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EXECUTIVE SUMMARY

Chemonics was awarded the Municipal Coastal Environmental Initiative (MCEI)
contract by the United States Agency for International Development on 24 July 1998. This
contract, subsequently renamed IISE (Industrial Initiatives for a Sustainable Environment),
will operate in the Visayas and Mindanao regions of the Philippines, with national policy
and institutional strengthening to be supported by Manila-based operations. To accomplish
the objectives of the project, the IISE team will work closely with partners to create a self-
sustaining, multi-stakeholder program that will encourage adoption of environmental
management systems and application of pollution prevention / cleaner production (P2/CP)
technologies.

A fundamental task of the P2/CP process is to conduct in-plant assessments. An
early step in this process is the conduct of an Initial Environmental Review (IER). This
review follows a set protocol and records information on a standard form, which has been
developed and tested by the lISE teamn. The IER’s fundamental output is the prioritization
of project resources with regard to client assistance.

MSE provided the following assistance to IISE that is documented herein:

1. The P2/CP portion of the IER Training Program was developed in the form of a
one week (five day) training program.

2. The P2/CP IER training program was delivered 12 - 16 July 1999 in Cebu. The
program included a written curriculum, supervised in-field instruction, and
testing.

3. An evaluation of the P2/CP IER training program was conducted using
feedback survey forms.

At total of 36 participants attended the course. All but one completed the course
exam. The results of the exam are as follows:

e 86% Pass (Grade > 40)
o 14% Fail (Grade < 40}
e Average score was 45.3 (Std Dev. +4.4)

The following feedback was gleaned from the feedback survey:

1. Most participants affimned the value of the course for the IISE project and their
personal participation in the project. The comments overall were very
favorable.

2. The participants did not feel they were given su:fficient advance information on
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the P2/CP IER course (i.e., the purpose, what would be covered, the need to
have field clothes for the IER visits, what to study before arriving, etc.) prior to
attendance.

The IER visits (on Days 3 and 4) should be limited to a maximum of six
persons each to be more manageable. With a training group of 25, this would
mean lining up four IERs per day.

Several participants commented on the need for safety training due to some of
the chemicals hazards (e.g., in painting areas) that were present in the IER visit.

The training course given 12-16 July 1999 was the inaugural event for the P2/CP
IER training. The course will be given again (two to three times) to form a sufficient pool
of trained workers for this part of the IISE project. Successful completion of the P2/CP
IER and the EMS IER courses should provide sufficient background to those that wish to
participate in this part of the IISE program. The following conclusions are presented with
respect to the P2/CP IER course:

1.

The interest of Filipino organizations and individuals in becoming trained in
IER (and follow-on) protocol is keen. This conclusion is supported by the very
large number of inquiries that were received about the course and higher than
expected turn out of participants, especially in view of the late notice that was
given.

The availability of sufficient human resources with appropriate technical
background in the Philippines is apparent.

The combination of classroom lectures, IER “hands on” visits, and
opportunities for participation by the students appears to be an ideal forum.
Moving from IER role play to instruction-led IER visits to participant-led visits
helps to reinforce the required protocol for conducting IERs.

The course group size needs to be controlied. The ideal class size is
approximately 25 with IER group visits of about six each. Appointments for
IER visits need to be set up well in advance to ensure smooth logistics.

Assurning that the course testing materials are an accurate representation of
student comprehension, the curriculum as presented was, by in large, successful
in training participants.

Progress was made toward program sustainability as evidenced in the leadership
of IISE team members with the site visits and their presentation in selected
portions of the course curriculum (i.e., Ramon Abracosa with IISE policy,
Jaqueline Sim-Limtin with ISO 9000, Maya Villaluz with the Filipino industry
overview),

The following recommendations concerning the P2/CP IER training are offered:

1.

The curriculum, as currently structured, is adequate and should be used again in
future courses.

trainrptdr
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- Better communication should be offered toward the potential participants in

advance of future courses to minimize misunderstanding and to potentially
screen out those that may not have adequate background for conducting IERs.

- Successful completion of both P2/CP and EMS courses along with a minimum

of two IERs following the course work should be required of all personnel
wishing to participate in IER program prior to being compensated by IISE for
completion of other IERs.

. IISE should consider the preparation of a new P2/CP IER course exam. The

exam given on 16 July 1999 was compromised by the lack of sufficient security.
(Two or more students gained unauthorized access to the exam before it was
given. Furthermore, copies of the exam may now be in circulation and
potentially available to future course participants.)

. The participation of Filipino 1ISE staff in course presentation should be

expanded over the next course offerings. Key individuals have sufficient
capability to present much of the materials and should do so, enhancing the
sustainability of the IISE program. This approach can be facilitated by MSE
and the IISE managers.

. Preparation and delivery of the P2/CP assessment training course by MSE

should be authorized soon so that in the next two to three months this part of
the P2/CP program can be conducted.

trainrptdr
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SECTION 1

INTRODUCTION

1.1 Background

Chemonics was awarded the Municipal Coastal Environmental Initiative (MCEI)
contract by the United States Agency for International Development on 24 July 1998. This
contract, subsequently renamed IISE (Industrial Initiatives for a Sustainable Environment),
will operate in the Visayas and Mindanao regions of the Philippines, with national policy
and institutional strengthening to be supported by Manila-based operations. The objective
of ISE within four years is twofold: (1) implement environmental management systems
(EMS) in 400 companies/organizations, 200 of which will be certified to ISO 14001 or
another recognized intemnational EMS (e.g., EMAS, BSI 7750, others), and (2) reduce
pollution from industrial and other discharging facilities by a percentage to be agreed upon
in the near future between Chemonics and the major Philippines implementing agencies:
Department of Trade and Industry (DTI), Department of Environment and Natural
Resources (DENR), and the Philippine Coast Guard. To accomplish these objectives, the
IISE teamm will work closely with partners to create a self-sustaining, multi-stakeholder
program that will encourage adoption of environmental management systems and
application of cleaner production technologies.

A fundamental task of the Pollution Prevention/Cleaner Production (P2/CP)
process is to conduct in-plant assessments. The previous visit of Millennium Science &
Engineering, Inc. (MSE) initiated the development of the life-of-project plan and protocol,
including sequencing and timing, to conduct these assessments. An early step in this
process is the conduct of an Initial Environmental Review (IER). This review follows a set
protocol and records information on a standard form, which has been developed and tested
since the earlier visit of MSE. The IER’s fundamental output is the prioritization of project
resources with regard to client assistance.

1.2 Purpose of Report

MSE provided the following assistance to IISE that is documented herein:

1. The P2/CP portion of the IER Training Program was developed in the form
of a one week (five day) training program.
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2. The P2/CP IER training program was delivered 12 - 16 July 1999 in Cebu.
The program included a written curriculum, supervised in-field instruction,
and testing.

3. An evaluation of the P2/CP IER training program was conducted using
feedback survey forms.

trainrptdr



SECTION 2

IER P2/CP TRAINING PROGRAM

2.1 Overview of IER

The Initial Environmental Review consists of a well-planned field visit by qualified
personnel to small and mid-size enterprises (SMEs) in the study region. The IER is a part
of the "entrance" strategy that has been developed by the IISE Team. The IER gives the
Team a forum to introduce the overall IISE Program to the SME while at the same time
enabling the capture of key information through the in-field visit. The following are the
key objectives of the IER:

» Determine resource priority level of the facility for IISE;

s Develop "buy-in" of the participant; and

e Develop the required scope for the follow-on EMS/P2-CP activities.

From the perspective of the P2/CP portion of the IER, the following specific
objectives are identified for the IER:

¢ Identify the RP 28/POPs chemicals and the relative quantities being used;
» Identify the types of processes at a facility;

e Determine the clear opportunities for P2 implementation; and

e  Collect scoping information for the P2/CP process that will follow.

The highest priority participants for the IER are those industrial members that have
the greatest potential to reduce their impact on the environment accompanied by a high
level of interest in participation. Clearly those companies and organizations that inquire
about participation in the IISE program are not likely to be turned away; likewise, those
SMEs, within the project sites that are likely to have the greatest EMS and/or P2/CP needs,
will be contacted. The IISE Team is currently preparing a list of priority industries that
will facilitate the prioritization process.

2.2 IER Curriculum

MSE prepared a written curriculum for a one week (five day) course on P2/CP IEP
training. The intent for the IER training is to include two modules: the P2/CP course and a
five day IER course covering EMS. Each person wishing to conduct IERs and/or follow-
on tasks (e.g., P2/CP assessments) will be required to successfully complete both modules.
Each of the modules is followed by an exam.
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The initial IER P2/CP curriculum that was prepared is summarized on a five day
schedule (essentially 8:30 am — 5:30 pm) basis as follows:

Moming Session Aftemoon Session
Day1 |e Introductions ¢ [ER Overview
o Overview of IISE program o  Overview of Filipino Industry
¢  Overview of Industrial
Processes
e  Overview of RP28 and POPs
Chemicals

Day2 |e Introduction to Environmental |» IER Entrance Strategy

Risk Assessment e Overview of IER Form

s  Overview of Waste Reduction

(WAR) Algorithm » Organization of Site Visit

Teams
Day 3 e IER Form Completion o  First Site Visit (Instructor-led)
Instructions
* Role Play
Day4 |e Review of First Site Visit e Second Site Visit (Participant -
Results led)

Day 5 e Review of Second Site Visit e Course Review

Results o Course Exam

Slides used in the course are incorporated into Appendix A.

The curriculum was packaged, with the help of the IISE staff, into a 3-ring
notebook that was distributed to each participant at the beginning of the course. The
notebook was sectioned as follows:

Section 1 — Course Schedule/Curriculum
Section 2 — Course Materials

Section 3 — First Site Visit (IER Forms)
Section 4 — Second Site Visit (IER Forms)
Section 5 — Technical Materials

The curriculum developed includes a variety of formats designed to keep the course
informal and to more fully involve the participants. The following materials were
presented in addition to those shown in Appendix A:

Day 1 — Industrial processes overview incorporated a series of color slides

trainrptdr ' 2-2 8/31/99

I



illustrating several industrial processes from developing countries.

Day 2 - Risk assessment introduction incorporated a series of color slides showing
exposure pathways,

Days 4 and 5 — Site visit reviews included presentation of photos taken using digital
photography.
The site visits were arranged in advance for three groups of about 12 persons each

on average. Some of the participants had medical backgrounds and/or interests and were
assigned to a group conducting an IER of a hospital. The following facilities were visited:

Day3 Day 4
1. Power Plant 1. Furniture Manufacturer
2. Furniture Manufacturer 2. Fumniture Manufacturer
3. Hospital 3. Fumniture Manufacturer

The site visits on Day 3 were led by David Nelson, technical director of IISE; Dale
Rice, P2/CP Specialist; and Dioni Araze and Jaqueline Sim-Limtin. On Day 4, the teams
were led by training program participants. Note that aliowing Filipino team members,
Dioni and Jaqueline to lead a team is a step toward building sustainability in the program.

On the momings of Days 4 and 5, members from each of the teams presented the
findings of their respective groups. Overhead slides of their IER forms were prepared and
presented along with the digital photographs from the site visit.

For the aftemoon of Day 5, a review of the course materials with a question and
answer period was provided. Following this, a written exam that was prepared by MSE
was given. The exam consisted of 30 multiple choice and true/false questions on Part I
with short answer questions based on a sample site visit in Part II. A score of 40 (of a
possible 55) was established as a reasonable passing grade for the exam.

2.3 IER Exam Results

At total of 35 participants completed the exam given on the afternoon of Day 5. A
copy of the exam is included in Appendix B. The results of the exam are as follows:

86% Pass (Grade > 40)
14% Fail (Grade < 40)

The average score was 45.3 with a standard deviation of £4.4. The resulis of the
exam by organization are as follows:

: Number of
Group Participants | High Grade | Low Grade | Number Failed
Schema 3 49 42.5 0
Green Group 5 47.5 38 2
DENR 3 49.5 46.5 0
wrainrptdr 2-3 831199
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MEMSI 11 51.5 41.5
HSE Team 8 51.5 36.5
Individuals 5 50.5 35.5 1

A complete list of the results are included in Appendix B. Based on a review of the
exams, one question (number 1. of the true/false section) was deemed to be potentially
invalid as more than one half of those examined selected the incorrect answer. The
question is as follows:

“The purpose of an IER is to collect as much data as possible in two hours or less.”

Most participants answered “True;” but the intent here was to make the distinction
that one obtaining data will not be sufficient in a successful IER. The objective of the IER
is to collect the information (not just data) as specified in tne prepared format. In addition,
there is no absolute two hour cut-off for the IER. Some larger facilities may actually
require more than two hours as was explained during the course. Nonetheless, this
question should be revised in future exams that are given to avoid being misleading.

2.4 Course Feedback

A survey of the course was distributed to all participants by the IISE team. Many of
the participants chose to provide very detailed responses. The following trends were
generalized from the comments received:

1. Most participants affirmed the value of the course for the IISE project.and their
personal participation in the project. The comments overall were very
favorable.

2. The participants did not feel they were given sufficient advance information on
the P2/CP IER course (i.e., the purpose, what would be covered, the need to
have field clothes for the IER visits, what to study before arriving, etc.) prior to
attendance.

3. The IER visits (on Days 3 and 4) should be limited to a maximum of six
persons each to be more manageable. With a training group of 25, this would
mean lining up four IERs per day.

4. Several participants commented on the need for safety training due to some of
the chemicals hazards (e.g., in painting areas) that were present in the IER visit.
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SECTION 3

CONCLUSIONS AND RECOMMENDATIONS

3.1 Conclusions

The training course given 12-16 July 1999 was the inaugural event for the P2/CP

IER training. The course will be given again (two to three times) to form a sufficient pool
of trained workers for this part of the IISE project. Successful completion of the P2/CP
IER and the EMS IER courses should provide sufficient background to those that wish to
participate in this part of the IISE program. The following conclusions are presented with
respect to the P2/CP IER course:

. The interest of Filipino organizations and individuals in becoming trained in IER

(and follow-on) protocol is keen. This conclusion is supported by the very large
number of inquiries that were received about the course and higher than expected
turn out of participants, especially in view of the late notice that was given.

The availability of sufficient human resources with appropriate technical
background in the Philippines is apparent.

The combination of classroom lectures, IER “hands on” visits, and opportunities for
participation by the students appears to be an ideal forum. Moving from IER role
play to instruction-led IER visits to participant-led visits helps to reinforce the
required protocol for conducting IERs.

The course group size needs to be controlled. The ideal class size is approximately
25 with IER group visits of about six each. Appointments for [ER visits need to be
set up well in advance to ensure smooth logistics.

Assuming that the course testing materials are an accurate representation of student
comprehension, the curriculum as presented was, by in large, successful in training
participants.

Progress was made toward program sustainability as evidenced in the leadership of
IISE team members with the site visits and their presentation in selected portions of
the course curriculum (i.e., Ramon Abracosa with IISE policy, Jaqueline Sim-
Limtin with 1SO 9000, Maya Villaluz with the Filipino industry overview).

trainrptdr
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3.2 Recommendations

The following recommendations concerning the P2/CP IER training are offered:

1.

The curriculum, as currently structured, is adequate and should be used again in
future courses.

Better communication should be offered toward the potential participants in
advance of future courses to minimize misunderstanding and to potentially
screen out those that may not have adequate background for conducting IERs.

Successful completion of both P2/CP and EMS courses along with a minimum
of two IERs following the course work should be required of all personnel
wishing to participate in IER program prior to being compensated by IISE for
completion of other IERs.

IISE should consider the preparation of a new P2/CP IER course exam. The
exam given on 16 July 1999 was compromised by the lack of sufficient security.
(Two or more students gained unauthorized access to the exam before it was
given. Furthermore, copies of the exam may now be in circulation and
potentially available to future course participants.)

The participation of Filipino IISE staff in course presentation should be
expanded over the next course offerings. Key individuals have sufficient
capability to present much of the materials and should do so, enhancing the
sustainability of the IISE program. This approach can be facilitated by MSE
and the IISE managers.

Preparation .and delivery of the P2/CP assessment training course by MSE
should be authorized soon so that in the next two to three months this part of
the P2/CP program can be conducted.

frainrptdr
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IISE IER P2 / CP COURSE CURRICULUM

Day Topic Course Instructor
1 Introductions of Participants DN/DR
(AM) e Name, Organization, Background
*»  Why Are You Taking the Course?
Overview of Curmriculum and Schedule DR
o P2/CP Team Member Experience Forms
Overview of IISE DN/DR
s Purpose
e  Specific Objectives
¢ 9000/EMS Component
e P2/CP Component
e “Potllution Prevention™ Vs Prevention of Pollution™:
ISO 14000 Issues
i1 IER Overview DN/DR
= " Purpose :
¢ Intended Pa.rttcnpams
*  Data Objectives Sl
Overview of Industry MV/MDR -
e  Description of Key Filipino Industries T
e Industrial “Mindset” :
s« Major Industrial Processes
e Key Chemicals (RP 28 and “POPS”)
e Waste Issues :
o Slide Show — Industrial Processes :
2 Introduction to Environmental Risk Assessment DN/DR
(AM) e  What is “Risk™ 7
e Introduction to *“WAR" Algorithm Risk Factors
e  P2/CP Task Goal: Risk Reduction
Setting Up IER Visits DN/DR
e  Potential Participants — Who Do We Target?
e “Entrance Strategies”
) Overview of IER Process/Forms - : .: DN/DR. -
(PM) e Overall Approach : '
e General Facility Information coe S s
e  EMS (Quality Management) Related Questxons
e Occupational health and Safety Questions
¢ Environment (P2/CP) Related Questlons '
e Facility Walk Through ‘
¢  Project Incentives
e IISE Resource Allocation Strategy :
IER Completion Protocol DNMDR
Prior Call for Appointment
Team Formation
Work Order Completion
Confidentiality Issues

Proper Dress/SuppIneleSH Conslderauons
Initial Facility Meeting* '
General Facility I.nformatlon"' '

Quality Management Qu&ehons

Occupational Health and Safety Quesnol-lst AR




(AM)

IER Completion Protocol (cont.)
Environment (P2/CP) related Questions*
Facility Waik Through (Example-Siides)
Closing Meeting*

Project Incentives®

IISE Resource Allocation Strategy*
Reporting/Filing Protocol

“Next Step” — After IERs

* With Role Pay

DR/DN

o 'Faczltty I IER Completion =~ - e
-i| 'o°."Field IER Practice (Led By IER 'I‘ramers) DR

Discussion of IER Results — Facility 1

s  Presentation of Data
Assessment/Discussion of Data
P2/CP Data Assessment

EMS Assessment

Lessons Leamed

Suggestions for Improvement
Discussion of Follow-up for Fac:l:ty I

2 o & & & @

DR/DN

N _Facxhty IT IER Completion .. =
eM

* Field YER Practice (Led By IER partxcnpans)

'DRDN ..

(AM)

Dlscusswn of IER results — Facility 11
Presentation of Data
Assessment/Discussion of Data

P2/CP Data Assessment

EMS Assessment

Lessons leamed

Suggestions for Improvement
Discussion of Follow-up for Facnhty II

DR/DN

o .Remew Lok

-ISO! 9001/14001

R Certification

« IISE IERP;?!CI; Cemﬁcatxon" -

DN’JDI'DR




CP/P2 Team Member Experience Form

Name: Title:

Company: Years of Relevant Experience:
Location:

College Degree: _ BS MS PhD.  Other School:

Experience with Sector (Score 1-4):

. Mirﬁng& Metal Refining  Chemicals ___ Petrochemicals

__ Electronics __ Electroplating ___ Food Processing

__ Iron & Steel | __ Hospitals __ Coastal Resorts

__ Steam & Power Plants __ Pup& Péper __ Timber Milling & Treatment
__ Cement Manufacturing __ Piggeries & Slaughterhouses ___ Ports & Harbors

__ Ship Building __ Ship Breaking '_.l __ Other (Specify)

Note: 1=None 2 =Some Familiarity 3= Environmental Assessment Exp. 4 = Working Knowledge of Process

Description of Past Auditing Experience:

Summary of Past Relevant Experience:

Areas of Training Needed for Assignment:

Completed by: - Date:




Industrial Initiatives for a Sustamable Environment
Republic of the Philippines

TRAINING CLASS

INITIAL ENVIRONMENTAL
REVIEW

POLLUTION PREVENTION (P2)/ CLEANER
PRODUCTION (CP) COMPONENT

Dawoo, Philippines
25:29 October, 1999

Introductions

~Name

+(rganization

+Technical Background
*Reason(s) for Taking the Course

Curriculum Overview - Day 1
+ Monday AM
— Introductions
~ Overview
+ Monday PM
— IER Overview
— Industry Qverview




Curriculum Overview - Day 2

L
* Tuesday AM
— Introduction to Risk Assessment
— Seiting Up [ER Visits
* Tuesday PM
— [ER Forms Instruction

Curriculum Overview - Day 3
* Wednesday AM
- IER Forms Instruction
+ Wednesday PM
- Facility Field VisitI

Curriculum Overview - Day 4
* Thursday AM
— Facility I Review
+ Thursday PM
— Facility Field Visit II




Curniculum Overview - Day 5

« Friday AM

- Fagility IT Review
» Friday PM

— Course Review

~ Exam

Overview of The Industrial
Initiatives for a Sustainable
Environment

!

David Nelson
Technical Director/IISE

IISE Project Goal

To establish a national program to help industes T
of ali types manage their operations in an
environmentally sustainable manner
Help 400 companies implement an environmental
management system (EMS)
Help 200 become certified to a recopnized EMS
stapdard such as ISO 14001
Help industries with Pollution Prevention and
Cleaner Production techniques

- Reduce pollution in project areas by 20°%




.

.

Major Features

First and only project of its kind in the
world

4-year project (July 1998 - July 2002)
Initiative of the Republic of the Philippines

Funded by the U.S. Agency for
International Development

Major Features (cont.)
Implemented by the Depariment of
Environmental and Natural Resources

In cooperation with the Department of
Trade and Industry and the Philippine Coast
Guard

Managed by Chemonics Intemational, Inc.

Project Implementation

Project offices:
— Head office in Lapu-Lapu City
— Support office in Makati City
— Regional office in Davao
- Sl (32)

*+ 30 Filipino; 2 expatriate

* 22 professionals; 10 support




Project Implementation (cont.)
A A—
= Implementation sites:
— Focus in the Visayas and Mindanao
— Eight sites - four approved (Cebu, Taghilaran,
Davao and General Santos); four additional to
be selected
* Industrial sectors
—~ To be determined

— Selections based on leve! of risk to environment
and human health

Project “Leveraging”

* Industrial Conglomerates
* Trade Associations

* Multinational Corporations
*+ Industrial Sectors

* Municipalities (LGUs)

+ Apgencies

*+ Professional Assaciations
= Other Donor Projects

Overview of IISE Policy
Program

Ramon Abracosa, Ph.D.
Policy Director
IiSE




IISE Policy Program

» Tier 1: support immediate information needs of

technical program o achieve IISE's targeted
results 400,200,20%

Tier 2: achieve long term results and impacts
that will sustain #SE's objectives

Tier 1 Activities

Support to technical program

~ Inventory of incentives for industry. €.9., finandial
- Envirgnmentat audit policies

~ Basis for EMS other than 150 14000

— Industry survey

« Support to government-industry-community

partnership

= Policy working groups

— Flexibility mechanisms, e.q., regulatory refief
— Integrated incenlives package

~ Protection of confidential information

Tier 2-Tentative

Adapt EMS for local governments
Pollutant emissions register for public use

Support adding EMS/CP incentives in
environmental laws/ordinances

Support EMSICP policies for industrial estates
Include EMS/CP in DENR's Ecowatch




IISE is Leading a Paradigm Shift

LT
e MOLT, W IOC nse
l_ CAC > ' MBIs >

19705-803 1950, nto next century
Standards Funds Cooperabon programs
Fioes/CDO Pollution charge Endustry seif-regulagon
Permiby Ladustry rafing EMS/CP

EIA system

Need to Build Capacity

TEL‘ AL ASPECTS

b~ Industry buy-in + institutionalized capacity ]
CONRATANTS DENR/DATT Usap

Overview of Initial
Environmental Review (IER)

s
Dale Rice, P.E.

Vice President

Millennium Science & Engineering,
Inc. -

IISE P2/CP Program Consultant




IER Overview
¢ JER = Initial Environmenta] Review
¢ Purpose
¢ Intended Participants
« Information Objectives
IER - Purpose

¢ Determine Resource Priority Level of Facility
for IISE

* Develop “Buy-In” of Participants

¢ Develop Scope for Follow-On EMS/P2-CP
Activities

IER - Intended Participants
i

Highest Priority Participants:

s Those industrial members that have the
greatest potential to reduce their impact on
the environment accompanied by a high
level of interest in participation




Pollution Prevention vs.
“Prevention of Pollution’” s

* Background on ISQ standards development
process

* U.S. Delegation position with regard to P2
* Importance of the difference to IISE

IER - P2/CP Objectives _

=i

» RP 28/POPs Chemicals-General Quantities
Used

* Types of Processes

« Opportunity to Implement P2

s Priority Level for Participation in IISE
¢ Scoping Information for P2/CP Process

Overview of Filipino Industries

Maya Villaluz, Ph.D.
Senior Environmental Engineer
HSE




Key Filipino Industrial Sectors

* Mining / Quarrying

+ Food / Beverage Manufacturing
* Textiles

* Agriculture*

* Leather Tanning / Manufacture
* Wood / Furniture Products

* Pulp and Paper*

{* Mot Significant in ISE Selected Sites)

»

Key Filipino Industrial Sectors (Cont.)
Electroplating )
Power Generation
Industrial Chemicals
Petrochemicals*

Petroleum, Products*
Rubber Products
Iron / Steel

(° Not Significant in [ISE Sclected Sites)

Major Industry Sectors in Selected Sites

‘-?.'_
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The Industrial “Mindset”

* Environmental protection still seen as a
“cost” rather than a benefit

* Industry-Government tension still exists
worldwide

¢ Industry often has better and ore resources
than governments,

Selected Industria] Processe_s_

Ancdizing = Farming = Pickling
* Atnealing » Fermentation * Posder Coaling
* Arsembly -Foodlea'm -Pnningf&uwin;
* Bleaching » Forging = Printing
Botiling = Fuet Stanpe + Pulping
* Canning »Galvanizing * Refining
= Ceznent Prodution = Grinding * Semiconductor Mg
+Chemical Giitltion. - Injection Mokting  Sip Bruikling
* Chemical Syrehesin. « Meual Caning * Ship Recycling
= Cooverion Cogting * Metal Refining = Ship Repair
- Cracking * Mining - Smelting
+ Degreasing * Packaging * Stex] Fabrication
-m" * Painting g -m‘ -ﬂi'
* Elextrogiating * Pharmacevticaly ~ Tarsung
~ Extrucling » Photo Processing * Wood Preserviag

Industrial Overview and IISE
Priority Chemicals

Dale Rice, P.E. - —

Vice President

Millennium Science & Engineering,
Inc.

IISE P2/CP Program Consultant

11
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RP 28 Chemicals

Non-Organics
» Asbestos * Cadmium
* Selenium * Chromium
* Tributyltin * Cyanide
+ Afsenic * Lead
* Benyllium * Mercury
RP 28 Chemicals
Organics : ;1—
* Benzene * Hexachloroethane
* Carbon Tetrachloride « Mirex
* Chlorofluoracarbons * Polychlorinated Biphenyls
+ Chloroform * Phosgene
* Chlorinated Ethers * Pentachlorophenol
» Ethylene Dibromide * Polybrominated biphenyls
* Ethylene Oxide * Vinyl Chloride
* Halons . l,l,l-Trich.loroelhaner

Hexachlorcbenzene .

I,2-Diphenylhydrazine

“POPs” Chemicals
+ DDT * Hexachlorobenzene
« Aldrin * Mirex
« Dieldrin + Toxaphene
+ Endrin + PCBs
» Chiordane * Dioxins
> Heptachlor * Furans

12




RP 28 / POPs Chemicals

TOTAL NUMBER OF
“IISE CHEMICALS" = 37

RP28 o
28 )

RP 28 / POPs Chemicals

= Hexachtlorobenzene
* Mirex
* PCBs

RP Waste Issues

* Lack of TSDFs

-

-

Mixing of Waste Types

Stockpiling of Wastes On-Site

Poor Identification/Monitoring of Waste Sources/Strearns
Lack of Infrastructure

Lack of Understanding of Environmental Risk

Missed Opportunities for Recycling, Reuse

Weak Enforcement of Environmental Legislation

13
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Introduction to Environmental
Risk Assessment

Dr. David Nelson
Technical Director/IISE

mus’n 1 KNEW

ALL THE ANSWER'S

= ==
YOU SHOULD TRY COMING

OF WITH ALL THE Qi snons !

14
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Quantitative Risk Assessment
Process

* Risk: the mathematical probability of the
occurrence of an event.
— Example: the probability of falling into a hole
in the sidewalk.
* Risk Analysis:
1. hazard identification
2. risk assessment
3. determination of significance
4. communication of risk information

Quantitative Risk Assessment
Process

= Risk Assessment: a numerically quantitative
component of risk analysis, the goal of
which is to estimate or calculate the severity
and likelthood of harm to human heaith or
the health of the environment occurring
from exposure to0 a risk agent (e.g. toxic
chemical).

Quantitative Risk Assessment

Process
* Risk Characterization: integrates the resuits
of previous steps into a risk statement that
includes one or more quantitative estimates
of risk
- Example: “Children under the age of 15
exposed for 5 years to 15 ppb benzene in
drinking water have a 50 times greater chance
of developing leukemia than those children not
exposed.”

15
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Populations Potentially Exposed to
Hazardous Wastes and Substances
* Neighbors around chemically contaminated ity
— Exposure medta: air, soils, surface waler, gromdvﬁm,
food chain
- Exposure pathways: ingestion, inhalation, dermal
absorption
— Children particularly vulnerable
* Workers at manufacturing facilities using
chemicals
— e.g. air, water supplies, improperly handled
food
* Regulatory and other inspectors (e.g. lISE
consultants)

Potential Health Quicomes at

Chemically Contaminated Facilities

1.Symptoms (rashes, eye irritation)
2. Sipns (rashes, paralysis, tremor, ete.)
3. Disease
A. Apparent
a, Abnormal reproductive outcomes

b. Growth and developmental disgrders

¢. Cancer
d. Mortality

Potential Health Outcomes at
Chemically Contaminated Facilitie_s

3. Disease, continued

d. Other disorders (autoimmune diseases
(CAIDS), blood dyscrasias, coronary artery
discases)

e. Behavioral or psychological disorders

- Depression
- Violence (?)

16



Potential Health Qutcomes at

Chemically Contaminated Facilities

< ITEE

3. Disease, continued )
B. Inapparent

a. Biochemical abnormalities
{cholinesterase, erythrocycte
protoporphyrin, liver function tests,
estrogenic mimicry)

b. Immunologic abnormalities
{lymphocyte tests)
¢. Chromosomal abnormalities

Potential Health OQutcomes at

Chemically Contaminated Facilities

3. Disease, continued

d. Nerve conduction abnormalities
¢. Other test abnormalities (pulmonary

function)
Identify Contaminants -
of Concem =~ |\
Exposure Toxicity . .
Assessment _ Assessment -

Risk
Ch aracterizqtiorr; .




Contaminant

Release
. Analysis -

Environmental Eat;_'

Calculation of Exposure.

Levéls & Dose

lon

100

*Relfability of Data

“felinlead stdes, dnlmal studies, £2c.)

Mixture Effects

(syslrgisim, mmtagonismm, et

Texicity |I
Assessment
‘Exposare_ II
Assessment

18
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Introduction to the WAR
Algorithm

Dale Rice, P.E.
Vice President

Millennium Science & Engineering,
Inc.

IISE P2/CP Program Consultant

“WAR” Algorithm

+ WAste Reduction Algerithm

Developed by USEPA’s National Risk
Management Research Laboratory

» Available to General Public - Spring 2000

EPA Positioned to Assist the Technical
Team of IISE

» Designed for Use in the Chemical Industry

“WAR” Algorithm
(Cont.)

= Risk-based
» Process-oriented

+ Key Assumption: Industrial Streams
Entering and Leaving a Process Have
Potential Environmental Impact (PET)

o Makes Use of Matrix of 1600 Chemicals

19



War Algorithm: Potential

Environmental Impact Equation
=‘=;;

where:

1 = raie of inpus of PEI!

M ;= mass flowrate of chemical stream
X o4 = chemical froction

@, = weighting facior

¥}, = PET of chemical component

WAR'’S Health / Environmental Impact
Catepories

+ Ozone-Depletion Potential
Global-Warming Potential

+ Acid-Rain Potential

+ Photo-chemical-Oxidation Potential

WAR'’S Health / Environmental Impact
Categories (Cont.) Rp—

= Human-Toxicity Potential (Ingestion)

+ Human-Toxicity Potential (Inhalation /
Dermal Exposure)

+ Aquatic-Toxicity Potential
» Terrestrial-Toxicity Potential

20
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“WAR” Algorithm
(Cont.)

PELOOD... 1 prociss - |-RELIOW

PEI
[Mustration
e
50, NO, Cco,
{Outputs)
L Coal - Power Genefation —I 2@.
] Qteary Mewlsy
l Wastewater

Coal Air Water
(Inputs}

Application of WAR Algorithm
to IISE Project

= WAR Algorithm Can Be Modified to Use
Limited Chemical Matrix

*» User-friendly IISE Version, Risk Reduction
Measurement Model (R2M2) Under
Construction

+ EPA Consulted 10/99

R2M2 to Be Tested, Further Developed
Before Widespread Use

21 LP(



R2M2 Modified PEI Equation

T L

I=2XM% A0 2 08,0,

where:

T = rate of output of PEF

M = muass flowrate of chemical wastesiream
X ¢y = chemical fraction

a, = weighting factor

B ;5= probability factor

¥, = PEI of chemical component

Overview of IER Process

-2

Dr. David Nelson
Dale Rice, P.E.
Jacqui Limtin
IISE

IER Entrance Strategies

Individual Facilities

- Industry Databases (DT]I, Statistics Office & SEC)
— Telephone Calls

— Letters

~ Inquiries/Referrals

+ Industry Associations

— Attending Meetings

— Present Papers

— Paricipants in Exhibitions {(Booth, Brochures)

22
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Overview of IER Process / Forms
2 p—

= Overall Approach

* Genera! Facility Information

¢ EMS (Quality Management) Related Questions

* Occupational Health and Safety Questions

» Environment (P2/CP) Related Questions

e Facility Walk Through

» Project Incentives

* IISE resource Allocation Strategy

IER - Pre-visit Preparation
* Pre-arranged Appointment _
* Team Formation (Usually Two Persons)
* Team Leader Designation
* Work Order Completion
* IER Forms
Appropriate Dress
— Comfortable, Professional
— Safety Oriented

Fropsa No File e Tk Code She

[Py

oL AL RIYICw

Wete This quesdoanaire it cofidennial and the resp will mot be refayed do any porty owtyide STSE.

Dae:_ IER Team Leader: Siae

Time: _ TER Team Members

Coatedt Information:

Title
N of Grgamzis

;

Tebrphone Noo
Emaik




Genersl Orpuaintonu folermatisa:

Owner
Parnt Or ganizat

QMIC O Domestically Camed O NAC [V Pamer (1)

Yeour Exablished:

sty Scctor,
PSIC:

Products:
O Production CagacityOugad:
Countries Products Expored Ta:

Number of Emplrytes: Smfc
Enlerprise Size: O Small (<50} 0 Mecurn (50-200) O Large (+300)
Facility Process Areas (M7

General Geographic (Le wban vs: rurak, ez} / Gestogic/Hydrogeologic Description (Le. on-site weil)
(tiote: Bl W che mm&mﬂmmmw.wmmmwm& mkarmation)

Gl Does your orpanization have wriztem A to quality, cxrupmiiona) heakh and
safery and the eochonment?
O Quality 0 Eaviroamenaal O Cocupational Health & Safery

G2 Does your company havt a0 organizational ekan? {if 30, alach o IER)
QYes ONa Q Dout Know O Copy seacked

G).  Docs ymar onganizaton have &

OQulity O Emirogorta QPCO 0 Oecupational Hohs O HSE O Doat
Maager  Depatmerd O Emviroremeant aod Safety Depl Maagper koo
Qibcxr O Sakery Engioter

G+ lsite orgacizaton certified o any of 0 Followiag standards by 3 rrcogailed third paty
ovider?

QiSO 502 OI50 14001 QOHSA 15000 DA $000 QOder O Doaht
kg

24
2



Quskity Maoegement Systems [nfermation

Q. mmbmunmnmqumm,‘nmw]&,ﬁum
Provide?
Qy .' ering production of befare di; b of individual prochrts or the tervices
DMMM@MVH&WMWWM&MW

mmethods, ete.

Qm;ﬁmmmmwmummmmm
D Beyond 150 5001724 incorporating QMS princy ined in 15O 9004
0 Don't know

Qr 03 pour qualily enasa gement symem (QMS) apply o
Q Wik orgnization O Production fanction Q) Faciliticy funcion. QOter QDo

ooty Know

Q. mmmmmuuwﬁuof&mmmmw&hm
Customary?
O Yes Do D Dea’t know

G' Do G ¥, reconds w &
OYes OM O Don't know

Q5. mmmmmwmmmﬁﬁmummmu«h
phace?
OYe O 0 Don't kmow

QU Irn&umuﬁmmpuhmqnﬁqadm

Qlobowse O Ouiside ausiton O Both T Mot applicabie

Oxtupatieas| Realth and Salety {OSH) Lofsrmation

[e12

mmumn&nmrdmommm»mwmmm
Producty wud servicesT

Ove Qe 0 oot kmow

mummwmﬁnmwwﬁmm theraicall are
holeﬁ:lhnrdsmlnnwﬂpl:mm?

ave Ohe Q Doa't ke

Fas all giskaicn rbevant to your ard malety risks boen aSendified™

Q Wholty O Pastialty Q0 None 0 Doat kngwr

25
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O mmmmmu»mn:emmnﬁu

ocoupaingl bealth and ety rigks?

Bt

Enetoeeri

PP

Pasomal e T

O::_wdion:l Health and Safety Minagement Systems {OHSMS)

[af=ls)uNuln}u)a]

Training
Octers (please describe)

Q5 Does the ofgani z2no Iave 2 personned hetahh ROritg program in place
o 3¢ ritky m boman bealth?

OYes 5] Q Do Inow
04 Does your OFgani Etin ot any obfectives and tunpets aimed al reducing 1he risk bo
P herahh o e workplace activities

OYe =] M} Q Don't know

07 Do you moaicr 3nd mesunt yout Gonal heahty bty pk

Qwholly O Partally QNot sl O Don Know

08 Do youmuntain records & enabke (be & o0 of your cocapisional
Eeabth and $akery perfommance? T

O Yes Qo 0 Don't Know

07, Do you conghart corupationul Jwalth 3nd yafery sy o determine the ¢ lertiveness
of the controbs 20d programs you havy i placx?
OYes =}, 0 Do\ K

010. IF 50, ot your ofgans 2o pa brm oarupmesnal bealth aod safiry aahis:
Qt-hoase 0 Cusice awdivors QBoh 0 bk applecabie

01). How often are you imspeted by Deparumest of Labor (DOLEY*

26
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Eovirenment [nfarmstien

El. Do you kmow if the products, senvices andar setivitses performed by your
organization have MGy impact o te eavirmenl?

OYes ONe ODooimow

EX. Huymmmnyiﬁnﬂfndmymﬂwmﬂﬂimmﬁmmnhﬁh?
QOYes ONo  ODoo'tiowow

B. Haw yw.id:!iﬁdlhmrﬂmm(nh.ehﬁe‘q.mm.}mﬂ:l
 opaate your facility?

OYes ONo Q1 Don™s Koo

Es. mmmmuuwmmmmumn
i duce teif Immct, 1 ing resouree. use, 00 U ervironmens?
mmﬁllawlxﬁdmuwwhn)

Pollution Preventioo program
Clezner ~ ek
W mini

W
Dispord (3 Offsike O Onesie )
O Inciberation

QLandfill

goo0aoo

Enviroamental Managoment Systests (EMS)
Usz o moethods
isdinfinivprg

gooo

ES. Have you identileed i ke girhalica mhmn;wu-pdmmmimﬂm‘!

Qwholly O Py O None O Doo't know

EA lmwhalams, ifany, ke y Sened envis 3 e

ORAGSI(HWY DIPD 984 (Airs Water)  OPD 1536 (ECC) QOrooe O Doo™ koow

ET  Docd your or ganizaticd 364 sy odyects and rpes related i !

OYes Q Some O None 10 Doo'™t koo

27
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EE.  Wha inckrada] procesics arc operated ar the faciliny?

O Apoxtizng Q Fermeputon 0 Powder Coating O Power Generationy
O Assembly O Food Procossing QO Pressing / Sumping QO Sanfblasting
O Bleaching 0O Ferging Q Prizting Q
O Bonlng. O Fuel Swonge T Puljrog
QCanning Q Gahvaniring O R fini Q
O Cement Production (0 Griading O Semicooducior Mg a
0 Cheanical Distiltion O Injection Mokding Q Ship ]
Qi Chenica] Synthesis L) Meval Cassing € Ship Recycling a
O Conversion Coating 0 Metal Refining 0 Sip Repair =]
Q D Miang QO Seoetti a
a Paclapng Q S Fabricalion a
Q0 Dycing O Strippang a
Qrn 1] O Tanrung a
O Exmuding 10 Phoio Processing Q Wekd Q
Q Faming O Pickling Q Wood Preserving Q

E9.  Whichof the Philippines Pricrity Chemicals are used or oo facrured at the sine?
{lotcare Aprmal yrage at loliowy:
(1)1 - 10kg (2) 10 - 100 %g, (3} 100 g - 1000 kg (4) > 1000 kg)

[<ER RS 0 Chiort Etten O M
012D 1O Chromi s Qpces
Q Anscoic Compounds. O Cyanide 0 Fhosgene
O Asbestos 10 Ethryleoe Dibrosnid F
O Beareae 0 Ethylene Oxide O Polybrocuasied Biphenyls
Q Beryltum Cotrgrmands O Habexrd. O Sclonium
a hem Compoundt O Hexach o
Q Carboa Tetrachknide Q) Hexachiorocthane 0 visyl Chioride
0 Lead Compouncds
O Ooeafonm 0O Meroury Compounds
L
E10.  List other seals e g, “POPS" dcale} used  Gcilicy:
(Indicase armal wsage as foliows {1) 1 - 10kg 7 10 - 100%g, (3) 100 kg - 1000 kg; (4) > 1000 k)
« DOT = Funm
= Ao *  Hepachior
« Dwekinin +  Towpheoe
- Enxdrin ~  Dicamns
» Chiordane

£11.  How do you track the quantities of hazarious chemicaly used 3 your facility?

O Loveadory ocgeds O Purchase reconds T Shop Door etunaes O Doa™y wack.

28
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-
E1Z Wit are the major hazardous waste generuied a the facifity?
O Heyvy metall residues, shadges Q Paires. dyes, batex, resing, inks
.0 Puiing shetges Q Habgenmed wasic sobveres.
Q Acid wanes Q Non-halogerated waste sobwents
0 Alali wanes 0 Oils (inctuding PCBy, PHRs)
Q Inorganic chemical wastes O Oranic cheamicyl wase
. ‘__‘"_I
En. Do you bave Y procodures in place?

OYes ONo  QDwo'tkrow

EHs. Are e proctdures practiced oo 3 regular basiy?
Oys OXo
El5. Do you st Supypliers and‘or subcommraonrs 4 Rapply R Mmaterials, products oF senvicry
(Farility erai eEpain. cility e
Qys ONo Dot know
-
El& Do you moaitor and medsure vou I perfc L1
complianec?
Q Whelly Q Pamially QNct 2 2l O Doat know:
EiT. Do you mainnin meonds b oasblt the demonstration of your eovircagsetal performance?
OYs QNo ODw'tloow
E1s. Do ach, ] aadits 10 dh I ¢fTertractt of B ooatrols you
Bave o place?

OYes QN 0 Dos't kmow

29
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E15. Dot s your organimation perform envirpamenl pdits
CHin-bowse OQusd radicors QBots  ONotapplicable
= How 0ficn are you insposied by DENR?
E. Hre you ever been izpued 3 notioe of violilioa by DENR?
OYes ONe
E22  Hreyou any iy pr publie reliss probieto
related bo the envigeumenial GREralions of your COmpary?
QYo s .0
E). Doyoaiavea 58 i phace 10 rep E coreplaicey Erom the
COTUDALDITY?
O Yes QXe
Frojedd lnomtives
. TR

Are you zware of the incrolives thal the projoct bay 1 offer?

Over O

Would the llowing be of inkerea o you regardiog e [SE project?

Q) Custamer requirement 0O Pokeoeial com svings O Erpalilory compliynce
Q Corgoraze roquiremem 10 Poblic lmagx Kl No inderes: in garticipating
QOchery
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Walk threugh bupeoilen

W1. Do we have your permicsion o ke photos in your fzility?
Qve Qo

Wi Walk trough
Observalisn

*Product of fervice qukity deficiencics
Geteral 2

bousskeeping protdems
Evidence of chermical releases
*badequate of incorrect product of hazanious chemnical labeling
lagtopes segrogation of storage of haxardous makerial ardior wasie

+[oadequate or iocomect emergency ogui prent
“Inproper lighting / vensitation
*Absersx 0f MSDS information

of
*Prevence of uikcotrolled physical, chermacal and
beological lazards and nanaral phenooness
ey haervalaon

1ISE Reseurce Allscatien Hrategy

R

15 tx ceganization primarity 3 sorvice provider?

OY¥a ONe
Ane e o readity & o
Oves O

Doy the organizaiion already have 2 quality, eavironments] of OSHMS ia place?

