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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 IlSE (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 lISE 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 I 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 team. The IER's fundamental output is the prioritization
ofproject resources with regard to client assistance.

MSE provided the following assistance to IlSE 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 P2ICP 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:

• 86% Pass (Grade ~ 40)

• 14% Fail (Grade < 40)

• Average score was 45.3 (Std Dev. ±4.4)

The following feedback was gleaned from the feedback survey:

I. Most participants affirmed the value of the course for the IlSE 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
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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.

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.

The training course given 12-16 July 1999 was the inaugural event for the P2ICP
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 P2ICP
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:

I. 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 tum out of participants, especially in view of the late notice that was
given.

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

3. 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.

4. 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
IER visits need to be set up well in advance to ensure smooth logistics.

5. 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.

6. 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 (Le., 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 ii 8/31199



ill 2.

iIiII
3...
4.

• i

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 PZICP 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 lISE for
completion of other IERs.

lISE 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.)

5. The participation of Filipino lISE 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 lISE program. This approach can be facilitated by MSE
and the lISE managers.

6. Preparation and delivery of the PZICP 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.
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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 lISE (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 lISE within four years is twofold: (I) implement environmental management systems
(EMS) in 400 companies/organizations, 200 of which will be certified to ISO 1400I or
another recognized international 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
lISE 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 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 (lER). This review follows a set
protocol and records information on a standard form, which has been developed and tested
since the earlier visit ofMSE. The IER's fundamental output is the prioritization ofproject
resources with regard to client assistance.

1.2 Purpose of Report

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

I. 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.
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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 lISE 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;

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

• Develop the required scope for the follow-on EMSIP2-CP activities.

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

• IdentifY the RP 28IPOPs chemicals and the relative quantities being used;

• IdentifY the types ofprocesses at a facility;

• Determine the clear opportunities for P2 implementation; and

• 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; likev..ise, 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 P2ICP 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 ofthe 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:

MorninQ Session Afternoon Session

Day 1 • Introductions • IER Overview

• Overview of lISE program • Overview of Filipino Industry

• Overview ofIndustrial
Processes

• Overview ofRP28 and POPs
Chemicals

Day 2 • Introduction to Environmental • IER Entrance Strategy
Risk Assessment Overview ofIER Form•

• Overview of Waste Reduction Organization of Site Visit•(WAR) Algorithm Teams

Day 3 • IER Form Completion • First Site Visit (Instructor-led)
Instructions

• Role Plav

Day 4 • Review of First Site Visit • Second Site Visit (participant -
Results led)

DayS • Review ofSecond Site Visit • Course Review
Results Course Exam•

Slides used in the course are incorporated into Appendix A.

The curriculum was packaged, with the help of the lISE 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
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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 ofphotos 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:

Day 3 Day 4

1. Power Plant 1. Furniture Manufacturer

2. Furniture Manufacturer 2. Furniture Manufacturer

III

3. Hospital 3. Furniture Manufacturer

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

On the mornings 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 afternoon 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 1
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 of35 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 2': 40)

14% Fail (Grade < 40)

The average score was 45.3 with a standard deviation of ±4.4. The results 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
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MEMSI 11 51.5 41.5 0

IISE Team 8 51.5 36.5 2

Individuals 5 50.5 35.5 1

A complete list ofthe 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 ofan 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 ofthe 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.

The IER visits (on Days 3 and 4) should be limited to a maximum of six
persons each to be more manageable. With 11 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.
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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
lER 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
lER 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:

I. 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
tum put ofparticipants, especially in view of the late notice that was given.

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

3. The combination ofclassroom 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.

4. The course group size needs to be controlled. The ideal class size is approximately
25 with lER group visits of about six each. Appointments for lER 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 ISO 9000, Maya Villaluz with the Filipino industry overview).

...
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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.

2. 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.

3. 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 lISE for
completion ofother IERs.

4. lISE 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.)

S. The participation of Filipino lISE 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 lISE program. This approach can be facilitated by MSE
and the lISE managers.

6. 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.
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lISE IER P21 CP COURSE CURRICULUM

Day Topic Course Instructor

I Introductions of Participants DNfDR
(AM) • Name, Organization, Background

• Why Are You Taking the Course?
Overview of Curriculum and Schedule DR

• P2fCP Team Member Experience Forms
Overview ofIlSE DNfDR

• Purpose

• Specific Objectives

• 9000lEMS Component

• P2fCP Component

• "Pollution Prevention" Vs Prevention of Pollution":
ISO I4000 Issues

'.. "I IER Overview .' .' . DNfDR
. (PM) • Purpose

, • Intended Participants

• Data Objectives .

. Overview ofIndustry MVfDR·

• Description ofKey Filipino Industries

• Industrial "Mindset"
'. • Major Industrial Processes

• Key Chemicals (RP 28 and "POPS")

• Waste Issues

• Slide Show - Industrial Processes
2 Introduction to Environmental Risk Assessment DNfDR

(AM) • What is "Risk"?

• Introduction to "WAR" Algorithm Risk Factors

• P2fCP Task Goal: Risk Reduction
Setting Up IER Visits DNfDR

• Potential Participants - Who Do We Target?
• ~~Entrance Strategies"

2 Overview ofIER ProcessIForms . DNfDR·
(PM) • Overall Approach ..

• General Facility Information

• EMS (Quality Management) Related Questions .

• Occupational health and Safety Questions

• Environment (P2fCP) Related Questions
. • Facility Walk Through

• Project Incentives

• lISE Resource Allocation Strategy
IER Completion Protocol DNfDR

• Prior Call for AppoinUnent

• Team Formation

• Work Order Completion

• Confidentiality Issues

• Proper Dress/Supplies/OSH ConSiderations

• Initial Facility Meeting· .

• General Facility Information· . .

Quality Management Questions' .
.

• .

• Occupational Health and SafetY Questions· ". . .

/1



3 IER Completion Protocol (cont.) DRJDN
(AM) • Environment (P2/CP) related Questions'

1oסii • Facility Walk Through (Example-Slides)

• Closing Meeting'

• Project Incentives'

• lISE Resource Allocation Strategy'

• ReportinglFiling Protocol

• "Next Step" - After IERs

• With Role Pay
3 Facility I IER Completion?

... - .. . . DRJDN
(PM) ". . Field IERPnlCtice (Led BylER-Trainers)

4 Discussion ofIER Results - Facility I DRJDN
(AM) • Presentation ofData

• AssessmentlDiscussion of Data

• P2/CP Data Assessment

• EMS Assessment

• Lessons Learned

• Suggestions for Improvement

• Discussion ofFollow-up for Facility I
4

,I:~i~%l~::~:r;~~~By~i~artiJ;;""is)
DRJDN

(PM)

5 I Discussion ofIER results - Facility II DRJDN
(AM) I- Presentation of Data

I' AssessmentlDiscussion ofData

• P2/CP Data Assessment...
EMS Assessment•

• Lessons learned

• Suggestions for Improvement

• Discussion ofFollow-up for Facility II
5 Review. DNIDR

(PM) •..: .IS09001l1400l
EMs
PUCP
RiskReduction .

··IER ForinsIProiocol

Q&A
Exam DNlDR

Written
Certification DNlJDIDR

• lISE IERP2ICP Certification



Name:

Company:

Location:

CPIP2 Team Member Experience Form

Title:

Years of Relevant Experience:

College Degree: BS MS Ph.D. Other School:

Experience with Sector (Score 1-4):

Mining & Metal Refining Chemicals

Electronics Electroplating

Iron & Steel Hospitals

Steam & Power Plants Pulp & Paper

Cement Manufacturing Piggeries & Slaugh~erhouses
{

Petrochemicals

Food Processing

Coastal Resorts

Timber Milling & Treatment

Ports & Harbors

Iiioi

Ship Building Ship Breaking. Other (Specify)
. I

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

Description of Past Auditing Experience:

Summary of Past Relevant Experience: -----------------

Areas ofTraining Needed for Assignment:

Completed by: _ Date: -----



lnduslriallnitiatives for aSustainable Environment
Republic ofthe Philippines

TRAINING CLASS

INITIAL ENVIRONMENTAL
REVIEW

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

1JaoJoo. Pltilippint:$
25.29 Octot-". 1999

Introductions

-Name
-Organization
-Technical Background
-Reason(s) for Taking the Course

Curriculum Overview - Day 1
.:::~

• Monday AM
- Introductions
- Overview

• MondayPM
- IER Overview
- Industry Overview

1



Curriculum Overview - Day 2

• Tuesday AM
- Introduction to Risk Assessment
- Setting Up IER Visits

• Tuesday PM
- IER Forms Instruction

Curriculum Overview - Day 3
,:: "~: -.~ '-~

• Wednesday AM
- IER Forms Instruction

• Wednesday PM
- Facility Field Visit I

Curriculum Overview - Day 4
.-:~

• Thursday AM
- Facility I Review

• Thursday PM
- Facility Field Visit II

2



Curriculum Overview - Day 5

• Friday AM
- Facility II Review

Friday PM
- Course Review
-Exam

Overview ofThe Industrial
Initiatives for a Sustainable

Environment

David Nelson

Technical DirectorlDSE

IISE Project Goal
To establish a national program to help indut~
of all types manage their operations in an
environmental1y sustainable manner
Help 400 companies implement an environmental
management system (EMS)

Help 200 become certified to a recognized EMS
standard such as ISO 14001
Help industries with Pollution Prevention and
Oeaner Production techniques
- Reduce pollution in project areas by 20%
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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 Department of
Environmental and Natural Resources

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

• Managed by Chemonics International, Inc.

Project Implementation -• Project offices:
- Head office in Lapu-Lapu City
- Support office in Makati City
- Regional office in Davao
- StatT(32)

• 30 Filipino; 2 expatriate
·22 professionals; IOsupport

4



Project Implementation (cont.)
':~

• Implementation sites:
- Focus in the Visayas and Mindanao
- Eight sites - four approved (Cebu. Tagbilaran,

Davao and General Santos); four additional to
be selected

Industrial sectors
- To bedetennined
- Selections based on level ofrisk to environment

and human health

Project "Leveraging"
--.e;'....

Industrial Conglomerates

• Trade Associations

• Multinational Corporations

• Industrial Sectors

• Municipalities (LOUs)

• Agencies
Professional Associations

• Other Donor Projects

Overview of lISE Policy
Program

: --:DIIIit

Ramon Abracosa, Ph.D.

Policy Director

liSE
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IISE Policy Program
-~

Tier 1: support immediate infonnation needs of
technical program to achieve liSE's targeted
results 400,200,20%

Tier 2: achieve long tenn results and impacts
that will sustain liSE's objectives

Tier I Activities

Support to technical program
- Invenlory of incentives for industry. e.g.. financial
- EnW'onmental audit poliCies
- Basis for EMS otherthan 1$0 14000
- Industry SlJfVey

Support to govemment-industry-community
partnership
- Policy working groups
- Flexibility mechanismS. e.g., regulatory relief
- Integrated incentives package
- Protection of confidential information

Tier 2-Tentative
.-~

Adapt EMS for local governments

Pollutant emissions register for pubic use
Support adding EMS/CP incentives in
environmentallawslordinances
Support EMSlCP policies for industrial estates

Include EMS/CP in DENR's Ecowatch
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IISE is Leading a Paradigm Shift
"'~~

LUS".......""

,.,

INEXTSTAG9
Inlo next century
Coopenlion pqnrns
lDdusuy sc:lf·RgIlIlliCl'

E.\fSlCP

IiiiI

Need to Build Capacity

.- In<fuitrvbny-in + institution:ilized dliacity

Overview of Initial
Environmental Review (IER)

-Dale Rice, P.E.

Vice President
Millennium Science & Engineering.

Inc. -

lISE P2/CP Program Consultant
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IER Overview

• IER = Initial Environmental Review

• Purpose

• Intended Participants
• Information Objectives

IER - Purpose
-,~

• Detennine Resource Priority Level of Facility
forIISE

• Develop "Buy-In" of Participants

• Develop Scope for Follow-On EMSIP2-CP
Activities

IER - Intended Participants

Highest Priority Participants:

• Those industrial members that have the
greatest potential to reduce their impact on
the environment accompanied by a high
level of interest in participation
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Pollution Prevention vs.
"Prevention ofPollution',',,,,,,",,,,

• Background on ISO standards development
process

• V,S, Delegation position with regard to P2

• Importance of the difference to liSE

IER - P2/CP Objectives

• RP 28IPOPs Chemicals-General Quantities
Used

• Types ofProcesses

• Opportunity to Implement P2

• Priority Level for Participation in liSE

• Scoping Information for P2ICP Process

Overview ofFilipino Industries

Maya VillaIuz, Ph,D.

Senior Environmental Engineer
liSE



Key Filipino Industrial Sectors --• Mining I Quarrying

• Food I Beverage Manufacturing

• Textiles

• Agriculture*

• Leather Tanning I Manufacture

• Wood I Furniture Products

• Pulp and Paper'

(. Not Sillllificml in nSE Selected Siles\

Key Filipino Industrial Sectors (Cont.)
:o.~

Electroplating

Power Generation

Industrial Chemicals

• Petrochemicals·

• Petroleum, Products*

• Rubber Products

• Iron I Steel

(- Not Sillllificani in USE Selcetcd Sites)

Major Industry Sectors in Selected Sites

~.

Ie
I.

I--. II. f- i·
01 n " /I

10

21



( & I: I. I: I'. II- I: I I I I ( I [ [ I [ I

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 more resources
than governments_

Selected Industrial Processes

..
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Industrial Overview and IISE
Priority Chemicals

Dale Rice, P.E. .~
Vice President

MiJlennium Science & Engineering,
Inc.

liSE P2ICP Program Consultant
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RP 28 Chemicals

Asbestos

Seleniwn
Tnllutyltin
Arsenic

Berylliwn

Non-Organics

• Cadmiwn
Chromium
Cyanide
Lead
Mercury

--~

RP 28 Chemicals

Mirex
Polychlorinated Biphenyls
Phosgene
Pentachlorophenol
Polybrominated biphenyls
Vinyl Chloride
1,1,1-Trichloroethane
1,2-Diphenylhydrazine

Organics ~_'.:,. ."..0-__

Hexachloroethane -~.- -

• Chlorinated Ethers
• Ethylene Dibromide
• Ethylene Oxide

Halons
• Hexachlorobenzene

• Benzene
Carbon Tetrachloride

• Chlorofluorocarbons
• Chloroform

"POPs" Chemicals

DDT
Aldrin
Dieldrin
Endrin
Chlordane
Heptachlor

• Hexachlorobenzene
• Mirex
• Toxaphene

PCBs
Dioxins
Furans

12
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RP 28 / POPs Chemicals

TOTAL NUMBER OF
"IlSE CHEMICALS" = 37

RP28 t pop,
28 ~ 12

3

RP 28 / POPs Chemicals

• Hexachlorobenzene
• Mirex
• PCBs

RP Waste Issues

Lack ofTSDFs
Mixing of Waste Types
Stockpiling ofWastes On-Site
Poor IdentificationIMonitoring ofWaste Sources/Streams
Lack of Infrastructure
Lack ofUnderstanding ofEnvironmental Risk
Missed Opportunities for Recycling, Reuse

• Weak Enforcement of Environmental Legislation

I3



Introduction to Environmental
Risk Assessment

.--~-~

Dr. David Nelson
Technical DirectorffiSE
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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:
I. hazard identification

2. risk assessment
3. determination ofsignificance

4. communication ofrisk infonnation

Quantitative Risk Assessment
Process

,~'

• Risk Assessment: a numerical1y quantitative
component of risk analysis, the goal of
which is to estimate or calculate the severity
and likelihood ofharm to human health or
the health of the environment occurring
from exposure to a risk agent (e.g. toxic
chemical).

Quantitative Risk Assessment
Process

• Risk Characterization: integrates the results
of previous steps into a risk statement that
includes one or more quantitative estimates
of risk
- Example: "Children under the age of15

exposed for 5 years to 15 ppb benzene in
drinking water have a 50 rimes greater chance
ofdeveloping leukemia than those children not
exposed."
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Populations Potentially Exposed to
Hazardous Wastes and Substances

Neighbors around chemically contaminated?Si~

- Exposure media: air, soils. surface water, groundwater.
food chain

- Exposure pathways: ingestion. inhalation, dennal
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 Outcomes at
Chemically Contaminated Facilities

; ..~

I.Symptoms (rashes. eye irritation)

2. Signs (rashes. paralysis. tremor. etc.)
3. Disease

A.Apparent

a. Abnormal reproductive outcomes
b. Growth and developmental disorders

c. Cancer

d. Mortality

Potential Health Outcomes at
Chemically Contaminated Facilities

";.-

3. Disease. continued

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

e. Behavioral or psychological disorders

~ Depression

- Violence (?)

16



Potential Health Outcomes at
Chemically Contaminated Facilities

3. Disease. continued
B. Inapparent

3. Biochemical abnormalities
(cholinesterase. erythrocycte
protoporphyrin, liver function tests,
estrogenic mimicry)

b. Immunologic abnormalities
(lymphocyte tests)

c. Chromosomal abnormalities

Potential Health Outcomes at
Chemically Contaminated Facilities

.:;;~

3. Disease. continued

d. Nerve conduction abnormalities
e. Other test abnormalities (pulmonary
function)

Identify Contamiillints

I
ofConcern

. \-
Exposure Toxicity .

Assessment Ass.,,;smeJjt

\ IRisk
Characterization

17
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Introduction to the WAR
Algorithm

Dale Rice, P.E.

Vice President
Millennium Science & Engineering,

Inc.

lISE P2/CP Program Consultant

"WAR" Algorithm

• WAste Reduction Algorithm

• Developed byUSEPA's National Risk
Management Research Laboratory

• Available to General Public - Spring 2000

• EPA Positioned to Assist the Technical
Team ofIISE

• 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 (PEl)

• Makes Use of Matrix of 1600 Chemicals

19



...

War Algorithm: Potential
Environmental Impact Equation

'i::~

when::
1 =raltojinputofPEI
M j"17filSSfTO'lI-TtJ1cofchtm~(J/ S/nom

X'I '" cht:miallfraclimI
at" wtfghtirlg!oaor

'ij • .. PEl ofc1lmtiall t:J)IIl~OII

WAR'S Health I Environmental Impact
Categories

• Ozone-Depletion Potential

• Global-Wanning Potential

• Acid-Rain Potential

• Photo-chemical-Oxidation Potential

WAR'S Health I Environmental Impact
Categories (Cont.) ,_

• Human-Toxicity Potential (Ingestion)

• Human-Toxicity Potential (Inhalation I
Dennal Exposure)

• Aquatic-Toxicity Potential

• Terrestrial-Toxicity Potential

20
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PEIOnl

"WAR" Algorithm
(Cont.)

PRoCEss I PEl (Qut)

PEl
Illustration

(Outputs)

Wastewater

t: ~. P9wet' Generation

I I I
I-~

I

Coal Air Water
(Inpu~)

Application ofWAR Algorithm
to lISE Project

• WAR Algorithm Can Be Modified to Use
Limited Chemical Matrix

• User-friendly lISE Version, Risk Reduction
Measurement Model (R2M2) Under
Construction

• EPA Consulted 10/99

• R2M2 to Be Tested, Further Developed
Before Widespread Use

21 t.f(
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R2M2 Modified PEl Equation
.'~~

wh~

l-rat~ofOllJput()fPEI

MJ" 1NWjlOl+'raJt ofdlOllicol wastC"ITeaM
X'J .. cIoQrficQIfroction

<xt - weighliJr,gflXtor

PJi"' probahi/ityfoctcr

'I'}i = PEl ofcltonicd COMfJOIIenJ

Overview ofIER Process

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

lISE

IER Entrance Strategies

Individual Facilities
- Industry Databases (OTt. Statistics Office & SEC)

- Telephone Calls
- Letters

- InquiriesIReferrals

Industry Associations
- Attending Meetings
- Present Papers
- Participants in Exhibitions (Booth, Brochures)

22
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Overview ofIER Process / Fonns

• Overall Approach

• General Facility Information
• EMS (Quality Management) Related Questions

• Occupational Health and Safety Questions
• Environment (p2!CP) Related Questions

• Facility Walk Through

• Project Incentives
• liSE 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

_'0__ r...... __ T...C _

:_-~

""'====,IERTC3ml.codcr:--=====~":"====-_Tillie: IERTe>mMc:mblIs:.
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ENVIRONMENTAL RISK ASSESSMENT

INFORMATION



')
Multiple chemical exposure effects: !

antagonism, S)uergism. envirorunental ,
estrogens. etc.

