,Global Chemical Leasing projects and strategies to
support resource efficiency and green chemistry”

UNITED NATIONS
INDUSTRIAL DEVELOPMENT ORGANIZATION

. . _ emi |
United Nations Industrial Development @
Organization (UNIDO) LeaSIng

Promotes sustainable industrial development throughout the world

v UNIDO was set up in 1966 and became a specialigeday of the
United Nations in 1985.

v As part of the United Nations common system, UNIB@@hroughout the
developing world, in cooperation with its 171 MemiStates.

v Its headquarters are in Vienna, and it is
represented in 35 developing countries.




emical
Today’s Challenges @eaSW\g

= The adopted patterns of use of materials and ersgmynsustainable and
rapidly deplete the world’s available resources.

» Consumption is leading to increases in waste afidtjpm, which in quantity
and in toxicity, are overwhelming the assimilatoapacity of the world’s
ecosystem.

= Industry is one of the main contributors in thedrdbus wastes generation.
= SMEs lack expertise in terms of waste and sounchidfads management.

» There is a need to investigate, encourage and agmymodels of economic
and social development.

Source: State of the world, 2008
Innovation for a Sustainable Economy, Worldwatch Inst itute

ecoupling for sustainable em.CaI
D pling f t bl @ﬁje

economic growth

Resource decoupling

Economic activity (GDP)

Resource use

A{nvironmental impact

Impact decoupling ‘




@eml.cal
Green Industry Leasing
[— Green Industry —}
Greening of Industries Creating Green Industries
Proactay i )
Environmental Environmental
Technologies Services
Bxamples: Bxamples:
= Wind turbines -Enng_ymlti:g
Safe i :
Moo J
@eml.cal
Supporting Green Industry LeaS|ng

In 2005 UNIDO launched the Global
Chemical Leasing (ChL) Programme

ChL, based on the preventive resource efficient@aaner production |
i concept, provides practical solutions for industrypecome more efficient, |
as well as reduce unnecessary hazardous chemitsimoption, and protect
| human health and the enwronment




Implementation at national level @Sasmg

successfully implemented in close
cooperation with the National '
Cleaner Production Centres
(NCPCs) of mainly 6 countries:
Colombia, Egypt, Mexico, Russia
(St. Petersburg), Serbia and Sri
Lanka

In 2011 new initiatives have started in National Cleaner Production Centres are

Brazl, Croatia, Ukraine, Russia

(Volga region) and Nicaragua ; Efficient and Cleaner Production (RECP)

i Network

. 21t includes nearly 50 National Cleaner
i Production Centres globally

i partners of the UNIDO/UNEP Global Resouré:e

Role of UNIDO
Act as a catalyst and facilitator Act as national focal points
« global networking « national networking
* tools development e training + PR
« coordination of NCPCs » demonstration projects

Role of NCPC/National
Ppartners




. . e
Chemical Leasing: Concept Leasl ng

players
Producers/ o
suppliers of Environment: objectives Economy:
chemicals
Emission reduction Added value
users of T
chemicals
recyclin waste load  Wwater . . l costs costs
com};)aniges pollution & pollution g?hS;?s users producers/
suppliers of
equipment chemicals
suppliers
UNIDO, Chemical Leasing
NCPCs uggests new forms of payments for chemi

that direct the economic interests of all partners
towards process optimization and reduction of chensals consumption

Chemical Leasing: Payment LeaSIng

Chemical
producer/supplier
v -

Provides mainly chemical
services (functions
performed by chemicals)

Payment not for the chemical itself, but for the benefits dfe t chemical
(e.g. not for tons of solvents used, but for number of pietesned!)