D Quiity O Eovirnremial - QOSH

R

I3 thare “supply chain kevtrage™ with this Geibity? 130, describe:

In your opinion, docs the joa have e i it w0 exver Ut UUSE
peogran?
Oves axe

I your opinion, does (he of ganization Aave be rewourees bo eeer e 11SE progren?

O¥e O

What is the most agproptiate ESi that IISE can provide for i i mrioa?

OMSody QP2CPonly CEMSPLCP OOMS [orst QoSS
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R3.

Ria

Wil are U prospects for cortidcarion within te of N15E pese 24 .
QSmal 0 Medium O large o
What Art (he prospects for mearuable pollution i, that will help TISE o
progress b 20% rechartion podidain Lirgee?
O Small O Modium O Large

aed seps
IER Tean Lesder Certilcalon Nurzbey
COrganinton Adihresy
Telephooe Fan e-mail

32
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MSE Rrwogrre ABocation SErulsgy
Ri. I8 the orgasization primanly 2 service providea’?
Qvya ONo
R Arc ¥ l impacts oty Bphlc?
OYas OnNo
R Do the orginizaicn streadly have 3 quality, covirtwmenial or OSHMS in place?
0O Qulity X Environmencal  QOSH
Ré. I thar *ngply duin levcrage™ with s facilisy? B s, describe:
R, In your copsinian, docs th ergmicm have the aragenial itzent Lo erer e 1ISE
program?
OYes Qo
RS Inyour opizion, docs the Lo ke o cnter the OS) H
QYes Qe
RS Whax i (he oot appropriaie axsistance Dl 115E can provice o this organization”
OEMSanly QFCF anly CQEMSFPLCP QOMS firm QOSHMS
K7 YWhaiprie o cmifcati e ehar L B

QSmall Q Mediun 0 Grea

RE.  WTat are the prospocts for easurable polhution reduction thae will belp 0SE document
Pogress K X%, pechacrion poliution taga Y

0 Smalt QD ddatan O Grem
B R e Foeat LI
IER Team Leader




ENVIRONMENTAL RISK ASSESSMENT
INFORMATION



Quantitative Risk Assessment Flowchart

Y
Identification of Contaminants
Y Y
. . Waste or contaminant
anf:-lh{su?:l,lgg'ecnalll?alta ( Hydrogeological and placement,
X1 g l"l;ls | climatological profiles containment or
proli L k noncontainment
\.______‘_-—-_
T Vertical, Lateral, Spatial Contamination Evatuation

Air, soil, sediments, surface water, groundwater, food chain

Quantify or estimate average & minimum

groundwater. Integrate food chain uptake if
applicable

Qnmcntal fate and transport @—‘

- —

Identify exposed or potentially exposed

Ve

k Calculate or estimate exposure pathways,

exposures and dose incurred f i

/

releases to air, soil, sediments, surface water,

populations / -
i
|

Assessment

>

e

Route of exposure (i.e. drinking water,
food chain, inhalation, dermal absorption
(bathing, washing, inhalation})

™

i
1
!

Exposure

Y Risk
Characterization of
Uncertainty Adverse Health
Evaluation i Effects or Outcomes

Toxicity
Assessment

-

Types of health effects: (apparent: ie:
cancer, mortality, growth &
developmental disorders; inapparent:
immunological, abnormal reproductive
outcomes, chromosomal abnormalities,
systemic: pulmonary and liver function

p- /
~ ™
Dose of contaminants incurred
(Acute, subchronic, chronic)

e _J
4 ™

tests

_/

—
Multiple chemical exposure effects:
antagonism, synergism, environmental
estrogens, etc.

N

L

Uncertainty
Evalutation

i
—

USEPA Guide to Risk Assessment, 1993; Andelman, Health Effects From Hazardous
Waste Sites, Underhill 1988; Van Lynden, 1997; Guidelines for the Assessment of Soil
Degradation in Central and Eastern Europe; Swartjes and Van den Berg, Remediation of
Contaminated Soil & Groundwater, Workshop on Contaminated Soils, 1993; Hazardous

Waste Risk Assessment Techniques, D. Nelson 1993



Model of Potential Health Effects Related to Chemical Exposures

Acute body burdens Acute (short term) health
{chemicals detected p effects - signs and symptoms
only during or shortly appearing shortly after

after exposure) High Dose exposure

“Non-persistent”
chemicals - short
biological half-life

Chemical Con_taminated Human exposure
environmental (through skin
Exposures . .
) pathways contact, ingestion,
(Environmental i1 wat ) '
. (soil, water, inhalation)
or Occupational) food, etc.)
“Persistent”
chemicals - long
biological half-life Low Dose Subacute, chronic or latent
Cumulative body (long term) health effects,
burdens {chemicals —p» including reproductive and
detectable for long developmental abnormalities,
periods after other chronic disease and cancer

After Andelman & Underhill, 1988. Ma:

cessation of exposure)

iagement of Hazardous & Non-Hazardous Industrial Solid Waste; Indian Institute of Technology, New Delhi, India, October 6-7, 1998; Dr.

David D. Nelson, President, EnviroSearch International; Assistant Professor, Family and Preventive Medicine, College of Medicine, Salt Lake City, Utah, USA,

dnelson@xmission.com

) | 3 1 3 1 1 3 3 ] 1 3 3 3 E k| X 2 k.

A



Key Routes of Chemical .Absorption, Distribution, and Excretion

Some chemcials undergo change (metabolism) within the celis of the body before excretion.
Toxicity may be produced by the chemical as introduced, or by one or more metabolites.

Ingestion Inhalation ggr?tgilt
' V
.| Gastrointestinal
: Tract Lung
\
-— Adsorption —
Y
Liver
i 7
|
|
Z
O 1 |
= |
5 L Bile :
| .
@ ! :
Q | A ‘
' = Blood and Lymph r«- — ExtrFaISieJ!sular - Fat ! |
i !
[ Y I ‘
Kid Lun ! i ﬂ
e | Organs of | }%
l | Y the Body | >
! 1 ‘an)
| ! Secretion Y i
! Bladder Glands : i
\ . Soft Tissues !
} L orBones | |
! | 5 i
T N S U - -,
\ Y { i | ! !
' | i i
: Feces ! Urine i Exﬂied Secretions |
| i
o e e e e L e e e = — —
EXCRETION

Introduction to Risk Assessment; indian Institute of Technology, New Dethi, India, May 6-7, 1998, Dr. D. h{el§on. EnviroSearch Intemational; >f7
Assistant Professor, College of Medicince, Salt Lake City, Utzh, USA, dnelson@xmission.com



Generic Equation for Calculating Chemical Intakes

I=Cx CRx EFC/BW x 1/AT

Where:
I = intake; the amount of chemical at the exchange boundary (mg/kg body weight/day)

Chemical-related variable

C = chemical concentration; the average concentration contacted over the exposure period .

(e.g., mg/liter water)

Variables that describe the exposed population

CR = contact rate; the amount of contaminated medium contacted per unit time or ¢vent
(e.g. liters/day)

EFD = exposure frequency and duration; describes how long and how often exposure
occurs. Often calculated using two terms (EF and ED):

EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight; the average body weight over the exposure period (kg)
Assessment-determined variable

AT = averaging time; period over which exposure is averaged (days)

Management of Hazardous & Non-Hazardous Indusirial Solid Waste: Indian Institute of Technology, New Delhi, May 6-7, 1998, D.
Nelson, EnviroSearch International; Assistant Professor, College of Medicine, Salt Lake Ciry, Utah, USA, dnelsonf@hemission.com



DATA AND ASSUMPTIONS NECESSARY TO ESTIMATE HUMAN DOSE OF A
WATER CONTAMINANT FROM KNOWLEDGE OF ITS CONCENTRATION

Total Dose is Equal to the Sum of Doses from Five Routes

1. Direct Ingestion Through Drinking

Amount of water consumed each day (generally assumed to be 2 liters for
adults and 1 liter for a 10 kg child).

Fraction of contaminant absorbed through wall of gastrointestinal tract.
Average human body weight.

2. Inhalation of Contaminants

Air concentrations resulting from showering, bathing and other uses of water.
Variation in air concentration over time.

Amount of contaminated air breathed during those activities that may lead to
volatilization.

Fraction of inhaled contaminant absorbed through lungs.

Average human body weight.

3. Skin Absorption from Water

Period of time spent washing and bathing.

Fraction of contaminant absorbed through the skin during washing and
bathing.

Average human body weight.

4. Ingestion of Contaminated Food

Concentration of contaminant in edible portions of various plants and animals.

Amount of contaminated food ingested each day.
Fraction of contaminant absorbed through wall of gastrointestinal tract.
Average human body weight.

5. Skin Absorption for Contaminated Soil

Management of Hazardous & Non-Hazardous Indusirial Solid Waste: Indian Institute of Technology, New Delhi, May 6-7, 1993, D.

Concentrations of contaminant in soil exposed to contaminated groundwater
or surface water.

Amount of daily skin contact with soil.

Amount of soil ingested per day (typically children).

Absorption rates.

Average human body weight.

Nelsen, EnviroSearch Intemational; Assistant Professor, College of Medicine, Salt Lake City, Utah, USA, dnelson@xmission.com
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Matrix of Potential Hazardous Waste or Chemical Route Exposures

Exposure Residential Commercial or Recreational
Medium/Exposure | Population Industrial Population
Route Population
Groundwater
Ingestion L A --
Dermal Contact L A -
Surface Water
Ingestion L A L,C
Dermal Contact L A L,C
Sediment
Incidental Ingestion C A C
Dermal Contact C A LC
Air
| Inhalation of Vapor
Phase Chemicals
Indoors L A -
Qutdoors L A L
Inhalation of
Particulates
Indoors L A -
Outdoors L A L
Soil/Dust
Incidental Ingestion - LC A LC
Dermal Contact LC A 1.,C
Food
Fish and Shellfish L L
Meat (including L L
organs, if
consumed)
Dairy L,C L
Eggs L . L
Vegetables and L L
Fruits
Grains L
L = lifetime exposures; C = exposure in children may be significantly greater than in adults; A = exposure
to adults (occupational exposures are likely the highest); -- = exposure via this route is unlikely

Management of Hazardous & Non-Hazardous Industrial Solid Waste; Indian Institute of Technology, October 6-7, 1998; David
Nelson, EnviroSearch International; Assistant Professor, University of Utah College of Medicine, Salt Lake City, Utah, USA,

dnelson@xmission.com



EXAMPLE OF TABLE FORMAT FOR SUMMARIZING COMPLETE
EXPOSURE PATHWAYS AT A MUNICIPAL WASTE DISPOSAL SITE IN
WEST BENGAL USED FOR GROWING CERTAIN VEGETABLES*

Potentially Exposure Route, Exposure Pathway | Reason for
Exposed Medium and Selected for Selection or
Popuiation Exposure Point Evaluation? Exclusion
Farmers working Ingestion of YES Groundwater from
on-site (including groundwater from shallow wells are
children) local wells used for irrigation of
crops. Possibility of
workers directly
ingesting water.
Farmers working Ingestion of surface YES Surface water is
on-site (including water from nearby * used for irrigation of
children) sources . crops. Possibility of
- workers directly
_ ingesting water.
Farmers working i Deermal exposure to YES | Workers may be
on-site (including | chemicals exposed to
children) chemicals dumped
at landfill via skin
| exposures to soil
Farmers working Inhalation of YES . Workers may be
on-site (including chemicals ! exposed to volatile
children) chemicals dumped
at landfill via
inhalation
Farmers working Consumption of YES Workers may be
on-site (including contaminated food exposed to
children) ) chemicals in or on
food, including fish
from nearby ponds
Farmers living on- Ingestion of YES Groundwater from
site (including groundwater from shallow wells are
children) local wells used for irrigation of
crops. Possibility of
residents directly
ingesting water.
Farmers living on- Ingestion of surface YES Surface water is

site (including
children)

water from nearby
sources

used for irrigation of
crops. Possibility of
residents directly
ingesting water.

bl



2
Potentially Exposure Route, Exposure Pathway | Reason for Selection
Exposed Medium and Selected for or Exclusion
Population Exposure Point Evaluation?
Farmers living on- Dermal exposure to YES Residents may be

site (including

chemicals

exposed to chemicals

children) dumped at landfill via
skin exposures to soil
Farmers living on- | Inhalation of YES Residents may be
site (including chemicals exposed to volatile
children) chemicals dumped at
landfill via inhalation
Farmers working Consumption of YES Residents may be
on-site (including contaminated food exposed to chemicals
children) in or on food,
including fish from
nearby ponds
Residents living Ingestion of YES Groundwater from
near dumping site groundwater from shallow wells may be
local wells contaminated from
landfill leachate.
: Possibility of residents |
| directly ingesting
_ water.
Residents living Ingestion of surface YES . Surface water may be
near dumping site water . contaminated from
* landfill leachate.
. Possibility of residents -
~ directly ingesting :
| water. :
Residents living Dermal exposure to NO ~ Unless working at site,
near dumping site | chemicals in soils it is unlikely that
residents will be
directly exposed to
chemicals in the soil
Residents living Inhalation of YES Residents may be
near dumping site chemicals exposed to volatile
chemicals dumped at
landfill via inhalation
Residents living Consumption of YES Residents may be

near dumping site

contaminated food

exposed to chemicals
in or on food,
including fish from
nearby ponds

({2



Potentially Exposure Route, Exposure Pathway | Reason for Selection
Exposed Medium and Selected for or Exclusion
Population Exposure Point Evaluation?

Consumers buying | Consumption of YES Vegetables and fish
food from city | contaminated food sold on open market in
markets (vegetables; fish) city

Consumers buying | Dermal Exposures NO Unlikely consumers
food from city would be exposed to
markets levels of concem
Consumers buying Inhalation of NO Unlikely consumers
food from city chemicals would be exposed to
markets levels of concern
Consumers Consumption of NO Vegetables and fish
importing food from | contaminated food : are not exported from
city markets (vegetables; fish) ' the area

*Note: Certain vegetables, particularly leafy vegetables, have been shown to
contain heavy metal levels which exceed World Health Organization standards. No
root crops are grown (radishes, carrots, beets or potatoes).

' Management of Hazardous & Non-Hazardous Industrial Solid Waste: Indian Institute of Technology, New Deihi, India, May 6-7,
1998; David D. Nelson, President, EnviroSearch International; Assistant Professor, Family and Preventive Medicine, College of

Medicine, Salt Lake City, Utah, USA, drelson@xmission.com
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Project No. File No. Task Code Site

Industrial Initiatives for a Sustainable Environment (IISE)

INITIAL ENVIRONMENTAL REVIEW (IER) QUESTIONNNAIRE

Note: This questionnaire is confidential and the responses will not be released to any party outside IISE.

Date: IER Team Leader:
Time: IER Team Members:
Contact Information:

Name:

Title:

Name of QOrganization:

Address:

Telephone No:

Fax:

Email:

General Organizational Information:

Qwner:

Parent Organization:

O MNC O Domestically Owned QO JVC IV Partner (s)
Year Established:

Industry/Government Sector:

PSIC:

Products:

QO Production Capacity/Output:
Countries Products Exported To:

Number of Employees: Shifts:
Enterprise Size: O Small (<50) O Medium (50-300) Q Large (>300)
Facility Process Areas (MD):

General Geographic (i.e: urban vs: rural, etc.) /Geologic/Hydrogeologic Description (i.e. on-site well)
(Note: fill in to the extent possible based on your knowledge, experience and readily available information)

Gl. Does your organization have written statements related to quality, occupational heaith and safety, and the
environment? ’

[ Q Quality [0 Environmental | Q Occupational Health & Safety | Q None |

G2. Does your company have an organizational chart? (if so, attach to IER)

[Q Yes [QNo TQDon’tKnow | O Copy attached |

IER Form (Sept 1, 1999) (‘?/



G3. Does your organization have a:
3  Quality | 4 Environmental | O PCO 0 Occupational Health | QHSE Q Other | Q Don't
Manager Department 0O Environmental and Safety Dept. Manager know

Officer Q Safety Engineer

G4. Is the organization certified to any of the following standards by a recognized third party provider?

[1509001/2 | QIS0 14001 | O OSHMS 18000 | QSA 8000 | QOther | ODon’tkmow |

Quality Management Systems Information

Q1. ‘What methods do you use to ensure the quality of the product you produce or the service you provide?
(mark those used)

U Inspection, during 1 Quality control (1 Recognized U Beyond ISO QDon’t
production or before including product/ quality assurance $001/2/3 know
dispatch of individual | service inspection, system incorporating QMS

products or the statistical sampling and / | implemented to the | principles contained

services provided or other methods 1S0 9001/2/3 in ISO 9004

Q2."  Does your quality management system (QMS) apply to:

QWhole organization | O Production function | & Facilities function | O Other QDon't

only know

Q3. Do you measx.ue and monitor the quality of the products and services you provide to your customers?

| QYes | QNo | QDon’tknow |
Q4. Do you maintain records to enable the demonstration of your quality performance?

{ Q Yes [ ONo [ QDon’t know |
Q5. Do you conduct quality audits to determine the effectiveness of the controls and programs you have in

place?
[ QYes { QNo ] QDon’t know |

Q6. If so, does your organization perform quality audits:

| O In-house | Q Outside auditors [ Q Both [ O Not applicable |

Occupational Health and Safety (OSH) Information

Ol. Has the organization identified the OSH hazards to personnel associated with its activities, products and
services?
[ Q Yes | QNo | QDon'tknow |

IER Form (Sept 1, 1999) 2 £, {
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03.

04.

0s.

06.

O7.

0O8.

09.

Ot0.

O11.

IER Form (Sept 1, 1999)

Has the organization assessed the risks to human health from physical, chemical and biological hazards and
natural phenomena?

[QYes | ONo [ Q Partially [QDon'tknow |

Has legislation relevant to your organization's health and safety risks been identified?

[ Q Wholly [ Q Partially | Q None [QDon't know |

What methods does the organization use to manage its occupational health and safety risks?

Elimination
Substitution
Engineering controls
Administrative controls
Personal Protective Equipment
Occupational Health and Safety Management Systerns (OHSMS)
Training
Others (please describe)

ooo00000

Does the organization have a personnel health monitoring program in place appropriate to the risks to
buman health?

[ Q Yes [ QNo [QDon’tknow |

Does your organization set any objectives and targets aimed at reducing the risk to human health from the
workplace activities?

i QYes [QNo TQDon’t know |

Do you monitor and measure your occupational health and safety performance?

[Q Wholly | O Partially [ O Not at all [ QDon't Know |

Do you maintain records to enable the demonstration of your occupational health and safety performance?

[Q Yes IO No [ QDon’tKnow |

Do you conduct occupational health and safety audits to determine the effectiveness of the controls and
programs you have in place?

{0 Yes [ QNo [ QDon’t Know |

If so, does your organization perform occupational health and safety audits:

[ Q1In-house [Q Outside auditors | Q Both [ O Not applicable ]

How often are you inspected by the Depariment of Labor (DOLE)?




Environment Information

El.

E2.

E3.

Es.

E6.

E7.

Do you know if the products, services and/or activities performed by your organization have any impact on
the environment?

[QYes j QNo [ UDon’t know |

Has your company identified any environmental impact from past activities?

| QYes | QNo [ QDon’tknow |

Have you identified the natural resources (water, electricity, gas etc.,) needed to operate your facility?

[ QYes | Q No [QDon’'tKnow |

What methods do you use to manage these activities, products or services to eliminate/reduce their impact,
including resource use, on the environment? (Check all that apply; add comments as appropriate.)

Pollution Prevention program
Cleaner production technology
Waste minimization
Waste treatrnent
Waste storage
Disposal (Q Off-sitt O On-site)
QO Incineration
QO Landfill
Recycling/Reuse
Environmental Management Systems (EMS)
Use no methods
Others (please describe)

oopo0o0o

0000

Have you identified the legislation relevant to your organizations environmental impacts?

[ Q Whoily [ Q Partially { O None | QDon’tknow |

In what areas, if any, have you experienced environmental compliance cballenges?

[CYRA 6969 (AW) | O PD 984 (Air/ Water) | QPD 1586 (ECC) | ONone [ O Don’tknow |

Does your organization set any objectives and targets related to environmental performance?

[QYes { Q Some [ O None TQDon'tknow |

IER Form (Sept 1, 1999) 4
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E8.

What industrial processes are operated at the facility?

{Q Anodizing ) Fermentation O Powder Coating O Power Generahon
0O Assembly O Food Processing {1 Pressing / Stamping Q1 Sandblasting
1 Bleaching QO Forging Q Printing a
QO Bottling O  Fuel Storage QO Pulping [B]
O Canning ) Galvanizing 0 Refining Q
3 Cement Production QO Grinding O Semiconductor Mfg o]
0 Chemical Distillation O Injection Molding Q  Ship Building a
O Chemical Synthesis B Metal Casting Q3 Ship Recycling a
O Conversion Coating (0 Metal Refining U Ship Repair Q
 Cracking d Mining 0O Smelting Q
Q Degreasing 3 Packaging O Steel Fabrication a
{1 Dyeing Q Painting 1 Stripping a
0O Electroplating 0 Pharmaceutical Synth. Q Tanning a
0 Extruding QO Photo Processing Q Welding a. |
Q Farming O Pickling Q Wood Preserving Q g
E9. Which of the Philippines Priority Chemicals are used or manufactured at the site?
(Indicate Annual usage as follows: (1) 1 - 10kg; (2) 10 — 100 kg; (3) 100 kg - 1000 kg; {4) > 1000 kg)
[} 1,1,1- Trichloroethane ]} Chlorinated Ethers (W] Mirex
] 1,2 Diphenylihydrazine Q Chromium Compounds u] PCBs
a Arsenic Compounds W] Cyanide Compounds Q Phosgene
a Asbestos W] Ethylene Dibromide J Pentachlorophenol
a Benzene a Ethylene Oxide W] Polybrominated Biphenyls
Q Beryllium Compounds u] Halons ] Selenium
a Cadmium Compounds a Hexachlorobenzene ] Tributyltin
W] Carbon Tetrachloride a Hexachloroethane Q Vinyl Chloride
(=] CFCs Q Lead Compounds a
a Chloroform a Mercury Compounds o]
E10.  List other hazardous chemicals (e.g., “POPs” chemicals) used at facility:
(Indicate annual usage as follows: (1) 1 - 10kg; (2) 10 - 100 kg; (3) 100 kg~ 1000 kg; (4) > 1000 kg)
bDT Toxaphene
Aldrin Dioxins
Dieldrin Other:
Endrin Other:
Chlordane Other:
Furans Other:
Heptachlor Other:
Ell.  How do you track the quantities of hazardous chemicals used at your facility?

[ Q Tnveatory records

I O Purchase records

} O Shop floor estimates

[ QDon’t track |

IER Form (Sept 1, 1999)




El12.  What are the major hazardous wastes generated at the facility?
O Heavy metal residues, sludges O Organic chemical wastes
O Plating sludge Q Other:
0  Acid wastes O Other:
O Alkali wastes 0 Other:
O Inorganic chemical wastes 0  Other:
{0 Paints, dyes, latex, resins, inks O Other:
U Halogenated waste solvents Q Other:
O Non-halogenated waste solvents 3 Other:
QO Oils (including PCBs, PBBs) QO Other:
E13. Do you have emergency response procedures in place?
t O Yes | @ No [ QDon’tknow |
El4.  Are these procedures practiced on a regular basis?
[ O Yes j QNo i
EIS. Do you use suppliers and/or subcontractors to supply raw materials, products or services (facility
maintenance, repairs, wastewater facility management etc.)?
| O Yes | ONo [ @Don’tknow |
E16. Do you monitor and measure your environmental performance, including regulatory compliance?
[ Q Wholly | Q Partially | Q Not at all [QDon’tknow |
E17. Do you maintain records to demonstrate your environmental performance?
[ Q Yes | QNo {QDon’tknow |
E18. Do you conduct environmental audits to determine the effectiveness of the controls you have in place?
[Q Yes | QNo [ ODon’tknow |
E19. Does your organization perform environmental audits:
[ Q In-house I Q Outside auditors | S Both [ O Not applicable |
E20. How often are you inspected by DENR?
E21.  Have you ever been served a notice of violation or cease and desist order by DENR?
[ QO Yes [ QNo 1
E22. Have you encountered any cornmunity pressure or public relations problems related to the environmental

IER Form (Sept 1, 1999)

operations of your company?

{QYes [ QNo ]

24



E23.

Do you have a mechanisi in place to respond to environmental complaints from the community?

{ QYes I QNo

|

Project Incentives

I1.

I2.

Are you aware of the incentives that the project has to offer?

 QYes | QNo

Would the following be of interest to you regarding the IISE project?

O Customer requirement U Potential
cost savings

U Regulatory
compliance

Q Public
image

01 No interest
participating

in

Q Corporate requirement | { Other

Walk Through Inspection

Wl

W2,

Do we have your permission to take photos in your facility?

[ Q Yes 1 QNo

Walk through

Observation

Comments

Product or service quality deficiencies

General housekeeping problems

Evidence of chemical releases

Inadequate or incorrect product or hazardous
chemical labelling

Lack of safety warning signs

Improper segregation or storage of hazardous
material and/or waste

Leaking valves, lines and containers

Inadequate or incorrect PPE

Inadequate machine guarding

Uncovered chemical / waste containers

Inadequate or incorrect emergency equipment
and/or ineffective management

Improper lighting / ventilanon

Absence of MSDS information

Inadequate or ineffective maintenance

o o o o o 9 o O o o o o 0O o O

Presence of uncontrolled physical, chemical
and biological hazards and natura} phenomena

IER Form (Sept 1, 1999)



O Other Observations:

IER Team Leader

IER Certification Number

Organization

Address

Telephone

email

Number of Hours On-Site

IER Form (Sept 1, 1999)
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IISE Resource Allocatmn Strategy

| RL ' :Is the orgamzanon pnmanly a service provzdes9
‘ IDYesr - JDNo — ]
: : R2. ' Are the orgaouahon 5 envuomnental lmpa-cts readlly 1denufiab1e9 _ .
]DYes — |ElNo - _v -_ |
_li?;‘ . ‘..‘Does the orgsr.ozatlon already have a quahty envu'onmental or 68H management system in place"
o c ] DQuahty — { DEnvu'onmental - [GOSH . e ] |

R4, - Is there “supply cham leverage w1th thls facxhty‘? If so, descnbe

RS. Iny your 6pinjoh,fdoes,"the org'anjzatioh have the managerial commitment to enter the IISE program?

'|'t3'ch'-". ,];E_IVNo . _" _ '] -

- R6., Inyour opinion, does the organization have the resoutces to enter the IISE program?

: I"R?.‘ : 7 What 1s the most appropnate ass:stance that IISE.can prowde for tl'us orgamzatxon"

| DEMS only _[ = PZICP only ] DEMS/PZICP [ DQMS frst | QOSHMS -~ - |
R8. What are the prospects fgr cemﬁcanon w1t]'u.n the timeframe of IISE assmtance" |
o [DSmall —— TOMedum 7' 1DLarge — f '
'_*' R9 " “What are the prospects for measu:able pollutum reducnon that will hei;: IISE clocument progress to20% .-
Co- *reductlon pollunon ta:get? _ . . .
- . . j _ClSma]l-. B .. 1 O Medium — {EILarge |

~

R10. - VRecor'mnended stretegyioe);t steps.

ks
]_ER'_ Team Leader - -~ _ IER Certificatior__l Nuraber
T Orgahization T : ~ Address
.'Felephone . - _ _ . Fax L e " Email

iIER Form (Sept 1, 1999)




Project No. File No. Task Code Site

Industrial Initiatives for a Sustainable Environment (IISE)

INITIAL ENVIRONMENTAL REVIEW (IER) QUESTIONNNAIRE

Note: This questionnaire is confidential and the responses will not be released to any party outside IISE.

Date: IER Team Leader:
Time: 1ER Team Members:
Contact Information:

Name:

Title:

Name of Organization:

Address:

Telephone No:

Fax:

Email:

General Organizational Information:

Owner:

Parent Organization:

Q MNC Q Domestically Owned Q JVC JV Partner (s)
Year Established:

Industry/Government Sector:

PSIC:

Products:

QO Production Capacity/Output:
Countries Products Exported To:

Number of Employees: Shifts:
Enterprise Size: @ Small (<50)Q Medium (50-300) Q Large (>300)
Facility Process Areas (M”):

General Geographic (i.e: urban vs: rural, etc.) /Geologic/Hydrogeologic Description (i.e. on-site well)
(Note; fill in to the extent possible hased on your knowledge, experience and readily availabie information)

Gl. Does your organization have written statements related to quality, occupational health and safety, and the
environment? ’

[ O Quality | O Environmental ['Q Occupational Health & Safety | d None |

G2. Does your company have an organizational chart? (if so, attach to IER)
[QYes [ QNo [QDon’tKnow | O Copy attached |
1ER Form (Sept 1, 1999) 1



G3. Does your organiiation have a:
L Quality | O Environmental | G PCO Q) Occupational Health | R HSE U Other | O Don’t
Manager Departiment { Environmental and Safety Dept. Manager know

Officer (J Safety Engineer

G4. Is the organization certified to any of the following standards by a recognized third party provider?

fO1S090012 [0Q1IS0 14001 |[DQOSHMS 18000 [QSA 8000 [UOther [QDon’tknow |

Quality Management Systems Information

Ql. ‘What methods do you use to ensure the quality of the product you produce or the service you provide?
{mark those used)
U Inspection, during U Quality control tJ Recognized 3 Beyond ISO O Don’t
production or before including product/ quality assurance 9001/2/3 know
dispatch of individual | service inspection, system incorporating QMS
products or the statistical sampling and / | implemented to the | principles contained
services provided or other methods ISO 9001/2/3 in IS0 9004

Q2. Does your quality management system (QMS) apply to:

QWhole organization | O Production function | O Facilities function | {J Other UDon’t

only know
Q3. Do you measure and monitor the quality of the products and services you provide to your customers?
[ Q Yes i UNo | QDon’t know |
Q4. Do you maintain records to enable the demonstration of your quality performance?
[Q Yes [ QNo | QDon’t know |
Q5. Do you conduct quality audits to determine the effectiveness of the controls and programs you have in
place?
| QYes i ONo | QDon’t know |
Q6. If so, does your organization perform quality audits:
{ Q In-house [ Q Outside auditors | Q Both | Q Not applicable |

Occupational Health and Safety (OSH) Information

0O1. Has the organization identified the OSH hazards to personnel associated with its activities, products and
services?
1 U Yes [ QNo | QDon’tknow |
1ER Form (Sept 1, 1999) 2
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02.

03.

04.

0s.

Q6.

o7.

08,

Q9.

010.

011,

1ER Form (Sept 1, 1999)

Has the organization assessed the risks to human heaith from physical, chemical and biological hazards and
natural phenomena?

[QYes | ONo [ Q Partially {QDon’tknow |

Has legislation relevant to your organization's health and safety risks been ideuatified?

[ Q Wholly [ Q Partially | O None {QDon’tknow |

What methods does the organization use to manage its occupational health and safety risks?

Elimination
Substitution
Engineering controls
Administrative controls
Personal Protective Equipment
Occupational Health and Safety Management Systems (OHSMS)
Training
Others {please describe)

(my .

oOo000D00

Does the organization have a personnel health monitoring program in place appropriate to the risks to
human health?

| QYes | QNo [QDon’tknow |

Does your organization set any objectives and targets aimed at reducing the risk to human health from the
workplace activities?

[Q Yes | O No [QDon’tknow |

Do you monitor and measure your occupational health and safety performance?

[ Q Wholly | Q Partially | O Not at all [QDon’tKnow |

Do you maintain records to enable the demonstration of your occupational health and safety performance?

[QYes [ QNo [ ODon’t Know |

Do you conduct occupational health and safety audits to determine the effectiveness of the controls and
programs you have in place?

[QYes i UNo { Q Don’t Know |

If so, does your organization perform occupational health and safety audits:

[ Q In-house [ Q Outside auditors [ U Both | QNot applicable |

How often are you inspected by the Department of Labor (DOLE)?




Environment Information

El Do you know if the products, services and/or activities performed by your organization have any impact on
the environment?

[ Q Yes | QNo [ QDon’tknow |

E2. Has your company identified any environmental irnpact from past activities?
[ QYes { QNo | QDon’t know |

E3. Have you identified the natural resources (water, electricity, gas etc.,) needed to operate your facility?
{QYes [ QNo [ QDon’t Know |

E4. What methods do you use to manage these activities, products or services to eliminate/reduce their impact,

including resource use, on the environment? (Check all that apply; add comments as appropriate.)

Pollution Prevention program
Cleaner production technology
‘Waste minimization
Waste treatment
Waste storage
Dispaosal (O Off-site Q On-site )
U Incineration
O Landfill
Recycling/Reuse
Environmental Management Systems (EMS)

co0000

Use no methods
Others (please describe)

CooOo

ES5. Have you identified the legislation relevant to your organizations environmental impacts?

[ O Wholly | Q Partially { O None [ QDon’tknow |

E6. In what areas, if any, have you experienced environmental compliance challenges?

[ORA 6969 (0W) | O PD 984 (Air/ Water) | JPD 1586 (ECC) | ONome | O Don'tknow |

E7. Does your organization set any objectives and targets related to environmental performance?
[QYes j O Some [ QNone | ODon’t know |
IER Form (Sept 1, 1999) 4
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E8.

What industrial processes are operated at the facility?

O Anodizing QO Fermentation O Powder Coating 0 Power Generation
O Assembly QO Food Processing O Pressing / Stamping O Sandblasting
0O PBleaching 8 Forging O Printing a
O Bottling (1 Fuel Storage O Pulping a
QO Canning O Galvanizing {J Refining a
U Cement Production fd Grinding O Semiconductor Mfg W]
{0 Chemical Distillation O Injection Molding O Ship Building a
Q Chemical Synthesis Q Metal Casting O Ship Recycling Q
O Conversion Coating QO Metal Refining QO Ship Repair Q
O Cracking (1 Mining O Smelting ]
0 Degreasing O Packaging {0 Steel Fabrication Q
O Dyeing U Painting Q Stripping a
QO Electroplating 0 Pharmaceutical Synth. O Tanning a
O Extruding 0 Phato Processing 0O Welding Q
1 Faming 0 Pickling Q Wood Preserving Q
ES. Which of the Philippines Priority Chemicals are used or manufactured at the site?
{Indicate Annual usage as follows: (1) 1- 10kg; (2) 10 - 100 kg; (3) 100 kg - 1000 kg; (4) > 1000 kg)
a 1,1,1- Trichloroethane Qa Chlonnated Ethers (W] Mirex
Q 1,2 Diphenylhydrazine Q Chromium Compounds a PCBs
Q Arsenic Compounds a Cyanide Compounds Q Phosgene
Q.  Asbestos ] Ethylene Dibromide a Pentachlorophenel
a Benzene Q Ethylene Oxide a Polybrominated Biphenyls
Q Beryllium Compounds ] Halons [w] Selenium
a Cadmium Compounds ] Hexachlorobenzene Q Tributyltin
] Carbon Tetrachloride (8] Hexachloroethane (W] Vinyl Chloride
a CFCs Q Lead Compounds ]
m] Chloroform 3] Mercury Compounds Qa
E10.  List other hazardous chemicals (e.g., “POPs” chemicals) used at facility:
(Indicate annual usage as follows: (1) 1 - 10kg; (2) 10 - 100 kg; (3) 100 kg — 1000 kg; {4) > 1000 kg)
DDT Toxaphene
Aldrin Dioxins
Dieldrin Other:
Endrin Other:
Chlordane Other:
Furans Other:
Heptachlor Other:
_E11. How do you track the quantities of hazardous chemicals used at your facility?

[ QInventory records

[ Q Purchase records

| Q Shop floor eshimates

| O Don't wack ]

IER Form (Sept 1, 1999)



E12.  What are the major hazardous wastes generated at the facility?
U Heavy metal residues, sludges Q Organic chemical wastes
2 Plating sludge Q Other:
QO  Acid wastes Q Other:
QO Alkali wastes Q Other:
O Inorganic chemical wastes Q Other:
T Paints, dyes, latex, resins, inks & Other:
00 Halogenated waste solvents Q Other:
O Non-halogenated waste solvents O Other:
Q  Oils (including PCBs, PBBs} Q Other:
E13. Do you have emergency response procedures in place?
[QYes O No [QDon’tknow |
El4.  Are these procedures practiced on a regular basis?
[Q Yes | QNo |
El15. Do you use suppliers and/or subcontractors to supply raw materials, products or services (facility
maintenance, repairs, wastewater facility management efc.)?
[QYes [ QU No TQ Don’t know |
E16. Do you monitor and measure your environmental performance, including regulatory compliance?
{Q Wholly | Q Partially MO Not atall [QDon’tknow_ |
El7. Do you maintain records to demonstrate your environmental performance?
[Q Yes [QNo [QDon'tknow |
E18. Do you conduct environmental audits to determine the effectiveness of the controls you have in place?
[QYes [ QNo TQDon'tknow |
E19. Does your organization perform environmental audits:
[ QIn-house | Q Outside auditors 'O Both [ Q Not applicable |
E20. How often are you inspected by DENR?
E21.  Have you ever been served a notice of violation or cease and desist order by DENR?
[QYes [QONo "]
E22. Have you encountered any community pressure or public relations problems related to the environmental

IER Form (Sept 1, 1999)

operations of your company?

[Q Yes | QNo |
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E23.

Do you have a mechanism in place to respond to environmental complaints frorm the community?

[Q Yes | ONo

]

Project Incentives

I1.

I2.

Are you aware of the incentives that the project has to offer?

[ Q Yes { ONo

]

Would the following be of interest to you regarding the IISE project?

U Customer requirement | Q Potential
cost savings

U Regulatory U Public
compliance image

{1 No interest
participating

in

() Corporate requirement | C Other

Walk Through Inspection

Wil.

w2,

Do we have your permission to take photos in your facility?

1 Q Yes [ OQNo

Walk through

Observation

Comments

Product or service quality deficiencies

General housekeeping problems

Evidence of chemical releases

Inadequate or incorrect product or hazardous
chemical labelling

Lack of safety waming signs

Improper segregation or storage of hazardous
material and/or waste

Leaking valves, lines and containers

Inadequate or incorrect PPE

Inadequate machine guarding

Uncovered chemical / waste containers

Inadequate or incorrect emergency equipment
and/or ineffective management

Improper lighting / ventilation

Absence of MSDS information

Inadequate or ineffective maintenance

0o o o o O O O O o o o o o o o

Presence of uncontrolled physical, chemical
and biological hazards and natural phenomena

IER Form (Sept 1, 1599)
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O Other Observations:;

IER Team Leader

1ER Certification Number

Organization

Address

Telephone email

Number of Hours On-Site

IER Form (Sept 1, 1999)

0



H

IISE Resource Alloeatmn Strategy

L . RL.Y Is the orgamzanon prlmanly a service. provtder"

";.-.' . iDYes ' [ClNo T | | o
R2 '-Are the orgamzanon senvu'onmental unpacts readtfy 1dent|ﬁab1e" T _- -
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| [DYes ; [cJNo ‘.: ' _1” I
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' . fDYes '7 § iCINo R ' ] ‘ |
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| [DEMS only [ DP2ICP only : ] CIEMS/PZICP ‘ | CIQMS first ., Hi GOSHMS ; |
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- | | E!Small T [CIMed.tum N 1 [ (W Large .~ |
R9 . What are - the’ prospécts for measurable pullunon reducnon that wﬂl help IISE document progress to 20% .
. L reductmn pollutmn ta.rget" Cwl ) : | B . :
. [(OSmal iCIMedmm . ]'tl_r_a:g_g- ———— 1, |
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MSE Millennium Science & Engineering, Inc.

“April 19, 1999 1364 Beverly Road, Suite 302

McLean, Virginia 22101
Mr. Douglas M. Young, Ph.D. Phone: 703.734.1090
Sustainable Technology Division Fax: 703.734.1093
National Risk Management Research Lab e-mail: mse@erols.com

US Environmental Protection Agency
26 W. Martin Luther King Dr.
Cincinnati, OH 45268

Via Fax: 513-569-7111
Dear Dr. Young:

It has been a pleasure speaking with you about pollution prevention (P2) and the Waste
Reduction (WAR) Algorithm. As we discussed, P2 is very near and dear to me; and the
WAR Algorithm seems like an excellent tool for comparing P2 options including process
and/or chemical changes, and we believe that the WAR Algorithm and its associated
database appear to have direct application to the pollution prevention / cleaner production
project on which I am working for USAID in the Philippines.

It would be a great benefit to me if you could release to me the part of the database
containing information on the Republic of the Philippines Priority Chemicals. These 28
chemicals include the organic compounds: asbestos, benzene, carbon tetrachlonde,
chlorofluoro-carbons, chloroform, chlorinated ethers, ethylene dibromide, ethylene oxide,
halons, hexachlorobenzene, hexachloroethane, mirex, polychlorinated biphenyls,
phosgene, pentachlorophenol, polybrominated biphenyls, selenium, tributyltin, vinyl
chloride, 1,1,1-trichloroethane, and 1,2-diphenylhydrazine. Also included are arsenic,
beryllium, cadmium, chromium, cyanide, lead, and mercury. If any of these chemicals
are not in your database, we would be interested to leam how to add new chemicals.

Releasing an electronic copy (Excel format) as soon as possible would be a great benefit
to the project, as we are currently in the development stage of the project and would
benefit greatly from knowing options available for comparing CP/P2 options.

I look forward to your further input and assistance and can easily be contacted at 703-

734-1090 (phone), 703-734-1093 (fax), and mse@erols.com (e-mail). Please ask for
Todd Danielson in my absence.

Z. T.A. Danielson

Environmental Science and Engineering Solutions for the 21st Century
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"Environmental Manager

. Using Simulation

Heriberto Cabezas ang
Douglas Young
U.S. Environmental
Protection Agency,
Sustainable Technaology Div.

- For Pollution Prevention

he ability to design or modify
chemical processes in a way
: that minimizes the formation
- of unwanted byproducts is an
ongoing goal for process engineers.
Two simulation and design methods
. are discussed here: Process Integra-
= tion (P, developed by El-Halwagi
- and Manousiouthakis (] at UCLA,
and El-Halwagi (2] at Auburn Univer-
i Sity; and the Waste Reduction (WAR)
Algorithm, developed at the US. En-
‘vironmental  Protection Agency
(Cincinnati, Ohio), and made commer-
W cially available through a Cooperative
Research and Development Agree-
* >nt(Crada) under the Federa] Tech-
Jdogy Transfer Act of 1986.1
PI is concerned with improving
process efficiency and keeping tar.
geted components from leaving the
i system. PJ is essentially the practical
application of the mass-exchange net-
. works (MEN), as detailed in {1,2],
i which try to remove pollutants from
product streams and segregate them
into concentrated waste streams,
By comparison, the WAR Algorithm
weis concerned with evaluating and re-
ducing the potential environmental
impact of a process (3] — a key design
ad COnsideration. Consider Process A,
which emits 1 ton/h of a given poilu-
- tant, and Process B, which emits 2
itons’h of a different pollutant. When
these two processes are compared on
the basis of pollutant mass alone, one
- could logically conclude that Process A
.i_._iis preferable. However, because some
pollutants are more toxic than others,
.the process comparison needs to as-
sess the human-health and environ-
lkmental impacts,
sreabesd by Ty oo has ben
. 2wrg, Va.), The initial version of the WAR algorithm
il being incorporated into the simulstor product
hemCAD IV from Chemstations, Ine. ( ouston,

Tex.). The authors' discussion here does not endorse
either of these commercial products or companies.

vufe: For more on gimulation, see p. 139.
-

The goal is to design or modify chemical processes
to minimize their environmental impact

The WAR Algorithm

This methodology assumes that each
stream entering and exiting a process
possesses an inherent Property, its pe-
tential environmental impact (PEI).
WAR generates four indexes (dis-
cussed below), which can be used to
compare the environmenta) impact of
various process alternatives., For a
steady-state Process, one can write g
balance equation for PEI:

o =I.in-I-ou:+I.gﬂl (1)
where:
f;5 = The rate of PEI input, PEL/h (the
impact on the environment if all feed
streams were to be released at once)
foue = The rate of PE] output, PELh,
(the impact on the environment if alt
output streams were to be released)
Foen = The rate of PEI generation by
tie process, PELh (the difference be.
tween I,,, and [;,; Leen can be positive
or negative, because a given process
can either create or consume PEI)
From Equation 1, one can generate
two output indexes and two genera-

tion indexes, to compare different
process alternatives. The lower the
value of these indexes, the better the
process’s environmental performance.
The output indexes include the rate
of PET output, [, and the amount of
PET output per kilogram of product,
I3t These indexes allow comparison
of the potential impact of various out-
put streams on human health and the
environment. fou, is given by:

Fou=t % 2)
where:
P =The rate at which the Process pro-
duces products, kg/h

The generation indexes are the rate
of PEI generation, fge,,, and the
amount of PEI generated per kilo-
gram of product, fge,,. They allow com-
parison of process alternatives, in
terms of the generation of net PEL
Loen is given by:

3 = I.oul—I‘a‘_n
Ten=""p @)
To compute the four indexes for a

Iin = The rate of input of PEI, PEI/h
foe =Therate of output of PEL, PEI/h )
I ™= The rate of PEI generation inside
™ the process, PEI/h (i.e., the differ-
ence between [, and f__)
ot = The amount of PEI oulput/kg of
product
P «The rate of which the process pro-
duces product, kg/h
Tem = The amount of PEI generated/kg
) of product
I’ aTherm input per kg of product,
. for each individual input stream, ;
17017 = The PEI rale of each individudl
inpul and output siream, i, PEI/h

NOMENCLATURE

MM = Mass Rowrote of each input
" and output for each stream, ;, ngh
*§ = The mass Fraction of each non-
product chemical component, i in
stream i, kg/kg ~
¥; =The overall environmental impoct
of chemicol compenent, j, PEl/kg
@x = A weighting foctor that ollows one
to assign ngafive importance to
eoch of the eight environmental-
impact categories, k, used by the
WAR Algorithm 7
= Specific impact of chemica! com-
ponent, j, in impact category, k,
PEl/kg

¥Va

N Ty e
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given process, the rate of PEI of all the
input and output streams, [, and iz
respectively, must be calculated. For
the input streams, this is done by cal-
culating the PEI rate of each individ-
ual input stream, i (Ifi”)), and then
adding the individual values to get [;,.
For the output streams, this is done by
calculating the PEI rate of each indi-
vidual input stream, { ([fow9), and
then adding them to get f,,,. For each
stream, ¢, the PEI rates of the individ-
ual input and output streams are cal-

.