( Types of health effects: (apparent ie: '\
I cancer, mortality, growth &

I
developmental disorders; inapparent

- ..00---- immunological, abnonna! reproductive .

I
I outcomes, cluornosomal abnormalities; I

systemic: pulmonary and liver function j
\. tests .

Calculate or estimate exposure pathways,
exposures and dose incurred .

i

./- ~!
Identify exposed or potentially exposed '

populations ,.........-

Quantitative Risk Assessment Flowchart

,
Identification of Contaminants

~ -.
Physical, chemical rHydrogeological and

Waste or contaminant

and toxicological data placement,

profiles lclimatological profiles J containment or
noncontainrnent

"::::: I
'f

/' ~---- Vertical. Lateral. Spatial Contamination Evaluation ~Air. soil, sediments. surface water, groundwater, food chain

'f I'
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Model of Potential Health Effects Related to Chemical Exposures

After Andelman & Underhill, 1988. Management of Hazardous & No"·Hazardoltsl,,dllstrial 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 ~,
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Key RQUtes ofCkemical.flbsorption, Distribution, andExcretion

Some chemcials undergo change (metabolism) within the cells of the body before excretion.
Toxicity may be produced by the chemical as introduced, or by one or more metabolites.
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Generic Equation for Calculating Chemical Intakes

1= C xCR x EFCIBWx VAT

Where:

I = intake; the amount ofchemical at the exchange boundary (mglkg 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 event
(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 ofHazardo14 & Non-Ha:ordous Industrial Solid Waste: Indian Institute ofTechnology. New Delhi, May 6·7.1998; D.
Nelson. EnviroSearch International; Assistant Professor. College of Medicine. Salt lake City. Ulah. USA. dnelson@xmission.com
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DATA AND ASSUMPTIONS NECESSARY TO ESTIMATE HUMAN DOSE OF A
WATER CONTAMINANT FROM KNOWLEDGE OF ITS CONCENTRATION

Total Dose is Equal to the Sum ofDoses 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 ofcontaminant 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 ofcontaminant absorbed through the skin during washing and

bathing.
• Average human body weight.

4. Ingestion of Contaminated Food

• Concentration ofcontaminant in edible portions of various plants and animals.
• Amount of contaminated food ingested each day.
• Fraction ofcontaminant absorbed through wall of gastrointestinal tract.
• Average human body weight.

5. Skin Absorption for Contaminated Soil

• Concentrations ofcontaminant in soil exposed to contaminated groundwater
or surface water.

•. Amount ofdaily skin contact with soil.
• Amount of soil ingested per day (typically children).
• Absorption rates.
• Average human body weight.

Management ofHazardous &: Non-Hazardous Industrial Solid Waste: Indian Institute ofTechnology, New Delhi. May~? 1998; D.
Nelson, EnviroSearch International; Assistant Professor, CoJlege ofMedicine, Salt lake City, Utah. USA. dnelson@xmlSSlon.com
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Matrix of Potential Hazardous Waste or Chemical Route Exposures

Exposure Residential Commercial or Recreational
MediumlExposure Population Industrial Population
Route PODulation
Groundwater
Ing:estion L A --
Dermal Contact L A --

Surface Water
Ing:estion L A L,C
Dermal Contact L A L,C

Sediment
Incidental Inll:estion I C A C
Dermal Contact I C I A I L,CI

i I
Air
Inhalation of Vanor
Phase Chemicals

Indoors L A --
Outdoors L A L

Inhalation of
Particulates

Indoors L A -
Outdoors L A L

SoillDust
Incidental Ingestion L,C A L,C
Dermal Contact L,C A L,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 - hret,me exposures; C - exposure In children may be slglllficantly greater than m adults; A - exposure
to adults (occupational exposures are likely the highest); -- = ex!,o~ure via this route is unlikely

Management ofHazardous &: Non-Ha:ardous lndu.strial Solid Waste: Indian Institute ofTechnology. October 6-7. 1998; David
Nelson, EnviroScarch Intemational~ Assistant Professor, University of Utah College ofMedicine. Salt Lake City. Utah. USA.
dndson@xmission.com
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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
PODulation EXDosure 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 i crops. Possibility of

I
workers directly!

I ingesting water. ,

Farmers working I Dermal exposure to

I
YES Workers may be ;

on-site (including chemicals exposed to
children)

1

chemicals dumped
at landfill via skin
eXDosures to soil

Farmers working Inhalation of
,

YES ' Workers may be
I

,

on-site (including chemicals
I

exposed to volatile
I

children) chemicals dumped
I,

i at landfill via
I inhalation

Farmers working Consumption of YES Workers may be
,

I

on-site (including contaminated food exposed to I

children) chemicals in or on
food, including fish
from nearby Donds

Farmers living on- Ingestion of YES Groundwater from
site (including groundwater from shallow wells are
children) local wells used for irrigation of

I crops. Possibility of

I I residents directly,
i ingesting water.

Farmers living on- Ingestion of surface I YES Surface water is
site (including water from nearby used for irrigation of
children) sources crops. Possibility of

residents directly
I ingesting water.



2

Potentially Exposure Route, Exposure Pathway Reason for Selection
Exposed Medium and Selected for or Exclusion
Population Exposure Point Evaluation?
Fanners living on- Dermal exposure to YES Residents may be
site (includinll chemicals exposed to chemicals
children) dumped at landfill via

skin eXDOsures to soil
Fanners living on- Inhalation of YES Residents may be
site (includinll chemicals exposed to volatile
children) chemicals dumped at

landfill via inhalation
Fanners working Consumption of YES Residents may be
on-site (includinll contaminated food exposed to chemicals
children) in or on food,

includinll fish from
nearby ponds

Residents livinll Inllestion of YES Groundwater from
near dumpinll site llroundwater from shallow wells may be

local wells contaminated from
landfill leachate.
Possibility of residents I

directly inllestinll
· water.

Residents livinll Inllestion of surface YES · Surface water may be
near dumpinll site water : contaminated from

: landfill leachate.
• Possibility ofresidents

! , directly inllestinlli j

I I water. :
Residents livinll Dermal exposure to I NO .. Unless workinll at site, I

I ,

I I

near dumpinll site chemicals in soils ' it is unlikely that I

residents will be
directly exposed to
chemicals in the soil

Residents livinll I Inhalation of YES Residents may be

near dumpinll site chemicals exposed to volatile
chemicals dumped at
landfill via inhalation

Residents livinll Consumption of YES Residents may be
near dumpinll site contaminated food exposed to chemicals

I

in or on food,
includinll fish from

, nearby Donds
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Potentially Exposure Route, Exposure Pathway Reason for Selection
Exposed Medium and Selected for or Exclusion
Population Exposure Point Evaluation?
Conswners buying Conswnption of YES Vegetables and fish
food from city contaminated food sold on open market in
markets (vegetables; fish) city
Conswners buying Dermal Exposures NO Unlikely consumers
food from city would be exposed to
markets levels ofconcern
Conswners buying Inhalation of NO Unlikely consumers
food from city chemicals would be exposed to
markets levels of concern
Conswners Conswnption 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 afHazardous & Non-Hazardous Industrial Solid Waste: Indian Institute ofTechnology, New Delhi, Indi~ May 6-7,
1998; David O. Nelson, President. EnviroSearch International; Assistant Professor, Family and Preventive Medicine. College of
Medicine, Salt Lake City. Utah. USA. dnelson@xmission.com



Project No. _ File No. _ Task Codee.-__ Site, _

...

...

...

Industrial Initiatives for a Sustainable Environment (lISE)

INITIAL ENVIRONMENTAL REVIEW (IER) QUESTIONNNAIRE

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

Date: IER Team Leader: _

Time: IER Team Members: _

Contact Information:

Name: _

Title: _

Name ofOrganization: _

Address: _

TelephoneNo: _

Fax: _

Email: _

General Organizational Information:

Owner: _-,---; _

Parent Organization: -:-....,.,.-::_-:--:=-=::-=,..,,-__,..,- _

°MNC ° Domestically Owned ° NC N Partner (s) _

Year Established: _,..,,- _

Industry/Government Sector: _

PSIC: _

Products: _

° Production Capacity/Output: _

Countries Products Exported To: _

Number of Employees: Shifts: ,,- _

Enterprise Size: 0 Small (<50) ° Medium (50-300) 0 Large (>300)

Facility Process Areas (M'): _

General Geographic (i.e: urban vs: rural, etc.) IGeologlclHydrogeologic 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 health and safety, and the

environment? -

Io Quality I 0 Environmental I °Occupational Health & Safety I 0 None 1

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

IL..:0=..Y.:.:e:::.s I 0 No

IER Form (Sept I, 1999)

I0 Don't Know I 0 Copy attached

I



G3. Does your organization have a:

a Quality a Environmental a peo a Occupational Health OHSE a Other a Don't
Manager Department a Environmental and Safety Dept. Manager know

Officer a Safety Engineer

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

I a ISO 9001/2 10 ISO 14001 I a OSHMS 18000 I a SA 8000 I a Other I0 Don't know

Quality Management Systems Informatioo

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

a Inspection. during a Quality control a Recognized a Beyond ISO ODon't
production or before including product 1 quality assurance 9001/213 know
dispatch of individual service inspection. system incorporating QMS
products or the statistical sampling and 1 implemented to the principles contained
services provided or other methods ISO 9001/213 in ISO 9004

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

OWhoie organization a Production function a Facilities function
only

ODon't
know

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

I....:O:..:Y:..:e:.:.s I....:O:..:N:..:.o=-- --'I....:O::..;D::..;o:.:o:...:·t..:;:kn:.:.o:..:.w'--Jl

04. Do you maintain records to enable the demonstration of your quality performance?

I....:O:..:Y:..:e:.:.s I....:O:..:N::..:.:..o ---'-I....:O:..:D::..;o:.:n:...:·t..:;:kn=o:..:w.:.........J

Q5.

Q6.

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

I....:O:..:Y:..:e:.:.s I....:O::..;N=--o ---'-I_O_D.:....o_n_·t....:kn=o.:....w_

If so. does your organization perform quality audits:

I,-,O=In:...:.h=o.::;us:.:.e I.:....O---,O_u_ts....:id:..:.e_a_ud_i_to_rs__I....:O=-B=o:.:th=-__..JIL~=-=-N:.:o.:.:ta::J:pxpl:::ic:.:ab:.:l:::.e-J1

• Occupational Health and Safety (OSH) Information

01. Has the organization identified the OSH hazards to personoel associated with its activities. products and
services?

IaYes

IER Form (Sept I. 1999)

IONo , a Don'tknow

2
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...
02, Has the organization assessed the risks to human health from physical, chemical and biological hazards and

natural phenomena?

'-e°=--=.y.c:es'-_----'I-e°::..:N:..:.o=--__I-=°::..:P:..:artI:::':=al;:<ly__1° Don't know

...

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

1-e0_Wh'-ol--'ly I-e0::..:P:..;arlt=-..::.·a"'lly'-- '-e0=--:..:N.;.:on::..:e 1° Don't know

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

° Elimination
° Substitution---------------------------

° Engineering controls
° Administrative contro"'"ls-------------------------

° Personal Protective Equipment ...,-,,.--- -::-__--:::=::-:::::- _

° Occupational Health and Safety Management Systems (OHSMS) _

° Training,-_,.--::-...,..- _

° Others (please descnce) _

05. Does the organization have a personnel health mOnitoring program in place appropriate to the risks to

human health?

1~~=-..::.y...:.es=--__I_"O:...:N:..:.o=____ 1 ° Don't know

06. Does your organization set any objectives and targets aimed at reducing the risk to human health from the

workplace activities?

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

I_O_y_e_s I_"o::.:N:.:.o=--__.l.I.:::O:..;D:..;o:.:n:....:·t..:.:kn:::o:...w-'--

- I ° Wholly I ° Partially I ° Not at all I° Don't Know

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

l-=o::..:Y:..;e:=s .l.I..=O:.:N_"o -JloDon'tKnow I

09, Do you conduct occupational health and safety audits to determine the effectiveness of the controls and

programs you have in place?

1-e0::..:Y.:..e::..:s .....'_"O:...N:..:.o 1 ° Don't Know I

010. If so. does your organization perfonn occupational health and safety audits:

1L.:0=In:.:-h::::o::u::::se=---__-L1O=-.:OU:.::.::ts::id::.e.::au:::d:::ito::::r::.s__'-'O=..=B.:.oth=-__.....I-'o::.:...N.:.ot:..:a"'ppcl::..:ic.:.ab:::l.:.e__----'

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

IER Fonn (Sept 1,1999)
3
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Environment Information

E1. Do you know if the products, services and/or activities performed by your organization have any impact on
the environment?

I_O_y_e_s I_O......;...N_o__--'I'-O--=-D.:..:on=-'t.:..:kn.:=ow......;..._

E2. Has your company identified any environmental impact from past activities?

IL O::....:y..::es:.......__'_O_N_o__--"_O_D_on_'t_kn......;...ow_--'

E3. Have you identified the natural resources (water, electricity, gas etc.,) needed to operate your facility?

I_O_y=-eccs I'-O:.-:..;N.:..o__--'I'-O=-=.D.:..:on=-'t.:..:Kn=o-"w_

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 ==-=--=--=-_=--=-- _° Disposal (O Off-site ° On-site) _° Incineration _° Landfill _
° RecyclinglReuse ,--__--::-_-::::-= _° Environmental Management Systems (EMS) _° Use no methods _-:;-....,- _° Others (please describe) _

E5. Have you identified the legislation relevant to your organizations environmental impacts?

I.:..:O.:..Wh--=-o:.:;ll:.<-y I-,o.:...:..:Pa=rtJ.cc·a.:..:l1:.<-y I-'O.:..N.:..:.:..:on=-e 1°Don't know

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

lORA 6969 (HW) I °PD 984 (Air I Water) I °PD 1586 (ECC) I°None '0 Don't know

E7. Does your organization set any objectives and targets related to environmental performance?

I-'O.:....:.yl-es=-- I_o::......:.S_om_e .........I_O_N_o_n_e --'I_o_D_on_'t_kn_ow_

IER Form (Sept I, 1999) 4



E8. What industrial processes are operated at the facility?

0 Anodizing 0 Fennentation 0 Powder Coating 0 Power Generation
0 Assembly 0 Food Processing 0 Pressing I Stamping 0 Sandblasting
0 Bleaching 0 Forging 0 Printing 0
u Bottling 0 Fuel Storage 0 Pulping 0
0 Canning 0 Galvanizing 0 Refming 0
0 CernentProduction 0 Grinding 0 Semiconductor Mfg 0
0 Chemical Distillation 0 Injection Molding 0 Ship Building 0
0 Chemical Synthesis 0 Metal Casting 0 Ship Recycling 0
0 Conversion Coating 0 Metal Refining 0 Ship Repair 0
0 Cracking 0 Mining 0 Smelting 0
0 Degreasing 0 Packaging 0 Steel Fabrication 0
0 Dyeing 0 Painting 0 Stripping 0
0 Electroplating 0 Pharmaceutical Synth. 0 Tanning 0
0 Extruding 0 Photo Processing 0 Welding 0 i
0 Farming 0 Pickling 0 Wood Preserving 0

E9. Which of the Philippines Priority Chemicals are used or manufactured at the site?
(Indicate Annual usage as follows: (1) I - 10kg; (2) 10 - 100 kg; (3) 100 kg - 1000 kg; (4) > 1000 kg)

0 I,1,1- Trichloroethane U Chlorinated Ethers 0 Mirex
0 1,2 Diphenylhydrazine 0 Chromium Compounds 0 PCBs
0 Arsenic Compounds 0 Cyanide Compounds 0 Phosgene
0 Asbestos U Ethylene Dibromide 0 Pentachlorophenol
0 Benzene 0 Ethylene Oxide 0 Polybrominated Biphenyls
0 Beryllium Compounds 0 Halons 0 Selenium
0 Cadmium Compounds 0 Hexachlorobenzene 0 Tributyltin
0 Carbon Tetrachloride 0 Hexachloroethane 0 Vinyl Chloride
0 CFCs 0 Lead Compounds 0
0 Chlorofonn 0 Mercury Compounds 0

EIO. List other hazardous chemicals (e.g., "POPs" chemicals) used atfacility:
iIiiI (Indicate annual usage as follows: (I) I - 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:

ill Ell. How do you track the quantities ofhazardous chemicals used at your facility?

I 0 Inventory records I 0 Purchase records I 0 Shop floor estimates I 0 Don't track

IER Fonn (Sept I, 1999).. 5
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E12. What are the major hazardous wastes generated at the facility?

° Heavy metal residues, sludges ° Organic chemical wastes

° Plating sludge ° Other:

° Acid wastes ° Other:

° Alkali wastes ° Other:

° Inorganic chemical wastes ° Other:

° Paints, dyes, latex, resins, inks ° Other:

° Halogenated waste solvents ° Other:

° Non-halogenated waste solvents ° Other:

° Oils (including PCBs, PBBs) ° Other:

E13. Do you have emergency response procedures in place?

I--=O=-Y=-e::.s '-=O=-N:.:.o-'-- , °Don't know

E14. Are these procedures practiced on a regular basis?

I_O_Y_e..:.s I--=o:..:N:.:.o=-- _

E15. Do you use suppliers and/or subcontractors to supply raw materials, products or services (facility
maintenance, repairs, wastewater facility management etc.)?

I--=O=-Y::...e::.s I-=o=-N:.:.o-'-- 1D Don't know

E16. Do you monitor and measure your environmental performance, including regulatory compliance?

1_0_Wh_o_ll-'-y ,-=o::..:P:..:artl=·a:::lly'-- '-=O::..:N:..::o:::.t..::at:.::a:::.ll I D Don't know

E17. Do you maintain records to demonstrate your environmental performance?

IL0::..:.:;Y..:.es=-- I--=o=-N:.:.o-'-- 1°Don't know

E18. Do you conduct environmental audits to determine the effectiveness of the controls you have in place?

I...:O::..:.:;Y..::es=-- I...:o~N:::o 1°Don't know

E19. Does your organization perform environmental audits:

I_O_In_-h_o_u_se I_O_O_uts_i_d_e_au_d_it_ofS__-JI-=O::..:B=o::th-'--_-----J1 D Not applicable I

E20. How often are you inspected by DENR?

E21. Have you ever been served a notice ofviolation or cease and desist order by DENR?

IDYes IONo

E22. Have you encountered any community pressure or public relations problems related to the environmental
operations of your company?

IDYes

IER Form (Sept I, 1999)

IONo

6
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E23. Do you have a mechanism in place to respond to environmental complaints from the community?

LIO::...:..ye=s I--=O::..;N::..;o=-- _

ilIi

Project Incentives

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

L/O=-=-ye=s I'-O_N::..;o=-- _

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

°Customer requirement °Potential °Regulatory I~Public I° .~o .interest inlcost savings compliance unage partlclpattng°Corporate requirement °Other

Walk Through Inspection

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

LIO::....:.ye:::s I--=O::..;N::..;o=-- _

W2. 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 ofsafety warning signs

0 Improper segregation or storage ofhazardous
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 I ventilation

° Absence of MSDS information

° Inadequate or ineffective maintenance

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

IERForm(Sept 1,1999) 7



o Other Observations:

IER Team Leader

Organization

Address

IER Certification Number

Telephone

"" Number ofHours On-Site

IERForm (Sept I, 1999)

email

8
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lISE R~olU'ceAllocation' Strategy

Rl. Is the organization primarily a service provider?