... amount of produced chemicals will decline as chemicalarmae turns from a factor for
earnings (“the more you sell the more you earn“) to a cost dri{’less is more*)




Chemical Leasing: Motivations

Traditional business models:

Contradictory motivations

supplier Delivery of goods consumer supplier Delivery of services consumer
Material Life _cycle costs
(material, work, waste
(costs, volumg management
"the more the less is more" | "less is more" "less is more"

bettef

Willingness and culture of corporation is required

Chemical leasing models:

Bundled motivations

Bundled motivations: Industrial surface cleaning

air emissions
solvent ] 520 kg
754 kg Open Machine e
Regulatory 233 kg
induced
air emissions
! 0k
solvent Closed Machine 9
160 kg wastes
Business Model 150 kg
change
- air emissions
solvent Closet.! Machine & 10 kg
Chemical Product
ot Services Feastas
5
Busi Model kg
change
air emissions
solvent . . %o
A kg Chemical Leasing w
3kyg
SAFECHEM
be

@emi.cal
Léasing

Legislative
approach

Supplier approach

Service business
model - Chemical
Leasing

Increase efficiency of
solvent use

Reduced environmental
impact




emical
Cleaning of metal parts @e

Classical business model : payment per t of solvents

emical
Chemical Leasing: Main benefits @easmg

_ does not pay to own a chemical, but spends moneéo

benefits provided by a chemical
=

. will decline as reduction potentials are obtainad tb the
intensified collaboration; chemicals volume turren a factor
for earnings (“the more you sell the more you epto‘a cost

driver (“less is more*)

Payments are based on benefits; added value wslhaeed in a fair
way among the involved partners

sells the function of a chemical, including knowahon
efficiency and risks, adding management servides li
production management and logistics




Sectors/Chemicals

Experience has shown that it is best applied togs®es that are not the core know-how
of the chemical user, such as cleaning, de-

Chemical leasing pilot projects successfully introdced:

mical
asing

&g

greasaigting, etc.

Industry sectors/processes

Chemicals

Manufacture of electronic equipment

Coating powder

Car manufacture

Hydrocarbon solvents for cleaning

Various industries/steel treatment

Galvanizing almolsphating agents

Beverage production

Lubricants for packaging conkeye

Waste water and drinking water treatment

Water rimeat chemicals

Accommodation and service sector

Cleaning & digitafiets chemicals

Beverage and food-processing

Glue

Petrochemical industry

Catalysts and water treatroleemicals

Agriculture

Pesticides

Printing Industry

Ink, printing chemicals

Case 1: Water purification and oil
dehydration

Country Colombia
Supplier: Nalco SA
User: Ecopetrol SA
Industrial process:

Chemicals:

Water purification and oil dehydration
Water purification chemicals




Case 1: Water purification and oil m .(:al

e
dehydration LeaS| ng

BEFORE AFTER
Nalco SA Ecopetrol SA Nalco SA Ecopetrol SA
Gallons o kilos of chemicaI; Service of water treatment and oil
dehydration
Colombian peso (COP)allons or kilos COP per kilo barrels (Kbls) of oil with
of chemicals a specified quality

]
~ UNDER ChL:

» Operations with a high consumption of

chemicals  New strategy and partnership model
* High operational costs _ were developed in order to better suit
» Low efficiency and potential risks in the ajl the company’s global vision

fields ) ) « Best practice in the field analyzed
» Low level of control over chemical yields « Operational optimization of oil and

» Commercial relationship only based on price  \yater treatments

Case 1: Benefits gained m -Cal

2\

Economic Benefits: Environmental Benefits:

m  Cost reduction in the water treatment

process by almost 20% ) ) = Removal of 99% of the oil and suspended
= Reduction of the polymer residues in solids from the waste water
the stabilisation pools and the waste = Reduction in polymer consumption
water
n ,’e\gblf;:%%r:t of the yield of the Social benefits:
= Reduction of oil and grease in the . . . )
cooling towers = Creation of new jobs (in the laboratories)
= Reduction of drums used for = Long-term commercial relationship
transportation and storage = Risks reduction and better working conditions

Savings for Nalco: US$ 164,630 (2008), US $ 249,42809)




Case 1: Benefits gained @gg‘s}?]agl

Figure1. Results table
400

o Quantityer  Oll produced Watertreated  Solid waste
chemicals and treated  (Kilo barrels) {bamel)
used (barrels) at plant
(kilo barrels)

