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1 Introduction

The United Nations Industri al Devel opment Orgar
reduce poverty through sustainable industrial development. In response to this global challenge,
UNIDO launched thé&reen Industryinitiative with the aim of fosténg the positive role of industry

i n achieving sustainable economic gr owt h. Acco
industriedrole is to constantly provecreative and innovative solutions and alternatives to coudtries
economies, focusing on waell-balanced economic, environmental and social impact of industry.
Sustainable development has indeed become a core determinant of economic competitiveness and
allows industries to decouple their economic growth and revenues from excessive and gqicreasin
resource use and pollution by minimizing waste in every form, using renewable resources, taking
precautions to avoid harming workers, communities as well as the envirordinent [

The joint globalUNIDO-UNEP Resource Efficient and Cleaner Production (RECP) Prograra
endorses the Green Industry vision. Tgvegrammeis based on anulti-pronged programmatically

and geographicalljocused approach tocsleup and mainstream the application of RECP concepts,
methods, techniques, technologies and policies in developing and transition countries in order to
improve resource efficiency and environmental performance of enterprises and other organizations, in
particular small and mediwsized operators in the manufacturing and associated sectors.

The multifaceted reliance on chemicals across industries makes chemicals production one of the
major and most globalized industrial sectors with a high impact onoteeall sustainability
performance of supply chains. The essential economic role of chemicals and their contribution to
improved living standards needs to be balanced under consideration of all potential costs. An adequate
cost analysis thus has to incuthec h e mi ¢ a | i ndust rsudhas waterand@rergy, e s ou r
and the potential adverse impacts of chemicals on the environment and humanTheagittential

severity and complexity of such impacts highlights the fact that sound chemicals manaigeakey

issue for sustainable developme2it [

Under thisprogramme the project entitlednnovative Approaches for the Sound Management of
Chemicals and Chemical Wastaims at providing three groups of industrieamely producers of
chemicals, formulators and industrial users of chemical prodwitls innovative approaches and
specific technical solutions to chemicals and chemical waste management. The main target is to
achieve a reduction of chemical consumption in both production and application of chemicals. Further
targets also address the leggement of hazardous chemicals by chemicals with a lower risk, the
reduction of chemical wastes, the safe handling of chemicals and risk reduction related to accidents
with chemicals. In each of tHeve participating countries (as of 2013: Colombia, Bgy Salvador,
Morocco and Peru) and the three groups of industries concerned by the project, the identification and
implementation of innovative alternatives and solutions is made on a subsector basis (i.e. industries in
the paint formulation, paint appation, textile finishing and polymers domains). Assessments in
subsectors in each of the participating countries led to the development of the peebaital

manual, which aims at triggering innovative ideas, providing -@#tctive innovative solutins and

at enabling companies in these countries and subsectors to implement environmentally sound
management of chemicals and chemical waste with high impact.
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Introduccioén

El principal objetivo de la Organizacién de las Naciones Unidas para el Desarrollo Industrial
(ONUDI) es reducir la pobreza por medio del desarrollo industrial sostenible. En respuesta a este
desafio global, ONUDI lanzé la iniciativiendustria Verde con el objetivo de promover el papel
positivo de la industria a la hora de conseguir un crecimiento econémico sostenible. Segun la vision de
la Industria Verde de ONUDI, el papel de las industrias es el de ofrecer constantemente soluciones y
alternativas creatas e innovadoras a las economias de los paises, centrandose en un impacto social de
la industria bien equilibrado, econémico y medioambiental. De hecho, el desarrollo sostenible se ha
convertido en un factor decisivo central de la competitividad econdmpermite a las industrias
separar su crecimiento econémico y sus ingresos del uso de recursos excesivo y creciente y de la
polucién, asi como minimizando el gasto en todas las formas, usando recursos renovables, tomando
precauciones para evitar dafar sitt@bajadores, asi como a las comunidades y al medioamiiente [

El Programa ONUDFPNUMA para la Eficiencia en el uso de Recursos y ProduccMas Limpia
(RECP)respalda la vision de la Industria Verde. El programa esta basado en una estrategia multidual
con enfoque programatico y geogréafico para aumentar y hacer prevalecer la aplicacion de los
conceptos, métodos, técnicas, tecnologias y pdiREECP en los paises en desarrollo y en transicion.

El objetivo es de mejorar la eficiencia en el uso de los recursos y el rendimiento medioambiental de las
empresas, con especial enfoque a los medianos y pequefios operadores de los sectores manufactureros
y asociados.

La interdependencia de las industrias en relacién con las sustancias quimicas a lo largo de las
industrias hace que la produccién de sustancias quimicas sea uno de los mayores sectores industriales
y mas globalizados con un alto impacto sobre el rendimgdobal de la sostenibilidad de las cadenas

de suministro. El papel econémico esencial de las sustancias quimicas y su contribuciéon a la mejora
del nivel de vida debe ser equilibrado considerando todos los costes potenciales. Asi, un analisis de
costes adcuado debe incluir &lso de recursos por la industria guimicaomo el agua y la energia,

asi como los impactos potenciales adversos de las sustancias quimicas sobre el medioambiente y la
salud humana. Teniendo en cuenta la potencial severidad y corxplégddichos impactos, subraya

el hecho de que la buena gestiébn de las sustancias quimicas constituye un factor clave para el
desarrollo sostenible].

Bajo este programa, el proyecto titulaBafoques Innovadores para una Buena Gestion de las
Sustancias y de los Desechos Quimipostende ofrecer a tres grupos de industrias, en concreto a los
productores de sustancias quimicas, a los formulado@edos usuarios industriales de productos
guimicos, enfoques innovadores y soluciones técnicas especificas a la gestion de sustancias y desechos
guimicos. El principal objetivo es lograr una reduccion del consumo de sustancias quimicas tanto en
su producn como en su aplicacion. Ademas, se pretende afrontar la sustitucion de sustancias
guimicas peligrosas por sustancias quimicas de menor riesgo, la reduccién de los desechos quimicos y
el tratamiento seguro de sustancias quimicas y la reduccion de nelsgimados con los accidentes

con sustancias quimicas. En cada uno de los 5 paises participantes (en 2013: Colombia, Egipto, El
Salvador, Marruecos y Per() y en los tres grupos de industrias interesados en el proyecto, la
identificacion y la implement&a@n de alternativas y soluciones innovadoras se realiza sobre una base
subsectorial (es decir, industrias de formulacién y aplicacién de pinturas, acabado de textiles y
polimeros). Las evaluaciones en subsectores en cada uno de los paises participdnjsalcon
desarrollo del presentmanual técnicoque pretende desencadenar ideas innovadoras, ofreciendo
soluciones innovadores efectivas a nivel de costes y permitiendo a las empresas y a los subsectores en
estos paises implementar una buena gestion melieatal de las sustancias y desechos quimicos con

un gran impacto.
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Introduction

L'objectif prioritaire de I'Organisation des Nations Unies pour le développement industriel (ONUDI)

est de réduire la pauvreté a l'aide du développement industriel duPalile.répondre a ce défi
mondial, 'ONUDI a lancé linitiative en faveur tlimdustrie verte (Green Industrydans le but de
promouvoir le rdle positif de l'industrie dans la croissance économique durable. Selon la vision de
l'industrie verte de 'ONUDI, le réle des industries est de fournir en permanence des solutions et des
alternatives créatives et innovant@sx économies des pays, en recherchant un équilibre entre les
impacts économiques, environnementaux et sociaux. Le développement durable est en effet devenu un
facteur d®terminant de Ia comp®titivit®n®conomi
économique et les revenus, tout en limitant la pollution et l'utilisation excessive des ressources, en
réduisant toutes les formes de déchets, en utilisant des ressources renouvelables et en prenant des
précautions pour éviter de nuire aux travaillearsx communautés et a lI'environnemdii.|

Le Programme mondial commun de production propre et économe en ressources (PCER) de
I'ONUDI -PNUE sanctionne la vision de l'industrie verte. Le programme est basé sur une approche a
plusieurs volets dont les objectifs (en termes de contenu et dergop hi e) sont do6é®t end
I'application des concepts, méthodes, techniques, technologies et politiques du PCER dans les pays en
développement et en transition. Le programme vise a améliorer l'efficacité des ressources et la
performance enviroramentale des entreprises et des autres organisations, en particulier les acteurs de
petite et moyenne taille dans les secteurs de la production.

La dépendance multiple des industriesasss des produits chimiques fait de leur production I'un des

secteus industriels les plus mondialisés, générant un impact important sur la durabilité des chaines
d'approvisionnement. Le role économique essentiel des produits chimiques et leur contribution a
I'amélioration du niveau de vie doivent étre pondérés au rejad | 6 ensembl e des <co03
Une analyse adéquate des codts doit donc indlutdisation des ressources par lindustrie

chimique, comme l'eau et I'énergie, ainsi que les impacts négatifs potentiels des produits chimiques

sur l'environnement et Isanté humaine. Prendre en considération la gravité potentielle et la
complexité de ces impacts, met en évidence le fait que la gestion rationnelle des produits chimiques est
une guestion clé pour le développement durdfle [

En vertu de ce programme, le projet intitdlpproches novatrices pour la gestion rationnelle des

produits chimiques et des déchets chimiquése a fournir a trois groupesrustries, a savoir, les
producteurs de produits chimiques, les formulateurs et les utilisateurs industriels de produits
chimiques, des approches novatrices et des solutions techniques spécifiques pour la gestion des
produits chimiques et des déchets dhimes. L'objectif principal est de parvenir a une réduction de la
consommation de produits chimiques tant dans leur production que leur application. D'autres objectifs
portent également sur le remplacement des produits chimiques dangereux par descpiodgiies

moins risqués, la réduction des déchets chimiques, la manipulation en toute sécurité des produits
chimiques et la réduction des risques liés aux accidents avec des produits chimiques. Dans chacun des
cing pays participants (depuis 2013 : la Cdbien 'Egypte, le Salvador, le Maroc et le Pérou) et des
trois groupes d'industries concern®s par | e pro,
de solutions innovantes ont été faites pour les-seateurs industriels suivantsoit fomulation de

peinture, application de la peinture, finissage textile et polyméres). Les évaluations essctaws

dans chacun des pays participants ont mené a I'élaboration du pnéser technique qui vise a

susciter des idées novatrices produis#es solutions innovantes et rentables ainsi qu'a permettre aux
entreprises de ces pays et aux sowsct eur s de mettre en Tuvre un
rationnelle des produits chimiques et des déchets chimiques a fort impact.




7 Technical manuat Application of Paints

2 General description ofthe paints & coatingsindustry

2.1 Main fields of application

Paints and coatings are of considerable economic importance. Many activities are concerned by the
industrial application of paints. The BCF (British Coating Federtioonsiders the following sub
sectors: automotive OEM (original equipment manufacturers) bodies, automotive OEM components
(primarily plastic automotive components), vehicle refinishing, marine/offshore, high performance
(protective, fire protection, antiorrosion coatings), rigid madt packaging (food, beer and beverage

and general cans), coil coating, drum, furniture/joinery, aerospace, ACE (Agricultural, Construction
and similar Equipment), general Industry (trade coaters, industrial equipment, metal furniture, original
equipment, bavy engineering, plastics (other than those for automobiles), powgiep). 3] [28; p.

354-359]

The paints and coatings industry in the United States, Western Europ#ajpaud is mature and
generally correlates with the health of the economy, especially housing, construction and
transportation. Overall demand from 2012 to 2018 will increase at average annual ra8%% of the

United States and 1.3.5% in Western Europdn Japan, however, consumption of paints and
coatings will experience relatively slow growth during this period (0.5%), as a result of no growth in
major markets such as automotive OEM, machinery and appliances.

12

10

General Powder Wood M & Auto OEM  Marine Coil Auto Packaging Other
Industrial Protective Refinish Transport

% of Global Total
. o o

o8]

mVolume o Value

Figure 2-1. Industrial Coating Segments volume and value as part of the Global Coating Market in
2012 pased or3]

! British Coating FederatiorBCF): www.bcf.co.uk
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The following pie chart shows world consumption of paints and coatings by technology:

Radiation
Curables and
Others

Powder_

Waterborne
Emulsions
_architect

High Solids__

Conventional

Solventborne Waterborne

Industrial

Figure2-2. World consumption gpaints anccoatings bytechnologyr 2012 pased or27]

Most of industrialized European countries and North America consume annually paint coatings more
than 20kg per capita and high growth rates can be expected in the less industrialitedscof
Eastern Europe, Asia, and South East Asia. The annual utilization of sobvgaining conventional
coatings is estimated to be2% and, of environmentally friendly coatings (high solids, wai@sed,
powder coatings, etc.), ca. 5 %lhe value of the global production of paints and coatings was about
13% higher in 2012 than in 2010. Demand in Asia continues to rise faster than elsewhere in the world,
and that region now accounts for nearly 40% of global consumption.

2.2 Common environmental andhealth issues concerning solvent
based paints

Solvents are a major source of environmental concern because at normal temperatures and pressures
they can volatilize (i.e., the liquid solvent becomes a vapour). Exposure to these solvent vapours is
dangerougor a number of reasons. In the workplace, solvent vapours can result in a number of human
health risks. Solvent vapours also can pose fire/explosion hazards, necessitating careful storage and
handling procedures5] p. 57]Because of their properties and the quantities involved, solvents are the

key materials of concerngp. 3]

VOCs react with NOx in the presence of sunlight to form ozone in the troposphere. This usually refers
to NMVOC (norrmethane volatile organic solvents)

1 halogenated solvents, their toxicity and their impact on reducing ozone in the stratosphere
9 same solvents are toxic to aquatic organisms
1 some solvents are not readily biodegradable, so they have the potential to contaminate soils.
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Traditional solvents are not PBT (persistent, bioaccumulative, toxic) and none are vPvB (very
persistent, very bioacowlative). However, solvents can readily spread through soil to groundwater,
where there are limited or no mechanisms for their removal or breakdown. There are numerous reports
of aquifers used for drinking water being contaminated by solvents (althougirecessarily from

these industries).