1
culated from the following:
* The mass flowrate of each input and
output, M;(im) and Mfoxd), respectively
* The stream compesition, in terms of
the mass fraction, x;; of each nen-
product chemical component (pollu-
tant and undesired byproduet), j

_* The overall environmental impact,

¥, of chemical component j

The overall environmental impact,
y;, is calculated by summing the spe-
cific impacts, y%;, of chemical compo-

gory k (discussed below), in units of
PELl/kg. This is given by,

fa =TI MM gy, =
i i i

YY) zj LWy @
£ ’
fo= z‘: igou) =§ A‘d“‘"%re"f

= {nul f ] 5
T )Eru‘}:—m\”n ©
where:

op = A weighting factor for each im-

nent j over the various impact cate- | pact category %

GOING TO ‘WAR’ FOR A ‘GREENER’ ACRYLIC-ACID PROCESS

o Hlustrate the use of the WAR Algorithm, consider an |  Acrylic acid is considered the only product in this case study.
To:rylic-o:id-producﬁon process designed to produce 50,000 | With the objective of minimizing the potential environmental im-
m.t./yr of acrylic ocid (Figure 1). The process catalytically ox- | pact {PE!) of the other three effluent streams ond maximizing
idizes propylene with air to form acrylic ocid, and several byprod- | aenylic acid production, possible improvements were sought. Be-
vats {ocelic acid, hydrogen, water and carbon dioxide) [4]. Three | couse the reactor waste gas cantains unreacted progylene and

olternative design scenarios were considered: a base case [Unit | byproduct carbon dicxide, the reactor operation was examined.
300) and twa alternative designs {Units 301 and 302).

In the base case {Unit 300), the reactor operates ot 310°C. The
effiuent is quenched in on adiabatic flash drum with o substantial
recycle sream (98%). The fash-drum vapor effluent is stripped
ﬂ: deionized woter to recaver any residual acrylic acid.

The vapor effluent from the stripper is delivered te on incinerator.
The fiquid effluent from the flash drum is mixed with liquid effluent
from the stripper; 98% of this mixed stream is recycled to the fash
drum for quenching. The non-recyded, liquid efluent is sent to o
liquid-liquid extraction unit, where the organics are extracted with
a solvent mixure of diiscpropy! ether (DIPE; 87 mal%) and water.

The aquecus effluent, which contoins smoll amounts of acelic acid,
ocrylic ocid and DIPE, is distilled ta recover pure water, which is con-
sidered o waste [since it is not deionized, it connat be reused in the
process). The ocids and DIPE are recycled back to the extraction col-
urnn, The orgonic effluent from the extroction tower is sent to solvent-
recovery column and then to an acrylic-acid disfillatian column. The | The four culput and generation PEl indexes described above
final acrylic acid product is 99.9 mol% pure. were plotted for the base case and for the the two process modifi-

In this design, there is no consumption of DIPE. Rother, the initial | cotions. Figure 2 shows the output indexes, {,,,; and {,;;, and the
charge of DIPE is completely recavered within the process. generation indexes, [z, ond I, o

Seeking improvements

The kinetics of this process are such that lower temperatures favor
ocrylic otid produchion. Thus, in the first design altemalive, Unit
301, the reactor temperature was reduced by 30°C, to 280°C.
This design olso incorporated a 54% increose in the reflux rotic of
the acrylic acid column. Decreasing the reactor temperature re-
sulted in an equivalent conversion of propylene. However, it pro-
duced o greoter selectivity toward ocrylic acid {from 1.58 to 2.31
mole of acrylic ocid per mole of byprodudi).

In the second design alternative, Unit 302, the reactor tempera-
ture was reduced by ancther 20°C, ta 240°C, ond the reactor vol-
ume was doubled o mointoin on equivalent level of progylene
conversion. The reflux rofic in the acrylic ocid columa was also in-
creased; however, only a 9% increase was required to ochieve the
same seporolion s observed in Unit 301. -

Waste T 154k PEV autput (top; PET geseratioa [hattom) - **
vionized walsr ~-—e gis .-
Deio [l]lhsurbur L
-
—e- Aceile acld oy 4
byproduet ;_g
 Turblne oo :..g 5
- drum o he
A — :- ;
Pums Acryllc-acld E
t . Heat column =< Acryllc aclq ;g
Staam sxchangsr praduct Ny
Chemical %3
reactor e,
Watar K
Prpyling —"—e column Watle- :
faad watsr Z —

FIGURE 2. The design changes discussed above
alter the output and generation PEI, as shown here {glf

FIGURE 1. The WAR Algorithm was used to identlfy severat waste-
minimization rautes for the acrylic-acid process shown above
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FIGURE 3. In a source-sink diagram, the mass fraction of the
target species is plotted againstflowrate. As shown, Stream A
can be recycled directly back to the flash unit
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FIGURE 4. As this species-path diagram shows, streams
{such as Streams 3 and 4} with a high target-species composi-
tion, a high flowrate, or both, are generally the most economi-
cal candidates for a mass-exchange operation. Stream 2 is al-
ready undergoing such an operation (stripping)

The current version of the WAR Al-
gorithm considers eight health- and
environmental-impact categories, k:
ozone-depletion  potential; global-
warming potential; acid-rain poten-
tial; photochemical-oxidation or smog-
formation potential; human-toxicity
potentizl by ingestion; human-toxicity
potential by inhalation or dermal ex-
posure; aquatic-toxicity potential; ter-
restrial-toxicity potential. The weight-
ing factor, oy, allows us to assign
relative importance to each of the
eight categories. A default value of §
for oy can be assumed, but it can be
adjusted between 0 and 10 to better
represent the process and locale.

Values for y*;; can be obtained from
a database developed by the authors,
or from the database within the
ChemCAD IV chemical-process simu-
lator. The Box on p. 118 shows how
the WAR Algorithm improved an
acrylic-acid process.

Process Integration
The PI methodology considers the in-
tricate relationships among flow
streams, unit operations, operating
parameters, and perforrnance require-
ments, and then uses these relation-
ships during process design to deter-
mine the ideal order of the unit
operations and mass and energy
streams; to calculate mass and energy
balances for proper equipment sizing;
and to optimize an existing process,
increasing product flow, or reduce en-
ergy use and waste generation.

The Mass-Exchange Network
{(MEN), at the heart of the Process In-

120 CHEMICAL ENGINEERING / MARCH 1399

tegration simulation methodology, re-
duces the amount of waste generated
in a process by concentrating the non-
useful byproducts into waste streams,
and capturing and recycling products
and useful byproducts back to appro-
priate downstream unit operations. A
MEN allows a designer to simulate
any process design to determine what
unit operations, if any, are needed.
The analysis or optimization of a se-
ries of MENs can be performed nu-
merically or graphically; the graphical
technique is demonstrated below.

Components of MENs
In a mass-exchange network, the
waste streams are referred to as
sources and unit operations, including
reactors, distillation columns and
treatment units, are referred to as
sinks. In a given process, various out-
put streams, and any waste- or mass-
separating agents, can be either emit-
ted, recycled back to a unit operation
{sink), recycled to a processing
stream, or sent for post-treatment.
The mass-transfer and separation
portions of a MEN typically rely on mass-
exchange equipment - including ab-
sorbers, strippers, liquid-liquid extrac-
tion units, adsorbers, ion exchangers
and leaching systems — which separate
and concentrate the waste streams.
Mass-separating agents (MSA) — in-
cluding solvents used in liquid-liquid ex-
traction or gas absorption, granulated
activated carbon, ion-exchange resins,
and gases used in stripping operations
— are often added to enhance the recov-
ery of the useful components.

MENs also use stream-manage-
ment techniques, such as recycling to
a sink, stream mixing to achieve a de-
sired flowrate or composition, and
stream segregation to avoid mixing of
streams that would require further
treatment downstream. Temperature,
pressure and flowrate can also be ad-
justed to enhance performance.

Analysis of MENs

The first step in designing an MEN
that will simulate a process is to de-
fine the problem to be solved — how to
increase production rates, reduce poi-
Jution emission, reduce utility con-
sumption (such as cooling water) and
so on — and to list any associated con-
straints, such as product specifica-_
tions, pollutant concentrations or
flowrates, and so on. The next step is
to define the target components —
those chemicals that need to be identi-
fied to address the problem statement
and constraints. For example, water
would be a target component in a sys-
tem where you are trying to reduce
cooling-water consumption; hydrogen
would be a target component in a de-
hydrogenation process where the goal
is to trim gas emissions. The graphical
tools used in the MEN analysis focus
around these components.

The source-sink diagram (Figure
3) plots the composition of the tar-
get species {shown as mass frac-
tion) against flowrate to identify re-
cycle opportunities. The red circles
represent all sources or streams.
and describe the relationship be-
tween flowrate and the compositi?(
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of the target species in that stream.

The current operating condition of
each sink (unit operation) is shown by
a blue circle. The values plotted in
Figure 3 represent the fowrate
through the sink versus the composi-
tion of the target species inside that
sink. For sinks that have variable con-
centrations, an average composition is
shown. A source-sink diagram can be
drawn for each target species.

Each sink has physical constraints
that limit the compositions and
flowrates within which it can operate.
These are shown as box-like bound-
aries in Figure 3. These constraints
limit the feasible operating conditions
that may be considered during simu-
lation in a “greener” design alterna-
tive. Any source that lies within this
box can be recycled back to any sink
within the box. While Figure 3 only
highlights one sink, such a graphical
analysis should be done for each sink.

A source-sink diagram can also be

used to identify streams that can be
combined and then recycled. For in-
stance, in Figure 3,
Streams 1 and 2 will increase the
flowrate to an appropriate level, and
adjust the composition to an accept-
able level, allowing the combined
stream to be recycled back to the flash
unit sink shown within the box.

Similarly, if a source lies to the
right of a sink but is still within its
flowrate constraints, the stream can
be recycled back to that sink — but
only after the target-species composi-
tion has been reduced to meet the
unit’s constraints. The composition
can be altered by using a stripper, ab-
sorber, or other mass-exchange unit.

The distance that a source lies to
the right of a sink also provides infor-
mation as to which units can be used
to accomplish the desired degree of
separation. A source that lies above a
sink must reduce its flowrate before it
can be recycled to that sink,

combining

MSA
optien 2 lor

ount of mass axchinged, by

FIGURE S. In this mass-pinch dlagram,
the curves on the left show the ability of
twa different mass-separating agents
(MSA) in a given mass-exchange unit to
remova Pollutant X from a given waats
stream or streams. The composlts curve
on the right shows the range ot feasibiiity
tor removing Polliiant X from combina-
tlon of streams. Tha pinch paint (whete
the twa curves are closest) shaws the
best point at which to appiy the MSA op-
tions for removing Poliutant X, from an
ecanomic and thermadynamic standpoint

Another graphical tool, the path di-
agram (Figure 4), shows the flow of a
specific component (i.e., a process re-
actant) through a process. Such a dia-
gram is used to determine where mass
exchange could be used to capture the
target species and remove them from
the system.

We Made A Long Story —




wa Figure 4 shows a section of a hypo-

thetical process design, and only
shows the streams that contain the

- target species. The arrows represent

the flow. More than one arrow arising
from a single source represents the
separation of the stream into multiple
streams, and implies that the target
species is in each. Multiple arrows
into a single source means several
flows are feeding a mixer or reactor.
In general, streams with higher tar-
get-species compaositions or higher

flowrates — such as Streams 3 and 4
in Figure 4 — are the most-cost-effec-
tive candidates for mass exchange or
stream-management techniques.
When the goal is to reduce the con-
centration of a target species (i.e., Pol-
lutant X} from a source (waste) stream
or streams using a mass-exchange
system, a mass-pinch diagram (Fig-
ure 5) can be used to evaluate the op-
tions. While construction of such a di-
agram is beyond the scope of this
article, a discussion of Figure 5 may

be illustrative. In that Rgure, the
curves on the left show the feasibility
ranges for two different MSAs (in
terms of the amount of Pollutant X
each can remove). The curve on the
right shows the feasible range over
which Pollutant X can be reduced in a
given combination of source streams.
The pinch point, where the two curves
are closest, is the most cost-effective,
thermodynamically desirable point at
which to apply mass exchange. n

Edited by Suzanne Shelley
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Abstract - A general theory for the flow and the generation of potential environmental impact through a chemical
process has been developed. The theory defines six potential environmental impact indexes that characterize the
generation of potential impact within a process, and the output of potential impact from a process. The indexes are used
" to quantify pollution reduction and to develop pollution reducing changes to process flow sheets using process
simulators. The potential environmental impacts are calculated from stream mass flow rates, stream composition, and
a relative potential environmental impact score for each chemical present. The chemical impact scores include a

comprehensive set of nine effects ranging from ozone depletion potential to human toxicity and ecotoxicity. The
resulting Waste Reduction methodology or WAR. Algorithm is illustrated with two case studies using the chemical
process simulator Chemcad IIT (Use does not imply USEPA endorsement or approval of Chemcad III).

INTRODUCTION

There is currently a great deal of interest in the
development of methods that can be used to prevent or at
least minimize the generation of pollution; and there are
numerous efforts underway in this area (Lederman and
Weber, 1951; El-Halwagi, et al. 1992; Fonyo, eral., 1994;
Rossiter, 1995; Manousiouthakis and Allen, 1995;
Mallick et al., 1996). This interest stems from the belief
that poliution prevention is likely to lead to the creation of
technologies that have a much more benign impact on
human health and the environment. Because this
technology is inherently less polluting, it is likely to be
more robust and economical than simply adding poliution
control devices to conventional designs. In chemical
manufacturing, these pollution prevention methods take
the form of an effort to design process plants that generate
as little pollution as possible. Since chemical process
simulators are widely used in the design and operation of
chemical manufacturing plants, the development of a
pollution prevention methodology for chemical process
simulators is likely to have a significant impact on the
pollution generated by the chemical industry. At the
National Risk Management Research Laboratory, research
efforts are underway to develop a methodology for
commercial chemical process simulators. The research
effort is called the WAste Reduction or WAR Algorithm
after Hilaly and Sikdar (1994) who performed some of the
early work in this area.

This paper presents a generalization of the WAR

% Corresponding author; Fax: §13-569- 7111; E-mail:
cabezas.heriberto(@epamail.epa.gov

+ Post Doctoral Research Fellow, Oak Ridge Institute for
Science and Fducation; Present Address: Simulation
Sciences, Inc., 601 South Valencia Avenue, Area,
California 92621, USA

Algorithm, discusses the methodology for evaluating
potential environmental impacts, and illustrates the use of
the method in the design or modification of chemical
processes with two case studies.

ENVIRONMENTAL DMPACT THEORY
Potential environmental impact is the unrealized effect or
impact that the emission of mass and energy would have
on the environment on average. Itis, therefore, essentially
a probability function for the realization of a potential
effect. Thus, the potential environmental impacts of
chemical manufacturing processesare generally caused by
the energy and material that the process takes from or
emits to the environment. Potential environmental impact
is a conceptual quantity that can not be directly measured,
i.e., there are no potential environmental impact meters.
However, one can calculate potential environmental
impact from related measurable quantities using functional
relations between the two. This situation is commeon in
science and engineering. For example, the energy of a
fluid can not be directly measured, but it can be calculated
from temperature and pressure by the use of heat
capacities and equations of state. Exactly how to perform
a calculation for potential environmental impacts will be
discussed later in this paper.

Conservation Equation
Traditionally, chemical process design has been based on
the creative application of mass and energy balances along
with thermodynamics, chemical reaction engineering, and
engineering economics. Our methodology proposes to
add a conservation relation over potential environmeatal
impact to the aforementioned two balaace equations. The

conservation equation for impacts is based on am'

accounting of the flow of potential environmental impact
in and out of the processes. This flow of impact is related
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to the mass and energy flows but it is not equivalent to
them. The impact conservation equation is

dr . . .

-j:-ﬂ = I:‘n - Idu-l t I‘“ (1)
where I, is the potential environmental impact content
inside a process, /,, is the input rate of impact, [, is the
output rate of impact, and 7, is the rate at which impact
is generated in the system by chemical reactions or other
means. Note that processes can also consume potential
environmental impact so that /__can, in fact, be negative.
For steady state processes, e conservation equation
reduces to,

0=1,-0,+1, @)

which implies that no potential eavironmental impact
accumulates in the system. Also note that Equations (1)
and (2) serve as definitions of the function [,..

The significance of potential environmental mpacts can
be better understood by considering the following
definitions. If one were to dump into the environment all
of the mass and energy flows entering a process, the
resulting impact on the environment would equalto f, ;if
one were to also dump into the environment all of the
mass and energy flows exiting a process the resulting
impact on the environment would be equal to [,,.
However, due to chemical transformations and changes in
state conditions (temperature and pressure), [, is never
exactly equal to I, and consequently I is never

out? gen

exactly equal to zero for steady state processes.

Chemical Processes

Application of either Equation (1) or (2) to chemical
manufacturing processes requires an expression that
relates the conceptual potential environmental impact to
measurable quantities. Potential environmental impacts
are caused by energy and material inputs and outputs to or
from the environment. But, as a first approach, this
treatment is restricted to potential impacts due to material
flows while neglecting any impacts due toenergy. Effects
due to energy flows can be incorporated into the analysis
by extending the boundary over which the impact balance
is done to include the energy generation process. Effects
due to resource depletion are also neglected mainly
because there is no effective methodology for measuring
them, This is consistent with the focus of this work which
is thechemical process plant rather than a global life-cycle
type of analysis. The expression relating potential
chemical environmental impacts to measurables is

j‘ =¥I}(ﬂ =¥1‘:{I(0¥xkj¢j+.'. (3)

where the sum over j is taken over the streams of input i
or output 7, the sum over k is taken over all chemicals k, /,
is the rate of potential environmental impact either in
(i=in) or out of the process (i=ou), I;.m is the rate of
potential environmental impact for stream which may be
an input or an output, M is the mass flow rate of stream
j which may again be either an input or an output, xyis
the mass fraction of chemical k in stream f, and ¥, is the
overall potential environmental impact of chemical j.

Note that Equation (3) is a first order approximation that
does not include the synergistic effects that can occur
when multiple chemicals are present.

Impact Indexes
For steady state processes one can use Equation (2) to
define two categories of indexes for the environmental
impact of chemical manufacturing. The first category of
indexes measures the generation of potential
environmental impact within processes, and the second
one measures the potential environmental impact emitted
by processes. There are various indexes that can be
defined within each category. However, only the six
indexes, three from each category, that seem most useful
for waste reduction will be treated here.
Following Hilaly and Sikdar (1994), all non-products are
considered to be pollutants and the potential
environmental impact of all products is set to zero, Le,
r,=0 for all productsj. These assumptions are consistent
with the objective of this paper which is to preseat a
methodology for waste reduction, £ e., the primary concern
is reducing the impact and the amount of the non-
products. The broader implications of Equation (1),
including other impact indexes for which {0 for
products j and further conjectures on the implications for
sustainability, will the subject of future publications.
The first index of the first category of indexes (impact
generation) is obtained by solving Equation (2) for fm
and adding the superseript NP for Non-Products to give,
I = Loy — 1 @
NP : NP - .
where I and [, are the potential environmental
impacts due to non-products, i.e., pollutants in the outputs
and inputs, respectively. Equation (3) is used to give
explicit expressions for [ and [ where all
components, products and non-products, are included in
the summation, but where ;=0 for all products f which
eﬂ'ectiv;}y removes all products from the summation. The
index, I '°, measures the total rate at which the process
gencrates potential environmental impact due to non-
products (MP). I:: has units of potential environmental
impact generated per time.
The second index, [ ":, of the first category is obtained by
dividing Equation (4) by the rate at which the process
generates products to give a specific impact generation,
s NP NP
NP Igtn - Icul - Ii:rp

g EPP - EPP (5)
P 14

where the sum over pis taken overall the products p, and P,
is the mass flowsate of product p. /,,, measures the
potential impact created by all non-products in
manufacturing a unit mass of all the products p. The
index, I::, has units of potential environmental impact
per mass of products. )

The third index of the first category, M, M is obtained
from Equation (5) by setting the potenﬁaf:nvﬁonmmul
impact () of all products to zero and that of all non-
products to one. This has the effect of assigning the same
potential environmental impact to ali non-products. The
index, 1\7!:::, is a measure of the mass inefficiency of the
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process, i.e., it gives the ratio of mass converted to an
undesirable form to g:gris converted to a desirable form.
The expression for M,,, is

) A’.{;(WJ > xkfp - E M}(m > xtfp
AZ'HP _ 1 L J k

L3 - . (6)
ge ; B,

where the summation over A7 is taken only over
output streams, the summation over M}("" is taken only
over input streams, and the summation over x,;P is taken
ogll over all non-products % in stream j. The units of
M : are mass of non-products per mass of products,
The first index of the second category of indexes (impact
emission) /!0 is simply the total rate of poteqtial
environmental impact output due to non-products. Iof is
calculated from Equation ’(3) subject to Y.=0 for all
products j: The index, IONW , Is @ measure of the rate at
which the process emits potential environmental impact,
and it has units of potential environmental impact per
time.

The second index of the second category, ﬁt". is obtained
by dividing the rate of potential environmental impact
output due to non-products by the output rate of products
to give,

aNP _ NP 5
Iaut = o /;Pp (7)

The index, faff, has units of potential environmental
impact per mass of products. This expression gives the
pollution index @ of Mallick er al (1996} which
measures the potential environmental impact emitted in
manufacturing a unit mass of products. _
The third index of the second category, M :f, is obtained
from Equation (7} by setting the potential environmental
impact () of all products to zero and that of all non-
products to one, The resulting expression is,

E :\;[J(""'J E x};’?
NP _ J £
ont .
2 F,
P
which is related to the pollution index ¢, of Hilaly and
Sikdar (1994} by,
~ NP
M. = ; ¢n {9)

@)

where the summation is taken over all products ». A‘laf
measures the amount of non-product or poliutant mass
emitted in manufacturing a unit mass of products, and it
has units of non-product mass per mass of products. Itis
also a mass inefficiency measure.

Significance of Impact Indexes X
The first category of indexes, e.g., f;:, I::, and M“:':,
characterize some aspects of the generation of potential
environmental impact within a manufacturing process.
They are most useful in addressing questions related to the
internal environmental efficiency oftheprocess plant, i.e.,
the ability of the plant to produce desired products while
creating a minimum of new, undesired potential
environmental impact. It is important to note that once

new potential environmental impact is created, resources
such as potentially costly remediation efforts will likely be
required to prevent the potential impact from bein

realized. Obviously, the smaller the values of /", J#*
and M the more environmentally efficient the process,
and, alt others factors such as economics being equal, the
more desirable, I:: would be useful in co:‘n#aring
different designs on an absolute basis, while /™ and
M would be useful in comparing different ﬁ“esignls
independently of manufacturing plant size.

The second category of indexes, e.g, £ , x » 20d
M‘f characterize some aspects of the emission of
potential environmental impact from a manufacturing
process. Their principal use is in addressing questions
related to the external environmental efficiency of the
process plant, ie., the ability of the plant to produce
desired products while inflicting on the environmeat a
minimum of undesired potential environmental imhgact. It
is again obvious that the smaller the values of /', 7™

ouf 3 “gur ?

and M. the more environmentally efficient the process,

[/
IP

and allmgr.her factors such as economics being equal, the
more desirable it is. Since fatp is a total rate of impact
output, it could be useful in deciding whether a given
plant is compatible with a particular site. For example, it
would be unwise to locate a plant with a high [ inan
ecologically sensitive area. /" could also be used in
matching the size of a plant to the capacity of the
surroundiﬂn"g, environment to dissipate environmental
impact. £, and A, are more useful in comparing the

potential environmental impact of alternative processes
independently of plant size.

CHEMICAL ENVIRONMENTAL IMPACT
Application of the methodology so far developed requires
that the potential environmental impacts of chemicals be
estimated. Further, it is required that a relative impact
number , be given for each chemical j over a wide
range of different chemical environmental impacts. This
is, unfortunately, not a trivial matter because chemical
impacts are measured on different relative scales that can
not be simply added without some form of normalization.

Chemical Impact Expression
To apply the WAR methodology to chemical processes,
the following expression for Y, has been developed
(Mallick et al., 1996),

L/ );“- Y (10)

where the sum is taken over categories of potential
chemical environmental impacts, ¢.g., ozone depletion
potential, human health, etc. listed below under
Classification of Impacts. w, is arelative weighting factor
for impact of type  independent of chemical 7, and tp;_ ;s
the specific potential environmental impact of chemical
J for an impact of type L. «, has units of potential
environmental impact per mass.

The relative weighting factor «, allows Equation (10) to
be customized to specific or local conditions. The
suggested procedure is to initially set all the «,'s to same
value of say one, and to allow users to vary individual
‘s from O to 10 according to lacal needs and policies.
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Please note that for a relative comparison, the absolute
value is oot critical. For example, photochemical
oxidation potential would be weighted more heavily than
other impacts in an area that suffers from smog. There is
an effort underway in our research group to develop more
sophisticated methods of determining values for the «,'s.
The values for the {r;, were obtained from the relative
rankings or scores for chemicals by normalizing
according to,

. (Score), ,
iJ ‘ ((S‘:a’e)iz +20, a1

where (Score),, is the relative score of chemical 7 on
some arbitrary scale within impact category jJ,

(Score)f)is the arithmetic average of the scores of all
chemicals’ i within impact category j, and o, is the
standard deviation of all the chemical scores in impact
category j. The normalizing factor lS(S\f:ore)‘,) +20,
assures that about 75% of the normalize chemicAl score
numbers 1 , will be between 0 and 1 irrespective of the
statistical distribution of the initial scores as expected
from Chebyshev’s theorem (Lapin, 1975). Ifthe chemical
scores happen to follow a normal distribution, then the
normalization range extends to approximately 95% of the
scores.

Classification of Impacts

The classification of chemical environmental impacts and
the values for the (Score), were adopted from the study
of Heijungs et al. (1992)" and normalized according to
Equation(11)tocbizinthe ; ,'s. Inthe calculation of ((Score),)
and o, the chemical scores for dioxin, chromium VI, an
vinyl chioride were excluded. The reasonis that the score
numbers for these three chemicals were several orders of
magnitude higher that those for all other chemicals, and
including them in the normalization process would have
made the normalization meaningless. Therefore, the
normalized {; , for these three chemicals would appear as
outliers whicl{[ they, in fact, are.

Table 1: Normalized Chemical Impact Scores

H2 MEK  SBA  H20

¥, 0 042  4.1E4 0
N2 T Ar CH4 - NH3

¥, 0 0 74E-3 093

There are nine different impact categories. These can be
subdivided into four environmental physical potential
effects (acidification, greenhouse enhancement, ozone
depletion, and photochemical oxidant formation), three
human toxicity effects (air, water, and soil), and two
ecotoxicity effects (aquatic and terrestrial),

The normalized chemical scores used in the two case
studies presented in the next sections are given in Table
1 above where H2 is hydrogen, MEK is methyl ethyl
ketone, SBA is secondary butyl alcohol, H20 is water, N2

% Use by the authors daes not imply endorsement or
annroval bv the 1.8, Environmental Protection Agency.

is molecular nitrogen, Ar is argon, CH4 is methane, and
NH3 is ammonia, These acronyms will be used
throughout the rest of the paper.

CASE STUDY #1: MEK PRODUCTION
To illustrate the use of the generalized WAR Algorithm,
a case study from the production of methyl ethyl ketone
(MEK) from secondary butyl alcohol (SBA) is presented.
The case study was adopted from the Chemcad OI
(Chemstations, Inc.) chemical process simulator, and ail
the material and energy balances were performed using
Chemcad HI. However, any commercial process
simulator could have been used. This case study presents
a typical chemical engineering process for the production
of a commodity chemical that involves several unmit
processes such as reactors, separators, mixers, dividers,
and heat exchangers. Itis, therefore, sufficiently complex
to illustrate the WAR Algorithm but still treatable within
the space of this paper. Essentially, the chemical process
consists of a SBA dehydrogenation reactor followed by a
MEK purification train and associated equipment.

Base Flowsheet
Figure 1 shows the base process flow diagram for the
production of MEK from SBA. SBA is fed to ahydrogen
scrubber where the feed SBA scrubs residual MEK from
the hydrogen stream. The SBA feed is then pumped up to
reaction pressure and heated to reaction temperature with
a heat exchanger and a heater. The heated SBA is fed to
the reactor where the chemical transformation occurs. The

@
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Figure 1. Base process flow diagram for the production
of methyl ethyl ketone from secondary butyl alcohol.

Table 2: MEK Production Flow Summary (kg/hr)
Input & Qutput: Base Process .

Steam #1 #2  #I12 #13  #14
(State) @ ©@ @© @O ©@

SBA 3362 19 3 2670 1

MEK 0 0 567 13, 71
H20 8 0 0 0 8

H2 0 18 0 0 0
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reactor output stream is sent to a heat exchanger where it
is partially condensed. The mixture of MEK, hydrogen,
and unconoverted SBA is cooled further and sent to a
separator where the hydrogen is flashed off. Thehydrogen
is then scrubbed and the liquid phase fed to a MEK
purification system. The mass flow rates and the state of
the various input and output streams as calculated by
Chemcad III are listed in Table 2 above.

Modified Flowsheet
Examination of the base process indicates that waste
stream 13 contains large amounts of unreacted SBA and
small amounts of MEK. It is, therefore, logical to try to
recover the SBA and MEK as the first step in a waste
reduction strategy. Consequently, the process flow
diagram was modified by the addition of a recycle from

Byprod A2

-r" Feed, SB.»t@

Mizer

MEK Dehydrator

Figure 2. Modified process flow diagram for the
production of methy] ethyl ketone from secondary butyl
alcohol.

stream 13 to the feed, stream 1. Two cases were studied
with this modification, recycling 0% and 100% of stream
13. Recycling 100% of stream 13, i.e., closing off stream
18, is appropriate for this illustration. But, itis clearly not
practical because stream 18 is the only liquid waste stream
in the modified process and the only means of purging the
system of liquid impurities. Without this purge, impurities
would build up inside the process causing it to eventually
cease to function. Figure 2 above sbows the flow
diagram for the modified process. The mass flow rates and
the state of the various input and output streams for the
modified process with 50% recycle are listed in Table 3

Table 3; MEK Production Flow Summary (kg/hr)
Input & Output: Modified Process (50% Recyclg_;__

Sream #1 #2 #12 #l4 #18

Gate) @© @ @ @©@. @©
SBA | 3362 168 5 1 2124
MEK | © 1 980 64 10
H20 | 8 2 0 6 0
H2 0 29 0 0 0

The process modification increased the amount of product
by approximately 73% while reducing the amount of
waste SBA in stream 18 by about 20%.

It is important to note that an examination of Tables 2,3,
and 4 will indicate that waste was generally reduced, and
that environmental impact was probably also reduced.
However, the information so far considered is not
sufficient to allow a quantitative comparison of the overall
waste and environmental impact reduction associated with
each of the three cases studied here. For this comparison
one must calculate the impact indexes already described.
For the modified process with 100% recycle, the mass
flow rates and the state of the various input and cutput
streams are listed in Table 4 below. Note that increasing
the recycle increased the amount of product by 269%
while simultaneously reducing the amount of waste SBA
in stream 13 to zero.

Table 4: MEK Production Flow Summary (kg/hr)
Input & Qutput: Modified Process (100% Recycle)

Steam #1 #2 #12 #14
(Sate) @ (@ @ G

SBA 3362 1117 11 1
MEK 0 11 2094 59
H20 3 3 0 5
H2 0 60 0 0
Impact Index Calculations

Six different impact indexes were calculated for the base
case and the two modified processes each. The indexes
were obtained using Equations (3) to (8), the flow rates
from Tables 2, 3, and 4, Equation (10), and the
normalized chemical impact scores of Table 1. The
relative weighting factors, e,, were all set to one forthese
calculations.

The first category indexes, i.e., the impact generation
. tNP T NP ~ N .
indexes, I, I, and Mm, are shown on Figure 3
below. It shouldbe noted that M:: is a negative number
since some of the input mass 1s always coaverted to
product, and the products are not included in the
summation of the outputs. The specific indexes, " and
M ‘r:, were multiplied by a factor of 100 so that they
could be shown on the same scale as the rate indexfm .
The second chagory indexes, ie., the imnpact cutput
indexes Iotf, i ,and Mﬂ ,are shown in Figure 4. The
specific index Iﬂ: was multiplied by a factor of 1000, and
the specific index M;’:fwas multiplied by a factorof 10 so
that they could both be shown on the same scale as i,
The largest source of uncertainty in the calculation of the
impact indexes is the environmental impact scores. These
measurements are probably accurate to no more than one
significant figure or an order of magnitude. It is,
therefore, prudent to assume that impact index
calculations are also accurate to no more than one
significant figure. Two significant figures are used in
Figures 3 and 4 in order to help the readers to reproduce
the calculations, if necessary.
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Figure 3. Impact generation indexes for the production
of methy! ethy! ketone from secondary butyl alcohol:

i f: in impact units per hour, 7" in impact units per
kilogram of product, and -M:: in kilograms of
pollutants per kilogram of product.
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Figure 4. Impact output indexes for the production of
methyl ethyl ketone from secondary butyl alcohol; Iatp
in impact units of pollutants per hour, Io':f in impact
units of pollutants per kilogram of products, and A o‘:f

in kilograms of pollutants per kilogram of products.

DISCUSSION OF CASE STUDY #1

The impact generation indexes of Figure 3 show that: ()
the rate of impact generation by non-products decreases
by 13% for 50% recycle and by 20% for 100% recycle,
(2) the impact generated by non-products per kilogram of
product decreases by 48% for 50% recycle and by 77%
for 100% recycle, and (3) the kilograms of non-products
generated perkilogram of product remains nearly constant
at -100. The most significant index in this case is the
impact generated per kilogram of product. The decrease
of this index reflects the increase in the productivity of the
plant, i.e., the increase in product flow rate.

The impact output indexes of Figure 4 show that: (1) the
rate ofimpact output from non-products decreases by 1%
for 50% recycle and by 17% for 100% recycle, (2) the

impact output from non-products per kilogram of product
decreases by 48% for 50% recycle and by 78% for 100%
recycle, and (3) the output of kilograms of non-product
per kilogram of product decreases by 60% for 50%
recycle and by 88% for 100% recycle. It is worth noting
that the output of impact and waste decreased as measured
by all the indexes. The most significant index in this case
is the impact output per kilogram of product. The
decrease in this index is consistent with the decrease in
the impact generation permass of product index discussed
in the paragraph above, This decrease is also areflection
of the increased productivity of the plant.

The decreases in the indexes are sufficiently large such
that they represent significantreductions in pollution. The
consistent decrease in the impact generation per mass of
product (48% to 77%) and the impact output per mass of
product (48% to 78%), simply means that the modified
plant can meet the needs of a much larger market without
increasing its generation or its output of potential
environmental impact, It also means that a modified plant
that is. 48% to 77% smaller than the base case can meet
the needs of the same market that the base plant was
designed for.

CASE STUDY#2: AMMONIA PRODUCTION

To further illustrate the use of the generalized WAR
Algorithm, a second case study from the production of
ammonia from synthesis gas is presented. The case study
was also adopted from the Chemcad [IT (Chemstations,
Inc.) chemical process simulator, and all the material and
energy balances were performed using Chemcad III.
However, any commercial process simulator could again
have been used. Just as Case Study #1, this case study
also presents a typical chemical engineering process that
involves several unit processes such as reactors,
separators, mixers, dividers, and heat exchangers. It is
also sufficiently complex to illustrate the WAR algorithm
but still treatable within the space of this paper.

Base Flowsheet
Figure S shows the base process flow diagram for the
process. Essentially, the overall process is based on the
reaction of nitrogen and hydrogen to produce ammonia.
The mixture of hydrogen and nitrogen is compressed and

Figure 5. Base process flow diagram for the production
of ammonia from synthesis gas.
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cooled and feed to a series of three reactors through a
flash drum. Several reactors are normally used the to
maximize the conversion of feed to products which for
this process is difficult to do. This flash drum also serves
to separate the ammonia product from the unreacted gases
which are feed back into the system. The ammonia is
recovered as an anhydrous liquid under modest pressure.
The mass flow rates and the state of the input and output
streams as calculated by Chemcad I are all listed in
Table 5.

Table 5: Ammonia Production Flow Summary (kg/hr)
Input & Output: Base Process (Purge Ratio=0.1)

Stream #1 #17 #19°
{(State) (G (@ L)

N2 33,334 5060 187

Ar 603 428 176
H2 7196 1120 13
CH4 305 700 112

NH3 0 3696 30453

Modified Flowsheet

Examination of the base process indicates that waste
stream 17 contains ammonia and some unreacted feed. It
is, therefore, logical to try to recover the ammonia and the
unreacted feed as an obvious first step in a waste
reduction strategy. Consequently, the process flow
diagram was modified in two ways. First, the purge ratio
was reduced five fold from 0.1 to 0.02, ie., the flow of
stream 17 was reduced five fold. Second, in addition to
reducing the purge, a flash drum was added with stream
17 as the feed to recover some of the ammonia.

Table 6: Ammonia Production Flow Summary (kg/hr)
[nput & Qutput: Modified Process (Purge Ratio = 0.02)
Stream #1 #17 #19
(State}  (G) @) 1)

N2 (33334 1162 217

Ar 603 199 404
H2 7196 281 16
CH4 805 446 351
NH3 0 856

38001

Figure 5 shows the configuration of the flow diagram for
the reduced purge modified process which is identical to
that of the base process. The mass flow rates and the state
of the input and output streams for the reduced purge
modified process are listed in Table 6. The process
modification increased the amount of product by
approximately 25% while reducing the amount of waste
ammonia in stream 17 by about 77%. It is worth noting,
however, that there was an small increase in the impurities

present in the product stream. This changed from about
2% impurities in the base case to 3% for the reduced
purge modified case.

Figure 6 shows the flow diagram for the modified process
with reduced purge and addition of a flash drum with
stream 17 as the feed. Under this configuration, stream 25
is used to purge impurities from the system. Without this
purge, impurities would again build up inside the process,
and it would eventually cease to function. Stream 24
which consists of essentially pure ammonija is mixed with
stream 19 to form a new product stream, stream 26,

®
1".‘mi’m:l<j.4'E

Micer

Figure 6. Modified process flow diagram for the
production of ammonia from synthesis gas with reduced
purge ratio and added flash drum.

The mass flow rates and the state of the various input and
output streams are listed in Table 7. Note that adding the
flash drum in addition to reducing the purge five fold
increased the amount of product by 26% as compared to
the base case. This is very close to the 25% increase in
product that was obtained by simply reducing the purge.
However, the amount of waste ammonia in stream 25 was
reduced by 91%, and the amount of total waste in stream
25 was reduced by 78%, both compared to the base case.

As compared to the reduced purge process, the addition of *

the flash drum increased the amount of product by a
meager 1%, but it reduced the amount of waste ammonia
by 61% and total amount of waste by 18%, both in stream
25. Therefore, the principal effect of adding the flash
drum was the reduction of waste.

Table 7: Ammonia Production Flow Summary (kg/hr)
Input & Output: Modified Process
(Purge Ratio = 0.02 & Flash Drum)

Stream #1 #25 #26
(State) G @ -

N2 33,334 1162 217

Ar 603 199 404
H2 7196 281 16
CH4 805 447 351

NH3 0 335 38,521
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An examipation of Tables 5, 6, and 7 will again show that
waste was generally reduced, that the amount of product
madewas increased, and thatenvironmental impact of the
process was probably also reduced. However, one finds
that it is not sufficient to allow a quantitative comparison
of the overall waste and environmental impact associated
with each of the three cases. In a simple example such
this one the task is confusing, but for complex chemical
process it can become impossible. For this comparison
one must calculate the impact indexes.

Impact Index Calculations

Again, six different impact indexes were calculated for the
base and the two modified processes. The indexes were
also obtained using Equations (3) to (8), the flow rates
from Tables S, 6, and 7, Equation (10), and the
pormalized chemical impact scores of Table 1. The
relative weighting factors «,were all set to one for these
calculations.

The frst catego‘g mdexes r e., the impact generation
indexes, Z,,, , [,,,,and M , are shown on Figure 7. It
should be noted that M 1s a negative number since
some of the input mass i always converted to product,
and the products are not mcIuded in the summation of the
outputs. The specific index, " was multiplied by a
factor of 10,000, and the mdex VP was multiplied by
a factor of 1,000 so that they could‘ both be shown on the
same scale as the rate index 1., ol

m’
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Figure 7. Impact generation mdexes for the production
of ammoma from synthesis gas: I in impact units per

hour, I ® in impact units per kllogram of product,

and M . in kilograms of pollutants per kilogram of

product. PR is the purge ratio.

The second cateﬁory mdexes? ie., the 1mpact output

indexes, Im: ' Iw % d Mm , are shown in Fi ure 8.
The specific index I ? and the specific index M . were

both muitiplied by afactor of 10}3000 so that they could be
shown on the same scale as I .
The fargest source of uncertamty in the calculation of the
impact indexes are again the environmental impact scores.

These measurements are probably accurate to no more
than one significant figure or an order of magnitude, and

it is, therefore, prudent to assume that impact index

calculations are also accurate to no more than one
significant figure. Two significant figures are presented
in Figures 7 and 8 in order to altow readers to reproduce
the calculations if necessary.
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Figure 8. Impact output indexes for the production of
ammonia from synthesm gas: [, % in impact units of
pollutants per hour, I " in 1mpact units of pollutants
per kilogram of products and M in kilograms of
pollutants per kilogram of pmducts. PR is the purge
ratio.

DISCUSSION OF CASE STUDY #2

The impact generation indexes of Figure 7 show that: (1}
the rate of impact generation by non-products decreases
by 77% when the purge ratio is decreased from 0.1 to 0.02
and by 91% when the purge ratio is decreased as above
and a flash drum is added to recover waste ammonia, (2)
the impact generated by non-products per kilogram of
product decreases by 81% when the purge ratio is reduced
from 0.1 to 0.05 and by 93% when the purge ratio is
decreased as above and a flash drum is added, and (3) the
kilograms of non-products generated per kilogram of
product remained nearly constant at -1 for all cases. The
most significant index in this case is the impact generated
per kilogram of product. The decrease of this index
reflects primarily the recovery of the waste product and to
a smaller extent the increase in the productivity of the
plant, i.e., the increase in product flow rate.

The impact output indexes of Figure 8 show that: (1} the

- rateofimpact output from non-products decreases by 76%

when the purge ratio is decreased from 0.1 to 0.02 and by
91% when the purge ratio is decreased as above and 2
flash drum is added to recover waste ammonia, (2) the
impact output from non-products per kilogram of product
decreases by 81% when the purge ratio is reduced from
0.1 to 0.05 and by 93% when the purge ratio is decreased
as above and a flash drum is added, and (3) the output of
kilograms of non-product per kilogram of product
decreases by 73% when the purge ratio is reduced from
0.1 to 0.05 and by 76% when the purge ratio is decreased
as above and a flash drum is added. It is again worth
noting that the output of impact and waste decreased as
measured bv all the indexes. The most significant index



in this case is the impact cutput per kilogram of product.
The decrease in this index was the same as that for the
equivalent generation index. This is a reflection of the
change in the index being primarily driven by the recovery
of waste product rather than increased productivity.

The decreases in the indexes are again sufficiently large
that they represent significant reductions in pellution,
The consistent decrease in the impact generation per mass
of product and impact output per mass of product (81% to
93%) implies that the modified plant can meet the needs
of a moderately larger market with much less impact on
the environment. The decrease in the rate of impact
generation and impact output (76% to 91%) means that
the modified process has an environmental impact that is
roughly one tenth that of the base plant. Lastly, the
decrease in the output of waste mass per mass of product
indicates that the modified plant will lose less valuable
material in its operation.

FUTURE WORK

In addition to the topics already mentioned, there are two
other issues that need to be further mentioned in relation
to the WAR Algorithm: Engineering Economics and
Computer Aided Process Design. However, both of these
are beyond the scope of this paper which is to present the
basic generalized waste reduction or WAR Algorithm and
to ilustrate its use. Engineering Economics and
Computer Aided Process Design are the subject of present
and future research, and they are included here only for
completeness and to aid interested readers applying the
method and furthering the work.

_ Engineering Economics

Whenever a process is modified to reduce waste, there is
a consequent change in the economics associated with it.
Economic changes are generally due to: (1) the addition or
removal of capital equipment, (2) an increase or decrease
in energy consumption, (3) a change in the rate of
consumption of feed material, and (4) a change in the rate
of product geoeration. When a process is modified, all of
the above are frequently affected. There are well
established methods for estimating the economics of
chemical processes either manually (Peters and
Timmerhous, 1968; Richardson Engineering Services,
1997) or with the aid of a computer (ICARUS, [997;
Aspen Technology, 1997).

Modification of a chemical process using the WAR
Algorithm needs to be done along with an evaluation of
the economic consequences of any proposed process
modifications, i.e., one needs to simultaneously compare
both the potential environmental impact and the cost of
alternate process flowsheets. The reason is that the
ultimate objective is always that of developing cost
effective reductions in pollution. Unfortunately, there are
no consensus criteria for cost effective waste reduction.
Although one possibility, coosistent with traditional
process design procedures, is to require that the sum of the
capital and operating costs should not increase with
proposed process modifications from the base
configuration. This can be expressed as,

[Co* Celun 2 [Co * Colpoapes (1D)

where C,is the operating cost and C_ is the capital cost
that can be estimated by one of the aforementioned
methods or some another proprietary method. Equation
(12) can then be used jointly with Equations (4) to (8) to
evaluate alternative process flowsheets.

