhydride (14). DNEL long term inhalation is 26.5 mg/m3 long term and 79.5 mg/m3 short 
term. 

Aryl halide (19) has limited ECHA dossier data available. It is corrosive if in contact with 
the eye. A value of 366 mg/m3 from a LD50 dose descriptor for short term exposure is 
given from the limited ECHA dossier information. This chemical is widely used by Dow 
Dupont, primarily in the USA, but this data is not published or available for use. Having 
used the 3,660 mg/m3 value in the assessment, it can be argued this is much higher than 
required. However, the 10ppm emission is still never likely to occur due to the rapid 
consumption in the process.  

Tetra alkoxysilane (17)  is used making alkoxy silane (18) in a Grignard process. It is used 
in excess and might be emitted at low level. ECHA DNEL data has been used to derive 
an EAL of 85 mg/m3 short and long term as evidenced in the link 
https://echa.europa.eu/da/registration-dossier/-/registered-dossier/14920/7/1.  

Carboxysilane (8) may be used as an alternative method to make one of our main 
compounds ESE1 (3). It is registered in REACH only as an intermediate. It is rapidly 
hydrolysed in moist air to a carboxylic Acid (73) and HMDSO (5). Therefore, the emission 
is treated as carboxylic acid (73), with a DNEL of 25 mg/m3 for both short and long term 
exposure. 

ETES (71) is a by product in alkoxy silane (18) manufacture. The Ethyl Ester is not registered 
in ECHA but the Methyl Moiety is, and hence we reference 
https://echa.europa.eu/da/registration-dossier/-/registered-dossier/14707/7/1, providing 

https://echa.europa.eu/da/registration-dossier/-/registered-dossier/15543/11
https://echa.europa.eu/da/registration-dossier/-/registered-dossier/15543/11
https://echa.europa.eu/da/registration-dossier/-/registered-dossier/14707/7/1
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a long term DNEL of 260 mg/m3 but no hazard short term. We apply the 260 mg/m3 
universally in H1.  

Heptane (27) has no limit in H1 and we use a DNEL from ECHA 
https://echa.europa.eu/da/registration-dossier/-/registered-dossier/14228/7/1 with no 
short term limit but a long term limit of 2,085 mg/m3.   

Similar Hydrocarbon Stream Petroleum Ether 40-60 is not a substance but a mixture, 
classifying it for emission. The product is mostly Pentane and iso Hexanes, and often 
termed Isoalkanes mixture. However, N-hexane (29) is the most toxic substance for 
humans within this category and ECHA takes the view to consider “C6 hydrocarbons” as 
likely to be 50% n-hexane (29).  ECHA has a registration dossier for this, 
https://echa.europa.eu/da/registration-dossier/-/registered-dossier/15868/6/2/1 and the 
DNEL is set at 5,305 mg/m3, higher than the H1 default value for n-hexane (29). Hence 
where PACBDC talks about emission of Petroleum Ether, we will evaluate this emission 
as n-hexane (29). 

Many values are obtained from the ECHA REACH website and most data below is from 
this source unless a lower value is given by the German database. 

In submissions as part of this EPR submission, PACBDC have largely utilised the 
“withdrawn” 2016 Annex F Table B5. This document suggests an EAL short term would 
be the OES/100 or the MEL/500. It also suggests that the EAL long term would be the 
STEL/10. We have not taken this approach in our submission.  

18. EAL Values Used  

Or Substituted that are conservatively declared as possible emissions from the installation. 

18.1. Table 1 Used values in H1 Tool v2.78 PACBDC 

Red means a value is derived.  

Substance EAL short term, 
µg/m3 

EAL Long term, 
µg/m3 

Comment 

Acetone (10) 362,000 18,100 H1 default 

HCl (75) 750  H1 default 

HMDSO (5) 53,400 53,400 ECHA DNEL 
value 

THF (15) 59,900 3,000 H1 default 

Toluene (20) 8,000   1,910 H1 default 

n-Hexane (29) 21,600 720 H1 default 

IPA (2) 125,000 9,990 H1 default 

Halo styrene (16) 800  800 Used styrene 
read across, 800 
long and short 
term in the 

https://echa.europa.eu/da/registration-dossier/-/registered-dossier/14228/7/1
https://echa.europa.eu/da/registration-dossier/-/registered-dossier/15868/6/2/1
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Substance EAL short term, 
µg/m3 