1L:°=-Y.:::e:::.s~~~~I-=o:..:N.:.::o~_-,--_~1

R2.. Are tlieorganization;s enviroiunental impacts readily identifiable? •
•

o.

',.

I-=O::.-Y:..:.e+~' o~~,-;-,-,I ° No

R3, 'Does the organiZation already ha"e a qua~ity, environmental or 6SH management system in place?

IL:O,,-Q-".ilL:aL:lity:<.'_·~~_IL:0L:E::.:n:..cv.=ir.:.:onm=e.=nta:::.I=---'-_o..LI-=Q:..cO:..:S:::.H:..c,'-- '----'

R4. is there "~upply j:haJn leverage" w~th this facility? Ii so, describe: ~' ~,__

.' . ". -~ -. ,. .
"" 4_, ' "". 0;. • . ' •

R5. . In your opinion,'does 'the organization have the managerial commitment to enter the nSE progiam?

I-=O=-Y:..:e::.:sL:'~'-;-..,...L:IL:O:..:NL:o,--'_'-'-_~~

R6.· In your opinion, do.es the organizatio!l have the resources to enter the lISE prograin?

,-.
R7:

J_O_Y_e_s_".-'.-_....,.I_O,__N~o_-~------'-'.I

What i~ the most appropriate assistance that nSEcan provide for this organization?

•
1L:0:..:Po::,2L:/C:::.P-=0=n1LY_,-,Ic..:0=E=M:.::S:..cIPL:21L:cp=_·~.L1 =::O",Q::::M.=S-=fir:.:s:..ct _-,-1 OOSHMS

R8. ',' Wliat are the prospectS'/9r certification within the limefrafne of lISE assistance?

";=;',c,:-;;---".-'.- 'C'i'i.-r::-:;=~~--"R"ic=-::-~~~-'
1 'I ° S;"alll° Mediiun I_O__Lar""g...e,-.~__--,-_I

RIO. , ·l,l.ecommended sirategy/next steps. -'-,__-,-_~----------~-..
R9. What art tlie prospects for m~asurable pollution redu~tion that will help lISE qocument progress to 10% '

reduction'pollution target?

Jc..:0.=;::.S::;m:::.al.=!·,--_-'-----'·I-=°::..:c.M::;e.=di:=urn=- I-=O=-L.=ar.=g"'eL:.- _ _:_-- •

"

•

IER Teanl Leader

Organization

1ielephone

-,
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Project~o. ___ File ~o. ___ Task Code, ___ Site _

..

Industrial Initiatives for a Sustainable Environment (lISE)

INITIAL ENVIRONMENTAL REVIEW (lER) QUESTIONNNAlRE

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

Date: IER Team Leader: _

Time: IER Team Members: _

Contact Information:

~ame:

_

Title: _

~ame ofOrganization: _

Address: _

Telephone ~o: _

Fax: _

Email: _

General Organizational Information:

Owner: __-, _

Parent Organization: ...,.......,.,-__--:----::=-=-_= ,-- _
o ~C 0 Domestically Owned 0 NC N Partner (s) _

Year Established: _

Industry/Government Sector: _

PSIC: _

Products: _

o Production Capacity/Output: _

Countries Products Exported To: _

~umber ofEmployees: Shifts: _

Enterprise Size: 0 Small «50) 0 Medium (50-300) 0 Large (>300)

Facility Process Areas (M'): _

General Geographic (i.e: urban vs: rural, etc.) /GeologiclHydrogeologic 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 health and safety, and the

environment?

1o Quality I 0 Environmental I0 Occupational Health & Safety I 0 ~one

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

I.::.O::..Y~e~s ---..II...::o=-.:.::::.~o I 0 Don't Know I0 Copy attached

IER Form (Sept I, 1999)
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G3. Does your organization have a:

0 Quality o Envirorunental o PCO o Occupational Health OHSE o Other o Don't
Manager Department o Envirorunental and Safety Dept. Manager know

Officer o Safety Engineer

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

I0 ISO 900112 I o ISO 14001 I 0 OSHMS 18000 I 0 SA 8000 I....::O=-O:::th=er_-.JI....:O=D.:::on:::..'t::kn=ow::........_

Quality Management Systems Information

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

o Inspection, during o Quality control o Recognized o Beyond ISO o Don't
production or before including product 1 quality assurance 9001/2/3 know
dispatch of individual service inspection, system incorporating QMS
products or the statistical sampling and 1 implemented to the principles contained
services provided or other methods ISO 90011213 in ISO 9004

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

Do you measure and monitor the quality of the products and seIVices you provide to your customers?

...

... Q3.

OWhoie organization 0 Production function 0 Facilities function
only

I--'O=-=-Y.:..:es -JI....:O=-N~o 10 Don't know

o Don't
know

Q4. Do you maintain records to enable the demonstration of your quality performance?

I--'O=-Y.::..es~ I....:O=-N~o 1 0 Don't know

Q5. Do you conduct quality audits to determine the effectiveness of the controls and programs you have in
place?

I DYes IONo I 0 Don't know

Q6. Ifso, does your organization perform quality audits:

I DIn-house I 0 Outside auditors I o Both I 0 Not applicable I

Occupational Health and Safety (OSH) Information

oI. Has the organization identified the OSH hazards to personnel associated with its activities, products and
services?

I--,O=-Y.::..e=-s I....:O=..:.:N:::o ILO=D:::on:::..'::tkn=ow::........_

!Ill

IER Form (Sept I, 1999) 2



02. Has the organization assessed the risks to human health from physical, chemical and biological hazards and
nattrralphenomena?

IL..:0~Y~es:...-__I-=o=-N::.;.o=---__I..:o=-p:.:arti=·a:::l1y"---_-L1O:::..=D",on=.'=-tkn=ow"------J

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

IL..:O~Wh.:::::ol~ly I--,O=Pa=-rtl:::·a:.::l1'LY ..LI:.O:.:Nc::o::::n::.e I °Don't know

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

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

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

ILO::....:Y..::es=---__ I--'O::..:..:N.:..o 1°Don't know

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

L:IO~Y.:::es::-.__IL.:0::..:.:N:::.-o 1 °Don't know

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

LIO=....:.Wh:..:::;ol::.ly'-- I--'o::..:..partl=·a:::l1:Ly I--'O=.N=:ot:.:a=-ta:::l1=---__ 1°Don't Know

08. Do you maintain records to enable the demonstration of your occupational health and safety perfonnance?

L.:IO::..Y..::e=s I..:O::.:N~o=--- , °Don't Know I
09. Do you conduct occupational health and safety audits to determine the effectiveness of the controls and

programs you have in place?

LIO::....:Ye:::s IL..:0::..N:.:o~ 1°Don't Know I

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

LI:::O:.:I::n..:-h::o:.:u:.:se=-- I--'O=..:ou=ts::i:::de:.,a::u::d:::it:.:ors:.::...__ ,--'O=-.:B:.:o:.:th::- l°Not applicable

OIl. How often are you inspected by the Department ofLahnr (DOLE)?

•
IERForm(Sept I, 1999) 3



Environment Information

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

1L..:°~Y~es~__I-=O:..:N:.::o::-__J.I-=O:..:D~o~n~'t~kn~o::::w~

E2. Has your company identified any environmental impact from past activities?

Io Yes IONo I 0 Don't know

E3. Have you identified the natural resources (water, electricity, gas etc.,) needed to operate your facility?

IL0=--.:Y..::es,--__I..::O:..:N:.:;o,--__1 0 Don't Know

E4. What methods do you use to manage these activities, products or services to elirninate/reduce their impact,
including resource use, on the environment? (Check all that apply; add comments as appropriate.)

o Pollution Prevention program
o Cleaner production tecbnology _
o Waste minimization _
o Waste treatment _
o Waste storage -=-=-:-,...-=-=-_,...-,...- _
o Disposal (0 Off-site 0 On-site) _

o Incineration _
o Landfill _

o RecyclinglReuse _
o Environmental Management Systems (EMS) _
o Use no methods _
o Others (please describe) _

E5. Have you identified the legislation relevant to your organizations environmental impacts?

L.:IO:::....:Wh~o~llyc--__---L1:::O~P.::arti~·:::al:J.ly .JI....::O=_N=on:::e 10 Don't know

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

IORA6969(HW) I OPD 984 (Air/Water) I OPD 1586 (ECC) IONone Io Don't know

E7. Does your organization set any objectives and targets related to environmental performance?

I o Yes

IER Form (Sept I, 1999)

I o Some I o None I 0 Don't know
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E8. What industrial processes are operated at the facility?

0 Anodizing 0 Fennentation 0 Powder Coating 0 Power Generation
0 Assembly 0 Food Processing 0 Pressing I Stamping 0 Sandblasting
0 Bleaching 0 Forging 0 Printing 0
0 Bottling 0 Fuel Storage 0 Pulping 0
0 Canning 0 Galvanizing 0 Refining 0
0 Cement Production 0 Grinding 0 Semiconductor Mfg 0
0 Chemical Distillation 0 Injection Molding 0 Ship Building 0
0 Chemical Synthesis 0 Metal Casting 0 Ship Recycling 0
0 Conversion Coating 0 Metal Refming 0 Ship Repair 0
0 Cracking 0 Mining 0 Smelting 0
0 Degreasing 0 Packaging 0 Steel Fabrication 0
0 Dyeing 0 Painting 0 Stripping 0
0 Electroplating 0 Pharmaceutical Synth. 0 Tarming 0
0 Extruding 0 Photo Processing 0 Welding 0
0 Farming 0 Pickling 0 Wood Preserving 0

E9. Which of the Philippines Priority Chemicals are used or manufactured at the site?
(Indicate Armual usage as follows: (I) 1- 10kg; (2) 10 -100 kg; (3) 100 kg - 1000 kg; (4) > 1000 kg)

0 1,1,1- Trichloroethane 0 Chlorinated Ethers 0 Mirex
0 1,2 Diphenylhydrazine 0 Chromium Compounds 0 PCBs
0 Arsenic Compounds 0 Cyanide Compounds 0 Phosgene
0 Asbestos 0 Ethylene Dibromide 0 Pentachlorophenol
0 Benzene 0 Ethylene Oxide 0 Polybrominated Biphenyls
0 BeryIlium Compounds 0 Halons 0 Selenium
0 Cadmium Compounds 0 Hexachlorobenzene 0 Tributyltin
0 Carbon Tetrachloride 0 Hexachloroethane 0 Vinyl Chloride
0 CFCs 0 Lead Compounds 0
0 Chlorofonn 0 Mercury Compounds 0

E1O. List other hazardous chemicals (e.g., "POPs" chemicals) used at facility:
(Indicate annual usage as follows: (I) 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:

IiiiI . Ell. How do you track the quantities of hazardous chemicals used at your facility?

10 Inventory records I 0 Purchase records I 0 Shop floor estimates , 0 Don't track

lER Fonn (Sept I, 1999) 5



E12. What are the major hazardous wastes generated at the facility?

D Heavy metal residues, sludges D Organic chemical wastes

D Plating sludge D Other:

D Acid wastes D Other:

D Alkali wastes D Other:

D Inorganic chemical wastes D Other:

D Paints, dyes, latex, resins, inks D Other:

D Halogenated waste solvents D Other:

D Non-halogenated waste solvents ° Other:

D Oils (including PCBs, PBBs) D Other:

E13. Do you have emergency response procedures in place?

1L...0::...:.y.=es'-- --L1O:::..:..N:..=o 1D Don't know

E14. Are these procedures practiced on a regular basis?

I°Yes !ONo

...

....

E15. Do you use suppliers and/or subcontractors to supply raw materials, products or services (facility

maintenance, repairs, wastewater facility management etc.)?

1L...0::...:.Y.=es'-- ~IL...D=_N:.:..=..o 1°Don't know

E16, Do you monitor and measure your environmental performance, including regulatory compliance?

1L...0_Wh-=-ol-"ly~ I_O_P,-,ar\l,,-·a_ll;:..y I_o_N_o_t_at_a_11 1°Don't know

E17. Do you maintain records to demonstrate your environmental performance?

IL0::...:.Y.=es'--- I..:D::..:N:.:.o'--- 1D Don't know

E18. Do you conduct environmental audits to determine the effectiveness of the controls you have in place?

I..:O=..=y.=es'--- --'I..:Q::..:..;N.=o 1°Don't know

E19. Does your organization perform environmental audits:

1L...0=In:...:-h:::o,;:.us:::e IL...D=...:,Ou""ts::.i::.de-'-L...au""d_ito""r_s__.l-I_D_B_o_th l °Not applicable I

E20. How often are you inspected by DENR?

E21. Have you ever been served a notice ofviolation or cease and desist order by DENR?

1L:O=-Y.::..:e;.:..s I-:O-:N-:o ·....J1

E22. Have you encountered any community pressure or public relations problems related to the environmental

operations of your company?

I-:O,-Y_e_s I-:D:::..:N:.:.o'-- _

IER Form (Sept I, 1999)
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OM

E23. Do you have a mechanism in place to respond to environmental complaints from the community?

l'-'O=-y=-e::.s I--=O=-N:...:.o"-- _

Project Incentives

II. AIe you aware ofthe incentives that the project has to offer?

IL:O=-y.:.:e=s I--=O=-N:..:.o"-- _

12. Would the following be of interest to you regarding the liSE project?

°Customer requirement °Potential °Regulatory r~Public 1° .~o .interest inlcost savings compliance unage parnclpatmg°Corporate requirement °Other

Walk Through Inspection

W I. Do we have your permission to take photos in your facility?

L:IO=-..:..ye:::s J_O=--N:...:.o _

W2. Walk through

Observation Comments

° Product or service quality deficiencies

0 General housekeeping problems

0 Evidence ofchemical releases

° Inadequate or incorrect product or hazardous
chemical labelling

0 Lack ofsafety warning signs

0 Improper segregation or storage ofhazardous
material and/or waste

0 Leaking valves, lines and containers

0 Inadequate or incorrect PPE

° Inadequate machine guarding

0 Uncovered chemical I waste containers

° Inadequate or incorrect emergency equipment
and/or ineffective management

0 Improper lighting I ventilation .

° Absence ofMSDS information

0 Inadequate or ineffective maintenance
I

0 Presence ofuncontrolled physical, chemical
and biological hazards and natural phenomena

IERForrn{Sept 1,1999) 7



o Other Observations:

IER Team Leader

Organization

Address

IER Certification Nwnber

...

Telephone

Number of Hours On-Site

IERForm{Septl,1999)
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..
"

.. '

IoIil . USE ReSource Allocation Strategy

Ri.. ': Is the organiz8tion primarily a service.provider? ..
iooI . '. j o Yes 'IONo . I -

R2. . Are the organizlltio.n's envir~nm~ntal impacts readify identifiable?
IiiiiI

1L::O;::.Y.:.:e=-s ..~.. 10No

R3. Does the organization already I!av~ a quality, envifonrnental'or OSH management system iii place?
. -' - . .-,
I_O_Qu-"-'",,a~lity,,-"~~--,-I""O""""En-v""'ir-onrn-~e-n-'-ta'l-'-~·lrO<"'O""S"'H'-..--'--~-'~. I'

'"" R4.. Is there "supply chain levemg.... with tbis facility? Iho, descnbe:~~ -'-'_--=---=---=-_
:~.

.... R5. . !hyour opinion,does the'or~tion have the.managerial commitment to enter the IISE program?. - - - .' .

'j Q Yes' IONo . ,I
L:.:;:",:,,==--.,.-:.-.c....-'--'" "",.. ::..:..:.:c_'---,-",,-;--,,--,-, .

. I

·.iooI

, .

R6.· , In your opinion, does the organiz,.tion have the resources to enrer the lISE program?

I°Yes -. I-;=O"N""o-----'~----i

•

. R7.' Whatis !he most ,appr~priate assistanc~ that lISE can provide for this organization?
~. .. ~ -. - ~

"

I°P2/CPonly

I_O_S.:.;m-'a~ll-'-~__ I_O~M~e~di_um._.~·.!...\· .~,I°Large.

1L:0=Sm:::all=-'_,,,,,,,-,-~-,-IO:::..:.M=e:.::'d=iu""m~_--,._. _1-=O=..=Lar:::g"'e:.- ---'
,.

vlhat ar~the'prosp~cts for measurable poll~tiOn reduction that will help lISE document progress to 20%
reduction.pollution target? '" ,. ' .

.~. - .
1OEMS only .

R9.

IOEMS/P2/CP. . .!",OQ"".sM=Sc.:fi==..rst_...:....LI.=OO:.:::.=SHM=S::....,..._-'

. R8, ."What are the pro~pectsfor ~ertification Within the ti!neframe ofIISE assistance?

i."" RIO. '. Recomm~nded strate~inextsteps _. ---'-__'- ~--~-

:2-

?­
k1t.
".
~-~
.F

IER Team.teadef.

Organization

Telephone

IERCertification Number

~.

".""

Fax

•

Address

Email
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MSE Millennium Science & Engineering, Inc.

April 19, 1999

Mr. Douglas M. Young, Ph.D.
Sustainable Technology Division
National Risk Management Research Lab
US Environmental Protection Agency
26 W. Martin Luther King Dr.
Cincinnati, OH 45268

Via Fax: 513-569-7111

Dear Dr. Young:

1364 Beverly Road. Suite 302
McLean. Virginia 22101

Phone: 703.734.1090
Fax: 703.734.1093

e-mail: mse@erols.com

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 I 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 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, I-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 CPIP2 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.

-

: T.A. Danielson

Environmental Science and Engineering Solutions for the 21st Century



•~nvironmental Manager

Heriberto Cabezas andU · S· 1· Douglas Young
'g t U.S. EnvironmentalSIn Ifill. a Ion sust~~~~~1;C~~~~~~D"'.

For Pollution Prevention

NOMENCLATURE
M':' ,14;'" • Mass Rowrote of each input

and output for each stream, i, kg/h
Xv • The mass Fraction of each non-

product chemical component, i, in
stream i, kg/kg

.,J • The overall environmental impact
of chemical component, i, PEllkg

a. • A weigh~n9 !octor that ollow> one
to assign relative importance to
each of the eighl environmental­
impact categori.., k, used by !he
WAR Algorithm

¥"". • Spe<:i6c impact of chemical com'
ponent, i, in impact category. k,
PEl/kg

j.., = i,;Ip (2)

where:
p=The rate at which the process pro­
duces products, kglh

The generation indexes are the rate
of PEl generation, icen, and the
amount of PEl generated per kilo­
gram of product, icen• They allow com­
parison of process alternatives. in
terms of the generation of net PELicen is given by:

... L,~r-jUi
I,.. = p (3)

To compute the four indexes for a

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 PEl output, iou" and the amount of
PEl output per kilogram of product,iow These indexes allow comparison
of the potential impact ofvarious out­
put streams on human health and the
environment. iout is given by:

................. ,.. --- . .

i", • The rale of input of PEl, PEI/hi... • The rale of output of PEl, PEI/h
i • The role of PEl generotion inside,.. the process, PEI/h (i.e., the differ-

ence between i", ond i ...Ji... • The omount of PEl output/kg of
product

P • The role ot which the process pro-
duces product, kg/h

i... • The omount of PEl generoted/kg
of product1:' •The PEl input per kg of product,

. for eoch individual input stream, it:' ,j;'" • The PEl rate of each individuol
inpul ond output stream, i, PEI/h

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

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

o =ii.-i..,+i... (I)
where:
iin =The rate ofPEl input, PEIIh (the
impact on the environment if all feed
streams were to be released at once)iou, =The rate of PEl output, PEIIh,
(the impact on the environment if all
output streams were to be released)icen = The rate of PEl generation by
the process, PEIIh (the difference be­
tween ioflt and ijn ; igen. can be positive
or negative, because a given process
can either create or consume PED

From Equation 1, one can generate
two output indexes and two genera-

IiIIi

T
he ability to design or modify
chemical processes in a way
that minimizes the formationIooi of unwanted byproducts is an

ongoing goal for process engineers.
Two simulation and design methods
are discussed here: Process Integra-... tion (PI), developed by EI-Halwagi
and Manousiouthakis [II at UCLA,
and El-Halwagi [2J at Auburn Univer-

... sity; and the Waste Reduction (WAR)
Algorithm, developed at the U.S. En­

.vironmental Protection Agency
(Cincinnati, Ohio), and made commer-• cially available through a Cooperative
Research and Development Agree­

,nt (Crada) under the Federal Tech­
JIogy Transfer Act of 1986.1...
PI is concerned with improving

process efficiency and keeping tar­
geted components from leaving the.. system. PI is essentially the practical
application of the mass-exchange net­
works (MEN), as detailed in [I,21,11I/ which try to remove pollutants from
product streams and segregate them
into concentrated waste streams.

