NORTH AMERICAN
ANTIFREEZE RECYCLING MARKETS:
AN INDUSTRY ANALYSIS

MARKETS, TECHNOLOGIES &
TRENDS

BASELINE STUDY

Prospectus for a Multiclient Study
Completed January, 1994 & 2000

A Chemical Market Resources, Inc.

CMR | 1120 Nasa Road 1, Suite #340, Houston, TX 77058-3320 |
Tel (281)333 3313 Fax (281)333 3361

ﬁ\Ch mical Market Resources, inc.

G Tel: {281) 333-3313 Fax 333-3361

N




Antifreeze Use/Recycle/Disposal Cycle

1993

Ethylene Glycol
Producers

-~ Industial <
; :‘ j‘ Coolams D

Approx 9 MM gallons

Y Y | Y
BukUsers || Auto OEMs | | Retalers
_____________________________ 39 MM gallons 16 MM gallons 145 MM gallons
WASTE j
.o.. S_t.o.rm saw_e_rs... —
0 RiversfLakes . &
‘‘‘‘‘ F’ Gr"““d 1 DIV Market -]
TOTAL WASTE = ‘
183 MM Gallons 38 MM gallons
Antifreeze Recycled
Recycled EG =
( 17-19 MM gallons )
SOURCE: CMR based on Industry Analysis

Chemical Market Resources, Inc.
Tel: (281) 333-3313 Fax: 333-3361




NORTH AMERICAN ANTIFREEZE RECYCLING MARKETS:
AN INDUSTRY ANALYSIS

MARKETS, TECHNOLOGIES & TRENDS

BACKGROUND

Approximately 400 million gallons of spent antifreeze (50:50 solution) are generated each year
and of this, approximately 45 million gallons are being collected for potential recycling. This
amount is expected to increase tremendously because of increased regulations concerning
ethylene glycol (EG), antifreeze's key component, environmental awareness, and possible
business opportunities. Several technologies exist to perform EG recycling such as filtration,
reverse osmosis, ion exchange and distillation. Spent antifreeze is currently being recycled either
(1) off-site - where the spent antifreeze is gathered from various points of generation and
transported to a central location where it is recycled, or (2) on-site - systems that can process
large or medium volumes of spent antifreeze at a time on the premises, or by a portable recycling
system that can recycle antifreeze one vehicle at a time.

Although the recycling of spent antifreeze (AF) is still a relatively new concept, a number of

various industry participants are entering into the market for various reasons. Their driving forces
may include profit generation, regulation compliance or environmental responsibility. This
multiclient study examines all the facets of this growing industry and analyzes the strategic
business opportunities available. Jt is the only known study that gives an in-depth analysis of

the entire antifreeze recycling industry.

To assist companies in monitoring the rapid developments, analyzing the trends, and capitalizing
on the many opportunities in the changing markets and technologies of the ANTIFREEZE
RECYCLING INDUSTRY, Chemical Market Resources (CMR), with our extensive experience
in the ethylene glycol industry, has undertaken a comprehensive business/technical strategic
analysis that reports on the emerging opportunities in this industry. The major objectives of the
study are to:

L Assist EG producers and formulators in assessing the entire antifreeze recycling
industry structure and their participation possibilities

. Provide waste haulers, off-site recyclers and on-site equipment manufacturers with an
assessment of the current and future market needs and possible strategic options

o Assist companies in monitoring the regulations, technology and market developments
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KEY ISSUES ADDRESSED IN THE STUDY

SUBSCRIPTION INFORMATION

The NORTH AMERICAN ANTIFREEZE RECYCLING INDUSTRY strategic analysis report is
currently available for subscription. To subscribe, simply sign and date the attached order form
and mail/fax to us.

The subscription price includes:

Outline of the entire North American antifreeze recycling industry including players,
markets, technologies, regulations, programs and trends

Developments in recycling processes and technologies

In-depth analysis of the environmental regulations, and how they effect/ will effect
the antifreeze/ethylene glycol market

Examination of the current recycling programs in North America

Characterization of the antifreeze distribution system and raw material pricing

Cost analyses of the available on-site recycling equipment

Identification of the North American off-site recyclers and their volumes of spent AF
collected, charges to their customers for service, and end use markets and pricing for
recycled product

Examination of the OEM policies and industry standards Sor recycled antifreeze

Understanding of the current markets for recycled EG/AF

Listing of the end use markets, translatable into opportunities for recycled EG

Two copies of the report including federal, state and province regulations pertaining to
spent antifreeze, the driving forces for recycling and market participants, detailed cost
analyses of the on-site recycling equipment, a strategic analysis of the antifreeze
recycling industry, and pertinant appendices.
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METHODOLOGY