2.3 Paint systems

The following are the some of the properties of paints required for different applications:

Table2-1 An overview of the rankirfopf application properties required for different application
[based or21, 22, 24, 25, 26, 28]

Applications

Buildings

Properties

Hardness /
toughness

Durability

Abrasion /
Adhesion

Corrosion

UV resistance

Appearance
(i.e.
brightness)

Low cost

Low weight

Storage
stability

®Ranking: +++ : required (75100%); ++ : required (5675%); + : required (2550%)

The major change that has taken place in the coatings industry during the last forty years has been the
adoption of new coatingaint technologies. The new coating technologies include waterborne
(thermosetting emulsion, colloidal dispersion, watgluble coatings, higksolids coatings, two
component systems, powder coatings and radiatioable coatingsThe operation of a paint system

has many variables that affect cost. Effective control of these variables will provide the best quality at
the lowest ost. Some cost variables are part of the design, some are part of the operation, and others
are related to decisions on how to run to the system. Eaclhariable has to be considered to know

how much the system costs to operate and how much to chagggrfong a parf17], [18]

1 System design

1 Quality
M Substrate condition
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1 Racking
1 Rework
9 Color change

The major issues facing the coatings industry during 220Q1 were increased raw material costs in
commodities (solvents, resins and others), which were driven by higher hydrocarbon costs. Despite the
relatively slow growth in demand anticipated for coatirgeerall, waterborne and higdolids
coatings, powders, UV curables and teamponent systems appear to have good growth prospects
[20].

2.3.1 Conventional solventbasal paints

The major components of solvembdrne paints and coatings are solvents, binders, pigments, and
additives. In paint, the combination of the binder and solvent is referred to as the paint "vehicle."
Pigment and additives are dispersed within theclkehThe amount of each constituent varies with the
particular paint, but solvents traditionally make up aboub@® of the total formulation. Typical
solvents include alkenes, aromates, esters and ketones. The share of solvents might vary in a range of
30%- 70% depending on the use and application of the paint.

Binders account for about 30%, pigments and extenders for about 20 %, and additives for 2 to 3%.
Environmental issues surrounding paints usually center around solvents and heavy metalshesed in t
pigments. Binders and other additives can also affect the toxicity of the paint depending on the specific
characteristics of the pain;[p. 2] Solveribasedoroducts are used as first layer/sealers, primers and
topcoats, depending on the industry and subst@&tp. 35]

2.3.2 Solventbased high solid paints

Conventional solvent based paints contain approx.i 300 weight per cent of organic solvents for a
regulation of viscosity and film formation. The type of the used solvents mainly depends on the
utilised bonding agents. According to the process of film forming, therraks can be subdivided into
polycondensation lacquers (e.g. phenol/urea/melamin resin lacquers), polymerization lacquers (e.g.
polyesters acrylate resin alkyd resins), and polyaddition lacquers (e.g. epoxy of PU lacquers).

High-Solids represent andvancement of conventional, solvent based paints. Their solids content
amounts usually more than 65 %. The used film forming agents are mainly based on epoxy resins or 2
component polyurethanesl. For paints used for the varnishing of agricultural anduatmmst
machines, or household devices, mainly keéghds, based on acrylate and polyester isocyanate are
use. J7; p. 48]

2.3.3 Water-based paints

Waterthinnable paits contain watethinnable or watedispersible film forming agents.

Mainly alkyd, polyester, acrylate, melaminand epoxy resin. Also watéhinnable paints often
contain 3i 18 % of organic solvents as solubilizer and for an improvement of the prepsrthee wet

film layer. As preservatives for the storage of the paints, often biocides are part of the formulation. If
waterthinnable paints are utilised, some particularities have to be considered:

1 Inflammability: In general smaller expenditures arecewsary for the application, storage and
drying of waterthinnable paints, compared to conventional materials.

1 Evaporation of solvents:Compared to organic solvents, water has a higher evaporation energy.
Therefore the energy demand for the drying of witeamable paints is generally higher, if the
same drying rate as for solvent based paints has to be achieved.

1 Corrosion: Pipelines of paint application devices have to be made of synthetics or stainless steel.
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1 Air humidity: The drying rate depends on tambient air humidity. Therefore the application is
only possible under suitable or defined air humidity conditiofjs. [

2.3.4 Powder coatings

Powder coatings are solvefiee materials. Their application does neither generate wastewater nor
VOC-emissions. As film forming agents mainly polyester or epoxy resins are used. For the most
application a recycling of the overspray is possible.

For drying, the material is heatedd thus merges into a film. At present powder coatings are mainly
applied via electrostatic assisted spraying on the work pieces (primarily metal but also glass or wood
surfaces). In several sectors the application of powders is @stablished technigp.

Due to environmental advantages, possibilities for an automation and good profitability due to the
possibility of a recycling of the overspray, the use of powder coatings is incre@sing49]

2.3.5 Radiation curing paints

Radiation curing paints contain either only low amounts of organic solvents (appfdX.98) or
consist entirely of solids (e.g. using reactive thinners). In special cases also paintssoiitiera
content of up to 65weight per cent are utilised. Radiatiosimg lacquer consists of reactive resins
(e.g. epoxy, acrylates), monomers or oligomers and a photo initiator. In general three different drying
techniques are applied:

UV radiation curin g and electron beam hardeningand Ultrared radiation curing . The latter is
working based on heating up the paint in both other cases radiation causes the chemical reaction.

[7]
2.4 Paint application processes

The application of paint spans a disparate group of industries which differ in size, complexity, and
purpose of economic activity. However, the key challengesdfat reducing chemical consumption,
substituting hazardous chemicals, and reducing chemical waste in these industries have many common
solutions; many of which are outlined in the following text. Generally, paint type and means of
application are dependemupon what function the coating must perform. Painting and coating
applications typically include the following process steps (see Figure below):

Procurement of material, storage, and feeding of materials
Substrate surface preparation

Application of thecoating

Drying/curing of the coating

Equipment cleaning

= =4 =8 =8 -9
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Abrasives * Paint . i Solvents
Bl Processes ot B — . E':f‘;ﬂf Alkaline
I inputs Alkaline * Solvent =8 Solution
[ outputs solution
' 3 3

Energy

‘ Paint systems
* Solvent based
. HiE-EI fﬂlig bf:*jﬂﬂ Methods
= Water bas . i
Methods * Powder based .T‘E""-* -Cl:lrﬂr:rllzlglaﬁliige
* Mechanical treatment * UV curing . C ol r;mE * High/pressure
= Chemical cleaning Methods uring/ Baking cleaning systems

8.J. Spra'_.rnrdip

r
- I -—— - I
Procuemert : Surface Paint Drying/ Equipment |
and Storage j Freparation Application Curing Cleaning i
L =

o mm o omm omm

Figure2-3. General schematic of a paint applicafwacess [ISSPPRO]

The performance profile of a coating is initially shaped by the paint and thus by the paint
manufacturer, it is the processor who actually generates the finished properties. The industrial scale
coating of consumer goods is therefore a joint effort betwa@m and coatings manufacturers and
processors.

Paint manufacturers provide the conditions for successful painting by their permanent technical
presence and support. This relates primarily to materials and processes, though includes detailed
environmendl protection and occupational safety issues. Paint manufacturers offer a package, as it
were, in which the material is just one component among manyige®2-4).
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Process Application Application
Sequence Equipment parameters

Reciprocation
Mowemsent

Prewmatic:

Flow Fates

Airlezs

Objzct -
Temperature Climate
} ) Conditions
High Rotation
Micro-/Ecobel Distancs Vaolurme
teTargst ™ Atomizing &ir

R.P.M.

Filnbilt
Bell

1 or 2 Coat

Layer Distriburtion
Rlatio

Volume
Shaping Air

+ [ Appearance |

Surface Material Temperaturs

Rowghness

Surface
Structure

o Temperaturs
Conductivity

COiyen Solid content

Surface
Tension

Solid Tension

Heating Evaporation
re-treatment Kinetics

Diirect ! Indirect

Substrate Flash Off / Paint
Curing [Material

Figure2-4. Various factors determining the final coating result of the spray application prbesss [
on22, p.20]

Paint manufacturers are faced with specific problems since they are expected to produce constant
material quality and at the same time paints with constant processability. Only this provides the best
conditionsfor achieving a uniform result in the painted article. This means that production paint and
coatings entails more than merely manufacturing a product whose composition is identical to a defined
standard. Rather, since physical variables can only rarelgpbbed as criteria for the practical
properties of coatings, paint testing of necessityuithe$ simulating the applicationethod used by

the processor of these materials. This gives rise to a large number of different test methods because of
the very wie range of specification conditions and the different requirements on the coating process
resulting from them. Standardising these tests and reducing their overall number isradgty dgsk

for all concerned.
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Primer :

1 Main function: Bond tosubstrate, preventio
. of corrosion
Preparation 1 Thickness of dry film: few pm to > 0.1 mr
(grinding, degreasing,
sandblasting, cleaning) (max. ~0.2 mm) . L
 Used technologies: dipping (cataphore
painting), all kinds of spraying, manu
application
Filler :

 Main function: Structural strength, flexibilit
of coating equalising of surface
1 Thickness of dry film: 0.05 >0.1 mm (max.

Drying / Grinding
Removing of dust

~0.2 mm)
1 Used technologies: All kinds of sprayin
Drying / Grinding manual application
Removing of dust Basecoat :
Main function: Colour
Basecoat 1 Thickness of dry film: 0.01 0.10mm
1 Used technologies: all kinds of sprayil
(including high speed rotation), floodin
Drying rolling
Topcoat :
Topcoat 1 Main function: Gloss, special effects, fir

barrier against environmental effects (U

water, salt)
l Polishing Corrections 1 Thickness of dry film: 0.02 0.10 mm
Application of protection 1 Used technologies: All kinds of sprayir
(including high speed rotation)
™ Final ™

% product %

Figure5 : Brief overview of application techniques, classified by task and physicalldgped or23]
2.4.1 Substrate surface preparation

Substrate surface preparation tengrouped into two techniques p. 431432]:

1 Solventbased degreasing: Oil, grease and dirt are removed from metal or plastic substrates with
solvents. This is usually by immersion in a vat of solvent or the solvent vapour above the liquid.
The vats can be open or closed, and mayske with ultrasonic systems.

1 Waterbased pretreatments: Watsased pretreatments are applied for three reasons: to remove
grease and dirt from previous operations, improve corrosion resistance and to improve adhesion of
the subsequent paint layers. Theialspretreatments applied are degreasing, phosphating and
chromating. These processes are not applied in the coating of wood and furniture as they are not
necessary and they remove oils from the wood.

2.4.2 Application of coating

The following paint applicatiohtechniques and their advantages and disadvantages are described in
more detail irthe following chapter
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High Volume Low Pressure (HVLP) Spray
Low Pressure Low Volume (LPLV) Spray
Airless Spray

Rotary Atomization

Electrostatic Spray

Autodeposition

Electrodeposition

Dip, Flow and Curtain Coating

Pouring

Rolling

E R

2.4.3 Drying of the coating

Once a coating is applied to the work piece it then undergoes a curing or drying process. While the
terms drying or baking are commonly used in the painting industrefés to curing, there is a

distinction between drying (baking) and curing. In curing, the resin must be converted into a new
resin, while drying refers to the loss of the solvent so that the resin remains the same. Curing and

drying both use the two sameethods to harden a coating: air/force dry and bakBg.109]

f Air Drying . In air drying, a coating film is formed by the evaporation of solvent, which leaves
behind a solid film. The rate of drying is governed by how quickly the solvent evaporates.
Moderate heat (below 139 can be applied to accelerate evaporation (called force drying),
however, the process still basically remains one of air drying.

1 Elevated Temperature Curing/Baking. Elevated temperature curing uses one of three means:
conduction, convection or radiation to apply heat to the coated part

24.4 Cleaning of Equipment

This section refers to process equipment cleaning. In all activities, the proc@sseg will be
cleaned. This is consists of two typ6s:

9 operational or interim cleaning. Cleaning of the application system is necessary at regular
intervals, e.g.
o for colour change and quality reasons. e.g. for spraying cars, after five tehiefes and
at each colour change
0 cleaning of spray booths is necessary at regular intervals
0 between printing jobs
I maintenance, periodic or -ttepth cleaning. It is periodically necessary to clean application
equipment thoroughly to remove accumulated d#ép@nd clean parts of equipment that are more
difficult to clean quickly. This usually requires some disassembly.
The type of technique used will depend on whether the equipment is cleaned in situ, dismantled
completely or in part.

The different cleaningechniques are and their areas of applicatiorslaog/n in the table below.
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Table2-2. Overview of cleaning techniques and their applicatjbased orj6; p. 565]

Technique ‘ Process equipment Substrate

Non-persistent Persistent
contamination contamination

Minimizing cleaning Yes Yes Yes

Preparation prior to solvent or other | Yes
types of cleaning

Conventionakolvent cleaning Yes* Yes*

Solvents with lower evaporation spe{ Yes

Cleaning with powerful solvents Yes
Cleaning with solvents with lower Yes Yes
ozone forming potential (OFP)**
Waterbased cleaning Yes Yes Yes
Cleaning by hand Yes Yes
Washing machines using solvents | Yes Yes
Cleaning with solvent recovery Yes
Cleaning with high pressure water Yes
spray
Ultrasonic cleaning Yes Yes
Dry ice cleaning Yes Yes
2.4.5 Typical chemicals used

1 Solvents

0 Thinning of paints
0 Cleaning ofsubstrates
o Cleaning of equipment
1 Several inorganic liquid chemicals:

o Acids (pickling, e.g. Nitric acid HNOs, Sulphuric Acid HSO,, Hydrofluoric Acid
HF- mostly mixtures are used)

0 Phosphation
o Chromation (Cr(Ill) and Cr(VI)
o Purging agents (washing actigkemicals)
1 Paint removing chemicals
o Organic bating agents (chlorinated HGM¢thyl-pyrrolidone)
0 Brines (Sodiurrhydroxide)
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3 Innovative solutions

3.1 Reduction of chemicals consumption

The reduction of chemicals consumption in the application of paints cdmoken down into the
following categories:

1 Material procurement & production management
1 Storage, preparation, and feeding of materials
1 Surface preparation:
o Eliminate the need for cleaning
0 Best practices in degreasing of surfaces (#voc manual)
1 Applicationof paint that directly results in less chemical consumption
0 Technology: optimizing existing system.
o Minimize amount of paint being applied (#thickness, overspray reduction, optimum
spray properties, etc.)
1 Cleaning of equipment:
o Cleaning machine
o Cascade eaningcascade (multiple) rinsing
o Etc.