By comparison, the WAR AlgorithrniIlIi is concerned with evaluating and re­
ducing the potential environmental
impact of a process [31- a key designiiiconsideration. Consider Process A,which emits 1 tonlh of a given pollu­

_ tant, and Process B, which emits 2
tonslh of a different pollutant. When

.these two processes are compared on
the basis of pollutant mass alone, one
could logically conclude that Process A

lIfilis preferable. However, because some
pollutants are more toxic than others,
the process comparison needs to as­
sess the human-health and environ-

ill:nental impacts.

h Pro::na Integration methodology haa been...nel"'C:ililiud by Mal:r'U: Integration. Inc. <Lees­.)urg. VaJ. The initial venion ofthe WAR algorithmtiiiii:c being incot"pOr'ated into the simulator product-';hemCAD 1\' from Chernstationa. Ine. (Houston.Tex. I. ThE' authors' cfucu:ssion hereo does not endorse~Ither o(th~ commercial products or companies.
~oJ/l': For mor~ on :Jimulatinn. see p. 139.

M



(5)

(4)

... _..1...,)...... •
Ll'W; LX,jLa..YI J1
Ii"

where:
ak =A weighting factor for each im­
pact category k

goryk (discussed below), in units of
PEIlkg. This is given by,
. _ ... '!i-I-....·.li'l...
lilt - ~li -~Mi ~%ii'V i =

• • 1

I M!'-II Xij Ia.'I"..
i i.\
. ... ,tool) _·.1_1
loal=~li =~M~ l;Xij'Y;=, . ,

ACrylic ocid is considered the only product in this cose study.
With the objective of minimizing the poten~ol environmenltll im­
poct (PEl) of the other three efRuent streoms ond maximizing
ocrylic ocid produc~on, possible improvements were sought. Be­
cause the reactor waste gas contains unreocted propyfene and
byproduct corbon dioxide, the reactor operation was examined.

Acellclcld
IIypraduct

Ac,.,lIc aelll
produe1

SolVlnt­
recovery
column

Water
column L...---.Wastl.

wa1er

"".k
culated from the following:
• The mass 110wrate ofeach input and
output, if/in} and if/outl. respectively
• The stream composition, in terms of
the mass fraction, xii. of each non­
product chemical component (pollu­
tant and undesired byproduct),j
• The overall environmental impact,
"Ii' ofchemical componentj

The overall environmental impact,
"Ii' is calculated by summing the spe­
cific impacts. "I'i'" of chemical compo­
nent j over the various impact cate-

Ez1r.Iet"1-__'

Acrylic-acid
column

Hut
exchanger

Absorber

r----------~~-- Wnt.
gn

. Tumlne

rD-
AIr

6- hm• .J
- ..... Heal

Sleam- • h

!
ChemiCal I1C anger
reaclor

'----·E

Propylene __
fltd

To illustrote the use of the WAR Algorithm, consider on
ocrylic-ocid-production process designed to produce 50,000
m.t./yr of ocrylic ocid (Figure I). The process cotolyticolly ox­

idizes propylene with oir to fonn ocrylic ocid, ond severol byprod­
uds (oce~c ocid, hydrogen, weter ond corbon dioxide) [41. Three
alternative design scenarios were considered: a base case (Unit
300) ond two olremotive designs (Units 301 ond 302).

In the bose cose (Unit 300), the reactor operotes ot 31 O'c. The
efRuent is quenched in on odiobo~cRosh drum with 0 subston~ol

recycle stream (98%). The Rosh-drum vopor efRuent is stripped
with deionized water to recover any residual acrylic acid.

Thevopor effluent from the shipper is delivered to an incinerator.
The liquid efRuent from the Rosh drum is mixed with liquid efRuent
from the stripper; 98% of this mixed streom is recycled to the Rosh
drum for quenching. The non-recycled, liquid efRuent is sent to 0

liquid-liquid extraction unit, where the orgonics ore extrocted with
o solvent mixture of diisopropyl ether IDIPE; 87 mol%) ond woter.

The aqueous emuent, which contains small amounts of acetic acid,
acrylic ocid ond DIPE, is di~lIed to recoverpureweter, which iscan­
sidered a waste (since it is not deionized, it cannot be reused in the
process). The acids and DIPEare recycled back to the extraction col·
urnn. Theorgonic efRvent from the extraction tower is sent to solvent­
recovery column and then to on acrylic-acid distillation column. The
~nol ocrylic ocid product is 99.9 mol% pure.

In this design, there is no consumption of DIPE. Rother, the initiol
cherge of DIPE is completely recovered within the process.

Seeking improvements
The kinetics of this process are such that lower temperatures Favor
ocrylic ocid producHon. Thus. in the first design oliemoM. Unit
30I, the reactor temperolure wes reduced by 30'C, to 280'C.
This design also incorporated Q 5A% increase in the reRux ratio of
the ocryIic ocid column. Decreesing the reoctor temperalure re­
sulted in on equivalent conversion of propylene. However, it pro­
duced 0 greater sel~vity toword ocryIic ocid (from 1.58 10 2.31
male of ocrylic ocid per mole of byproduct).

In the second design olternotive, Unit 302, the reodor tempera­
lure wes reduced by onother 20'C, to 260'C, ond the reoctor...,/­
ume wos doubled to mointoin on equivalent level of propylene
conversion. The reRux rotio in the acrylic acid column wos elso in­
creased; however, only a 9% increase was required ro achieve the
some separation as observed in Unit 301.

The four oulput ond generotion PB indexes described obove
were plotted for the bose cose and for the the two process modi~­
co~ons. Figure 2~ the au'!?ut indexes. i"", ond lou,;, and the
generation indexes. I gell and [gen. 0

.------------------,

GOING TO 'WAR' FOR A "GREENER' ACRYLIC-ACID PROCESS

FIGURE 1. The WAR Algorithm was used to identify several waste- FIGURE 2. The design changes dlscussedabaye
minimization routes for the acrylic·acid process shown above alter the output and generation PEl as shown here i£,

L---------------------------------------'------''i>1

given process, the rate ofPEl ofall the
input and output streams, lin and ?&­
respectively, must be calculated. F'Or
the input streams, this is done by cal­
culating the PEl rate of each individ­
ual input stream, i (i/in)). and then
adding the individual values to get lin'
For the output streams, this is done by
calculating the PEl rate of each indi­
vidual input stream, i (i/ou,}), and
then adding them to get lou,. For each
stream, i, the PEl rates of the individ­
ual input and output streams are cal-
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Analysis ofMENs
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 waterl 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
3l plots the composition of the tar­
get species (shown as mass frac­
tionl against flowrate to identify re­
cycle opportunities. The red circles
represent all sources or streams.
and describe the relationship be­
tween flow rate and the composi~r

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 mL"<ing of
streams that would require further
treatment downstream. Temperature.
pressure and flowrate can also be ad·
justed to enhance performance.

FIGURE 4. As this specie~pathdiagram shows. streams
(such as Streams 3 and 4) with a high target·species composi.
tlon, a high ftowrate, or both. are generally the most economj..
cal candidates for a mass~xchange operation. Stream 2 is al·
ready undergoing such an operation (stripping)

•. Siparator

Components ofMENs
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
(sinkl, recycled to a processing
stream, or sent for post-treatment.

The mass·transfer and separation
portionsofaMENtypicallyrelyon 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 (MSAl - in­
cludingsolvents used in liquid-liquidex­
traction or gas absorption, granulated
activated carbon, ion-exchange resins.
and gases used in stripping operations
- are often added to enhance the recov­
ery ofthe useful Components.

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.