- Reduced chemicals consumption of 113 tonnes/year

Case 1: Energy consumption @I’]gm -Cal

Total energy consumption per year: ca 3,400 MWh
=Direct via electricity: ca 50 MWh
=Indirect via materials: ca 3,350 MWh

Reduced chemicals consumption due to Chemical Leasjris 113 t/year
Energy consumption for production of 113 t/yeacleémicals = 500 MWh
-15%indirect energy reduction

Direct energy consumption:ca 50 WMh remains about the same under ChL

-> Reduction of the total @nd indirect energy consumption via
Chemical Leasing is 10 times higher than the direatnergy
consumption

10



Case 2: Bonding of boxes

Country Serbia

Supplier: Henkel

User: Bambi

Industrial process: Bonding of boxes
Chemicals: Adhesive

Unit of payment:
Number of bonded
boxes

Case 2: Bonding of boxes

UNDER ChL :

Chemical is substituted
Application conditions are
changed

Adhesive Application Application
temperature®C) | pressure (bar)

The old one 160 2,9

The new one 130 1,8

Old adhesive

CHEMICAL (ADHESIVE) CONSUMPTION IS 30 — 40 % LOWER

Production

New adhesive

11



Case 2: Benefits gained m -Cal

IMMEDIATE COST SAVINGS For BAMBI (user)
(Measurable instantly)

= Costs for adhesive

= Energy costs (lower application
temperature, lower pressure)

“ Maintenance costs

= Cleaning cost

SAVINGS (Costs of
adhesive)

28000
27000 |
26000 1
25000

MEDIUM TERM COST SAVINGS B [/

23000

(Measurable after certain time) 1000

21000

= Spare part costs 20000 4=
(nozzles, pipes)

Old adhesive  New adhesive

Besides, environmental and working conditions immproents

Case 2: Benefits gained m -Cal

For Henkel (supplier)

Competitiveness and relations
= Better relationship with Bambi
= Threat from competitors is significantly reduced

Economic and environmental benefits

= Services are a part of the product price
= Transportation costs and storage costs are lowe
= Lower consumption of chemicals;

= Lower energy consumption




= ChL book and video
= Case study brochure

= ChL Award

Tools and instruments developed

= International and national working groups

= ChL toolkit to facilitate ChL implementation at pldevel

= Sustainability criteria for ChL business models

Chemical L
St S

e W s e o et et oy

- Provides asystematic approach
to the implementation of Chemical
Leasing business models at
company level.

- Supports the planning,

Chemical Leasing projects by
providingtemplates, worksheets
and other materials

implementation and monitoring of

= Information and PR material in several languages ® L
= Homepage www.chemicalleasing.com
i
_ @eml.ca
Toolkit Leasing

[ Chemical
Leasing

Bckgrount

information

13



Sustainability Criteria @emlcal

ChL business cases have to fulfil the following:

*Reduction of adverse impacts for environment,theahergy and resource
consumption caused by chemicals and their applicatia production processes!

eImproved handling and storage of chemicals to gméand minimize risks!
*No substitution of chemicals by substances wittigher risk!
*Economic and social benefits are generated; aactrghould contain the

objective of continuous improvements and shouldkna fair and
transparent sharing of the benefits between thia et

*Monitoring of the improvements needs to be possibl

Global Chemical Leasing Award @emlcal

— The Award aims at enhancing the visibility of CheatiLeasing worldwide, encouraging
innovative applications of the concept and recagmizest practices in Chemical Leasing
implementation, publication and promotion acti\stie

The Award Ceremony will take place in June 2012 witin the ACHEMA-Congress in
Frankfurt, Germany. The application is open until: 15th April 2012

Four categories:

o Case studies (companies)
o Consulting services

o Scientific publications

o Public relations

(reports, homepage etc)

More information on: www.chemicalleasing.com

14



Lessons learnt @gransil?]ad

Company level:

* Reduction in consumption of chemicals has to leesed in a way that the amount and qualit‘y
of thefinal product is not influenced negatively

» The suppliers of the chemicals must hagplication-related know-how and willingnessto use
this know-how to optimize the process