3.1.1 Material procurement & production management

Just in time managemej; p. 424]

Applying a justin-time management system will ensure that the ordered amount of materials, e.g.
paint or ink, which are to be used for a specific job, matches the volume that is needed. For example,
the ordered amount of paint of a certain colour matthes/olume needed for a certain strip to be
coated. This applies to external suppliers, and does not includehbese preparation of batches of

inks, paints, etc. Less waste materials will arise and fewer raw materials are used. Use of a paint
managemeat system also leads to cost reductions.

Use of precoated materialf3; p. 443]

Precoated materials can be used in the assembly of products, reducing the number of paint coatings or
eliminating the need to paint. In the case of coating substrates of uniforengions, such as coil
coatedmetals, wood or fibre boards, etc. coatings can be applied using techniques which are more
difficult to apply to the assembled products or padducts, but are more environmentally beneficial.

Significant reduction of VOC eissions dependent on the spraying activities that are replaced by
applying coil coated materials. More efficient use of materials, more efficient drying or curing. More
efficient collection and destruction of emissions during coil coating, as the agplicditihe coatings

and extraction of waste gases for a continuous flat surface is easier and more efficient than for coating
formed components and bodies.

Batch painting/colour groupind; p. 428]

Batch painting, also called colour grouping or blbaiblock painting, means that a series of a specific
products is painted in the same colour. This will result in less frequent changes to a different colour.
Benefitsinclude VOC reductions through reduced paint line cleaning/purging. Less paint residues
produced. This technique is commonly applied in the automotive industry, in the coating of trucks and
commercial vehicles and in the coating of metal packaging.
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Sufficient storage space for the products as well as an appropriate logistical planning system have to
be available. It also depends on the number of different colours and their relative abundance in the
production programme. For the automotive industry, theageecolour group length is between two

and six units.

There are many other worthwhile measures to consider:

1 Use premixed coatings where possible to avoid mixingsite.
9 Thin or mix coatings in a centralised mixing room, or preferably in an encinaekine. Use
trained staff for this task. Where possible, use electronic/computerised equipment.

Do not allow machine/process operators to mix their own coatings at the machine side. Such bucket
chemistryé usually | eads rkplace.[44, @m2830f i cant emi ssi on

3.1.2 Storage, preparation, and feeding of materials

Direct piping of solvents from stora¢@& p. 429]

Solvents for viscosity control are piped directly from the storage area to the painting or inking units.
For better control, aboveground piping should be carried out as underground pipes for solhants are
known source of serious soil and groundwater pollution. The system is effective if coupled with
regular inspection and maintenance. Otherwise, solvent losses from pumps, valves and flanges may
add up and become a significant source of VOC emissions.

Piped systems have a number of advantages, which are:

1 reducing the risk of spillage through transfer and decanting

1 removing the need to uncover tanks and reservoirs, allowing better sealing and reducing the
risk of exposure to contaminants

1 beingable to fit with flow meters to allow accurate auditing.

Supply of pain{14; p. 29], B; p. 428]

Depending on the job involved, paint can be supplied either remotely of with a paint cup. For small
amounts or frequent changes in colour, a paint cup is involved. Remote paint pots are applicable for
large quantities and dece sprayer fatigue. However remote paint pots have to be depressurized,
refilled, and repressurized; leaving residue and incurring ddime. An alternative are systems
equipped with (usually diaphragprppumps reducing the changing times because neymeshanges

are needed

Piped systems have a number of advantages, which are:
9 reducing the risk of spillage through transfer and decanting
1 removing the need to uncover tanks and reservoirs, allowing better sealing and reducing the
risk of exposure to coaminants
1 being able to fit with flow meters to allow accurate auditing.
Fewer waste paints or inks, fewer containers and fewer materials to clean. For example, the achievable
level of residues for heatset plants is <1 % of the purchased ink.

Advancedmixing system$3; p. 425426]

When using automated mixing systems, it is strongly recommended but not strictly necessary to use
standard colours to mix the reqedr colour. Specific colours can be composed fromstandardised
colours by computecontrolled equipment. This, however, requires very sophisticated software and
exact knowledge of the nestandardised colours which are to be used for the mixing. Fer thi
purpose, these nestandardised colours need to be measured with a photo spectrometer and the result
is introduced to the colowwomputer.
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For example, with an online mixing system fec@mponent products such as paints or adhesives, the
exact amounteeded will be dosed and mixed immediately before usage. The mixing unit is not a part
of the paint or adhesive application tool. It is a standalone unit.

It is possible to obtain similar proportional benefits from using programmable scales or computerised
Pantone colour matching systems. During manual mixing, losses of 1 or 2 % of solvents can occur.
These can account for 15 % of the total VOC emissions. Automated mixing in enclosed machines
reduces most of these emissions. Also, less cleaning agentdiesdn&®ith an online mixing system

for 2-component products, reductions of-18D % of waste can be achieved.

Online mixing systems for -2omponent products are applicable when produced on equipment
dedicated to a single product line. There is no régndn subsequent application techniques.

In the Netherlands, companies are advised to apply this technique when over 2000 litres of
2-components paint needs to be mixed. For adhesives, relatively small amounts are mixed. It is
commonly applied in wooelnd furniture painting. It is also applicable to the coating of trains, e.g. for
applying the ground coat and primer/filler.

For online mixing systems for@mponent products, investment costs are EUR 9.Q08000 for a
mechanically driven installationsed for the mixing of base coat. The costs are EUR 27.@@0000

for an electronically driven installation. The payback time will normally be several years for
companies coating small series. However, this depends on the amount of waste prevented,dhe

the materials that are mixed and the costs for disposal.

Pig-clearing systemfs; p.430431]

This method only fills as much paint into the system as necessary for the coating processes. The paint

is pressed back from the (flexible) tube into the paint supply by an etagtimation module (pig

clearing) and is reised. The purged solvents can be recovered and reused.

A speci al type of purging is called O6soft pur g
solvent are used to purge guns and lifld®e advantages atbe lower use of cleaning agents, the
reduction of paint and solvent losses as well as the decrease of the manual processes with the colour
change.

Only applicable where:

1 paints or inks are delivered to machinery through pipes, and
9 different colours areent through the same pipe regularly.

Not applicable where low viscosity products are used as they will run past the module; currently
applied in some base coat lines of automotive giops but there is no widespread use of this
technology.

3.1.3 Surface preparation

Degreasing of components using organic solvent methods can be a significant source of emissions and
wastage. This section describes measures that can reduce the consumption of chemical in the surface
degreasing and pretreatmeri4;[p. 24]
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PARTS clean

SOLVENT clean

- Solvent recovery

Figure3-1. Countercurrent cascade confirguration for surface cledbamgd or23]

Eliminating the need for cleaning

Your first priority should be to eliminate/minimize the need for degreasing operations:

T

Keep items well protected (eg using covers and stigtalp) and rfee from contamination
between processes. This will reduce the need for grease/oil used ascamrasidbn measure.

Spinoff excess oils and/or allow longer drain times between machining and cleaning of
components.

Stack components carefully befaleaning to reduce oil retention.

Good housekeeping for solvent degreasing

Where solvent degreasing has to be used, consider the following pbiis.25]

1

Where practicable, use modern enclosed degreasing machines, e.g. with appropriate doors/lids,
and, ideally, hermetically sealed machines. Giogped vapour degreasing plant using risk phrase
solvents is unlikely to comply with the requirements of the Solgemissions Directive (SED)

Where practicable, fit cooling condenser coils (attached to a elospcchiller unit) below the
extraction vent inside the machine to allow internal solvent capture and hence minimize vapour
losses.

Opentopped tanks should lretrofitted where possible with a lidbelow any rim or other local
exhaust ventilation (LEV) extraction systerand interlocks fitted to ensure that extraction occurs
only when the vessel is open.

Organize (i.e. rack or jig) the items so that thereagréew solvent traps as possible and that the
items drain freely. This will reduce dramit.

Where possible, equipment that transports the components through the degreasing process should
be integral to the machine and should not allow items to carrgrsiobut of the machine (e.g. to

drip on the floor).

Turn the work in the freeboard zone to minimise solvent-drag

Where possible, use powered hoists and lifts to ensure that the correct loading and unloading
speeds are always used. This will ensureimmim disturbance of the solvent surface and
minimum solvent carryover. Use a maximum speed of 3 m/min in the vertical plane and 6 m/min
in the horizontal plane.

When topping up the machine, avoid decanting losses by pumping solvents from the supply tank
to the degreasing machine through a pipe system. Alternatively, use sealed drums and a drum

pump.
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3.1.4 Paint application

Processes with high application efficiency include filling, rolling, casting, dipping, flooding and
vacuum coating. These processes generate less overspray than spray applications but are not
universally applicable. There are two dipping processes: caomahtand electrocoating. Spraying

may be with or without electrostatic assistance

For electrostatically assisted spraying, an electric field is generated between the workpiece and the
spray gun. Then the following advantages concerning the envirommerell as coat effectiveness are
reached:

1 lower material consumptions, lower emissions, smaller amounts of paint sludge and a reduced
soiling of painting areas (less cleaning)

9 improved possibilities for automation of painting processes, faster coatihghemefore, a
higher productivity

1 less air consumption (less energy demand).

Disadvantages of electrostatically assisted spray applications are the risk of edge runners and layer
thicknesses which are too deep into cavities and interior edges duedocentration of paint
materials onto these areas. Several electrostatically assigsgdapplications are in used they are
described in the following sections. Also there may be special requirements concerning quality
achieved, geometry, paint mdtds, electrical conductivity (e.g. affecting the ability to recoat
surfaces) and workplace safety relating to the high voltages used.

Despite the increasing use of electrostatic application techniques, spraying without electrostatic charge
is still widely used for various applications. In comparison to electrostatic processes, the investments
are significantly smaller. Also there are no special requirements concerning geometry, paint materials,
electrical conductivity and workplace safety. The disadvastagf these application techniques are

low efficiencies. Thus, several techniques were developed for a minimisation of the overspray and
their efficiency is comparable to electrostatic processes. These techniques are also described in the
following sectiors. However, it should be noted that every spraying technique can be improved by
converting it to an electrostatic process.

Overview of paint application options, benefits and limitations

Transfer efficiency is a measure of how well a technology appliagea of paint, i.e. how much

applied paint actually ends up on the job. It is defined as the percentage of coating used that becomes
attached to the workpiece, Coating material that is not applied to components being coated is a major
source of waste, e.gverspray caused by the properties of the spray gun and the way the spray gun is
used. Overspray can be reduced by good operator practice.

One of the most important aspects to reduce paint consumptiomisature and monitéhe applied
paint thicknas. Only apply the necessary thickness as pedy the paint manufacturer.

2 More information for this section can be found in the following referefifi;en. 444445]
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Table3-1. Transfer Efficiencies of Various Application Technologies [based on 5,p.83 and 7]

Technology Transfer Operating Cost  Finish Quality Recess Coverage

Efficiency

OO\l EIWAY[®N 30 to 60% Low High Good
Spray

HVLP Spray 40-70% Low High Good
LPLV Spray 40-70% Low Unknown Good
Airless Spray 65 to 80% Medium/high Low Good

Electrostatic 60-90% Medium/high Low Poor
Spray

Electrodeposition EeloRleRel L% NA NA NA

Conventional 90-95% Low Low Good
Dipping

Note: Given values are ranges for plane objects.