Computer Aided Process Design

While it is often possible to devise pollution reducing
modifications from aninspection ofthe process flowsheet,
there are many situations where a more systematic
approach such as computer aided process design and
optimization may be required. This is particularly
important with very complex processes that are difficult
to analyze by inspection. The WAR Algorithm can be
used in computer aided process design and optimization.
This can be done by employing the indexes of Equations
(4) to (8) as objective functions in a mathematical
optimization subject to a cost constraint such as Equation
(12). For example, one could minimize the output of
poteatial environmental impact per mass of product given
by Equation (7) subject to keeping the total cost from
increasing. This can be expressed as,

Minimize I::f = fﬁ(&{ (“'),;:‘" ,%""’ ,...,;n”" ,B) (13)
subject to Equation (12) where M"“is the vector of mass
flowrates for all the output streams, x*"is the vector of
mass fractions for non-product compoﬂent iin all output
streams, and P is the vector of mass flowrates for all
products. The optimization could involve the variation of
operating variables and modification of the flowsheet
configuration both. In this way one can systematically
reduce the pollution indexes even in very complex
processes. There are several robust algorithms such as
simulated annealing (Kirkpatrick et al, 1983; van
Laarhoven and Aarts, 1987) that can be successfully used
along with mixed integer programing (Grossmanz, 1983;
Grossmann, 1990) here.

CONCLUSIONS

A general theory and a methodology for incorporating
pollution reduction into chernical process design has been
presented. The work is stil at an early stage of
development particularly with respect to its application.
However, the fundamental bases along which future work
will proceed have been established.

When used in conjunction with chemical process
simulators, the WAR Algorithm offers a powerful
methodology for evaluating the potential environmental
impact of alternative process flow sheets. Although, the
WAR Algorithm is intended for use as part of a good faith
effort to reduce the environmental foot print of process.
plants, and it does not obviate the need to make judicious
engineering and environmental decisions. For example,
there is no completely unambiguous way of setting values
for the impact weighting factors or «,‘s. The reason is
that the «,*s represent the value that society places on
particular types of environmental impacts, and this will
vary across locations, cultures, and even time. One
should point out, however, that engineering design
practice has always used human judgement in determining
any number of design parameters like safety factors., 2nd,
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therefore, this dilemma is not new.

Never the less, there is a need to further improve the
methodology for estimating potential environmental
impacts and the weighting factors, there is a need to
incorporate economics into the analysis, and there is a
need to include computer aided process design and
optimization. Future work will address these issues. The
case studies, however, do illustrate that even in its present
state the methodology is a useful process design tool.
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LIST OF SYMBOLS
C. Capital costs associated with achemical process,
monetary
C, Operating costs associated with a chemical
process, monetary
- Potential environmental impact content of
system, impact
i Potential environmental impact input rate,
impact/hour
ot Potential environmental impact output rate,
impactthour
i cen Potential environmental impact generation rate,
impact/hour
/¥ Potential environmental impact flow of stream j
input (i=in} or output (i=ou), impact/hour
f:: Potential environmental impact generation rate
by non-products, impact/hour
i™  Potential environmental impact output rate due
to non-products, impact/hour
f:P Potential environmental impact input rate due to
noa-products, impact/hour
f:: Specific potential environmental impact
‘ generation from non-products, impact/ kilogram
Iﬂ Specific output of potential environmental

impact due to non-products, impact/kilogram
MY Mass flowrate of stream j, input (i=in) or output
(i=out), kilograms/hour
M Vector of mass flowrates for all output streams,

kilograms/r hour

’ :,f Specific generation of non-product mass,
kilograms/kilogram

Hc‘f Specific output of non-product mass,
kilograms/kilogram

P Mass output rate of product p, kilograms/hour

I Vector of mass flowrates for all products,
kilograms/hour

Xy Mass fraction of chemical & in stream j

x,,f."P Mass fraction of non-product £ in stream j

™  Vector of mass fractions for non-product
component § in all output streams,

kilograms/kilograms

o, Chemical independent relative weighting factor

for impact of type [, impact/kilogram
P Pollution index, kilograms/kilogram

g; Standard deviation of all chemical scores in
impact category J, no units

LA Overall potential environmental impact of
chemical f, impact/kilogram

¥,  Specific (s) potential environmenta! impact of
chemical j for impact of type [, impact/kilogram
(Score), Relative potential impact score of chemical  for
impact of type j, no unit
((Score)j>jArithmetic average of the scores for all
chemicals i in impact category f, no units
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EXECUTIVE SUMMARY

The Industrial Initiatives for a Sustainable Environment (IISE) project (a USAID-funded
initative) includes a Cleaner Production / Pollution Prevention {(P2/CP) component. The
overall objective of P2/CP in this program is to help in reducing pollution from industrial
and other discharging facilities by twenty percent within a group of at least 400 industries
selected, based on risk to human health and the environment from several industrial
sectors. Measurement and analysis of “poHution reduction” will be made utilizing a nisk-
reduction component yet to be fully developed. A fundamental task of the P2/CP process
is to conduct in-plant assessments. This report documents the development of the life-of-
project plan and protocol, including sequence and timing, to conduct in-plant assessments
within the Visayas-Mindanao project area.

The following are the major activities that were identified for accomplishing the goals of
the P2/CP part of the IISE project:

Establish Baseline / Measurement Criteria

Develop Strategy for and Gain Access to Participating Firms
Conduct P2/CP Assessments

Follow-Up / Measure Progress

Input Data

Publicize Selective Results

Sk L

While in Manila and Cebu, MSE interviewed and evaluated the current IISE team for in-
house P2/CP assessment capabilities. This task was accomplished primarily through
personal interviews as well as the solicitation of individual background information of
team members. For this purpose, a personnel form was developed to collect this
information. MSE met with staff members and Filipino subcontractors in Manila and
Cebu to develop an understanding of the current capabilities of the IISE technical team
and to identify additional training and personnel needs that are needed for the project.
Results of the evaluation indicate that each member of the P2/CP assessment team will
require additional training. Several members of the team have had IEMP (a preview
USAID project) pollution prevention assessment experience, but the methodology for the
P2/CP protocol of the IISE project varies significantly from IEMP.

MSE reviewed relevant DENR regulations that have direct or potential implications on
the P2/CP initiative. Six regulations were identified that have significant relevance to the
P2/CP initiative. The regulation that has the greatest relevance to P2/CP in the
Philippines is RA 6969, which covers hazardous waste management.

During the field visit, MSE worked with the IISE field team to develop an approach that

would gain immediate access into key Filipino industrial sectors. This strategy is
currently being more fully developed by the IISE Technical Team in Cebu. In order to

FINRFT DOC ES‘l



prioritize 1ISE resources, a process was initiated by IISE whereby an alternative to full
Environmental Management Systems (EMS) and P2/CP assessments was proposed. To
help accomplish this objective, an Initial Environmental Review (IER) was designed and
tested in several facilities. The IER process involves a brief facility review of EMS and
P2/CP practices with subsequent recommendations for IISE technical assistance.

MSE also met with IISE team members regarding the planned approach for disseminating
information to the public, other stakeholders, and project partners on the Internet and
through other means. This input supported the communications and information
component of the project. Such information may include the analysis of current and
potential engineering controls by sector, estimated pollutant (risk-based) releases by
sector, cleaner production initiatives, pollution prevention auditing results, etc. Since
auditing results are to be proprietary to IISE internal staff, the P2/CP protocol will
include a provision to discern what data should be made public.

A framework approach that is intended as a guide for the cleaner production and pollution
prevention aspects of the project was developed and presented to the IISE P2/CP
technical team. The proposed P2/CP strategy allows for feedback at several key points in
the process. Thus, method testing with feedback of the initial site access, IER-component
assessment, and facility reporting protocols should permit continued improvement of the
process leading to development of final life-of-project protocols.
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SECTION 1

INTRODUCTION

The overall objective of the Cleaner Production / Pollution Prevention (P2/CP)
component of the Industrial Initiatives for a Sustainable Environment (IISE) is to, as an
adjunct to environmental management systems (EMS) support, reduce pollution from
industrial and other discharging facilities by twenty percent over the life of the project.
Final recommendations for estimating and measuring pollution reduction will be made
using a risk-based method currently being developed. The project will work with at least
400 industries within a range of industrial sectors, all of which likely need P2/CP
assessments. The Philippine implementing agency for this project is the Department of
Environment and Natural Resources (DENR), in cooperation with the Department of
Trade and Industry (DTI) and the Philippine Coast Guard (PCG). The 1ISE contract
(formerly known as the Municipal Coastal Environmental Initiative or MCEI) was signed
in July of 1998 with full project implementation initiated in late 1998.

To expedite the work planned for 1999, Chemonics International Inc. (Chemonics)
contracted Millennium Science & Engineering, Inc. (MSE) to support the P2/CP project
in the initial project development. The objective of this assignment was to:

o Develop the life-of-project pollution prevention/cleaner production (P2/CP) plan and
protocol, including sequence and timing, in support of IER and full in-plant
assessments within the project area.

The work is to include: (1) the planning framework for conducting the P2/CP component
of the project which will guide the technical activities of the in-plant assessments and (2)
the concept for establishing the pollution baseline from which the project will measure
part of its success. A framework approach and template is to be developed which will be
replicable throughout the plants.
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SECTION 2

OVERVIEW OF P2/CP STRATEGY

‘The key to developing the P2/CP strategy is to identify, develop, and sequence all the

required elements (activities) that must be conducted. The following are the major
activities that were identified for accomplishing the goals of the P2/CP part of the IISE
project:

Establish Baseline / Measurement Criteria

Develop Strategy to Gain Access to Participating Firms
Conduct P2/CP Assessments

Follow-up / Measure Progress

Input Data

Publicize Selective Results

A

The initia]l strategy development focused on approaches for baseline / progress
measurement, identifying, accessing and supporting participating companies and other
organizations, and development of consistent, implementable, streamlined assessment
protocol. A key issue remains the development of the baseline database against which
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SECTION 3

ASSESSMENT OF P2/CP RELATED RESOURCES AND FACTORS

This section addresses topics that are relevant to the P2/CP assessment process. The
issues and their importance are summarized below:

Issue / Factor

Importance to Successful P2/CP
Implementation

IISE Team Capability Benchmarking

Need to understand capabilities and
training needs of current staff, including
subcontractors and determine additional
resources  for  conducting  P2/CP
assessments.

Regulatory Requirements

Regulatory and other factors provide
incentives as well as disincentives for
industry to participate.

Existing Pollution Control / Prevention

Knowing the typical approaches that

Measures industrial sectors have adopted with respect
to pollution contro! / prevention can help -
identify  potential  opportunities  for
implementation of priorities
To realize maximum results in the P2/CP |

Industrial Sector Ranking

portion of the project, participating sectors
should be risk-ranked as to those having
the greatest impact to human health and the
environment.

Data Presentation and Access

The data collected in the P2/CP program E
will be compiled into a useful, interactive |

format. Access to these data by project :

shareholders will be made available on a
password basis.

CP / P2 Protocol

A standardized, easy to use procedure will
be developed to ensure consistency and
collection of the appropriate data.
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3.1 IISE Team Benchmarking

In order to determine the capabilities to conduct P2/CP assessments and audits, MSE
interviewed and evaluated the current [ISE team for in-house P2/CP assessment
capabilities. This task was accomplished primarily through the solicitation of individual
background information of team members. For this purpose, a form (Appendix A) was
developed to collect this information. MSE met with staff members and Filipino
subcontractors in Manila and Cebu to develop an understanding of the current capabilities
of the 1ISE technical team and to identify additional training and personnel needs that are
needed for the project. Individuals from the following organizations were contacted:

IISE’s in-house technical team;

The Green Group;

Development Academy of the Philippines (DAPY);
SCHEMA Konsult, Inc.; and

Resource Management International, Inc. (RMI).

Completed forms are included in Appendix A. A summary of the capabilities of these
individuals is included in Table 3.1. (Note: to date, not all requested forms have been
received although significant efforts have been made by both IISE and MSE. No forms
were received from the Green Group, DAP, or RMIL.)

Based on the information received via interviews and completed forms, the IISE in-house
team and Schema Konsult possess the highest potential for fielding qualified personnel
for the P2/CP assessments. The availability of Green Group and RMI personnel is
questionable based on recent discussions with their respective managers. RMI could best
serve this part of the project by offering personnel with energy sector expertise for
assessment teams evaluating power plants and other utilities, cogeneration facilities, etc.,

‘however, they have recently indicated their disinterest in fielding such teams. DAP

personnel are more oriented toward training than technical work such as process
assessments.

For the number of members with expertise in specific sectors (Table 3.1}, team members
with ratings of 3 (environmental assessment experience) and 4 (working knowledge of
the process) were totaled. As shown in Table 3.1, most of the assumed sectors have fairly
good coverage with the exception of the shipbuilding / ship breaking industry. However,
the number of enterprises in this industry is not expected to be excessive and could most
likely be covered by current team members.

Each member of the P2/CP assessment team will require training. Several of the team
have had IEMP P2 assessment experience, but the methodology for the IISE project
varies significantly from the current project. A detailed description for the proposed
training is described in Section 4.
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3.2 Review of Appropriate Regulatory Requirements

MSE reviewed relevant DENR regulations that have direct or potential implications on
the P2/CP initiative. These regulations include strict requirements for compliance and
should be a potential incentive for industries to participate in the IISE P2/CP and EMS
program. The benefits of P2/CP and EMS include increasing the likelihood of
compliance when applied satisfactorily. Of particular interest are regulatory issues that
deal with tracking chemical usage for or wastes coming from industrial facilities. Table
3.2 presents key regulatory drivers that are pertinent to the project, and Table 3.3
describes briefly how these regulations affect the P2/CP initiative.

Six regulations were identified that have significant relevance to the P2/CP initiative.
The regulation that has perhaps the greatest relevance to P2/CP in the Philippines is RA
6969, which covers hazardous waste management. Of particular interest is that no person
/ facility shall store, import, use, transport, process, sell, or distribute any chemical not on
the DENR inventory list of chemicals allowed in the Philippines. Note, that a person /
facility can request a new chemical be placed on the list, but this can be a lengthy
process. Another particularly relevant regulation is the Revised Air Quality Standards of
1992 (DENR AO No. 14), which state that all process changes must meet New Source
Performance (Emission) Standards. Note that variances may be granted for certain
durations, if meeting the limits involves great measures or large costs. Also, during
certain levels of unhealthful air quality, the regulation requires curtailment of process
activities contributing to air pollution. Finally, DENR AO No. 17 was instituted for the
previous AID-funded project (IEMP) and provided incentives for participation in facility
assessments and implementation of recommendations. Similar AOs may be beneficial
for this project.

3.3 Initial Benchmarking of Existing Pollution Control / Prevention Measures

During the field visit, MSE worked with the IISE technical team to develop an approach
that would gain immediate access into key Filipino industrial sectors. In order to
prioritize and administer resources for the project, a process had to be developed in order
to provide the team with the mechanism to respond to industrial “clients” in a predictable
fashion. To accomplish this objective, an Initial Environmental Review (IER) was
designed and tested in several facilities. (The P2/CP component of the IER process is an
adjunct to the overall IER which incorporates EMS.) An IER is a brief survey aimed at
quickly assessing the key environmental, quality, occupational safety and health and
other management issues at a specific facility. The IER for the IISE project is in the
process of being finalized the by the field office. ’

The initial IER format was tested at two industrial facilities in Cebu. The team called
representatives at the facilities and discussed the IISE program and the IER process. The
team also requested that JERs be conducted at the facilities. Access was granted at both
facilities: an electroplating company and a carragenan packaging plant. The completed
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IER form for the plating facility (Halsangz Plating Corporation) is included in Appendix
B. This facility appeared to have excellent potential (and willingness) for participation in
the [ISE project. The carragenan plant is probably not a candidate for the P2/CP portion
because no chemicals are introduced to the process.

Following the completion of the IERs, an interview was conducted with Ronald Gamban,
President of the Cebu Electroplaters Association. This interview, coupled with the IER at
the Halsangz facility, enabled an initial assessment of the electroplating sector in the
Cebu area. Halsangz is reportedly one of the three largest platers (in terms of production)
in Cebu. The facility has an on-site wastewater treatment plant to treat heavy metals,
cyanides, and acids. The resulting solids (sludges) are dewatered but stored in bags on
site. Several potential pollution prevention opportunities were observed during the
facility watk through. Other electroplating facilities in Cebu do not have any wastewater
treatment capabilities.

A central waste facility is being planned by the Cebu Electroplaters Association that will
be equipped to treat liquid wastes and receive treated metal hydroxide sludges from the
electroplating sector in Cebu. This facility will ship treated sludges to a disposal facility
in Manila.

The IISE team needs to conduct perhaps 500 more IERs across the key sectors. The
larger number (as opposed to 400 facilities designated in the USAID contract) is to
account for an inevitable dropout of initially-participating facilities. This activity will
result in the benchmarking of existing pollution control / prevention measures as well as
P2 opportunities in these sectors.
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Table 3.1
P2/CP Team Member Experience Summary

Total Number of Team Members Surveyed = 19
Number of Members Surveyed from IISE = 1
Number of Members Surveyed from RMI =

Number of Members Surveyed from DAP =

Number of Members Surveyed from Green Group =

Number of Members Surveyed from Schema Konsult = 14
Number of Members Surveyed from MSE = 4
Number of Members with a Bachelor's Degree = 4
Number of Members with a Master's Degree = 12
Number of Members with a Doctorate = - 3

Number of Members with Another Degree =

Number of Members with Experience in Each of the Following Sectors:

8 Mining & Metal Refining 13 Chemicals ' 11 Petrochemicals
"7 Electronics "11 Electroplating 13 Food Processing
"8 Iron & Steel THOSpilalS "7 Coastal Resorts
"8 Steam & Power Plants 11 Pulp & Paper "4 Timber Milling & Treatment
"7 Cement Manufacturing 11 Piggeries & Slaughterhouses "4 Ports & Harbors
2 Ship Building IShip Breaking "5 Other (Ink Manuf., Feed Mills,

' T Textiles, Retail, Media, Painting,
Veh. Maint.)

i
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Regulation

Table 3.2
DENR Regulations Pertinent to IISE P2/CP Program

Description

DENR
Administrative
Order No. 14

DENR
Administrative
Order No. 17

DENR
Administrative
Order No. 26

DENR
Administrative
Order No. 29

DENR
Administrative
Order No. 34

DENR
Administrative
Order No. 35

Revised Air Quality Standards of 1992, Revising and Amending the Air Quality Standards of 1978. The
regulation presents emission standards for stationary sources at different levels inside and outside of Metro Manila
and provides ambient air quality guidelines for both short- and long-terms. The regulation also presents air quality
indices and recommendations for actions that should/must be taken at each level.

Guidelines Governing Voluntary Participation in Pollution Management Appraisals (PMAs) of the
Environmental Management Project. The order encourages industries to participate in the past USAID project that
performed PMAs. In exchange for serious efforts to implement PMA recommendations, the order provides a
moratorium on compliance, coordination with funding sources, and a promise of confidentiality concerning
information gathered during the PMA, ‘

Amending Memorandum Circular No. 2, Series of 1981: Appointment/Designation of Pollution Control
Officers. The regulation presents the minimum qualifications and responsibilities of a pollution control officer. The
industries requiring a pollution control officer are presented, as well as regulations requiring full-time pollution
control officers for facilities of a given size or larger. The quarterly monitoring report that must be completed by a
pollution control officer for a given facility is also presented.

Implementing the Rules and Regulations of Republic Act 6969. Covers the importation, manufacture, processing,
handling, storage, transportation, sale, distribution, use, and disposal of all unregulated chemical substances and
mixtures in the Philippines including entry, even in transit, as well as the keeping or storage and disposal of
hazardous and nuclear wastes into the country for whatever purpose. Chapter VII presents hazardous waste, policy
concerning it, listed hazardous wastes, and waste treatment options.

Revised Water Usage and Classification / Water Quality Criteria Amending Section Nos, 68 and 69, Chapter
11 of the 1978 NPCC Rules and Regulations. Provides classification system for waters according to their
beneficial uses and states that waters shall maintain the minimum conditions necessary to remain designated at their
current classifications. The regulation presents water quality criteria for each class of water.

Revised Effluent Regulations of 1990, Revising and Amending the Effluent Regulations of 1982. Provides
wastewater discharge limits for each class of water presented in DENR AO No. 33,




Implication on Material Tracking

Table 3.3

Implication on Process Changes

of DENR Regulatibns on Hazardous Material Tracking, Process Modifications, and Emissions Tracking

Implication on Emissions Tracking

] K K [ E
Implication
Regulation
DENR
Administrative
Order No. 14 of “cleaner” fuels/ chemicals.
DENR
Administrative
Order No. 17
low-cost waste
DENR
Administrative
Order No. 26

yon

During different levels of unhealthy

air quality, DENR suggests the use

For IEMP, gave moratorium on
Cease and Desist Orders and 12
months to implement no-cost and
management
options recommended by PMA.

States industries (of a given size)

must have a Pollution Control

Officer (PCO) provide a quarterly
(or more frequent) report that

presents, among other things, fucl

consumed  for
burning sources.

stationary

fuel

Requires process changes to meet New
Source performance standards.
Variances on meeting limits may be
granted for certain timetables if meeting
limits will involve great measures or
large costs. Does not allow plants to
operate at capacities that would exceed
capabilities of control devices or instail
devices that would cause the exceedence
of limitations or the concealment or
dilution of emissions. During different
levels of unheaithful air quality, DENR
requires curtailment of contributing
industrial processes.

For IEMP, gave moratorium on Cease
and Desist Orders and ample time for
substantial capital investments
recommended by PMA.

States industries (of a given size) must
have a PCO monitor installation or
construction of pollution source and
control facilities to assure compliance
with  limits, PCO and head of
establishment shall be held responsible
for any violations.

Sets maximum limits on particulates,
metals, acids, SO,, and NO, as well as
opacity for smoke. At DENR’s discretion,
may require monitoring, record keeping,
and reporting.  Requires ambient air
monitoring line for specific compounds at
the property.

Information collected during PMAs was
confidential and would not directly result
in DENR actions.

States industries {of a given size) must
have a PCO that provides quarterly (or
more frequent) pollution discharge
reports, which also include means of
disposal.




Table 3.3

Implication of DENR Regulations on Hazardous Material Tracking, Process Modifications, and Emissions Tracking

Regulation

Implication on Material Tracking Implication on Process Changes

Implication on Emissions Tracking

DENR
Administrative
Order No. 29

DENR
Administrative
Order No. 34

/3

DENR shall keep an inventory list Reaction intermediates are exempted

of chemicals stored, imported,
exported, used, processed,
manufactured, or transported. No
person shall store, import, use,
transport, process, sell, or distribute
any chemical not on this list
without petitioning for and being
granted its use.

from the DENR list.

DENR shall keep an inventory list of
chemicals stored, imported, exported,
used, processed, manufactured, or
transported. = No person shall store,
import, use, transport, process, sell, or
distribute any chemical not on this list
without petitioning for and being granted
its use. Hazardous waste generators must
provide quarterly a report indicating the
quantity of hazardous waste generated
accompanied with payment of a
prescribed fee. Hazardous wastes may
only be transported with a permit and
must be treated in a prescribed facility.

Prohibits discharge of discharges that
alone or in combination produce a
nuisance; are acutely toxic, carcinogenic,
etc.; and/or pose a serious danger to public
health, safety, or welfare. Presents a
guide to dischargers and regulators
concerning the significant parameters to
be monitored for selected industries.




Table 3.3

MSE

Implication of DENR Regulations on Hazardous Material Tracking, Process Modifications, and Emissions Tracking

Regulation

Implication on Material Tracking Implication on Process Changes

Implication on Emissions Tracking

DENR
Administrative
QOrder No. 35

No equipment may be installed that will
conceal and/or dilute effluent discharge.
No facility may operate at capacities that
produce wastes that cause the treatment
facility to discharge wastes above
permitted limits.

Presents effluent discharge regulations for
the different classes of water bodies for
old/existing and new/proposed industries.
Regulates mixing zones.

s



3.4 - Review of Existing Industrial Sector Ranking Results

A ranking of the industrial sectors for relative environmental impact significance has
already been completed in a prior AID-funded project, the Industrial Environmental
Management Project (IEMP). The IEMP created a macro environmental risk analysis
(ERA) checklist to rank the potential risk of pollution from a particular facility or industrial
sector to human health, welfare, and the environment. The checklist was organized into
five data categories: Industrial Considerations, Waste Generation and Management,
Pathways, Receiving Media/Receptors, and Compliance. Each category had multiple
factors/critena that were reviewed and scored according to a weighting checklist. The

points allowed for each factor/criterion are presented in Table 3.4.

Table 3.4

Ranking Criteria for Previous USAID-Funded Project IEMP)

Individual Point Total
Criteria Points Subtotals Points
Waste Generation and Management 44
Airborne 14
Description (Haz., Nonhaz. Point Source, 6
Nonpoint Odor/Nuisance)
Quantity (5 levels) 6
On-Site Pollution Control System (PCS) 2
(Yes/No)
Liquid 15
BOD Strength, Haz./Nonhaz. (6 levels) 6
Quantity (5 levels) 6
Type/Quality of PCS (4 levels) 3
Solid | 15
Type (Haz, Animal, Nonhaz./Pollutive, 6
Nonhaz./Low-pollutive)
Quantity (3 levels) 6
Type/Quality of PCS (4 levels) 3
Pathways 8
Air 2
Prevailing Wind Toward Resident. (Yes/No) 2
Solid and Ligquid 6
Rainfall (3 ranges) 2
Terrain (Flat/Sloped) 1
Flood-Prone (Yes/No) 1
Depth to Groundwater for Liquid or Haz. 3

Solid Wastes (3 ranges)

3-10

FINRPT DOC

/'/>/



Receiving Media/Receptors 25
General Receptors 4
Number of Environmentally Critical Areas 2
(ECASs) within 2 km (3 ranges)
Distance to Nearest ECA (3 ranges) 2
Air Receptors 6
Distance to Nearest Community (3 ranges) 6
Surface Water Receptors 8
Distance to Nearest Surface Water (3 ranges) 4
Distance to Nearest User (3 ranges) 1
Size & Use of Fresh Water or Use of Sait 3
Water
Groundwater Receptors . 7
Distance to Nearest Used Well (3 ranges) 4
Groundwater Use (4 types)
Noncompliance 23
Violations I3
Number of PD 984 Air Violations
Number of PD 984 Water Violations
Number of PD 1586 Envtl. Compl. Viols.
Number of RA 6969 Violations
Severity of Recalcitrance
Complaints 8
Number of Valid Complaints (4 ranges) 8

[V B VR BV B LY

Total Points 100

As indicated in the table above, the checklist placed the most weight (44%) on the type of
waste present, followed by decreasing weight on receiving media/receptors (25%),
noncompliance (23%), and pathways (8%). Approximately 40% of the points scored in
waste type were for whether the wastes were hazardous or (in the case of liquids) high in
BOD. Another approximately 40% of the waste type scoring was based on quantity of
waste generated. Points scored for receiving media / receptors were given primarily for
proximity of receptors to pollutant source and for value / importance of maintaining the
quality of the receptor. Points scored for “noncompliance™ were almost entirely given
based on the number of past violations of DENR regulations. Points scored for pathways
were based on whether wind, rain, terrain, groundwater would promote or retard pollutant
transport.

MSE compared the previous rankings with predicted results that are based on our
knowledge of the various industries and the rankings by USEPA. Table 3.5 presents
industry sector rankings for Region 11 (Davao, General Santos City) from the previous
AID-funded project and compares them to their ranking by USEPA as industries most
closely linked with environmental problems.

3-11
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Table 3.5

Comparison Between the Ranking of Environmental Impact for Industrial Sectors

from the Previous Aid-Funded Project (IEMP) to USEPA Rankings of the

Industrial Sectors

Region 11
IEMP- USEPA
Sector Ranking Ranking
Electroplating NL 1
Plastics, Resins, and Elastomers 4 2
Industrial Organic Chemicals N.E.C. 9 3
Paint Industry 58 4
Automotive Manufacturing/Assembling NL 5
Electronics/Semiconductors 44 6
Petroleum Refining NL 7
Pesticides NL 8
Commercial Printing, Lithographic NL 9
Dry Cleaning Plants NL 10
Inorganic Chemicals N.E.C. 9 11
Wood Preserving 29 12
Automotive Repair Shops NL 13
Paper Mills 3 14
Commercial Printing NL 15
Pulp Mills 3 16
Textile Dyes and Dyeing NL 17
Ink Manufacture NL 18
Pharmaceutical Preparations 49 19
Adhesives and Sealants NL 20
Newspaper Publishing NL 21
Coal Tar Crudes, Dyes, and Pigments NL 22
Aircraft and Parts NL 23
Leather Tanning and Finishing NL 24
Engraving and Plate Printing NL 25
Iron and Steel 6 26
Secondary Smelting and Refining of Non-Fe Metals 51 27
Rolling, Drawing, and Extruding of Non-Fe Metals 12 28
Cement Manufacturing 1 NL
Sugar Milling and Refining 2 NL
Hotels, Motels, Lodgings : S NL
Canning, Preserving, etc. of Fish, Crustaceans, Seafood 7 NL
Gold and Other Precious Metals Refining 8 NL
Coal Mining 10 NL
3-12



Region 11

IEMP- USEPA
Sector Ranking Ranking
Manufacture of Desiccated Coconut 11 NL
Production of Crude Coconut Oil, Incl. Cake and Meal 13 NL
Gold Ore Mining 14 NL
Hog Raising ) 15 NL

Note: NL — Not Listed

As apparent in Table 3.5, there are significant differences between the rankings for
potential risk for pollution from the previous AID-funded IEMP project and rankings of
sectors most closely linked with environmental problems as identified by USEPA. Some
of these differences are a result of the sectors not being significant in the Philippines,
however, an important part of this difference is due as a result of different ranking criteria
as well as in definitional and operational adoption of risk assessment versus risk analysis
criteria. As opposed to the IEMP project, where ranking was primarily based on the types
and quantities of wastes present (weighing heavily on bulk parameters like BOD (a non-
risk factor) or “hazardous waste”), the USEPA list was based on industry size, waste
production in terms of toxicity and/or volume (true quantifiable risk factors), receptivity of
the industry to innovation, benefits that would be achieved through waste minimization,
cost benefits that would be realized from waste minimization, and the like as perceived by
a panel of 25 experts from USEPA, academia, EPA contractors, and state environmental
programs. Though this ranking was subjective, it was based upon a vast amount of
experience with industries and was much more risk-based than the IEMP approach.

Environmental risk assessment is an important component of risk analysis, the latter of
which is used to evaluate and communicate the importance of findings of quantitative risk
assessments. Quantitative risk assessment relies on widely accepted methods integrated as
a four-step process: 1) identification of contaminants of concern; 2) dose-response
evaluation, 3) exposure assessment, 4) risk characterization.

It is used here as the four-step' process of the U.S.-based National Academy of Sciences
(NAS) defines it:

“The use of the factual base to define the health effects of exposure
of individuals or populations to hazardous materials and situations”.

This definition is separate from but very frequently confused with risk _
management:

' The four step risk assessment process of the NAS is 1) hazard identification, 2) dose-response
evaluation, 3) exposure assessment, 4) risk characterization.
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“The process of weighing policy alternatives and selecting the most
appropriate regulatory action, integrating the results of risk assessment with
engineering data and with social, economic, and political concerns to reach
a decision.”

A fundamental construct of the IISE project is the proper use of quantitative risk
assessment, whenever feasible, to estimate, measure or predict environmental or
human health risk posed by contaminants of concem within the industrial sectors of
the project.

3.5 - Data Presentation / Access

MSE worked with IISE team members regarding the planned approach for disseminating
technical information to the public, other stakeholders, and project partners on the Internet
and through other means. Such data may likely include the analysis of engineering
controls by sector, estimated pollutant releases by sector, cleaner production initiatives,
pollution prevention auditing results, etc. Since auditing results will be proprietary, the
P2/CP protocol will inciude a provision to discern which data can be made public.

The discussion also included the potential use of a GIS-based information management
system and linkages to the project Web site. A related tool, "Seelt", developed by Visible
Decisions, was presented informally to IISE technical team members. This proprietary
system allows the user to present spreadsheet data in interactive graphic format.

The potential use of Seelt will be discussed with Chemonics Home Office personnel and
the MIS and Technical groups in Cebu.

1.6 - Incentives for P2/CP Implementation

The IISE P2/CP team discussed the importance of incentives to foster participation both in
the auditing component and the implementation for the P2/CP project. This concern
stemmed from the previous IEMP project experience for which the degree of interest
expressed by participants varied significantly. Therefore, the team concluded that it would
be very helpful to identify the key factors to attract participants to the program. Based on

informal polling of the team, the following were identified as top priorities to promote
participation:

To Obtain Initial Participation: To Obtain CP Implementation:
Cost Savings Cost Savings
Offer of Training / Technology Transfer Link to Obtaining Mayor's and Other
Regulatory Permits
DTI Fiscal Incentives Low Cost Loans
3-14
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SECTION 4

IISE P2/CP STRATEGY DEVELOPMENT

4.1 P2/CP Overview

A framework approach that is intended as a framework guide for the cleaner production
and pollution prevention aspects of the project was developed within this Scope of
Work. The P2/CP strategy is represented as a flow diagram in F igure 4.1. The diagram
identifies the key components of the project and their linkage along with the critical path to
completion. This approach was presented to and approved by the 1ISE P2/CP technical
team.

The proposed P2/CP strategy allows for feedback at several key points in the process {e.g.,
Blocks 16, 21, and 31). Thus, testing with feedback of the initial site or facility access,
P2/CP assessment, and facility reporting protocols should permit continued improvement
of the process leading to final protocols. Note that the Environmental Management System
(EMS) component of the [ISE project naturally folds in at blocks 5,6,and 11.

The completion of several hundred IERs can be accomplished in relatively short order by
the existing IISE team members, subcontractors and the new mechanism which will allow
other Philippines-based, qualified consultants to participate. However, to ensure
consistency, quality and effective coverage, training of all team members, including
subcontractors, is required. As the IER process is the initial and comerstone technical
activity within participating facilities and organizations, its quality and consistency will set
the stage for the remainder of IISE support through the life of the project. As such,
emphasis will be placed on high-caliber training to a wide constituency of IISE team
members, including subcontractors, the result of which will be not only properly setting of
the stage for further work within the plant but it will also contribute to the post-project
sustainability of the project.

The IER approach (Block 8) will establish the field of participants (for both P2/CP and
EMS) through initial data gathering, screening, and analysis and will further benchmark
the key industrial sectors. The IER will also be used as an opportunity to obtain a
commitment from participating facilities to allow a complete (or partial) P2/CP
assessment and/or EMS program participation, depending on the prioritization as
determined by the IER. P2/CP
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During the field visit, the following blocks from Figure 4.1 were discussed and/or
developed. The outcome / status of each is as follows:

Block Number / Description Status
1. Define (P2/CP) Goals Discussed in detail during field visit;
proposed in Section 5
2. Confirm Sectors / Selection Criteria Addressed in Section 3
3. Prioritize Sectors Discussed in detail during field visit;
addressed in Section 3
4. Develop Measurement Methodology Addressed in Section 4
5. Benchmark Industry Sectors Commenced with initiation of IERs
6. Develop Preliminary Access Commenced with initiation of IERs; IER
Strategy training to be set up.
7. Identify Incentives for P2/CP Discussed in detail during field visit;
Implementation addressed in Section 3
8. Conduct IERs IER protocol field-tested during visit
9. Develop Pilot Assessment Protocol Proposed protocol included in Appendix C
13. Benchmark Team P2/CP team member experience forms
requested - Appendix A

A draft assessment protocol was developed using a series of worksheets based on prior
P2/CP projects conducted by MSE. The worksheets and instructions on their use are
included in Appendix C. The data should be gathered by a team of appropriately trained
personnel including someone familiar with the process being evaluated and a P2 engineer,
at a minimum. After gathering facility information, the P2 engineer will evaluate the data,

_ establish the pollution baseline, and prepare an “alternatives evaluation.”

A proposed method for establishing the baseline and measuring progress was
conceptualized. This method is based on EPA research work (the so-called “WAR”
model) as documented in the articles included in Appendix D. The basic approach is to
measure" the level of current potential risk for each chemical (focusing on the Philippines
list of 28 chemicals from RA 6969) appearing in any of the facility's wastestreams.
Following implementation of P2/CP alternatives, the updated potential risk would be
compared to the previous level. Discussions between MSE and the EPA authors, Young
and Cabezas, indicated the appropriateness of their method to the 1ISE project. A request
has been made to the authors to obtain a limited matrix to allow development and testing of
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a tailored approach (Appendix D). EPA’s Sustainable Technology Division Office
(Cincinnati) is also interested in collaborating on the project.

4.2 IER Training

The P2/CP part of the Initial Environmental Review (IER) training should be given to all
[ISE Technical Team personnel as well as project subcontractor personnel that have at
Jeast some technical background (college training in the sciences or engineering). The [ER
training can be conducted in approximately two weeks, including instruction in P2/CP and
EMS aspects. A draft curricujum and schedule includes the following for Week 1:

Day Topic Course Instructor
1 Overview of IISE DN /SR ¥IL
s Purpose

o Specific Objectives

e 9000/EMS Component
e P2/CP Component
IER Overview DN
e Purpose

e Intended Participants
¢ Data Objectives

1SO 9001 / EMS Training SR
2 1SO 9001/ EMS Training SR
3 Overview of Industry MV/DR

e Description of Key Filipino Industries

e Major Industrial Processes

o Key Chemicals (RP 28)

e Waste Issues

¢ Slide Show — Industrial Processes

Introduction to Risk DN /DR

¢ What is “nisk”?

e Introduction to “WAR” Algorithm Risk
Factors

e P2/CP Task Goal: Risk Reduction

2 |nitial |ER training will be conducted by David Nelson, HISE Technical Director, Stan Rodgers, EMS
consultant, Jackie Limtin (IISE management consultant team member), Maya Villaluz (HSE Senior
Environmental Engineer) and Dale Rice, P2/CP consultant. Subsequent IER training might be
enhanced by project personnel who demonstrate the competence to do so.
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Day Topic Course Instructor

3 (Cont.) Setting Up IER Visits DN/JT/DR
* Potential Participants — Who Do We Target?
¢ “Entrance Strategy” discussion

®

Overview of IER Process/Forms DN/DR
¢ Overall Approach

¢ General Facility Information
* EMS Related Questions

¢ P2/CP Related Questions
Facility Walk Through DN/DR
® Objectives
¢ Checklist

4 Establishing Next Step DN /DR
e ISO 9001

+ 1ISO 14001

¢ P2/CP Assessment

¢ SO 14001 and P2/CP Assessment
¢ Scheduling

IER Closure DN/DR/TS
* Evaluation of Facility
¢ Report “Coding”

¢ Report Filing

IER Simulation DR
¢ Fictitious Industry
* Role Play

5 Review DN/SR /DR
e ISO 9001/ 14001
s EMS

» P2/CP

* Risk Reduction

¢ [ER Forms

s Q&A

Exam DN/SR /DR
*  Written '

Week 2 would include actual IER completion. After scheduling IERs for the week, [ERs
would be conducted initially with supervision, and finally in teams of two., Finally, the
entire training group would assemble to present and review the results of the IER effort.
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This activity would allow an assessment of each person’s understanding of the IER process
and to cover any areas still needing further training. The entire two week training period
could be culminated with an “awards” ceremony, in which team members are given a
“certification” for competency in conducting [ERs. The schedule for Week 2 is as follows:

Day Topic Course Instructor
1 Scheduling IERs DN /SR /DR
2 Supervise [ERs DN /SR /DR
3 IERs by Team
4 IERs by Individual
5 IER Form Review (Group} DN /SR/DR
» Presentations by Teams
e« Constructive Feedback
¢ Lessons Learmed _
IER Certification : JD /DN

4.3 P2/CP Assessment

P2/CP assessments are required in the project to help in documenting baseline pollution
levels and to effect P2 activities that result in pollution reductions. An initial pilot
assessment protocol (Appendix C worksheets) has been developed per Block 9 (Figure
4.1). Ideally, P2/CP assessments will be scheduled and conducted immediately (within
two weeks) following the IER completion at each facility.

To help ensure effectiveness and consistency of the P2/CP assessment program, training
for all P2/CP team members will be conducted. The training can be accomplished during a
five day course with a draft curriculum and schedule as follows:

Day Topic Course Instructor
1 Overview of P2/CP : DN /DR
¢ Purpose

¢ Objectives
s Relationship of IER and P2/CP
e Major Philippines Industries / Processes

e Qualifications for Conducting P2/CP
Assessments
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Day Topic Course Instructor
1 (Cont.) P2 Concepts DR

¢ Definition of P2
¢ Importance of P2
e Methods to Accomplish P2
¢ Measuring P2 “Progress™
¢ Mass Balance
e Hazardous Waste Baseline
e Process Flow Diagrams
Introduction to R2M?2 DR
(Risk Reduction Measurement Model)
o EPA “WAR” Algorithm
e Risk Factors ‘
e Chemical Domain
e Technical Approach

2 Worksheets DR
¢ Instructions
o Q&A

3 P2/CP In-Field Training DN/ DAR
o Test Facility (Cebu)
¢ By Teams
e Evaluate Data Worksheets

4 Data Evaluation DR
¢ Data Reduction
e Mass Balance
e Inputs to R2ZM2
P2 Options DR

o Worksheets 8-10
¢ P2 Technology Resources
¢ Cost Analysis

Full P2/CP assessments should only be completed for those facilities that are determined

during the IER to use significant quantities of RP 28 or other hazardous chemicals.

4.4 Risk Reduction Measurement Model (R2ZM2)

The R2M2 (Risk Reduction Measurement Model) will be constructed prior to the P2/CP
training. MSE has been given tentative approval by EPA to use a subset of the “WAR”

algorithm matrix. The WAR algorithm includes relative risk values (health and

FINRFT DOC
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environmental impact categories) for a number of chemicals, including most of the RP 28.
The risk factors include:

I

Ozone-depleiion potential,

Global-warming potential,

Acid-rain potential,

Photochemical-oxidation (smog formation) potential,
Human-toxicity potential by ingestion,

Human-toxicity potential by inhalation or dermal exposure,
Aquatic-toxicity potential, and

Terrestrial-toxicity potential.

Using macros, a user-friendly platform can easily be constructed that will allow the user to
input data (primarily from the worksheets). Later, as P2 alternatives are implemented,
additional data will be inputted allowing for calculation of a percentage risk reduction.

FINRFT.DOC
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Figure 4.1

Strategy for IISE P2/CP Program Implementation

1. Define Goals

v

2. Confirm Sectors
&jor
Selection Criteria

I

3. Prioritize Sectors

}

4. Develop
Measurement Criteria

v

v v

5. Benchmark
Industry Sectors

6. Develop Prelim.

Access Strategy

7. Identify Incentives
for CP/P2 Implementation

-

L 4

8. Conduct IERs

9. Develop Pilot

Assessment Protocol

10. Do IER
Result in
Appropriate
Access?

Yes

No

2. Modify Access
Protocol

v

13. Benchmark
Team

14. Develop
Pilot Team

15. Test

A

Feedback

Facility

Feedback

Yes

(GoTo 17.)

v

11. Develop
Database

!

(Go To 22.}




Strategy for IISE P2/CP Program Implementation - Continued

(From 16.)

!

19. Révisc
Protocol

Yes

Feedback

Assessment Protocol

17. Proceed w/ Revised

18. Select Test
Population

!

20. Test Additional

Sectors/Sites

23. Decide Policy on
Info. Dissemination

I

24. Prepare/Distribute
Tailored Facility Rpts.

!

25. Establish Facility

26. Follow-Up

32.
Are There More
Test Sites?

(Go To 20.

Follow-Up Schedule with Facilities
! :
28. Develop DB _ 29. Input
User Tools Data

30.
Did Facility
Meet Goals?

33,
Publicize
Success?

(Go To 35.)

22. Input Data |€— (From 11.)

27. Revise
Protocol

?

Feedback

Yes

31.
Does Protocol
Need Rev.?

34.
Extend Impl.
Schedule?

Yes
(Go To 25.)
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Strategy for IISE P2/CP Program Implementation - Continued

(From 33.)

‘

35. Publicize
Success Story

36.
Yes

Are There More (Go To 20.)

Test Sites?

37. Develop

38. Develop Phase-In
Sustainable Protocol of Fees for Services

I

39. Implement Protocol
at Remaining Facilities




SECTION 5

RECOMMENDATIONS / PATH FORWARD

A proposed schedule and sequence of P2/CP activities are included in the attached IISE
Project P2/CP Schedule. Specific details for each future activity are as follows:

LPS]

. July 1, 1999 — MSE will meet with Chemonics staff to discuss the potential application

of the WAR algorithm and incorporation of P2/CP (and risk reduction measurements)
into the Geographic Information Systems (GIS) application being frameworked for the
[ISE project. '

July 5 — July 10, 1999 - The IER Training Program (which incorporates EMS and
P2/CP) will be prepared by MSE and IISE in-house team members.

July 12 — July 16, 1999 — The IER Training Program will be given to key in-house
team members, subcontractors and potential IER trainers.

July 19 — August 6, 1999 - The Risk Reduction Measurement Model (R2M2) will be
developed in draft form and tested by MSE, EPA, and others prior to its use in the
Philippines. EPA will also review the model to ensure appropriate use of the WAR

* algorithm component that they supply.

July 26 — August 6, 1999 - Training in IER for additional IISE team members (in-
house team members and named subcontractors) will be conducted with as many of the
team that are technically qualified (per Section 4) and available. In-house [ISE staff
will conduct the training.