* As ChL requires an intensive cooperation and exghaf know-how between chemical users
and suppliers> trust isone of the major success factors

|« Cooperation with other UN organizationsshould be further strengthened

« Theinternational and national working groups are valuable instruments to further promote the
| concept 1

» Regional cooperation facilitates replication of successful cases in he@ing countries

» Regularexchange of information + experience between different countries is important

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

T business for green industry!

sijouag Atejsuoly
Kousiolje saunossy 0

preay ¥ Asjes [euonippy. >
uoneAouul ABojouysaf

1%
o

@
2
5

9

=2
o
=
£
=

10
@
=
@
=

15



THANK YOU!

Petra Schwager

Coordinator of the UNIDO
Chemical Leasing Programme
Tel.: +43 1 26026 3749
Fax: +43 1 21346 3749
e-mail: p.schwager@unido.org

- Annexes

16



Case 3: Integrated painting process of m .(:al

e
washing machines LeaS|ng

Country Egypt

Supplier: Akzo Nobel

User: Delta Electrical Appliances

Industrial process: Integrated painting processashing machines
Chemicals: Surface pre- treatment and powder coatiegicals

Surface Treatment Electro-deposition Electro-static Powder
Coating Coating

Case 3: Integrated painting process of em Cal
washing machines

BEFORIE AFTER
Akzo Nobel Delta Electrical Akzo Nobel Delta Electrical
Appliances Appliances
Kg of chemicals Services of washing machine painting

Egyptian pounds (EGP) per kg of

! EGP per washing machine produced
chemicals

@ UNDER ChL :

* High production costs per washing .optimisation of the production processes

machine i incl. more efficient use in surface pre-
. Percentageoof rework and rejects | treatment and electrostatic powder coating
amounts to 9% Minimisation of chemicals waste and

* 30 m?* of waste water are generated g cycling

* 10% of fine powder goes to waste
* No full compliance with REACH

eImprovement of working conditions and
partnership between suppliers-users

17



Case 3: Benefits gained LgaSI ng

D

Economic Benefits: Environmental Benefits:

= Reduction of the total cost per washir = Reduced consumption of pre-treatment

machine by 15-20% chemicals by 15-20% and powder coating by
. 50%
= Percentage of rework and rejects = Elimination of sludge waste by using

reduced to 1.5% environmentally friendly pre-treatment process

= Cost reduction of the production per ~ ® Reuse of waste water
unit = Recycling of waste

Social benefits:

= Training and capacity building for workers on
s_oEnd chemicals management and chemical
risks

= Compliance with the requirements of REACH

Case 4: Cleaning of equipment m .Cal

e
- car industry LeaS|ng

Country Egypt

Supplier: Dr Badawi Chemical Work
User: GM Egypt

Industrial process: Cleaning of equipment
Chemicals: Hydrocarbon Solvent




- car industry

Case 4: Cleaning of equipment

Chemical Work

BEFORIE AFTER
Dr Badawi GM- Eqypt Dr Badawi GM - Eqypt

Chemical Work

S

Tons of hydrocarbon solvent for

Service of cleaning with hydrocarbon
solvent

A fixed fee per cleaned vehicle

cleaning

UNDER ChL :

EGP/Litre
= High price of raw material
= 70-80% of solvent waste is considered
raw material

= High disposal costs for solvent waste

in the workplace

= More consumption results in more VOGs facility (Recycling Unit)

=Six months monitoring phase (fixation of
asprice per vehicle)

= Chemical Leasing contract for 3 years
= Recycling of solvent waste at Dr Badawi

Case 4: Benefits gained

G
Economic Benefits:

= Higher efficiency in cleaning process
with hydrocarbon solvent by applying
batch cleaning

= Reduction of solvent consumption
from 1.5 L/vehicle to 0.85 L/ vehicle
which leads to significant reduction in
VOCs by 60%

= Cost reduction by 15% (saving of raw
material due to recycling)

= Shared liability and benefits
= Long-term business relationship

Environmental Benefits:

= Better hazardous waste management in
accordance with environmental regulations and
international environmental corporate policy

Social benefits:

