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Introduction

This is the 2018 annual environmental report for Adhesives Research Ireland Ltd.

Licence Register Number:  P0452-01
Licensee Adhesives Research Ireland Ltd
Raheen Business Park
Limerick
Contacts Mr. Ger Harte (Environmental, Health & Safety Manager)

Mr. Ciaran Gloster (Managing Director Europe)

Company Background

Adhesives Research is an independent developer and manufacturer of high-performance,
custom pressure-sensitive adhesives (PSAS), tapes, coatings, specialty films, and
laminates. The company's North American facilities and corporate headquarters is located

in South Central Pennsylvania (Glen Rock, PA) on a campus of over 140 acres.

Adhesives Research Ireland Ltd., a subsidiary of Adhesives Research Inc., has sales,

R&D, manufacturing and quality operations based in Limerick.

The Limerick facility is certified to clean environment standards and is cGMP-compliant,
with segregated clean rooms. Its coating capabilities include two lines, each located in a
separate clean room. The coating techniques available include reverse roll, knife-over-
roll, as well as slot die. Both coating lines are fitted with state of the art scanning and
gauging systems to control coat weight. All critical parameters on these coating lines are

computer controlled and monitored to ensure superior process control.

Adhesives Research Ireland’s Quality Management System is certified to 1ISO9001:2015
and 1S013485:2012. The Company holds an IPC license and the EHS Management
System is certified to 1SO14001:2015 and OHSAS18001:2007.
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During 2018 a surveillance audit was carried out on the Environmental, Health & Safety
Management System by NSAI and a recertification audit was carried out on the Quality
Management System by NSAI. The management system will continue to be integrated

over the next number of years

Process Description

Adhesives Research Ireland Ltd. currently employees 63 people across the following
areas:

e manufacturing

e quality assurance, quality control

e sales, customer service, administration

e research and development

e engineering and maintenance
The manufacturing process consists of 3 stages: adhesive mixing in the chemical
operations department, coating and slitting followed by packaging and shipping of

converted tape products directly to the customer’s site.

Chemical Operations

Chemical Operations are carried out in two dedicated rooms. The main raw materials
required for manufacturing pressure sensitive adhesives are solvents and adhesive bases.
The most common solvents which are used are methyl ethyl ketone, toluene and ethyl
acetate. Other raw materials include rubber and additives. Chemical Operations involves
the introduction of specified quantities of the raw materials into a 200 litre drum, mixing
ingredients together via wall mounted mixers with mixer shaft protruding through the lid
to reduce possible solvent loss as fugitive emissions and prevent any possible splashing
of adhesive from drum. A movable extract hood is provided to remove any solvent
vapours which arise. These rooms have a dedicated air handling unit (AHU) with 15 air
changes per hour. Emissions from this AHU are considered fugitive emissions. As our
coating lines run either 24/5 or 24/7 all emissions from this room are fed into the
common exhaust duct and being treated by one of our regenerative thermal oxidisers
(RTO).
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In addition a number of water based adhesive /film formulations have been
commercialised. A water based emulsion adhesive is coated on average 5 days per year.
The emissions from the drying this product is sent to the RTO to reduce odours from the
site

During 2018 Chemical Operations operated both a 16 hours X 5 days per week shift cycle

and a 12 hours X 7 days shift cycle. No plans are envisaged to move to three cycle shift.

Coating
The adhesive mix is connected to the coater /dryer via a hose and pump. The adhesive is

either pumped into a trough/reservoir located in the coating head section of the machine
(reverse roll and knife over roll coating) or fed directly to a slot-die coating head using an
adhesive delivery system (slot die coating).

The use of slot-die coating allows for a reduction in the amount of solvent per drum of
adhesive.

The adhesive is coated onto a roll of paper or film at a specified thickness, dried at
specified temperatures, self wound onto itself or an additional liner is laminated in to
yield a final master roll. When coated the wet adhesive passes through the dryer where
the solvent /water will be removed using clean hot air. The dryer uses natural gas for its
energy requirements. The dryer is designed to operate with a 40% lower explosive limit
with LEL safety monitors designed to alarm at 45% LEL and to shut down the machine at
50%. There is a complete control system to carry out all control, sequencing,
interlocking, alarm and recording functions. VVapours from the dryer are exhausted to the

thermal oxidiser.

During 2018 B1 Coating ran both 24 X 5 and 24 X 7 shift cycles. Al Coating ran 12 X 3
and 12 X 4 sifts on alternate weeks. The plan for 2019 is that B1 Coating runs 24 X 5 and
Al Coating runs 16 X 5.

Some additional features on the B1 Coating Line allow continuous processing, quick

change over and automated mechanisms to join reels together (splicing). All of these
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features allow continuous processing and reduction in levels of scrap generated when

process changes from one completed reel of coated stock to start of the next reel.

Slitting

Coated rolls are taken into the slitting area where they are slit down into customer
specified roll lengths and widths via one of several possible slitting machines. These slit
rolls are then removed to a packaging area where they are placed into cardboard cartons,
sealed and placed on wooden pallets. Palletised product is shrink wrapped, weighed and
transported off site via container trucks to the customer. The slitting department operates

16 hours X 5 days per week

QC & R&D Laboratories:

QC laboratory completes all incoming product and final product testing. The QC

laboratory operates 16 hours X 5 days per week

R&D laboratory supports product development and operates 8 hours X 5 days per week
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Environmental Policy

Adhesives Research Ireland has a combined Environmental, Health and Safety Policy.
This is part of the documentation that is required for the EHS Management systems
1SO14001:2015 and OHSAS18001:2007

Adhesives Research Ireland Environmental Health & Safety Policy

Adhesives Research Ireland is a developer and manufacturer of high performance
pressure sensitive adhesives, tapes and speciality coatings that meet our customers agreed
expectations

Adhesives Research Ireland are committed to managing and conducting their work
activities in such a way as to ensure, so far as is reasonably practicable, the safety, health
and welfare at work of their employees and others who may be affected by their business
activities and also to minimising pollution and adverse impacts on the environment.

We are committed to complying with all applicable Environmental, Health & Safety
(EHS) legislation and other requirements that apply to our activities and services.

To enable us to meet these commitments we have implemented an integrated EHS
Management system based on international standards.

At Adhesives Research Ireland we are committed to striving for Continual Improvement
of our EHS Management System by utilising various improvement methods, including
setting specific, measurable objectives and reviewing their progress and success on a
regular basis.

Employees share a responsibility with management in ensuring their own safety while at
work and minimising impacts on the environment. This Policy and our EHS Management
System requires the co-operation of all staff, visitors, contractors and others to enable
Adhesives Research Ireland to discharge it’s responsibilities under law, and the
commitments outlined in this policy.

Adhesives Research Ireland is committed to upholding the principles outlined in this EHS
Policy. Sufficient authority and resources, both financial and otherwise, will be made
available to enable staff to carry out their responsibilities in a reasonable and efficient

manner.
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This Policy is publicly available and is communicated to all employees and other
interested parties. The EHS Policy will be reviewed in light of experience and future

developments within the organisation.

Environmental Management Organisation Chart

Ciaran Gloster

Managing Director

Colm Maguire

Director of Operations

Ger Harte
EHS Manager

EHS Committee

Changes during 2018

No changes during 2018
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Self Monitoring Data

Emissions to Atmosphere

Since August 2009 the monitoring of emissions to atmosphere has been carried out using
the Continuous Emission Monitoring System (CEMS).

All the data from 2018 for both air emission points A2-1 & A2-2 complied with the
conditions of Adhesives Research Ireland’s IPPC Licence. The emission limit value for

Total Organics as Carbon as per the IPPC Licence is 50 mg/m3.

No air monitoring was carried out by the Agency or by contractors on behalf of the

Agency during 2018

The CEMS experienced the following downtime during 2018

May 3" 09:30 to May 4" 08:29
Analysing but not storing data. PC restarted

September 22" 02:15 to September 24" 15:10
Unit ran out of gas. Gas changed

October 13" 03:36 to October 15 10:26
Analysing but not storing data. PC restarted. No production during this time

October 27" 17:04 to October 30" 11:26
Unit ran out of gas. Gas changed. No production during this time

December 1% 22:36 to December 3" 09:56
Analysing but not storing data. PC restarted

Adhesives Research Ireland Limited have a preventative maintenance and calibration

contract for their CEMS with Environmental Monitoring Systems

Summary of Bypass Emissions

0.6 kg of solvent was lost as a result of fugitive emissions from Al coating, emission
point A2-1

72.2 kg of solvent was lost as a result of fugitive emissions from B1 coating, emission
point A2-2
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Ground and Surface Water Discharge Monitoring

As per Condition 8.1 of our IPPC Licence, the ground water discharge, GE1, was visually

inspected daily. The sample was checked for Colour, Clarity and Odour. This is recorded

in the Surface Water Discharge Inspection Log Book (Form Number M0045).