Present — October 1, 1999 - The IISE Team should complete the IERs for 500 - 600
facilities within the next several months; as the IERs are conducted, a specific schedule
for completing the P2/CP assessments will be established. Facilities that are selected
for IERs should be those that: (1) are amongst the industries that are likely to have the
most serious waste management issues, (2) can be addressed through the EMS and
P2/CP assessment process, and (3) are highly receptive to participation. The list of
USEPA priority sectors (Section 3) can serve as guidance in this regard.

August 6 — October 1, 1999 — The R2ZM2 model will be field-tested in the Philippines
using representative industrial facilities as test cases. Modifications to the model,
including development of appropriate “tweaking factors” will be accomplished in this
period. MSE will take the lead in this process and will seek guidance from EPA and
others. By the end of this period, the R2M?2 will be fully integrated into the P2/CP
plant assessment protocol which will also be spear-headed by MSE. ‘
October 4 — October 16, 1999 - Training in P2/CP for the 1ISE Team (in-house team
members and named subcontractors) will be conducted with as many of the team that
are technically qualified (per Section 4) and available. The in-field portion of the
training will be set up at a Cebu industrial facility that is willing to be a demonstration
facility. MSE and IISE in-house IISE staff will conduct the training. The training will
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10.

include comprehensive instruction on R2ZM2.

November 1, 1999 - December, 2000 - P2/CP assessments will be scheduled and
conducted at facilities in the eight sites. A minimum of 400 facilities will participate in
the assessment. Individuals from the named subcontractor teams and MSE have
sufficient experience coverage for most of the key industries in the Philippines. The
staffing of the P2/CP assessment teams would consist typically of two IISE Team
members each. Generally, one of both of the team members will have a strong
familiarity with the types of processes at the facility being assessed, or the team will
have ready access to qualified personnel with appropriate process experience. The
assessments will fully utilize R2M2.

January 2000 - June 2001 - P2/CP follow-up assessments are needed to document the
results of P2/CP implementation and resuitant risk reduction. Follow-up assessments
will be scheduled dependent on the individual facility's implementation schedule. The
time elapse from initial P2/CP assessment to the follow-up assessment will likely vary
from 2 - 3 months to more than a year. A minimum of 400 facilities will participate in
the assessment. The staffing of the P2/CP follow-up assessment teams will consist of
the initial P2/CP assessment personnel, ideally with Team members reviewing the
facilities that they had a role in with the initial assessments.
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SECTION 6
REFERENCES
A list of references have been compiled that may assist the P2/CP assessment teams in
performing facility investigations and developing recommendations. These references
follow and copies of their cover pages are included in Appendix E.
General Guides
USEPA, July 1988. Waste Minimization Opportunity Assessment Manual.
USEPA, January 1991. Pollution Prevention Strategy.
USEPA, May 1992. Facility Pollution Prevention Guide.

USEPA, 1993. Creative Approaches to Pollution Prevention.

USEPA, August 1994. International (Non-U.S.) Industrial Pollution Prevention: A Case
Study Compendium.

USEPA, September 1994. Pollution Prevention Directory.

USEPA, December 1996. Cleaner Technologies Substitutes Assessment: A Methodology
& Resource Guide.

USEPA, March 1997. Identification of Pollution Prevention (P2) Technologies for
Possible Inclusion in Enforcement Agreements Using Supplemental Environmental

Projects (SEPs) and Injunclive Relief, Final Report.

USEPA, July 1998. Design for the Environment, “Using Design for the Environment
Concepts in Your EMS”. '

Chemical and Pharmaceutical Industry

USEPA, June 1998. Final Pollution Prevention (P2) Guidance Manual for the Pesticide
Formulating, Packaging, and Repackaging Industry: Implementing the P2 Alternative.

USEPA, October 1991. Guides to Pollution Prevention: The Pesticide Formulating
Industry.

USEPA, October 1991. Guides to Pollution Prevention: The Pharmaceutical Indusiry.
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USEPA, October 1991. Guides to Pollution Prevention: The Non-Agricultural Pesticide
Users.

Primary Metals / Metals Finishing

Illinois Waste Management and Research Center (Department of Natural Resources), April
1998. Pollution Prevention in the Primary Metals Industry: A Manual for Pollution
Prevention Technical Assistance Providers.

Oregon Hazardous Waste Reduction Program (Department of Environmental Quality), July
1989. Guidelines for Waste Reduction and Recycling: Metal Finishing, Electroplating,
Printed Circuit Board Manufacturing.

Rimer, A.E., Reinders, L.A. (Blaslanc_l, Bouck & Lee for USEPA, AIPP, and AISI),
October 1992. A Practical Guide to Pollution Prevention Planning for the Iron and Steel
Industry.

USEPA, July 1990. Guides to Pollution Prevention: The Fabricated Metal Products
Industry. :

USEPA, October 1992. Guides to Pollution Prevention. The Metal Finishing Industry

USEPA, July 1995. Environmental Research Brief- Pollution Prevention Assessment for
a Manufacturer of Electroplated Truck Bumpers.

USEPA, February 1997. Pollution Prevention for the Metal Finishing Indusiry: A Manual
for Pollution Prevention Technical Assistance Providers.

Pulp and Paper Industry

USEPA, June 1993. Handbook on Pollution Prevention Opportunities for Bleached Kraft
Pulp and Paper Mills.

USEPA, August 1993. Pollution Prevention Technologies for the Bleached Kraft Segment
of the U.S. Pulp and Paper Industry.

‘Other Industries

USEPA, June 1990. Guides to Pollution Prevention: Selected Hospital Waste Streams.
USEPA, June 1990. Guides to Pollution Prevention: The Paint Manufacturing Industry
USEPA, June 1990. Guides to Pollution Prevention: The Printed Circuit Board

Manufacturing Industry.
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USEPA, August 1990. Guides to Pollution Prevention: The Commercial Printing
Industry.

USEPA, October 1991. Guides to Pollution Prevention: The Automotive Refinishing
Industry.

USEPA, October 1991. Guides to Pollution Prevention: The Marine Maintenance and
Repair Industry.

USEPA, October 1991. Guides to Pollution Prevention: The Fiberglass-Reinforced
Plastic and Composite Plastics Industry.

USEPA, October 1991. Guides to Pollution Prevention: The Photoprocessing Industry.
USEPA, July 1995. Pollution Prevention at an Aging Manufacturing Facility.

USEPA, August 1995. Pollution Prevention Assessment for a Manufacturer of Bourbon
Whiskey.
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APPENDIX A

=) -~ COMPLETED P2/CP TEAM BENCHMARKING FORMS



CP/P2 Team Member Experience Form

Name: Title:

Company: Years of Relevant Experience:
Location:

College Degree:  BS _MS Ph.D. _ Other School:

Experience with Sector (Score 1-4):

. Mining & Metal Refining __ Chemicals ___ Petrochemicals

- Electronics . Electroplating __ Food Processing

__Iron & Steel . Hospitals ___ Coastal Resorts

_ Steam & Power Plants . Pulp & P;a\per __ Timber Milling & Treatment
__ Cement Manufacturing N Piggeries & Slaughterhouses __ Ports & Harbors -
__ Ship Building __ Ship Breaking | __ Other (Specify)

f
Note: 1=None 2= Some Familiarity 3 = Environmental Assessment Exp. 4 = Working Knowledge of Process

Description of Past Auditing Experience:

Summary of Past Relevant Experience:

Areas of Training Needed for Assignment:

Completed by: ‘Date:

ExpFomudoc
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FROM ©

k-t

1ISE CERU PHOME NO. : 63 32 348282° Mau. 13 1999 98:21AM P1

_ CP/P2 Team Member Experience Form
Name: S ) porat é! A _ Title: C ;g! L Shoy Qge:
, Cbmpaﬁy:'_ ( ;:nums:s (A [ Years of Relevant Experience: !o*_
Location: dlfﬂ!! E!&!Eil&gs:é:"

Collcge Degree: __ BS K MS PhD. _ Other School:

Experience with Sector (Score 1-4): -

/1) Mining & Metal Refining 2. Chemicals 2 Petrochemicals ‘
% / 4 Electronics \3_/ lectroplating 3 Food Processing

éﬁ "Tron & Stee] 4 ‘Hospitals 4 Coastal Resorts

- Steam & Power Plants 3 Pulp & Peper ¢ Timber Milling & Treatment

3 CemenmtManufacturing 3 Piggeries & Slaughterhouses _4f Ports & Harbors

_A_lL Ship Building - @Ship Breaking ___ Other (Specify)

Note: ! =None 2= Some Pamilisrity 3 = Environmental Assessment Bxp. 4 = Working Knowledge of Process

.DescnpuonofPast Auditing Experience: Ceu&..c-{-e,& PR pu s
MA— ﬁ-%m v@o— m C‘-txn.«k %mwww

Summary of Past Relevant Experience: j hq. W @kuuum..&k Wk
atscsmwes " Arateite atceceimnd ' T 5 fempr

jﬁﬁ"%%%wwwﬁa ‘
—t 4—‘5‘:“‘;%0‘,;9%‘@8»%&#
__h&%M&&-%—M

Wa. Y

Areas of Tralning Needed for Assignment:  PosttteFaxNote 7671 [ 5/p/qq Iaée."
" Daje Rice From Divi Arma
ColDet 4o & 15E- cebe
Prons # Photte: # )
2 702 093 Ffoous ymy 240TELA
Completed by: Lot o _.Dat::: i e G

1%



CP/P2 Team Member Experience Form

_ D/ﬁ(ﬁ‘fQ K-)df/’% Title: :ﬂ;,z/b@w/( /_)1\/1—207%@

Company: C A za g (CES Years of Relevant Experience: 9— 3
Location: C(/f)q /-
College Degree: _ BS ~ _~MS PhD. _ Other Schook

Experience with Sector (Score 1-4):

_ddining & Metal Refining _~ Chemicals _{gtrochemicals
__/ Electronics _“ Electroplating ﬁ)od Processing
_ﬁm & Steel __Aospitals Coastal Resorts
_.._/St/eam & Power Plants _\_/Fﬁp & Paper ,/1" mber Milling & Treatment
ﬁm nt Manufacturing ~_ Piggeries & Slaughterhouses Ports & Harbors “RU &M
_ﬁe Building hip Breaking ; /hcr (Specify)

Note: 1=None 2=Some Famlhanty 3 = Environmental Assessment Exp. 4 = Working Knowledge of Process

Description of Past Auditing Experience: & ),Qd%/ ﬁl&g Wﬁw %P:LS
B ey Thbstiies b 2 2E CW%-
Cudolted > fOO0 adits.

Summary of Past Relevant Experience: &M A 77-&, S«/J)ZJL
W /DQ- ﬁMM /P)—%/kf}zr \MMMM MWM‘)

Areas of Training Needed for Assignment: _jm o @ ‘A/ld-ﬂbﬂq,_ A 0&/%_ 9.3
aa WM w—mQ, Mﬂuyg/p»e%éai

\So& M@@

I

Completed by 2 [/}' / m Date: ‘_3/2077:;
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FROM : IISE CeBU

oo P =0 217 i 1; 5.-‘:"" F-
FROM : ATMONTALDO & COMPANY PHONE NO. ! 632 7407784 Mar. 31 1993 93151 2
CP/PLTEAM MEMBER EXPERIENC T 1O M
Name Robert R. Ajaban T Tie o -

Compapy Yr. Of Relovant @
N - . R .. . [Experlence
Joestlon  469-C Quezon Avenue,. 7 ' o
College Degroe: Baghelor of Science in Civil Engineering
Samt Maty’s University , 1988
Bachelor of Scicnce in Sanitary Engineering
National University , 1993 ‘
~Experience with Secror_ Weore 1y U T T
oot Miting & Metal Refining 3 7 Chemigals T T 3T peociemian T 7T
-2 Eleewonies 7 37 Hlectoplefitg T4 Vued Procesiog’ T
) lron& Steel 2 Hospmals 2 lommiResors T T
3 Steam & Power Plants I Pulp & Paper ! Timber Milfing® T 77
P eyt e e e e o beemtmem
1 ;Cemem Mpnufacturing | 4 EPiggerkxl& T . Pons & Barbors i
b i e e (.. | Slaughteshouses . .
...... Po.ShipBulding 1 _ShipBreaking” T "7 (nher(Specifyy

No:c_e: i =

PHONE NO. @ 63 32 3482827 May. 11 1992 @Q:36AN PLa

None ifﬁﬁm:iﬁz‘q 3 = Environmentel Assessment 2 :‘Hon\srg Knn@]edge of Pracess

Descriptivn of Past Auditing Experience:

Undertook the National Power Corporation Waste Assessraent of various power plants and
facilitics such as:

Hydroclectric Power Plant

Geothermal Power Plant

Thermal Power Plunt

Coal Fired Thermal Power Plant

Dievel Power Plamt

Laboratory - EMD Analytical laboratory

Summary of Past Relevant Experience:

Involved in the design of various wastewater treatment plants design for the fuHosving industries,

among others:
* Rublou Mear Products
e San Juan Slaughterhouse
s Candyman, Inc.
¢  Yakult Phils. inc.
* Butterkrust/La Petla Inc.
» Chowking Foods, Iuc.
¢ C(olgate-Palimolive Inc.
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FROM : IISE CEDU PHONE NO. @ 63 32 3483629

H T427704
FROM @ ATMOMTALED 3 COMPANTY PHONE NOQ. 832 7 "

Volgate Palmolive Inc. -Oleo-Chemical Plaar
Valenciy Iills Condominium

= Lendeo-PRCP Office Condomiym

» LaSalic Hospital

Lilog, Phils. Inec,

]

tnvelved in the following feasibility swdies:

* FS of Common Trestment Facility Project
»* Environmental Baseline Survey of SBMA
NPC Waste Asscssment Project

Areas of Traiving Necded for Assignmeat:

B T T S T PP ————e—

May.

-+, Needs enhagcement training in 150 14000 and EMS implomentations

et e e e !

12 1959 ©5:316M PLS

Mar.

31 1952 @3:53aM PI
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CP/P2 Team Member Experience Form

Neme: NG Aot JrellanO  Tite: L

Years of Relevant Experience: o

Company:

-——

Location:  _ o
. -
College Degree: __'/ BS __-__/ MS . Ph.D. Cther School: uF / A‘[ |

Experience with Sector (Score 14}

;}4: Mining & Metal Reﬁning}/ﬂ: Chemicals ;f-__* Petrochemicals
4 Electronics 3/‘_};{ Electroplating 2/4 v Food Processing
4-_ Tron & Steel 4 Hospitals _! 9/4. V4 Coastal Resorts

: i
3 Steam & Power Plants 3_ Pulp & Paper £), Timber Milling & Treatrnent

2[ Cement Manufacturing Z7/‘*/{—‘1;;@\'&:3 & Slaughterhouses Z Ponts & Harbors ‘l
- - 1| ¢
[__ Ship Building ‘ Ship Breaking Osher (Specify) Eg—:taglua)\

1 =None 2= Some Familiarity 3 = Environmenta! Assessment Exp. 4= Working Knowledge of Process

WNore:

Description of ast Auditing Experience: v _ACHLY ey /erUd«\ Qs LLD\cﬂ-«
i

C1kd. ﬁk%eLd\ﬁ cuariidp e
v mu.dw«r Aine ’&\( ousditor s

0 WA Y%)WEQL ot ¢ ,
(&; VA b gy 2Nk fmnnaumﬁ} DJ\ W&Jﬂf U[fﬁ-";)

i, i} \A‘ ;:{]
Summary of Past Relevant Experience: ¢ PTMA Cong sultont /{r{ { aﬂ? proje. o4
—-dﬂ—mh @—f ‘h“ouf\l"el 'Df'OOk—ra_m ’h‘o'ann n_ Qg
ce P\Al usk @J &M QMGLL i3

Areas of Training Nezded for Assignment:
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CP/P2 Team Member Experience Form

Name:

' i:' U.B"%’é“‘h i-\/r‘ Titles /45%1- 6)“’3‘;

Company: M Pk'f . ﬂz{&’ﬁm Years of Relevant Experience: ZD

Location: @f.&é&“u e‘%‘/ -

Colloge Degree: BS M3 V_/ Ph.D. __ Other School:
Experience with Sestor (Score 1-4):
: ¢ Mining & Metal Refining _[{Lhcmlcals A Petrochemicels
' L‘lectron_lbs ﬁ "E’ectroplahng _4,11? ood Provessing
Iron & Stecl % Hospitals i % Coastsl Reserts
— Steam & Power Plants ﬁ_ Pulp & Paper j 2 “imber Milling & Trcaiment

’_‘b ®ement Manufacturing ﬁ ciggeries & Slaughteshouses ___7‘Porzs & Harbors

ﬂ-Shl ph .nldmg

__ Ship, Breaking __ Other (Specify)

Note: l—None 2=3Some Faml;arry 3 = Environmental Asseasnieit bxp 4 = Weorking Know'cdge of Process

Descnpﬁon of Paat Auditing Experience: .

PMP {v» W/ﬁé/m/ L -

i Summary of Pust Relevant Experience:  Rehad ?, 7”"‘9 > SeFratey $octpe TPpmt

| 7@44,,:. Feogs y Slableaho: Borry ﬂee-,gzi?, Comrmcatni_Thtpfomat

Pongs oot Conecrnst_Setiwsted By Phows, pribii £ gautoed.

Soild ok

@w)wvu«( _;.%{ckm . o

.Tﬂfa.”-&h- _

P N P EArs . DENAL

Axeas ol 'g‘rainjng Nesded for Assignment:
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CP/P2 Team Member Experience Form

Name: \sRuel SeyT\LL-C) Tiile: Assoe-  Yose .
Company: UK. OF THE PHLAPIVES  Years of Relevant Expevience:  \G Y¥S
Location: PwLiwepd O .

— g Q‘t\‘ v B \ e COELFT )
College Degree: vBS ‘/MS \/ Ph.D. v Other School: “: _

——— e —— A — A e <L —

CrL BTl | METEra)  METDLeey

BT 2 -

Experience with Sector (Score 1-4):

3 Mining & Metal Refining Z Chemicals 3 Petrochernicals
| ; Electronics Z Electroplating 2. Food Processing
g. Iron & Steel i Hospitals i 3 Coastal Resorts
& Steam & Power Plants I Pulp & Paper i 2 Timber M:lhing & Treatment

3, & Cement Manufacturing Z Piggeries & Slaughterhouses \3 Ports & Harbors

2~ Ship Building i Ship Breaking Other {Specify)

————— -

Note: | =MNode 2 = Some Familiarity 3= Environmantal Assessment Exp. 4 = Working Knawlcdgs of Procass

. ——— L P, bt T Y A s T Tt £ . . el el R, TR R T PR e

Description of Past Auditing Experience:  Canpu €0 ACTat AR QA LITY
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ot s WAL ——— s
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FROM :

11SE CERU PHONE NO. : 63 32 3409823 May. 1: 1999 88:327M PL
CP/P2 Team Member Experience Form
Name: Alex B. Casilla Title: Lecturer/Research Associate

L Environmental Engineering
Company: _Graduate Program

Location:  Diliman, Quezon City -

Years of Relevant Experience: 3

College Degree: _x_BS(on-gng; - PhD. __ Other School: yp Biliman {BS/MS)

Experience with Sector (Score 1-4):

4 Mining & Metal Refining 3 Chemieals 2_ Petrochemicais
2 Electronics _3 Electroplating 3 Food Processing
2 ron& Steel 2 Hospitals . 3 Coastal Resorts
2 Steam & Power Plants _2 Pulp & Paper | 1 Timber Milling & Treatiment
2 Cement Manufacturing 4 Piggeries & Slaughle{-houscs 2 Ports & Harbors
1 Ship Building _1 Ship Breaking i __ Other (Specify)
Note: 1 =None 2=Some Familiarity 3 = Environmental Assessment Exp. d = Working Xnowledge of Precess

Description of Past Auditing Experience: Technical Consultant for the Industrial EcoWaich

Project of the DENR. Involved in the development of rating methodoTogy, computerized

database and system. Conducted inspections/assessment of wastewater treatment fzcilities

of companies included in the project.

Summary of Past Relevant Experience: Environmental Management Study for Roxas City and

_Calatagan, Batangas; Air Quality Assessment for Hermosa Zconomic Zone in Bataan;

Environmantal Assassmant for PAL In-flight Center ind PAL.Technical Center; Envirenrental

Assessment for RAMTOOL, @ topl and_dye companys Environmental Asséssment for
graveheart Industries, a glass frosting company.

Areas of Training Needed for Assignment: framework of 150 14000 and Environmental

Management Systems and Implementing Guidelines

Completed by: ___ plex B. Casilla Date: Apr 7, 1399




i

A PHONE NO. @ 6341652 Mar., 25 1555 02:90<PM

Attentiond Ms. Victoria Adecer
Fax No.634-1652

CP/P2 Team Member Experience Form

Name: Helen B. Cruda Title: Sr. Eovircomest Analyst———

Company ‘. PN __:* Years of Relevant Experience: _smoro—then-s- years

Location: " |

Coliege Degree: _ BS /M3 PhD. __ Other School: 4o4an Togritute of Tech,
} .- . . .. . Bangkok

Experience with Sector (Score 1-4):

Mining & Metal Refining q_ Chemicals __ Petrochemicals
B Electronics 3 Electroplating 3 Food Processing
o Iron & Steel . Hospiials 3 _ Coastal Resorts
B __ Timber Milling & Treatment

Steam & Powser Plants 4 Pulp & Paper
Cement Manufacturing :_3_ Piggeries & Sla_tllghtcrhouscs 3___ Ports & Harbors

'" }
___ Ship Building ___ Ship Breaking ___ Other (Specify)

Note: 1=Nenc 2=Some Familiarity 3 = Environmental Assessment Exp. 4 = Warking Knowledge of Process

Description of Past Auditing Experience: I was involved in the Industrial Environmental

Management Project also subcontracted by SCHEMA.

Summary of Past Relevant Experience: I have prepared several environmental assessment
rapcxts in various sectors, My vareent work also iuvolves environmental review of

projects in different sectors. In adfition, I am working .on a regional project:

.. titled _the Promotion. of Pallution..gré.\;gg.;:@m.golicies and ]Practices in Selected

€Countries in the Asia and }Pacific Region,

Areas of Training Needed for Assignment: Formal training on environmental auditing and
life cycle assessment. . :

Completed by: Helem B. Cruda Dare: 25 March 1999

. 4
1>



FROM
115E CE&M PHOME NO. : 63 32 3408622 May. 11 1933 08:35AHM PB

-
: From: DELA SALLE
R — - ?E‘_IOGGS 03-30-89 16:41 P. Of
il
[
i CPT Team Member Experience Form
o Neme : ALYINB. CULARA - Title: DR. ‘
H Cowpany: DELA SALLE UNIVERSITY-MANILA Ycars of Relevant Experiencs: 10
Location : 2401 Taft Avenuc, Manila. Philippines
o Degree : __BS __. MS _X_PhD School: uni@wmﬁmh_\l-&
™
Experience with Sector (Scor¢ I-4):
- _2_Mining & Metal Refining 1 Chemicals 1 Petrochemicals
‘ A Electronics _1_ Electroplanng 3 _Food Processing
“4_lron & Stee] _1._Hospitals ") _ Coastal Resoris
- _3_Steam & Powcr Plants 4 _Pulp & Paper | Timber Milling & Treatment
: _ Coment Manufactaring _1_Ports | A Piggerics & Slaughterhcuses
_1_Ship Building _1_Ship Breaking ___ Other (Specify)
. ) i .
sl e, 1=Nonc 3 = Sorne Faniliarity 4 = Environmental Assessuest Experieace
' 4= Working Krowledge of Protess
-‘. : Description of Past Auditng Experience: N/A.

: Sumpary of Pust Retevant Expericnce | have over ten (10) yeats of cnergy and environmertal
- work experlencs. My employment with Philippine National Oil Compaay {PNQC) gave me an
oppertunity {0 design energy systems for various manufacturing compantes inthe Philippines
such as. Procter and Gamble (P&), Republic Flour Mills (REM), San Migue! Corpocation, NFA

3 Rice Mills, ‘National Steel Corporation, and others. With fous {4) years of research and teaching
- stint at the University of Portsmouth, England, 1 have been involved i environmental audit
studies of companies in the U.K. such as Johnsan and Johnson, F EMtODS, and Jaguar. 1 have
- published and presented over TWenty (20) papers related O envirenment in various internatio

i ' and local conferences. My two-year consultancy post as Corporete Eavironment Officer and
Advisor of PHINMA Group has exposed me to diffcrent manufacturirng operations including the

six (6) cement plamts (Hi. Davao Uricn, Rizal, Solid, Bacnotan in La Union and m Bulacan), 2

pulp and paper plant, and 1wo (6) steci planis. %/arious environmental studies were done in these
i S), envirormenial

L d compantes ineluding sctting up of environmental management systems (EM
protection and ephancement program as well as monitoring and control systems. Technical

_ solutions to the many environrcnt-related probiedis such ag air and watet pollution, coastal
a mAnagement, ac solid wasie management were addressed. Currently 1 2m a metmber of the
Environsmenial Impast Assessment (E1A) Review Committee of the Environmental Management
Burean (EMB), DENR, Leview member of the Philippine Environmental Technology Verification
Program of the Deparmment of Science and Techuology (DOST), and the Philippine In

L Emissions Inventory of the lmrgovemncnml Pancl on Climate Change. | have visited rany

environmental projects in the countries of Furope, Asia and the US.
i Arcas of Training Necded for Aspigniaeat! None. =
; Compheted by ALVIN B. CULABA. Bh.D. Dete: 3/ W/[ﬂ
|
]
N

1o



11 = 9279039 Fa NEC-PMO - 00

Cp/P2 Team Member Experience Form

M.ana Lourdt,—s P Dalida title: Aﬁhﬁrpﬁ,’—

Compaiy: u P - Dl h mo o) Years of Relevant Experience:

Locution: @ %ﬁﬁ
. Other School:

College Degree: Ph n.

Name:

—

Experience wit
4' Mining & Metal Refining _ﬁ"Chemicals

é{ ﬁectfoplating gFood Processing

h Sector (Score 1-4):
& Petrochemicals

| $lectronics
_ ﬁ 1ron & Steel 2 {Hospitals ' 2 Coustal Resonts
j Steam & Power Plants é‘L Pulp & Paper f ‘ _—2 “Timber Milling & Treatment
F Cement Manufacturing § ;"iggerit:s & S{aughtcrhuuses ___j‘Ports & Harbors
7 Ship Building __ Ship Breaking © Other (Speciy)
N = Environmental Assessment Exp. 4= Working Knowledge of Provess

Note: | =Mone 2 - Some Farmlnanty 3+

. Description of Past Auditing Experience: '

. - for IEHP/PRL JEM

Polludion Ho-m.xqt‘m"ﬂt A p[:_fz.u el

W%J-ewa%r Sources  Pudi g for Dole Phif. In<.

L CPalemclo K _;au.-f—h Lofebain)
Summary of Past Relevanl Expericnee: -
g —_— —
- - e e ————————
- — . _ -

Areas of Training Needed for Assigrment:




FROM : 1ISE CERU PHOME MO. : 63 32 34068292 Maw. 1z 1352 £8:36RM FO
CP/P2 Team Member Experience Form
Name: LEZA D.DIEMA Title: vl /fwlmﬁ seNV.
!
Company: C“"‘M‘f"f Years of Relevant Experence: o3
Location: h"uﬁ"a }'&V\N:L\ s <
Eunke JaM wpsc 4.«..":%
Coliege Degree: _':/BS _~Ms _ PhD. __ Other School: €na . -.Dal,ﬂ )"&ha.f{_,[,_
VU
Experience with Sector (Score 1-4):
__ Mining & Metal Refining  Chemicals __ Petrochemicals
_ Elesctronics . Electroplating _ Food Processing
__Tron & Steel . Hospitals _ Coastal Resorts
Steam & Power Plants __ Pulp & Paper Timber Milling & Treatment

Cemaent Manufacturing

—

__ Ship Building

. Piggerie-s & Slaugh’crhouszs
__ Ship Breaking

. Ports & Harbors
__ Other (Specify)

Note: 1=None 2=3ome Fam;llarlry CD: Envircnmental Assessment Exp 4 = Working Knowledge of Process

-~

Description of Past Audmng Expenence Rad Uwr\ Wi [wM‘ AL MW ,fm /d g—enm
rdugﬂw t {2, ?,w,pm“/‘!'wkw % —)CtASQu&,uwx‘\ s)éwa‘x« #WMMM%

ool deSim oh MW Lepen§in Tg) il | O Bl Wg‘l...(acﬁw

sde. - MA-&%#MJ&,WM ,ﬁ.rumr

Lngrgpd

o

W}MSW/P"}!M (’Nﬁ MMM*'M

Summary of Past Relevant Expcnence

M#A@@aw

é-u)k w\o&c fwun/vwdf oot M/M«Ww% /.&e#%

L Pls see ey

VA

Areas of Training Needed for Assignment:

Completed by: L{)}(Aﬁ J, ol ,(1,.\/‘

U ;

Date: ﬁgi:—l 6, (595
Y

=
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B I |ECRSR ) L e o Ml

Py SR

/2-- i

CPiP2 Tenm Member Expericnce Verm

TR ANDRELITH . ST - Doy NGO Titie SeAk ENLRmmENTHL Engige

Conpeny: SC/fFﬁM AnsnLy. INC Yeurs of Relevant Bapeiene: /Eﬁﬁ.ﬂ
. 9F JmT BUILDIVG, ADB A, '
| aion: CARTIGAS, PRSIC CITY.

¢ depe Dearee: o/ BS \/.\1'\ Ph.D. Uther wcheolr N

Ch-E. Endl Shidies —_

- oerience with Nector (Scere D=0

(o diniagy & Metal Reficier 3 Chanicals 2y Yeuconemnteals

| leelronies 5 Llectoplaung 4_ Foad Pracessing

N 17T LI Fh 2 Dospitals ;;[ Cosetal Mesonts

2 Heam S Power Plants O Palp X Papor , I Seoer Milhime & Treannse
{

! I
y . s ; . A .. . - 7 e -
2 < ement Mianulaciaemy 4 Mgpenes & b_laug;hl.erhm:a-.:s 2P & il -

; ship Building _l Ship Bresking Uther (Spreily) (INK MA .VJF./FQFD n

Nocer e WNome = Seme Famdluese 37 Bovisooosennal Assosancst Bxe, 0 SWerdine weovwe e ol o

N - e e e e AR B SN e m—n — A EARARY TATiME e s w v e -

hom ——

I: seription of Past Auditing Exparisnce:  Congfycded  follateon 17k Tianaqenmand_ CC#,”"Q!S-‘-L( (P
)_(‘.u varioys LCmpanies ;. Gmaéndtd, Mm/y_ amd asespriénC fo ‘Z"-}I.{fmzij fa//z,fzm réduchony
__(‘_::/a/vg v the Clﬂdnf‘[ ?f L'M!/hlmwyfué J’bﬂf‘_ff (L}’ﬂfr}rnb‘b[ g -[}IIAQ( r‘/bulmf-

Lo wifed h&wrrwrulbﬂv . Pmﬁyﬂm% /\i}ﬁ”d ML be"ﬂt %)fﬂj‘fd . _—

ot ——- g g b bt e = —— e

S mnary of Pest Reovant Bxiiense: e £ bG‘UL a })g//“j,;.«,; {_}y,.j;-_,{ [i’[ﬁ}'u,, f o/ ffziwgafw 74,,,-4
w fraipe Irutardier m Wasly fcyé&mg.l/’”m#mw{ [zj fw‘ f/zy}/;hﬁam//ﬁwu/

nmd /.)m’q,};n9 U"(&n‘k) E o angal _&W;’uﬂ,{ ‘fh Tée £ romprrumia ¢ Cm,
»P eelz ;4. Cromdlead o ,%1, imperdtion/pre Gissin /fmpacts PYL. o mduchd Prif unden,

/‘7 ﬁ"o/ed: rnvelued tn Aﬁ.“vgraj_fc,z pr/aﬂff) armessd /ak"j "W"f; £oQsil areas | ;e

A arof Traimeg Meaded for Asamnensts %{V_“&fmﬂ@ﬁﬁ;. ..:.5.".‘[’“’-7%1-7’."-;!; .:[50 /dowp

— e et 4 tmemm re e ey e b e s s aee . e e 4w tamwe e em e e mmrn, o m 7 e —

- ar -t T T

| wlmwzfo Yoy
Complerad b ,1//{)/{,4‘(,/7?9 v B Dz 7/2: Vet [‘/7




FROM

11SE CERU PHOME NO, @ 63 32 3488829 May. 11 1999 @88:0AM FLI3

CP/P2 Team Member Experience Form

Name: MEVOALDS  [J.  ENLUEREA Title: Chrsrtonl Boar
Company: of, SOAHENTA  Lonsdd @he. Years of Relevant Experience: ’ [F -
Location: '

College Degree: “BS  /MS PhD. _ Other School:

Experience with Sector (Score 1-4):

3 Mining & Metal Refining 4 ‘Chemicals J_ Petrochemicals

3 Electronics ‘_f_ Electroplating ¢ Food Processing

2 Tron & Steel 2 Hospitals # Cosstal Resorts

3 Steam & Power Plants i Pulp & Paper o Timber Milling & Treatment

¢ Cement Manufacturing % Piggeries & Slaughterhouses 2 Ports & Harbors
i =

/. Ship Building /_ Ship Breakirg ; # Other (Specify) Jonnnersy

. Note: l=None 2= Some Familiarity 3 —‘=nv1mnmental Assessment Exp. 4= Working Knowledge of Process

Description of Past Auditing Experisnce: JERD .. Grifaodnod  Gormpmo—eted

Atgt. Prme ot MEIR - P Arppedds 7":»-—- ’:’-"’-t—u&-‘fm&)‘l"—-( rrmAtper P A ds ; LRI~
g ! 7 " -

AeEA) leoanomas Cl"aﬁi\a $o  Srrecd 27, FOR T ahemma S Lk fOAtoact CSrer.

..a&c-uy_nfu, PEierD -~ Pl Coernn aod Pt R 7y od Conss gy Bipeo ot ~ wlizw¥ s

Ma.; %"v e o Larcae Syas U-A_Q. : " Eoro c_.vt,g_; £ and : ered Dos Bnrg’
wZa g 7
Xt f,,L_a- :
Summary of Past Relevant Experience: Sogimmer ne ¥ Tomp ~ eryr fOp ) Gl R
7 7

Mot (R Comla sy af FLs Fruke, 3 Clommriong v Fococtirorramrtat & rgninerions
v r - —— U

Foo e e e (R P raanfr €2re rn L""“;}ﬁ’wf "‘-_-,1 ﬂ7&“f"“¢". bl /-p"—"" ;L Alpeca
4 - > ”

Seh P to g TrChpitegy I i Dosr Foogmisnt, pom st RAposs Per.
TCse - /wa/ Qn:ioja-m-../ Larl /%;{ T S e o Pl 5;_,,4, - Do . EXc

Areas of Training Needed for Assignment:

o - ’/)-2.44%.733“/

Completed by:  Re~rratve o £¥&werna Date:  «/7 /93

TapFamh b



v J R

/P2 Team Member Exper icnce Form
RUGL B. JANOL ND twe  ENVIROANEMTAL CONSULI

Name:

Company: % KT ~ Years of Relevent Experience: P11V G _C_g >
Location: _ AT ( lq,gn 4 ~-Bhv
College Degree: V/BS _\_ /MS __PhD. _ Other School: luiw. mdana (850
Experience with Sector (Score 1-4):
‘_f_‘ Mining & Metal Refining 3 Chemicals i Petrochemicals
4 Electr(;llics ﬂ: Electroplating z Food Processing
4- lron & Steel _\_ Hospitals 4 Coastal Resorts

qc Steam & Power Plants d_'c_ Pulp & Paper _L Timber Milling & Treatment

G~ Cement Manufacturing 3 Piggeries & ‘Slnui,hterhouscs 4—Ports & Harbors
_L Ship Building | Ship Breakmg Other (Specify)

Note: ! =None 2= Some Familtarity 3= Environmeifal Assessment Exp 4 = Working Knowicedge of Process

Description of Past Auditing Experience: £ 0N D VeTgh PoLL VTIoN MANAGGE
A PPR,MfM,é AN PREPERGY PO VT84 PREGYEN TI2Y
Ra MM{ EO0R FACILT/ES M _SVEHK Y mwva/wx

TUALA CANMMIMG F)éétékxéf CHBRICA ?nowof/ﬂ/(/ olL
PﬂObUCT/AM,

Surmmary of Past Relevant Experience: |
\AAL — 1494 . |EMY CWPTM OF VARIE/S F%(uﬁé’a’
144 - MEGLP._(AVDITL OF CHEMICAL p ALl L 79E

1492 - \994 COMDUCIED WIkKKaHpYs s COMPLIAACE

AV T AMD E%Lufﬂd# HGT. APPR j’
T340 — §P8se/T7 . FPREPARED VA (oS BNVIL I[PACT AS5G%:

Aceas of Training Needed {or Assignment: MNIA 5 o

rr—

- -

4 St . S A

Completedby: RV B L. B . JAN FLAA S Dac 2.5 ALY




1

. Mae, 29 1333 Q1100FM Fl
| PHONE MO. ¢ 413 53 1
A ity Fairsisw - '\
b K —————
- T A 3 <= .32 2z
CP/P2 Team Member Experience Form
Name: 0scan \ju;J Title chm LTANT
Company: SCHEMA  KoNSu LT, TAlc. Years of Relevant Experience: Mz e o, Yo
Location: R Tz A CENTER OASIL Ctoy
College Degreg: — Bs M3 Ph.D. Cther  School: 4,7

Experience with Sector (Score 1-4);
2 Mining & Metal Refining

_"_ Electrontes

3 Chemicals i _i_ Petrochemicals
2 Electroplating ¢ -4 Food Processing
_! Iron & Steel _{_ Hospitals _z Coastal Resorts
Steamn & Power Plants 2 Pulp & Paper _2 Timber Milling & Treatment

!
} Cement Manufacturing _] Ports & Harhors

3 Ship Building
Note:

4 Piggeries & Slaughterhouses

2 Ship Breaking

Other (Specify)
l=None 2=Some Familiarity 3 = Envip

onmental Assessment Exp. 4 = Working Knowledge of Procsss

Description of Past Auditing Experience: ) Hrdofuscon AT pvadn pa J

12 : J_ -
...__Mz‘v» ' A /""ﬁ&Z&_ﬁ‘_—i’ﬁ&*
| cond (Prp) NTﬁ_‘LhZ&, ard :Q@W g
MO«VLW g T, JumﬂMﬁth

Sunmary of PastRelevantExperience' f) MMM and Lyralusdie -y;-,v{},,-
L.Mwhu”‘l M A a# WMVAJ prrdor /M‘Avml/—r /Lw;.ﬁ-'rw 3 land

MW@_MWL&MM@M

/L(M./yv fcb. WYy e

i slh_dndarar,
Areas of Trammg Needed for Assignment: M Mmu«w LA

.
) .
o Afrne }‘?

hu.; W A plasia Al A DT Mw



bl

FROM :

{1SE CERU PHONE NO. @ 63 32 3408829 May. 11 1939 90:33AM P2

CP/P2 Team Member Experience Form

Name: Jose Marie Y. Lim Title:  Senior Lecturer/Research Associate
UP Environmental Engineering

Company: graduate Program Years of Relevant Experience: 3

Location: Diliman, Quezon City

College Degree: x BS x_ MS - Ph.D.  Other School: UP Diliman (BS/MS)

Experience with Sector (Score 1-4):

2 Mining & Matal Refining 4 ‘Chemicais _2_ Pstrochemicals

2 Electronies 3 Electroplating _3 Food Processing

2_lron & Steel 2 Hospitals 3 Coastal Resorts

2. Steam & Power Plants 2 Puip & Paper . 1 Timber Milling & Treatment
2 Cement Manufacturing L T N !'WHmbors

1 Ship Building o . Specify)

o=, Zonduct of Pollution

Note: 1 =None 2=SomeFamili ting Knowledge of Process

Description of Past Auditing I .

+nt _factory. (pls. refer

Summary of Past Relevant Eap i,

Al Z".',.'-P1ar! for Calatagan,

Batangas and Roxas City, Capiz; Air & Noise Quality Assessment For Hermosa Ecoromic

Zone in Bataan; Environmental Assessment for PAL In-Flight- Center, PAL Technical

Centerd RAMTOOL (a tool & dyve company); Water Sampling and Quality Assessment of
Bhilipoaine Inland Waters

Aress of Training Needed for Assignment: IS0 14060 and EMS Implementing Guidelines

Completad by: Jose Marie U, Lim Dare: ppr 7, 1099

155



FROM : [ISE CEBU P I““F'HIZNE ND K ‘6-3l 32 3408822 May. il 1293 @8:33A P3
{ '-' 1A
Nami. _E-_ A2 E. Mangno ... L. - -
Compan SCHEMA B 4 Lrs of Relevant Experience:
Locstion: ... i m‘,-g
Golisge Degret: I/BS \/ MS " ~ Other Scncsn?l: . .
Expoxienc'c with Sector (Scare 1-4): .
\vhmnu& Metal Refining o?_ Chemicals & Petrock icals '
J/ Electronics 3 Electroplating }_3_ Food Processing
2 tron & Stewd 9’ Hospitals 3 Coastal Resor:s / Bgrrassel *
o Steam & Power Plans v Pulp & Paper | Timber Milling & Treatmart
_&Cemem Vanufacturing {}: Piggeries & Sla.“ghte“hﬁuat’.“i \3 Ports & Harbors
4 ohip Building Ship Breaking 3 £ ¥ Other (Specifv) Epronaay
(i Ship Building __ onip Hing 27 ? Chime by g (_, oJ‘L’LS >
Nee: | =Noac 24 Some Familiariy 3= Enviromnental Agsessment Exp aw \‘tanhruz "{nowledge Prc eed n, dq:’ﬂﬁ"
,’ 5.
Deseription of Past Audl‘tmﬂ £ xpericnce: Ng_,:é', ¢ /4 "(rp f;/af‘:w PJ@@ _

T i favag. [figna) s ua Frsestnl g Cocdn's s
ook (Wil Dbl Sucy loce

IRZ7R Jmﬁ_ - GLSS e g, ‘:fCNJW Caaotrs j@eﬁ-ﬂ ,

Colid Ul fﬂﬂzwk/b At »/(/;nf;y% " Subdiuis J_ﬂfwhw%ﬂ_-
Dana.o G)aofwf Reclomaim , M B an MAM%

. §ummary of Past Relevant Experience: oEmr 1) JM S‘ﬂg&mé;gr- Fiis @(@r_.ﬂzm a;az'_y

,
v yarfous Cen S EMITWMS / DWJM wnaf Srong, , 706

-

_f;'k:fl' '(,CII\I)M,LA _;_,9(}-'-4 AW LJ_V‘VI.M

g sl s G Enin SN

4 [

areas of Training Nesded for Asmgnmcnt WMO& mj.\;m. & o 7—
- —7
l’.. rm ﬂ+ /Mﬂnﬂﬂ—y_bﬁ\n W A.m? Mrfl}’ ’Fﬁm U{/b‘ défﬂ"’l /gﬂmw

T el T _ambidas v

- Compleied by: i;-ﬁLWL e .f han 2% Date: '/;’M a4 if ﬁ"




FROM @ IISE CEBU PHONE NO. : 63 32 3400829 Mau. 11 1392 02:33AM P4
FroM . SCHEMA PHONE NO. @ B341652 Apr. B5 1959 @5::1PM F3

+

CP/P2 Team Member Experience Form

Name: William Ma MIUm A Jpo Title: Mpr.
Company: /nd epmiant Coasslizut Yearsof Relevant Experience: /S

Location: MNovolichas |, Lafsfon G'é
‘College Degree: __ BS __;{ MS ﬁh}sPh.D. __ Other  School: (2 f - Fdiram

. Experience with Sector (Score 1-4):

_é_ Mining & Metal Refm}ng i Chemicals g_ Petrochemicals

3 Electronics 2 Electroplating 3 TFood Processing r0ned. Sa;ar ) J?:j,.
: 2 hon& Steel ‘2 Hospitals @ Coastal Resorts

4—_ Steam & Power Plants .3 Pulp & Paper j .3 Timber Milling & Treatment

-_3 Cement Manufacturing 2 Pipgeries & Slaughterhouses J Ports & Harbots

] Ship Building J Ship Breaking 3 Oﬁer (Specify) wa‘&”rdg/,&)ﬁ
Note: 1=Noac 2= Some Tamilimity 3= Environmental A:scssmcntﬁxp 4-=Workmg an-!cdce of Process

Description ofPastAudiﬁng Experience: aahc&( et TS .buf?, ::-u-&',é-
" ¢inyly (r_ae o }M)'ﬁr A Auwber B fndeskies, o cfeting

e

. hotets anrt r-s/m-rw){t#mu}& e ,Gﬂfw'tﬂ /ﬂ({?h‘?wwf

(,) Moko. B [mp- In]-(e18) (2) @oH10 12
I

e - e 7
2 s Fd qu:;h@ﬁ —fatio

- Summary of Past Relevant Experience: (/} M PN il »‘xf er n ‘-“5"- N
' #LMWB; >l W/f{nn,, .-}Myéc-; {W/ﬁu@r.-
| f‘&) a“-tz)“w MM ) z”““-“‘"‘«g et 6*%—«'4@ sztw

ﬂ”% /Wﬁz{t I‘uﬁuf-m AS3 58 Mty O M;,/‘, 7«&%‘_’.
;Y 2. Jagact ZrSess rea)< Jr7 Sk RIBCSI M fs
ey ’ -

Areas of Training Needed for Assignment: _/SD Al Fhada fo 2/ es Jore. e brines
7 _

Completed by: William M q ﬁlquma} Ve  Date /,fﬂ/f/ 6 , 799



ALBO T COMPAMY PHOME NO. @ 832 7487704 Mar. 31 LS55 @2:24x

CP/P2 TEAM MEMBER EXPERIENCE FORNM

'Name __:Andrew T.Montalbo [ Twe
: Company | ! Yr. Of Relevant | 10 i
e | Experience (|
Location : 14 Sorsogon St., West Tnangle : : !
{ { Quezon City { S
Callege Degree: M. of Engineering (Environmental), Asian Institute of Technology,
Bangkok, Thailand (1989)
B. of Science in Chemical Engineering, Cebu Institute of Technology,
Cebu City (1985)
Expencace with Sector | Score 1-3) I
2 _iMinmg&Metai Refining | 4 ! Chemicals ! 1 2! Perochemicals
-3 - Eloctromics | 2 __!FElecuoplating I 4 T FoodProcessing___ !
{2 | Tron & Steel t 4 Hospitals ' __t .4 CoasmlResorts :
i 1 -TSweam&PowerPlants i 2 Puln# Parer 2§ Timber Milling &
P i ', , it i TR i
; | P i _ H Trm.!mmt e
i -3 ! Cement Manufacturing 3| Piggenies & i3 [Pons& Harbors
R | Slaughterhouses i . *
b __:} ShipBuilding ...} __{ Ship Breaking — ;_Qt_lzzr_(.-'ieac_ﬁx’____._é
S i i i ! ~ ) i
New: 1 = \'cne 2= Some Falmhann 3= Ennronmental Assessment <4 = Working Knowledge of Process

Descnpnou of Past Auditing Experience:

bndertook the environmental audit/assessment of the following companies, among others:

Sirawaa Food Corporation under [EMP
Dyzum Distillery Industries, lnc. under IEMP
San Juan Slaughterhouse under CTF project
Chowking Food Corporation

Zilog Electronic Philippines, In¢.