NA : not applicable
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Table3-2: Overview of application technologies [based on 5,p.83; 6,/2284 20,p.118]

Technology

Pollution
Prevention

Reported
Application

Operational
Benefits

Limitations

Benefits

HVLP Spray Reduces Can be used on| Is portable and eas| Has production rates
overspray, many surfaces | to clean that are not as high as
increasing Allows operator to | Conventionakir spray
transfer vary the air
efficiency pressure, air
Reduces VOC volume, paint
andHAP pressure and spray
emissions pattern
Lowers risk of
blowback to
the worker

LPLV Spray Has a high Is not widely used
transfer
efficiency rate
Has low

operating costg

Has moderate
capital costs

Airless Spray

Has a transfer
efficiency of
65 to 80%

Cuts overspray
by more than

Hydraulic
atomization
used most
widely by
painting

Is twice as fast as
air spray and
produces a higher
film build; is more
portable than air

Is limited to painting
large areas, requires ¢
different nozzle to
change spray patterns
nozzle tends to clog

half, and is contractors and | spray and can be dangerous
cleaner and maintenance to use or clean becaus
more painters of the high pressures
economical | Heated involved
atomization
used by
furniture
manufacturers
and industrial
finishers
Air -Assisted Has higher Used by Has material Has same dangers as
Airless Spray | transfer furniture and savings that are airless, but requires
efficiency and | industrial 50% better than airf more maintenance an
lower chance | finishers spray operator training, and

of blowback

Has higher film
build per pass than
air spray

has a higher initial
capital cost

Rotary
Atomization

Has excellent
efficiency

easy adaptation to
different viscosities
by adjusting the
rotation speed

Requires high degree
of cleanliness
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Technology Pollution Reported Operational Limitations
Prevention Application Benefits
Benefits
Electrostatic Has high Is good for Produces aniform | Has limited coverage
Spray transfer painting oddly | coat because the | with complicated parts
efficiency shaped objects | paint itself acts as | because of Faraday
Producedittle | Is used by most| @n insulator cage effects
overspray and| appliance Can paint only
uses relatively | manufacturers conductive parts
little paint If installed Presents a possible
correctly, can shock hazard
also work with Is more expensive,
waterborne and slower and has higher
metallic paints maintenance ais than
Can be applied air spray
to more than ong Surface of the object
coating must be extremely
clean
Autodeposition | Uses water Is limited to Is effective for anti | Is limited to dull or

borne paints

iron, steel, zinc
and zinealloy
plated materials

corrosion propertie
and coverage of th¢
objects

Uses neelectricity

Hollow spaces can
be covered

low gloss finish; few
available colors

Electrodepositi
on

Has transfer
efficiency of
almost 100%

Is limited to
metallic or other
electrically
conductive
objects (e.g.,
autobody
coating)

Can acommodate
high production
rates; production
can be automated

Requires that objects
be metallic or
electrically conductive

Is costly and requires
lot of energy

Requires that
employees receive
high level training to
use this system

Limited useable for
hollow spaces

Dip, Flow and
Curtain
Coating

Has high
transfer
efficiency

Is well suited for
parts that are
always the same
color and have
minimum
decorative finish
requirements,
such as
agricultural
equipment

Has high
production rate

Requires relatively
little labor

Depends greatly on th
viscosity of the paint,
which thickens with
exposure to air unless
carefully managed

Is not suitable for
objects with hollows
or cavaties

Has lower quality
finish
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Technology Pollution Reported Operational Limitations
Prevention Application Benefits
Benefits

Roll Coating Has high Is limited to Has high Is limited to flat work
transfer sheet materials | production rates
efficiency (e.g., strip metal

and boards);
used to decorats
cans and other
metal objects

Implementation of electrostatic support

Electrostatic spraying a subcategory of electrophoretic deposiijoses an electric field to deposit
colloidal particles onto a substrate acting as an elegtratiech involves atomized paint droplets
which are charged at the tip of the spray gun by an electrode. It allows the workpiece to be completely
coated with a filn of uniform thickness, including normally inaccessible areas.

*http://www.globalspec.com/learnmore/materials_chemicals_adhesives/industrial_sealants_coatings/industrial_
coatings



http://www.globalspec.com/learnmore/materials_chemicals_adhesives/industrial_sealants_coatings/industrial_coatings
http://www.globalspec.com/learnmore/materials_chemicals_adhesives/industrial_sealants_coatings/industrial_coatings
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Table3-3: Basic characteristics of the electrostatic spraying [bas&}l on

Requirements Advantages Disadvantages
AConductivity of painted parts A Spraying efficiency A Thickness is higher on the
AAdjustment of formulation 607 90% (instead of 40 edges
Alnvestment in spraying 80%) backside is covered | A spraying waterborne paints i

equipment with paint more complex

A Production can be automatg A Manua”y Spraying pistols are
not easy to handle

A No paint in Faraday’s cages

Figure3-2 Implementation of electrostatic suppdraged or8]

Good spray gun techniqufk4; p.2225]

Good practice during setting up and when using spray cams

1 save money by reducing paint waste;

1 save energy costs by reducing the amount of energy used for pumping paint and producing
compressed air;

9 save time by reducing rework caused by poor quality finishes.

Poor operator practice can produce high rewatks and high material consumption from a good
spray gun system. In addition to purchasing new spray application equipment, improving your
facilities current spray techniques will also reduce waste volume with little to no capital expense.

Preparation:

1 Maintain spray guns properly. Worn parts, e.g. nozzles and needle valves, produce poor
atomisation and will result in poor finish quality and the need for rework.

T Assemble the spray gun correctly for the job
recommendations. This may include selecting the correct nozzle size to ensure the appropriate
application flow rates.

9 Test spray before starting on the job to check that the spray pattern is correct for the particular job.

9 Use the correct size compressedaihose, according to the spray g

1 Good quality compressed air, at the correct supply volume and pressure, is vital for good quality

spraying. Problems with poor air supply should be tackled at source. In addition:

0 Check that the asupply to the spray gun is at the correct pressure and the line can supply the
correct air flow rate for the spray gun. Excessive air pressures result in over atomisation,
leading to poor finish quality due to dry spray and excessive overspray fronmsedtigaunce
back
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o With HVLP spray guns, use an aircap pressure tester to ensure the air supply is delivering the
required pressure at the aircap (according t
exceed this pressure. A common mistake among sprayens,with conventional spray guns,
is to set the aircap pressure too high.

o Foll ow the manufacturerds instructions when
The techniques can be learned.

1 Increasing the fluid flow rate in an attempt to increasentp application rates can be
counterproductive. Excessive fluid flow rates can lead to poor atomisation, causing finish quality
problems and excessive overspray.

1 With electrostatic spray systems, ensure that electrical connections are sound and clean.

Operation

Spray guns should be held at right angles to the surface being painted and at the specified distance.
This depends on:

0 thejob at hand;
o0 the type of spray gun;
0 The type of coating being applied.

Coating should be
even and wet when spraying
|

A A

Coating will be light Coating will be heavy
120 =300 mm Travel at this point at this point
of gun
}| ______________ el }i
W .
Start Pull Release End of e
stroke  trigger trigger stroke
—
]
Right Wrong

Figure3-3. Correct spray techniques for all spray guns including HVLP spray[bassd ori4]

The following points should be noted for HVLP spraying:

1 If the spray gun is held too far from the workpiece, transfer efficiency is lost due to excessive fog
and losses to gravity. Finigjuality will also be affected, as too much solvent may evaporate from
the spray before it reaches the workpiece, causing common faults such aspeelreféects and
dry spray.

9 If the spray gun is too close to the workpiece, the applied coat may leetodhis can cause
sagging and runs that spoil the finish quality.

The painting action should ensure that the spray gun is kept parallel to the surface at all times. Arcing
the gun alters the spray gun to workpiece distance throughout the stroke (see
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Figure3-3, leading to patchy finish quality.

1

The spray gun should be moved at a speed that gives a full wet coat to the surface. Each stroke
shouldoverlap the previous stroke by about 50%.

At the beginning and end of each stroke, the trigger should be used to feather the applied paint.
This prevents sagging from ovapplication of paint where strokes overlap.

Edges should be sprayed first. Paintuidtidhen be applied working away from the edge to the
main area of the workpiece.

If poor technique is contributing to poor finish quality or high material consumption, then a
refresher training course will help to bring operators back to standard.

Minimi sing overspray

Generally, it is necessary to keep overspray and evaporating solvents under Gqmtintibation of
equipment settings and proper training can lead to a significant reduction in overspray, less fog, and an
improved coating performance.

As shown inError! Reference source not found, overspray can be substantially reduced by:
1 Feathering or triggering- the spray gun at the end of eatiolse. This entails rapidly turning the

spray gun off and then on again to start the next stroke. This conserves paint when the spray gun is
not pointed at the workpiece and reduces excessive application at #igesause of sagging and

runs

Adjustingthe spray pattern to match the job at hand. Adjusting the spray to match the smallest of a
batch of objects will minimise overspray on all the objects. Using the largest spray pattern to gain
speedy application is wasteful.

In industriatscale processinthe spray equipment is enclosed in booths. In these the evaporated
solvents and the overspray are removed by supplying fresh air. This ensures air flow which is as
laminar as possible from top to bottom in the boof2, p.560]

@
[=]
g

k<)

.
I

Adju;tment of spray pSttern

l||ﬂ" <

Overspragy (waste)

Bounce
back

Figure3-4. Reducing overspray [based bfi
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Highest efficiency in a spray booth is always attained when the capacity, size and other specifications
are most suited to the kind of work to be performed. The following factors are impuortde
selecting the most appropriate booth for a specific coating compdrignt |

1 Size and geometry of the article to be coated.
1 Rate of production (i.e. Pdi€onsumption).
9 Product handling method.

There are different types of spray booths such as:
I.  Spray Painting Booths; and
Il. Powder Coating Booths.

Gravity feed HVLP system

An alternative to the syphon feed HVLP system is the gravity feed HVLP system augiagity cup.

No paint is wasted in this type of cup, as long as the correct amount of paint is mixed or measured out
for each job. When the gun runs out of paint, the only paint left in the cup will be the small amount
which adheres to the sides of the. Gravity cups tend to be smaller than syphon cups, thus reducing
the topheavy effect disliked by many sprayers. However, this featwaupled with the fact that
gravity feed increases paint delivery ratdgas the disadvantage that the cup haseteoefilled more

often.

Gravity cup spray guns also have the advantage that they weigh less, thus reducing operator fatigue.
On average, a gravity cup HVLP spray gun weighs 250 g (8 0z) less than the equivalent syphon cup
spray gun. A relatively new develoent is a plastibodied gravity feed HVLP spray gun weighing

up to 500 g (1 Ib) less than a metal syphon cup HVLP spray gun.

Gravity
feed cup Extractor

Air

Figure3-5. Gravity feed HVLP system [based b4
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Warming of paint with a heating hopéDI -ZRE; Lack 2012]

Changes in the paintshagmperature throughout the day can lead to changing viscosity and differing
spray performance. Some techniques heat the pot to counteract this undesirable effect.

A new technique is to use a heated hose connecting the pot to the spray gun so thatdhdvpaiat
the gun at the desired temperature. This overcomes the previous disadvantages encountered when
using a heated pot:

1 No reduction in the pot time of 2K paints (2 component paints), and therefore more paint can
be used.

Less temperature regait (since do not need to account for temperature decrease in hose)
Uniform heating and no danger of overheating

Less energy consumption

Low capital cost and easy control

1 Can be used with any paint application system

=A =4 =4 =4

Automation of equipmef®; p.414418] [14; p.35]

Automation of coating can be applied to almost all indaissituations. While this automation is more
applicable to mediurao-high volume coating operations, it may also be of interest to companies
seeking to increase capacity or looking for ways to achieve closer control of their coating f¢bcess.

Many operations in an installation may be automated, depending on the activity and the industry.
Examples include:
91 robot spraying:
o of cars,
o of trucks
o of ships
o of plastics
automatic mixing systems
o for printing, applicable to flexible packaging only
roller coating
curtain coating
piped delivery of solvents and solvedrased
cleaning of equipment

=

=a =4 =4 =

Benefits include the minimization of overspray, reduction of dumfteased materials efficiency,
reduced paint waste and less solvents.

3.1.5 Cleaning of equipment

When cleaning spray guns, it is BAT is to minimise the release of solvent by collecting, storing and
reclaiming for reuse the purge solvent used to clean coatprgy guns and/or lines: 80 to 90 % can
be reused. B; p. 479]

BAT is to minimise VOC emissions by using nsolvent or low solvent emission cleaning techniques
such as one or more of those are describ&alohe3-5 andTable3-6.Conventional solvents should be

used in conjunction with techniques to minimize emissions, such as in sealed washing machines
venting to waste gas treatment.

Practices for cleaning with solvent:
1 Control the use of cleaning solvents by providing operators with a set amount each day/shift. Use
triggered spray containers rather than free access to cans.
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Solvent Recovery by filtration or distillatiof6; p. 543545]

Used solvents, e.g. used for cleaning, can be treated-tmeree.g. by filtration or distillation. Both
recovery and reise can be done on site or-sife. For example, where paearing systems or purge
systems are applied, solvents are usedit@to clean the system after each change of dolcalled

the purges. Modern paint supply equipment includes recovery of the purge solvents. Solvents can also
be disposed of as hazardous waste to anitgfsolvent recovery installation. There, the cledvests

are reused, but not necessarily by the same user.

Filtration

Dirty cleaning solutions, e.g. of HBS or VCA, can be filtered although the majority of recovery
process are based on distillation. The solvents can-bset and the water residue cammally be
discharged to the municipal waste water system resulting in less waste water and less use of fresh
solvents.

Filtration requires energy and the water residue is discharged Any dissolved HBS or VCA will
drastically affect the chemical oxygen demasnd biological oxygen demands of the water being
discharged to the municipal waste water system.

Distillation

Solventbased waste such as inks, paints, paints and adhesives can be distilled to recover the solvent
and to reduce the amount of hazardousteieSpecial purpose distillation equipment exists.

Achieved environmental benefits: The amount of hazardous waste is reduced and the solvent can be
re-used, e.g. for cleaning. Distillation requires energy. However, compared to incineration, which
createsCO2 and also uses energy, it is likely that distillation angseesaves energy.

The distillation equipment must be installed and operated with care. Cleaning agents with a high
flashpoint generally also have a high boiling point. For these solventg,vanlum distillation
equipment can be applied; in these situations membrane filtration may be used. It is reported that
relatively small vacuum distillation units (50 litres) are readily available. Cleaning machines that have
distillation equipment attaeld are available.

Investment costs start at EUR 10,000 for smaller vacuum distillation plants, depending on, e.g. size,
tank capacity and automation. There is an additional cost if the existing equipment for the distillation
of cleaning agents can be used.

Recovery of Solvents from Wipé§; p. 547]

The majority of solvents in wipes are removed by draining by gravity, a wringer, or a centrifuge prior
to transport

Note: this technique is an answer to tiael practiceof using too much solvent and pouring the excess
used solvents over the wipes in order not to have to dispose of them separately. The recovered solvents
can be used again for cleaning, or if tayd distilled and reused.
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3.2 Substitution of hazardous chemicals

3.2.1 Surface preparation

The evaporation speed of solvents determines the amount of solvent that will evaporate during the
cleaning activity and the later storage of the contaminated wipésn@asd test is used: DIN 53170).