As was agreed with the Agency in October 2008 the surface water discharge, SE1, was

visually inspected weekly. On days when there was a flow at this point a sample was

checked for Colour, Clarity and Odour.

No contamination was evident from either the daily checks of GE1 or the weekly checks

of SE1.

The following monitoring was carried out on the ground and surface water discharge.

Date Sampled By Location COD mg/l | Conductivity pS/em | Temp °C
23/04/18 EPA GE1 <20 144 11.8
14/05/18 | Adhesives Research SE1 8 82 12.3
14/05/18 | Adhesive Research GE1l 9 166 13.0
06/11/18 | Adhesives Research SE1 10 45 10.3
06/11/18 | Adhesives Research GE1l 4 105 111
Notes

1) SE1 has been sampled at least twice a year

2) The following warning and action limits have been set for GE1 and SE1; COD

warning 45 mg/l, action 60 mg/l. Conductivity warning 350 puS/cm, action 375

puS/cm
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Noise Survey
As per condition 7.3 of our IPC Licence, a noise survey was carried out on site. The

survey was carried out on March 15" 2018.

In total 5 agreed noise monitoring locations were chosen for the purpose of the noise
survey, locations N1 to N4 and NS. There are no buildings in the vicinity of Adhesives
Research Ireland except industrial buildings. There are no dwellings within at least a mile
of Adhesives Research Ireland.

The monitoring locations are as follows;

N1 Main entrance to the site, beside the road

N2  Second entrance to the site, beside the road, close to entrance to Dell EMF1

N3 At south boundary of site, closest location to the RTO and chillers, main noise sources
N4 At east boundary site

NS At the south east corner of the site

The complete noise reports together with calibration certificates for the equipment used
have been submitted via the ALDER reporting portal.

The summary conclusion of the monitoring is as follows;

Five locations were monitored for broadband and 1/3rd Octave frequency as part of this
annual environmental noise survey at Adhesive Research Ireland Limited (ARIL).

Each boundary monitoring point (N1 to N4) was monitored for 15 minute periods during
the day and night time survey. As these points are located within the boundaries of the
site, and are not in the vicinity of any noise sensitive receptors, these points may not be
subject to compliance limits in agreement with the Agency.

As there are no identified noise sensitive locations off-site, noise monitoring was carried
out at boundary locations on-site. However, NS is an agreed noise sensitive location and
therefore expected to comply with limits outlined in the License P0452-01.

The findings of the survey would indicate that the noise sensitive location was not
significantly affected or impacted by sources of noise at ARIL, but heavily influenced by
traffic movements on the M20 and in the surrounding estate.

The monitoring point NS, the agreed noise sensitive location, had elevated Leq noise
levels during the day time noise survey [58 dB(A)]. This was mainly due to the almost

constant background noise levels attributed to distant traffic movements on the M20
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motorway. The guidance for a location like this is to use the LA90 for assessment of
noise from the ARIL site, to reduce the impact of interference from road traffic
movements, in which case noise levels at NS are shown to be within compliance under
the requirements of the licence. The night time noise was also elevated however use of
the L90 was insufficient as the background noise from traffic movements was constant

and continuous.

There was no tonal noise determined at either monitoring location; therefore there are no

requirements to apply penalties to the broadband measurement.

As a follow up to the noise survey the following information was supplied to the Agency
to prove that the elevated night time noise level at NS did not originate from the
Adhesives Research Ireland Limited site.

It was confirmed that there was no production during the time period (22:06 to 23:06) of
the night time survey. In fact there was no production during the following times; 21:20
to 23:30

Regarding the designated noise sensitive location, there is no reason on file why this
location was designated a noise sensitive location. There are no residential locations in
the vicinity of the noise monitoring point. In fact the land that is adjacent to the noise
monitoring point is undeveloped/unoccupied land in the industrial estate.

Regarding the light operational noise, the source of this noise would be our air handling
units which keep the facility at optimum operating temperature and humidity operating
ranges.

Data from our Continuous Monitoring System was submitted to the Agency as proof that

there was no production during the monitoring time period

Agency Monitoring

Ground water monitoring carried out by the Agency has already been discussed in this

document.
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Agency Enforcement

No Agency enforcement visit took place during 2018.

Environmental Incidents

There were no environmental incidents during the calendar year 2018.

Complaints
Adhesives Research Ireland Ltd. received no environmental complaints during the

calendar year 2018. There is a log book in place for Queries Regarding Environmental,

Health and Safety Performance, form number M0092.

Energy & Water Consumption

The following table details the energy and water consumption. There is no process water

used on-site. The consumption of water is due to canteen and sanitary usage.

Natural Gas 6986 MWhr
Electricity 1787 MWhr
Water Note 3

Note 3

We have not received water usage data from Limerick City & County Council for 2018.
The usage during 2017 was estimated at 60 m3. This figure will also be used as the

estimate for water usage for 2018.
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Bund Integrity Tests

The Fire Water Retention Tank and Chemical Storage Unit 1 were bund tested during
2018. As per licensee return number LR036802 the reports were submitted to the
Agency. Both locations passed the required tests. The test will be repeated for these

locations in 2021.

Solvent Management Plan

Adhesives Research Ireland have prepared a Solvent Management Plan (SMP).

The SMP is located in Appendix 2 of this report.

The SMP will be prepared and reported yearly.

Any recommendations generated by the SMP will be incorporated into the Schedule of
Environmental Objectives and Targets.

Closure, Residuals and Aftercare Management Plan

Adhesives Research Ireland submitted a Closure, Residuals and Aftercare Management
Plan (CRAMP) to the Agency in 2010.

This document was reviewed in 2018 and was submitted to the Agency as part of licensee
return number LR034015

Environmental Liabilities

Adhesives Research Ireland submitted an Environmental Liabilities Risk Assessment
(ELRA) to the Agency in 2010.

This document was reviewed in 2018 and was submitted to the Agency as part of licensee
return number LR034017



Environmental Management Programme Report
Obijectives 2018: Status Report

Solvent Minimisation and Emissions Reduction:
Objective & Target 1

Solvent Management Plan was completed.

The destruction efficiency of the Thermal Oxidisers was calculated as preparation for the
2018 Annual Environmental Report.

The results were as follows;

AlRTO 97.97%

B1RTO 99.31%

No issues with the Thermal Oxidisers were identified during the maintenance shutdown

period.

Objective & Target 2

The amount of solvent used per m? for 2018 was calculated as 99.92 grams of solvent
used on site per meter squared of material coated.

Due to an extensive change in product mix this has increased from the figure in 2017.
The project to move one of our highest volume products from narrow web Al Coating to
wide web B1 Coating was completed in 2018. The adhesive usage attributed to this
product reduced from 149.2 g/m2 in 2017 to 145.7 g/m2 in 2018, a 2.3% reduction in

adhesive usage. This resulted in 1.5 tonnes less of adhesive being used

Waste Management
Objective & Target 3
A haulier audit was carried out by our waste management partner in Quarter 3 2018.

There were no adverse findings
The site visit to the hazardous waste facility has been postponed to 2019

Monthly meetings continue to take place with our Total Waste Management partner
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Objective & Target 4

The recovery/reuse/recycling rate of non-hazardous waste during 2018 was 100%
The Greenstar Limerick site was visited again during Quarter 3 2018. Non-hazardous
waste from Adhesives Research Ireland was being processed during the visit

Monthly meetings take place with Total Waste Management partner.

Objective & Target 5

The project to move one of our largest volume product from narrow web Al Coating to
wide web B1 Coating was completed.