Foremost Farm, Inc.

Amkor Anam (Electronics)

Limay Slag Grinding Plant, Limay, Bataan
Limay Pier, Limay, Bataan

Summary of Past Relevant Experience:

Undertook wastewater treatment plant design for the the following industriss, among others:

e # & ¢ @

Rublou Meat Products

MMG Hospital

La Salle Dasmarifias Hospital

Petrochemical Industrial Park. Limay, Bataan

Cebu Light Industry and Science Park, Lapu Lapu City



ALBO & COMPANY PHOME NO. @ 632 7497794

« Tilinvest Corporate City
e TEU NRMF Medical Hospital
o Kimberly Clark Manufacturing Co.

e Plastic City Industnial Estates
o Metro Regional lligan AgroIndustrial Center, lligan City

Lndert,eok (ac,ted as Team Leader or Member) the following feasibility studies.

e FS of Metro Cebu Sewerage and Sanitation Project
: %--: ES of Common Treatment I-‘acxhty Project

" Lndertook solid \Vas;e management plan for the following projects:

. Peﬁqchemical Industrial Park i

"+ Tagaytay Highland ;

: Areas of Trammg Needed for Assignment:

Mar. 31 1359 Q2:132SHM P3

K N‘eeds enhancement trmmng in 1SO 14000 _and EMS mlplé&zntai-on;. T
' ' e e m N
|

uu;n'

CO\/E’LETED BY: :A—M W

DATE: Mérch 30, 19p9
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CP/P2 Team Member Experience Form

Nam RAV UU'\"';\!?! M ﬁh’"‘d Title: N }h‘/\\:‘):l'_f’?'."“‘-\ _'“E'lcg. J@xk&? @gf((
Company: _Usspgecds Aedd .-e‘u-uﬁ_ﬁz_fg_s. Years of Retevant Experivnee G gt { Tragn :;_2 "

[.ocation: ¢‘§ ¥ -..Q{.' s G _ Woild, Lepurcen
College Degree: [/ BS _MS. PhD. __ Other School: Arig,’ Bai. & /F""L
—

Experience with Sector (Score 1-4):

L Mining & Meral Refining 1 Chemicals ! Petrochemicals

__' Electroni0§ _ 1 Electroplating 4 Food Processisg

¢ lron & Steel | Hospitals e Coastal Resuns

y Steam & Power Plants _i Pulp & Papet i #_ Timber Milling & Treaument

\ Cement Manufacturing | Piggeries & Slad,ghterhouses _j_ Ports & Harbs y

e

| Ship Building _ Ship Breaking 4 Other (Specify)

—

Note: 1=None 27 Some Familiarity 3= Environmental Assessment Exp. 4= Working K.ag~ledge of Process

Desctiption of Past Auditing Experience:  Yclh L hgus s reccla iy £ o Lo o : o

_%{#ufumu gt Neduencs a&Z AR ﬁ e s 2 gaﬁ?_«:g Ploeea s sid, A rzm.,of
wasks ol ;',fdu,ﬂa ouifh fread aad farxiiem contuitady B trenu sealdy of

h )

. Summary of Past Relevant Experience: armaa_mumbin sf P Copadoiidy Auldoy
. 2 — r 7 ¥

: 7
by i f ol (EMmP and_wrakid with tacad end 'I“'M'“‘}"‘ toon lFarndly vn V04

M(LM@_;-MWWJM :\’:{- VALl Mz;w:_:; A AT, 4:,{ ﬁz/ﬂtg;ﬁ}j .
T alts obuuelsgsd and nu;_z%ﬁﬁf_#u e pdssosoaFaLoson a_tghw fre AT o

fatoy wrna ‘grz{ -y‘v@(d‘l-’(

Areas of Yraining Needed for Assignment:  Lrms er fasunt b e A Lo J;;[w td Raey
o i e v

_’M{,}h /’wa,%‘( ‘XB/ Ty, ke ST / frchise s blin _pascticd '_53 S e / by

_?J_._q,g_f _jﬁéf i Z-Letu_/n,:.i\.? e Zia ks . o

D

Completed by: M4 - C.::N},& s -‘1;72'0‘-“-/ Dare _'_mmot( 14 //7?7 \.}'g
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CE-HEH FHOME MO, Mar. 3

CP/I2 Team Member Experience Form

iy .- 3 KY
A o Y : Hponn. 2 e | S I AV NS
Name G on . G ‘f\':_xﬁ_,__ Title: Trewie Rt F TS _: meyd
N - T, f ;o . . S - "'-‘l
Company: U wola o€ roge b Togl Years of Relevant Expericine SRS &Y ( frais
i N 2Eeat ;‘.e':r_in[i\
Lucation: Fi b' AN Ly, G, . ¥ E
Colle:e Negree: f BS VM8 Ph.0D. Other  School: .. oy n; ef: Senty fum[
i H.;Lf-q_' ¢{. ; P]"u
Expericnce with Sector (Score 1-4):
i Mining & Metal Refining | "Chemicals I' Petrochemicals
i Electronics ! Electroplating Q Foad Praces i
I' o & Steel I tospitals I Coastal Reser.
' Steam & Power Plants ' Pulp & Paper { J Timber Milim.. & I'reatment
S . ‘
b Cement Manufacturing ' Piggeries & Slaughtethouses ' Ports & artoss :
‘ — — mrimk Commur
| Ship Building t Ship Breaking 4 Other (Speciiv e _pafxi] gathr ol
—_— _ —_— * P ¥ .r i LN
Nowe: [ =None 2= Some Familiarity 3 = Environmental Assessment Exp. 4 =Warking K-:c-:-'.edg;ot Proccss (S'q,. .
Ce
Description of Past Auditing Experience: ﬁ-"q ' QxnR 0 gntz  Ia  Gu i L Wiy I n ﬁg@
I ~ 9 N e T L
after  ef  Oud: ﬁwg ralennct of freun: 1 Jic ﬁ ot fronin ny

0GRy [meBody  witd  and& agln ng g_onl f -y 'fr‘f.‘\f"‘;nj
706G Mein s pli minfhan Wivle  wiorking WK de fanaf axmerte
aloy P o ney, _

o

3]
Summury of Past Relevant Experience I ’“Maqd ’I{L If my e ? (‘B : B w M" "
\‘C Y\ }"\- ﬂ J_ [ 2 ]i '-'ASG r {(-.{ [5\ ;Lﬁl K q‘ Y]P [ ﬁ j‘. f-’\;"\ {,!\' :-.' s \)( 'LK Iu' H ! n

1/'\.15 e Cf" g 'h\f 4’3‘"&\‘ : Cuy - 0!7_(. J < LIC r"—"—"-—;--' W "c( ‘fYOV ni I’fj

sodsagor ik bebei ol sper in P oftn f Fouhd

daiird  ppoduur and bar’ mwanuly Unr ng.
- ~S L& M [

Ln 'f’f-< @[Sy Q{ f-_, S i“ﬂ PIerﬁW\

Areas of Training Needed for Assignment:
Feoclspnad 2 implemsbNon. 2P T ae ¢ rted by wnrk W

T - - ,
Jl)‘f[\ﬂi'gf S I‘E\REC N V“CL"-')-Q.UKQ‘I” ~.( @1\-( X }EF )\‘ Wwitd I .L( b T (ﬂ\" .,'.\ !"\f_

(e [0 CE;L;:?{ sl e rudil. by om £ “'{__ I« 3 ;"'l—‘—,?,,f [ — W
%‘b\ ‘\{::'{‘j M&&"'\"}d G, (,ﬁ i F\ Ij

Completed by

. -
((11\"’{ G (—"""‘-)" {\/..37{-7-! Darc P ("’ Lo, H({S?



FRoM : IISE CEBJ PYONE ND. @ 63 32 348829 May. 1z 1392 28 =AM PS
cegM @ CENTER FOR SH. & PMHET. PHCME NO. ¢ 632 8443342 fipe, D5 LSFI GIIIEPN 5

| L LR i "--Q-[“f-: At b MEEPIETS § § U © AN ,’::'_,‘; W e

D2 Tenw Member Rapericnce Pocm

Carito M _Rufo Joi_ T _Enyenogeiol EngeneLT

Name” . -
Company: yeats of Relevamnt Exgpaawats 4 gear
<A i ‘:,3- Fas o D0 R .
Location: e Enw'rﬁﬁﬁw L%“ z
College Degree: X BS P S . PhD. _ Uthes Senooi: ppF Dilemman
Experience with Sector (Score 1-4): '_' "
. Mining & Motl Refning __ Chemicas __ Potrochemiciss " f_‘f".‘}
, Blecm = Electoplating ___ Tood Peovessing
fron & Stee! ___ Hospitals T Coastal Posor .
% Stear & Powcy Plants __?_; Pulp & Paper | _ Timbe: Millimg & Teeatment . ‘

P

ﬁ-_ Cement Maenufaciuring §_ Piggeries & Slaugf:taheuses . Pons & Rarbo:y

7 Ship Building __ Ship Braaking 33 Oteer {Speciiy? Leeppeent _En“:
Wetzt = Neng 2= Sene Familiarley 3@ Environment] Agzetzment Exp. 4 = Warkirg Knowledge of Brocess R

B

Dazcription of Past Auditing Expesience: ¢ Precored- Coyirznnwict o 0 meny C

. v ! & -7 '
Corponpde. Tniimrmgdel. Repocry of OBF - cemrens P Moy

oRp -60'1‘"" TO  \ADCO GUrfiEY o ¢ rrmaed | PILEN G ek
CpLpACERL on) B0 14000 e vt ot ——
Summary of Past Relevant Experience: 8 LA . -
r @swey shdes
- O {,L\'S-Wn_iov\ AN
¥ - e
- '\‘-';b'm'\wa\__-;f Wl v s
— utd ¢ —
NansofrminingNecdedforAssignmem: . QuiitRe GricoatTe
= -.5) .\ . —— - :,-h‘ - ‘_
Completed ay:C—G"“»“-\-"-= B ;?-:.-—-'-‘-.-., oo Dace. o Mot ¥R T

TupTrrndm.



1Y

FROM . (15 CEXU PHONE NO, @ 63 3z 3483822 May. 1. 1993 28:3<hM Po

Tegm ¢ CEMTER FOR EHUL 2 BINGT. SHCNE NO. ¢ 632 23443249 Rer. 95 1939 12135 A

Rl 1t L DEET
;
'.t - II " LT CJ’{-\'

PP 1 eam dember Eaporicnwe Farne
Name: Loreta & Boi@. C taie eeweiie Drocomist

Company: Yoy of Retenisa 100wy VOO S Pregat

e ——— e h A S h s

Location: b} Q‘.“""‘. o

R .

FIFUEE

T e _ UP Les Bames
College Degree: RS v MS PR, Other  Seieil 0r_Divienan
= — T candidak. T

Experienve with Sector {5¢01¢ -4
Minirg & Meta] Refinipg. __ Chemicals Perracismisals
Elactronics Elactroplating Faed Piecassing

Iron & Steel __ Hospials  § Coszizl Resons

Steam & Power Plants _ Pulp & Papef - Tirrne Silling & Treatment

Cemeant Manufactuning Piggeries & Slaughterhouses Ports & ilwbors
- . . . e Regource YalioH
Ship Buiiding Ship Breaking % Orhwr ¥ Speaity) Velieh e

Ware: ) =Nene 2= Seme Famibiasiny 3« Enviroatnaniai Assessment Exp. 4 = Waraing Krowledge of Procges

Description of Past Auditing Experienca:

et 1e ETRIT em 1@ e ke MR s - - . AL —————
. ————— et " Cemm b A ede—A e wam TEE—

Summuary of Past Relevant Expurignca: o Wasosra _Hriconsing. Geonomd &

fe— -

a - 1
g . COmmAnmTIy T DORZAR  EEQuTe et
iy B8, €I acich) 7 S T

AN

Y

Areas of Training Needed for Assignment: e e a— -

. a— —

o M
(L PR e Al 810500
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;25 B3-2-5321493 D SEFRAHD PAGE A2
A FHOME M. @ B34LIESS Mar. 25 1999 OL:3ZFM P3
CP/P2 Team Member Experience Form
Name: DA\S"N CEARAND  Title: Ew\'!\lm\(\“-l«\‘}.b\.l SMWQMI-
e LA =2
' Company: SUL\LW‘{,\ K{,Ny\d' by - Years of Relevant Experience: _§ et
v

Location: —"M 1T W\&J%\m -
V'Ms  __ PhD. _ Other Schook MS Vhipe = Minigllaiws by
(S U - W P, |

College Degree: i BS

‘Ex"pcrience with Sector (Score 1-4):
. ‘i Mining & Metal Refining 3 Chemicals
_"t Electrdnics i Electroplating
| 3_ Tron & Steel _':f‘_ Hospitals

_3__ Steam & Power Plants i Pulp & Paper

xj-_ Peuachcﬁxicals

3 Food Processing

4 Coastal Resorts
4 Timber Milling & Treatment
s Ports & Harhors

- _E: Cement Manufacturing, 3 Pipgeries & Slaughtcrhouses

& Ship Building 3 Ship Breaking
= Environmental Assessment Fxp 4 = Working Know!cdgc of Proceu

. : Note | =None 2~ Soms Familiarity 3=
_ 3 Gol Al 3 ol tebdia 3 Wbl 3 SW,W_
Grduntt] E1A sf ndiailly pilin

Description of Past Auditing Expen'cncc

A pad w el %MLWM', wolll num it M!)JLNML fU—
Mmm % qw,um sl damicie  Urindif pmwmd
é@l&hr me wwdl ‘Ez&uui LinnAdanh ] i pomnt M Ay pable ¥
C/U\Mn :mdwﬁ,g_”d}w - O g LA Aammiind dnag olaliterd, »iomsv_{_fnnu;(«
* Summary of Past Relevant Expernence: ﬂ »\SJQ wﬂ T Aanale ka‘ A _M,\J MAAI!
e ‘\JMMI AN et /fl-LKALNMMAb pnin {-u,m m dins, O disdman, -
Lo 0d EIA T e - U ol o it

mm g Enbs Eih R Lumma -

Areas of Training Needed far Assignment: | Lo jdmo. MM NEA, J(,Tf\ M y 4 yu}\,(

o, 0T o, sy il tinsl, b oo, uiliaple; o
- AT P N h Iu.t J—)\HA/YL’] y?‘-LAf"N.“&C ﬁﬂ/‘ Liﬂu%




VNIE NISSHIN POy WATER tu FHONE MO, @ 33B13SS Mar.

=p 1399 JLIAEEM B2

CP/P2 Team Member Experience Form

Name: M A ZA R e wesef  Tide P e oot
Company: ' N ErnA Hazwch/zv‘ /e . Years of Relevant Expernence. /
R Rt e T s et |

,»-w.u; LA, F‘H | L) RRPIATS

Location: .
. ‘7’17 ...... /l,_-;f Gyl & LVETVN
College Degree: -BS MS PhD. Other Schoel: :
<vel f;hq O Fene that werre
Experience with Sector {Score 1-4):
Mining & Metal Refining __ Chemicals . Petrochemicals
Electronics , _ Electroplating -3_Food Processing
_ Iron & Steel _ Hospitals _ Coastalt Resorts
& Steam & Power Plants __Pulp & Paper __ Timber Milling & Treatment
Cement Manufacturing Piggcries .2 Slaughterhouses Poris & Harbors
—_— — 3 - wWooad P oL
Ship Building __ Ship Breaking —L‘f Other (S“ccn))*:" -Aleshe] 05
Bre Lc-éf‘r_ﬁ

| =None 2% Soms Famxhant}f 3 = Environmental Assessment Exp. 45 Working Knowledge of Process

-

Note:

I

Description of Past Auditing Experience:

Qummary of Past Relevant Experience: =~ ~Conduel ,oe?//u.—f{ e anagernén
"WPFGLLSQ-/S Yo ‘G(“"‘WLVAJ 2Py Feandties T recteting
i——‘#' |

/:m//u, o where mme_mbﬁ foipn  retase andl ﬁeowc,!»m? GAE

-

A O T c@rr\]:a\r)enﬁl.(’ -Con ocvf/r(ftmu.n\,r\q o c,F.Mw co//&ﬁ}qm ng

k- Corudlienes - ' .
T Faruiel beer hreming @/ocr-a_:é‘n-\.e,

Areas of Training Needed for Assignment: L
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lﬁ_

I~ {37 RN

-..)

Fax @ OR32-03l-d6dd Jan 28 21:23

CP/P2 Team Member Experience Form

Nume: Mg Mavgarifa S by Tite  Trgoaes Qruooliot
' v
Company: Years of Relevant Experience: 6 ina -

0

Location:

College Degree: J{ BS MS" Ph.D. Other School:

Experience with Sector (Score 1-4):

__ Mining & Metal Refining __ Chemicals __ Petrochemicals

___ Electronics | . Elcctro-plating __ Food Processing

__ lron & Steel _ Hospitgls ; ___ Coastal Rcsrorts

__ Srearn & Rower Planty __ Pulp & Paper _ Timsber Milling & Treatiucnl

. Cement Manufacturing ~ __ Piggeries & Slaughterhouses Poﬁs & Harbors

__ Ship Building __ Ship Breaking +_ Other (Speclfyxi”; ;1 m /{;
Note: 1 =None 2=§ome Famlhaﬂw 3 =Environmental Asssssinent Exp. 4 = Warking, ‘<nnw[rr’pr nf Procass ./: '
Description of Past Auditiwng Ex-perien;:c: - %/0‘7«, -

_ Summm‘y of Pn..t Ralavant Expenenca { SEQ&Q 42 hes, Q/‘(xﬁgg el glg ¢ E! 2

--.n-.'

areas nf Training Needed for Assignment- @»&;JaCm aba f ‘h’Q ,@u}lb{
2ilouk . Mﬂuﬂﬂﬂﬁ; , L’Q—Zwuw}w AU s bbt ?w‘ﬁ
zfa&g?gg Auclpdggin g o, J;é‘wygg:f , Aﬁmﬂzf&_ﬁw {wL Cobren L H0dz
'. LA 7 71 -
154

P N pa AT s I s



L2
E

N

E

™ et

LI PR R (R Jo Wl \I |L‘.\ l

Ma. Margarita S, Uy
Relevant Past Experience

Waorked with the LS. ALD Project on Industrial Environmental Management Project as

Training Officar (Senior Desearch Assistant) of the Capability Duilding Component.

Reapanaihiliried inphinded providing fenining PrARGSS ARORTTAQ in iha aonduat af 1ha
training programs that will be conducted for the primary client — the Department of
Fnvironment and Nati il Resomraes Was respomsihile fin sonducting trainars’ mestings
of expatriate and local coneultants. Provided inputs on the most appropriate transfer of
feameiag And LLahialag, 2 DRiligping SaUNELZLAME, ampaned af BLMivipane fnam (g
govarnmeant sACtarR, indnstrier, academe and nnn-gnve.rnment. qrgaAniZatinna.

Tohduig poAINS st Rave been condueeed ;’nd wanuals prepared wase! Cavisgamontal
Impact Assessment, Pollution Management Appraisal, Environmental Audit, Data
Collection, Sampling and Sample Analysis.

Was representative of PRC-Environmental Management fne.for the Climate Change
Exhibit initiated by the Office of Sen. Heherson Alvarez and meetings with non-
government organizations.

Served on the Board of Trustees, 3 Secretary, &t the Institute for the Nevelopment of

C Pelswabionl sl Fuolngiiml Allg naliven., i TLisa Gwizs-funded nonegovemment

sepanization whose main mission is coological protection through the promation of
sustainable agrieniire and scalngical waste management.

Recipients are the communities of tribal Mangyans of Mindoro, upland seulers of
Mindoro, farmers of Southern Palawan, farmers and urban poor in Cavite.

Beofore end of contract with PRC-EMI, assisted the Coastal Resonrnes Management
Program in the conduct of initial workshop for its potential traincrs, commumty
organizers, and proepective clients.



]

CP/P2 Team Member Experience Form

Name: Dz ALice Title: Fwvrson ﬁﬂ/&zﬂoﬁf LG onisre
Company: i cunyyad _Q/EN[E & Gvé&  Years of Relevant Experience: 27

f
Location: AMcicant ¥4 USA

College Degree: X BS XMS  PhD.  Other School: Sygacuss
CAem. &m/ F‘yﬂ‘

Experience with Sector (Score 1-4):

__ Mining & Metal Reﬁning(z)é Chemicals Petrochemicals

Cl) & Electronics C4} 'X Electroplating ( Z)A' Food Processing

__ Iron & Steel __ Hospitals Coastal Resorts

Steam & Power Plants Pulp & Paper Timber Milling & Treatment

Cement Manufacturing Piggeries & Slaugh}erhouses Ports & Harbors

%') Fointin
__ Ship Building __ Ship Breaking X Other (Specityys ) Vedog o / M2enLomiprn e

Notc I =None 2=Some Famlhanl:y 3 = Environmental Assessment Exp. 4 = Working Kno T‘tf eof/ Pr? Ph i
(?szq,},

Description of Past Audltmg Experience: ( Dy e /7&7 s ve P2 er, ”WA,Z,A, & sreg,,ﬂ,,,_/{

of nummpnans oy foolihe ot bioge J‘a«;éazj///zr//”zq freling,

!/eh,c/e /??2/n/h7c9nae dféﬂf?’ﬂfm’é ele. EXfensive &'%{M Wd\j— a.'(

Qajaa Linishing mo.ﬁm: {pl25'ng , a,u.onf‘_% ,oévmgu’ /4f%9'4'% Lé)
[ AU o

Summary of Past Relevant Experience: E;(kn sile W&u Lo 47 /)cpnf me/a/
fecovien, ko&na‘ 41, qéh/?f[fqu &n{&w:a/ A{M, cé 4
!}ﬂi’f{ c/kc/n]ﬂ/alj%f éf/'/ Al f‘/lz’nzé‘ed{ M»/Aﬂ& U ¢ ﬁaﬁ-é /

J 2 d{q&‘ﬂ'wru?l—f-, q[,/,sj.ec/ SM&/ /)aaw m%%e&'lrfﬁ

Areas of Training &eeded for Assignment: Not ﬁm, / 7 2r w/% 55,45.,;,/ /

lr\d/ﬂ{'n'/) et )01)11 é,t MU

Completed by: Dt A / /é G2 Date: 4"2‘3 -77

66



CP/P2 Team Member Experience Form

Name: m 00 oﬂ/ﬁ Title: Pro, V2w LEINLISOY

Company: [}’ ”FN]Uﬂ 5/\\9&“ fr\;q ,g\w;mc\ Years of Relevant Experience: (p
3

Location: N‘laLﬂAN\ \I\!l(omn(\

College Degree:  BS __J MS Ph.D. ___ Other School: Umw\s\ry oF TeondsS

b

Experience with Sector (Score 1-4):

__ Mining & Metal Refining _‘i Chemicals ‘_{ Petrochemicals

__ Electronics __ Electroplating __ Food Processing

___ Iron & Steel . Hospital_s __ Coastal Resorts

__ Steam & Power Plants __ Pulp & Paper ___ Timber Milling & Treatment
__ Cement Manufacturing __ Piggeries & SIaugl,-lterhouses ___ Ports & Harbors

__ Ship Building __ Ship Breaking ; __ Other (Specify)

Note:  1=None 2= Some Familiarity 3 =Environmental Assessment Exp. 4 = Working Knowledge of Process

Description of Past Auditing Experience: prg‘ p\'@ NALLAMe g—j 4L Q( S{¢55¢3

!
K U howmy jostaraned (Fad bliss g Poso Texds) . /w"ctr“ Biotss

VALYATRD L o f !% Ten A2 \hro(\rﬂ""i o CALU NG DeoG R amS 14577

SRR A\ BUE (8N S fusre mduilemt DA |

Summary of Past Relevant Experience: Praﬁfsé ALALUAT 4 o AL <ysTeps

vt MilTany Tt pid e o Lol \n utsTe anade ot pfmu.

Areas ofTraining Needed for Assignment:

Completed by: J!g“\)(/i&\\gﬁuf’i Date: j/ >/ 7F

167



CP/P2 Team Member Experience Form

Name: Michael W. Sowell Title: Senior Project Engineer

Company: MSE, Inc. Years of Relevant Experience: 17

Location: Greenville

College Degree: x BS x MS Ph.D. ~ Other School: Ga.Tech/Clemson

Experience with Sector (Score 1-4):

_4 Mining & Metal Refining 4 Chemicals _4 Petrochemicals

_2 Electronics _4 Electroplating _4 Food Processing

_4 Iron & Steel _2 Hospitals _2 Coastal Resorts

-4 Steam & Power Plants 3 Pup& Pa.per _1 Timber Milling & Treatment

1 Cement Manufacturing 4 Piggeries & Slaughterhouses 2 Ports & Harbors
— - | =
_1 Ship Building _1 Ship Breaking ; ___ Other (Specify)

Note: 1=WNone 2=Some Familiarity 3 = Environmental Assessment Exp. 4 = Working Knowledge of Process

Description of Past Auditing Experience:  Performed environmental audit for C, E. Minerals as

they considered purchasing U.S. Silica. The audit covered mines and silica processing plants

in Tennessee, Georgia, South Carolina, Virginia, and Alabama.

Summary of Past Relevant Experience: Extensive process experience in the electroplating,

petrochemical, chemical food processing industries. Focus has been in the areas of wastewater

treatment, water reuse, and source minimization.

Areas of Training Needed for Assignment:

Completed by: . Date:

MWS Chemonics ExpPon doc , 68



CP/P2 Team Member Experience Form

Name:- Teresa M. Kabins, P.E Title: Senior Project Engineer

Company: MSE, Inc. ' Years of Relevant Experience: 12

Location: Greenville

College Degree: x BS MS Ph.D.  Other School: Univ. of Illinois

Experience with Sector (Score 1-4):

_3 Mining & Metal Refining 4 Chemicals _4 Petrochemicals
2 Electronics _4 Electroplating 2 Food Processing
4 Iron& Steel _2 Hospitals _2 Coastal Resorts
“ _4 Steam & Power Plants 3 Pulp & Paper _1 Timber Milling & Treatment

_1 Cement Manufacturing _4 Piggeries & Slaugh}erhouses _2 Ports & Harbors

_1 Ship Building _1 Ship Breaking __ Other (Specify)

Note: 1=None 2= Some Familiarity 3 = Environmental Assessment Exp. 4 = Working Knowledge of Process

Description of Past Auditing Experience:

Summary of Past Relevant Experience: Experienced in the areas of process engineering

associated with production units and wastewater treatment system. Career includes significant

design, start-up and operating experience. skilled in the areas of mechanical equipment, piping,

and has working knowledge of electrical, instrumentation , and control systems.

Areas of Training Needed for Assignment:

Completed by: Date:
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5/26/99 DRAFT

Industrial Initiatives for a Sustainable Environment (IISE)

INITIAL ENVIRONMENTAL REVIEW (IER) QUESTIONNNAIRE
Note: This questionnaire is confidential and the responses will not be released to any party outside IISE.

Date: IER Team Leader: - Site:
Time: IER. Team Members:

Contact Information:

Name:
Title:

Name of Organization:
Address:
Telephone No:
Fax:
Email:

General Organisational Information:

jl
Qwner:
Parent Organisation:
0O MNC QO Domestically Owned Q IVC TV Parter (s)
Year Established:
Industry/Government Sector:
PSIC:
O Production Capacity/Qutput:
Products:
Countries Products Exported To:
Number of Employees: Shifts:
Enterprise Size: @ Small (<50) 0 Medium (50-300) Q Large (>300}
Facility Process Areas (M”):
G1. Does your organisation have written policies related to quality, occupational health and safety and the
environment?
L | I l |
0 Quality (m] O Occupational
Environmental | Health & Safety
G2. Does your company have an organizational chart? (if so, attach to [ER)
[QYes [ QNo [QDon't Know | U Copy attached |
G3. Does your organisation have a:
T Quality | Q Environmental QPCO QO Occupational Health | QHSE Q Don’t
Manager Department Q Environmental and Safety dept. Manager | know
Officer
IER Form (5/99) i
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G4. is the organization certified to any of the following standards by 2 recognized third party provider?

(QIS0 900172 | Q150 14001 [T OHSA 18000 | O SA 8000 [QOther__ | O Don'tknow ]

Quality Management Systems Information

Ql. What methods do you use t0 ensure product/service quality? (mark those used)
T3 Inspection T Quality control 0 Quality assurance dQMS Q1QM | QDon't
180 9001/2/3 1S0 9004 know

Q2. Does your quality management system (QMS) apply to:

\EWhole organisation 8 Production function | 4 Faciliies function | O Other QDon't

only know
Q3. Do you measure and monitor the quality of the products and services you provide to your customers?
[QYes [QNo [ODon'tknow |
Q4. Do you maintain records to enable the démdnsh‘ation of your quality performance?

[QYes [ QNo |;D Don't know |

Q5. Do you conduct quality audits to determine the effectiveness of the controls and programs you have in
place?
{QYes [ QNo [QDon't know _|
Q6. if 50, does your organization perform quality audits:
Q In-house Q Outside auditors QO Both a Not |
applicable

Occupational Health and Safety (OSH) Information

ol. Has the organisation identified the OSH hazards associated with its activities, products and services?
[QYes [ QNo [QDon'tknow |

[ER Form (5/99) - ' 2 2



02. Has the organisation assessed the risks to human health from physicai, chemical and biclogical hazards and
natural phenomena?
{0 Yes | ONo TQDon’tknow |
03. Has all legislation relevant to your organisation's health and safety risks been identified?
[ Q Wholly | Q Partially | QNone [QDon’t know |
04. What methods does the organisation use to control the management of its occupational health and safety
risks?
a Elimination
Q Substitution
Qg Engineering controls
d Administrative controls
Q Personal Protective Equipment
a Occupational Health and Safety Management Systems (OHSMS)
a Training
Q Others (please describe)
i
0s. Does the organisation have a health monitoring prograin in place appropriate to the risks to human health?
[QYes | QNo [QDon'tknow |
06. Does your organisation set any objectives and targets related to occupational health and safety
performance?
{QYes [ QNo [QDon’tknow |
o7. Do you monitor and measure your occupational health and safety performance?
[QWholly - [ Q Partially [ Q Not at all [QDon’t Know |
0Os. Do you maintain records to enable the demonstration of your occupational health and safety performance?
[QYes [ QNo - [QDon’t Know |
09. - Do you conduct occupational health and safety audits to determine the effectiveness of the controls and
programs you have in place?
[QOYes [ QNo [QDon’t Know |
010.  If so, does your organization perform occupational health and safety audits:
Q In-house 1 Qutside auditors Q1 Both (] Not
applicable
[ER Form (5/99)
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Environment Information

A Do you know if the products, services and/or activities performed by your organisation have any impact on
the environment?
[ Q Yes | QNo { QDon’tknow |
E2. Has your company identified any environmental impact from past activities?
[ Q Yes | QNo [ ODon’tknow |
E3. Have you identified the natural resources (water, electricity, gas etc.,) needed to operate your facility?
[Q Yes ] QNo [ QDon’t Know |
E4. What methods do you use to manage these; activities, products or services to eliminate/reduce their impact,
including resource use, on the environment? (Check all that apply; add comments as appropriate.)
a Poliution Prevention program i
d Cleaner production technology
] Waste minimization H
Q Waste treatment
a Waste storage
a Disposal (Q Off-site O On-site )
Q Incineration
a Landfill
a Recycling/Reuse
] Environmental Management Systems (EMS)
d Use no methods
a Others (please describe)
ES. Have you identified the legislation relevant to your organisations environmental impacts?
[ O Wholly [ O Partially j @ None [ O Don’t know |
E6. In what areas, if any, have you experienced environmental compliance challenges?
[QRA 6969 (HW) | U PD 984 (Air/ Water) [QPD 1586 (ECC) [QNone [QDon’tknow |
E7. Does your organisation set any objectives and targets related to environmental performance?
[ Q Yes | O Some | QNone { QDon’t know |
E8 What industrial processes are operated at the facility?
O Anodizing Q1 Fermentation Q Powder Coating Q
3 Assembly Q Food Processing O  Pressing / Stamping a
Q) Bleaching O Forging Q Printing Q
Q Bottling Q Fuel Storage 3 Pulping @]
Q Canning Q Galvanizing 3 Refining a
.0 Cement Production O Grinding QO Semiconductor Mfg Q
O Chemical Distillation Q [Injection Molding Q Ship Building . Q
QO Chemical Synthesis QO Metal Casting T  Ship Recycling | Q

IER Form (5/99)



O Conversion Coating O Metal Refining O Ship Repair a
Q3  Cracking O Mining QO Simelting Q
O  Degreasing U Packaging U Steel Fabrication (3]
(J Dyeing 3 Painting U Stripping Q
QO Electroplating (J Pharmaceutical Synth. O Tanning g
O Extruding O Photo Processing U Wood Preserving g
3 Farming Jd Pickling Q Q
E9. Which of the Philippines Priority Chemicals are used or manufactured at the site?
{Indicate Annual usage as follows: (1)1 — 10kg; (2) 10 — 100 kg; (3} 100 kg — 1000 kg; (4) > 1000 kg}
Q 1,1,1- Trichloroethane a Chlorinated Ethers W] Mirex
(W] 1,2 Diphenylhydrazine a Chromium Compounds W] PCBs
a Arsenic Compounds a Cyanide Compounds a Phosgene
(3] Asbestos ] Ethylene Dibromide a Pentachlorophenol
a Benzene ] Ethylene Oxide a Polybrominated Biphenyls
] Beryllium Compounds (] Halons Q Selenium
a Cadmium Compounds Q Hexachlorobenzene 0 Tributyltin
[} Carbon Tetrachloride Q Hexachloroethane Q Vinyl Chloride
] CFCs Qa Lead Compounds [}
2 Chloroform Q Mercury Compdunds @]
i

E10.  List other hazardous chemicals used at facility:
(Indicate annuat usage as follows: (1} 1 - 10kg; (2) 10 -

100 kg; (3) 100 kg -

1000 kg; (4) > 1000 kg)

E1I.  How do you track the quantities of hazardous chemicals used at your facility?

| Q Shop floor estimates

| QDon’ttrack |

| QInventory records | O Purchase records

E12. What are the major hazardous waste generated at the facility?

U Plating sludges J  Heavy metal residues, sludges
Q Acid wastes 2 Organic chemical wastes

O Alkali wastes Q Other:

1 Inorganic chemical wastes £  Other:

3 Paints, dyes, latex, resins, inks O Other:

0 Halogenated waste solvents G Other:

] Non-halogenated waste solvents Q  Other:

U Qils (including PCBs, PBBs) O Other;

E13. Do you have emergency management procedures in place?

 [QYes [Q

No | [ap

on’t know |

Eld4.  Are these procedures practiced on a regular basis?

IDYes | QNo ]

El5. Do you use suppliers and/or subcontractors to supply raw materials, products or serv:ces (facility

maintenance, repairs, wastewater facility management etc.)?

lER Form (5/99)



Elé6.

El7.

E18.

E19.

Walk through inspection

Wl

{QYes | ONo | Q Don’t know |

Do you monitor and measure your environmental performance, including regulatory compliance?

[ Q Wholly { Q Partially | O Not at all { J Don’tknow |

Do you maintain records to enable the demonstration of your environmentat performance?

[ QYes [ QNo | QDon’tknow |

Do you conduct environmental audits to determine the effectiveness of the controls you have in place?

[ QYes [ QNo [ QDon’tknow ]

Does your organization perform environmental audits:

{1 In-house Q Outside auditors O Both Q Not
applicable

—

Walk through' i

Observation Comments

Product or service quality deficiencies

General housekeeping problems

Evidence of chemical releases

Inadequate or incorrect product or
hazardous chemical labelling

Improper segregation or storage of
hazardous material and/or waste

Leaking valves, lines and containers

Inadequate or incorrect PPE

Inadequate machine guarding

Uncovered chemical / waste containers

Inadequate or incorrect emergency
equipment and/or ineffective management

Improper lighting / ventilation

Absence of MSDS information

Inadequate or ineffective maintenance

o dd o d d o d o d g o oo

Presence of uncontrolled physical,
chemical and biological hazards and
natural phenonema i

(W

Other:

{ER Form (5/99)



Project Incentives

I

I2.

Are you aware of the incentives that the project has to offer?

[ Q Yes [ U No

Would the following be of interest to you regarding the EMS component of the [ISE project?

U Customer requirement | Q Potential Q Regulatory 0 Public O No interest in
cost savings | compliance image participating
U Corporate requirement

IISE Resource Allocation Strategy

R1.

R4.

R4.

R6.
R7.

R8.

‘R9.

TER Team Leader

Is the organization primarily a service provider?

Q Other

[ QYes | O No

]

Are the organization’s environmental impacts readily identifiable?

[ QYes I ONo

_ i

Does the organisation already have a quality, environmental or OSHMS in place?

| U Quality | Q Environmental

[Q0osH

—

Is there “supply chain leverage” with this facility? If so, describe:

In your opinion, does the organization have the managerial commitment to enter the [ISE program?

{ O Yes [CINo

|

In your opinion, does the organization have the resources to enter the IISE program?

| Q Yes [ QO No

What is the most appropriate assistance that [ISE can provide for this organization?

! VCIEMS only

[ Q P2/CP only

[ QEMS/P2/CP

[QQMS first

[QOSHMS

]

What are the prospects for certification within the timeframe of 1ISE assistance?

t O Small | O Medium

{ Q Great

1

What are the prospects for measurable poilution reduction that will help IISE document progress to 20%

reduction pollution target?

[Q Small [ QMedium

j U Great

Recommended strategy/next steps

IER Form (5/99)




APPENDIX C

P2/CP ASSESSMENT FORMS

S l'lg



IISE P2/CP ASSESSMENT Worksheet |

Facility Name:

Location: Sector:

Date: ' Time: Date IER Completed:

IER Report Attached?  Yes [ | No [ ]

CP/P2 Assessment Team Members:
(Include both IISE and Facility Personnel}

Facility Contact Information

Name: Phone:
Address: Fax:

E-mail:

Process Overview

Process Name Description Process? Chems?

AssessmenFonn ot



IISE P2/CP ASSESSMENT Worksheer |

Facility Name:
Wet RP 28
ProcessName ~ Deseripion Process? | Chems?
4 Y N Y N
0o 0Oad
s Yy N Y N
OO0 4ad
Ty N Y N
00 4dd
STy N Y N
oo g
Y N Y N
oo g
o T YNy N
oa  Od
o T Yy N Y N
0O
T YN Y N
OO OO0

| 0
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IISE P2/CP ASSESSMENT

Facility Name:

Input Material Information

Annual Use

Product Name (kg) Chemical Components

£ £ E E E I

RP 28 Chems.
Present Mass %

Worksheer 2

Annual RP 28
Use (kg)

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

AstcramninFor dog
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IISE P2/CP ASSESSMENT Worksheet 2

Facility Name:
Annual Use RP 28 Chems. Annual RP 28

~ Product Name (kg) Chemical Components Present. Mass % Use (kg)
4 ‘

9

10.

11.

12 i

13. ~

14. ) }

AssesuuentFonn dad
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IISE P2/CP ASSESSMENT Worksheet 3
Facility Name:
Process Wastestream Analysis
Process: ‘ Operatioh: Hrs/day Days/wk
Wks/yr

Wastestream Chemical RP 28?7 Mass RP 28
Wastestream Waste Phase Flowrate Components Y N % Flowrate Fate

/£3




IISE P2/CP ASSESSMENT Worksheet +

Facility Name:

Initial Process Flow Diagram

Process:

Asscssmonifonn doc




IISE P2/CP ASSESSMENT Worksheer 5

Facility Name:

Pollution Prevention Options

Process:

Note: List Options Identified During Assessment and Location for Implementation

1.

/
st 132



Facility Name:

IISE P2/CP ASSESSMENT

Final Process Flow Diagram

Process:

Worksheet 6

Avserymen Forn doc
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£ E £ E E K L E L £ 1 3

E E E E E E [ 1 E .
IISE P2/CP ASSESSMENT Worksheet 7
Facility Name:
Mass Balance Summary
Process Name:
Input Qutputs
RP 28 | Other HM | Cons. In Proc. | HW Gen. | WW Gen. | Air Emis. | SW Gen Recover | MB?
Chemical Name | (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) | (Y/N) | Comments:

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

Note: Attach sheet with all back-up calculations and assumptions.

AvwrrsinenF o dad
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Facility Name:

IISE P2/CP ASSESSMENT

CP/P2 Option Description

Process:

Worksheer 8

Option Name

Option Description

Source and Contact

Option Goal or Purpose

Specific Estimate of Hazmat,
Haz. Waste, Air Emission,
and/or Wastewater Reduction
by Option

Type of CP/P2 Option D Source Reduction [ ] Treatment
[ ] Recycling [ ] Disposal
Nature of CP/P2 Option [ ] Personnel/Procedural D Equipment

D Material

Specific Materials or Equipment
Needed

&lﬁiﬁtézfaﬁoﬁssessment for Cost of Implementation Ease of Implementation
(] High Cost [ Very Difficult
D Low Cost D Moderate
D No Cost D Easy

%



Facility Name:

IISE P2/CP ASSESSMENT Worksheet 9

CP/P2 Option Evaluation

Option Name:

Y N

i

Does the option reduce ozone depletion potential?

i

Does the option reduce global warming potential?

00

Does the option reduce acid rain potential?

i

Does the option reduce photochemical oxidation or smog-forming potential?

i

Does the option reduce human toxicity potential by ingestion?

i

Does the option reduce human toxicity potential by inhalation or dermal exposure?

i

Does the option reduce aquatic toxicity potential?

i

Does the option reduce terrestrial toxicity potential?

i

Does the option reduce the use of RP 28 chemicals?

i

Does the option reduce the use of hazardous materials?

t

i

Are there any anticipated problems with the option’s compatibility with production? If
yes, comment:

.

Is it anticipated that implementing this option would have a negative impact on :

compliance? If yes, comment:

10

Would there be added health and safety (industrial hygiene) concerns by implementing
the option? If yes, comment:

L0

Does the option require additional labor/expertise or other resources? If yes, comment:

NN

Are there space or utility limitations in the buildings where the option might be

implemented? If yes, comment:

AssesymemForm doc
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Facility Name:

K L 1] ]
IISE P2/CP ASSESSMENT

Option Cost Identification

Process:

Option Name;

Does the option require or change the requirement for any of the following?

£ L (3

Worksheer 10

Description

Savings / (Cost)j

Y N
L0

Process Equipment

L

Personnel Training

L

Installation / Site Preparation

00

Utility Connections / Systems

L

Permitting

L

Input Materials

L]

Disposal / Treatment

L

O&M Labor and/or Supplies

AstcanemForin dog
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MSE Millennium Science & Engineering, Inc.

April 19, 1999 1364 Beverly Road, Suite 302

McLean, Virginia 22101
Mr. Douglas M. Young, Ph.D. _ Phone: 703.734.1090
Sustainable Technology Division Fax: 703.734.1093
National Risk Management Research Lab e-mail: mse@erols.com

US Environmental Protection Agency
26 W. Martin Luther King Dr.
Cincinnati, OH 45268

Via Fax: 513-569-7111

Dear Dr. Young:

containing information on the Republic of the Philippines Priority Chemicals. These 28
chemicals include the organic compounds: asbestos, benzene, carbon tetrachloride,
chlorofluoro-carbons, chloroform, chlorinated ethers, ethylene dibromide, ethylene oxide,
halons, hexachlorobenzene, hexachloroethane, mireX, polychlorinated biphenyls,
phosgene, pentachlorophenol, polybrominated biphenyls, selenium, tributyltin, vinyl
chloride, 1,1,1-trichloroethane, and 1,2-diphenylhydrazine. Also included are arsenic,
beryllium, cadmium, chromium, cyanide, lead, and mercury. If any of these chemicals
are not in your database, we would be interested to learn how to add new chemicals.

Releasing an electronic copy (Excel format) as soon as possible would be a great benefit
to the project, as we are currently in the development stage of the project and would
benefit greatly from knowing options available for comparing CP/P2 options.