The evaporation speed of traditional solvents, e.g. in printing, toluene and ethyl acetate, is higher than
the evaporation speed of solvents with medium and high flashpoints. Consequently, the evaporation
during cleaning &n be reduced by using the latter. Data on the evaporation speed can be obtained
from the supplier, if not provided to the user of the solvent. If this information is not available, the
flashpoint of a solvent is a good indication of its evaporation s@eetall lower flashpoints should

be indicated on the packaging of the solv§lf)

Using medium and high flashpoint cleaning agents also has some health apdadafmtages,
because the exposure of personnel to the evaporated solvents will be reduced. However, as very low
OELs sometimes occur, e.g. 1 or 2 ppm versus 150 ppm for ethyl acetate, these advantages occur
when the alternative cleaning agent meetsdhiewing criteria:

9 there is not a substantially lower occupational exposure limit
1 the change in solvent does not lead to heating being required
1 the solvent is not dried by forced evaporation with HP air.

As the coating is usually most readily soluble®suspended in the original solvents, occasional use

of traditional low flashpoint cleaning agents will be necessary to assist in difficult cleaning tasks. A
small amount of these (e.g. some 5 % of the total) will have to be kept in stock. For exan$le;, HB
other low volatility solvents are not applicable to all printing plants. Inks that are based on volatile
solvents, when dry, dissolve easily in the same solvent which they originally contained. Using solvents
other than the original solvent is gensratounterproductive. One of the reasons is that it is not
possible to use existing machinery forhouse distillation and rase when changing to HBS.-In

house filtering systems are under development for HBS. Other examples of the occasions where
volatile cleaning agents will need to be used are the following:

1 cleaning dampening rollers
I maintenance

9 cleaning UV curing inks

9 difficult color changes.

Where alternative solvents with lower volatility/higher flashpoint are used for cleaning floors, these
solverts do not (by definition) evaporate rapidly, and therefore leave the floor slippery. It is therefore
necessary to dry the floors, sometimes with small quantities of volatile solvents.

Waterbased cleaningf; p.431:-435, 467476]

Components and stdssemblies can be cleaned in vats using wased cleaning or degreasing
techniques based on detergent systems. These systems are also used to clean substrateses workpi
for waterbased treatment techniques, e.g. There are a range of chemical systems used, based on
combining detergents with alkalis and others substances, depending on the substrates and the materials
to be removed. These, and their maintenance opawasliscussed in the STM BREF.

There are typically no solvent emissions in wdiased cleaning. However, additional heating may be
required and subsequent treatment of wastewater is likely. Furthermore, it may take longer to clean
components than solvebased techniques.
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Table3-4 : Alternatives to Chlorinated Solvent Cleaning [base&;qn 35]

Corrosion Inhibitors Alkaline-soluble compounds
Fats and Fatty Oils Hand wipe or use alkaline cleaners
Fingerprints Handle all fabricated parts with gloves

Use alkaline compounds for had wiping
Use alcohols with hangiping

Ink Marks Use watersoluble inks and remove ink with
water

Use labels or tags until final marking is applied

Hydrocarbon Greases and Qils Institute the use of hand wiping stations to
remove enough soil for alkaline cleaning

Use watersolublecompounds

Machining (cutting fluids) Substitute watesoluble fluids for use in
machining
Polishing Compounds Use watersoluble compounds

Clean at polishing station

3.2.2 Paint application

The use of less harmful substances (substitution) can be achieoreel o three way's

9 Direct replacement of one substance by a less hazardous one. This is usually limited to
simpler systems, for example, replacement of low flashpoint cleaners by high flashpoint
ones.

1 Replacement by different process chemistries texhniques using less hazardous
substances. This is used where there is no direct replacement. Different coating process
chemistries give treatments with different properties, even for the same materials. This is
the principle route for replacing harmfullsstances in this sector, and is dealt with in the
appropriate activity and industry chapters.

1 Eliminating the surface treatment process in the installation and using, for example,
precoated materials in production (e.g. for producing white goods or ectistr panels).

This type of substitution may be shown to be environmentally beneficial (e.g. in life cycle
studies) and may be considered by an operator to achieve various objectives including
reducing VOC emissions. However, the IPPC Directive refeteddnstallation and the
activities used. This type of substitution (in effect, cessation of the process within the
installation) is therefore not a technique likely to be considered in determining BAT and is
not discussed further in this reference documen

* More information for this section can be found in the following referefifi;en. 484496]
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Table3-5: Example of solvent substitutes used in the coating sector

High solids

2-component (chemically inter reacting

Low solvent coatings
Waterbased

Powder slurry

Hot melts

Powder coating

Solventfree coatings

Powder polyester coating

Radiation curable coating

The majority of conventional coatings are solvent borne, traditionally containing abob026solids
(20-30% binder and 230% extender and pigment) with a relatively hayiganic solvent content. A
clearcoat might contain up to 75%. These materials generally have been applied with conventional air
spray, which uses compressed air at high pressures to atomize paint, a techniqgue known as low
volume/highpressure (LVHP).

3.2.3 Alternative Coatings (Low-VOC Paint)

These coating alternatives to solvoirne coatings can reduce emissions of VOCs and, in so doing,

reduce the generation of hazardous wastes and decrease worker exposure to toxic air e@igsions. [
435443]
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Table3-6. Overview of Alternatives to Solveitorne Coatings [based &ip. 6364]

Technology

Pollution Prevention Benefits

Reported Application

Operational Benefits

Limitations

Reduces solvent in coatings (low|

Corrosion protection, like Zinc

High-Solids Can apply thick othin coat Does not eliminate solvent completely
VOC) coated steel doors Has easy colour blending or changing Has shorter pot life than conventional coatings
Has less overspray compared to| Miscellaneous metal parts Is compatible with conventional and electrostatf Must be heated in some cases
conventional coatings Same as conventional coating| equipment
Waterborne Eliminates or reducesolvent in Wide range Can apply thick or thin coat Has coating flow properties and drying rates th
coating (little or no VOC) Architectural trade finishes | Has easy colour blending or changing Can;:ha_nge with humidity, affecting coating
. . . . ! ication
Uses water for cleanup Wood furniture Is compatible with conventional and (spegial app cat[.o o
Damp concrete electrostatic application equipment Is sensitive to humidity o
. May have poor flow characteristics
Automotive . . .
Needs special equipment for electrostatic
application
Has water in paint that can cause corrosion of
storage tanks and transfer piping, and "flash
rusting" of metal substrates
Powder Eliminates solvent in coating (no| Steel Can apply thick coat in one application Requires special handling of heated parts
VOC) in most cases Aluminium Requires no mixing or stirring Has electrostatic applicatiogstems that must be
Reduces solvent in cleanup Zinc and brass castings Has efficient material use (i.e.; nearly 100% | electrically conductive; complex shapes difficult
Reduces need for solid paint was \wood transfer efficiency) to coat
disposal Needs special equipment or extra effort to mak:
colour changes
Is difficult to incorporate metal flake pigments
Substrate must be able to handle high
temperatures (> 100°C).
Radiation Eliminates solvent in coating (no| Some metal applications Can apply thin coat Has styrene volatility
Cured VOC)

Is 100% reactive liquid

Filler for chipboard
Wood, paper
"Wet look" finishes

Has easy colour blending or changing

Has efficient material use (i.e., merely 100%
transfer efficiency)

Is typically best applied to flat materials
Is limited to thin coatings

Has high capital coast of equipment
Can have yellow colour

Colour limited (mostly clear coat despite printin
inks
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Comparison of Coatings alternativeg p. 4849], [15; p. 1923]
High-Solids Coatings

Pollution prevention benefits:
1 reduces solvent in coatings
9 less overspray compared to conventional coatings
91 higher transfer efficiencies

Operational benefits:
9 can apply thick othin coat
9 easy colour blending or changing
1 compatible with conventional and electrostatic application equipment

Energy savings:
9 reduced air flow in work spaces (depending on local regulations, only in automatic
application)
9 and curing ovens (low VOC)
1 redued energy needed for heating makeup air

Applications:
1 zinccoated steel doors
1 miscellaneous metal parts same as conventional coatings

Limitations:
1 solvent use not completely eliminated
1 shorter pot life than conventional coating

Water-Dilutable Paints

Pollution prevention benefits:
9 eliminates or reduces solvent in coatings
M reduced VOC emissions and fire hazards
9 reduced hazardous waste disposal
1 water used for cleanup

Operational benefits:
1 can apply thick or thin coat
9 easy colour blending or changing
1 compmtible with conventional and (speci@lectrostatic application equipment

Energy savings:
1 reduced air flow in work spaces

1 (little or no VOC)
1 reduced energy needed for heating makeup air but more energy needed for paint drying

Applications:
1 wide ranggindustrial and dat-yourself)
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9 architectural trade finishers
9 wood furniture
I damp concrete

Limitations:
9 coating flow properties and drying rates can change with humidity, affecting coating
application
sensitive to humidity, workplace humidity control regui
may have poor flow characteristics due to high surface tension of water
special equipment needed for electrostatic application

water in paint can cause corrosion of storag
metal substrates

=A =4 =4 =4

Radiation-curing Paints

Pollution prevention benefits:
9 eliminates solvent in coating
9 allows for increased production rates 100% reactive liquid

Operational benefits:
9 can apply thin coats
9 easy colour blending or changing
1 efficient material use, nearly 100% transéfficiency

Energy savings:
9 little air flow in work spaces (no VOC)
9 cure with UV instead of an oven
1 little energy needed for heating makeup air

Applications:
1 some metal applications
9 filler for chipboard

1 wood

1 paper

T nwet |l ooko finishes
Limitations:

1 styrene wlatility

typically best applied to flat materials

limited to thin coatings

high capital cost of equipment

yellow colour

limited availability of colours (mostly clear coat, despite printing inks)

= =4 -4 -4 A

Powder Coatings

Pollution prevention benefits:
9 eliminatessolvent in coatings
9 little or no VOC emissions
1 easier to recycle and reuse overspray
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9 reduces solvents for cleaning
9 reduces need for solid paint
1 waste disposal
Operational benefits
9 can apply thick coat in one application
1 no mixing or stirring
9 efficient material use, possible to achieve nearly 100% transfer efficiency if a reclaim system
is used

Energy savings:
1 little air flow needed for worker protection (no VOC)

1 little energy needed for heating makeup air

Applications:
M steel
1 aluminium
1 zinc and brass ctisgs

Limitations:
1 requires handling of heated parts
1 part must be electrically conductive, complex shapes difficult to coat
1 difficult to apply thinner coatings
1 need special equipment or extra effort to make colour changes
9 difficult to incorporate metdlake pigments
9 substrate must withstand temperature during melting/curing process (> 100°C)

3.3 Reduction of chemical waste
3.3.1 Overview of waste generated

Waste from Paint application

The general steps for paint application include:

A Surface preparation

A Paint appication, and

A Curing or drying

In addition, cleaning the equipment used in each of these steps generates waste.

Wastes generated from industrial paint application processes may be considered hazardous because of
the presence of toxic metals and organivesals. Wastes generated during industrial paint application
include the following:

A Scrubber water, paint sludge, and filters from air pollution control

A Equipment cleaning wastes

A Aqueous waste and spent solvents from surface pretreatment

A VOC emissions durig paint application, curing, and drying,

A Empty raw material containers, and

A Obsolete or unwanted paint

In addition, residential paint use generates waste from equipment cleaning, VOC emissions, empty
containers, and leftover paint.




39

Technical Manuat, Application of Paints

Table3-7: Waste Reduction Techniques for Paint Application

Technique

Use alternative
paint

‘ Description

Substitute wateborne, powdered, or
high-solids paints for solveritased paints

Use paints that have less toxic pigrtse

Effects
Reduces the toxicity of paint sludg
and paint scraps

Powdered paints eliminate scrubb
water and paint sludges from
overspray

Reduces need for organic solvent:
for cleaning or paint thinning

Reduces VOC emissions

Reduce quantity
of solution used
for surface
preparation

Reduce solvent evaporation by installing
tank lids, increasing freeboard space, a
installing freeboard chillers.

Extend life of cleaning, solution by
removing solids and adding component
to increase efficacy, when needed.

Redesigninsing system to reduce
rinsewater usage

Reduces quantity of spent solvent:
agueous solutions, and rinsater
from surface preparation

Reduces use of raw materials

Reduce toxicity
of solutions used
for surface
preparation

Use physical or mechanical metts

Use less toxic solvents or aqueous
solutions

Reduces toxicity of surface
preparation wastes

Reduces VOC emissions

Recycle surface
preparation
wastes

Recover and reuse spent solvents
Reuse nonhalogenated solvents as fuel

Recover metals from surface pegation
solutions

Reduces the quantity of surface
cleaning wastes

Increase transfer

Use of electrostatic spraying to increase

Reduces paint loss due to overspr

efficiency transfer efficiency Reduces paint sludge, scrubber
Use flow coating, roller coating, or water, and spent filters from air
electrodeposition to increase transfer | pollution control
efficiency
Improveoperating practices
Reduce Revise schedules to reduce switching | Reduces the quantity of equipmen
equipment paints cleaning waste
cleaning Use dedicated equipment If solvents are used, reduces VOC
efficiency Use propoiibnal mixing emissions
Substitute Use less toxic solvents bigh pressure | Reduces toxicity of cleaning waste
Cleaning alkaline SO|Uti0nS Reduces VOC emissions
materials

Recycle cleaning
solution

Remove paint sludge and reuse cleanin
solution

Recover and reuse spent solvents
Reuse nonhalogenated solvents as fuel

Reduces quantity of equipment
cleaning waste

Reduce wastes
from air pollution
control

Improve transfeefficiency

Switch from wet to dry paint booth(not
always valid)

Use screen of bag filters that can be

Reduces the @untity of waste from
air pollution control




40 Technical Manuat, Application of Paints

Technique Description Effects

cleaned and reused
Reuse scrubber water

Reuse paint sludge as a filter material 0
as fuel; this solution is dependent on log
regulations

Reduce old or
unwanted paints

Implement inventory controls

Find a user throug
waste exchange

Reuse the paint as fuel
Return paints to the manufacturer for

Reduces quantity gfaint waste
Reduces loss of raw materials

reblending
Reduce raw Buy bulk quantities Reduces quantity of container was
material Reuse containers
containers

Recover metals from containers

Waste from Paint Removal

Conventional paint removal techniques include gog sanding, sand blasting and solvent stripping.
Both sand blasting and solvent stripping, although widely used, generate waste that pose
environmental and health risks.