The amount of material diverted from waste was 17,078 meters which is equivalent to

1.79 tonnes to material diverted from waste

Management Systems
Objective & Target 6
Environmental objectives and targets were set during Quarter 1 2018. The EHS

Management Programme was drafted at the same time to ensure one set of objectives and
targets

Surveillance audit for ISO14001 and OHSAS18001 took place during Quarter 2 2018.
There were no non-conformances associated with the audit.

Internal Quality, Environmental, Health and Safety audits took place during 2018
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Energy Savings/Green Energy Products
Objective & Target 7

The comparison between energy use in 2016, 2017 & 2018 is checked in the table below;
2018 2017 2016

Square Meters Coated
2,304,574 | 2,128,655 | 1,917,553

Per Year
Gas Usage Per Year

6986 7228 7512
(MWhr)
Gas KWhr per m? 3.03 341 3.92
Electricity Usage Per

1787 1744 1641
Year (MWhr)
Electricity KWhr perm?  0.78 0.82 0.86

Gas usage decreased in 2018 and electricity usage increased during the year. However the
KWhr per m? of coated material for both gas and electricity have trended downwards
over the past 3 years.

The investigation of installing LED lighting has been postponed until 2019

After discussions with the engineers who supplied our RTOs it is not possible to
determine if they are running in auto thermal without modifications to the controls of
these units.

The output of the BMS was checked and the energy associated with them was not

deemed as excessive
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Environmental Management Programme 2019

Objective & Target 1
Solvent Minimisation & Emission Reduction

Carry out Solvent Management Plan.

Complete recommendations identified in Solvent Management Plan

Forward any recommendations from the Solvent Management Plan regarding the
Thermal Oxidisers to engineering/maintenance to be dealt with during the maintenance

shutdown.

Target
Calculate the actual destruction efficiency of the thermal oxidiser. This will be used in

future fugitive emission assessment-solvent management plans.

Timeline
Carry out testing on Thermal Oxidisers during Quarter 1 2019.
Any issues arising from the testing to be addressed during maintenance shutdown which

takes place during Quarter 3 2019.

Responsibility
EHS Manager to undertake the testing.

Engineering Manager to manage any issues that may arise during the testing.
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Objective & Target 2

Solvent Minimisation & Emission Reduction

Reduce solvent usage per m? of coated product

Target
Compare solvent use per m? for different products and for the different coating lines

Timeline

The comparison of solvent use per m? will be completed by Quarter 4 2019

Responsibility
EHS Manager and Director of Operations are responsible for this project.

Objective & Target 3
Waste Management

Improve management of waste.

Target
Carry out audit of hazardous waste transport

Visit a site where hazardous waste generated at Adhesives Research Ireland is disposed
Continue regular meetings with Total Waste Management Partner

Publish recycling figures every month.

Site visit of non-hazardous waste partner with respect to Adhesives Research Ireland’s

non-hazardous waste.

Timeline

Audit hazardous waste transport during Quarter 2 2019

Visit hazardous waste disposal site during Quarter 2 2019

Regular meetings with Total Waste Management Partner are on-going.

Visit non-hazardous waste disposal site during Quarter 3 2019
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Responsibility
EHS Manager is responsible for achieving this target.

Objective & Target 4

Reduction in waste generated at source

Investigate reduction in waste generated during manufacturing process.

Target
Process Engineering to identify an additional opportunity for waste reduction during the

manufacturing project

Quantify the amount of material diverted from waste streams.

Timeline
Execute project reducing operational waste by Quarter 4 2019
Quantify amount of material diverted from waste streams during Quarter 4 2019

Responsibility
Process Engineering responsible for this objective.

Objective & Target 5

Management Systems

Continue to maintain and improve management systems.

Target
Surveillance audit of 1SO09001:2015, 1SO14001:2015 and OHSAS18001:2007

management systems

Carry out integrated Quality, Environmental, Health and Safety (QEHS) internal audits.
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Timeline

Set Environmental Objectives & Targets during Quarter 1 2019

Surveillance audit of 1ISO9001:2015, 1SO14001:2015 and OHSAS18001:2007
management systems during Quarter 2 2019

Internal QEHS Audits on-going during 2019, new audit plan to be put in place during
Quarter 1 20109.

Responsibility
EHS Manager and Quality Manager responsible for the integrated management system.

Objective & Target 7

Energy management

Monitor and where possible reduce energy use.

Target
Compare energy usage per m? per coated with previous years

Investigate the possibility of installing LED lighting outside the facility

Timeline

Compare energy usage per meter coated in 2019 with previous years during Quarter 4
2019

Engage with energy/lighting company regarding LED Lighting by Quarter 1 2019

Responsibility
Engineering Manager is responsible for implementing any energy management items.



Objectives and Targets 2020 to 2023

2020

2021

2022

2023

Solvent minimisation and emissions

Solvent minimisation and emissions

Solvent minimisation and emissions

Solvent minimisation and emissions

reduction:

Carry out Solvent Management Plan
Complete recommendations identified
in Solvent Management Plan.

Test efficiency of Thermal Oxidisers
Develop projects for reducing solvent
use for m? of product, based on
information obtained in quantifying

use.

reduction:

Carry out Solvent Management Plan.
Complete recommendations
identified in Solvent Management
Plan.

Test efficiency of Thermal Oxidisers
Investigate whether extrusion
technology may be used in the

future.

reduction:

Carry out Solvent Management Plan.
Complete recommendations
identified in Solvent Management
Plan.

Test efficiency of Thermal Oxidisers
R&D to investigate solvent
minimisation technology.

Continue to investigate lower solvent
technologies and improved

efficiency at the Thermal Oxidiser.

reduction:

Carry out Solvent Management Plan.
Complete recommendations
identified in Solvent Management
Plan.

Test efficiency of Thermal Oxidisers
Determine if Thermal Oxidisers
should be replaced.

Investigate if lower energy
use/energy reuse options are

available for Thermal Oxidisers
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Waste Management:

Continue to transfer existing products
to wide web coating.

Work on waste reduction/diversion

Waste Management:

Continue waste minimisation
programme. Implement a waste

reduction team across the

Waste Management:

Work on waste reduction/diversion
projects as identified in Total Waste
Management Contract

Waste Management:

Investigate if hazardous waste
currently being sent overseas for

disposal can be disposed of in

projects as identified in Total Waste organisation and develop projects to Ireland
Management Contract. be managed within the EMP.

Conduct trials on solvent recycling

and/or re-use.
Energy: Energy: Energy: Energy:

Continue with energy projects that
were being worked on in 2019.

If possible improve the amount of
time that RTOs are working in auto-
thermal

Monitor auto-thermal ignition at
RTO and continue to optimise
energy requirements

Start asset replacement plan for
RTOs

Evaluate the energy management

system requirements of 1SO 50001.

Carry out energy audit
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Management Systems:

Maintain 1ISO 14001 and obtain
certification to 1SO 45001, and use
the EMP and the Corrective and
Preventive Action systems for

continual improvement of
environmental performance.
Continue integration of management
system.

Carry out an Environmental Audit of

a major supplier.

Management Systems:

Maintain ISO 14001 and ISO
45001and use the EMP and the
Corrective and Preventive Action
systems for continual improvement
of environmental performance.
Continue integration of
management system.

Carry out an Environmental Audit

of a major supplier.

Management Systems:

Maintain 1ISO 14001 and ISO
45001, and use the EMP and the
Corrective and Preventive Action
systems for continual improvement
of environmental performance.
Continue integration of
management system.

Carry out an Environmental Audit

of a major supplier.

Management Systems:

Maintain 1SO 14001 and 1SO45001,
and use the EMP and the Corrective
and Preventive Action systems for
continual improvement of
environmental performance.
Continue integration of
management system.

Carry out an Environmental Audit

of a major supplier.




APPENDIX 1

POLLUTION EMMISION REGISTER
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1. Introduction

Adhesive Research Ireland Ltd. is involved in the manufacture of high-performance
pressure-sensitive adhesives, tapes, specialty coatings, films, and laminates. The
Company is licensed to carry out the following activity under the terms and conditions of
an EPA IPC licence (P0452-01):

= The use of coating materials in processes with a capacity to use at least 10 tonnes

per year of organic solvents.