Chemical Market Resources has drawn on a variety of sources to develop the strategic analysis
including:
- Information from private experts and CMR confidential files and databases
- Search, review and interpretation of information from government sources, trade
and industry groups, published articles and promotional product information

Interviews The most important source of data for the report are the interviews completed by
personal visits and telephone interviews. During the course of this project, the project staff has
completed over 800 interviews with the following key individuals: ethylene glycol producess,
antifreeze formulators, antifreeze blenders, inhibitor manufacturers, on-site recyclers, off-site
recyclers, end users of recycling equipment and recycled antifreeze, waste transporters, OEMs,
service stations, retail stores and government organizations. These interviews were the basis for
determining the impact of the antifreeze recycling industry and strategic conclusions.

PROJECT MANAGEMENT

This study was managed and executed by Ms. Melissa A. Zurich, Dr. Balaji B. Singh and Mr.
Mihir I. Patel, with the assistance from our associates in U.S., Europe and Japan.

MELISSA A. ZURICH obtained a Bachelor of Science degree in Marketing from the
Pennsylvania State University and is currently pursuing an MB.A. from the University of
Houston, Clear Lake. Melissa has several years experience in various aspects of marketing
research including questionnaire design and implementation, and data collection and analysis in
the areas of specialty chemicals, plastics, and commodity chemical consumption patterns. She has
completed several studies in the areas of ethylene glycol and recycling issues.

DR. BALAJI B, SINGH obtained his Ph.D. in Chemical Engineering from the Texas A&M
University and an M.B A. in Marketing Research and Strategic Planning from the Ohio State
University. His key area of expertise is in opportunity evaluation and competitive assessment for
technology and valued added specialty products in a broad spectrum of materials. Balaji has been
following the ethylene glycol recycling industry for over five years and has completed various
studies and has written several published articles pertaining to EG recycling. He has completed
over 200 proprietary studies as a consultant to the chemicals and plastics industry.

MIHIR I. PATEL obtained his Master's degree in Chemical Engineering from Villanova
University. Mihir has several years of research and production experience in the areas of reverse
osmosis, photographic chemicals, polypropylene markets, tie layer materials, polyethylene
markets, and UPR applications He has completed extensive manufacturing cost analyses and
contributes heavily to the technical requirements of CMR studies.

CHEMICAL MARKET RESOURCES is a marketing and management consulting firm,
specializing in the analysis of plastics, petrochemicals and chemicals. The types of analyses
include market status and forecasting, technology assessment, manufacturing cost analysis,
competitive analysis and image/marketing effective analysis. Our strength is in providing
cost-effective, documented, quantitative, actionable, quality analyses for our clients in a timely
manner. Our goal is to work interactively with our clients to assist them in all aspects of strategic

C'; \ Chemical Market Resources, Inc. .
Tel: (281) 333-3313 Fax: 333-3361

N/

market planning for improved profits.




NORTH AMERICAN ANTIFREEZE RECYCLING MARKETS:
AN INDUSTRY ANALYSIS MARKETS, TECHNOLOGIES & TRENDS

1994 - 2000
TABLE OF CONTENTS
CHAPTER 1: EXECUTIVE SUMMARY legtfgl;lim:f REC'YCIJ]‘-IG TECF??EQGES&I
Antifresze Recycling ..., e -1

CHAPTER 2: INTRODUCTION

Introduction .............ocooiiiiiiiiiiia 241
Objectives ....ooveuiii i 2-1
CMR Research Melhodoiogy ...................... 2-3
CHAPTER 3: VIRGIN ANTIFREEZE INDUSTRY

Introduction .......... ... 3-1
Antifreeze Demand ..., 3-1
Automotive Coolants .. ..........c.ovoeeiin ., 3.2

AF Coolant Requirements .................. 32

AF Distribution System ..... nenaaans ceen3-3

AF Components - Ethylene Glyeol ......... 3-3

AF Components - Propylene Glycol ........ 3-8

AF Components - Inhibitor Pack, . . 312
Antifreeze Formulators .............. Ceaanaan 3-15
Anptifreeze Blenders ................coooiiii.l. 315
AF Specifications and Test Methods . ........., 3-15
Adreraft Deicers .......oceninean.. . 323
Industrial Coclants .................. e nean 3-23
Propylene Glycol Based Anufrm ............. 3-25