Wastes generated during paint removal include the following:

A Large volume of wasteater containing solvent/paint residues

A Sand and other silieeontaining materials used in sand blasting are harmful

A Dry paint residue and spent abrasive media are hazardous and may be landfilled or incinerated
A Toxic dust for the workers from abrasive blasting

Table3-8 : Waste Reduction Techniques for Paint Removal

Technique ‘ Description ‘ Effects
Rinse water reduction Collect paint and solver] Reduces the quantity ¢
solution wastewater from rinsing afte

solvent paint stripping

Reduces the quantity of virgi
solvent used

Filter andreuse stripper solven

Solvent substitution Immerse objects in molten s§ Reduces VO@missions
or hot caustic bath instead

solvent bath

Abrasive media substitution

Use plastic media or dry ice
abrasive media

Use highpressure water sprayj

Eliminates use of sand ar
related health risks

Eliminates spent media was
(i.e. plastic  media an
recyclable)

Plastic media blasting cabe
substituted for solvent strippin
eliminating VOCs and sper
solvent waste

Substitute  pulsed fo

abrasive media

light

Use lasers to heat and loos

paint

Eliminates spent media waste
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3.3.2 Surface preparation

Appropriate surface preparation is the pretiton for a high quality coating with a long lifespan.
Furthermore, the surface condition can influence what type of coating can be applied. Therefore,
surface preparation is a key step influencing the sustainability of the total process.

Minimising cleaning of surfaces

Methods for surface preparation vary depending on the material to be painted, the paint to be used and
the desired properties of the resulting finiSurface preparation can generate a number of wastes,
including spent atasives, solvents and/or aqueous cleaning baths, and surface treatment baths; air
emissions from abrasives and solvents; rinsewaters following aqueous processing steps; and solvent
soaked rags used for wiping parts before painting. Depending on the citynpfake operation and

the nature of the chemicals used, the volume and toxicity of wastes generated can vary3yigely. [

29]

Principal cleaning techniqued §; p. 24-25]

1 Mechanical cleaningmethods such as scraping, brushing, blasting and tumbling/vibration can be
useful to remove dirt/grease.

1 Aqueous cleaningsystems generally have a wash stage (sometimes ultrasonically assisted),
combined with rinse and hot air drying stages. Some use alkaline aqueous solutions and some
incorporate a conversion dip (preferably phosphating rather than chromating) to provade ext
corrosion protection. Such systems should eliminate the need for any form of manual preparation
such as handwiping with organic solvent.

1 Controlled pyrolysis ovens (organic solventsiyrn off organic coatings and inks from metal
surfaces at temperature$ around 930°C. These systems have been successfully used to clean
paint jigs and hangers, body panels and other metal components.
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Table3-9 : Main advantages and disadvantages of principal cleaning tegsioased on 14, p. 10]

Cleaning

method

Advantages

Disadvantages

Mechanical | Low cost, particularly if using brushes | Only line-of-sight is cleaned.
rather than fully enclosed systems. Waste disposal costs may be high.
May avoid the need for solvents. Difficult to re-use media when removin
Sandblasting is aa more expensive oil or grease.
mechanical cleaning technology. May affect the component surface.
Organic Effective at dissolving oils and greases. | Risks to health, safety and the
solvent All parts of the component are cleaned.| €nvironment.
Load is dry on leaving plant. Governed by strict legislation.
Special waste generated, which is
expensive to dispose of.
Solvent losses may occur through
evaporation.
Plant needs to be maintained and
cleaned rgularly.
Aqueous Lower operating costs than vapour Effluent treatment costs mag thigh.
degreasing. Components may be wet and require
All parts of the component are cleaned. | drying on completion. This may increa
Water can often be nased or recycled. | COStS.
Less hazardous to human health and th{ Certain chemicals may corrode
environment than organic solvent machinery and components.
cleaning.
Biological Low operating temperature means lowe| Only suitable for Hydrocarbon
operating costs than vapour degreasing| contamination.
All parts of the component are cleaned.| May take longer than traditional
Solution can be disposed of directly to | degreasing techniques.
sewer. Enzyme cleaners require replenishing.
Biological surfactants, which make use ¢ Components may be wet and require
micro-organisms, do not need replacing.| drying on completion. This may increa
Less hazardous to human health and th{ COStS.
environment than organic solvent
cleaning.

Measures for waste in tiseirface preparationy; p. 30-31]

This section covers general methods to improve the efficiency of the surface preparation process and
to reduce the pollution gemated during the surface preparation processes.

A costeffective method for reducing these wastes is to minimize the need for surface preparation by

9 Improving current operating practices and
1 Setting standards for cleaning and stripping. If the need for surface preparation cannot be
reduced by these methods, alternative technologies must be assessed.
1 Maximizing the cleaning capacity of current methods also can help reduce wastes.
Each of thes options is discussed below.
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Improve Current Operating Practices

To reduce the need for cleaning, technical assistance providers can help companies examine the
sources of workpiece contamination. Technical assistance providers should determine how
contamnants such as lubricants from machining, dirt from the manufacturing environment, and finger
oil from handling by shop personnel are contaminating the workpieces. Once the contamination
sources are identified, technical assistance providers can help idetewhether some or all
contamination sources can be eliminated by improving current operating practices. For example,
proper storage of materials and jirstime delivery of parts can keep contaminants from becoming a
problem. To eliminate finger oil ctaimination, gloves can be used in areas of parts handling; gloves
can be made of liffree material, or lint can be removed with a dry cloth

In the case of paint stripping, technical assistance providers can help firms examine what causes the
need for pait stripping. Possibilities include: inadequate initial part preparation, defects in coating
application, improper time/temperature cycle for the curing oven, and equipment problems or coating
damage due to improper handling. While no process is peréelticing the need for repainting can
greatly reduce the volume of waste generated from paint removal

Set Standards for Cleaning and Stripping

Next, companies should determine the cleanliness level or cleanliness standard that is needed.
Cleaning requiremest are generally based on two factors: process specifications and customer
requirements. A system to measure cleanliness should be used to prevesitanieg and ensure
efficient use of cleaning agents.

In the case of abrasive stripping, standards shbaldet to avoid blasting a surface longer than
necessary, creating excess waste and reducing productivity. Measuring devices can be used to define
the level of surface scratching or "profile" desired. Most standards use classifications for surface
cleanlness. There are two types of standards available: visual disk and photographic. A surface
profiler instrument also can be used.

Pollution prevention approaches tends to favour mechanical or aqueous cleaning methods, but solvent
vapor degreasing can be ma&eonomical and suitable for certain types of parts (e.g., parts that slide
into each other to form a close fit, preventing some surfaces from being exposed). Advanced
technologies have made both of these processes more effective and less harmfulimtivaent.

Maximize Cleaning Capacity of Current Methods

The following practices should be implemented where possible to maximize the cleaning capacity of
agueous or solvent cleaners:

9 Use counter current cleaning (i.e., begin with "dirty" cleaner, follomettlean" cleaner)

1 Add an additional rinse

1 Recycle cleaning solvent and rinsewater

1 For aqueous cleaners, control water temperature and pressure. For example, elevated temperature
solutions are more effective for removing greases and oils.

The following ®ctions provide more detail on specific surface preparation processes including solvent

vapor degreasing, aqueous cleaning, alternative solvents, phosphatizing, anodizing, stripping, and

abrasive blasting.

3.3.3 General Good Housekeeping

Improvements in betterperating practices, or "good housekeeping” methods apply to all emissions
and waste streams, require minimal capital outlays, and can be very effective in reducing wastes and
pollutants. Good housekeeping includes the development of management initiatiieease
employee awareness of the need for, and benefits of pollution prevention; preventative maintenance to
reduce the number of leaks and spills; and efficient use of raw materials. The following Table presents
a summary of good housekeeping measure
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Table3-10. Opportunities for Improved Housekeeping in Coating Operations [basggoB6]

Waste ‘ Method

General Improve material handling and storage to avoid spills
Segregate waste streams

Perform preventative maintenance

Practice emergency preparedness

Charge departments generating waste for costs associa
with management and disposal

Paint Waste Maintain rigid inventory control to reduce thinner use
Initiate routine maintenance and training to reduce leaks
spills

Mix paint according to need; document use

Provide operator training to improve transfer efficiency
Schedule jobs to maximize color runs

Solvent Waste Control inventory to reduce use

Substitute coating material for one with low or no solven
Substitute cleaning solution for one with low or no solver
Practice proper equipment cleaning methods

Regycle solvents onsite

3.34 Prevention of unplanned releases/emissions

BAT is to design, construct and operate an installation to prevent pollution from unplanned emissions
by the identification of hazards and pathways, simple ranking of hazard potentiat@aceénting a
threestep plan of actions for pollution prevention. This is particularly useful to prevent the
contamination of groundwaters and soils, and to assist in site decontamination on cessation of
activities. The complexity of the approach will yaaccording to the size and complexity of the
installation and the hazard potential identified. To minimise unplanned releases, the steps should
include measures to address all the bullet points Below

Step 1:

1 allow sufficient plant dimensions

9 contain areas identified as being at risk from any chemical spillage by using appropriate materials
to provide impervious barriers, including identifying any possible access to sewers, such as drains
and inspection hatches, and sealing them appropriately

1 ensure the stability of the process lines and components (including temporary and infrequently
used equipment).

Step 2:

9 ensure storage tanks used for risk materials are protected by using construction techniques such as
double skinned tanks or Isjtuating them within contained areas

ensure operating tanks in process lines are within a contained area

where liquids are pumped between tanks, ensure the receiving tanks are of sufficient size for the
quantity to be pumped or a fail safe level contystem is installed

T
T

® More information for this section can be found in the following refereffi;er. 560561]
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ensure there is either a leak identification system or contained areas are regularly checked as part of
the maintenance program.
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4 Cross-cutting innovative approaches

This section contains an introduction to croafting innovative apparhes for the sound
management of chemicals and chemical waste that
value chain and not only in the sector which is the focus of this document.

The crosscutting approaches and technologies include:

f How to usechemical leasing and other innovative business models to improve resource
efficiency and safety in the value chain while also increasing competitiveness and enabling
differentiationin a competitive market place

1 How to wnnderstand the basic elemepfsa safety management system in order to reduce the
risk of major accidents in facilities manufacturing or handling chemicals

1 How to understand and use the Globally Harineh Systenof Classification and.abelling
of Chemicals to handle chemicals safahd responsibly

1 How to safely store chemicals according to their hazard categoriemiairdize the risk of
accidents

1 How to develop a fire protection system, classify chemicalsimaptement tehnical risk
reduction measures

1 How to classify and manage zeadous waste effectively angmainin compiance with
relevant regulations

1 How to improve energy efficiency at facilities manufacturing or handling chemicals

4.1 Chemicalleasingand other innovative business models

Chemical businesses are dependent on innovation and a continuous pipeline of innovative products
and applications. This chapter provides an overviewnofvn and successful chemical management
business models.

4.1.1 Introduction to innovative business models

Greater spread and application of innovation in business models that reduce resource use has the
potential to create mutbillion euro markets in the EU and overseas anbdievevery substantial
environmental and economic benefifthe actual spread of inmative business models currently
covers a very broad range of sectors including industrial production of solid goods, fluids and
ingredients as well as transportation, construction and maintenance, agriculture and public grvices.

p.1]
4.1.2 Innovative chemical management business models

The chemical industry and the many companies that use its products have developed over time a linear
business model in which raw materials are used to create valuable substances which are then, in turn,
used to produce other products further down the vehaén(s). Traditionally, chemicals are sold to
customers, who become owners of substances and therefore responsible for their use and disposal.
Their suppliers have a clear economic interest in increasing the amount of chemicals sold, which is
usually reted to negative releases to the environnmdotvever this is in opposition to the drive for
resource efficiency and sustainability where the aim is to minimize resource usemaximizing

added value.
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Innovative servicdbased business models have gugential to resolve this problem. They aim to
optimize theuse of chemicals, save energyd encourage the recovery and recycling of chemicals.
They also represent a better use of technical expertise and create an alignment of aims and business
modelsand a stronger relationship between the manufacturers of chemicals and those who use them.
Besides, ltey appear able to deliver benefits throughout the supply chain as well as wider benefits for
society.[3, p. 3]

Chemical leasing

Chemical leasingChL) is a preventive and serviegiented business model that shifts away from high
sales volumes of chemicals towards an integrated approach and extended producer responsibility
throughout the entire life cycle of a chemical. Comparedotosentionalapproacks the concept of
chemical leasig is much more servieariented. In this business modéhe customer pays for the
benefits obtained from the chemical, not for the substance itself. Conseqtientigonomic success

of the supplier is not linketb product turnover anymore. The chemical consumption becomes a cost
rather than a revenue factor for the chemicals supplier. Companies will try to optimize the use of
chemicas and improve the conditions for recycling in order to reduce the amount consumed,imvhic

turn, reduces the environmental pollution.

Without the ChL modelthe appropriate (safe) use and disposal of chemicals woelthe
responsibility of the user dghe chemicals. Inthe ChL bush e ss mo d e | ,cladsicabwelesr e r t h
allocation isshifted towards the producer and provider of chemicals and the function performed by

these chemicals, respectivefhe responsibility of the producer and service provider is extended and

may include the management of the entire life cycle.