The main raw materials are solvent and other materials such as adhesives bases, rubber
and additives. Condition 2.4 of this licence requires the company to submit a pollution
emission register (PER) as part of the Annual Environmental Report. Adhesive Research
Ireland Ltd. and the EPA have agreed on the following chemicals for inclusion in the
PER:

= Ethyl Acetate

= Toluene
= Hexane

= Heptane
= MEK

There are five main processes carried out at the facility as detailed below:
Mixing

Coating, drying and laminating:

Slitting

Packaging

ok~ w0 N PE

Treatment of air emissions by thermal oxidation

The coating and drying process generate a large amount of solvent emissions. These are
directed to the thermal oxidisers in order to reduce VOC emissions to air. Annual solvent

usage is provided in Table 1.
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Table 1 Annual Solvent Use

Material Annual Usage in 2018 (tonnes)

Ethyl Acetate 161.385
Toluene 35.500
Hexane 2.606
Heptane 2.484
Methyl Ethyl Ketone (MEK) 45.025
Total: 247.000

2. Methodology

The calculation and methodologies used in drafting the PER are outlined in this section.

Adhesive Research Ireland Ltd. has the following inputs/outputs in relation to the

materials listed.

All calculations are shown in Appendix 1

Table 2 Inputs

Inputs

Outputs

Solvent Consumption

Stack Emissions

Hazardous Wastes arising

Residues in empty containers

Treated

Fugitive

2.1 Inputs

Solvent Input

The company keep records of all raw materials utilised during the year. The solvent use
in coating and cleaning is used to calculate solvent consumption.

the input of solvent is supplied to the Environmental Protection Agency annually as part

of the Annual Environmental Report (AER).

Gross Usage Calculation:

The solvents form the basic raw materials used in the manufacture of adhesives.

Therefore there was a 100% gross usage for all. There total organic carbon input of each

solvent was established from the molecular weights of each material.

Information regarding
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Table 3 Gross Usage 2018 & Gross Usage 2018 TOC as C

Material Gross Usage 2018 | Gross Usage 2018 TOC as C

(tonnes) (tonnes)

Ethyl Acetate 161.385 88.028

Toluene 35.500 32.413

Hexane 2.606 2.182

Heptane 2.484 2.087

Methyl Ethyl Ketone (MEK) 45.025 30.017

Total: 247.000 154,727

2.2 Outputs

Stack Emissions

Emissions to atmosphere are vented to two thermal oxidisers that service the coater/dyer
and mixing rooms. (Emission point references: A2-1 and A2-2). Total Organic Carbon
emissions are obtained from the air monitoring results. The emitted TOC as C for each
individual solvent used was calculated as a percentage of the total TOC as C using the

contributing gross usage tonnages of each solvent as a direct comparative.

Liguid Effluent
There is no liquid effluent.

Waste

The chemical make up of the waste disposed during 2018 was estimated.

Fugitive Emissions

On consideration of the gross usage and taking account of all outputs; air emissions,
wastes and treated solvents, the unaccounted or fugitive emissions tonnage was
established. As a percentage of total gross usage, fugitive emissions are 8.65%. Fugitive
emissions arising from each individual solvent was derived using the comparative

percentage contributing to overall gross usage 2018.
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Treated

Based on a RTO destruction rate of 97.97% for the A1 RTO and 99.31% for the B1 RTO
it is established that 109.458 tonnes of solvent are treated annually. Again, the treated
fraction of each individual chemical was established using the comparative contributing

percentages of total gross usage for 2018.



Table 4 Pollution Emission Register

FACILITY IDENTIFICATION

Facility Name

Adhesive Research Ireland Limited

IPC Register No.

P0452-01

Reporting period

1StJanuary 2018 to 31" December 2018

(m-yr to m-yr)

01 -

18t012-18

Production units/amount

Adhesive basis, rubber and additives

No. of Employees 63
POLLUTANTS SUMMARY
Outputs Eco-Productivity Indices
Pollutant Input | Gross Air el Waste Treated
Name CAS No. (tonnes) | Usage |(tonnes)MOM (Etzfrl]l:]ir;; MOM (tonnes)MOM Product| MOM JRecovery | " o1 MOM | Fugitive| MOM
Ethyl Acetate 141-78-6
asC 88.028 | 88.028 M 0 N/A | 15.634 E 0 N/A N/A M C
Toluene as C | 108-88-3
32.413 | 32.413 M 0 N/A | 6.126 E 0 N/A N/A M C
Hexane as C | 110-54-3 2.182 2.182 M 0 N/A | 0.239 E 0 N/A N/A M C
Heptane as C | 142-82-5 2.087 2.087 M 0 N/A | 0.231 E 0 N/A N/A M C
Methyl Ethyl 78-93-3
Ketone as C 30.017 | 30.017 M 0 N/A | 8.838 E 0 N/A N/A M C
Total: - 154,727 |1154.727] 0.819 | M 0 N/A | 31.068 E 0 N/A N/A 109.458 M 13.382 C

Note I Treated fraction is based on destruction rates of 97.97% for the A1 RTO and 99.31% for the B1 RTO

MOM: Method of Measurement.
This refers to the method used in determining losses to Air, Water and Land.
The following codes are to be used to demonstrate the method used:

Method Code [Method Code
Direct Measurement M Calculation C
Estimation E




Appendix 1 PER Calculations

Pollution Emission Register

T
material Us(?)ge i/oot:\fl Usagsec oc W?t_;,te T(L)J(S:aagsec air (t) treg;ed fugitive(t) fugitive %
(t) — Waste
(t)
Ethyl Acetate 161.385 65.34% 88.028 15.634 72.394 0.478 64.083 7.833
Toluene 35.500 14.37% 32.413 6.126 26.287 0.173 23.269 2.844
Hexane 2.606 1.05% 2.182 0.239 1.943 0.013 1.720 0.210
Heptane 2.484 1.01% 2.087 0.231 1.856 0.012 1.643 0.201
MEK 45.025 18.23% 30.017 8.838 21.179 0.140 18.748 2.292
Total 247.000 154.727 31.068 123.659 0.819 109.458 13.382 8.65

Calculation of the contribution of each individual solvent:

The contribution of each individual solvent in the stack emissions, fugitive emissions and treated emissions streams had to be
estimated. This was done by deducting the known waste figure from the known gross usage figure for each solvent. The resulting
figures correspond to the sum of stack emissions, fugitive emissions and treated emissions for each solvent as can be checked with the
total figure:

“Total usage TOC as C — Waste” = 123.659= 0.819 + 109.458 + 13.382
The total fugitive emissions have been calculated as being 13.382 tonnes.

The percentage of contribution of each stream (air, treated, fugitive) was then calculated:
e Air = 0.819/123.659 = 0.66%
e Treated =109.458/123.659 = 88.52%
e Fugitive =13.382/123.659 = 10.82%



These percentages were then applied to each individual solvent, as shown below for Ethyl Acetate:

Total Ethyl Acetate TOC as C — Waste = 72.394 t
Ethyl Acetate in Air = 0.66% x 72.394 = 0.478 t

Ethyl Acetate in Treated = 88.52% x 72.394 = 64.083t
Ethyl Acetate in Fugitive = 10.82% x 72.394 = 7.833 t

RTO: Total Organics Calculations

average readings m3 /hour mg/hour mg/year tonnes/year tonnes/year
- over the year mg/m3 released destroyed
A2-1 0.621 21000 13041 88104996 0.088 4.247
A2-2 4,702 23000 108146 730634376 0.731 105.211
Total - - 0.819 109.458
Notes

Figures based on 6756 hours per year
Destruction rate of 97.97% for the A1 RTO and 99.31% for the B1 RTO













APPENDIX 2

SOLVENT MANAGEMENT PLAN



1. Background and legislation

Adhesives Research Ireland Limited is an independent developer and manufacturer of high-
performance, custom pressure-sensitive adhesives (PSAs), tapes, coatings, specialty films, and
laminates. The company's North American facilities and corporate headquarters is located in
South Central Pennsylvania (Glen Rock, PA) on a campus of over 140 acres.