CHAPTER 4: SPENT AF AND ETHYLENE GLYCOL
REGULATIONS AND STANDARDS

Introducton ........oovviioviririncni e, 4-1
Federal Regu}anons ................................. 4-5
Hazardous Waste ... ..........cooeevnninnn, 4-5
Characteristic Hazardous Wasie ............. 4-6
Spent AF Handling and Storage ............ 4-7
Spent Antifreeze Transportation ... ........ 4-7
Spent AF Classifications by States .............. 4-8
Spent AF Classifications by Provinces ... ...... 4-14
ASTM/CSA Standards ... ...................... 4-15
CHAPTER 5: THE AF RECYCLING ISSUES
Introduction ......... . 1
Antifreeze UsefReusafWaste C)cie ............... 5-1
Automotive Antifresze ... ................. 5]

Industrial Coolants/ Afrcraft Delcmg cen 523
impact of Recycled Antifresze on VH",HI

Antifreeze Markets . ..., ... e 543
Spent Antifteeze Issues ......... ..., 5-3
EG vs. Propylene Glycol ...........cco...e. 3-6
Recycling Methods ............ et 5-6
Driving Forces for Recyeling .......oovvvennn... 57
Environmental Concerns ...................5-7
Regulations ..................cevns deenn 5-7
Renewnble Resource Recovery . 5-8
Viabie Business Opportunity ........... vean 3-8
Recycling Industry Participants .................. 5-8

Antifreeze Recycling Programs ................. 5.1
Future Outlook and Demand ..., ............. 518

Types of Recycling - Locations U o1
Off-SiteRecycling ....................... &2
On-Site Reeyeling ... ... ... .. 03

Types of Recycling - Technology .................. 6-8
Distillation Methods ...................... 68
Simple Filtration Methods ... ......... . 68
Reverse Osmosis Methods ..... ... ...... 68
lon Exchange Scparation ...................6-9

On-Site Recycling - Equip. Suppliers ............6-9

(Inhibitor Packs, Equip. Costs & Operat.

Charges, OEM Testing, and Marketing) for:

Stanadyne Equipment ... ............... .. 6-10
BGProduets ..., s 6-13
Finish Thompson ................... eaaa 6-16
FPPF Equipment ..............oocvvvennns. 6-17
Activ Equipment .. DI .7
Prestone Technology Sysmms ....... Cienran 6-25
American Fluid Technology (AFT) ........ 6-30
Wynn's .......... e e ns 6-32
Kleer-flo .......ccvnnn., ennennna ey 6-37
Off-Site Recyclers .........covvevvvnnn., .. 6-38
Antifreeze Environ. Services (AES) ....... 640
Clean Care ....c.ovovmenivinninieanannn. .. 640
DynaChem Technalogy ........ s 641
ODEOR ... eecciea e e 641
Preferred Reduction Serv. (PRS) e B4
Salety Kleen ........ 6-42
Other Off-site Recvclers cieeaena, 643
Recycled Ei.bylene Glycol Mnriets PO - &
Off-Site Recycled EG Ma.rkels .............. G-43
On-Site Recycled EG Markets ............ 643

CHAPTER T: STRATEGIC ANALYSIS
Introduction ........ TS |
. AF Recycling Busuu:ss Opportumt:es Y A3
Collect and Transport. of Spent AF ..., ...7-1
Process Spent AF/ Reformulate AF ....... 7-3
Process Spent AF/ Recover EG ............ 74
Developing Inhibitor Packeges ............ . 7-4
Redistribution of Recycled AF ........ ... 75
Developing Unique Technology S 7-5
Public Relations ................ .......... TG

APPENDIX A: On-Site Recyclers
APPENDIX B: Off-Site Recyclers
APPENDIX C: On-Site Recyclers’ Cost Sheets
APPENDIX D Companies Contacted
APPENDIX E: Company Brochures

*(Partial Listing of Table of Contents)

[@3 | Chemical Market Resources, Inc.
@ Tel: (281) 333-3313 Fax: 333-3361




NORTH AMERICAN ANTIFREEZE RECYCLING MARKETS:
AN INDUSTRY ANALYSIS MARKETS, TECHNOLOGIES & TRENDS

1994 - 2000
LIST OF EXHIBITS
CHAPTER 1: EXECUTIVE SUMMARY CHAPTER 5: THE ANTIFREEZE RECYCLING
ISSUES

1.} Antifreeze Use/Recycle/Disposal Cycle . 1-2
1-2 WhyRecycle? ............. ... 1-5 5-1  AF Use/Recycle/Disposal Cycle - 1993 5-2
1-3 Impact of AF of Recycling on 3-2  Impact of Recycling on AF Consumption 5-4

AF Consumption ..................... . 16 5-3  Typical Contaminants in Spent AF ... 3-5
i-4  AF Recycling Business Opportunities ... 1-12 5-+ WhyRecycle? ..................... 59