Boundarlll I'1prestnt
0plraUnQ constnlnts

Stream not
Issoclated

.IUI nlsb unn

•• ••.:ri" Stream 1 SlI'8lm 2 Wast,
ii:!L • stream;, ~
::'l'1r. ~

~~~~:4~~~~~~'Mass~traCtIO~~~~::~~~-:
FIGURE 3. In a 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
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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 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
(MENl, at the heart of the Process In-

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
potential by ingestion; human-toxicity
potential by inhalation or dermal ex­
posure; aquatic-toxicity potential; ter­
restrial·toxicity potential. The weight­
ing factor, a.. allows us to assign
relative importance to each of the
eight categories. A default value of 5
for a. can be assumed, but it can be
adjusted between 0 and 10 to better
represent the process and locale.

nValues for 'l"jk 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

l.. acrylic·acid process.
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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.

FIGURE 50 In this massll'ncll dIagram,
the curves on the left show the ability of
two different mass-separating agents
(MSA) In a given mass-exchange unIt to
remeva Pollutant X from a given _ate
stream or streams.. The composite Curve
on the right shows the range of feasibility
for removing Pollutant X from a combln.
tlo n 01 stream•• Tha pinch point (Where
the two curves are c1o.est) .hows the
be.t point at which to apply the MSA op­
Uons lor removing Pollutant X, !rom an
economic and thermodynamIc standpoint

used to identify streams that can be
combined and then recycled. For in­
stance, in Figure 3, combining
Streams 1 and 2 will increase the
flowrate to an appropriate level, and
acljust 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 tsrget-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.

Environmental Manager

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 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
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be illustrative. In that figure, 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..,ffective,
thermodynamically desirable point at
which to apply mass exchange. •

Edited by Suzanne Shelley
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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 ofa target species (Le., Pol·
lutantX) 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
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Pollution Prevention with Chemical Process,~
Simulators: The Generalized Waste ~

Reduction (WAR) Algorithm-Full Version

Heriberto Cabezas·, Jane C. Bare, and Subir K. Mallickt

U.S. Environmental Protection Agency, National Risk Management Research Laboratory
Sustainable Technology Division, Systems Analysis Branch

26 West Martin Luther King Drive, Cincinnati, Ohio 45268, USA

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 ofpotential impactwithin a process, and the output ofpotential 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 ill (Use does not imply USEPA endorsement or approval ofChemcad III).

INTRODUCTION
There is currently a great deal of interest in the
development ofmethods that can be used to prevent or at
least minimize the generation ofpollution; and there are
numerous efforts underway in this area (Lederman and
Weber, 1991;EI-Halwagi, et aT. 1992; Fonyo, etaT., 1994;
Rossiter, 1995; Manousiouthakis and Allen, 1995;
Mallick et aT., 1996). This interest stems from the belief
that pollutionprevention 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
manufacturing, these pollution prevention methods take
the form ofan 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
NationalRisk ManagementResearchLaboratory, research
efforts are underway to develop a methodology for
commercial chemical process simulators. The research
effort is called the WAste Reduction or WAR Algorithm
afterHiialy and Sikdar(1994) who performedsome ofthe
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 THEORY
Potential environmental impact is the unrealized effect Or
impact that the emission ofmass and energy would have
on the environmentonaverage. It is, therefore, essentially
a probability function for the realization of a potential
effect. Thus, the potential environmental impacts of
chemicalmanufacturingprocessesaregenerallycausedby
the energy and material that the process takes from or
emits to the environment. Potential environmental impact
is a conceptual quantity that cannot be directly measured,
i.e., there are no potential environmental impact meters.
However, one can calculate potential environmental
impact from related measurablequantities usingfunctional
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 canbe calculated
from temperature and pressure by the use of heat
capacities and equations ofstate. Exactly how to perform
a calculation for potential environmental impacts will be
discussed laler in this paper.

Conservation Equation
Traditionally, chemical process designhas beenbased on
the creative application ofmass andenergybalances along
with thermodynamics, chemical reactionengineering, and
engineering economics. Our methodology proposes 10
add a conservation relation over potential environmental
impact to the aforementioned two balance equations. The
conservation equation for impacts is based on an··
accounting ofthe flow ofpotential environmental impact
in and out ofthe processes. This flow ofimpact is related
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'NP d 'NP " talwhere Ioul an I", are the potential enVU'Onmen
impacts due to non-products, i.e., pollutants in the outputs
and inputs, respectively. Equation (3) is used to give

I, , . r I'NP d I' NPwh allexp lelt expressiOns lor ow an ill ere
components, products and non-products, are included in
the summation, but where *1=0 for all productsj which
effective!); removes all products from the summation. The
index, i P, measures the total rate at which the process
generate:;"potential environmental impact due to non­
products (NF). j~: has units ofpotential environmental
impact generateiper time,
The secondindex, i":'ofthe first category is obtainedby
dividing Equation [4) by the rate at which the process
generates products to give a specific impact generation,
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Impact Indexes
For steady state processes one can use Equation (2) to
define two categories of indexes for the environmental
impact ofchemical 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, i.e.,
o/J=O for all productsj. These assumptions are COnsistent
WIth the objective of this paper which is to present a
methodology for waste reduction, i e., theprimary concern
is reducing the impact and the amount of the non­
products. The broader implications of Equation (I),
including other impact indexes for which 0/.00 for
products j and further conjectures on the implicaaons for
sustainability, will the subject offuture publications.
The first index of the first category of indexes (unpact
generation) is obtained by solving Equation (2) for i •
and adding the superscriptNP for Non-froducts to gi:',

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

where thesumoverpis takenoverall thel.'roductsp, and Pp
is the mass flowrate of product p. I;: measures the
potential impact created by all non-products in
manufacturing a unit mass of all the products p. The
index, j;:, has units of potential environmental impact
per mass ofproducts,
The third index of the first category, j;[NP, is obtained
from Equation (5) by setting the potenti~nvironmental
impact (*J) of all products to zero and that of all non­
products to one. This has the effect ofassigning the same
potential environmental impact to all non-products. The
index, M;:, is a measure ofthe mass inefficiency ofthe

(3)

(2)

(1)

to the mass and energy £lows but it is not equivalent to
them. The impact conservation equation is

dI"", . • .
--=I. -I +1dt lit out pi

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 andoutputs to or
from the environment. But, as a first approach, this
treatment is restricted to potential impacts due to material
£lows while neglecting any impacts due to energy. 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 generationprocess. Effects
due to resource depletion are also neglected mainly
because there is no effective methodology for measuring
them. This is consistent with the focus ofthis work which
is the chemical process plant rather thanagloballife·cycle
type of analysis. The expression relating potential
chemical environmental impacts to measurables is

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(...
The significance ofpotential environmental unpacts can
be better understood by considering the following
definitions. Ifone were to dump into the environment all
of the mass and energy flows entering a process, the
resulting impact on the environment would equal to lin; if
one were to also dump into the environment all of the
mass and energy £lows exiting a process the resulting
impact on the environment would be equal to 10,,'
However, due to chemical transformations andchanges in
state conditions (temperature and pressure), Ii. is never
exactly equal to Iou" and consequently It.. is never
exactly equal to zero for steady state processes.

where the sum over j is taken over the streams of input.i
or output i, the sum over k is taken over all chemicals Ie, I,
is the rate of potential environmental impact either in
(i=in) or out of the process (i=oUI), ~(') is the rate of
potential environmental impact for streamjwhich may be
an input oran output, ~(~ is the mass flow rate ofstream
j which may again be either an input or an output, xkJ is
the mass fraction of chemical k in stream j, and o/J is the
overall potential environmental impact of chemical j.

where I ,is the potential environmental impact content
inside aprocess, i,. is the ~put rate of impact, t, is the
output rate ofimpact, and It.. 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 j •can, in fact, be negative.
For steady state processes, tte conservation equation
reduces to,

...

...

....
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which is related to the pollution index <Pn of Hilaly and
Sikdar (1994) by,

where the summation is taken over all products n. M::
measures the amount of non-product or pollutant mass
emitted in manufacturing a unit mass ofproducts, and it
has units ofnon-product mass per mass ofproducts. It is
also a mass inefficiency measure.

Significance 0/Impact Indexes
"NP "'NP ... HP

The first category of indexes, e.g., I,.. , I,.. ' and M,•• '
characterize some aspects of the generation of potential
environmental impact within a manufacturing process.
Theyare most useful in addressingquestions related to the
internal environmental efficiency ofthe process plant, i.e.,
the ability ofthe plant to produce desired products while
creating a minimum of new, undesired potential
environmental impact. It is important to note that once

qa

(10)

Chemical Impact Expression
To apply the WAR methodology to chemical processes,
the following expression for W

J
has been developed

(Mallick et al., 1996),

Wj = L IX,W:',,
where the sum is taken over categories of potential
chemical environmental impacts, e.g., ozone depletion
potential, human health, etc. listed below under
Classification a/Impacts. IX, is arelative weighting factor
for impact oftype Iindependent ofchemical j, and W;" is
the specific potential environmental impact of chemical
j for an impact of type t. IX, has units of potential
environmental impact per mass.
The relative weighting factor IX, allows Equation (10) to
be customized to specific or local conditions. The
suggested procedure is to initially set all the IX/S to same
value of say one, and to allow users to vary individual
0:, 's from 0 to 10 according to local needs and policies.

new potential environmental impact is created, resources
suchas potentially costly remediationefforts will likely be
required to prevent the potential impact from bein)!
realized. Obviously, the smaller the values of JNP, r

... NP ICIt I*" '
and M the !Lore environmentally efficient the process,
and, a1rathers factors such as economics being equal the

0NP t

more desirable. I... would be useful in comgaring
different designs on an absolute basis, while j and
M;:'would be useful in comparing different ~esigns
inaependently ofmanufacturing plant size.

• °NP "'NPThe second category of mdexes, e.g., I.. , I ,and
"'NP. 0 ... ourM... charactenze 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, i.e., the ability of the plant to produce
desired products while inflicting on the environment a
minimum ofundesired potential environmental ~act. It
is again obvious that the smaller the values of j i NP

"NP our'ovt J

and M••t the more environmentally efficient the process,
and all other factors such as economics being equal the
more desirable it is. Since i:': is a total rate of im~act
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 j''' in an

• • • • NP QId
ecolOgIcally senslllve area. I... could also be used in
matching the size of a plant to the capacity of the
surrounding environment to dissipate environmental

"fI1' .. NP
impact. I... and M,.. are more useful in comparing the
potential environmental impact of alternative processes
independently ofplant size.

CHEMICAL ENVIRONMENTAL IMPACT
Applicationofthe methodologyso far developed requires
that the potential environmental impacts ofchemicals be
estimated. Further, it is required that a relative impact
number W/ be given for each chemical j over a wide
range ofdifferent 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 ofnormalization.

(9)

(8)

(7)

"M'(.ut)" NP
LJ j LJ xk ·

.. liP J Ie:}M... = -"------''--
}:Pp
p

ANP 'NP/'"IfJU1 = IOIll LJ Pp
P

The index, i:':, has units of potential environmental
impact per mass of products. This expression gives the
pollution index <t> of Mallick et al. (1996) which
measures the potential environmental impact emitted in
manufacturing a unit mass ofproducts.
The third index ofthe second category, M.':, is obtained
from Equation (7) by setting the potential environmental
impact (W·) of all products to zero and that of all non­
products t~ one. The resulting expression is,

process, i.e., it gives the ratio of mass converted to an
undesirable form to mass converted to a desirable form.
Th . < M-NP •eexpresslOn .lor r n 15

" M(.")" NP _ "M(I.)" NP
LJ j LJ xkJ LJ j LJ x'j

... NP J k j k
M... = (6)LPp

p

where the summation over ~(...) is taken only over
output streams, the summation over M

j
("') is taken only

. dth· NP' takover mput streams, an e summation over X"j 1$ en
onlv OVer all non-products k in stream j. The units of

A f{p
M • are mass of non-products per mass ofproducts.
"I"Ife first index ofthe second category of indexes (impact
emission) i'::; is simply the total rate of potential
environment';u impact output due to non-products. i:': is
calculated from Equation j.3) subject to W.=O for all
products j; The index, i::;' , is a measure ot the rate at
which the process emits potential environmental impact,
and it has units of potential environmental impact per
time.
Thesecondindex ofthe second category, i::, is obtained
by dividing the rate of potential environmental impact
output due to non-products by the output rate ofproducts
to give,

...

...



Table 1: Normalized Chemical Impact Scores

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 effortunderway in our research group to develop more
sophisticated methods ofdetermining values for the «/s.
The values for the *;'1 were obtained from the relative
rankings or scores for chemicals by normalizing
according to,

MUruaisJI

CASE STUDY #1: MEK PRODUCTION
To illustrate the use of the generalized WAR Algorithm,
a case study from the production ofmethyl ethyl ketone
(MEK) from secondarybutyl alcohol (SBA) is presented.
The case study was adopted from the Chemcad ill
(Chemstations, Inc.) chemical process simulator, and all
the material and energy balances were performed using
Chemcad ill. However, any commercial process
simulator couldhave been used. This case study presents
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 ofthis paper. Essentially, the chemical process
consists ofa SBA dehydrogenation reactor followed by a
MEK purification train and associated equipment

c..~"',;;_S8A
@

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

Base Flowsheet
Figure 1 shows the base process flow diagram for the
production ofMEK 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 transformationoccurs.The

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

H2O

o
NH3

0.93

CH4

7.4E-3

SBA

4.lE-4

Ax

o

MEK

0.42

N2

o

H2

oljI~ ,
).

(Score)'.J
*:'j = «S ) ) 2 (11)core'j+ OJ

where (Score), J is the relative score of chemical i on
some arbitrarY scale within impact category j,
(Score),).is the arithmetic average of the scores of all
chemicals) i within impact category j, and oJ is the
standard deviation of all the chemical scores in impact
category j. The normalizing factor (Score),) + 20J
assures that about 75% of the normalized chemi;;M 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). lfthe chemical
scores happen to follow a normal distribution, then the
normalization range extends to approximately 95% ofthe
scores.

Classification ofImpacts
The classification ofchemical environmental impacts and
the values for the (Score), Jwere adopted from the study
of Heijungs et al. (1992)* and normalized according to
Equaticn(11) toclJt!inthe *;., 's. InthecalaJlalicn of ( (Score),)
and oJ' the chemical scores for dioxin, chromium 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 ljI' , for these three chemicals would appear as
outliers whicb: they, in fact, are.

...

...

...

...

- ...
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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, SBAis secondarybutyl alcohol, H2O is water, N2

*Use by the authors does not imply endorsement or
annrovaI hv the u.s. Environmental Protection AQ'encv.

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

Stream # I #2 # 12 #13 # 14
(State) (L) (G) (L) (L) (G)

SBA 3362 19 3 2670 I

MEK 0 0 567 13. 71

H2O 8 0 0 0 8

H2 0 18 0 0 0 crt
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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
separatorwhere 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 ill are listed in Table 2 above.

Modified Flowsheet
Examination of the base process indicates that waste
stream 13 contains large amounts ofunreacted SBA and
small amounts ofMEK. 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 ofa recycle from

The process modification increased the amountofproduct
by approximately 73% while reducing the amount of
waste SBA in stream 18 by about 20%.
It is important to note that an examination ofTables 2, 3,
and 4 will indicate that waste was general1y reduced, and
that environmental impact was probably also reduced.
However, the information so far considered is not
sufficient to allowaquantitative comparison oftheoverall
wasteandenvironmental impactreductionassociatedwith
each of the three cases studied here. For this comparison
one must calculate the impact indexes already descn'bed.
For the modified process with 100% recycle, the mass
flow rates and the state of the various input and output
streams are listed inTable 4 below. Note that increasing
the recycle increased the amount of product by 269%
while simultaneously reducing the amount ofwaste SBA
in stream 13 to zero.

Table 4: MEK Production Flow Summary (kglbr)
Input & Output: Modified Process (100% Recycle)

Stream # I #2 # 12 # 14
(State) (L) (0) (1..) (G)

SBA 3362 1117 11 1

MEK 0 11 2094 59

H2O 8 3 0 5

H2 0 60 0 0

• FIt/ISSAC!)
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MEX Drltyif¢lor
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H2Suah6u

Stream # 1 # 2 # 12 # 14 # 18
(State) (L) (G) (L) (G) . (L)

Table 3: MEK Production Flow Summary (kglbr)
input & Output: Modified Process (50% Recycle)

Figure 2. Modified process flow diagram for the
production ofmethyl ethyl ketone from secondarY butyl
alcohol.

stream 13 to the feed, stream 1. Two cases were studied
with this modification, recycling 50% and 100% ofstream
13. Recycling 100% ofstream 13, i.e., closing offstream
18, is appropriate for this illustration. Bu~ it is clearlynot
practicalbecause stream 18 is the only liquid waste stream
in the modified process and the only means ofpurging the
systemofliquid impurities. Without this purge, impurities
would build up inside the process causing it to eventually
cease to function. Figure 2 above shows the flow
diagram for the modifiedprocess. Themass flow rates and
the state of the various input and output streams for the
modified process with 50% recycle are listed in Table 3

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, a" were all set to one for these
calculations.
The first category indexes, i.e., the impact generation
• '/IP -RP -/IP
mdexes, I ,I ,and M ,are shown on Fio".... 3

("'Son p' - /lP ...--
below. It Should be noted that M is a negative number
since some of the input mass r;"always converted to
product, and the products are not included in the
summation of the outputs. The specific indexes, j'iP and
M.~:, were multiplied by a factor of 100 so th~ they

'/1,
could be shown on the same scale as the rate indexI••• .
The second caleltory indexes, i e., the impact output
• "NP '*oN!" .. Nf
mdexes I.". 1m ,and M... , are shown in Figure4. The
specific index 1": was multipliedby a factor of!000, and
the specific index M~:was multiplied by a factor of10so

0... 0NP