Adhesives Research Ireland, operate a 36,000, square-foot, manufacturing and R&D facility in
Limerick to provide custom adhesive-coated products throughout Europe and Asia

The company operate within the conditions of an Integrated Pollution licence (IPC) under Section 88 (2)
of the Environmental Protection Act, 1992 to carry on the following activity: The manufacture or use
of coating materials in processes with a capacity to make or use at least 10 tonnes per year of
organic solvents, and powder coating manufacture with a capacity to produce at least 50
tonnes per year (IPC License Reg No. 452-01)

Adhesives Research Ireland falls under the scope of the Solvents Directive (1999/13/EC), which was
implemented, into Irish Law via the Emissions of Volatile Organic Compounds from Organic Solvent
Regulations 2002 (S.I 543 of 2002). The Regulations provide the means for controlling emissions of
solvent vapours from 20 specified activities (as set out in Schedule 1) when they exceed the relevant
solvent consumption thresholds (as set out in Schedule 2). Adhesives Research Ireland falls under the
following activity:

Adhesive Coating
Any activity in which an adhesive is applied to a surface, with the exception of adhesive
coating and laminating associated with printing activities.

The fugitive emission values allocated to this activity are:

. 25% of the solvent input when the solvent consumption is comprised between 5
and 15t
. 20% of the solvent input when the solvent consumption is greater than 15 t

Adhesives Research Ireland uses more than 15 tonne of solvents per year; in 2018 the solvent
use was 247 tonnes. Therefore the obligations that the solvents regulations have imposed on
Adhesives Research are the fugitive emissions will have to be less than 20% percentage of the
solvents input.



2. Solvent management plan-mass balance

It is proposed to assess the fugitive emissions from the site according to Schedule 6 of the
Solvent Regulations of 2002. The calculation of the fugitive emissions can be done by mass
balances, using one of the two following equations:

. F=I1-01-05-06-07-08

. F=02+03+04+09

The definitions for the terms used in these equations are as follows:

Inputs of organic solvents (I)

. I1: The quantity of organic solvents or their quantity in preparation purchased
which are used as inputs into the process in the time frame over which the mass
balance is being calculated

. 12: The quantity of organic solvents or their quantity in preparations recovered and

reused as solvent input into the processes

Outputs of organic solvents (O)

. O1: Emissions in waste gases

. 02: Organic solvents lost in water

. 03: The quantity of organic solvent which remains as contamination or residue
in produces output from the process.

. 04: Uncaptured emissions of organics solvents to air.

. 05: Organic solvents lost due to chemical or physical reactions.

. 06: Organic solvents contained in collected waste.

. O7: Organic solvents or organic solvents contained in preparations which are
sold or are intended to be sold as a commercially valuable product.

. 08: Organic solvents contained in preparations recovered for reuse but not as
input into the process, as long as not counted under.

. 09: Organic released in other ways.

These inputs and outputs can be visualised on the following figure that was obtained from
the EPA’s website.



Figure 1 Solvent mass balance framework
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(Source: EPA July 2003, Best Practice guide produced by the Environmental Protection Agency draft date 1 7"
July 2003 www.epa.ie)

2.1 Determination of the different Inputs and Outputs:
The information that is available at the site and from the various monitoring carried out
suggests that the following equation is the most suitable to determine the fugitive emission
value for the site:

F=11-01-05-06-07-08

It is therefore proposed that this equation be used for the assessment.

The different parameters of this equation will be calculated as TOC as C and for the same
period to be comparable.

11: The quantity of solvent purchased during the given period.:
The TOC as C contribution of the solvents will be calculated with reference to the MSDS
sheets for each of the individual substances and the molecular formula of the constituents.

0O1: Emissions in waste gases:

Waste gases are release and treated via a thermal oxidiser. The A1 RTO is 97.97% effective
and the B1 RTO is 99.31% effective in treating all waste gases. Emission readings are
calculated based on readings taken from the Thermal oxidiser. It also takes into account RTO
bypass events

035 Organic solvents lost due to chemical or physical reactions:

As the A1 RTO is 97.97% effective in treating waste gases. Treated gas is calculated as being
total released gases multiplied by 97.97%.

As the B1 RTO is 99.31% effective in treating waste gases. Treated gas is calculated as being
total released gases multiplied by 99.31%.




06: Organic solvents contained in collected waste:
. Solvent and adhesive waste: the quantity of solvent and adhesive waste disposed
of'is recorded. The solvent content of these wastes are known, as they have been calculated
on site based on percentages.

o Solvent residues in empty containers: According to 40 CFR 261.7, a container
holding non-acute hazardous waste can be considered as empty if:
o all wastes have been removed using practices commonly employed
industry-wide to remove wastes from containers or liners, such as pouring,
pumping, aspirating, and draining (§261.7(b)(1)(i)), and

o no more than 2.5 centimetres (1 inch) of material remains in the container
or liner (§261.7(b)(1)(ii)), or
o no more than 3 percent by weight of the container remains for containers

with a capacity of 110 gallons or less, and no more than 0.3 percent by
weight remains for containers with a capacity greater than 110 gallons
(§261.7(b)(1)(iii)).
Therefore, the quantity of solvent residues in empty containers will be calculated
on the basis that 3% by weight of the purchased solvent ultimately remains in the
containers. Containers used by the company have a capacity of 200L, 60L, 30L,
and 20L.

. Solvent residues in Solid Waste: The total amount of rags and filters sent off site
is recorded and like the solvent and adhesive waste, the total concentration of solvent
residues in the cleaning rags/filters etc is calculated based on percentages.

O7: Organic solvents or organic solvents contained in preparations which are sold or are
intended to be sold as a commercially valuable product:

The products sold by Adhesives Research Ireland do not contain any solvent. All the solvent
applied onto the unfinished products during the production process are believed to be either
treated or released via the thermal oxidiser or emitted to the atmosphere as part of the fugitive
emissions.

08: Organic solvents contained in preparations recovered for reuse but not as input into
the process, as long as not counted under O7:
The company does not recover solvent on-site.




2.2 Determination of the environmental significance of the fugitive emissions

As suggested in Schedule 6 of the Regulations, the fugitive emission value obtained following
the methodology outlined in this report will be expressed as a proportion of the input, which
can be based on I1, as no solvent recovery or reuse is practiced at this facility. Therefore the
total solvent input equals the quantity of solvent and their quantity purchased.

I=11

Where:

. I1: The quantity of organic solvents or their quantity in preparation purchased
which are used as inputs into the process in the time frame over which the mass
balance is being calculated

3. Calculations

3.1 Determination of 11

The quantities of solvents/adhesives used in the manufacturing process during 2018 was
calculated. MSDS’s were reviewed so that the quantities of the solvents agreed for inclusion in
the PER could be calculated.

The summary figures for the calculation of I1 are presented in the following table.

Annual
Usage
Solvent (Tonnes) TOC as C
Ethyl Acetate 161.385 88.028
Toluene 35.500 32413
Hexane 2.606 2.182
Heptane 2.484 2.087
MEK 45.025 30.017
Total 247.000 154.727
11=154.727

3.2 Determination of O1

Emission readings from the Thermal oxidiser were reviewed. The A1 RTO is 97.97% effective
and the B1 RTO is 99.31% effective in treating all waste gases.

Released waste air represents 2.03% of all waste air from A1 RTO and 0.69% of all waste air
from B1 RTO.

The readings taken from the thermal oxidiser for released air, O1 = 0.819 tonnes



3.3 Determination of 05

Quantity air emissions released from A1 RTO = 0.088
A1 Section of O5=(0.088 x 97.97)/ 2.03
Al Section of O5 = 4.247 tonnes

Quantity air emissions released from B1 RTO = 0.731
B1 Section of O5 =(0.731 x 99.31)/0.69
B1 Section of O5 =105.211 tonnes

05 =109.458 tonnes

3.4 Determination of 06

As mentioned in Section 2.1, there were four types of waste stream containing solvents
generated at the site in 2018:

. Solvent/adhesive waste

. Solvent waste

. Solvent contaminated solid waste
. Empty containers

3.4.1 Determination of Solvent, adhesive and waste solids

As mentioned in Section 2.1, the majority of waste streams sent off site for disposal are
recorded and solvent concentration is calculated based on percentage of solvent in individual
waste streams. The following figures, shown in section 3.4.3, relating to the organic content of
the mentioned wastes, have been calculated on site.

3.4.2 Determination of residual waste in Empty containers.

The number of empty containers disposed of is recorded by the company as part of their
environmental management system. As explained in Section 2.1, it is considered that the
empty containers still hold 3% of their content when they are empty. The average weight of
200 Litre containers is 182kg (0.91kg/L), this figure is also used for 25, 30 and 60 Litre
containers that were also disposed of during 2018.