= Capacity building and high awareness of staff

19



Case 5: Water treatment & disinfection Lgaq]gal

5
Q

Country Russia

Supplier: Aquatechservice Ltd

User: Vodokanal of St. Petersburg

Industrial process: Water treatment and disinfectio
Chemicals: Chlorin2 Sodium hypochlorite solution

Case 5: Water treatment & disinfection ;%aq] @Cal

Aquatechservice Vodokanal Aguatechservice Vodokanal
Chemicals for water treatment . L
(cubic tons) Cubic tons of purified water
RUBY/ cubic ton of chemicals RUBY/ cubic ton of purified water
@ UNDER ChL :
- P = Production of sodium hypochlorite for water
= Traditionally drinking water : ’
was disinfe)::ted withgchlorine in treatment from a 3% sodium chloride (NaCl)
St. Petersburg (extremely solution .
poisonous substance) = Replacement of hazardous chlorine by
= Chlorine storage and relatively safe sodium hypochlorite solution
transportation used to be a = Participation of service companies in
permanent source of potential process optimization and equipment
accidents maintenance

20



Case 5: Benefits gained

Economic Benefits:

m  Almost 33% reduction of water
disinfection costs

= High reliability of the process
= Automatization of the process
= Reduced transportation costs

Environmental Benefits:

Less transportation and storage risks due to
utilization of NaCl.

Improvement of the environmental situation in
the North-West region of Russia

In-situ production of sodium hypochlorite for
water treatment

Social benefits:

Improved occupational health and safety of
employees

Case 6: Water purification

Country Ruassi

Chemicals Supplier: ERG

Chemicals User: Henkel -AER

Industrial Process: Waterifozation

Chemicals: Irdriaride, sodium hydroxide etc

21



Case 6: Water purification

emical
L'easing

BEFORIE

'ERG | Henkel -Era

Amounts of iron chloride, sodium

hydroxide, filter packs

RUB/units

AFTER

‘ ERG ‘ ‘ Henkel - Era ‘

\olume of treated water

&

A fix fee per volume of treated water

<~

= High level of water
decontamination from glue
production resulting in
increased costs of central
water treatment

UNDER ChL :

= Service company engineered and
delivered chemicals and filter material,
pumps and other equipment

= Water purification process optimized

Case 6: Benefits gained

Economic Benefits:

72\

Reduction from 880 RUB (about 35
USD) to 554.5 RUB (about 22.8 USC

per cubic meter of treated water
Long-term business relationship

Environmental Benefits:

Amount of environmentally hazardous
chemicals used for wastewater treatment is
significantly reduced

Organizational and social benefits:

Added value (saved money) shared by
HENKEL-ERA and ERG

22



Case 7: Lubrication of conveyor

Country Serbia
Supplier: Ecolab
User: Knjaz Milos

Chemicals: Lubricants

Industrial process: Lubrication of conveyor

Case 7: Lubrication of conveyor

BEFORIE AFTER
‘ Ecolab ‘ ‘ Knjaz Milos ‘ ‘ Ecolab ‘ ‘ Knjaz Milos ‘

Lubricants (litres, kilograms)

Serbian Dinar (RSD)/unit of
chemicals

Service of lubrication with non-hazardous
chemicals

RSD/number of working hours of the
conveyor

<

e The chemicals used have hazardous
properties

e Waste water (1,500 m3 per year) was
contaminated with hazardous chemical

» Due to foam overflow (the lubricant is
surface active) there was a slippery flo
(risk of accidents)

UNDER ChL :

= The process was modified and
improved
Is. ® New equipment installed
=The efficiency of line increased

or

23



Case 7: Benefits gained

Economic Benefits:

= Cost reduction for lubrication on the
packaging line (which is the subjecto  u
the ChL contract)
= Better packaging line performance ar
therefore reduced handling costs m
= Reduced costs for water consumptior
as |g this process no water is being
use

Environmental Benefits:

Substitution of the hazardous chemical used fof
lubrication by an eco-friendly alternative
Reduced consumption of the chemicals for
water pre-treatment and waste water treatment
at Knjaz Milos