that they could both be shown on the same scale as I.", .
The largest source ofuncertainty in the calculation ofthe
impact indexes is the environmental impactscores. 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
ofmethyl ethyl ketone from secondary butyl alcohol:
j'<P in impact units per hour, jNP in impact units per
fCII ... NPr-n

kilogram ofproduct, and -Mg,. in kilograms of
pollutants per kilogram ofproduct

impact output from non-products per kilogram ofproduct
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 ofimpact and waste decreasedas 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 generationpermass ofproduct indexdiscussed
in the paragraph above. This decrease is also a reflection
of the increased productivity ofthe plant
The decreases in the indexes are sufficiently large such
that they represent significantreductions inpollution. 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 ofa much larger market without
increasing its generation or its output of potential
environmental impact It also means that a modifiedplant
that is 48% to 77% smaller than the base case can meet
the needs of the same market that the hase plant was
designed for.
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Base Flowsheet
Figure 5 shows the base process flow diagram for the
process. Essentially, the overall process is hased on the
reaction ofnitrogen and hydrogen to produce ammonia.
The mixture ofhydrogen and nitrogen is compressed and

Figure 5. Base process flow diagram for the production
of ammonia from synthesis gas.
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CASE STUDYII2: 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 III (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#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 WARalgorithm
but still treatable within the space of this paper.

Implhr Implkg xE3 kg;1cg xEI

eJ Base Case f2l 50% Recycle
ISJ 100% Recycle

Figure 4. Impact output indexes for the production of
'NPmethyl ethyl ketone from secondary butyl alcohol: I.",

in impact units ofpollutants per hour, j~: in impact
0_ ... NP

units ofpollutants per kilogram ofproducts, and M.",
in kilograms ofpollutants per kilogram ofproducts.

DISCUSSION OF CASE STUDY III
The impact generation indexes ofFigure 3 showthat: (I)
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 ofnon-products
generatedperkilogramofproduct remains nearly constant
at -100. The most significant index in this case is the
impact generated per kilogram ofproduct. The decrease
ofthis index reflects the increase in the productivity ofthe
plant, i.e., the increase in product flow rate.
The impact output indexes ofFigure 4 show that: (1) the
rate ofimpact output from non-products decreases by 11%
for 50% recycle and by 17% for 100% recycle, (2) the•

...



Table 5: Ammonia Production Flow Summary (kglhr)
Input & Output: Base Process (purge Ratio =0.1)

Stream # 1 #17 # 19'
(State) (G) (G) (L)

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 III are all listed in
Table 5.
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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, stream25
is used to purge impurities from the system. Without this
purge, impurities would againbuildup inside the process,
and it would eventually cease to function. Stream 24
which consists ofessentially pure ammonia is mixed with
stream 19 to form a new product stream, stream 26.
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Figure 5 shows the configuration ofthe flow diagram for N2 33,334 1162 217
the reduced purge modified process which is identical to

Ar 603 199 404that ofthe base process. The mass flow rates and the state
of the input and output streams for the reduced purge

H2 7196 281 16
modified process are listed in Table 6. The process
modification increased the amount of product by CH4 80S 447 351
approximately 25% while reducing the amount ofwaste

9fammonia in stream 17 by about 77%. It is worth noting, NH3 0 335 38.521
however, that there was ansmall increase in the impurities

Table 6: Ammonia Production Flow Summary (kglhr)
Input & Output: Modified Process (Purge Ratio =0.02)

Stream # 1 #17 # 19
(State) (G) (G) (L)

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, 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.

33,334 1162

603 199

The mass flow rates and the state ofthe 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 ofproduct 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 ofwaste ammonia in stream 25 was
reduced by 91%, and the amount oftotal waste in stream
25 was reduced by 78%, both compared to the base case.
As compared to the reduced purge process,the additionof'
the flash drum increased the amount of product by a
meager 1%, but it reduced the amount ofwaste ammonia
by 61 %and total amount ofwaste by 18%, both in stream
25. Therefore, the principal effect of adding the flash
drum was the reduction ofwaste.

Table 7: Ammonia Production Flow Summary (kglhr)
Input & Output: Modified Process
(purge Ratio =0.02 & Flash Drum)

Stream # I #25 # 26
(State) (G) (G) (L)

Figure 6. Modified process flow diagram for the
production ofammonia from synthesis gas with reduced
purge ratio and added flash drum.
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An examination ofTables 5, 6, and 7 will again showthat
waste was generally reduced, that the amount ofproduct
made was increased, and that environmental impactofthe
process was probably also reduced. However, one finds
that it is not sufficient to allow a quantitative comparison
ofthe 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 werecalculated 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 tf./were all set to one for these
calculations.
The first category indexes, i. e., the impact generation

°NP "'NP "'NP •
indexes, I"" I.~, and .l.f"" are shown on Figure 7. It
should be noteli that M is a negative number since,,,t .
some of the input mass IS always converted to product,
and the products are not included in the summation ofthe
outputs. The specific index);':., was multiplied by a
factor of 10,000, and the index, M'~:, was multiplied by
a factor of1,000 so that they coultboth be shown on the

'NPsame scale as the rate index I....
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Figure 7. Impact generation indexes for the production
of ammonia from synthesis gas: i.~: in impact units per
hour, jNP in impact units per kilogram ofproduct,
and-M~ in kilograms ofpollutants per kilogram of
producf PR is the purge ratio.

The second category indexes., i.e., the impact output
'NP '7/P 'Ny h . F' 8indexes, 1 ... t I t and M tit I are s O\YI1 m H!Ure .
Q... a '"NP" ... 'RP

The specific index Io", and the specific index Mo" were
bothmultiplied by a factor ofl0,000 so that they could be

'Ny
shown on the same scale as Io" •

The largest source ofuncertainty in the calculation ofthe
impact indexes are again the environmental impactscores.
These measurements are probably accurate to no more
than one significant figure or an order ofmagnitude, 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 allow readers to reproduce
the calculations ifnecessary.
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Figure 8. Impact output indexes for the production of
ammonia from synthesis gas: i: in impact units of
pollutants per hour, j".: in impact units ofpollutants
per kilogram of prod~cts, and M: in kilograms of
pollutants per kilogram ofproducts. PR is the purge
ratio.

DISCUSSION OF CASE STUDY #2
The impact generation indexes ofFigure 7 showthat: (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 thepurge 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 ofthe 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 ofFigure 8 show that: (1) the
rateofimpact output from non-products decreases by76%
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 ammoma, (2) the
impact output from non-products per kilogram ofproduct
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
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in this case is the impact output per kilogram ofproduct.
The decrease in this index was the same as that for the
equivalent generation index. This is a reflection of the
change in the indexbeingprimarily drivenby the recovery
ofwaste 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 generationpermass
ofproduct and impact output per mass ofproduct (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 ofwaste mass per mass ofproduct
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
ComputerAidedProcessDesign. However, both ofthese
are beyond the scope ofthis paper which is to present the
basic generalizedwaste reduction or WARAlgorithm and
to illustrate its use. Engineering Economics and
ComputerAidedProcess Design are the subject ofpresent
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) theadditionor
removal ofcapital equipment, (2) an increase or decrease
in energy consumption, (3) a change in the rate of
consumption offeed materiaL; and (4) a change in the rate
ofproduct 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 Erigineering 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 designprocedures, is to require that the sum ofthe
capital and operating costs should not increase with
proposed process modifications from the base
configuration. This can be expressed as,

[c ... C ] ~ [c ... C 1o c 841, CI C Modiji.d

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 inspectionoftheprocess 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 ofEquations
(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 ofproduct given
by Equation (7) subject to keeping the total cost from
increasing. This can be expressed as,

-N~ -NP' (aw) N." •Minimize I = I (M "HP "r yNP D) (13)out Olll '-I '~ ,···,et" ,,,-

subject to Equation (12) where .\t"'is the vector ofmass
flowrates for all the output Slreams, ~HPis the vector of
mass fractions for non-product compo~ent i in 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 (Grossmann, 1985;
Grossmann, 1990) here.

CONCLUSIONS
A general theory and a methodology for incorporating
pollutionreduction into chemicalprocess 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 ofalternative process flow sheets. Although, the
WAR Algorithm is intended for use as part ofa 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 ofsetting values
for the impact weighting factors or (X/·s. The reason is
that the (X,'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
practicehas always usedhumanjudgementindetermining
any oumber ofdesign parameters like safety factors., and,
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for impact of type I, impactlkilogram
Pollution index, kilograms/kilogram
Standard deviation of all chemical scores in
impact categoryj, no units
Overall potential environmental impact of
chemicalj, impactlki10gram
Specific (s) potential environmental impact of
chemicalj for impact oftype I, impactlki10gram

(Score)jjRelative potential impact score ofchemical i for
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chemicals i in impact tategory j, no units
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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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EXECUTIVE SUMMARY

The Industrial Initiatives for a Sustainable Environment (lISE) project (a USAID-funded
initative) includes a Cleaner Production I 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 "pollution reduction" will be made utilizing a risk­
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 ofthe lISE project:

I. Establish Baseline I Measurement Criteria
2. Develop Strategy for and Gain Access to Participating Firms
3. Conduct P2/CP Assessments
4. Follow-Up I Measure Progress
5. Input Data
6. Publicize Selective Results

While in Manila and Cebu, MSE interviewed and evaluated the current lISE 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 lISE 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 lISE 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 lISE 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 lISE Technical Team in Cebu. In order to
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prioritize lISE resources, a process was initiated by lISE 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 lISE technical assistance.

MSE also met with IISE team members regarding the planned approach for disseminating
information to the public, other st?keholders, 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 finallife-of-project protocols.
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SECTION 1

INTRODUCTION

The overall objective of the Cleaner Production f Pollution Prevention (P2fCP)

component of the Industrial Initiatives for a Sustainable Environment (lISE) 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 P2fCP

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 IISE 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 P2fCP project

in the initial project development. The objective of this assignment was to:

• Develop the life-of-project pollution preventionfcleaner production (P2fCP) 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 P2fCP 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.

flMU'T.OOC 1-1



SECTION 2

OVERVIEW OF P2ICP STRATEGY

The key to developing the P2/CP strategy is to identify, develop, and sequence all therequired elements (activities) that must be conducted. The following are the majoractivities that were identified for accomplishing the goals of the P2/CP part of the lISEproject:

1. Establish Baseline I Measurement Criteria
2. Develop Strategy to Gain Access to Participating Finns3. Conduct P2/CP Assessments
4. Follow-up I Measure Progress
5. Input Data
6. Publicize Selective Results

The initial strategy development focused on approaches for baseline I progressmeasurement, identifying, accessing and supporting participating companies and otherorganizations, and development of consistent, implementable, streamlined assessmentprotocol. A key issue remains the development of the baseline database against whichfuture pollution reduction will be measured. A discussion of this issue and a morecomplete flow chart for the P2/CP assessment process are presented in Section 4.

flNRYT.OOC
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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 I 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 I Prevention Knowing the typical approaches that
Measures industrial sectors have adopted with respect'

to pollution control I prevention can help
identify potential opportunities for
implementation of priorities

Industrial Sector Ranking To realize maximum results in the P2/CP .
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
will be compiled into a useful, interactive
format. Access to these data by project
shareholders will be made available on a
password basis.

CP I P2 Protocol A standardized, easy to use procedure will
be developed to ensure consistency and
collection of the appropriate data.

3-1



3.1 lISE Team Benchmarking

In order to detennine the capabilities to conduct P2/CP assessments and audits, MSE
interviewed and evaluated the current lISE team for in-house P2ICP assessment
capabilities. This task was accomplished primarily through the solicitation of individual
background infonnation of team members. For this purpose, a fonn (Appendix A) was
developed to collect this infonnation. MSE met with staff members and Filipino
subcontractors in Manila and Cebu to develop an understanding of the current capabilities
of the lISE technical team and to identify additional training and personnel needs that are
needed for the project. Individuals from the following organizations were contacted:

• lISE's in-house technical team;
• The Green Group;
• Development Academy of the Philippines (DAP);
• SCHEMA Konsult, Inc.; and
• Resource Management International, Inc. (RMI).

Completed fonns 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 fonns have been
received although significant efforts have been made by both lISE and MSE. No fonns
were received from the Green Group, DAP, or RML)

Based on the infonnation received via interviews and completed fonns, the lISE 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 I 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 lISE 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 corning 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
I 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 I
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 I 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 P2ICP component of the fER process is an
adjunct to the overall IER which incorporates EMS.) An fER 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 fER format was tested at two industrial facilities in Cebu. The team called
representatives at the facilities and discussed the lISE program and the fER process. The
team also requested that IERs be conducted at the facilities. Access was granted at both
facilities: an electroplating company and a carragenan packaging plant. The completed

fINRPT.OOC 3-3 Ivrt
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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 IISE 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 walk 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 lISE team needs to conduct perhaps 500 more IERs across the key sectors. The
larger number (as opposed to 400 facilities designated in the USAlD contract) is to
account for an inevitable dropout of initially-participating facilities. This activity will
result in the benchmarking of existing pollution control I 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 lISE = --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 Expcrience in Each of the Following Sectors:

//1

_8_ Mining & Metal Refining
7 Electronics
8 Iron & Steel
8 Steam & Powcr Plants

_7_ Cement Manufacturing
2 Ship Building

13 Chemicals
_11_ Electroplating

5 Hospitals
_II_Pulp & Paper

II Piggeries & Slaughterhouses
I Ship Breaking

II Petrochemicals
13 Food Processing
7 Coastal Resorts
4 Timber Milling & Treatment
4 Ports & Harbors
5 Other (Ink Manuf., Feed Mills,

Textiles, Retail, Media, Painting,
Veh. Main!.)
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. Regulation Description

Table 3.2
DENR Regulations Pertinent to lISE P2/CP Program

MSE

///

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: AppointnientIDesignation 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
III 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. 35.
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Table 3.3
Implication of DENR Regulations on Hazardous Material Tracking, Process Modifications, and Emissions Tracking

Regulation

DENR
Administrative
Order No. 14

DENR
Administrative
Order No. 17

DENR
Administrative
Order No. 26

Implication on Material Tracking

During different levels of unhealthy
air quality, DENR suggests the use
of "cleaner" fuels/ chemicals.

For IEMP, gave moratorium on
Cease and Desist Orders and 12
months to implement no-cost and
low-cost waste 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, fuel
consumed for stationary fuel
burning sources.

Implication on Process Changes

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 install
devices that would cause the exceedence
of limitations or the concealment or
dilution of emissions. During different
levels of unhealthful 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.

Implication on Emissions Tracking

Sets maximum limits on particulates,
metals, acids, SOx; and NOx 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.

/f:L-
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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

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.

Reaction intermediates are exempted
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.

113
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Table 3.3
Implication of DENR Regulations on Hazardous Material Tracking, Process Modifications, and Emissions Tracking

_~~£~~tion Implication on M_aterial Tracking Implicati~_~_on Process Changes Implication on Emissions Tracking

DENR No equipment may be installed that will Presents effluent discharge regulations for
Administrative conceal and/or dilute effluent discharge. the different classes of water bodies for
Order No. 35 No facility may operate at capacities that old/existing and new/proposed industries.

produce wastes that cause the treatment Regulates mixing zones.
facility to discharge wastes above
permitted limits.

//y



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 MediaJReceptors, and Compliance. Each category had multiple
factors/criteria 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)

Criteria
Waste Generation and Management

Airborne
Description (Haz., Nonhaz. Point Source,
Nonpoint Odor/Nuisance)
Quantity (5 levels)
On-Site Pollution Control System (PCS)
(Yes/No)

Liquid
BOD Strength, Haz./Nonhaz. (6 levels)
Quantity (5 levels).
Type/Quality ofPCS (4 levels)

Solid
Type (Haz, Animal, Nonhaz./Pollutive,
Nonhaz./Low-pollutive)
Quantity (3 levels)
Type/Quality of PCS (4 levels)

Pathways
Air

Prevailing Wind Toward Resident. (Yes/No)
Solid and Liquid

Rainfall (3 ranges)
Terrain (Flat/Sloped)
Flood-Prone (Yes/No)
Depth to Groundwater for Liquid or Haz.
Solid Wastes (3 ranges)

3-10
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Individual
Points

6

6
2

6
6
3

6

6
3

2

2
I
1
3

Point
Subtotals

14

15

15

2

6

Total
Points

44
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Receiving MedialReceptors 25
General Receptors 4

Number of Environmentally Critical Areas 2