Solvent residual waste in containers \

No Barrels 2956 37 10 4
Capacity of Barrels (L) 200 60 30 25
Residual Waste (%) 3 3 3 3
Kg/L 0.91 0.91 0.91 0.91
Total Residual Waste (kg) 16140 61 8 3
Total Residual Waste 16212 kg = 16.212 tonnes
3.4.3 Determination of Organic solvents contained in collected waste O6
Ethyl Toluene Hexane Heptane MEK
Acetate
Solvent in Waste (Solvent, 22.170 5.281 0.182 0.175 11.445
Adhesives & Solids) (Tonnes)
Residual Waste in Empty 6.493 1.428 0.104 0.100 1.812
Containers (Tonnes)
Total Waste (Tonnes) 28.663 6.709 0.286 0.275 13.257
Total Waste TOC as C (Tonnes) | 15.634 6.126 0.239 0.231 8.838

Total Waste = 31.068 Tonnes = O6

3.5 Determination of F (Mass Balance)

As previously mentioned, the formula used to calculate the fugitive emissions is:

F=I1-01-05-06-07-08=11-01-05-06

F =154.727- 0.819 — 109.458 — 31.068 = 13.382

F% = F/

=13.382/154.727 = 8.65% of solvent input




4. Summary and Conclusions

All records regarding solvent consumption, emissions to atmosphere, and quantities of waste
collected were readily available on site and in a form conducive to the completion of a mass
balance.

The fugitive emission losses calculated in this mass balance was 8.65 % of the total solvent
input. This is in compliance with the emission limit value of 20%.
Recommendations for the Solvent Management on-site:

. Continue to undertake test programme: The test programme will calculate an

actual destruction efficiency of the thermal oxidiser. This will be used in future
fugitive emission assessment -solvent management plans.



APPENDIX 3

WASTE MANAGEMENT RECORD



6107/S0/1T " 6°-679F-69P08 TOJ/XIPU/2NSUQPAILISUINSIOJSURI ] ISB A Y d H/AIS® A\ /S110d2Y20URULIOLID J[BIUSWUOIIAUF /WY /91 PUB[IIUIPS B[ //:SANY

suonoy uonesadp uonesiuebig uopesadQ uonesiuebiQ 1eak uoleoayisse|d 3 ?
juawijeal] juawijeal] I)SEpA | sauuo] uonduoseg apod
ajseM a)sem jo MO1 Mo
Aypuenp
uoljeulysaq jeuld uonjeulysaqg xaN (Mo1) aysem jo isin

9)SEA\ palIajsuel]

salua _ﬂ 0S5 Mmoys

“"yoJeas

o ‘N , SOA
slesodsip/A1aA0981 10) 9)iSy0 pasiajsues) (uayy) nok yaym Aypioey InoA je ajsem ajesauab nok pip ‘1eak Bupodal ay) Buung
9 9}ISuQ pajeiduas) 9)SepA JO sidjsuel|

T TANR T T T TE T T T T

(209928950500-2PZe- | L 60-6293-69P0Z0J/X3PU|/JUBLIEAI | [BUIJOHISUOPIIEIBUIDS)SEMYU dT/AISEM/SHOOHIIUBWIOHIH|EJUSUILOIAUT/WY)) BYSUQ Pajesauas
2)SEM JO Juawieal] |euld

UIOJI8d[BJUBLLIUOIIAUT /WIY//) (z999e8950500-2pPZE- L 169-6294-69P08Z04/Xapuj/uonesiuebi0yd3/sHodayaoUuBULIONAd[EJUBWUOIIAUT/WY/)
ajg uonesjuebip

78250000417 QI Hoday 8LOZ :1eaA Buiioday Zey0d :ON alyoid t OQ @N_ 20uew.l O.t 3] ﬂ_ _ GH—C oWuol _> u m

Bunuoday eouewIoua [ejuswuoliaug |/  (0/AWIOH[EHOG/E vR-al puejeliuapa Sull//:sdny) usp3

‘abed siy} uo S10.419 UOIEPI|BA BlED OU 8lk 319y |
|[NjsSSa22Ng uoljepljep

01 Jo 1 93eq 31000} 90URULIOLIS] [BIUSWUOIAUF - [NPOJA] UOHBSLIOYINY



6102/€0/1C

01 Jo g aSeq

6°-6293-69P08TOJ/XOPU]/ANSUQPIILIIUINSINYSULL | 21SE A Y I H/AISE M /SHOAD YIOURULIOLID [IUSWIUOIIAUL] /WY /A1 PUR[DIIUIPA B //:SdN

suojjoy

ue| uo
PUe| AU uadiamiuy
uonesauiou|
lanepu|
-0La
uonesadp uopesjuebig
juswieal |
2)SEMA

uopeuysaq |eury

(peanpoud
SI 9)SEM By} alaym
8IS 8y} uo ‘uol}98||09
Bulpuad ‘abelo)s
Aieiodwsey Bulpnjoxa)
¥1 @ 0} | g palequnu
suonesado ay) Jo Aue
Buipuad abelols - gL

ABisue ajelaush
0] sueaWw Jdyjo 10 |any e
se Ajjedipuud asn - LOY

(sassaooud
uoljeuwlojsuely [eaibojoiq
Jayjo pue Bunsodwoo
Buipnjour) syuanjos
SE Pasn Jou aie yaiym
saouejsqns olueblio
1o uonewepal/Bulphony
- €0d

ABisua a)elousb
0} suesw Jayjo 1o |an} e
se Ajjedpuud asn - L0y

uonesadQ
juawijeal] a)Sepp

9£00M

- Hod uligng
‘(peoy Aenp
e)|01) pajwi
puejal)|
Janepu|

Z800M

- (peoy
%20Q) pajwir
sBuipjoH

003 snuels

Z800M

- (peOy
%00Q) pepwi
sBuipjoH

023 snuejs

Z800M

- (peOY
%00Q) paywr]
sbuipjoH

003 snuejg

uonesiuebig

uoljeunsaq IXaN

91SEM paliajsues |

2o

ve'SEL

06'8¢

€9'eet

Jeak
| sauuoj
a)sem jo
fnuenp

snopJezey

uogesyisse|

seoue)sqns
snopiezey
18y)0
10 SJUBA|0S
ojuebio
Buiuiejuoo
sjueeas pue
saAlsaype
a)sem

sonse|d

ployasnoy
-uou [enpisal
paxiw
jedoiunpy

ployasnoy
-uou |enpisal
paxiw
jedioiunpy

7
uopnduoasaqg
Mo

(mo71) aysem Jo is1

«60
¥0
80

6€
L0
0¢

g1i0
€0
0¢

g10
€0
0¢

apon
Mo

$§310day 90URULIONO] [BJUSUIUOIIAUL - J[NPOJA UOHRSLIOYINY



6102/€0/1T " 6°-679F-69P08T(J/XIpU]/NISUQPIILIIUINSIVSURI [ ASB M Y /IS8 ?Rmﬁoaomoocmﬁc&bm_EzoEcE.S:m:Efﬁ_.w:m_mh_:oﬁm.m:.ﬁo_t”mm_t:
LLYHOILY (s Toia S saouejsqns
palaqunu snopJiezey
9]SEM 8] alaym ajis ay} 9€00M
suopelado J8ylo
1 uo ‘uonjos||oo buipuad - Jod uiigng
ay} 10 SJuBA|0S «60
‘abelo)s Aleiodway ‘(peoy Aenp
A jo Aue 0} A9 NWLY 9/.'0 snopliezeH oluebio 0
Buipnioxe) z| ¥ 01 L BY|01) paywi]
uolssiwugns Buluiejuod 80
g Y palequinu suonelado puejal
10} 8]SeMm JO sjuejess pue
ay} jo Aue Buipuad laAepu|
abueyoxg SaAlsaype
ajsem Jo abelois - €1y
-cld ajsem
LLYOoIL Y (ashatiis s8ouejsqns
L a)sem ay) ataym ayis ayl 9E00M ShAREeRY
suonelado 4 : 18yjo
1 uo ‘uoro9ljoo Buipuad - Hod uigng
ay} 10 SjuaA|os «60
A Jo Aue 0} Ag WLY ‘obais Aleiodive {peoy AonD 6Z°EY snoplezeH oluebio v
Buipnjoxe) z| ¥ 0} | B)|O1) pajwi] . 0
uoissiwgns Buluieyuos 80
= Y palaquinu suopelado puejal|
= 1o} 8)sem Jo Sjuejeas pue
ay} jo Aue Buipuad JaAepu|
abueyoxg saAlsaype
a)sem Jo abelols - €1y
-Zld aljsem
(peonpoud s8oue)sqns
snopJezey
S| 8}SEM By} a1aym 9€00M 18410
1 8JIS 8y} uo ‘uopav||o - Hod ulgn@ Y
puej uo S/V suonnjos 1o sjusa|os 60
Buipuad ‘ebelo)s ‘(peoy Aenp
A uonelauou| 9)1SEA ¥6°9 snoplezeH ojueblio ¥0
Asesodwa} Buipn|axa) eyjo]) paywi
-0La wnuo4 Bujuieyuoo 80
3 1 A 0} |  patequnu puejal|
sjueleas pue
suonelado ayj jo Aue Janepu|
Buipuad abelio)s - gLQ RENEURE
: B1SEM
suonoy uopesadpg uonesjuebiQ uonesadQ uonesjuebip ieak uonesyisse|n ? ?
juawieal| juawijeal] 3)Sep | sauuo ] uonduosag apo)
ajsepm a)sem jo MO1 Mo
Kpuenp