EAL Long term, 
µg/m3 

Comment 

withdrawn 
Appendix F 

 Acid anhydride (14) 48,500 26,500 ECHA DNEL 
from NOAEC 

Tetra alkoxy silane 
(17) 

85,000 85,000 ECHA OEL data 

Carboxylic acid (26) 1,000,000 29,600 ECHA NOAEL 
value 

Fluoro alcohol (13) 5,000 5,000 General Fluorine 
compounds 
guidance in 4,02 

Fluoroester 2 (12) 5,000 5,000 General Fluorine 
compounds 
guidance in 4,02 

 Silyl chloride (1) 89,000 89,000 Health Council 
Netherlands 
2003 report, 
similar to DNEL 
value 

Alkoxy silane (59) 1,000 1,000 DNEL value 

Ethyl Bromide (28) 1,000 1,000 Used low EAL 
from benzene EA 
value, TA Luft 
value is 1mg/m3 

DBU (24) 10,600 10,600 DNEL used 

TEA (32) 8,000 8,000 4.02 sector 
benchmark for 
amines 10,000 
could be applied 

MTBE (35) 357,000 178,500 ECHA DNEL 
values used. 

Carboxylic acid (41) 6,000 300 H1 value 

Carboxy silane (8)  250 

 

3,700 Acetic Acid read 
across from table 
B5 Annex F 

Ethanol (7) No limit No limit H1 default 
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Substance EAL short term, 
µg/m3 

EAL Long term, 
µg/m3 

Comment 

CO2 from cryogenic 
traps (61) 

300,000 100,000 H1 default 

Methanol (68) 2,600 33,300 H1 default 

HMDZ (70) 53,000 53,000 ECHA DNEL 

Ammonia (76) 2,500 180 H1 default 

Nitrogen (42) 300,000 100,000 Read across from 
CO2 

ETES (71) 260,000 260,000 ECHA DNEL for 
methyl read 
across 

HMDZ (70) 53,000 53,000 ECHA DNEL 

Methanol (68) 2,660 33,300 H1 default 

Carboxylic acid (73) 250 3,700 H1 default 

Ammonia (76) 180 2,500 H1 default 

Heptane (27) 2,085,000 2,085,000 ECHA DNEL 
used as no H1 
values 

 

19. Full List of DNELs  

From ECHA Dossiers to Allow Comparison to EA EAL Values 

19.1. Table 2 ECHA DNEL Values Only 

Substance DNEL Long term 
µg/m3 

DNEL, short term, 
µg/m3 

Comment 

Acetone (10) 1,210,000 4,420,000  

HMDSO (5) No hazard 53,400   Applied the short 
term DNEL in our 
H1 

HCl (75) 8,000  15,000  

THF (15) 72,400 96,000  

Toluene (20) 192,000 384,000  

N-hexane (29) 75,000 No effect  

IPA (2) 500,000 No effect  
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Substance DNEL Long term 
µg/m3 

DNEL, short term, 
µg/m3 

Comment 

Halostyrene (15) 85,000 289,000 No ECHA data, 
used styrene 
read across 

Acid anhydride(14) 26,500 79,500  

Tetra alkoxy silane (17) 85,000 85,000  

Carboxylic acid (26) 29,600 1,000,000  

Fluoro alcohol (13) Not tested as data 
waived because of 
corrosivity 

 Not tested in 
ECHA as 
corrosive. Read 
across 
trifluoroethanol 

Fluoroester 2 (12) No hazard 
identified 

  

Silyl chloride (1) 89,000 89,000 Release would 
only ever be 
fugitive 

Carboxy silane (8)  25,000 25,000 No ECHA data, 
acetic acid read 
across 

Alkoxy silane (59) No hazard 1,000  

Ethyl Bromide (28) No data  No data Release is 
unlikely due to 
quantity used 

DBU (24) 10,600 10,600  

TEA (32) 840 1,260  

MTBE (35) 178,500 No hazard 
identified 

 

Carboxylic Acid (41) 30,000 30,000  

Aromatic alcohol (43) 5,700 No effect  

Aromatic alcohol (44) 59.900 No effect  

Aryl chloride (19) No data No data High aquatic 
toxicity 

Ethanol (7) 950,000 1,900,000  

CO2 from cryogenic 
traps (61) 

Not registered in 
REACH 
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Substance DNEL Long term 
µg/m3 

DNEL, short term, 
µg/m3 

Comment 

Nitrogen (42) Not registered in 
REACH 

  

ETES (71) No data as not 
registered in 
REACH 

 Methyl Triethoxy 
Silane read 
across used. 