5-3  GM Approved Recycling Machines .., . 5.17

CHAPTER 2: INTRODUCTION

2-1  Approach Diagram ... .. .. r e, 2-2 CHAPTER 6: ANTIFREEZE RECYCLING
TECHNOLOGIES
CHAPTER 3: THE VIRGIN ANTIFREEZE 6-1  AF Recycling Systems - Operat., Costs .. 6l
INDUSTRY 6-2  Off-Site Recyclers' Locations - 1993 iree 65
6-3  Qff-Site Recyclers' - Maps of
3-1  Antifreeze Distribution System ......... 34 US. and Canada ..................... .. 6-6
3-2  Properties of Ethylene Glycol ........... 3-5 6-+  Stanadyne's Process Flow Diagram ..... 6-11
3-3  Ethylene Glycol Producers - 1993 ... 3-7 6-5  Cost Analysis: Stanadyne's ECR 100 Unit6-12
3-+  EG Historical Pricing/U.S. Consumption 3-9 66 Cost Analysis: BGs' Cool'r Clean'r Unit .6-13
3-5  Properties of Propylene Glycol .......... 3-10 6-7  Cost Analysis; FTI's BE-15C Unit ... ... 6-18
36 Propylene Glycol Producers - 1993 en 311 6-8  Cost Analysis: FTI's BE-55C Unit ... . 6-19
3-7  Typical Raw Materials and Their Functions 6-9  FPPF's Glyclean Process Flow Diagram |, 6-20
as Antifreeze Inhibitors ........... ... .. 3-13 6-10 Cost Analysis: FPPF's ARS-100 Unit ...6.22

3-8  Antifreeze Inhibitor Cost Estimation v 3-14 6-11 Cost Analysis: FPPF's ARS-18 Unit eee. 6223
3-9  AF Formulators Estimated Mkt Share .. 3-16 6-12 Cost Analysis: Activ's CR-5001 Unit ... 626

3-10  Antifreeze Blenders ................_ 3-17 6-13  Cost Analysis: Activ's CR-2001 Unit ... 6-27
3-11" Typical Composition of an AF Coolant . 3-19 6-14  Cost Analysis: PTS' ProClean Unit ... .. 6-29
3-12  Deicing Fluid Composition ............. 3-24 6-15 AFT's Centrifuge Process Flow Diagram 6.31

6-16 AFT's Recycling Van Business Costs . 6-33
6-17 Cost Analysis: Wynn's Du-All Unit . . 6-35

CHAPTER 4: SPENT AF AND ETHYLENE 6-18 Cost Analysis: Wynn's Mark X Unit .. 6-36
GLYCOL REGULATIONS AND STANDARDS 6-19  Cost Analysis: Kleer-flo's AF250 Unit .. 6-39
6-20 Markets for Recycled EG in 1993 . 6~44

4-1  U.S. Spent Antifreeze Classifications . . 4-2
4-2  Constituents Regulated Under Toxicity

CharacteristicRule ............ ... 4-3 CHAPTER 7: STRATEGIC ANALYSIS
4.3 Canada's Spent AF Classifications ...... -3
4+ Comparison of Coolant Specifications ASTM 7-1  AF Recycling Business Opportunities . 7-2
D3306vs GM I825M ... . .. . . .. . 4.16

/ a I Chemical Market Resourges, inc.
¢ Tel: {281) 333-3313 Fax: 333-3361




NORTH AMERICAN ANTIFREEZE RECYCLING MARKETS: AN
INDUSTRY ANALYSIS

MARKETS, TECHNOLOGIES & TRENDS

ORDER FORM
Mail order form/payment to: Telephone Inquiries: 281-333-3313
Chemical Market Resources, Inc. Fax Inquiries: 281-333-3361
1120 NASA Road 1, Suite 340 Wiring Instructions
Houston, TX 77058-3320 Horizon Capital Bank:

ADA No: 113023945
Acct: 78581

The price of the report is US $5,500 for two copies of the study with appendices. Additional
copies are available at US $250 each.

Subscribers agree to treat the contents of this report as confidential, not fo be revealed to any
person outside the subscriber organization, and to certify the report wifl be used solely by the
officers and employees of the subscriber or majority owned subsidiaries (>51%).

........................................................................................................................

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

........................................................................................................................

........................................................................................................................

Street Address
City State Zip Country
Telephone Number Fax Number

If you are ordering extra copies, please include the names and addresses where the copies are to
be shipped (on an additional piece of paper), if different from above.

C’ ] M Chemicat Market Resources, Inc.
Tel: {281) 333-3313 Fax: 333-3361