I look forward to your further input and assistance and can easily be contacted at 703-

734-1090 (phone), 703-734-1093 (fax), and mse@erols.com (e-mail). Please ask for
Todd Danielson in my absence.

e T.A. Danielson

Youogty dec Environmental Science and Engineering Solutions for the 21st Century

(47
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Environmental Manager

Heriberto Cabezas and
Dougias Young
u.s. Environmental
Protection Agency,

-Using Simulation 55

“For Pollution Prevention

he ability to design or modify
chemica] Processes in a way
7 that minimizes the formation
bl of unwanted byproduycts is an
ongoing goal for Drocess engineers.
. Two simulation and design methogds
imi 27€ discussed here: Process Integra.
tion (PI), developed by EI-HaIwagi
and Manousiouthakis [1] at UCLA,
-and El-Halwagi [2] at Auburm Univer-
mdsity; and the Waste Reduction (WAR)
Algorithm, developed at the U.S. En-
‘vironmenta] Protection Agency
_(Cincinnatj, Ohio), and made commer-
cially available through a Cooperative
Research and Development Agree-
ent (Crada) under the Federal Tech-

i logy Transfer Act of 1986.1

is concerned with

wtystem. P js essentially the practieal
application of the mass-exchange net-
vorks (MEN), as detailed in (12,
wrhich try to remove pollutants from
Product streams and Segregate them
into concentrated waste streams.
I By comparison, the WAR Algorithm
% concerned with evaluating ang ye.
ducing the Potential environmenta]
‘mpact of a process [3]— a key design
Honsideration. Consider Process A,
which emits 1 ton/h of a given polly-
tant, and Process B, which emits 2
ms/h of a different pollutant. When
@ihese two processes are compared on
the basis of pollutant masg alone, one
nld logically conclude that Process A
. preferable. However, because some
?ollutants are more toxic than others,
the process comparison needs tp as-
s the human-hea|th, and envirop-
imkental impacts.

either of these commercia) products or companjes,
« fe: For more on simulation, gee p. 139,

Tout = The rate of PEJ output, PEI/h,

Iﬁm = The rate of PEJ generation by
; :

Or negative, because g given process

two output indexes and two genera-

‘

NOMENCLATURE
MM < Mass Rowrate of each input

The goal is to design or modi
to minimize their enyir,

The WAR Algorithm
This methodology assumes that each
stream entering and exiting a process
bossesses an inherent Property, its po-
tential environmenta| impact (PEI)
generates four indexes (dis-
cussed below), which can be used o
compare the environmental impact of
various process alternatives. For a
steady-stata Process, one can write a

val

streams were tg be released at once)

of
am

gra

(the impact on the environment if ]
output streams were to be released)

€ process, PELh (the difference be.

tween [, and J; Igen €an be positive i

tion indexes,
process alternatives. The lower the

fy chemical progesses
onmental impact
to compare different

ue of these indexes, the better the

Process’s environmenta] performance.

The output indexes include the rate
of PEI output, Toues and the amount of
PET output per kilogram of product,
Iy These indexes allow comparison
of the potential mmpact of various out-
put streams on hurpan health and the

balance equation for PEL environment. § , is given by:

O =l luatIpen @ T Toty (2)
where; where:

Iin = The rate of PEI input, PE (the | Y750 % .

impact on the environment if a]) feed | ¥'=The rate at which the process pro-

duces products, kg/h
The generation indexes are the rate

PEI Beneration, lgen, and the
ount of PET Benerated per kifp-
m of product, Lgen- They allow com-

pParison of Process altemat:ives, in
terms of the generation of net PRI
gen 1S given by:

¢an either create or consume PEJ) s Jow=Inm
From Equation 1, one can generate | {sen B (3)

To compute the four indexes for

I =The rate of input of PEI, PE|/h
= The rate of output of PEI, PEI/R
= The rate of PE| generation inside | xy

the process, PEj/h {i.e., the differ
ence hetween I, ond Fodd

. = The amount of PE| output/kg of

product

P cTherar ot which the process Pro- | g,
duces product, kg/h

= The amount of PE| generated/kg
of product

V;

Tgen

5B oa The PE! input per kg of produdt,
r each individual input stream, ;

I e The PE! rate of each individyal

input and outpyt siream, i, PEI/h

Lo NIT W IVo NP

and output for each stream, J, kg/h

= The mass fraction of each non-
product chemical component, j, in
stream , kg/kg )

= The overall environmental impact
of chemicol component, j, PEl/kg

= A weighting factor that ollows one
{o assign relative imporfonee o
each of the eight environmental-
impact categories, k. ysed by the
WAR Algorithm

= Specific impact of chemical com-

ponent, f, in impact cotegory, k,
PEl/kg

e e, L




given process, the rate of PE_I of all the y
input and output streams, I;, and I

respectively, must be calculated. For
the input streams, this is done by cal-
culating the PEI rate of each individ-
ual input stream, i (), and then
adding the individual values to get [js.
For the output streams, this is done by
calculating the PEI rate of each indi-
vidual input stream, i (ffou)), and
then adding them to get I ;. For each
stream, {, the PEI rates of the individ-

Environmental Manager

ot
/culated from the following:
» The mass flowrate of each input and
output, M;{in) and M;fou?), respectively
+ The stream composition, in terms of
the mass fraction, x; of each non-
product chemical component (pollu-
tant and undesired byproduct), j

| o The overall environmental impact,

) w;, of chemical component j
The overall environmental impact,
v;, is calculated by summing the spe-

ual input and output streams are cal-

cific impacts, y3, of chemical compe-
nent j over the various impact cate-

gory k (discussed below), in units of
PEL/kg. This is given by,

ii.u =Z-I-|iin] =ZM(iin)z,I‘-jwi =
i i i

> M(;‘n) z 5 “E' . 'V';.u 4)
i i
foua= T =T M T =
o) ' ! ®)
X M Txy )E. W
i i
where:

o), = A weighting factor for each im-
pact category k

from the stripper; 98% of this mixed stream

ocrylic-acid-production process designed to produce 50,000

m.+/yr of acrylic acid {Figure 1). The process cotalytically ox-
idizes propylene with air fo form acrylic acid, and several byprod-
ucts {acetic acid, hydrogen, woter and carbon dioxide) [4). Three
alternative design scenarios were considered: a base case {Unit
300) and two dlternative designs {Units 301 and 302).

In the base case {Unit 300}, the reactor operates at 310°C. The
effluent is quenched in an adiabatic fash drum with a substontial
recycle stream (98%). The Aash-drum vapor effluent is stripped
with deionized water to recover ony residual acrylic acid.

The vapor efffuent from the siripper is delivered to an incinerator.
The liquid effluent from the Rash drum is mixed with liquid effluent
is recyded to the flosh
drum for quenching. The non-recycled, liquid effluent is sent to a
liquid-liquid extraction unit, where the organics are extracted with

GOING TO ‘WAR’ FOR A ‘GREENER’ ACRYLIC-ACID PROCESS
To illustrate the use of the WAR Algorithm, consider an

Aérylic acid is considered the only product in this cose study.
With the objective of minimizing the potentiol environmental im-
pact (PEN} of the other three effluent sireams and maximizing
acrylic acid productian, possible improvements were sought. Be-
cause the reactor waste gas contains unreocted
byproduct carbon dioxide, the reactor operation was examined.

Seeking improvements .
The kinetics of this process are such that lower temperatures favor
acrylic acid production. Thus, in the first design altemative, Unit
perature was reduced by 30°C, ko 280°C.
This design also incorporated a 54% increase in the reflux ratia of
the ocrylic acid column. Decreasing the reactor temperature re-
sulted in an equivalent conversion of propylene. However, it pra-
duced a greater selectivily koward acrylic acid {from 1.58 to 2.31

301, the reactor tem

propylene and

a solvent mixture of diisopropy! ether [DIPE; 87 mol%) and water.

The aqueous efuent, which contains small amounts of acelic acid,
acrylic acid and DIPE, is distilled to recaver pure woter, whichis con-
sidered a waste [since it is not deionized, it cannat be reused in the
process}. The acids and DIPE are recycled back to the exiraction col-

mele of acrylic acid per mole of byproduci).

fn the second design altemative, Unit 302, the reactor lempera-
ture was reduced by another 20°C, to 260°C, ond the reactor val-
ume was doubled ta maintain an equivalent level of propylene
conversion. The reflux rafio in the acrylic acid column was also in-
creased; however, anly a 9% increase was required ta achieve the

umn. The organic effluent from the extractian fower is sentto solvent- | some separalion as observed in Unit 301.
recavery column and then to an acrylic-acid distillation column.The | The four output and generation PE! indexes described abave
finol acrylic acid product is 99.9 mol% pure. were plotted for the base case and for the the two process modifi-
In this design, there is no consumption of DIPE. Rather, the inifiol | cations. Figure 2 shows the ouf?utindexes, 1 e 0nd g and the
charge of DIPE is completely recovered within the process. generatian indexes, [y.n and Ig,,. o
. - A e peie ) -
- Teiogized waler _.ﬁmmrhar s T e NI,
Lo Acellc acid
. byproduct
Turbins
. Flash
r’D-. drum n
Alr
5 Pump Acn'i'le-acld
¥ Heat eoiumn s wl: ald
Steam — g:lchangef product
Chemicai
taacior X
Water BT . -1. -
Propylens —e'—v eolumn Waste- B Wifgen @ fgan .
fead waler A2 e '
FIGURE 1. The WAR Algorithm was used to identity several waste- FIGURE 2. The design changes discussed above
minimization routes for the acrylic-acid process shown above alter the output and generation PEL, as shown here
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FIGURE 3. Ina source-sink diagram, the mass fraction of the
target species is plotted against flowrate. As shown, Stream A
can be recycled directly back to the flash unit

The current version of the WAR Al-
gorithm considers eight health- and
environmental-impact categories, &:
ozone-depletion potential; global-
warming potential; acid-rain poten-
tial; photochemical-oxidation or Smog-
formation potential; human-toxicity
potential by ingestion; human-toxicity
potential by inhalation or dermal ex-
posure; aquatic-toxicity potential; ter-
restrial-toxicity potential. The weight-
ing factor, o, allows us to assign
relative importance to each of the
eight categories. A default value of 5
for o can be assumed, but it can be
adjusted between 0 and 10 to better
represent the process and locale.

Values for v, can be obtained from
a database developed by the authors,
or from the database within the
ChemCAD IV chemical-process simu-
lator. The Box on p. 118 shows how
the WAR Algorithm improved an
acrylic-acid process.

Process Integration
The PI methodology considers the in-
tricate relationships among flow

streams, unit operations, operating
parameters, and performance require-
ments, and then uses these relation-
ships during process design to deter-
mine the ideal order of the wunit
operations and mass and energy
streams; to calculate mass and energy
balances for proper equipment sizing;
and to optimize an existing process,
increasing product flow, or reduce en-
ergy use and waste generation.

The Mass-Exchange Network
(MEN), at the heart of the Process In-
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(such as Streams 3 and 4) with a high target-species composi-
tion, a high flowrate, or both, are generally the most economi-
cat candidates for a mass-exchange opecation. Stream 2 is al-

ready undergoing such an operation (stripping)

tegration simulation methodology, re-
duces the amount of waste generated
in 2 process by concentrating the non-
useful byproducts into waste streams,
and capturing and recycling products
and useful byproducts back to appro-
priate downstream unit operations. A
MEN allows a designer to simulate
any process design to determine what
unit operations, if any, are needed.
The analysis or optimization of a se-
ries of MENs can be performed nu-
merically or graphically; the graphical
technique is demonstrated below.

Components of MENs
In a mass-exchange network, the
waste streams are referred to as
sources and unit operations, including
reactors, distillation columns and
treatment units, are referred to as
sinks. In a given process, various out-
put streams, and any waste- or mass-
separating agents, can be either emit-
ted, recycled back to a unit operation
(sink), recycled to a processing
stream, or sent for post-treatment.
The mass-transfer and separation
portionsofa MEN typically relyon mass-
exchange equipment — including ab-
sorbers, strippers, liquid-liquid extrac-
tion units, adsorbers, ion exchangers
and leaching systems — which separate
and concentrate the waste streams.
Mass-separating agents (MSA) — in-
cluding solvents used in liquid-liquid ex-
traction or gas absorption, granulated
activated carbon, ion-exchange resins,
and gases used in stripping operations
— are often added to enhance the recov-

ery of the useful components.

MENs also use stream-manage-
ment techniques, such as recycling to
a sink, stream mixing to achieve a de-
sired flowrate or composition, and
stream segregation to avoid mixing of
streams that would require further
treatment downstream. Temperature,
pressure and flowrate can also be ad-
Jjusted to enhance performance.

Analysis of MENs

The first step in designing an MEN
that will simulate a process is to de-
fine the problem to be solved — how to
increase production rates, reduce pol-
lution emission, reduce utility con-
sumption (such as cooling water) and -
so on — and to list any associated con-
straints, such as product specifica-_

‘tions, pollutant concentrations or

flowrates, and so on. The next step is
to define the target components —
those chemicals that need to be identi-
fied to address the problem statement
and constraints. For example, water
would be a target component in a sys-
tem where you are trying to reduce
cooling-water consumption; hydrogen
would be a target component in a de-
hydrogenation process where the goal
1s to trim gas emissions. The graphical
tools used in the MEN analysis focus
around these components.

The source-sink diagram (Figure
3} plots the composition of the tar-
get species (shown as mass frac-
tion) against flowrate to identify re-
cycle opportunities. The red circles
represent all sources or streams,
and describe the relationship be-
tween flowrate and the composition
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of the target species in that stream.

The current operating condition of
each sink (unit operation) is shown by
a blue circle. The values plotted in
Figure 3 represent the flowrate
through the sink versus the COmposi-
tion of the target Species inside that
sink. For sinks that haye variable con-
centrations, an average composition ig
shown. A source-sink diagram can be
drawn for each target species,

Each sink hag physical constraints
that limit the compositions and
flowrates within which it ¢an operate.
These are shown as box-like bound-
aries in Figure 3. These constraints
limit the feasible operating conditions
that may be considereqd during simu-
lation in a “greener” design alterna-
tive. Any source that lies within this
box can be recycled back to any sink
within the box, While Figure 3 only
highlights one sink, such a graphica]
analysis should be done for each sink,

A source-sink diagram can also be

used to identify streams that can be
combined and then recycled. For in-
stance, in W 3, combining
Streams 1 and 2 will increase the
flowrate to an appropriate level, and
adjust the composition to an accept-
able level, allowing the combined
stream to be recycled back to the flash
unit sink shown within the box.

Similarly, if a source lies to the
right of a sink but is still within its
flowrate constraints, the stream can
be recycled back to that sink — but
only after the target-species composi-
tion has been reduced to meet the
unit’s constraints. The composition
can be altered by using a stripper, ab-
sorber, or other mass-exchange unit,

The distance that a source lies to
the right of a sink also provides infor-
mation as to which units ean be used
to accomplish the desired degree of
separation. A source that lies above a
sink must reduce itg flowrate before it
can be recycled to that sink,

axchinged, ig

il

W) Amoumt of mass

FIGURE S. In this mass-pinch diagram,
the eurves on the leﬂshowﬂnabilltyof

(MSA) In a given mass-axchange unit 1o
remove Pollutant X from a given waste
stream or streams. The composie curve
on the right showa the range of feasibility
for removing Poljutant X from a combina-
tlon of streams. Tha pinch paint (where
the two curves are closest) shows the
best point at which to apply the MSA op-
tions for removing Pollutant X, from an
economic and thermodynamic standpoint

Another graphical tool, the path di-
agram (Figure 4), shows the flow of a
specifie component (i.e., a process re-
actant) through a process. Such a dia-
gram is used to determine where mass
exchange could be used to capture the
target species and remove them from
the system,
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- Figure 4 shows a section of a hypo- | {lowrates — such as Streams 3 and 4 | be illustrative. In that figure, the
thetical process design, and only | in Figure 4 — are the most-cost-effec- | curves on the left show the feasibility
shows the streams that contain the | tive candidates for mass exchange or | ranges for two different MSAs (in
target species. The arrows represent stream-management technigues. terms of the amount of Pollutant X
ai the flow. More than one arrow arising When the goal is to reduce the con- each can remove). The curve on the
from a single source represents the centration of a target species (i.e., Pol- right shows the feasible range over
separation of the stream into multiple | lutant X) from a source (waste) stream { which Pollutant X can be reduced in a
~ streams, and implies that the target | or streams using a mass-exchange | given combination of source streams.
W gpecies is in each. Multiple arrows | system, a mass-pinch diagram (Fig- The pinch point, where the two curves
into a single source means several | ure 5) can be used to evaluate the op- | are closest, is the most cost-effective,
flows are feeding a mixer or reactor. tions. While construction of such a di- thermodynamically desirable point at
wi  Ingeneral, streams with higher tar- | agram is beyond the scope of this | which to apply mass exchange. [ |
get-species compositions or higher | article, a discussion of Figure 5 may Edited by Suzanne Shelley
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Abstract - A general theory for the flow and the generation of potential environmental impact through a chemical
process has been developed. The theory defines six potential environmental impact indexes that characterize the
generation of potential impact within a process, and the output of potential impact from a process. The indexes are used
" to quantify pollution reduction and to develop pollution reducing changes to process flow sheets using process
simulators. The potential environmental impacts are calculated from stream mass flow rates, stream composition, and
a relative potential environmental impact score for each chemical present. The chemical impact scores include a
comprehensive set of nine effects ranging from ozone depletion potential to human toxicity and ecotoxicity. The
resulting Waste Reduction methodology or WAR Algorithm is illustrated with two case studies using the chemical
process simulator Chemcad ITI (Use does not imply USEPA endorsement or approval of Chemcad III).

INTRODUCTION
There is cwrrently a great deal of inferest in the
development of methods that can be used to prevent or at
least minimize the generation of pollution; and there are
numerous efforts underway in this area (Lederman and
Weber, 1991; El-Halwagi, et al. 1992; F onyo, etal,, 1994;
Rossiter, 1995; Manousiouthakis and Allen, 1995;
Mallick et al., 1996). This interest stems from the belief
that pollution prevention is likely to lead to the creation of
technologies that have a much more benign impact on
human health and the environment. Because this
technology is inherently less polluting, it is likely to be
more robust and economical than simply adding pollution
control devices to conventional designs. In chemical
menufacturing, these pollution prevention methods take
the form of an effort to design process plants that generate
as little pollution as possible. Since chemical process
simulators are widely used in the design and operation of
chemical manufacturing plants, the development of a
pollution prevention methodology for chemical process
simulators is likely to have a significant impact on the
poltution generated by the chemical industry. At the
National Risk Management Research Laboratory, research
efforts are underway to develop a methodology for
commercial chemical process simulators. The research

effort is called the WAste Reduction or WAR Algorithm -

after Hilaly and Sikdar (1994) who performed some of the
early work in this area,
This paper presents a generalization of the WAR

% Corresponding author; Fax: 513-569- 7111; E-mail:
cabezas.heriberto@epamail epa.gov

T Post Doctoral Research Fellow, Oak Ridge Institute for
Science and Education; Present Address: Simulation
Sciences, Inc., 601 South Valencia Avenue, Area,
California 92621, USA

Algorithm, discusses the methodology for evaluating
potential environmental impacts, and illustrates the use of
the method in the design or modification of chemical
processes with two case studies.

ENVIRONMENTAL IMPACT THEQRY
Potential environmental impact is the unrealized effect or
impact that the emission of mass and energy would have
on the environment on average. It is, therefore, essentially
a probability finction for the realization of a potential
effect. Thus, the potential environmenta] impacts of
chemical manufacturing processes are generally caused by
the energy and material that the process takes from or

- emits to the environment. Potential environmental impact

is a conceptual quantity that can not be directly measured,
i.e., there are no potential environmental impact meters.
However, one can calculate potential environmental
impact from related measurable quantities using functional
relations between the two. This situation is common in
science and engineering. For example, the energy of a
fluid can not be directly measured, but it can be calculated
from temperature and pressure by the use of heat
capacities and equations of state. Exactly how to perform
a calculation for potential environmental impacts will be
discussed later in this paper.

Conservation Equation
Traditionally, chemical process design has been based on
the creative application of mass and energy balances along
with thermodynamics, chemical reaction engineering, and
engineering economics. Our methodology proposes to
add a conservation relation over potential environmental
impact to the aforementioned two balance equations. The
conservation equation for impacts is based on an
accounting of the flow of potential environmental impact
in and out of the processes. This flow of impact is related



to the mass and energy flows but it is not equivalent to
them. The impact conservation equation is

dl . . \
—f = Il'n - Iau.t + Igm (1)

where I, is the potential environmental impact content
inside a process, J,_ is the input rate of impact, I isthe
output rate of impact, and 7_is the rate at which impact
is generated in the system by chemical reactions or other
means. Note that processes can also consume potential
environmental impact so that [ €21, in fact, be negative,
For steady state processes, the conservation equation
reduces to,

0=f -f +1 )

which implies that no potential environmental impact
accumulates in the system. Also note that Equations (1)
and (2) serve as definitions of the function I'gm.

The significance of potential environmental 1mpacts can
be better understood by considering the following
definitions. If one were to dump into the environment ail
of the mass and energy flows entering a process, the
resulting impact on the environment would equalto J,_;if
one were to also dump into the environment all of the
mass and energy flows exiting a process the resulting
impact on the environment would be equal to I
However, due to chemical transformations and changes in
state conditions (temperature and pressure), I, is never
exactly equal to I, and consequently L,.is never

2
exactly equal to zero for steady state processes.

Chemical Processes
Application of either Equation (1) or (2) to chemical
manufacturing processes requires an expression that
relates the conceptual potential environmental impact to
measurable quantities. Potential environmental impacts

arecaused by energy and material inputs and outputs to or

from the environment. But, as a first approach, this

treatment is restricted to potential impacts due to material

flows while neglecting any impacts due to energy. Effecis
due to energy flows can be incorporated into the analysis
by extending the boundary over which the impact balance
is done to include the energy generation process. Effects
due to resource depletion are also neglected mainly
because there is no effective methodology for measuring
them. This is consistent with the focus of this work which
is the chemical process plant rather than a global life-cycle
type of analysis. The expression relating potential
chemical environmental impacts to measurables is

*ﬁ!"zf‘jm:EM}m;xqulf*—"' 3)

) I

where the sum over j is taken over the streams of input §
oroutput 7, the sum over k is taken over all chemicals k, I,
is the rate of potential environmental impact either in
(i=in) or out of the process (i=out), I;.(" is the rate of
potential environmental impact for stream j which may be
aninput or an output, M " is the mass flow rate of stream
J which may again be either an input or an output, x,,is
the mass fraction of chemical k in stream j, and v, is the
overall potential environmental impact of chernical J.

Note that Equation (3) is a first order approximation that
does not include the synergistic effects that can ocour
when multiple chemicals are present.

Impact Indexes

For steady state processes one can use Equation (2) to
define two categories of indexes for the environmental
impact of chemical manufacturing. The first category of
indexes measures the generation of potential
environmental impact within processes, and the second
one measures the potential environmental impact emitted
by processes. There are various indexes that can be
defined within each category. However, only the six
indexes, three from each category, that seem most useful
for waste reduction will be treated here.
Following Hilaly and Sikdar (1994), all non-products are
considered to be pollutants and the potential
environmental impact of all products is set to zero, ‘e,
t|x1=0 for all products j. These assumptions are consistent
with the objective of this paper which is to present a
methodology for wastereduction, e, the primary concern
is reducing the impact and the amount of the non-
products. The broader implications of Equation ),
including other impact indexes for which Y;#0 for
products j and further conjectures on the implications for
sustainability, will the subject of future publications.
The first index of the first category of indexes (impact
generation) is obtained by solving Equation (2) for fm
and adding the superseript ¥P for Non-Products to give,

I =1y - Y @
where /" and I are the potential environmental
impacts due to non-products, i.e., pollutants in the outputs
and inputs, respectively. Equation (3) is used to give
explicit expressions for /% and [ where all
components, products and non-products, are included in
the summation, but where ¥,=0 for all products j which
eﬁ'ectivi:‘l‘;' removes all products from the summation. The
index, Iz‘:, measures the total rate at which the process
generates potential environmental impact due to non-
products (MP). ] gf: has units of potential environmental
impact generated per time.
The secondindex, [ ”P, of the first category is obtained by
dividing Equation f:ﬁ by the rate at which the process
generates products to give a specific impact generation,

: NP NP NP
I“HP _ Igu: - Iow - Iin
gen . . (5)
DI A
P P

where the sum over pis taken over all the productsp, and B,
is the mass flowrate of product p. 7" measures the
potential impact created by all non-products in
manufacturing a unit mass of all the products p. The
index, / ;:, has units of potential environmental impact
per mass of products.

The third index of the first category, M’ , is obtained
from Equation (5) by setting the potentiaf';nvironmental
impact (¥,) of all products to zero and that of all non-
products to one. This has the effect of assigning the same
potential environmental impact to all non-products. The

. NP ., . .
index, Mw » 15 a measure of the mass inefficiency of the
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process, i.e., it gives the ratio of mass converted to an
undesirable form to mass converted to a desirable form.
The expression for M., is

Z ﬁ'{j(au) E x;;‘? - E A'{j(u‘n) ExuNP

~ NP { k F

M, =L _J k ©
27

where the summation over M is taken only over
output streams, the summation over MJ.('") is taken only
over input streams, and the summation over xgp is taken
oglzpover all non-products £ in stream j. The units of
M., are mass of non-products per mass of products.
The first index of the second category of indexes (impact
emission) 1. is simply the total rate of potential
environmental impact output due to non-products. Iatp is
calcutated from Equation }3) subject to y,=0 for ali
products j: The index, IL , is a measure of the rate at
which the process emits potential environmental impact,
and it has units of potential environmental impact per
time. .

The second index of the second category, I;':f, is obtained
by dividing the rate of potential environmental impact
output due to non-products by the output rate of products
to give,

2NP _ i NP ;
Iou.r = Iout /EPP (7)
P
The index, fa"f, has units of potential environmental

impact per mass of products. This expression gives the
pollution index @ of Mallick et al. (1996) which
measures the potential environmental impact emitted in
manufacturing a unit mass of products.

The third index of the second category, M, ::f, is obtained
from Equation (7) by setting the potential environmental
impact () of all products to zero and that of all non-
products to one. The resulting expression is,

E A;t..’(oul) E x;’?
MNP =t k
o P
L5,

which is related to the poilution index ¢, of Hilaly and
Sikdar (1994} by,

(8

Mo = 20, ©)

where the summation is taken over all products ». ﬂ:fatp
measures the amount of non-product or poliutant mass
emitted in manufacturing a unit mass of products, and it
has units of non-product mass per mass of products. Itis
also a mass inefficiency measure.

Significance of Impact Indexes
The first category of indexes, e.g., f::, I ;::, and ﬂ:f::,
characterize some aspects of the generation of potential
environmental impact within a manufacturing process.
They are most useful in addressing questions related to the
internal environmental efficiency of the process plant, i.e.,
the ability of the plant to produce desired products while
creating a minimum of new, undesired potential
environmental impact. It is important to note that once

new potential environmental impact is created, resources
such as potentially costly remediation efforts will likely be
required to prevent the potential impact from beinpg
realized. Obviously, the smaller the values of 1%, I
~ NP . . Ien 7 gen

and M. the more environmentally efficient the process,
and, alf others factors such as economics being equal, the
more desirable. 7, would be useful in cogn}?aring
different designs on an absolute basis, while Ig.: and
M would be useful in comparing different designs
imq;;:endently of manufacturing plant size. )

The second category of indexes, e.g., I % and
Maﬁ’ characterize some aspects of the emission of
potential environmental impact from a manufacturing
process. Their principal use is in addressing questions
related to the external environmental efficiency of the
process plant, ie., the ability of the plant to produce
desired products while inflicting on the environment a
minimum of undesired potential environmental i.rggac‘t. It
is again obvious that the smailer the valuesof 7, Iaf,
and M:fthe more environmentally efficient the pracess,
and all other factors such as economics being equal, the
more desirable it is. Since fa':f is a total rate of impact
output, it could be useful in deciding whether a given
plant is compatible with a particular site. For example, it
would be unwise to locate a plant with a high 17 in an
ecologically sensitive area. f:f could also be used in
matching the size of a plant to the capacity of the
surrounding environment to dissipate environmental
impact. fm and ﬂ:fa‘:f are more useful in comparing the
potential environmental impact of alternative processes
independently of plant size.

CHEMICAL ENVIRONMENTAL IMPACT
Application of the methodology so far developed requires
that the potential environmental impacts of chemicals be
estimated. Further, it is required that a relative impact
number Y, be given for each chemical j over a wide
range of different chemical environmental impacts. This
is, unfortunately, not a trivial matter because chemical
impacts are measured on different relative scales that can
not be simply added without some form of normalization.

Chemical Impact Expression
To apply the WAR methodology to chemical processes,
the following expression for , has been developed
(Mallick ef al., 1996),

v = 2,: A (10)

where the sum is taken over categories of potential
chemical environmental impacts, e.g., o0zone depletion
potential, human health, etc. listed below under
Classification of Impacts. u, is arelative weighting factor
for impact of type ! independent of chemical j, and ¥/, is
the specific potential environmental impact of chemical
j for an impact of type I. @, has units of potential
environmental impact per mass.

The relative weighting factor ¢, allows Equation (10) to
be customized to specific or local conditions. The
suggested procedure is to initially set all the «;'s to same
value of say one, and to allow users to vary individual
a,‘s from 0 to 10 according to local needs and policies.

Y



Please note that for a relative comparison, the absolute
value is not critical. For example, photochemical
oxidation potential would be weighted more heavily than
other impacts in an area that suffers from smog. There is
an effort underway in our research group to develop more
sophisticated methods of determining values for the «,'s.
The values for the ;, were obtained from the relative

rankings or scores for chemicals by normalizing
accerding to,
(Score), ;
s _ i,
Y ((Scare),->_+2crj (21)
: J

where (Score), , is the relative score of chemical i on
some arbitrary scale within impact category j,

(Score),)js the arithmetic average of the scores of all
chemicals’ i within impact category j, and g, is the
standard deviation of all the chemical scores in impact
category j. The normalizing factor lS(Sr:are)a +20;
assures that about 75% of the normalized chemicA! score
numbers ; , will be between 0 and 1 irrespective of the
statistical distribution of the initial scores as expected
from Chebyshev’s theorem (Lapin, 1975). If the chemical
scores happen to follow a normal distribution, then the
normalization range extends to approximately 95% of the
scores.

Classification of Impacts

The classification of chemical environmental impacts and
the values for the (Score), ;were adopted from the study
of Heijungs et al. (1992)* and normalized according to
Equation (11)to cbizinthe 1} ,'s. Inthe calculation of ((Score)'.)_
and 0 the chemical scores for dioxin, chromivm VI, and
vinyl chloride were excluded. The reason is that the score
numbers for these three chemicals were several orders of
magnitude higher that those for all other chemicals, and
including them in the normalization process would have
made the normalization meaningless. Therefore, the
normalized ] , for these three chemicals would appearas
outliers which they, in fact, are.

Table 1: Normalized Chemical Impact Scores

H2 MEK  SBA  H20

¥ 0 042  41E4 0
N2 ~  Ar - CH4 -~ NH3

v, 0 0 7.4E-3 0.93

There are nine different impact categories. These can be
subdivided into four environmental physical potential
effects (acidification, greenhouse enhancement, ozone
depletion, and photochemical oxidant formation), three
human toxicity effects (air, water, and soil), and two
ecotoxicity effects (aquatic and terrestrial).

The normalized chemical scores used in the two case
studies presented in the next sections are given in Table
1 above where H2 is hydrogen, MEK is methyl ethyl
ketone, SBA is secondary butyl alcohol, H20 is water, N2

% Use by the authors does not imply endorsement or
approval by the U.S. Environmental Protection Agency.

is molecular nitrogen, Ar is argon, CH4 is methane, and
NH3 is ammonia. These acronyms will be used
throughout the rest of the paper.

CASE STUDY #1: MEK PRODUCTION
To illustrate the use of the generalized WAR Algorithm,
a case study from the production of methyl ethyl ketone
(MEK) from secondary butyl alcohol (SBA) is presented.
The case study was adopted from the Chemcad I
(Chemstations, Inc.} chemical process simulator, and all
the material and energy balances were performed using
Chemcad T. However, any commercial process
simulator could have been used. This case study presenis
a typical chemical engineering process for the production
of a commodity chemical that involves several unit
processes such as reactors, separators, mixers, dividers,
and heat exchangers. It is, therefore, sufficiently complex
to illustrate the WAR Algorithm but still treatable within
the space of this paper. Essentially, the chemical process
consists of a SBA dehydrogenation reactor followed by a
MEKXK purification train and associated equipment.

Base Flowsheet
Figure 1 shows the base process flow diagram for the
production of MEK from SBA. SBA is fed to ahydrogen
scrubber where the feed SBA scrubs residual MEK from
the hydrogen stream, The SBA feed is then pumped up to
reaction pressure and heated to reaction temperature with
a heat exchanger and a heater. The heated SBA is fed to
the reactor where the chemical transformation occurs. The

0

Rescior

Figure 1. Base process flow diagram for the production
of methyl ethyl ketone from secondary butyl alcohol.

Table 2: MEK Production Flow Summary (kg/hr)
Input & Output: Base Process -

Stteam #1  #2  #12 #13  #14
(State) (L) (@G L @© @

SBA | 3362 19 3 2670 1

MEK 0 0 567 13, 71
H20 g 0 0 0 8

H2 0 18 0 0 it

S



reactor output stream is sent to a heat exchanger where it

is partially condensed. The mixture of MEK, hydrogen,
and unconverted SBA is cooled further and sent to a
separator where the hydrogen is flashed off. The hydrogen
is then scrubbed and the liquid phase fed to a MEK
purification system. The mass flow rates and the state of
the various input and output sireams as calculated by
Cherncad I are listed in Table 2 above.

Modified Flowsheet
Examination of the base process indicates that waste
stream 13 contains large amounts of unreacted SBA and
small amounts of MEK. It is, therefore, logical to try to
recover the SBA and MEK as the first step in a waste
reduction strategy. Consequently, the process flow
diagram was modified by the addition of a recycle from

v Feed, S5A
d

—

Mixer l
egcfon

HI0-MEK Aueo

MEK Dehydrator

Figure 2. Modified process flow diagram for the
production of methyl ethyl ketone from secondary butyl
alcohol. '

stream 13 to the feed, stream 1. Two cases were studied
with this modification, recycling 50% and 100% of stream
13. Recycling 100% of stream 13, i.e., closing off stream
18, is appropriate for this illustration. But, itis clearly not
practical because stream 18 is the only liquid waste stream
in the modified process and the only means of purging the
systema of liquid impurities. Without this purge, impurities
would build up inside the process causing it to eventuaily
cease to function. Figure 2 above shows the flow
diagram for themodified process. The mass flow rates and
the state of the various input and cutput streams for the
modified process with 50% recycle are listed in Table 3

Table 3: MEK Production Flow Summary (kg/hr)
Input & Output; Modified Process (50% Recycle)

Stream #1 #2 #12 #H14 #18
Gue) @ ©@ @O ©. @

SBA | 3362 168 5 1 2124

MEK 0 1 980 64 10

H20 3 2 0 6 0
H2 0 29 0 0 0

The process modification increased the amount of product
by approximately 73% while reducing the amount of
waste SBA in stream 18 by about 20%.

It is important to note that an examination of Tables 2, 3,
and 4 will indicate that waste was generally reduced, and
that environmental impact was probably also reduced.
However, the information so far considered is not
sufficient to allow a quantitative comparison of the overall
waste and environmental impact reduction associated with
each of the three cases studied here. For this comparison
one must calculate the impact indexes already described.
For the modified process with 100% recycle, the mass
flow rates and the state of the various input and output
streams are listed in Table 4 below. Note that increasing
the recycle increased the amount of product by 26%%
while simultaneously reducing the amount of waste SBA
in stream 13 to zero.

Table 4: MEK Production Flow Summary (kg/br)
Input & Qutput: Modified Process {100% Recycle)

Stream #1 #2 #12 #14
Statey L @ (L) 1(6))

SBA | 3362 1117 11 1

MEK 0 11 2094 59
H20 g 3 0 5

H2 0 60 0 0

Impact Index Calculations
Six different impact indexes were calculated for the base
case and the two modified processes each. The indexes
were obtained using Equations (3) to (8), the flow rates
from Tables 2, 3, and 4, Equation (10), and the
normalized chemical impact scores of T able 1. The
relative weighting factors, «,, were all set to one for these
calculations.
The first categcn;y indexes, i.e., the impact generation
indexes, 1°°, 1% and A?::, are shown on Figure 3
below. It sﬁc')uldg be noted that 1\?:: is a negative number
since some of the input mass is always converted to
product, and the products are not included Ain the
summation of the outputs. The specific indexes, I :j and
M;:‘:, were multiplied by a factor of 100 so that _t’l{my
could be shown on the same scale as the rate indeng:.
The sccqnd cgtc—igory 'Lq\dexes, ie., the impact output
indexes I::f, i ,and M::, are shown in Figure 4. The
specificindex Iﬂ; was multiplied by a factor of 1000, and
the specificindex A, was multiplied by a factor of 1050
that they could both be shown on the same scale as I‘:f.
The largest source of uncertainty in the calculation of the
impact indexes is the environmental impact scores. These
measurements are probably accurate to no more than one
significant figure or an order of magnitude. It is,
therefore, prudent to assume that impact index
calculations are also accurate to no rmore than one
significant figure. Two significant figures are used in
Figures 3 and 4 in order to help the readers to reproduce
the calculations, if necessary.
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Figure 3. Impact generation indexes for the production
of methyl ethyl ketone from secondary butyl alcohol:

£ in impact units per hour, [ inimpact units per
kilogram of product, and -ﬂg‘:’: in kilograms of
pollutants per kilogram of product.
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Figure 4. Impact output indexes for the production of
methy] ethyl ketone from secondary butyl alcohol: 7, ::f
in impact units of pollutants per hour, Iaf, in impact
units of pollutants per kilogram of products, and M::f
in kilograms of pollutants per kilogram of products.

DISCUSSION OF CASE STUDY #1

The impact generation indexes of Figure 3 show that: (1)
the rate of impact generation by non-products decreases
by 13% for 50% recycle and by 20% for 100% recycle,
(2) the impact generated by non-products per kilogram of
product decreases by 48% for 50% recycle and by 77%
for 100% recycle, and (3) the kilograms of non-products
generated per kilogram of product remains nearly constant
at -100. The most significant index in this case is the
impact generated per kilogram of product. The decrease
of this index reflects the increase in the productivity of the
plant, i e., the increase in product flow rate,

The impact output indexes of Figure 4 show that: (1) the
rate of impact output from non-products decreases by 11%
for 50% recycle and by 17% for 100% recycle, (2) the

impact output from non-products per kilogram of product
decreases by 48% for 50% recycle and by 78% for 100%
recycle, and (3) the output of kilograms of non-product
per kilogram of product decreases by 60% for 50%
recycle and by 38% for 100% recycle. It is worth noting
that the output of impact and waste decreased as measured
by all the indexes. The most significant index in this case
is the impact output per kilogram of product. The
decrease in this index is consistent with the decrease in
the impact generation per mass of product index discussed
in the paragraph above. This deerease is also areflection
of the increased productivity of the plant.

The decreases in the indexes are sufficiently large such
that they represent significant reductions in pollution. The
consistent decrease in the impact generation per mass of
product (48% to 77%) and the impact output per mass of
product (48% to 78%), simply means that the modified
plant can meet the needs of a much larger market without
increasing its generation or its output of potential
environmental impact. It also means that a modified plant
that is. 48% to 77% smaller than the base case can meet
the needs of the same market that the base plant was
designed for.

CASE STUDY#2: AMMONIA PRODUCTION

. To further illustrate the use of the generalized WAR

Algorithm, a second case study from the production of
ammonia from synthesis gas is presented. The case study
was also adopted from the Chemcad I (Chemstations,
Inc.) chemical process simulator, and all the material and
energy balances were performed using Chemcad III.
However, any commercial process simulator could again
have been used. Just as Case Study #1, this case study
also presents a typical chemical engineering process that
involves several unit processes such as reactors,
separators, mixers, dividers, and heat exchangers, It is
also sufficiently complex to illustrate the WAR algorithm
but still treatable within the space of this paper.

Base Flowsheet

Figure 5 shows the base process flow diagram for the

process. Essentially, the overall process is based on the
reaction of nitrogen and hydrogen to produce ammonia.
The mixture of hydrogen and nitrogen is compressed and

Figure 5. Base process flow diagram for the production
of ammonia from synthesis gas.



cooled and feed to a series of three reactors through a
fiash drum. Several reactors are normally used the to
maximize the conversion of feed to products which for
this process is difficult to do. This flash drum also serves
to separate the ammonia product from the unreacted gases
which are feed back into the system. The ammonia is
recovered as an anhydrous liquid under modest pressure.
The mass flow rates and the state of the input and output
streams as calculated by Chemcad ITf are all listed in
Table 5.

Table 5: Ammonia Production Flow Summary (kg/hr)
Input & Qutput: Base Process (Purge Rato=0.1)

Stream #1 #17 #19°
(State)  (Q) (G) L)
N2 33,334 5060 187
Ar 603 428 176
H2 7196 1120 13
CH4 805 700 112

NH3 0 3696 30453

Modified Flowsheet

Examination of the base process indicates that waste
stream 17 contains ammonia and some unreacted feed. It
is, therefore, logical to try to recover the ammonia and the
unreacted feed as an obvious first step in a waste
reduction strategy. Consequently, the process flow
diagram was modified in two ways. First, the purge ratio
was reduced five fold ffom 0.1 to 0.02, i.e., the flow of
stream 17 was reduced five fold. Second, in addition to
reducing the purge, a flash drum was added with stream
17 as the feed to recover some of the ammonia.

Table 6: Ammonia Production Flow Summary (kg/hr)
Input & Output: Modified Process (Purge Ratio = 0.02)

Stream #1 #17 #19

(State)  (G) (G) L)
N2 33,334 1162 217
Ar 603 199 404
H2 7196 281 16
CH4 805 446 351
NH3 0 856 38001

Figure 5 shows the configuration of the flow diagram for
the reduced purge modified process which is identical to
that of the base process. The mass flow rates and the state
of the input and output streams for the reduced purge
modified process are listed in Table 6. The process
modification increased the amount of product by

approximately 25% while reducing the amount of waste

ammonia in stream 17 by about 77%. It is worth noting,
however, that there was an small increase in the impurities

present in the product stream. This changed from about
2% impurities in the base case to 3% for the reduced
purge modified case.

Figure 6 shows the flow diagram for the modified process
with reduced purge and addition of a flash drum with
stream 17 as the feed. Under this configuration, stream 25
is used to purge impurities from the system. Without this
purge, impurities would again build up inside the process,
and it would eventually cease to function. Stream 24
which consists of essentially pure ammonia is mixed with
stream 19 to form a new product stream, stream 26.

Figure 6. Modified process flow diagram for the
production of ammonia from synthesis gas with reduced
purge ratio and added flash drum.

The mass flow rates and the state of the various input and
output streams are listed in Table 7. Note that adding the
flash drum in addition to reducing the purge five fold
increased the amount of product by 26% as compared to
the base case. This is very close to the 25% increase in
product that was obtained by simply reducing the purge.
However, the amount of waste ammonia in stream 25 was
reduced by 91%, and the amount of total waste in stream
25 was reduced by 78%, both compared to the base case.
As compared to the reduced purge process, the addition of
the flash drum increased the amount of product by a
meager 1%, but it reduced the amount of waste ammonia
by 61% and total amount of waste by 18%, both in stream
25. Therefore, the principal effect of adding the flash
drum was the reduction of waste.

Table 7: Ammonia Production Flow Summary (kg/hr)

Input & Qutput: Modified Process
{Purge Ratio = 0.02 & Flash Drum)
Stream #1 #25 #26
(State)  (Q) (G) @)
N2 33,334 1162 217
Ar 603 199 404
H2 7196 281 16
CH4 805 47 351
NH3 0 335 38,521
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Anexamination of Tables 5, 6, and 7 will again show that
waste was generally reduced, that the amount of product
made was increased, and that environmental impact of the
process was probably also reduced. However, one finds
that it is not sufficient to allow a quantitative comparison
of the overall waste and environmental impact associated
with each of the three cases. In a simple example such
this one the task is confusing, but for complex chemical
process it can become impossible. For this comparison
one must calculate the impact indexes.

Impact Index Calculations

Again, six different impactindexes were calculated for the
base and the two modified processes. The indexes were
also obtained using Equations (3) to (8), the flow rates
from Tables 5, 6, and 7, Equation (10), and the
normalized chemical impact scores of Table 1. The
relative weighting factors «,were all set to one for these
calculations.

The first categor; indexes xe the impact generation
indexes, i i and M , are shown on Flg'u.re 7. It
should be noted that Mg is a negative number since
some of the input mass is always converted to product,
and the products are not mciuded Lin the summation of the
outputs, The specific index, I was multiplied by a
factor of 10,000, and the index; A7, was multiplied by
a factor of 1, 000 so that they coulclg both be shown on the
same scale as the rate index 1
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Figure 7, Impact generation mdexes for the production
of ammoma from synthesis gas: I *in impact units per
hour, I ®in impact units per kzlogram of product,

and - oen in kilograms of pollutants per kilogram of
-product. PR is the purge ratio.

The second category mdexes fe., the impact output
indexes, Im , Im ; A and MM , are shown In F1 e 8.