HMDZ (70) 53,000 53,000  

Methanol (68) 130,000 130,000  

Carboxylic acid (73) 25,000 25,000  

Ammonia (76) 47,600 47,600  

n-heptane (27) 2,085,000 2,085,000  

 

For the substances BAT values are given by other bodies, however, this data is sparse: 

19.2. Table 3 Other EAL Sources Used 

Substance BAT benchmark, 
µg /m3 

Note 

TEA (32) 10,000 Amine benchmark 4.02 sector 
guidance  

Fluoro alcohol (13) 5,000 General Fluorine compounds 4.02 
Guidance  

20. Emission Process Contribution and Emission Limit Values 
Proposed 

Many of the substances emitted would be considered Class B VOCs, for this has an EA 
limit of 75 mg/m3 or 2 kg/hr. as total organic carbon is often allowed. Some class A VOCs, 
of higher toxicity would often be required to have a lower limit. These are defined in M16 
guidance.  The M16 guidance refers to the HMIP 1996 categorisation of VOCs.  

Although the ELV is given here and PACBDC would measure speciated data during initial 
tests to prove emission values are met, it would be hoped that a non-speciated method 
such as EN12619 would be accepted for reporting of bulked emission of VOC, with this 
being limited to 2 kg/hr. per stack. In this approach any Class As, limited to 4-
chlorostyrene (16) (because of lack of guidance it could be class B) and Ethyl Bromide (28) 
which is a special case. All the Class As are used in small amounts.  

However, if the EA wishes to apply lower values in line with those used in the H1 
assessment, we feel confident we can meet them by our application of BAT for emissions 
and, if needed, increasing measures to ensure compliance.  
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Process contribution values are taken from R&D scale process evaluation or PACBDC 
staff’s experience with these processes in other locations around the world including UK, 
Ireland and Singapore where such plants have been established to manufacture similar 
or identical materials.  

20.1. Table 4 Actual PCs Expected for PACDBC Compared to Chosen EAL 

Substance Long 
term 
EAL 
µg/m3 

Short 
Term 
EAL 
µg/m3 

PC 
µg/m3 
Long 
Term 

PC 
µg/m3 
Short 
Term 

 

ELV 

mg/m3 

Comment 

Acetone (10) 18,100 362,000 47.6 14,124 75 B VOC 

HMDSO (5) 53,400 53,400 2.95 117 75 B VOC 

HCL (75) - 750 0.004 9 10  

THF (15) 3,000 59,900 5.33 2,106 75 B VOC 

Toluene (20) 1,910 8,000 0.00027 14 75 B VOC 

N-hexane (29) 720 21,600 0.80 211 75 B VOC 

Halo styrene (16) 800 800 0.001 1.13 75 A VOC 

Acid anhydride(14) 48,500 28,500 0.008 7.02 75 B VOC 

Alkoxy silane (59) 85,000 85,000 0.16 1.13 75 B VOC 

Carboxylic acid 

(26) 
48,500 28,500 70 0.1 75 B VOC 

Fluoro alcohol(13) 100 1,000 0.008 20 75 B VOC 

Fluoroester 2 (12) 5,000 5,000 0.008 20 75 B VOC 

Silyl chloride(1) 89,000 89,000 0.53 702 10 B VOC 

Ethyl Bromide (28) 5 5 0.01 0.35 0.5 Higher risk 

DBU (24) 10,600 10,600 0.0267 70 75 B VOC 

TEA (32) 8,400 12,600 0.0267 8 5 B VOC 

MTBE (35) 178,500 357,00 0.053 175 75 B VOC 

Acid Anhydride 

(39) 
26,600 79,500 0.049 0.050 75 B VOC 

Carboxylic acid 

(41) 
300 6,000 0.134 14 75 B VOC 

Aryl halide(19) 3,660 3,660 0.005 14 75 B VOC 
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Substance Long 
term 
EAL 
µg/m3 

Short 
Term 
EAL 
µg/m3 

PC 
µg/m3 
Long 
Term 

PC 
µg/m3 
Short 
Term 

 