Reduced consumption of the chemical used for
lubrication (by almost three times) due to
modification of the process

Social benefits:

Improvement of workers’ health and safety

Case 8: Newspaper printing

Chemicals: Ink

Country Sri Lanka
Supplier: General Ink Ltd
User: Wijeya Newspapers Ltd

Industrial process: Newspapers printing

24



emical

Case 8: Newspaper printing LeaS| ng

BEFOQRIE AFTER
‘ General Ink Ltd | ‘ Wijeya Newspapers ‘ ‘ General Ink Ltd | ‘ Wijeya Newspapers ‘
Ink (kg) Service of printing
Sri Lapkan Rupee (LKR) / kg of LKR / printed copies of a newspaper
ink

< -

UNDER ChL :

water treatment

pollution

= Considerable waste of ink

= The waste printed paper increases solid
waste, energy costs and costs of waste

= The printing area is closed and air-
conditioned — increased health risk

= Hazardous ink waste causes water

= Drum rubber beading wiper
installed

= Good housekeeping concepts
and Cleaner Production
activities introduced

= Supplier material (ink) adjusted

Feedback

"This concept demonstrates
Ecolab's commitment to
provide innovative solutions
which make the production
process easier, more efficient

and safer. It helps us maintain
our leading position"

Srdjan Jocic,
Sales Manager, Ecolab

@emi.cal
Léasing

“Overall we have achieved a win-win situation because, on the one
hand, the performance of the line was improved, and on the other

hand the consumption of chemicals was reduced, thus minimizing

the impact on the environment without any negative effect on profit”
Ashraf El Wassify, Deputy of the General Manager, A kzo Nobel

Powder Coating SAE

“Ecopetrol is convinced that
Chemical Leasing is the best
model to achieve the highest
sustainable level of
performance”

Orlando Cortés Tulando
Coordinator, Strategic Supply
Unit, Ecopetrol

“By partnering with UNIDO on the Chemical Leasing project, we
proved that it is possible to purify water with less chemicals. This
resulted in both environmental and economic benefits. Some 4.5
million people as well as industrial customers are now getting purer
water, and the new technology helps guarantee that there

will be no accidents.”

Karmazinov Feliks Vladimirovich
General Director of Vodokanal St. Petersburg

25



Two Level Strategy @gg‘gﬁagl

= National Level:

To further disseminate ChL and to upscale ChL at néonal level and
increase number of companies involved in ChL

= Sectors focus (including cluster/process basedr@bdels)

= Baseline studies for specific industrial sectors

= Synergies with other approaches to sound chemicaigagement
= Continue training and assessment activities

= Strengthen national working groups

Two Level Strategy @gransli?]agl

= Global Level:

To raise awareness and further disseminate informatn on the
benefits of ChL and to encourage exchange of knowetv and
experiences

= Global ChL Awards

= Private-Public Partnership

= Global sector specific studies to outline poterfoalChL

= International working group

= Partnership with other UN organizations (FAO, UNE#,)

26



Energy assessments @emi.cal
in relation to Chemical Leasing LeaSIng

Classical benefits of Chemical Leasing:
Lower consumption of raw materials; reduced emissiand waste;
decreased risks

In addition Chemical Leasing pilot cases have aguesignificant energy
savings and reduced CO2 emissions

Direct and indirect changes of energy consumptioneed to be
considered for energy assessments within the frameof Chemical

Leasing
Energy assessments @6“’“58'
in relation to Chemical Leasing I—eaSIng

Savings in DIRECT energy consumption

»Due to process optimization and improved technology
»>Direct energy consumption is sometimes increase@hsmical Leasing, e.g.
cleaning bath with higher temperatures to enhameefficiency of chemicals

Savings in INDIRECT energy consumption

FRelated to energy that is required to produce chalmi

»Savings due to decreased chemicals consumptiosramahced resource efficiency
— less energy is consumed in the production prosesisemicals
FTransport-related aspects may also be considered

FMore complex calculation, if substitution has talgace
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Sustainable
management of chemicals

¥

Green Industry
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