The specific index I and the specific index M were
both multiplied by a factor of 10};000 so that they could be
shown on the same scale as [, *

The largest source of u.ncertamty in the calculation of the
impact indexes are again the environmental impact scores.
These measurements are probably accurate to no more
than one significant figure or an order of magnitude, and
it is, therefore, prudent to assume that impact index

calculations are also accurate to no more than one
sigxﬁﬁcant figure. Two significant figures are presented
in Figures 7 and 8 in order to allow readers to reproduce
the calculations if necessary.
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DISCUSSION OF CASE STUDY #2

The impact generation indexes of Figure 7 show that: (1)
the rate of impact generation by non-products decreases
by 77% when the purge ratio is decreased from 0.1 t0 0.02
and by 91% when the purge ratio is decreased as above
and a flash drum is added to recover waste ammonia, )
the impact generated by non-products per kilogram of
product decreases by 81% when the purge ratio is reduced
from 0.1 to 0.05 and by 93% when the purge ratio is
decreased as above and a flash drum is added, and (3) the
kilograms of non-products generated per *kilogram of
product remained nearly constant at -1 for all cases. The
most significant index in this case is the impact generated
per kilogram of product. The decrease of this index
reflects primarily the recovery of the waste product and to
a smaller extent the increase in the productivity of the
plant, i.e., the increase in product flow rate.

The impact output indexes of Figure 8 show that: (1) the

- rate ofimpact output from non-products decreases by 76%

when the purge ratio is decreased from 0.1 t0 0.02 and by
91% when the purge ratio is decreased as above and a
flash drum is added to recover waste ammonia, (2) the
impact output from non-products per kitogram of product
decreases by 81% when the purge ratio is reduced from
0.1 to 0.05 and by 93% when the purge ratio is decreased
as above and a flash drum is added, and (3) the output of
kilograms of non-product per kilogram of product
decreases by 73% when the purge ratio is reduced from
0.1t0 0.05 and by 76% when the purge ratio is decreased
as above and a flash drum is added. It is again worth
noting that the output of impact and waste decreased as
measured by all the indexes. The most significant index



in this case is the impact output per kilogram of product.
The decrease in this index was the same as that for the
equivalent generation index. This is a reflection of the
change in the index being primarily driven by the recovery
of waste product rather than increased productivity.

The decreases in the indexes are again sufficiently large
that they represent significant reductions in pollution.
The consistent decrease in the impact generation per mass
of product and impact output per mass of product (81% to
93%) implies that the modified plant can meet the needs
of a moderately larger market with much less impact on
the environment. The decrease in the rate of impact
generation and impact output (76% to 91%) means that
the modified process has an environmental impact that is
roughly one tenth that of the base plant. Lastly, the
decrease in the output of waste mass per mass of product
indicates that the modified plant will lose less valuable
material in its operation.

FUTURE WORK

In addition to the topics already mentioned, there are two
other issues that need to be further mentioned in relation
to the WAR Alporithm: Engineering Economics and
Computer Aided Process Design. However, both of these
are beyond the scope of this paper which is to present the
basic generalized waste reduction or WAR Algorithm and
to illustrate its use. Engineering Economics and
Computer Aided Process Design are the subject of present
and future research, and they are included here only for
completeness and to aid interested readers applying the
method and furthering the work.

Engmeerzng Economics
Whenever a process is modified to reduce waste, there is
a consequent change in the economics associated with it.
Economic changes are generally due to: (1) the addition or
removal of capital equipment, (2) an increase or decrease
in energy consumption, (3) a change in the rate of
consumption of feed material, and (4) a change in the rate
of product generation. When a process is modified, all of
the above are frequently affected. There are well
established methods for estimating the economics of
chemical processes either manually (Peters and
Timmerhous, 1968; Richardson Engineering Services,
1997) or with the aid of a computer (ICARUS, 1997;
Aspen Technology, 1997).
Modification of a chemical process using the WAR
Algorithm needs to be done along with an evaluation of
the economic consequences of any proposed process
modifications, i.e., one needs to simultaneously compare
both the potential environmental impact and the cost of
alternate process flowsheets. The reason is that the
ultimate objective is always that of developing cost
effective reductions in pollution. Unfortunately, there are
no consensus criteria for cost effective waste reduction.
Although one possibility, consistent with traditional
process design procedures, is to require that the sum of the
capital and operating costs should not increase with
proposed process modifications from the base
configuration. This can be expressed as,

[C" * Cc}ﬂ'a.n 2 [C" ¥ C‘]Mad;ﬁed (12}

where C,is the operating cost and C, is the capital cost
that can be estimated by one of the aforementioned
methods or some another proprietary method. Equation
(12) can then be used jointly with Equations (4) to (8) to
evaluate alternative process flowsheets.

Computer Aided Process Design

While it is often possible to devise pollution reducing
modifications from an inspection of the process flowsheet,
there are many situations where a more systematic
approach such as computer aided process design and
optimization may be required. This is particularly
important with very complex processes that are difficult
to analyze by inspection. The WAR Algorithm can be
used in computer aided process design and optimization.
This can be done by employing the indexes of Equations
{4) to (8) as objective functions in a mathematical
optimization subject to a cost constraint such as Equation
(12). For example, one could minimize the output of
potential environmental impact per mass of product given
by Equation (7) subject to keeping the total cost from
increasing. This can be expressed as,

= m(M(M) NP ¥ NP ,E 2) (13)

. . =NP
Minimize I, ' X,

subject to Equation (12) where M*“is the vector of mass
flowrates for all the oufput streams, ; Fis the vector of
mass fractions for non-product component iin all output
streams, and P is the vector of mass flowrates for all
products, The optimization could involve the variation of
operating variables and meodification of the flowsheet
configuration both. In this way one can systematically
reduce the pollution indexes even in very complex
processes. There are several robust algorithms such as
simulated annealing (Kirkpatrick ef o/, 1983; van
Laarhoven and Aarts, 1987) that can be successfully used
along with mixed integer programing (Grossmann, 1985;
Grossmann, 1990} here.

CONCLUSIONS

A general theory and a methodology for incorporating

pollution reduction into chemical process design has been
presented. The work is still at an early stage of
development particularly with respect to its application.
However, the fundamental bases along which future work
will proceed have been established.

When used in conjunction with chemical process
simulators, the WAR Algorithm offers a powerful
methodology for evaluating the potential environmental
impact of alternative process flow sheets. Although, the
WAR Algorithm is intended for use as part of a good faith
effort to reduce the environmental foot print of process
plants, and it does not obviate the need to make judicious
engineering and environmental decisions. For example,
there is no completely unambiguous way of setting values
for the impact weighting factors or «,'s. The reason is
that the «,'s represent the value that society places on
particular types of environmental impacts, and this will
vary across locations, cultures, and even time. One
should point out, however, that engineering design
practice has always used human judgement in determining
any number of design parameters like safety factors., and,
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therefore, this dilemma is not new.

Never the less, there is a need to further improve the

methodology for estimating potential environmental
impacts and the weighting factors, there is a need to
incorporate economics into the analysis, and there is a
need to include computer aided process design and
optimization. Future work will address these issues. The
case studies, however, do illustrate that even in its present
state the methodology is a useful process design tool.
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LIST OF SYMBOLS

C. Capital costs associated with a chemical process,
monetary

C, Operating costs associated with a chemical
process, monetary '

I . Potential environmental impact content of
system, impact

I',.n Potential environmental impact input rate,
impact/hour

fm Potential environmental impact output rate,
impact/hour

en Potential environmental impact generation rate,
impact/hour

i Potential environmental impact flow of stream j

input {i=in) or output (i=ouf), impact/hour

.f;:: Potential environmental impact generation rate
by non-products, impact/hour

fo':f Potential environmental impact output rate due
to non-products, impact/hour

: NP . . - . .

I Potential environmental impact input rate due to

non-products, impact/hour
I g‘:f Specific potential environmental impact
generation from non-products, impact/ kilogram
Specific output of potential environmental
impact due to non-products, impact/kilogram
M?  Mass flowrate of stream f, input (i=in) or output
: (i=out), kilograms/hour
M™  Vector of mass flowrates for all output strearns,

# NP
owt

kilograms/r hour

ﬂ;ﬁ Specific generation of non-product mass,
kilograms/kilogram

M::f Specific output of mnon-product mass,
kilograms/kilogram

P Mass output rate of product p, kilograms/hour

P Vector of mass flowrates for all products,
kilograms/hour

X, Mass fraction of chemical & in stream j

xé”) Mass fraction of non-product & in stream j

;‘:”’ Vector of mass fractions for non-product
component § in all output streams,
kilograms/kilograms

o, Chemical independent relative weighting factor

for impact of type /, impact/kilogram
D, Pollution index, kilograms/kilogram

o, Standard deviation of all chemical scores in
impact category j, no units

L Overall potential environmental impact of
chemical j, impact/kilogram

¥, Specific (s) potential environmental impact of
chemical  for impact of type /, impact/kilogram
(Score), Relative potential impact score of chemical i for
impact of typej, no unit
((Score) ) Arithmetic average of the scores for all
chemicals 7 in impact category j, no units
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Using
Design for the Environment
Concepts

in Your EMS

An Environmental Management System (EMS) can provide a company with 2
systernatic way to improve its operations for better environmental performance.
While an EMS supplies the basic management framework, EPA’s Design for the
Environment (DfE) Program provides guidance and tools to help companies
achieve continuous environmental improvement. The DEE approach encourages
companies to consider environmental and human health risks in all business
decisions. In addition, it encourages companies to evaluate cleaner processes,
technoiogies; and workplace practices.

Why Establish a DfE-Based EMS?

A DFfE-based EMS provides a company with opportunites to go “beyond
compliance” and save money. The DfE approach can help a company meet the
objectives of its EMS by promoung the evaluation of cleaner production
alternatives. By implemendng these alternatives, a company can continuously
improve its environmental performance.

In addition, an EMS encourages the systernatic evaiuation of each area of the
company’s operation. An EMS can provide the following benefits:

+  improved wortker health and safery

+  reduced costs — greater efficiency means fewer matenials used and less
ime and energy wasted

- increased business opportunities —— customers may start requiring their
suppliers to have an EMS

tcantnued on page 3

Besign forthe Emvirorment 1,?m
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Pollution Prevention Assessment for a Manufacturer of
Electroplated Truck Bumpers

Richard J. Jendrucko’, Thomas N. Coleman’, Brian T. Hurst’,
and Gwen P. Looby™

Abstract

The U.S. Envirenmental Protection Agency (EPA) has funded
a pilot project to assist small and medium-size manufacturers
who want to minimize their generation of waste but who lack
the experlise to do so. In an effort to assist these manufactur-
ers Waste Minimization Assessment Centers (WMACs) were
established at selected universities and procedures were
adapted from the EPA Waste Minimization Opportunity As-
sessment Manual (EPA/G625/7-88/003, July 1988). That docu-
ment has been superseded by the Facifity Pollution Prevention
Guide (EPA/600/R-92/088, May 1992). The WMAC team at
the University of Tennessee performed an assessment at a
plant that manufactures electroplated bumpers and miscelia-
neous parts for trucks. Steel and aluminum parts received
from a nearby facility are cleaned, rinsed, etched, and electro-
plated. The team’s report, detailing findings and recommenda-
tions, indicated that a considerable amount of wastewater
treatment sludge is generated from the onsite treatment of
wastewater, and that significant waste reduction and cost sav-
ings could be achieved by reducing drag-out from the plating
tanks.

This Research Brief was developed by the principal investiga-
tors and EPA’s National Risk Management Research Labora-
tory, Cincinnati, OH, to announce key findings of an ongoing
research project that is fully documented in a separate report
of the same title available from University City Science Center.

introduction

The amount of waste generated by industrial plants has be-
come an increasingly costly problem for manufacturers and an

* University of Tennesses, Department of Engineering Science and Mechanics
* University City Science Csnter, Philadelphia, PA

MWD

additional stress on the environment. Cne solution to the
problem of waste generation is to reduce or eliminate the
waste at its source.
!

University City Science Center (Philadelphia, PA)} has begun a
pilot project to assist small and medium-size manufacturers
who want to minimize their generation of waste but who lack
the in-house expertise to do so. Under agreement with EPA’s
National Risk Management Research Laboratory, the Science
Center has established three WMACs. This assessment was
done by engineering faculty and students at the University of
Tennessee's (Knoxville) WMAC. The assessment teams have
considerable direct experience with process operations in manu-
facturing plants and also have the knowledge and skills needed
to minimize waste generation.

The poliution prevention opportunity assessments are done for
small and medium-size manufacturers at no out-of-pocket cost
to the client. To qualify for the assessment, each client must
fall within Standard Industrial Classification Code 20-39, have
gross annual sales not exceeding 575 million, employ no more
than 500 persons, and lack in-house expertise in polliution
prevention.

The potential benefits of the pilot project include minimization
of the amount of waste generated by manufacturers, and
reduction of waste treatment and disposal costs for participat-
ing plants. In addition, the project provides valuable experience
for graduate and undergraduate students who participate in the
program, and a cleaner environment without more regulations
and higher costs for manufacturers,

Methodology of Assessments

The pollution prevention assessments require several site vis-
its to each client served. In general, the WMACs follow the

@ Printed on Recycled Paper
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Pollution Prevention Assessment for a Manufacturer of
Bourbon Whiskey

Marvin Fleischman®, Debra Cambron®,
and Gwen P. Looby™

Environmental Protection
Agency
Research and Development
EPA
Abstract

The U.S. Environmental Protection Agency (EPA) has funded
a pilot project to assist small and medium-size manufacturers
who want to minimize their generation of waste but who lack
the expertise to do so. Waste Minimization Assessment Cen-
ters (WMACs) were established at selected universities and
procedures were adapted from the EPA Waste Minimization
Opportunity Assessment Manual (EP AJ625/7-88/003, July 1988).
That document has been superseded by the Facilily Poliution
Prevention Guide (EPA/B00/R-92/088, May 1992). The WMAC
team at the University of Louisville performed an assessment

* at a plant that produces bourbon whiskey. Grains are ground,

cooked, and fermented using yeast. The resulting fermented
product is sent to a beer still for alcohol recovery. Overhead
vapors go to a doubler from which they flash yielding a new
whiskey. The new whiskey obtained is stored in charred wooden
barrels for several years and, after maturation, is shipped
offsite for botlling. The team’s report, detailing findings and
recommendations, indicated that carbon dioxide and ethanot
are vented to the atmosphere in large quantities and that
significant cost savings could be realized through carbon diox-
ide and ethanol recovery.

This Research Brief was developed by the principal investiga-
tors and EPA’s National Risk Management Research Labora-
tory, Cincinnati, OH, to announce key findings of an ongoing
research project that is fully documented in a separate report
of the same title available from University City Science Center.

*University ol Louisville, Department of Chemical Engineering.
- University City Science Center, Philadelphia, PA. ’

Introduction

The amount of waste generated by industrial ptants has be-
come an increasingly costly problem for manufacturers and an
additional stress on the environment One solution to the
problem of waste generation is to reduce or eliminate the
waste at its source.

i

University City Science Center (Philadelphia, PA) has begun a
pilot project to assist small and medium-size manufacturers
who want to minimize their generation of waste but who lack
the in-house expertise to do so. Under agreement with EPA’s
Nationa! Risk Management Research Laboratory, the Science
Center has established three WMACs. This assessment was
done by engineering faculty and students at the University of
Louisville’s WMAC. The assessment teams have considerable
direct expetience with process operations in manufacturing
plants and also have the knowledge and skills needed to
minimize waste generation.

The pollution prevention opportunity assessments are dane for
small and medium-size manufacturers at no out-of-packet cost
to the client. To qualify for the assessment, each client must
fall within Standard Industriat Classification Code 20-39, have
gross annual sales not exceeding $75 miltion, employ no more
than 500 persons, and lack in-house expertise in pollution
prevention.

. The potential benefits of the pilot project include minimization

of the amount of waste generated by manufacturers and re-
duction of waste treatment and disposal costs for participating
plants. In addition, the project provides valuable experience for
graduate and undergraduate students who participate in the
program, and a cleaner environment without more regulations
and higher costs for manufacturers. '
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Executive Summary

The model proposed to be used for the measurement of pollution reduction in the
Philippines under the Industrial Initiatives for a Sustainable Environment (IISE) project has
been developed. The approach used by the model is based on the relative risk of a process
in comparison to alternatives. This ensures that all the environmental pollution pathways
are considered, implementing multi-media pollution reduction. The model measures
Potential Environmental Impact (PEI) of the output streams of the process.

A fundamental task of the project is to conduct in-plant P2/CP assessments. To
accomplish the project’s pollution reduction goal, a “baseline” must be established at each
facility that documents the current hazardous waste streams. These data and information
will be gathered by teams of appropriately trained personnel including those familiar with
the processes being evaluated and P2 engineers, at a minimum. Afier gathering facility
information, the P2 engineer will evaluate the data, establish the pollution baseline, and
prepare an “alternatives evaluation.” Following implementation of P2/CP alternatives, the
updated potential risk would be compared to the baseline level.

The model developed for this project is the Risk Reduction Measurement Model
(R2M2). The model is based on carlier work performed by the US Environmental
Protection Agency (US EPA). This earlier work, the Waste Reduction (WAR) algorithm,
examines all the waste streams of a process for targeted chemicals, and quantifies the risk
based on the chemicals present and mass loading of each chemical. Risk is quantified for
the following categories:

. Global warming potential,
. Acid rain potential,
. Photochemical oxidation potential,

. Ozone depletion potential,

. Terestrial toxicity potential,

1
2
3
4
5. Aquatic toxicity potential,
6
7. Human toxicity potential by ingestion, and
8

. Human toxicity potential by inhalation or dermal exposure.

One modification made to the WAR algorithm is the inclusion of an additional
parameter, P, which introduces the probability to the calculation of potential environmental
impact. The parameter P is used to account for the reduction of risk of release of chemicals
to the environment. This parameter would be used, for example, where exposure to the
worker is reduced by the implementation of the workers wearing PPE or better waste
management practices that would lessen the probability of release to an environmental
medium.

R2M2 is proposed to be used for the evaluation of processes. In instances where
the resources are not available to perform a complete risk reduction approach using R2M2,

001800n i 8/31/99
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or the process does not contain targeted chemicals in any of the waste streams, a second
model, the Mass Tracking Model (MTM), is proposed for used. This model would simply
track reduction in waste stream loading of a gross parameter or a specific chemical.

The following conclusions are presented with respect to P2/CP measurement model
development:

1.

4.

The IISE Project assumes that environmental risk is an appropriate parameter
for measuring P2/CP progress.

Reduction of environmental risk can be quantified in a relative sense by
comparing baseline risk to the risk determined following implementation of P2
alternatives. The proposed methodology for measurement is based on research
conducted by the US EPA.

US EPA’s “WAR?” algorithm is suitable for use in the IISE project and can be
enhanced by incorporating a probability factor. The proposed R2M2 algorithm
allows the user to insert a coefficient that reduces the calculated potential
environmental impact for cases in which probability of environmental impact is
reduced.

Not all of P2/CP assessments will use the R2M2. Where IISE-targeted
chemicals are not present, a waste loading model, MTM, will be used.

The following recommendations are proposed for the next steps in the P2/CP
portion of the IISE project:

1.

The IISE team should develop concurrence on using the R2M2/MTM approach
for the P2/CP assessment task. MSE should be authorized to meet with US
EPA within the next month to review MSE’s approach and obtain EPA’s
concurrence.

The R2M2 conceptual model should be fully developed into a user-friendly tool
that can be used by the P2/CP personnel of the 1ISE team. Specifically, Visual
Basic or other commonly available software can be used to write the R2M2
program that walks the user through the P2/CP evaluation process. This task
should be authorized by Chemonics International prior to the conduct of further
P2/CP training. MSE is prepared to lead the model preparation.

MSE should be authorized to further expand the beta table, consulting with the
{ISE team in Cebu.

The P2/CP assessment training should be authorized to MSE. The training
should incorporate general information on P2, R2M2, and MTM. The course
should be “hands-on” in the nature allowing participants to walk through the
evaluation process for actual IISE project participants.

001800n
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SECTION 1

INTRODUCTION

1.1 Background

Chemonics was awarded the Municipal Coastal Environmental Initiative (MCEI)
contract by the United States Agency for International Development on 24 July 1998. This
contract, subsequently renamed IISE (Industrial Initiatives for a Sustainable Environment),
will operate in the Visayas and Mindanao regions of the Philippines, with support from the
project field headquarters in Manila. To accomplish the objectives of the project, the [ISE
team will work closely with its partners to create a self-sustaining, multi-stakeholder
program that will encourage adoption of environmental management systems and
application of pollution prevention / cleaner production (P2/CP) technologies.

A fundamental task of the project is to conduct in-plant P2/CP assessments. The
IISE project will result in the conduct of P2/CP assessments at 400 firms and a 20%
reduction in pollution. To accomplish this, a “baseline” must be established at each facility
that documents the current characteristics and flow of its hazardous waste streams. These
data and information will be gathered by teams of appropriately trained personnel including
those familiar with the processes being evaluated and P2 engineers, at a minimum. After
gathering facility information, the P2 engineer will evaluate the data, establish the pollution
baseline, and prepare an “alternatives evaluation.” Following implementation of P2/CP
alternatives, the updated potential risk would be compared to the baseline level.

1.2 Proposed Use of Models

A proposed method for establishing the baseline and measuring progress was
conceptualized. The basic approach is to “measure” the level of potential risk for each
chemical appearing in any of a facility's waste streams. Two models are proposed to be
utilized. The first model, the Risk Reduction Measurement Model (R2M2), would be used
where the waste streams of the process contain IISE-targeted chemicals. All processes
would be investigated using the R2M2 unless the waste streams in the process do not
contain target chemicals or chemicals likely to be added to the list of targeted compounds.
Targeted chemicals are currently those on the Philippines list of 28 chemicals (RP 28) from
RA 6969 and the Priority Organic Pollutants (POPs) list. These chemicals are listed in
Table I.1. (Note that tables and figures are located at the end of each section.) Additional
chemicals may be added to the target list later as needed to expand the use of the risk
reduction model.

001800n 1-1 8131199



The second model that is proposed is the Mass Tracking Model (MTM). This
model would be used to measure reduction of chemicals contained in waste streams of a
process that do not contain targeted chemicals. This model accounts for sheer reduction in
mass flow rates of waste streams. The MTM would be used when the process does not
contain targeted chemicals in any of the waste streams, or does not contain chemicals likely
to be added to the list of targeted chemicals in any of the waste streams.

1.3 Purpose of Report

This report documents how R2M2 will be used as the key P2/CP measurement tool
for the IISE project. The algorithm is based on the U.S. Environmental Protection
Agency’s (EPA) Sustainable Technology Division Office (Cincinnati) research with the
Waste Reduction (WAR) algorithm, which is documented in the articles included in
Appendix A. Discussions between MSE and the EPA authors, Young and Cabezas,
indicated the appropriateness of EPA’s WAR algorithm to the TISE project. MSE
requested that EPA provide a limited matrix of data used in the WAR algorithm to
accommodate the chemicals that will be evaluated in the IISE project. (These data are
included in Appendix B).

The R2M2 will be developed by modifying the WAR algorithm to accommodate
the objectives of the project. The WAR algorithm includes relative risk values (health and
environmental impact categories) for a number of chemicals, including most of the RP 28.

1.4 Report Organization

This report is divided into four sections and appendices. Following this section,
Section 2 provides a description of the WAR algorithm and the development of R2M2,
along with some examples. A description of the MTM is contained in Section 3. Finally,
conclusions and recommendations from this task are included in Section 4.

Appendix A contains copies of articles on the development of the WAR algorithm.
Appendix B contains a copy of the database values used to develop the potential
environmental impact of each chemical. Appendix C contains calculations used in the
examples shown in the report.

0018000 1-2 831799
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Table 1.1—IISE Target Chemicals

Chemcial Category
Aldrin POPs
Arsenic RP28
Asbestos RP23
Benzene RP28
Beryilium RP28
Cadmium RP28
Carbon Tetrachioride RP23
Chlordane POPs
Chlorinated Ethers RP28
Chlorofluorocarbons RP28
Chloroform RP23
Chromium RP28
Cyamde RP28
DDT POPs
Dieldrin POPs
Dioxins POPs
1,2-Diphenylhydrazine RP28
Endrin POPs
Ethytene Dibromide RP28
Ethylene Oxide RP28
Furans POPs
Halons RP28
Heptachlor POPs
Hexachlorobenzene RP28 & POPs
Hexachloroethane RP28
Lead RP28
Mercury RP23
Mirex RP28 & POPs
Pentachlorophenol RP28
Phosgene RP28
Polybrominated Biphenyls RP28
Polychlorinated Biphenyls (PCBs}) RP28 & POPs
Selenium RP28
Toxaphene POPs
Tributyltin RP28
1,1,1-Trichloroethane RP28
Vinyl Chloride RP28
Notes:

RP 28 - Philippines list of 28 chemicals from RA 6969

POPs - Priority Organic Pollutants list
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SECTION 2

RISK REDUCTION MEASUREMENT MODEL

2.1 Purpose of the Model

A model is proposed for quantification of pollution-related risk reduction as a
function of environmental impact for the chemicals of concern. Use of an algorithm
ensures consistent application of the parameters selected for measurement. Given the
number of facilities and processes that are to be investigated, consistency in the assignment
of relative risk is critical to successful measurement. The model proposed for the 1ISE
P2/CP project is based on the WAR algorithm.

2.2 Description of the WAR Algorithm

EPA’s WAR algorithm has been designed to evaluate the relationship of competing
process alternatives. The WAR algorithm considers input and output streams of a process.
Figure 2.1 illustrates typical streams to and from a generic process. For a given process,
several input streams (which may be comprised of material in the solid, liquid, or gaseous
phase) are used in an effort to generate a product. The process typically also will have
several non-product streams (which may be comprised of material in the solid, liquid, or
gaseous phase) that result from the process. The portion of the WAR algorithm discussed
below deals with the product stream and non-product output streams.

The WAR algorithm was developed primarily for comparison of process
alternatives; however, one can apply the concepts of the WAR algorithm to establish an
impact baseline and measure improvement over time. The algorithm assumes that each
chemical stream entering and exiting a process possesses an inherent property, its potential
environmental impact (PEI). The impact of chemicals found in industrial processes and in
their associated waste streams is evaluated for several different impact categories. These
include:

Global warming potential,

Acid rain potential,

Photochemical oxidation potential,
Ozone depletion potential,

Aquatic toxicity potential,

S ol S

Terrestrial toxicity potential,
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7. Human toxicity potential by ingestion, and
8. Human toxicity potential by inhalation or dermal exposure.

The first four categories represent atmospheric impact cat=gories. The remaining four
represent local toxicological impact categories.

The PEIs for input and output streams are evaluated separately. For example, the
PEI associated with the output streams of a process is calculated by analyzing each of the
waste streams generated from the process. Each of the specific chemicals for each waste
stream are evaluated. Based upon the impact category values associated with each
chemical, the concentration of the chemical in the waste stream, and the mass flow rate of
the waste stream, the PEI is determined for each chemical in each waste stream. The PEI
of the process is the sum of the PEI for all the chemicals in all the waste streams of the
process.

The PE] for each chemical is based upon a specific score for each of the eight
impact categories. Table 2.1 provides the methodology for determining scores for each
category. For example, the human toxicity potential by ingestion is based upon the lethal-
dose that produced death in 50% of rats by oral ingestion (LDsg). The human toxicity
potential by inhalation or dermal exposure is based on the time-weighted average of the
threshold limit value. Scores for atmospheric categories are based upon the ratio of the
chemical’s adsorption/release/reaction rate compared to the reaction/release/adsorption rate
of a chemical standard.

After the scores for each chemical are determined, they are normalized within each
category. Normalization ensures that, on average, the impact potential for different
categories will have equivalent values. The normalized values are represented by the
parameter ¥. Y is calculated by dividing each chemical score by the average of all the
chemica! scores within that category. (The database currently contains chemical scores for
over 1600 chemicals.) Therefore, it is not the absolute ¥ value for each chemical that is
important, but rather, the chemical’s ¥ value relative to other chemicals’ ‘¥ values.
Without normalization, implicit weighting could be present in the chemical database
causing unintentional bias in the calculation of the PEI indexes. Normalizing each
category by the average value of entries in that category insures that the average value in
that category will be unity. The units of ‘¥ are potential environmental impact (PEI) per
kilogram (kg) of chemical.

The WAR algorithm also allows the user to weigh each of the eight impact
categories above in order of importance. This weighting factor, represented by the
parameter o, is a value between zero and ten. The parameter a is dimensionless. For

purposes of the IISE, a is proposed to have a value of 1 for all categores.

The overall PEL per kg of chemical j, ¥, . is calculated using the following
equation:

‘Pj = Ek:ak‘l’jk (1)

where the summation k is taken over all impact categories.
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The overall PE! of the process, Iou, is given by the following equation:

Lo = Zlgm” = ZM,@"UZX.;‘*'; (2)
i J

i

where the summation 7 and j are taken over all waste streams and chemicals, respectively,
1" is the PEI of waste stream #, M(* is the mass flow rate of the waste stream i in units

of kg per time, and x;; is the mass fraction of component j in waste stream 1. The units of
I, are PEl/time.

2.3 R2M2 Description

One of the limitations of the WAR algorithm is that the relative risk or probability
of environmental impact is not addressed. For example, consideration is not given between
the scenario where a waste stream enters the environment uncontrolled and another where
proper waste management practices are in place. The former situation represents a higher
risk than the latter. For the 1ISE project, risk reduction is a key objective for the P2/CP
program; progress measurements, therefore, should be a function in terms of risk reduction.

The Risk Reduction Measurement Model is proposed as a useful variation of the
WAR algorithm to accommodate the need to account for risk reduction. A modification to
the WAR algorithm for this project incorporates a new parameter accounting for the
probability of the waste stream being released to the environment in certain cases. The
disposition of the waste stream is important because, for example, the environmental
impact of the discharge of a liquid waste stream to the site soil and groundwater is much
greater than the impact of the same liquid stream captured in drums and treated at an
approved facility. Thus, the relative risk posed by PEIl in a process can be reduced if a
waste stream can be more effectively managed.

The introduction of a risk coefficient, B, is proposed to modify the WAR equation.
Incorporation of p modifies the result of the WAR algorithm to yield a term PEI*, which
can be called “risk-reduced potential environmental impact.” The overall PEI* of a
chemical is given by the equation:

‘P; = ; Bia, 'Y, (3)

The PEI* of the process is calculated using Equation 2. An example of the
usefulness of the risk coefficient is illustrated in the case of personnel protective equipment
(PPE) that is implemented in a painting process. Appropriate PPE reduces the human
toxicity potential by inhalation or dermal exposure; B can be used to distinguish the relative
risk of a hazardous solvent and/or metallic pigment in the breathing zone of the worker
versus the case where the worker wears PPE. Thus in this case, a B value less than 1
(assumed for PPE usage in that the risk of exposure to the user is reduced) would reduce
the net PEI* level. A value of B can be assumed for each relevant environmental impact
category.

In general, B would be assigned a value of 1 in the baseline scenario. If a process
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change (or housekeeping change) is made, the value of B would be adjusted to a value less
than 1 as appropriate. The parameter is meant to be more of a “fine tune” adjustment to
PEI*, and is not expected to have as much significance as, for example, those processes
where highly toxic chemicals are replaced with those less toxic. Rather, it will serve as a
tool to accommodate reduction in risk where changes in housekeeping or disposition of
wastes may be the only possible alternatives available at a facility. Preliminary examples
of B values are shown in Table 2.2.

The model logic is shown in Figure 2.2. This logic is a necessary preliminary
design step prior to construction of the program that will be used to calculate the PEI* of
the process. The logic of the model begins by identification of the process. Next, a waste
stream and its characteristics, such as mass flow rate and management/disposition of the
waste, are identified. The appropriate B value for the disposition/exposure is retrieved.
Then, each chemical is identified, and its ¥ values are retrieved. The concentration of the
chemical in the waste stream is input, and the PEI* of the chemical is calculated. This is
repeated for any additional chemicals. The PEI* value of all chemicals is summed to
determine the waste stream PEI*. This procedure is repeated for each waste stream from
the process. The PEI* of the waste streams is summed to determine the overall PEI* of the
process.

2.4 R2M2 Inputs

PEI* must be calculated for each process in which R2M2 is employed. Each
process may be comprised of several waste streams, and several chemicals may be found in
each waste stream. Figure 2.3 illustrates the flow Iogic of identifying all the information
inputs required for the algorithm.

After the processes at the facility have been identified and chosen for evaluation in
the R2M2, the process must be looked at in detail in an effort to identify all the waste
streams in the process and the waste stream flow rates. Each waste stream is then
investigated to determine the chemicals in the waste stream and their concentrations. Only
chemicals on the target list (or those that are likely to be added to the target list) will be
investigated.

2.5 Examples of Use of R2ZM2

2.5.1 Painting Process

In this first example, a painting process uses a paint containing toluene, 1,2,4-
trimethylbenzene, and zinc oxide. All the VOCs in the paint are assumed to act as carrers
and volatize to the atmosphere. Qutput streams for this process are the VOC stream (to the
atmosphere) and paint overspray. The amount of paint overspray depends on the efficiency
of the paint gun and the experience of the painter. The overspray contains the pigment in
the paint.

Table 2.3 shows a summary table of the calculations used in determining the
process PEI*. Calculations for determining the percent of each chemical in each of the
waste streams is shown in Appendix C. While the concentration of toluene and 1,2.4-
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trimethylbenzene in the paint is 9 percent and 1 percent, respectfully, the concentrations
increase to 19.6 percent and 2.2 percent in the VOC stream. The concentration of zinc
oxide increases from 3 percent in the paint to 5.3 percent in the pigment waste stream.

Similarly, the mass of paint used by the process in a year is 235.8 kg. The mass of
the VOC waste stream is 101.4 kg per year, and the mass of the pigment waste stream is
672 kg per year. The material applied to the product accounts for the balance of the
pigment.

In the baseline case, the values of beta are set to a value of 1. The PEI* of each
chemical is calculated, and then the PEI* of all the chemicals in all the waste streams is
summed to give the process PEI*. The annual process PEI* for this process is calculated to
be 40.

The alternative case utilizes a paint that does not contain any targeted chemicals.
Therefore, the PEI* of the alternative is 0, and the PEI* reduction is 100 percent.

2.5.2 Kerosene Bath

Kerosene is often used to keep away insects in furniture manufacturing in the
Philippines. Bamboo stock may be submersed in a kerosene bath for preservation. In this
example, a 450 gallon bath is used to submerse the bamboo until needed in the process.
Currently, the bath is emptied and refilled with kerosene every thirty days. The
recommendations to reduce pollution are to cover the bath and ensure it is located out of
direct sunlight in effort to reduce evaporative losses. These methods are expected to allow
the bath to be emptied and refilled every 40 days. The calculated annual PEI*s of 4,500
and 3,400 for the Baseline and P2 Alternative 1, respectively, are shown in Table 2.4.

The second P2 alternative for this process is for the workers to wear PPE. Wearing
of gloves when handling the bath and treated bamboo would reduce the value of B to 0.5.
The annual PEI for Alternative 2 is 3,800.

The third alternative is to combine Alternatives 1 and 2. The annual PEI* for
Alternative 3 is 2,900. This represents a 36 percent reduction in annual PEI from the
baseline case.
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Figure 2.1—Process Flow Diagram
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Figure 2.2—R2M2 Logic Diagram
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Figure 2.3— R2M2 Baseline Data Collection Flow Sheet
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Table 2.1—Description of Parameters Used to Develop ‘¥’ Values

Category Description

Global Warming Potential Ratio of the extent to which a unit of mass of a chemical
adsorbs infrared radiation to the extent that CO, adsorbs
infrared over a base time frame of 100 years.

Acidification Potential Ratio of the release of a hydrogen ion in the atmosphere
as promoted by a chemical to the rate of release of a
hydrogen ion as promoted by SO,.

Photochemcial Oxidation Potential Ratio of the rate at which a unit mass of chemical reacts
with a hydroxyl radical to the rate at which a unit mass
of ethylene reacts with a hydroxyl radical.

with ozone to form molecular oxygen to the rate at
which a unit mass of CFC-11 (trichiorofluoromethane)
reacts with ozone to form molecular oxygen. The
chemical must contain a chlorine or bromine atom.

Ozone Depletion Potential Ratio of the rate at which a unit mass of chemical reacts |

Aquatic Toxicity Potential The inverse of the lethal concentration that produced
death in 50% of a representative species of fish.{

Terrestrial Toxicity Potential The inverse of the lethal-dose that produced death in
50% of rats by oral ingestion.tt

Human Toxicity Potential by Ingestion |The inverse of the lethal-dose that produced death in
50% of rats by oral ingestion.tt

Human Toxicity Potential by Inhalation |The inverse of the time-weighted average (TWA) of the
or Dermal Exposure threshold limit vaiue (TLV).1

Notes:

1 The source of the lethal concentration that produced death in 50% of a representative
species of fish, fathead minnows, (LCyp) is AQUIRE, ECOSAR, Parger's Environmental
Contaminant Reference Handbook , 1995, and Handbook of Environmental Data on
Organic Chemicals, by Karel Verschueren.

17 The source of lethal-dose that proeduced death in 50% of rats by oral ingestion (LDsp) is
Sax's Dangerous Properties of Industrial Materials, by Richard J. Lewis, 3rd Edition, the
Hazardous Substance Data Bank, and the Registry of Toxic Effects of Chemical
Substances, edited by Doris V. Sweet.

1 The source of the time-weighted average (TWA) of the threshold limit value (TLV) 1s the
Occupational Safety and Health Administration, the American Conference of
Governmental Industrial Hygienists, and the National Institute for Occupational Safety
and Health.
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Table 2.2—Preliminary RZM2 Beta Values

Impact Category
Condition HTPL |HIPE] ATP | T1P | GWP | ODP | PCO | AP
Process Pollution Control
PPC-1 Replace Paint Booth Water Curtain
w/ Dry Filter 1 1 0.5 1 1 1 1 1
PPC-2 Improve Paint Booth Overspray
Collection 0.7 0.7 1 0.5 0.9 0.9 0.9 09
PPC-3 Combine PPC-1 and PPC-2 0.7 0.7 0.5 0.5 09 0.9 0.9 0.9
Waste Management Practices
WMP-1 Instail Secondary Containment 1 0.7 0.5 0.5 1 1 1 1
wmMmpP-2 Install Check Valves on Water
Supply System In Vicinity of
Process Waste Lines 0.5 0.9 0.9 1 L 1 1 1
WiMP-3 Install Pressure Relief Vaive on
Pressure Vessel 1 0.5 1 1 0.7 0.7 07 0.7
Personal Protection Equipment
PPE-1 Use Appropriate Respirator 1 0.5 1 1 1 1 1 1
PPE-2 Use Appropriate Splash Protection
(Boots, Gloves, etc.) 0.7 0.7 1 1 1 L 1 1
General Housekeeping Practices
GHP-1 Segregate Waste Streams 0.7 0.7 0.7 0.7 0.9 0.9 0.9 0.9
GHP-2 Establish / Implement Waste
Handling Procedures 0.9 09 0.9 0.9 0.9 0.9 09 0.9

otes:

HTPI = Human toxicity potential by ingestion

HTPE = Human toxicity potential by inhalation or demeral exposure

ATP = Aquatic toxicity potential

TTP = Terrestrial toxicity potential (same method as HTPI)

GWP = Global warming potential

ODP = Ozone depletion potential

PCO = Photochemcial oxidation potential
AP = Acid rain potential




E £ E E ' : ) |
E E L 1 K L i [ §  § E ' E
Table 2.3—Example Calculation: PEI of a Painting Process
Waste RP28/[Psi Values (impact/kg chemical) JBeta Values (dimensionless) IpaY 1 Y Zha¥ M PEI
Case Stream Chemical poPs[ HIPt | HTPE] ATP [ TTP |GWP|ODP| PCO TAP| HTPI [HTPE[ATP[TTP| GWP | QDP[PCO| APKimpact/kg chemical | (%) [(impactkg)| (kg/year) |(impact/year)
Baseline
VOC |[Toluene n ] 0.0781] 0.0004] 0.0645)|0.078 1.157 1 1 111 1 1 1.4 19.6%| 0.270 101.4 27
vOC 11,2,4-Trimethylbenzenel n 0.0784] 0.0024| 0.2863|0.078 2.466 1 1 1 1 1 28 2.2% | 0.064 101.4 6.5
Pigment [Zinc Oxide n | 0.7632| 0.0691] 0.00110.763 1 1 1 1 1 1.6 5.3%| 0.084 67.2 5.6
Process PEI 40
Alternative: Use of a High Acrylic Coating that does not contain targeted compounds
[None ) I A 11 1 | I 9
Process PEI 1}
PES Reduction Betwsaeh Alternative and Baseline 100%

Notes.

=

HTP! = Human toxicity potential by ingestion

HTPE = Human toxicity potential by inhalation or demeral exposure
ATP = Aquatic toxicity potential

TTP = Terrestrial toxicity potential {(same methad as HTPI)

GWP = Global warming potential

ODP = Ozone depletion potential

PCO = Photochemcial oxidation potential

AP = Acid rain potential

Q018000 xIx
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Table 2.4—Example Calculation: PEI* of a Kerosene Bath Process

Case

RP28/[Psi Values (impact/ky chemical) Beta Values (dimensionless)

o\ x Lo

%
Chemicall POPs[ATPIJHTPE[ATP] TTP [GWP|ODP|PCO|AP] HTPI JHTPE ATP|TTP]GWP]ODP][PCO] APKimpact/kg chemical | (%} |(impact/’kg)

M PE!
(kg/year) |(impact/vear)

Baseline

[Kerosene] n [ 0.08] ~ 0] 04joo8] o] o o of T T J171}1][1 P 1 11]

0.3 [96.0%] 0.278 | 16,168 | _ 4,499

Process PEI*

4,500

Alternative 1: Covering Bath, Moving out of direct Sunli

ght, extends life of Kerosene and maintains volume such that bath is replaced every 40 days instead of 30 days.

001800n.x1s

KPP

[Kerosene] _n [ 0.08] o] 0.1] 0.08] o] o] o] of 1 [T J1]1] 1 [ 171 ]1] 0.3 199.0%| 0278 | 12119 ] 3,374
Process PEI* 3400
Alternative 2: Workers begih wearing PPE (gloves and respirators) when handling material in bath and treated Bamboo stock,
[Kerosene] n | 0.08] 6] 0.1] 0.08] of o] of of 05 o5 1111 1 IERENE | 0.2 [99.0%] 0.236 | 16,158 { 3,809
Process PEI" 3 800
Alternative 3: Combine Alternatives 1 & 2
[Kerosene] n [ 0.08] 0] 0.1] 0.08] 0] of 0] o] 05 | 05 f1]1] 1 11 1171] 0.2 [99.0%] 0236 | 12119 2,857
Process PE!* %900
PE! Reduction Between Alternative 3 and Baseline PE! Reduction = 36%
Notes:
HTPI = Human toxicity potential by ingestion
HTPE = Human toxicity potential by inhalation or demeral exposure
ATP = Aguatic toxicity potential
TTP = Terrestrial toxicity potential (same method as HTP!)
GWHFP = Global warming potential
ODP = Ozone depletion potential
FPCO = Photochemcial oxidation potential
AP = Acid rain potential
9/1/99




SECTION 3

MASS TRACKING MODEL

3.1 Introduction

The MTM is proposed for tracking pollution reduction for processes where the
R2M2 is not used. The MTM can be used to address either a gross parameter, such as
biological oxygen demand (BOD), or a specific chemical. As stated in Section 1.2, the
MTM would only be used when the process does not contain targeted chemicals in the any
of the waste streams, or does not contain any chemicals likely to be added to the list of
targeted chemicals in the any of the waste streams. MTM is designed as a less rigorous
approach to measuring pollution reduction than RZM2.

3.2 Description of MTM

The MTM is proposed to be used to measure reduction of mass loading of selected
a parameter. The concentration of a chemical in the waste stream multiplied by the flow
rate would determine the mass loading for that chemical in the wastestream. Summing the
mass loading from each waste stream yields the mass loading from the process. Non-
chemical specific parameters that could be used for the MTM include BOD, total organic
carbon (TOC), and chemical oxygen demand (COD). These chemicals would not generally
include 11SE-targeted chemicals, since the R2M2 would be utilized for targeted chemicals.
Similar to R2M2, a baseline scenario would be established for each process evaluated.
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SECTION 4

CONCLUSIONS AND RECOMMENDATIONS

4.1 Conclusions

The following conclusions are presented with respect to P2/CP measurement model

development:

1. The IISE Project assumes that environmental risk is an appropriate parameter

for measuring P2/CP progress.

. Reduction of environmental risk can be quantified in a relative sense by

comparing baseline risk to the risk determined following implementation of P2
alternatives. The proposed methodology for measurement is based on research
conducted by the US EPA.

. US EPA’s “WAR? algorithm is suitable for use in the IISE project and can be

enhanced by incorporating a probability factor. The proposed R2M2 algorithm
allows the user to insert a coefficient that reduces the calculated potential
environmental impact for cases in which probability of environmental impact is
reduced.

. Not all of P2/CP assessments will use the R2M2. Where IISE-targeted

chemicals are not present, a waste loading model, MTM, will be used.

4.2 Recomendations

The following recommendations are proposed for the next steps in the P2/CP
portion of the IISE project:

1. The IISE team should develop concurrence on using the RZM2/MTM approach

for the P2/CP assessment task. MSE should be authorized to meet with US
EPA within the next month to review MSE’s approach and obtain EPA’s
concurrence.

. The R2M2 conceptual model should be fully developed into a user-friendly tool

that can be used by the P2/CP personnel of the IISE team. Specifically, Visual
Basic or other commonly available software can be used to write the R2M2
program that walks the user through the P2/CP evaluation process. This fask
should be authorized by Chemonics International prior to the conduct of further
P2/CP training. MSE is prepared to lead the model preparation.
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3. MSE should be authorized to further expand the beta table, consulting with the
ISE team in Cebu.

4. The P2/CP assessment training should be authorized to MSE. The training
should incorporate general information on P2, R2M2, and MTM. The course
should be “hands-on” in the nature allowing participants to walk through the
evaluation process for actual IISE project participants.
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