uoneunsaq |euly uoneunsaq IxaN (Mo) a1seM 0 3sI

9)SEAA PoLIajSURL ]

01 Jo ¢ 98eq $110d0Y 20UBWLIONId] [BJUSWUOIIAUF - O[NPOJA] UOHBSLIOYINY



6102/£0/1¢

01 Jo ¢ 23ed

*69-6Z9F-69P0S Z0J/XOPUL/ANSUOPIIRIIUINSIAYSULI | IS A M F/AISE A /SHOAO Y OOURULIOFIOJ [BIUSWIUOIAUS]/ULY /A1 PURAITUIPI e //:sdny

(sessaooid
uoneuuojsuel) |eaibojolq
1 Jayjo pue bupsodwod pajwi]
A Buipnjoul) syuaajos Buibexoed ) Buibexoed &0
SE pasn Jou ale yoiym eN.O el uapoom 10
3 saouejsqns oueblio uuewInD L
Jo uonewepal/buljohoay
- €0
saoue)sqns
snopJezey
18yjo
L SLL0M 10 SJUBA|0S .60
uopessuabaluopeweosl - paywi
A -  Jum touBiBi) e snopJezeH ojueblo 0
JUBA|OS - 20Y vow_ o_ BulIBju0D 80
3 L SJUBE|E8S pUB
saAlsaype
a)sem
o seoueIsqns
LLHO0l LY (peonpoud si uejsq
palaquinu snopJlezey
2)Sem By} ataym alis ay} 9€00M
suonelado Jayjo
1 uo ‘uonoaljoo buipuad - Jod ungng
au} 10 S]UBA|0S 60
‘abeloys Aielodwa) ‘(peoy Aenp
A jo Aue 0} AG WLV GE0 snopJiezeH oluebio ¥0
Buipnoxa) z1 ¥ 0} | E)|O1) pajwi
uoIssIWgns Bujuiejuoo 80
3 o paiagquinu suonelado pueja|
? 10} B]SEM JO sjuejeas pue
ay} Jo Aue Buipuad Jaaepu|
abueyoxg saAlsaype
ajsem Jo abeinls - €1y
-Cly 21Sem
suoijoy uonesadg uonesiuebiQ uonesadp uonesiuebiQ Jealk uoreoayisse|d ? ?
jJusaueal) juawieal] a)Sepn | sauuo | uopduosag @pod
ajsep ajsem jo MO1 MO
Ayuenp

uoneunsaq |euld uoneunsaq IxXaN (Mo1) a1sBM JO 381

9)SEM PaLIBjSUEL |
s10day OUBWLIOJId] [BJUSWIUOIIAUY - J[NPOJA UOHESLIOYINY



6107/£0/1¢C

01 Jo ¢ 93eq

" 69-6793-69P08T(J/XOPU]/AHSUQPIIRISUINSINYSURL | ISB A Y d H/ISB AL /SHOA YIOUBULIOLID J[BIUSWUOIIAUF /WY /D1 PUBITUIPS BW]//:sd)y

suonoy

ABioua
ajeisuab
0} sueawl

19410
Jo [anje se
Ajjediound
9sM - L0Y

pue| uo
uonelaulou|
-0La

uonesadQ
jJusuwijeal)
a)seM

A INLY

AU uadiamjuy
Janepu|

uonesiuebiQ

uoneunsaq |euld

(peonpoud si
aJSem 8y} a1aym ajIs ayl
uo ‘uonoa||02 Buipuad
‘abeloys Aiesodws)
Buipnpoxe) zL ¥ 01 |
Y paJaquinu suonelado
ay} jo Aue Buipuad
ajsem Jo abelols - €LY

(paonpoud
S| 8)Sem ay} al1aym
9)IS 8y} Uo ‘uona||0d
Buipuad ‘ebelo)s
Ateiodws) Buipnjoxa)
¥1 4 0} | @ pasaquinu
suoneiado ayj jo Aue
Buipuad abeiols - 61

uonesadQ
juawijeal] a)Sep

9E00M

- Hod ulgng
‘(peoy Aenp
B3O 1) PajwI
puejal|
I2AEDU|

9€00M

- Hod uliang
‘(peoy Aenp
ejjo1) paywi]
puejay|
1anepu|

uonesiuebip

uoneunsaq JxaN

9)SEM pallajsuel]

ccll

€v0

leak
| sauuo]
2)SeMm Jo

fnuenp

snopiezeH

snopJiezeH

uopesyisse|)

saoue)sqns
snopiezey
Aq
pajeulweuoo
Buiyiopo
aAljosj0.d
‘syjofo Buidim
‘(payloads
asIMIay}o
Jou sia)jy
lto Buipnjout)
s|euajew
8l
‘sjuaqiosqge

«C0
20
Sl

saouejsgns
snopiezey
Aq
pajeulwejuod
Buiyiop
aAljosjoud
‘syjojo Buidim
‘(payoads
CTET ]
Jou S8y
lio Buipnjour)
s|eusew
183y
‘sjuaglosqe

xC0
20
Gl

2| 2

apo)
Mo

uonduasaqg
Mo

(Mo) @3sem jo isi

$110day] 99UBUWLIOND ] [BIUSWIUOIIAU - J[NPOJA UOHESLIOYINY



610T/£0/1¢C

suoloy

01 Jo 9 a3eq

LLHO L Y
palaquinu

suojjelado
ay;

Jo Aue o}
uoissiwqgns
10§ 91SEM JO

abueyoxg
-¢ld

NG NLY

uonesado
juswieal
31SeM

uonesjuebio

uoyeunsaq euld

spunodwod
[e}JoWw pue s|ejaw
10 uonewepal/bulpioay
- 0y

(peonpoud si
a]1Sem 8] alaym alis ay)
uo ‘uonoa||oo Buipuad
‘abeio)s Aueiodwa)
Buipnjoxa) z1 ¥ 0} |
¥ palequinu suopesado
ay} jo Aue Buipuad
a)sem Jo abelols - g1y

uonjeladQ
jusawjeal] asepn

saujsnpuj
qeyay

9£00M
- Hod ulqng
‘(peoy Aenp
B)|01) pajwi
pugjal)
19ABpU|

uopnesiuebiQ

uoneunsaq I1xaN

a1sep\ pallajsuel |

" 69-6793-69P0] Z0J/XIPUL/ANSUOPIILIDUINSIIFSURI ] ISE A Y J/2ISE AN /SHOAOIURULIOJI J[BIUSUWIUOIIAUF] /WY /D1 PUR[IITUIPA BWA]//:8dNy

snoplezey
quawdinba
dluosose 3.€1
6£0 snopJiezeH pue |eouos|e 20
aJsem 1ayjo 91
ployasnoy
-UON
saoue)sqns
snopiezey
Aq
PojeulLIBIUOD
Buiyopo
aAnoajold
8G°¢ snopiezeH "sioie b ..NN%
‘(payioads
asImIaylo gt
Jou s18)|1y
lo Buipnjour)
s|eualew
1y
‘sjuaglosqe
Jeal uoneoyisse|) ? ?
] sauuo | uonduossag apoH
a)sem Jo MO1 MO
Amuenp