ELV 

mg/m3 

Comment 

Ethanol (7) No limit No limit NV NV No 
limit 

B VOC 

Carboxylic acid 

(73) 
3,700 250 0.080 111 75 B VOC 

HMDZ (70) 53,000 53,000 0.080 0.70 75 B VOC 

Heptane (27) 2,085,0
00 

2,085,00
0 

NA NA 75 B VOC 

Methanol (68) 33,300 2,660 0.08 11.3 75 B VOC 

ETES (71) 260,000 260,000 0.080 111 75 B VOC 

 

21. Flow Rates on Stacks 

The flow rates included in the H1 tool are based on actual design velocities of the fans 
used. These have actually been installed and verified using hot wire anemometer, not by 
MCERTS calibrated method, but by an internal machine that has been recently calibrated.  

The flow rate for the 110 mm surge tank stack A5, is an estimate based on previous 
knowledge of such stacks and is an over estimate. There is no flow in this system from 
any fan and is only flowing due to the temperature differences between the inside and 
outside of the building resulting in air changeover.  

22. Notes on H351 Substances 

The H1 tool and the EALs proposed are based on DNELs and are published data for 
specific substances.  Looking at H phrases, there is sometimes a disparity on EAL and H 
phrases. Hence, solely focusing on one or the other can give a disjointed assessment. 
H351 materials are Ethyl Bromide (28), THF (15) and DCM (30). Only THF (15) is used in 
quantity and likely to be emitted.  

The EA’s guidance “Categorisation of VOCs” the “HMIP document” talks of a 
categorisation tree which allows VOCs to be classified if there is insufficient data 
available. 

Part of this tree, is the classification of extremely hazardous to health VOCs, Class A 
VOCs that pose an environmental risk and Class B substances which pose lower threat 
than the previous substances.  

It is not initially clear where THF (15) should sit in this profile.  As a H351 it could reach the 
lower parameters of a Class A. However, the guidance suggests that Class A is what 
IARC categorise as Class 2A substances.  The decision tree on classification of THF (15) 
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then allows us to state that we have considerable toxicity data and that it is not harmful 
by inhalation according to its GHS definition. This drives the classification into considering 
POCP value and GWP values. POCP is not listed in H1 Annex F data or built into the H1 
tool (suggests it is >85 and GWP is 8 (mean value)).  Hence this would mean THF (15) is 
a Class B VOC.  

Ethyl Bromide (28) is used in small quantities and is rapidly consumed in the process.   

23. Photochemical Ozone Production for Substances not in H1 Tool 

Finding data for all substances can be difficult. Where possible data has been added to 
the new substances created in H1. Due to the inability to easily add new data to 
substances without creating a new entry, this has not been done at this stage. However, 
known values for POCP are below:  

 

Chemical POCP Source 

MTBE (35) 17.5 Annex F (not added in H1 tool) 

Most acetates are this value 5-28 Annex F 

halostyrene (16) 14.2 Styrene value 

Silanes such as silyl chloride (1), 
tetralkoxy silane(17), carboxy 
silane (8) 

No value found  

 

We have not found all required POCP values at this stage, therefore read across values 
have not been applied.  This is currently in progress and will be completed shortly after 
the H1 submission.  

24. Global Warming Potential on Substances not in H1 Tool  

The chief materials such as refrigerant gases used are R410A and R449A. Both are 
limited to their original vendor charges of gas, namely 10.8 kg and 6.5 kg respectively. 
These have been declared in the emissions table as the following individual compounds:  

R449A consists of: 

CAS 811-97-2 is 1,1,2-TETRAFLUOROETHANE HFC-134a 40% - this is selectable 
in emissions screening 

CAS 754-12-1 is 2,3,3,3- tetrafluroprop-1-ene HFO-1234yf at 20% - this is not in the 
screening tool but has been added with a GWP of 4.  

CAS 354-33-6 is Pentafluroethane is HFC-125 at 20% - this is selectable in emissions  

CAS 75-10-5 is Difluromethane is HFC 32 at 20% - this is selected in emissions 
screening 

R410A consists of:  
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R125 50% Pentafluroethane and R32 50% Difluormethane.  HFC125 and HFC32 
have been screened.  

PACBDC accepts that some more data might be needed to confirm Global Warming 
Potential of the site, but main factor for consideration is the use of mains electricity. After 
submission of our initial H1 assessment we will work to source the missing data and 
submit a revised H1 assessment.  

 