(ECAs) within 2 kIn (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) I
Size & Use of Fresh Water or Use of Salt 3
Water

Groundwater Receptors 7
Distance to Nearest Used Well (3 ranges) 4
Groundwater Use (4 types) 3

Noncompliance 23
Violations 15

Number ofPD 984 Air Violations 3
Number ofPD 984 Water Violations 3
Number ofPD 1586 Envtl. Compl. Viols. 3
Number ofRA 6969 Violations 3
Severity of Recalcitrance 3

Complaints 8
Number of Valid Complaints (4 ranges) 8

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 I receptors were given primarily for
proximity of receptors to pollutant source and for value I 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 II (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.
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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

Sector
Electroplating
Plastics, Resins, and Elastomers

Industrial Organic Chemicals N.E.C.

Paint Industry
Automotive Manufacturing/Assembling

Electronics/Semiconductors

Petroleum Refining

Pesticides
Commercial Printing, Lithographic

Dry Cleaning Plants
Inorganic Chemicals N.E.C.

Wood Preserving
Automotive Repair Shops

Paper Mills
Commercial Printing

Pulp Mills
Textile Dyes and Dyeing

Ink Manufacture
Pharmaceutical Preparations

Adhesives and Sealants

Newspaper Publishing

Coal Tar Crudes, Dyes, and Pigments

Aircraft and Parts

Leather Tanning and Finishing

Engraving and Plate Printing

Iron and Steel
Secondary Smelting and Refining ofNon-Fe Metals

Rolling, Drawing, and Extruding ofNon-Fe Metals

Cement Manufacturing

Sugar Milling and Refining

Hotels, Motels, Lodgings

Canning, Preserving, etc. of Fish, Crustaceans, Seafood

Gold and Other Precious Metals Refining

Coal Mining
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Region 11
IEMP- USEPA

Ranking Ranking

NL 1
4 2
9 ~

.)

58 4

NL 5
44 6
NL 7
NL 8
NL 9
NL 10
9 11

29 12
NL 13

3 14
NL 15
3 16

NL 17
NL 18
49 19
NL 20
NL 21
NL 22
NL 23

NL 24
NL 25
6 26
51 27
12 28
1 NL

2 NL

5 NL

7 NL

8 NL

10 NL
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Sector
Manufacture of Desiccated Coconut
Production of Crude Coconut Oil, Incl. Cake and Meal
Gold Ore Mining
Hog Raising
Note: NL - Not Listed

Region 11
IEMP­

Ranking
II
13
14
15

USEPA
Ranking

NL
NL
NL
NL

...

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: I) 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:

1 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 lISE 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 concern within the industrial sectors of

the project.

3.5 - Data Presentation I Access

MSE worked with lISE 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 include 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, "SeeIt", 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 SeeIt will be discussed with Chemonics Home Office personnel and

the MIS and Technical groups in Cebu.

3.6 - Incentives for P2/CP Implementation

The IlSE 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:

Cost Savings

Offer of Training I Technology Transfer

DTI Fiscal Incentives
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SECTION 4

lISE 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 Figure 4. I. 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 lISE 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 improvementof the process leading to final protocols. Note that the Environmental Management System
(EMS) component of the lISE 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 lISE 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 cornerstone 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 lISE teammembers, including subcontractors, the result of which will be not only properly setting ofthe 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) P2ICP
assessment and/or EMS program participation, depending on the prioritization as
determined by the IER. P2/CP

4-1
fINRPr.OOC

/p-o



...

During the field visit, the following blocks from Figure 4.1 were discussed and/or
developed. The outcome I status of each is as follows:

Block Number I Description Status

1. Define (P2/CP) Goals Discussed in detail during field visit;
proposed in Section 5

2. Confirm Sectors I 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

S. Benchmark Industry Sectors Commenced with initiation ofIERs

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 wastestrearns.
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 lISE 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

lISE Technical Team personnel as well as project subcontractor personnel that have at

least some technical background (co.llege training in the sciences or engineering). The IER

training can be conducted in approximately two weeks, including instruction in P2ICP and

EMS aspects. A draft curriculum and schedule includes the following for Week I:

Day Topic Course Instructor

1 Overview ofIISE DN ISR '/JL

• Purpose

• Specific Objectives

• 9000lEMS Component

• P2/CP Component

IER Overview DN

• Purpose

• Intended Participants

• Data Objectives

ISO 9001 I EMS Training SR

2 ISO 90011 EMS Training SR

3 Overview ofIndustry MVIDR

• Description of Key Filipino Industries

• Major Industrial Processes

• Key Chemicals (RP 28)

• Waste Issues

• Slide Show - Industrial Processes

Introduction to Risk DN/DR

• What is "risk"?

• Introduction to "WAR" Algorithm Risk

Factors

• P2/CP Task Goal: Risk Reduction

'InitiallER training will be conducted by David Nelson. liSE Technical Director, Stan Rodgers, EMS

consultant. Jackie Limtin (liSE management consultant team member), Maya Villaluz (liSE 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 IJTI DR

• Potential Participants - Who Do We Target?
• "Entrance Strategy" discussion

•
Overview offER ProcesslFonns DNIDR
• Overall Approach

• General Facility Infonnation

• EMS Related Questions

• P2/CP Related Questions
Facility Walk Through DN/DR
• Objectives

• Checklist
4 Establishing Next Step DN/DR

• ISO 9001

• ISO 14001

• P2/CP Assessment

• ISO 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/SRIDR

• ISO 9001 I 14001
• EMS

• P2/CP

• Risk Reduction

• IERFonns

• Q&A
Exam DN/SR/DR
• Written

Week 2 would include actual IER completion. After scheduling IERs for the week, IERs
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 fER 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 lERs. The schedule for Week 2 is as follows:

Day Topic Course Instructor

1 Scheduling IERs DN/SR/DR

2 Supervise lERs DN ISR/DR

3 IERs by Team

4 IERs by Individual

5 IER Form Review (Group) DN/SR/DR

• Presentations by Teams

• Constructive Feedback

• Lessons Learned

IER Certification JD/DN
I
I

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

• Relationship ofIER and P2/CP

• Major Philippines Industries I Processes

• 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

• Methods to Accomplish P2

• Measuring P2 "Progress"

• Mass Balance

• Hazardous Waste Baseline

• Process Flow Diagrams
Introduction to R2M2 DR
(Risk Reduction Measurement Model)

• EPA "WAR" Algorithm

• Risk Factors

• Chemical Domain

• Technical Approach

2 Worksheets DR

• Instructions

• Q&A

3 P2/CP In-Field Training DN/DAR

• Test Facility (Cebu)

• By Teams

• Evaluate Data Worksheets

4 Data Evaluation DR

• Data Reduction

• Mass Balance

• Inputs to R2M2
P2 Options DR

• Worksheets 8-10

• P2 Technology Resources

• Cost Analysis

Full P2/CP assessments should only be completed for those facilities that are detennined
during the IER to use significant quantities of RP 28 or other hazardous chemicals.

4.4 Risk Reduction Measurement Model (R2M2)

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

1. Ozone-depletion potential,
2. Global-wanning potential,
3. Acid-rain potential,
4. Photochemical-oxidation (smog fonnation) potential,
S. Human-toxicity potential by ingestion,
6. Human-toxicity potential by inhalation or dennal exposure,
7. Aquatic-toxicity potential, and
8. Terrestrial-toxicity potential.

Using macros, a user-friendly platfonn 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.
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Figure 4.1
Strategy for lISE P2/CP Program Implementation
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Strategy for lISE P2/CP Program Implementation - Continued
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Strategy for liSE P2/CP Program Implementation - Continued

(From 33.)
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SECTIONS

RECOMMENDATIONS I PATH FORWARD

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

1. 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
lISE project. .

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

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

4. July 19 - Augus(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.

5. July 26 - August 6, 1999 - Training in IER for additional lISE 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 lISE staff
will conduct the training.

6. Present - October 1, 1999 - The lISE 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.

7. August 6 - October 1, 1999 - The R2M2 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 R2M2 will be fully integrated into the P2ICP
plant assessment protocol which will also be spear-headed by MSE.

8. October 4 - October 16, 1999 - Training in P2/CP for the lISE 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 lISE in-house lISE staff will conduct the training. The training will
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include comprehensive instruction on R2M2.

9. 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 lISE 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.

10. January 2000 - June 2001 - P2/CP follow-up assessments are needed to document the

results of P2/CP implementation and resultant 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 Injunctive 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 Industry.
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USEPA, October 1991. Guides /0 Pollution Prevention: The Non-Agricultural Pesticide

Users.

Primary Metals / Metals Finishing

Illinois Waste Management and Research Center (Department ofNatural 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, LA (Blasland, 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 ofElectroplated Truck Bumpers.

USEPA, February 1997. Pollution Prevention for the Metal Finishing Industry: 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 Technologiesfor the Bleached Kraft Segment

afthe 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 Assessmentfor a Manufacturer of Bourbon

Whiskey.
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CPIP2 Team Member Experience Form

Name:

Company:

Title:

Years of Relevant Experience:

Location:

College Degree: BS MS Ph.D. Other School: --------

Petrochemicals

Food Processing

Coastal Resorts

Timber Milling & Treatment

Ports & Harbors
Cement Manufacturing Piggeries & Slaugh~erhouses

I

Ship Building Ship Breaking i Other (Specify)

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

Experience with Sector (Score 1-4):

Mining & Metal Refining Chemicals

Electronics Electroplating

Iron & Steel Hospitals

Steam & Power Plants Pulp & Paper

...

Description ofPast Auditing Experience:

..
Summary of Past Relevant Experience:

Areas ofTraining Needed for Assignment:

Completed by: _ Date: -----
;Jb



FRa1 : ! I SE CEBU
PHCl'IE NO. : 63 32 3400829 May. 13 1~99 00:21A~1 PI

CPIP2 Team Member Experience Form

Nl\tl1c:' b 10 141 . &..-.,....

. COmpany: C'r::''''ICs- \~. IV>;,

Location: . 3:lml! t ~\,l.\yer!eii-

CoIlege~: _ BS .!S. MS

Title: GM) I 'PlHY .C\,o:s.
. ;-

Years ofRelevant Experience:. _...lo\.:::b~__

Ph.D. Other Scllool: _

Experience with Sector (Score 1-4): -t!l Mining & Metal Refining "l. Chemicals "2-Petrochemicals

<f}1-4 Electronics ffleetroPlating L Food Processing

't'Iron 8!: Steel . t Hospitals ..$ Coastal Resorts .

~ Steam &; Power Pl/lIlts 2.. Pulp & Paper ~ TImber Milling & Tl'eatment

.2> Cement Manufacturing 1- Piggeries & Slaughterhouses j Ports & Harbors

.#. Ship Building ~Ship Breaking i Other (Specify)

Note: I - None 2· SollIe Familiarity 3 ~ Environmental Assessment Exp. 4" Working KnowI~e ofProc=
. j .

o :.."1

Phone •

F... 7()!.

Areas ofTmbling Noeded for Assignment: ;;P08~I-::.It"-:-F.:.ax=-N.,:.o.-:le 7.:.e7_'-"ic::::~-",-.w..-='=-...L----i
T.

...

Date: p'l -<:t " ,

. '.
--~-~._._--...-._-_.....-- .

. J~1



CPIP2 Team Member Experience Form

-- Name: 71ui~ fJ~ Title: $dA,ciu6 Dt'x-f2-~
Company: J:d~0 Years ofRelevant Experience: ?-7
Location: Cu/u~/,-. _
College Degree: BS,./1VfS Ph.D. Other School: ------

Experience with Sector (Score 1Z·
~ining& Metal Refining Chemicals ~trochemicals

/Electronics ~oplating ~odProcessing

~n & Steel ~spitals Coastal Resorts

.-s(earn & Power Plants ~p & Paper Afmber Milling & Treatment

~~nt Manufacturing _ Piggeries & Slaugrterhouses =Ports & HarbOrs£."P-IJ¥M
_/Ship Building _~Breaking L6ther (Specify)

i
Note: 1 : None 2 = Some Familiarity 3 = Environmental Assessment Exp. 4 = Working Knowl ge ofProcess

Description ofPast Auditing Experience: rJikb(6'tW~~ it?;)

~::t1ttit;J;ti.:- c~".

Summary ofPast Relevant Experience:~~ kvt t1h -- ~ ~;.e...:f-

~ fb !4~{!i-~7)fI®1~);aa*~~



FRCJ1 : I ISE CElU

FROM : AT~10fl'H~OO & CGMPHNY

PHONE NO. : 63 32 3408829

Pi-i:JNE NO. : 632 74e77e41

May. 11 1999 00: 30Hf\ Pi"

CI'/Pl lEAM M.EMBF:I~£XPf;RI£i';( '1'; VOH \f

Name
COllIpall}'

469::C Quc",o~A"~llue.. .... .._. .... _.~ -

'J'ili~
Yr. Or' Rel.'Vll II I
.~xper!.!'n""

Bachelor ofScience in Civil Engineering
Saint Mary's University, 1988
Bachelor of Scicnce in Sanitary Engineering
National University, 1993

!'efl~':~llllca~b

F.~~ldf't\Jces$!~!lo ., .~_._
C()i1~r:sl RL..~s

Timber t4':lIing &.
_._ Ir~!.r.,cl!.'... ._

, f'ons & Harbcl'5 ---I

I
Other (Sp~.~ify) .

~ ;Wori,:ng Knc;-je;j!!C{;fPro~

,.~p'~~ii':.=~1!ti=~~.-:.-"·_ ~~-=~-l~o";..!=!L=":"~:': .~:: .. :,' .':.:~~
......J_ _.¥I~nY &..~~aJ S.~.~I~S. ~.. _. ..r.=..~mil;ills_ ... __ __. 1
._._ L ,Elettl,'OIl\\:s.. • .2 ._f3l.cgf?..2!~~.. ', .. _ .- 4
__.I !.."!.n~ SI~L_ __ ._' _2 _.J:!OE'itals..... '..... 2

3 Sleam &. Power Pla.'lt.< J Pulp /I< Pap"" -

-- -- -i-- ...-'- ..,..-
4 : l'iggeries &:
.__.' S"w81...t;~.9U~_.

.J... _ .. ShJp 1J!~,.~ing .. _

r" ---I-'-rCe~eniM~faCturingvi-'
, .
!., .• ~_...__ ~_ .. - ._. "_...•__l _

_.•..1 5 hie..!\Ii l<!i!'J!. .__. ..,...

Descriptil,lll of Past Auditlnll: EXI>eritnce:

Undertook the National PowcrCQrpomtion Waste Assessment ofvarioU<' PQ'iIoer plant" ..nd
fucilitic:s such as:

~ Hydroelectric Power Plant
• Golothcmnal Power Plant
• Thermal Power P)1l!lt
• Coal Fired Th<ltmal Po"",,,,, I'lanl
• Die>lei Power Plant
~ f.abo..."tory - EMD Analytical laboralory

Sunlmary of Pil.~t Relevant Experience:

Involved in the design of various wastewater treatment plants design for thi: Jllilowing industries.
among others:

• Rublou Meat Products
• San JLIlln SlaughterhoU5e
• Candyman, Inc.
• Yakult Phi Is. Inc.
• l3utterkrusliLll Perla Inc.
• Chowking foods. Inc.
• Colgate-Palmolive Inc.

•



FR01 : ! ISE CEElJ

FRI.", : AT~10mFLBO s. COI'f'f'lNY

PHONE NO. : 53 32 3408629

PHOhE 1-0. : 532 74277e14

Ma~. 1: 1999 08:31AM P15

Mar. 31 1989 03:5~'1 P3

...

...

...

• ~ 'olgall: Palmolive Inc. .()I"I>-<':h~mjclll Plunt
~ V;\lencia !fills Condominium
• LllIldco-pf>Cr Office Condomium
~ La ~/l~ Hospital
.. Zilog, I'hils. Inc.

Involved ill the folloWing fta~ibility studies:

• FS ofCommon Trolltment l'acility Project
.. EnvirOJl.lllenrai BaselillC Survey of SBMA
• NPC Waste Assessment Projcct

Areas of 'fraillillg Ntt.oded (or Assill;nment:

...
,
,-.~......~ ,..
r-"-- ._......

COMl'Lh--rCD
DATE:

.-_...._-~.

i _... .., _...-_._;

--- _..!

----

,
l

;.

liD



PHmlE tiO.

CP/P2 Team Member Experience form

t'ame: ~SCd.21r, ~tlo.nO Title:

Company: •.•... __._--- Years ofRelevant Experience:

Location:

College Degree: ~BS Ph.D. Other School: tA P / hll

E.xperience with Sector (Score 1-4):

... J'J4=.. Mining & Metal Refining?P.t Chemicafs

-t.. Electronics :311: Electroplating

4 Iron & Steel 4... Hospitals

f- Petrochemicals

'3/4- ./Food Processing

~/4L Coastal Resorts
i

3- Steam & Power Plants 3_ Pulp & Paper ~ Timber Milling & Treatment

/) /' Cement Manufacturing 0/4/Piggerics & Slaughterhouses £, Ports & Harbors '

I •..'L - - ~Il<--

L Shi!' Building _' Ship Breaking __ Other (Specify)~

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

•

•

Areils CJfTraining ;-';,~:::ded for Assigllluer.t: ..•.__ .._._-_._- ... --...,._-_.

rt./I



FR01 : ! ISE CEaJ

--
PHCI-IE NO. 63 3~ 3400823 May. 1: 1'393 08: 36R~l PHl

CP/P2 Team Member Experience Form

/D
i

Other School:

Years ofReleVlll1t Experience:

Title:.-Name: :f:. tJ.&1k-b4 I Jr,

Compan)': fI..1l '(. fit '&.-J.;.,c,...

Lcx;atlon: _ 65~..v G.Vv
College Degree: _ BS _ ~h.D.

""

....

:2 'I'jmbcr Milling &: Treatment

~ortS & Harbors

& P"lro~hemicals

!-]-fOOd Processing

:2 Coastal Resorts

EJ<pe,ien.::e ....i.th Sector (Scor.: 1-4):

4- Mininil ~ Metal Refining -YChcmicals
- I .

!fElectrOll!CS 4~ctroPlating

.1 Iron & Steel 2. Hospitals i

:2 Stearn & Power Plams 1:. PIlip &: Paper i

;) 'Cement Manufacturing :1 /i~ieries & Slaughterhouses

~hip Building ShipBreaking
- I
Not:; 1=;None '2 = Some Familiark')' 3 = E"'\lk~nI1'~.tal A'::leSSn\o!llt Exp.

Olher (Specify)

4 = Worl<ing K!'OW~!:igc of Process

Description of Pa3( Auiliting E"pcrienc..,

..__. PI1~ ~ W11Y..LPA6/@1! ------_.~

_ •.._-.-- --------_.-..._-_...

:._------------_ ..

surnrnar)'lofPI<.IRelevantExperience: --..&!:.~L1 M..-/~- ~ noe=~

p.->., .1"8'r r J'';'''b:f,~nh- ~Q'-":", A¥r ~_~-i T~-"-"-"f

flO'hg4 ~ o",,~./~~ ..~ P~'l .. ,...;P~~~. R\.~.~/'.........r ..

_~ ~ w~~ /).<.J~. _ 7A-~. .__." _. .
N=--=-Ac 1i7A ~ c.."...-~'.#--c G"A-rS-~

!
Atens ortraini"g Needed for A;;,,!gnmcllt:

._- ---
---'-~--

------,---------
------_.-._._._..-._---



r-r-~ ....... ~ .. <:;,,~~.........._., ••• _ ••••• _0 -. - ·~_O~·~-~_~__~ _

,::::'!H

,~f..\\C q.,...lk~

:J~p.. \l{)r-lS\A.lX I \t-lv

~" .. <O?4--\~S-V
CP/P2 Team Member Experience Form

Experience with Sector (Score 1-4):

J Mining & Metal Refining 2.. Chemicals ~ Petrochemicals

3:. Piggeries & Slaughterhouses '!.. POIlS & Harbors

NCltc: 1 - 'J',:olie 2 '- Sonte F:lmUi,;"rity 3"'" Enviromn:l1tal Ass~ssmentExp. 03- 1:11 \Vorking K.no'Wlcdg= of Proc~ss.

2- Electronics

3 Iron & Steel

(3, Steam & Power Plants..
3 4- Cement Manufaetming

/_- -
'2- Ship Building....

_2:. Electroplating

I Hospitals

~ Pulp & Paper

i. Ship Breaking

:2- Food Processing

,3 Coastal ResorIS

2. Timber 1'>El!ing & Treatment

Other tSpedf:)

--"-0--'< _ ..... -

De~cription afPast Auditing Experience: _~_~~=,,~_._.A~ . A\t<-_.0-u~.~.t::!:Y.

l<~!!-~_":::yetl- e..0"<VtT'i~.9.~\-nnt-tN G C>F ._\f~tO~ \NO~~~l~_=L-

v\, t~ j>r..J.(1 lfi7'.5 V-.l'\jOL.-~ t~ \t""'-U~~ A> L-E~ \"-.\._ . _ _ .-..J_____ ___. .__ .... ..... ~ __
.g..J\J\(Z-Or-l~Prt- A-v-O IT.. T "-»Q t>.L>;u. l..:>ve(..lJ'G'O l"-l. "Ph= ~TIN 8
~.p. ~'. 'O~C' "'"\~. c9""3;l.-\:tY ~N \:n51~'V.J ~_~t:~-'lL. ....:. .. _

Summary of Past Reievant Experience: t',I>~~"I\G:?A;'€l7 ....7 C&W 'iJv..~T~ ~'2Ec

G:5'Ai>TAl--~~~~ I6)cSStv--e-l( f/20~ Dr- ~1"'A1~ ~---- ---_._-- ------------- .. -----_._}----- -----.

_~~F~14> etAs~~\f\~~.JrV ~~T~..J~~__'_.~-'-~_

J~~/~-~f£<:>~~~ ~TE: Ql.'7~....J~~"l
4-'2-- "fc)~ ~r E'\Pr5. 2.1. ~.'\ :ftA::r E:1/r., q I!'SO~ ~"iE' -e-~

-I' ott... ~~\\,,~ L~'<t"Of,.i:;)\:;~ I q \.,,?~~~·..,..;9-~'<:\-;i-k,..~.
Arc~, ot Training )\;eedetl for Assigrullent: _.__.. _---_..._~. __.-.-_.- .- - ._-..._~ ... _._---

_,_ _. 4~_' " ~ • • • .__ • • • ...,.-_ ..... __._•.• _

-". _. --- .-.....--._-----_._--_._-----_._--_._.
__ ..--.------_.-,,-------------"-_.-.0._---...-------_. __..~ .._.__ ..._~_



FRCJ1 : , 1SE CEEU PHONE NO. : 63 32 3408829 May. 1: 1999 00: 32HM P1
-. : .....

CP/P2 Team Member Experience Form

Name:

Company:

Alex B. Casilla
UP Environmental Engineering
Graduate Program

Title: Lecturer/Research Associate

Years ofRelevant Experience: 3-=----
Loc&ion: Diliman. Quezon City

Colleie Deiree: JI. BS (on-QQ.i~~ Ph.D. Other School: UP Oil iman (BS/MS)

2 Petrochemicais

2- Food Processing

3 Coastal Resorts

.!.... Timber Milling & Treatment

2 Ports & Harbors

.2 Electroplating

~ Hospitals

-1 Pulp & Paper

.3 Piggeries & Slaughte~houses
J

1. Ship Building -!. Ship Breaking _ Other (Specify)

Note:: 1:# 'None 2 - Some Familiarity 3 = Enyironmental Assessment Exp. a= Working K1towlcdge o(Pr(lCCSS

2 Electronies

.1. Iron &. Steel

2 Steam & Power Plants

.1. Cement Manufactudng

Experience with Sector (Score 1-4):

....i Mining &. Metal Refining 3 'Chemicals

Description of Past Auditing Experience: Techni cal Consul tant for the Industrial EcoWatch

Project of the OENR. Involved in the development of rating methodology, computerized

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

of companies included in the project.

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

Calatagan. Batangasj Air Quality Assessment for Hermosa Economic Zone in Bataan;

Environmental Assessment for PAL In-flight Center and PAL.Technical Center; Environ~ental

Assessment for BAMTOOL, a tool and dye company; Environmental Assessment for

Braveheart Industries, a glass frostina company.

Areas of Training Needed for Assignment: Framework of ISO 14000 and Environmental

Management Systems and Implementing Guidelines

Compleled by: _---"AB.J[je~xUlB~. -IC,.ja~Si.lj.J.J.11aa- _ Dale: Apr 7, 1999



... PHONE NO. : 6341652 Mar. 25 lSSS ~2:0~M

Attention~ Ms. Victoria Adecer
Fa" No.634-l652

CPIP2 Team Member Experience Form

Name: Helen B. Cruda Title: Sr Fn371ropmen t '\;:1 alys t