(Mo1) aisem Jo isi

§110doy 90UBWLIOISJ [RIUSWIUOIIAU - J[NPOJA] UOHBSLIOYINY



6107/£0/1¢

01 Jo . 33eg

"69-6793-69P08T(J/XOPUL/AISUQPIILIIUIDSIOJSURIL ISE M U d H/ISE A /SHOAOYIOURULIOJID J[BIUSWLOMAUF /WY /A1 PUB[IIUSP B //:schy

suonoy

pue| uo
AU uadiamjuy
uonesaulou|
19ABPU|
-0La
ue| uo
BRI AU uadiamjuy
uoljeiauiou|
laaepu|
-0Ld
uonesadg uonesiuebip
juawieas]
9)SEM

uogeuisaq [euly

(peonpoud
S| 9)seMm ay} alaym
8}IS 8y} Uo ‘Uono8||02
Buipuad ‘ebeloys
Areiodwsa) Buipnjoxa)
¥l 4 0} L g patequnu
suojelsado ayj jo Aue
Bujpuad abelo)s - GL.Qg

|10 Jo sasnal Jayjo
Jo Buluyas-al 10 - 60

(peonpoud
S| 9)SeM ay} alaym
8IS 8y} uo ‘uoioa||0o
Buipued ‘abeioys
Asesodwa) Buipnjoxa)
1 @ 01 | @ passqunu
suopnesado ay) jo Aue
Buipuad abelolg - GLQ

uopjesadQ
juawijeal] ajsep

9€00M

- Hod uigng
‘(peoy Aenp
3|01 ) payLuI
pueal|
lanepu|

Y8LOM
- (es10ejI0d)
pajwiIy
puejai) eaug

9€00M

- Hod uignq@
‘(peoy Aenp
BY[01) pap
puejay|
JaAepu|

uonesiuebiQ

uoneunsaqg xaN

9)SEA pPaliajsuel |

ZLo

020

1230)

1ealk
] seuuo]
ajsem jo
Auenp

s|esjwayo
Aiojeloqel
JO sainpxjw
Buipnjoul
‘saouelsqns
snopiezey
Buiuieyuoo 1o
Jo Bunsisuoo
‘s|esjwayo
Alojeloqe]

snoplezeH

sjlo
Buneougn|
pue ieab

‘aulbua Jayjo

snopiezeH

saouejsqns

snopiezey

Buiuiejuoo
so)Sem
oluebio

snoplezeH

uoneayisse|n ?

uonduosaqg
MO

(Mmo1) aysem jo 3si

»90
S0
ol

+80
0
€l

x50
€0
9l

spod
Mo

$)10d2Y 20UBUWLIOLID] [BIUSWIUOIIAUL - I[NPOJA| UOHESLIOYINY



6102/€0/1C T 6°-6795-69P08 Z0J/xapuy/asupajelaus NSIdJsuel ] NSe M JH/AIse axwtoauw_ AOUBUWLIOLI™] _mHCvEEO.ﬁ_>=m_\E<____ﬁ_.UC.m_U.~_Coﬁv.wﬂ_o:\“wﬁtr_

SuoIoYy

01 Jo g d3eq

pue| uo
uonelauIou|
-0La

HQWoO OAY

uonesadQ
juswieal]
a)seM

uonesiuebiQ

uoneunsaq |euld

spunodwoo
[B}BW pue s|ejaw
jo uonewejpal/Buloioay
- 0d

(paonpoud
S1 8)Sem oy} a1aym
]IS 8Y) UO ‘UOI}03||00
Buipuad ‘abeio)s
fejodwse) Buipnjoxa)
¥1 g 01 | g pasequnu
suonesado ayy jo Aue
Buipuad abeiois - G1.Q

uopesado
juawieal] aSeM

€LLOM

- pajwir
Buiphoay
SIEIBN MINM

9€00M

- Hod uligng
‘(peoy Aenp
ejjoL) paywi]
puejal)
1anepu|

uonesiuebiQ

uoneunsaqg }xaN

9)SEA\ paliajsuel ]

| sduuoj
a)sem jo
Anuenp

sauaeq
asay)
Buiuiejuoo
sloje|nwnooe
pue sauajeq
paposun
pue €0 90 91
10209091
‘L0 90 91
ul papnpul
sloje|nwnoaoe
pue sauajeq

500 snopJezeH

s|eoiwayo
Alojeioqe)
JO saInpxiw
Buipnjoul
‘s@oue)sqns
snoplezey
Buiuiejuoo 1o
Jjo Bunsisuoo
‘s|eojwayd
Aojeloqe|

000 snopJezeH

1eak uoneolIsse|D ?
uonduoasaq

Mo

(Mmo1) asem jo si

«E€
L0
0¢

+90
S0
ol

apo)
Mo

$110d9Y 90UBULIOJIDJ [BIUSUWIUOIIAUF - I[NPOJN UOHESLIOYINY



6 10Z/€0/1T  ""69-6T93-69P08T0F/XIPUI/ANSUQPIJLIIUIN)SIJSUEL 121Se M\ d5/218¢ B,\mtoaoxuocm_‘:go%on__mucoE:oh._>:me<\om.w:w_u::owu.mEuS,“m&E

01 Jo 6 28eq

suonoy

pue| uo
AU uadiemyuy
uonelaulou|
J8ABpU|
-0La
uopesadg uopesiuebip
juswijeas)
aJsepm

uopeunsaq jeury

spunodwod
|ejaw pue sjejaw
Jo uonewe|oal/bulohoay
- 04

spunodwoo
[ejow pue s|ejaw
Jo uopewe|oal/Bulphosy
- 0

(pa@onpoud
S| 8)sem ay) asoym
8JIS 8y} uo ‘uonos||0d
Buipuad ‘sbelio)s
Aseiodwae) Buipnjoxa)
¥1 d o} |  pasequnu
suonesado ay) jo Aue
Buipuad abeio)s - gL g

uonesadp
juswijeau] ajsep

Z6L0OM

- paywi
[E}UBLULOIIAUT
eIy

P
‘0D Buiphoay
dweT ysuy

9€00M

- Hod uligng
‘(peoy Aenp
Bx|01) paywi
puejai|
lanepu|

uonesjuebiQ

uoljeunsaq JxaN

9)SEAA PaLIdjSuel |

62°€S

100

1070

Jeak
/ sduuo]
ajsem Jo
Anuenp

wa)| 8)SEAN MaN PPy O

‘sauue zz Jo zg 0} | bumoys

snopiezey

snoplezey

snopiezey

uoneosyisse|n

saouejsqns

snopiezey
Aq

pajeulwejuoo

1o

Jo sanpisal

Bulujeyuoo

Buibeyoed

AnoJaw
Bujuiejuoa
S9]SEM

sSaouejsqns
snopiezey
Buiuiejuoo
so)sem
ouebioul

?
uonduasaqg
Mo

(Mmo7) sysem jo isi

.0l
10
Gl

«¥0

90

x€0
€0
ol

apo)
Mo

SHOdY 90UBWLIONIS [BIUAUIUOIAUY - S[NPOJA uonesLoyny



6107/€0/17 " 69-6793-69POST0I/XIPUI/ANSUQPIIEISUIDSIYSULI [ 5L AUd/RIse >>amtoaummocwztotum_EzoE:c._S:me43_.@:@_EEovo.mEuS”mﬁE:

(0/1eWIRIOSIP/E 81 pUBRIUBPa HUIl//:SARY)
Jauwejosiqg
| (0/sM1oBIU0S/E Pp:ol PUBRIUBPA yuIl//:SANY)
SN 0B
(0/s10uped/g a1 pueleluspa yull/:Sdny) PJOJXa\ ‘0D ‘@PSeD UMOISUYOr ‘Yd3
- (0/1leHOd/Ep -0 puellIuBpa Yull/:SdNu)
siauped N3Aa3 N3A3

< AN anec s»aaln 3 SNOIABIA >
s110d0y] 90URWLIONIA [BIUSWUOIIAU - J[NPOJA UOHESLIORNY

0130 01 23ed



	Chemical Operations
	1. Introduction
	2. Methodology
	2.1 Inputs
	2.2 Outputs