Traditional relationship Chemical Leasing model
Conflicting incentives Aligned incentives
Service
i Buyer
Supplier Buyer o
Chemical Chemical
consumption consumption
wants to wants to wants to wants to
increase decrease decrease decrease

Figure4-1: Traditional approach vehemical leasingnodel pased or3, p. 9]

In Europe the REACH regulatichhas given a new legislative frame to the production, miagand
usage of chemicals. For certain hazardous chemitatsekampletrichloroethylene) it requires
authoization processes as a precondition of continued lasthis contextchemical leasingvill play
an increasinglyimportant rolein authorization processd®causethe business model requirése
manufactures to extend their responsibility and commitment tthe safe and optimized usef
chemicals It is expected thah the near futureertain chemicalsequiringauthoization will only be
sold under a chemical leasing business model.

The following figure showshow technolog and process improvementssulting fromintensified
collaboration camsignificantlyreducethe consumption of chemica[81]:

® More information about REACH:
http://ec.europa.eu/enterprise/sectors/chemicals/reach/index_en.htm
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air emissions .
solvent . 520 kg
754 kg Open Machine asias I
Regulatory d ) . .
induced Legislative approach
air emissions
10k
Softein Closed Machine .
160 kg wastes
- 150 k .
W 4 Supplier approach
change
- air emissions
solvent Close§ Machine & 10 kg
Chemical Product
15 kg PN wastes
5kg Collaboration and
Business Model _~— . )
o C\MIV R chemical leasing
i air emissions |
! solvent e : 1kg '
- e Chemical Leasing astes |
| 3kg |
SAFECHEM
be responsible

Figure4-2: Example of consumptioandemission reduction by technology and process improvements
resulting fromintensified collaboratiofi74 andSAFECHEM Europe GmbH

The application of ChL modelachieveseconomic advantages for all partners involved, provides
specific solutions for efficient chemicals management and ways toceedagativampacts onthe
environment. Since chemical products provide aalkllo v ar i ety of cleamingv,i ces
ficoating , colduringd a grehsin@® the ChL model is applicable in a multitude of indystectors

[32].

Chemical Management Services (CMS)

Chemical Management Services (CMS) is a business model in which a customer purchases chemical
services rather than just chemicals. Thaesevices can encompass all aspects of dhemical
management lifecycle including procurement, delivery/distribution, inventory, use (including chemical
substitute research), collection, monitoring/reporting, training, treatmesposdl, information
technology and everprocess efficiency improvementgachof these serviceposes its own costs and

risks. Under CMS, the service provider is compensated based on the quality and quantity of services
provided that reduce lifecycle costs, risks and environrhanpactsof a chemical substancandnot

on the volume of chemicalsold. Thereforethe service provider has the same objective as the
customer: to reduce chemical use and oBbth partnersachieve bottoriine benefits through
reduced chemical usepst and waste. This model is how widely used in the automotive, aerospace
and microelectronics sectgrsvhere environmental benefits observed include reduced chemical use,
reduced emissions and reduced waste generation, as well as substantial cost/saviabaverage

cost reduction of 3@er centhas been achieved in the fitsyears[3]. This model differs from ChL in

that the unit of paymetih ChL is the service provided by the chemical, which will always resith in
efficient use, while in CMS the unit of payment is the whole service of chemicals managénient.
approach depends ¢ime good management thie chemicals bthe servicesupplier.

Closedloop models

These models take a life cycle approach to materials used in goods and services and furthermore strive
to keep materials within the economic system rather than letting them become waste. In the closed
loop systemthereis effectively no such thing as waste. The applicatiothef approach starts by
focusing on what is being delivered to the customer andithcan be achieved more efficiently.
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More and moresectors and major businesses are moving towards diosedipproaces in order to
internalize major risg protect against resource supply disruption, reduce environmental snapalct
develop a better value proposition for customers. The benefits of this model are therefore broad and
not only environmental in character.

For chemistryusing industriesthis approach means not only taking responsibility for mirimg the

impacts of the substances produced and sold from raw material sourcing right through to the end of
product life, but also taking back the product at the: @frits life and restoring it to a condition where

it can be reused.

The approach ranges from extending the lifespan of a product (repair and remanufacture) to providing
a service based on the effect a substance delivers rather than the substanCedtseter is typically
achieved by full recycling of the material with ownership retained by the provider.

Experiencenas shown that closed loop models work very well busiteebasiness but can be harder
to implementalong complicated supply chainsiorbusinesgo-consumeindustrieq30].

Feedstock foundation

This model focuses on petrochemicals, and typically consists of three tufiireess units. Feedstock
foundation companies produce the essential building blocks for downstream players in the chemical
industry and end markegtand concentrate on adding value to f
locations (advantaged feedstock,ogth markets), largecale facilities and leading process
technology[32, p. 4]. Thus this innovative business model @iitable for limited, lage-scale

businesses.

Chemicals platform

Chemicals platform companies typically consistfiek to ten business units that span the entire
chemical value <chain. The platform of this mode
concentratesontieusi nesses, capabilities, mar kets and pi
mega trendsuch ashealth, energy, transportation, housing and construction. These companies consist

of a portfolio of business unitgperating more or less independerdficording tot he compani es
governance structundactively managed for growth and synefgg, p. 4].

Market maker

Market makers typicallxonsist of one to three business units. This model focuses not on chemical
end markets, but rather on selected end markets such as life science, agrochemicals, paints and
coatings and related technologies. Market makers focus on driving innovation baseitheo
understanding of product performance and act on pervasiveariat trends, not simply customer

input. These players make a significant investment in brand and distriblitiey.tend to have high

growth with products that represent a limited sludreustomer cost and value ch§i?, p. 4].

4.1.3 Additional sources of information

Websites

Chemical leasing website: aonestop site to learn evetying about this business model and to find
helpful guidelines and recommendasdar its implementation:
http://www.chemicalleasing.org/index.htm

Materialon chemical leasing provided BYNIDO : http://www.unido.org/chemicdkasing.html

Chemical Strategies Partnership (CSP)website (USA): provides information on CMS and
guidelinedor its implemenatiort http://www.chemtalstrategies.org/implement_manualstools.php
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Documents

DEFRA, UK: AA gui de t o (2018eprovidesan easilyeaccessildednsraductitmthe
chemical services model

EU i DG Environment: APromoting I nnovatEwnei Buasmearetsa!l Malr
(2008); describes a selection of innovative business models that are economically profitable and also
have positive environmental effects

4.2 Prevention of major accidents

This chapter provides an overviewtbe state of the art in thprevention of major accidentelevant
for small and medium enterprises.

4.2.1 Importance of preventing major accidents

The advantages of reducing the likelihood and consequences of major actidwsitgling better
protection of human health, the environmand economic resourcésare well known[34, p. 6-7].

An example of legislative measures supporting the prevention of major accidents is the Seveso
Directive which obligeMember Stgesof the European Union to ensure that operatove lapolicy

in place to safeguard against major accidg3gk

EC Directive 96/82/EC (Sevesd)tefinitions[33, article 3:

Major accident: a major emission, fire or explosion, leading to serious danger to human health and/or thg
environment, immediater delayed, inside or outside an establishment, involving one or more dangerous
substances

Hazard: an intrinsic property of a dangerous substance, with a potential for harm

Dangeroussubstancesnamed substances substances with certain geneni@zardous propertiefor example
flammability

Community

Major accidents can cause deatid serious injuryo workers and the local population as well as
significant longterm health effectsThey can harm livestock, crops and water supplasd cause
considerable environmental damage. Th&y also result in major economic losses for the enterprise
involved and the entire community.

Health and environment

Major accidents can have devastating impacts on human health and the environmergtaRoe

they can cause direct, immediate harm to workers and péngonsn the vicinity who are exposed to

the harmful chemicals or who are injured by an explosion or fire. Acute exposure to dangerous
substances can also cause lergn healtreffectsincluding chronic diseases and candetditionally,

people may suffer harm indired¢y through their diet as result ofingestingcontaminated drinking
water, agricultural products, fish, livestock and other food itspasledby polluted air, surface wat
andsoil.

The release of dangerous substances tiioair, water and soil can have serious environmental
impacts killing animals and vegetation, poisoning water supplies used for drinking, fishing and
irrigation, and rendering soil unfit for agricuteu

" The Seveso Directive (currently the Seveso Il Directive) will be replaced by the Seveso Il Directive on 1 June
2015.
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Economic impact

In addition to the potential impact on human health, accidents can cause significant economic harm,
both to the enterprise as well as to the community. The costs associated with responsg, ahehn
recovery, including healtbervicegprovidedsuch as medical treatment, can be quite significant.

It is obvious that the enterprise where the accident occurred may suffer significant economic losses
(from, for instance property damage, loss of jobs, having to stop operations fextanded period or

even bankruptcy). What Isss evidenaire the costgcurred byother industries in the vicinity of the
accident. For example, an accident may pollute local wettdiesincreasing the costs of water used

for drinking and agricultureand causing significant damage to the fishing industry. In addition,
suppliers and customers of the enterprise will be impacted.

4.2.2 Main cause of major accidents

The potential for major accidents has become more significant with the increasing productge, stor
and use of dangerous substandeadequatananagement is often recaged as the main cause of
major accidents, specifically:

Inadequatelesign

Inadequatenainienance and operation procedures;

Inadequatassessment of the existing hazards andgskecsated risks in the facility;
Inadequatestaffing or training

= =4 A -

A detailed analysis of an accident will normally reveal three causéslevast, indirect and direct
(Figure4-3).

Management Safety Policy & Decisions
Personal Factors
Environmental Factors

INDIRECT / \

CAUSES Unsafe Act Unsafe Condition
(SYMPTOMS)

BASIC
CAUSES

Unplanned Release of
Energy and/or
Hazardous Material

DIRECT
CAUSES

ACCIDENT
Personal Injury
Property Damage

Figure4-3: The three cause levels of an accidéaised orY9, p. 350]
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4.2.3 Motivation of SMEs and prevention of major accidents

Measures to prevent major accidents could lead to improved efficiency and lower production costs, as
well as to improvements ithe general health, safety and environmental performance of enterprises.
Safe operations also protect the gedlll and reputation of industpandfoster improved relationships

with members of the local communities.

At the local level, creating an effeati major accident prevention plan might result in significant
political implications. This could provide a platform for improving communication and trust between
local leaders, the public and other stakeholders. Furthermore, communities typically blame loc
leaders for accidents if there has not been adequate warning or appropriate response.

4.2.4 Prevention of major accidents

Facilities that handle chemicals are actively engaged in dealing with risks to ensure the safety of their
workers and their community. Mo of their efforts focus on ensuring that the facility is designed and
operated safely on a daily basis, using wekigned equipment, preventive maintenanceptgate
operating proceduremd welttrained staf{ 79, p. 343).

It is recognized that the safe functioning of an enterprise depends on its overall management. Within
this overall management system, the safe operation of an enteggyisees the implementation of a
system of structures, responsibilitiesd proceduresvith the appropriate resources and technological
solutions availabl§34, p. 6-7].

Each enterprise should establish and implement a major accident prevention policy, which provides a
basis for major accident prevention in order to miméthe likelihood of an accident and to protect
human health, the environment and property. The elements ehtbly management systd®MS)

should be appropriate to the nature and extent of risks posed by hazardous instahatitakethe
available regurcesinto accoun{34, p. 92-95].

A safety management system should ad8réss orgaizational structure, practices, procedures and
resourcegor implementing the major accident prevention policy and should include at a mirthreum
following items

1 Organzational structure (including roles, responsibilities, training, education, qualifications
andinter-relationship of individuals inMved in wak affecting safety)

71 Identification and evaluation of hazards (developing and implementing formal procedures to
systematically identify and evaluate hazairdscluding their likelihood and severiiyarising
from normal and abnormal operations, and inclgdthe hazards arising from handling,
production, transportation, storage or disposal of dangesobstances)

1 Facilities and operational control (addressing design and construction as well as the
procedures for safe operation, including maintenance arftgplprocesses, eqment and
temporary stops)

f Management of change (planning and controlling changewsamous areas such as
organzation, personnel plant processes including prestap reviews, maintenance and
decommissioning materials equipment procedures software design and external
circumstances thaight affect safety)

1 Planning for emergencies (related to developing, adopting, implementing, reviewing, testing
and,if appropriate, revisgand updating emergency plans)

8 Based on the OECD Guiding Principles for Chemical Accident Prevention, Preparedness and
Responsesecond edition2003.
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1 Monitoring performance (concerning the ongoing assessment of compliance with the safety
policy and safety management system, and mechanisms for taking correctiveira¢ktion
event of norcompliance)

71 Audits and review (addressing the periodic, systematissessment of the major accident
prevention policyas well agffectiveress and suitability of the SMS)

Guidance for SMEs on speciBafety management systelaments

Small andmediumenterprise4SMES) are a very important part of the global econaimcethey are
the source of most growth in employment. They are flexible, adaptable and quick to respond to
changes inthe marketplace and new opportunities.

But if SMEs are to grow and become sustainable, enterprises must learn to consolidate ared improv
practices, to become more productive, to manage and mitigadendsk effectivelyandto understand

their value chain and business environment more fully. This is why codes, standards, guidelines and
frameworks that bring the experiencenadjor compaimes to small companiga a useable wagre so
valuable.

UNEPS Responsible Production (RP) Framework for Chemical Hazard Management provides
guidelines forsmall andmedium enterprises It provides a systematic, continuous improvement
approach tochemicd safety along the valuehain. Moreover, the approach provides technical
materials and tools to help SMEs understand hazards, control chemical exposure, redaketthe
accidents and engage stakehold@g.

ThefGuidelines on a Major Accident Prevention Policy and Safety Management Systblished in
cooperation with the Major Accidents Hazards Bure&uhe European Unioprovide very good
adviceon safety management systerfile publicatiorprovides guidance andescriptionson what is
required by the Seveso Il Directi{&3].

Development of a major accident prevention policy

The development of a major accident prevention document/policy is recommasdaebt practice

This document is intended to give an overview of how the company ensures a high level of protection
for humansand the environment. Furtmeore it should clearly indicate the arrangements, structures
and management systems required for each of the segasdescribed in more detail further below

[36, p.2].

The safety management strateglefines how safety and health are organized, measured and
monitored. Thedevelopmentof a safety policy and safety plais a key point to ensure that the
strategies and procedures are implemented at all |6Ailseven elements have to be incorporated

into the system, including monitoring, audit and review processes which are essential components of
the systenji37, p. 5].

Organzation and personthie

The safety management systesimould reflect the tedown commitment and the safety culture of the
companys orgaliieation, translated into the necessary resources and direct responsibilities of personnel
involved in the management of major accidents lategkls in the orgamation. Furthermoregit is

helpful to identify the skills and abilities needed by such personnel, and ensure their provision
[35 p. 2].

The responsible production (RRYpproach provides a systematic method of mapping key aspects
(inputs, outputs, modes of production, stakeholders) related to reducing the risk eheclitidften

involves a quick orsite assessment of the company and consultation with management in order to
gain a better wunder st andi andpotential arehsfor improngrem.y 6 s n

ee
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Hazardidentification and evaluation

Hazard identification and risk assessment are two major elements of the risk management process.

They are necessary to be able to make decisions relating tofaiskxamplein terms ofrisk
awidance, reduction or transfer acceptance of the residuisk.

When undertaking a risk assessment, it is important to carefully consider the various possible

approaches and methods available, and choose an approach/method that is appropriate for the

particular circumstances, since all approaches/methodsth@vewn strengths and weaknesses and

none is

perfect.

The methodology used for these processes is known as risk analysis or risk assessment. The spectrum

of specific methods is broad and covers various degrees of depth and complexity in the analysis as

well as various systems of investigatidRisk assessment methodwlude hazard mapping, cheek
lists, hazard and operability studilAZOP),

Tedhnigues that are recommendéat the analysis ofmajor hazard include thefiDow Fire and
Explosion Indeg [38] and theiT NO Pur pl e Bookod

Operational control

The company should preparmgpdate ankeepreadily available the information on process hazards
design and operational limits and contrasultingfrom the hazard identification and risk evaluation
procedures. Based on these, doeated procedures should be prepared and implemented to ensure

i What

iarfdrdsk raatrid. | y s i s

(gui del i n 39

thesafe design and operation of plrmirocesses, equipment and storage facili8&gsp. 5].

Straighforward guidelinesn how to prepare companys process flow diagram can be found in the

for
The Responsible Production Toolkit (UNEP) provides tools which can help SMEs undertake hazard
identificationandrisk assessment including priazdtion of the identified risks.

Responsible Productiohoolkit. An objective is to clearly map the process flow in order to understand

what the activities are and who is involved in them. This will help getting a better understahding

where chemicals are used and located. Process flow means both the sefjuetisities that are

undertaken in the company and the external activities that the company can influence within its

g

business, ranging from the products and services the company procures to the products and services

the company providds5, p. 14].

Management ofhanggMOC)

According to the International Social Security Association (IS®#gnagement of chandg®lOC) is

def i

ned as fia

systemati c
a safe

safei st at e, al ong

published a practical guidance document onnbteaiance and changes in plants with high safety

pat h.

process

The

to

e nisagaine

n 2007, ket ISSA e

requirement$40]. This document is a valuable source for helping companies institute MOC.

Maintenance and changes are part of normal plant operation in the chemical ingetssgrious
accidents often occur due to changes in proce€demges frequentligadng to unsafe onditions if
not properly analyed includethe change of4(Q:

il

f
f
1

Constructiormateriak
Process parameters
Inerting procedures
Equipment parameters

° An overviewo f t he
Chemical Accident Prevention and Preparedness? S@idance on Risk Assessment (p.-123).

sted

met hods

can

be

found

t he
may

n
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Such changes can be temporary or permanent, small or large. Neverthelesshanges or
modifications that result in deviations from the safety protocols (or safety management plan) are
subject to a hazard analysis and risk assesgpnecedure This isfundamental t@ll MOC activities

According to the ISSA, typical items @nplant change form include:

1 Administration éequential number, date, plant, piping and instrumentationatigg
71 Description of theehanggWhat will be changed? Why®hat are the lgjective®)

1 Additionalinformation (deadlinescost)
1

Schedulencluding the sequencef work (planning preparation, main work, auxiliary work,
terminatior) designed so that the work flohearly appears from the entries

1 Documentupdate (P&l heets, permits, explosion protection documents, safety checks and
hazard analyses)

1 Checks beforestartup (process control systerfPCS), pipes, pressure vessels, unloading
points and filling stations)

1 Approvals (with signature and date)
Further practical information relating to planning changes and accounting for safety in the various

phases of changes (i.e. preliminary planning, basic design, detailed design, construction,
commissioningandproduction) are found in the ISSA publication.

The following table provides an overview of MOC requirements according td$hEnvironmental
Protetion Agency US EPA) and can be a useful guideline for implementsng ¢ o mpMOCy 6 s

policy.

Table 4-1: Management of change requirements, Chapter 7.8 (2004) of the EPA General Risk
Management Program Guidance [based fn

MOC procedures

Employees affected
by the change must:

Update process safety Update operating

must address: information if: procedure if:

Technical basis for the
change

Impact on safety and

Be informed of the
change before statp

Trained in the change

A change covered by
MOC procedures
results in a change in
any process safety
information

A change covered by
MOC procedures
results in a change in
any operating

procedure

health before starup

Modifications to
operating procedures

Necessary time period
for the change

Authorization
requirements fothe
proposed change

Emergencyplanning

The safety management systeshould include the procedures necessary to ensure that an adequate
emergency plan is developed, adopted, implementedwed, tested, anavherenecessaryrevised

and updated. The company should develop and maintain procedures to identify foreseeable
emergencies arising from its activities, identified through hazard and risk assessment, and to record
this analysisand keept up-to-date. Plans to respond to such potential emergencies should be prepared,
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and arrangements for testing and review on a regular basis should be included within the SMS. The
procedures should also cover the necessary arrangememsiiarunicatig the plans to all those
likely to be affected by an emergeri@6, p. 6].

Proper assessments can only be madéenidertakinga detailed safety and risk assessment audit of the
operations, worker practicesompany policieand the workplace environmem9, p. 418]. Section 3

of the Responsible Productiohoolkit gives recommendations on how to responth&hazards and

risks identified throughreviewingt h e ¢ o rpnpcesses @rsd activities. Furthermateprovides
guidelineson how to develop an appropriate response to chemical hazard issutte asdociated
impacts anchow to communicate thento the concerned community. There are also mbmer of
international publications that provide guidance on emergency planning related to major accidents,
some of them being listed in the following paragraph.

425 Additional sources of nformation

Websites

Health and Safety Executivéi$E), UK website provides a wealth of information and advice on
work-related health and safety attd prevention of accidentsittp://www.hse.gov.uk/

UNEP Safer Production websitg@rovides a list of additional resources relatecager production:
http:/mwww.ung.org/resourceefficiency/Business/CleanerSaferProduction/SaferProduction/Additional
Resources/tabid/101149/Default.aspx

Documents

European Commission, Major Accidents Hazards Bur&AHB ) : AGui delines on a N
Prevention Polig and Safety Managemet Sy st e mo

OECD: Gadi ding Principles for Chemical Ac(secodde nt Pr e
edition 2003)

GTZ: iChemical Management Guide f8mall and Mediur6i zed Enter pri seso (200

UNEP: A Responsi bl e;AfFrameork foriChemicaBrapaldanagement for Small
and MediursSized Enterprisé€g2009).

European Process Safety CenEPECO HAZ OP: Gui de t(secoBdeedittonr2@®8)act i ce o



http://www.hse.gov.uk/
http://www.unep.org/resourceefficiency/Business/CleanerSaferProduction/SaferProduction/AdditionalResources/tabid/101149/Default.aspx
http://www.unep.org/resourceefficiency/Business/CleanerSaferProduction/SaferProduction/AdditionalResources/tabid/101149/Default.aspx
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4.3 Safe handling of chemicals

This section provides a brief overvieot.

Hazards associated with the use and handling of chemicals
Hazard communication in the form of labels and SDS
Performing a basic risk analysis

Developing workplace operating instructions based onsSDS
Prevetive measurescluding

o Hierarchy:elimination, substitution, control: TOP hierarchy

o COSHH Essentiald oolkit or ILO Toolkit (focus on essentials)

= =4 4 —a

Chemicals are used in virtually all work activities, thus presenting certain chemical risks in a large
number of workplaces all over the worliflany thousands of chemicals are used in substantial
guantities, and many new chemicals are also introdoneéde marketeveryyear.Hence, therés an
urgentneedto establish a systematic approach to safety in the use of chemicals at work.

An effective ontrol of chemical risks at the workplace requires an efficient flow of information
potential hazards and the safety precautions to be tiiken the manufacturers or importecs
chemicalsto the usersEmployers should follow up on thieformationand ensureon a dayto-day

basisthat the necessary measures are taken to protect workers, and consequently the public and the
environment.

Chemicals can be corrosive, reactive, flammable, explosive, oxid@idgnert, and contribute to
serious health effects such lsrns,rashes, kidney damage, lung damage, hearditions cancer,
damage of theentral nervous system, etc.

Routes of occupational exposure include: | ngest

71 Inhalation Nearlyall materials that are
airborne can be inhaled. This is the
most common route Gases and
vapours can passnto the blood
whereassolid particlesareinhaled into
thelungs.

1 Dermal absorptionSkin contact with a
substance can result in a possible
reaction and many solids, liquids,
vapours and gases can be absorbed
through the skin.

1 Ingestion/swallowingWorkersdo not
deliberately swallow materials they
handle however the failure to wash
hands, or eating in the presence of
chemicals can lead to ingestion.

1 Injection: Though uncommon, Skin abso

accidents  occurring during the
handling of sharp objects can result in
the injection of a chemical into the

bloodstream Figure 4-4: Routes of occupational exposure

1 Ocular Chemicals are absorbed [1]
through the eyes or cause physical
damage.
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The safe use of chemicals involves several building blocks in vitdBHS is a key elemerfsee the
following subchapter)

Safe use of
chemicals

Risk Management Systems
Risk Communication
Exposure Monitoring/Control

Hazard Communication
GHS Safety Data Sheets & Labels

[ GHS Classification ]

Figure4-5: Building blocks for the safe use of chemicals

4.3.1 Globally Harmonized System of Classification and Labellingof Chemicals
(GHS)

The Globally Harmonized System of Classification and Labelling of Chemif@ldS) is an
internationally agreedpon systemgreated by th&nited NationsThe GHS is a worldwide initiative

to promote standard criteria for classifying chemicals according to their health, phgsttal
environmental hazarddt is an international approach to hazard communication, providing agreed
criteria forthe classification of chemical hazards, and a standardized approach to label elements and
safety data shee{SDSs).The primary goal othe GHS is better protection of human health and the
environment by providing chemical users and handigtis enhanced and consistent information on
chemical hazardgl2, p. 63].

It is important to note thahe GHS is currently being implemented in many counfnsich means
that users of chemicals will still encounter systems currently used in many rneajoical producing
countries.

The key elements of GHS include:

1 Harmonized classification criteria
1 Harmonized labelling elements
1 Harmonizedsafety data sheetements
The GHS uses thsignal wordsfi Danger 0 a n fictograhes'?, nazand gs@tements and

precautionary statementsto communicate hazard information on product labels and safety data
sheets.

% Note: Not all categories have a symbol associwiii them
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Hazard classification
The GHSdistinguisheshree major hazard groups:
1 Physical hazards

1 Health hazards
1 Environmental hazards

Each hazard group consists of classes and categoriesgatitns of classes). For example, the hazard

cl as s efascetlifve substances and mi x@).dnrgensrdl, the leagards e v e n
categories are eithen numerical or alphabetcl| order with Alo or AAO r
hazardous category.

Table4-2: Hazardclassificationbased orb(]

Classesinthgroupi Phy si cal Hazar dso

1 Explosives 1 Self-reactive substances amdxtures

1 Flammable gases ' Pyrophoric liquids

 Aerosols 1 Pyrophoric solids

§ Oxidizing gases 1 Self-heating substances and mixture
1 Substances and mixtures which, in

9 Gases under pressure ; )
contact with water, emit flammable

1 Flammable quLiids gases
q Flammable solids 1 OXIdIZIng IlCIU|dS
Classes in the group fiHeal t h
T Acute toxicity 1 Reproductive toxicity
T Skincorrosion/irritation 1 Specific target organ toxicity single
1 Serious eye damage/eye irritation exposure
1 Respiratory or skin sensitization 1 Specific target organ toxicity
1 Germ cell mutagenicity repeated exposure
ﬂ Carcinogenicity Ti ASpII’a'[Ion hazal’d

1 Hazardous to the aguatic environmg
(acute and chronic)

1 Hazardous to the ozone layer

The following figure presents an overview of ffietograms used in theHS andhe UN Model
Regulations on the Transport of Dangerous G@odT DG) and their meanings.

Table4-3: Pictograms used in tteHS andhe UN Model Regulations on éhTransport of Dangerous
Goods (UNTDG)based orbl]

Dangerousgood
classes

Hazard

pictogram GHS hazard Dangerousclass labels (pictogramps

Explosive

Selfreactive .
Explosive

Organic
peroxides
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Hazard
pictogram

Dangerousgood
classes

GHS hazard

Dangerousclass labels (pictogramy

Flammable
Selfreactive
. 1 Flammability
Pyrophoric (liquid, solid
Self-heating or gas
Emits 1 Pyrophoric
flammable f Emits
gas in contact flammgble gas
with water i Organic
peroxide
Organic
peroxides
6 Oxidizers 1 Oxidizer
I Oxidizing gas
1 Nontoxic
non
Gasesunder flammable gas
pressure 1 Flammable
gas
I Oxidizing gas
1 Toxic gas
- 1 Acute toxicity
Acute toxicity 1 Acute toxic
gas

Acute toxicity
Skin irritant
Eye irritant

Skin
sensitizer

No equivalent

Carcinogen

Respiratory
sensitizer

Reproductive
toxicant

Germ cell

mutagen

No equivalent
























































































































































