Company: Years ofRelevant Experience:
me£~ ~ft8R i years

Location: .

College Degree: _'_ BS I, MS- '

Ph.D. Other School: 4Sian Tpst1tuta gf Tech.
BaDl;kok

. ;.

,..

Timber Milling &. Treatment

Petrochemicals

~ Food Processing

3 Coastal Resorts

Cement Manufacturing

Iron & Steel

Steam & Power Plants

Hospitals

4 Pulp & Paper

;- Piggeries &. Slabghterhomlcs 3 Ports &; Harbors
i -

Ship Building Ship Brealdng Other (Specify)

l'ote: 1 = None 2 - Some Familiarity 3 - Environmental Asses.ment Exp. 4· Working Knowledge ofProcess

Experience with Sector (Score 1-4):

Mining &. ~!etal Refining ;L Chemicals

Electronics ~ Electroplating

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

r.;pcrts in various sectors. Myl:e.rl!ent work also involves environmental review of

projects in different sectors. In adeition, I am working~n a regional proj~ct:

1iIi' ..,,·tit:led...t:he PrDlllotion of PQllu.tion..J!r.evll~t;iar.J'aJ.iciesand JPractices in Selected

eountries in the Asia and jPadfic Region.

Areas ofTraining Needed for Assignment: Formal training on environmental.auditing and
life cycle assessment.

Completed by: Helen B. Cruda Dare: 25 March 1999

/
{:>I ,



1'.,'_

FRCJ1 : 11SE CEEIJ
""

PHC!'E NO. 63 32 3400823

: from; DElA SALLE S240563-_.__._-_.
~la~. li 199;> 00: 3:'AM P8

o3-30-GG 16'U P. O(

CPJT Team Member Experience Form

"
ioi

Name : ALVIN B CULABA .

Company: DE LA SALLE UNlVERSlIT·MANILA

Location: 2401 Taft Avenue. Manila. PhiUppin~

Ile!Ne : _ BS _!liS.A.. Ph.D.

Title: DR. .

Years ofRelevant Expericm~e: 10

SchOOl: Uniy¥sity of PO:1Str.omh ! l K

J_ Petrochemicals
..L FQOd Pr~ing

..L C03Slal Resorts
..1-Timber Milling &. Treatment

..L Piggerics &. Slaughterhcuses

_ OIhcr (Specify)

-1_ Chemicals
_1_ Electroplatlllg

)._Hospitals
4 Pulp &. Paper

...LPorts i

....l. Ship Breakillg
j

3 :;: Etwironmen13! Asses;smern EXJ'erience

I ~ None 2 " Some Fllmiliarity

4 = Working K.r.ow1edge ofPr~essNete:

Experience with Sector (Score 1-4):

..L Mining &: Metal Rofilling

_L ElectroniC!!
...L Iron & Ste¢]
..L Steal'll & Power Plants

J_ Cement Maslufac!uring

...L Ship Building

Desclipllon of PaSt AuditingSJcperiencc: NtA.

SuIl\lllll1')' of PuS\ Relevant Experience : I have OVer ten (10) years of energy nnd enviroDluenta!

work experience. My emplo}mcnt with Philippine National Oil Company (PNOC) gave me an

opponunity to design energy SYStems for ""rious Xl"'.mluf:leturing comp""ies ilt the Philippines

such M. Proct¢l' end GlOmble (P&l.. Republic Flout Mills (RFM), San Miguel Corporation. NFA

Rice Mills, National Steel Corporation, and others. With fOll! (4) years ofres~ and teae!tins

stint at tIlo Univetsity ofPortsmouth, Erlglnnd. I have been inval-ed i" environmental audlt

.\udl~ ofeonlpanies in the U.K. such as Johnson and Johnson, F Europe, and Jaguar. I have

pUblished and presented overtwCllty (20) pavers related to envircl1ment in various international

and local confelett=. My two-year cot1sultal1cy post ll$ Corporate Environment Officer and

Advisor ofPHlNMA Group has exposed me to different manufacturims op=tions including the

,i."t (6) cement plsn1s (Hi. Davao UnicD, Ri>al. Solid, BaenOO4'l in La Union and in Bulacan), a

pulp and paper plant.llDd two (6) steel plants. Various environmental studies w= done in these

cempanies including setting up or environmental maDlliCment systems (EMS), enviror~ental

protedion and enhancement pro~.-r3ffi as well as monitoring and control systems. Technical

solutioos to the many envirolll~\cnt·related
problea\S NOh as air and water pollution, I:QlIital

mlll1agllll\cnt, lII1C solid waste IDlIl1agemcnl were addressed. Cumottly I am a membtr ofthe

Environmenlallmpaet Assessment (ElM R""icw <':ommittte of the Environmental Man~ement

.aul'Clltl (EMB), DENR, leview member of the Philippine Environmental Technology Vcri6.c:ation

Program of the D;:panmcnt of Science Qrld Technology (0051), and the Philippine Industrtal

EmissiollS Inventory ofthe lntergovemmcr>tal Panel on Clim~tc Change. 1 have visited many

envlrOllIllcntal projects in the countries ofEurope, Asia aM the US.

Ar«s ofTraininlJ Needed fur AsBignlllent: None. ~

Ccmplettd by: ALVIN B. CL1.A13A. Ph.D.

}t{b
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CP/P2 Team Member Experience Form

Name: Mario LOt,;t;ie.5· P Dc.liclq Tille: /A~.P~f-'---

Company: Wp. - D.i II mCH~ Years of Relevant Experience: _ ..:.1.e...-__

Location: -Q~~~ - I

College Degree: _ BS ri{ v" Ph.n. Olher School: _

Expcrknce with Sector (Score 1·4):

.iooI

q.. Mining & Metal Refining

~lectroniCS

~ Iron & Steel

1 Steam & Power Plants

1. Cement Manufacturing

~hip Building

3'Chemicals

~-&ectrOP[ating

2.. Hospitab
I1. Pulp & Paper .

.-'Z . j

:..t ,'iggerit:s & Slaughterhouses

Ship Breaking

d Petrochemicals

{frood Processing

2 CO~lal Resorts

"7 Timber Milling & Treatment

"J-rons &. Harbors

Other (Specify)

Note: I =None 2·' Some familiarity 3" Environmental Assessment bp. 4 =Working KnOWledge of Pre".55

Description ofPast:,,"udiling experience:
' .

.." ------_..-~--'------- ._------
ft PF'-W~{ f~ lcHPjPRC/6f{1

Avd i t [::-1' Do Ie PI, i t- I he.

So,-,,-M C.do.ba..h> ) )
]

____.--'-p-'o""-il,.-'-"";..:i"'ic=Trl f-f C\()Ct9 em <"-11 t

___W,-,-,-,Cl",-S.:....c+ewafe.l' Sbu.r-ces
CPo/Welo k.

--_._-_.__.....:.:...

Summary of Past Relevant E.xpericnce: ---------------

--_.-_.._----_._---

Areas oJ Training N.:eded for Assignmellt:

-_..._----- ----- ._---------
I /. -jl1
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FRCl1 : rrSE CE3J PHCl'1E NO. 63 32 340382'3

CPIP2 Team Member Experience Form

Ma". 1: 1"399 00: 36AM P9

Title: V IJ I (, IDr~J I TJt(/.o.!j f?1J'fV.
i

Years of Relevant Experience: .(!3

Name:

Company:

Location:

College Degree: -::BS ....41S Ph.D. Other

Experience with Sector (Score 1-4):

Mining &. Metal Refining 'Chemicals...
Electronics

Iron &. Steel

Steam &. Power Plants

Electroplating

Hospitals

Pulp &. Paper

Petrochemical;

Food Processing

Coastal Resort:;

Timber Milling &. Treatment

...

Cement Manufacturing _ Piggertes &. Slaughlerhouses Pons &. Harbors

Ship Building Ship Breaking! Other (Specify)
- 1-

Note: 1 :: None 2;: Some Famillarlty (J)- Environmental Assessment E."<p. 4::;; Working Knou,o]edge of Pnxess

Areas ofTraining Needed for Assigrunent:

iiIi

Completed by:~.... .i. "t:..ifI:..:...ot-----
.....-

Date: ~ ~! If~

{ifJ
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""
CPiPI TC':ll1I Memb<:r Expcri"l\\'{' Fl,nu

ANDR£uTl1 J. 5/'o.})5'(nIN(:,D Titie SG"AJIMC fJv;tIR;nme'U!JJ,:-...tllf,lvf:!Je

SOlEM/! -eM}tt/l.!- lit/C· Years l,fl~,:k'.:'l1: r""p(::;':I~":: /&."!/fti(.!,
'ii JmT 'jo/JILl»-tJC, AD!> -1V't.,
~~ !1(;lJ ) Pr:U!. C. (/lJ1 .

Ph.D.C :Iql,e n~Q'.n:c: y~ HS vi i\tS
ell· 1: . Groll ,!lI,Hi)- .~-------_:'------"-~--- ._----_._------_._----

""
4-. F(\<hl Pnil.:l~s',i "it:

4 CII;t:~:al R~·:-,rl:.:'-;

i
~li:!g\~ri.~s &. S_lauf~h'.crhn\:::> ..~s 2

..3 !"iI:p .'<:. t\:pl~r

A
"r

{,bip Buildilli.:

....--_... -_.__..-_._...._.._._---_..__.-- _._--._-----_.__ P_....._....- . ._..~_. .... _

rS~:'iJ!li{'n of P,,!n Aud:ri:lg E:-.-r·"ri,:n<",;: .. (''!.J1f:''i/4/ful_.. />"//"hD~ __ -=r,li'./t7qJ:~""a'J'.L.9f/rqiS<r.{ (In

h '!.i:!:.~~s.I'.,(Y»J!..cl7J.lUj... {'hcU,.!-!~ ..J0!':{~_~.'?:11.e..J·f!.Ti.frd,..~lY{Vl!t.h I'!!"h';" re,ludr-rl ?
.. i ,/uiv~. vi lhe cli14:Mcl 4i?.J:!1'!'!~,.rt!~vt {Jl_.:!.Jy>j!f:;.'1.J-LJ:j(Hm~'~L _f I}J'/.~LC,~" ;r7JJ-

11.';d-,d_~'?:.r.0:r~; pP"r-m~_j~.Ii:t_~~_s;r.:f:!r! ~Jr,!,j,~_,_,_ . "._,_
..,,---~_.__.-_.__.._._._ ..._--_._.._-_._-_..~._---..__..~ -_._-------_.__ .._-- -'-

., .\,. 1'''1','1:''\(-(1 "'1':' \«(,. j f,,!. ',-.; .... ,' "-1'r' ',. ~J • 1.1 .~.:......... _, I~ .' .•. ' •.•. ~_ .... .1 • ~~__fr'd?i~rC/r;,.Jlrr.i!J.:=/..JJJ..s!J 1{/t?()O
"

_iii

- ill
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.... CPJP2 Team Member Experience Form

Name:

Company:

Location:

College Degree: / BS /MS Ph.D,

0-«.
::/

Otner School: ------

Experience with Sector (Score 1.4);

.J Mining &. Metal Refining t 'Chemicals

{3 Electronics 'L Electroplating

.i- Iron & Steel l.. Hospimls

J Petrochemicals

4... Food Processing

q,.. Coastal Resorts

...

,9 Stcam &. Power Plants g Pulp & Paper oJ.... Timber Milling &. Treatment

lL Cement Manufacturing f Piggeries & Slaugh,terhouses .l POltS & Harbors

+- - I

J.. Ship Building L Ship Breaking i !!.- Other (Specify) T<P<M ""'-'-'!

Note: 1 = None 2 ~ Some Familiarity 3 = Environmental Assessment Ex? ,,= WC'Tking KnOWledge ofProcess

fEME··Description of Past Auditing Experience;

Mj-l. .I'GpL~; ,MIt;IP.. ~ f>..'";.~"~_ f:~-;_~f--t ~"-....~........__ ~ /~&... A~""'4ID-

A " • r· A' ~ /'f)'~ ',,/. ',/ or," ."
;~(~j <'C'~~ ..... a. L.:-'7!'~"~~ r.~c .... ~k.i . ~a~ ..,..'o'l',........... Ji;.;?,>Op",r ..c1.;.(_~~ Y6~w...c& c~......

€'&o1'W ~f.....:,.,; PCIGf(D - t'l"h/. (.4-:l.... ~,~_..) ~ .9t..;l:~ r-J t;.·~""'-rfJ P~~«....t.., ..b....',!,;

b~; ~ I",./~ rev "LA/-. ~u~ ; .. BarC"-c..;r C"- cJ)' ;..&-~....o ..lJoe- - j!>ft.ot· i
p~r ~...r...

Summary of Past Relevant Experience: fiO.,<",-~", "-' 1">. :-"'v _ e-/'AJ" / Co<> I G P @
F I

,.L1.a-;..; (.AC~:-:? ,"I ~ r't..;,L....".' CAJ""'C,,;.~" c.:...,-~...".,;._,.~......-.,("""",-,( L... -

-+ - - "cr: ,........u..O"'"

..

a..~/-I."c.~ ~ P~~f-.""'-",,~ ~~~J "'7' fl1Ay~ !."DL~4):- /1/-.,.:.. ._ ..~
v--# v .r '- ;

;;'~'7> '-f'>.,,', 'I T- a.A ....J-----n (/W17) i .J)<).r--r ....r~.."-- A-,..:of -"<-4 ~9(i -7 ,9p,{'_

'TC'St:- 1£Mf'( r;.~~~:-..J ii"-~ ""II. !'~ p,~,"-~t. *~.;F J - .Do",,· &~

AreBS ofTraining Needed for Assignment:

Jo&r.' ~..~
Completed by: __t'!-,~_,v._:A_~.:.-o.:.t>-=L,-~-,-'S_~_._'=:..-.:.AA=__ Date:

---'1-+-'-'--



tl:TIH

Cl'/P2 Team Member Expet'i"lIc~Form

Ph.D.
Location:

College Degree: ~BS -'-~IS

Title; eN'll (tCN}'{~JJ.Tk2-. CbiJ{tJl7.
._._..--

Years of Relevant Experiellce: f!YJJ~)
Ali (/'f .~.., /1. • 6~H'

Other School: Vu:." ""1>..J~hM (~.ti.C

JA}.( () LI NORU6L 6._ -

... ~)<.I
Nal1le:

Experience with Sector (Score 1·4):

'f- Mi"'ini & Metal Retitling "3 Chemica.ls 4- Petrochemicals

•

2.. Food Processing

1::- Coastal Resorts

1. Timber Milling & l'reatment

4-PO.rts & Harbors

't Electroplating

1 Hospitals

1: Fulp & t>aper

:3 Piggeries & Sl~ughte-rhouses
i

1 Ship Building 1. Ship Breaking Other (Specify)

Nole: 1 =None 2· Some familiaritY 3" Environmental Assessment Exp. 4 c Workillg Knowledge of Process

4- Iron & Steel

1: Steam & Power Plants

"t Cement M~nllfill~l\lrinf!.

1:' Electrollics

....
Description of Pnst Auditing Experience: J:& MbUC-"t~ 1.- uri OJ.! 1'Mi:!AJi1J1t

--Ape /?<trJiJrL,-5 A-JI{ tLf-W.MMit> .-flb.1-. U'1tD6! f!Xr;aV{;& -rIM

.!.f5 PtiJ?-15 -f~S FA-Cu<c1/Bi IN 1/JaM [IW tl<'bjVC1IffA.)

T UiVA- CA~A.I/A/&-> p..l£ Gt;JUG1:> I:.J:L8!tlC4rL r&D I>../u/-r/gll) ~ (L

-1&0 bt)c-1rt1& c .

Summary of Past Relevant Experienc~: ----------------

,-----_..-.__._._--_.._-_..-...._- ---..-....._----_.--_.-.------

_____.__•.a·_ •. ·_-,_...•..._,·· -_._-----
---_.._-----------------------

Completed by: ..-R._\J-"E5'-L-~_'i;'__. -..;..J",-,k./V .!....0:!.AIJ Dale



,.\ C1 t':.l F.3.l r'~' i et.tJ
PHI]~IE ~IO. ·.11:3 63 1'3

2'? 1'3'3~ 0-1: CCFl""1 P 1

...
_. . ... --4....__

'?,. ~....... ~;:';t ':''';'.

4.ITSchool:Other

--------Years of Relevant Experience:

Ph.D.

CP/P2 Team Member Experience Form

OSCAR M. JiJS/ Title: Ca>N.f.~IC.TljiJT
Name:

COmpQll)':

Location: ()
_ •...:"1\, DCrA~

College Degree: as

_i Petrochemicals

..± Food Processing

.2 Coastal Resorts

.2 Timber Milling &. Treatment

-l.. Hospitals

2. Pulp & Paper

.± Piggeries & Slaughterhouses _, Pom &. Harbors

..l.... Ship Breaking Other (Specify)

r Iron & Steel

Note: 1 ~ None 2 = Some F.miliarily 3 ~ En'iironment~1 Assessment Ex". 4" Working K.~owledlOe of Proc:s.

c>:perience with Sector (Score 1-4):

2.. Mining & Metal Refining :3 Chemicals

I Electronics 2. Electroplating i

...!. Steam & Power Plants

1. Cement Manufacturing

.:: Ship Building

...

Description of Pas: Auditing Experience: ,) t~tJ.<.-,,,fu-k<-... AA.-u. "t~~ fh.--J...-,

~w. ~ c",d;.,.~ ~ ;dv.. ,fI'..-<f-¥-uJ;";"" '# ~J.!-M.:lr~ ~<.-n. ....,:1

o..~~ ...JP(l<.1J) MfH"'=7.B.; ~ 2) ltu.~ PIM1 /'~"J~. ,WdtHh,

ttu., ~ M- hU-.t. If '{ttl-·w..".:A~ ~ r !-t~ ~~

Areas of Training Needed for Assignment -.J~h~. ...1fvLv,.,I,;:3;~""''''~b..itb~_.J1:";'i'-ff":U'..j.1d.:r:A"j,""H'C"'_.l<IImc..lx-M~=·u.I...._

IlN-zl fvur, e.J, ~



FRCl1 : ISE CEaJ PHCl'E NO. : 63 32 3400829 ~~y. 11 1999 08:33RM P2
.'-

CP/P2 Team Member Experience Form

Name:

Company:

Jose Marie U. Lim
UP Environmental Engineering
Graduate Program

Titla: Senior Lecturer/Research Associate

Years of Relevant Experience: 9
----''----

Location: Oil iman. Quezon City

College Degree: ..! as L MS Ph.D. Other School: UP 0, 1 j ma n (BS/MS)

... Experience with Sector (Score 1·4):

2 Mining & Metal Refining 4 'Chemicais 2 Petrochemicals

?pecify)

~ing Knowledge ofProcc$S

·.?lar for Calatagan •

3 Food Processing

3 Coastal Resorn

. .. --

lY.-
.... -..

i
..'
~' .. "

.~•• u
.'. .' , .

1.. Electroplating

~ Hospitals

1... Pulp & Paper l.. Timber Milling & Treatment

l-:---~~~i...! __~~.'. _ ; , Pons &: Harbors

I = None 2 = Some Famili

. . ..

··.I .
~ :'

....~ ....

·.~e
Summary of Past Relevant L~·,,~.:,>: ""__",'.~:....:...c..:.:.

Management AppraisalS of

Descriptiol' of Past Auditing I ..

:to attached CV)

Note:

2 Electronics

2 Iron & Steel

L Steam & power Plants

L Cement Manufacturing

1. Ship Buildhg

Batangas and Roxas City, Capiz; Air &Noise Quality Assessment for Hermosa Economic

-Zone in Bataan; Environmental Assessment fo~ PAL In-Flight·Cente~, PAL Technical

Center& RAMTQOL (a tool &dye company); Water Sampling and Quality As~essment of
Philjppine Inland Waters

Areas of Training Needed for Assignment: ISO 14000 and EMS Implement; n9 Guidel"ines

Camp!eled by: _..\J~o~sl!.e..!Ma:!!!.Lr:.J.i~e,,!U,!.,.c..J,L.lim!!L _ Date: ApI' 7) 1999



FRCl'1 i ISE CEEU PHiJ'jE NO. : 63 32 34008?Q
"I , " . " ~.. I --

l'amc £fr.M1
_. E., Ifl.e'fJa...l.O ....1 i"~.

Cocnpan, .. $..?-:H5.".'!l.L .__--.... '\ ,~:$ Ilf Reb'~mEXptl·:.n,t: __.. __

Location: "',._._

J;o)i~$~ ?~~.:..':.::......IBS .
S,.::no111:

-----------------------
.r

Compleio'd by: t;:-e-,:. e. rM/l/, ,,"'W\/), ~fC'_w._~
....::...__

Experience with Sector (Sc<lr~ \.4):

2J lv1inin~ &- Metal Refmitl& :J... Chemicals :L PetNcr ,ieal.

_... - - -
tv El~ctronlcs ....s EI,,~troplating :?- rood Proce,sing- ..-.
?:: lr')ll & Sted ~ Ho:.pitlll, :3 Coa$\al Resor'S I~$.J~

d.t Steam & puwer Plant;; !l:. P<:lp & Paper .L Timber Milling & Treatm~r.t

.fl..,Cement M1l.lluf."tvring 4:: Piggerles & SIa.ughterhoU$es ...3 Potts &. Hllrbol's ".. f

1 Ship Building Ship Brc:.'lking 3 f VO,hcr (S?edf~) ~?f!~'7"tI:.!, • < ...

--
J -

~j.«(,jwa/.f:; fL"M 'J.5 or:)

Note: i =Non~ 2'- Sorllll:: Fi\U1i\iilrity 3 - E:nvironrJl~tal A$S~rnel1t Exp. 4 - W;:,rldlli !<.now~d$e c.fPrc'{~'!f:.{""ii ... ~~ ~,

... ':." • I,;ri;<;!of '"

..:. ~_._~... , ." _.. .......... '. -._--- . '-:--:. -' ,_. ._-.'

Dmr!:ptivn of?ast Auditing Experience: N!J(~/i. tbj;r; f-/p..h':v. "J~ .

Au/OJ &aJ.6-.ffLs..~'4- /;Zr.v/ h,eS;M!ct tJ~(6c-rdtrt:qc)P'&t&

-..::[?2g'* f.biL~.l&Jm;d)· S2JtL~ W·eit

__~V/. J:",;#._. i. 5-!,rs rMJ- J' t- ~'- Skr.,Ui/J'f!J J Cqaob,..A /?;Il-tk i , '

-( U I
• 1'1' 4 r ". C_, J . ';'Cjhw~

DClvvo...o Co~-hJ ~ fiVrtl4'rM I :. 8"""" ,W.A(~7r. I ,

SUlIunary orl'a.'lRe!o!'vantExp~rience: "~nv:lroYi{'(IJJr\jt <:;;-i/tti..54s t jrr _rm.t1~..u .P'Y{)~

r _J> r _ ; ' . .I". ,~ -0 'C 11 • _ ---r-' ( ~

_--I)V7Y :/0l'1 e·~_J&'_l'l~i tNlI/D Sclo-&fM J i: lJ~/-". f1/.J uY'V'h'0.. 'l?:G..: ;

;V"riD - V; IV''; /A.t..-/~~' v.ot'J> VI i:i;;;'~ _

Il _ . . . '.. ,~r. {, I C C-

o ' ,., '" ...J;;t;:!!;Q! ,b ,(~-'-.J=..llJ.~.'.r·~-"-''''_'...:;..
..[LJ...

" .... J. •rT '.ivr_ / .

....

..



FRCN : ; I SE CElli

FROM : SCHEMA

PHctlE NO. : 63 32 3400829

PI-ONE NO. : 634lG52

CPIP2 Team Member Experience .Form

,,"pro 05 1999 ~::lPM ?3

•
Name: VIiI/fa..." M~ht.glffYl~..r. Title: MY". . _
Company: /HiIf".,b.t/f Cn-l,. /hAvr Years ofRelevant Experience: --../L-S.:;:- _

Location: P~~"'J.:cJ.,..s ,I kA. hbn 4';'
... .College Degree: _ BS VMS . /1{ffa,lh.D. Other School: {,(jJ~ Pf/1...1It

Experience with Sector (Score l~):

.3 Mining &. Ml!ta! Refming ! Chemicals

.3 EJecuonics
.'-

~ Electroplating

Z Petrochemicals

~ Food Processing ,"t-te/. S'.., Qr fl'd/~J,.

z.... Iron &. Steel '2 Hospitals :z Coastal Resorts

o,f.. Steam &. PoWer Plants ~ Pulp &. Paper .5 Timber Milling &. Treatlllenl

,~ Cement Manufacturing .l. Pigger;es &. Slaughterhouses <) Ports & Harbors_ I L

. / Sbip Building J Ship Breaking ..3 O~per (S~eci?:LCo~t/o4·II;_/,.~. - - , 3- ~.;.Js/114,.....f:j q, -r
Note: 1 - None 2 ~ Some Familiarity 3 = Environmenul A>s<ssrnent E~. 4 c Working Knowledge of !,rocess "

Areas of Training Needed for Assignment: / ~tI ,I.{.. .f'J,A.J..Pt/c.f;(fr~ t.""'.>



...

,"LBO & CO~IPHNY PHONE NO.

CP/P2 TEAM MEMBER EXPERIIo::'IlCE FOR'\I

: Na;;e ._; ~\ndrew"T.-Montalb~-'--·---TTTtJe--· .­
i<:ompany:----------------------- !Yr. Of Relevant

!; ! Experience
ILocatio';'-fi'4 Sorsogon St., West Triangle, .. :
L .LQ1:!ez.2!!.G.hy .l

_....:........~ .

10

._.-;
I..-'
i
I

--I
!
i

College Degree: M. ofEngineering (Environmental), Asian Institute of Technology,
Bangkok, Thailand (1989)
B. of Science in Chemical Engineering, Cebu Institute ofTechnology,
Cebu City (1985) -

f"ExperienceWithSectOf._____ i (&:0;';1-4) -·--C--=~--------_=·~~..:__--i

L_...1.....: i Mining& Metal Refining I 4 ! Ch=icals I ! 2 ; Petroehemicals :
! -3 _--I Electronics i 2 ; El_ectroplating - ''''---4--'Food Processin-'----hi
. 2 'Iron & Stecl-:---- ~ : HospitJiis I" ! 4 1-CoWl Resort.~IL_-----i
i ·1 ~ Steam.&"Pnwer Plants 7.:," P1Jm &~~ ·--i··?-··~- Ti;,~r "Ifill,"".i,-~
~ .. .... I - : 4_._~----O- i
I . i : : Treatment :r .3 .; Cement Manufacturing'--4--i pjggeries & - '-1-3-!'Pons &'HaIbOi:S'''-- ... ----;
, . i i S!!ug!ltcmouses i: :
t~L_:.LShi!'BUilding ..-- - I; ShipBreaking_:. ---=I~~~~~~)=_-·______1
!.- ';j. _~~._ .._ ..~. ~_i ! . --l

Note: ..•. I ~ NOlle 2 -Some Familianty 3 - Emirownental Assessment ~ ~ Working Knowledge of Process

DescnptioD of Put Auditing Experience:
..

Undeci.ook the environmental audit/assessment ofthe following companies, among others:
• Sirawan Food Corporation under IENlP

.• Dyzum Distillery Industries, Inc. under lEMP
• San Juan Slaughterhouse under CTF project
• Chowking Food Corporation
.• Zilog Electronic Philippines, Inc.
.• Foremo~tFarm, 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 industries, among others:

• Rublou Meat Products
• MMG Hospital
• La Salle Dasmariiias Hospital
• Petrochemical Industrial Park. Limay, Bataan
• Cebu Light Industry and Science Park, Lapu Lapu City



....

ABO 8. COMPA~IY PHONE NO. 632 7407704

-.

~Iar. 31 1'399 02: 2SH~1 P3

....

....

...

iii·

......

...

::>••-
iIIi

"
..~....
;J IiIli

-.

.. Filinvest Corporate City

.. FEU NRMF Medical Hospital

• Kimberly Clark Manufacturing Co.
• Plastic City (ndustriaJ Estates

• Metro Regionallligan Agro-.Industrial Center, lligan City

Undertook (acted as Team Leader or Member) the following feasibility studies.

• FS ofMetro Cebu Sewerage and Sanitation Project

•• FSofCommon Treatment Facility Project

'. Undertook solid waste management plan for the following projects:

• . Petrcchemicallndustrial Park

• Tagaytay'Highland

Areas ofTraiDing Needed for Assignment:

!. .''Need5enhancementtr~cing in ISO 14000_and_J;M~_it!l.£!;;;;;~t~ii~~~. ---..- .. n __"/

:," . -.
----,

i
j . . ----_... '---- -- .- -- ~
I -- --------.-- --_. - .-------,- - -!

r--'---'---' -.-.--- ------ .---.--- -------- ---- -------
.p<' _. n._____ .. -- -.. -- - . -----I

~ - --.-~---- .........~ -.,~~.~.. --... ... _.- -- --_.-----.1
[==:~:;~~ .. ---.---.--'-- ~.--'J:iC---~._.---.-- ----- - on --~

- COMPLETED BY: ':"'~bf--'---~--r-:---------
DATE: ~19 9

- ,



JIDE-HRA
PHONE NO.

CPlP2 T,~alD Member l::xpcriencc Form

Mar. 30 1'3"39 L2: l1:iP~1 P:

Experience with Sector (Score 1-4):

"_' Mining & Metal Refining I Chemicals

_i Pulp & Paper ..!- Timber Milltng & Trcaunent

_'. Piggeries & SlaJghterhouses _f Ports & I-lar~'(:is t<duJ

-L Ship Breaking ...1.. Other (Sped f~ \

...

I Electronics:

! Iron & Steel

..L Stearn & Power Plants

\ CelUent Manufacturing

1 Ship Building

1 Electroplating

_1 Hospitals

A Food Proces:;j;;g

, Coastal Rc.~'..n;

Note: 1 = None 2 = Some Familiarity 3 = Environmental Assessment Exp. 4 = Workil\g "-"v •..-ledge o(Process

Ioii Desci iption of Past Auditing Experience: .'VdJ, kf-l,Y&u ( ;;, ~x.d.'i;J/"'--.~~ 7-V

~[y.~...... dhf ,glul""'--u i ~~ /·!.d-ly d.e:?ir/t'W~.r"'-:5.-L:"-1...<jI . <2A<..01

iJlW"d tiw; tkil-tl ,/.II.lidtl..v f!--.Y-t~b cG>~.t 1t j4l.i.-/.I.A) 7~~!:iJ.q .:::;atl"-­

--IMt'.N'" ~~L to':" .

..

Areas of Training Needed for Assignment: I'~ .Ff..~ It ~ ..~~v: J';w.if.J~

~j2 Icf~'< Y Ut r-l+U,,-.,,- /tz.~ "!:'J,.c6..d fa /-'-' -.''':<A (~f

~i 4·4( ·7I-<t!«n,{A-r-_..Q~..i1U~du..t4
_._+.._. .

Complefed bY' __PlA--=.:._._C_w_,,--,,_'..::l1"--~_--=F.£.=~'l--;;"-..L&=="l Llllle. ...)7\£,t.G.4 l.."f,I'!.f'l ~



CP/P2 Tl·~,m \Iember Experiwcc Form

,\ 11'(.... ­
~.t: ;.~.: ,,\, ,\: it'l

1_.0 ._ •• _, ..}

'~4 Vt\{fi (~'/\r\,'

"~ \" ~. 1 ... · 'Ai'f~: ~"tt )

.,,
Olher School: :,Ph.D,

;~

:<_~ '{ 11 I_. . J

Compllny:

Luto,lIllll1: ~i' t, \., ._._C::";_',,:~~. _

Collc!.:¢ D¢gn;c; {BS L MS:

...

Experience with Sector (Score 1-4):

j Mining & Metal Refining I Chemicals

I Electronics _~ Electrq::'hting

) PerrochcmiC:l!.'

.1 t:'~~.~ Pr"'-"~ : ..,_'_ • ~/~J~1 - <I ... _ ••• ; c..

j 11'0:. & Steel

Steam & Power Plants

Hospitals

Pulp & Paper

Coastal Res,T-:

j Timner 1\-1;1: in,_ & Treatment

Piggeries & SlahghterhNlses

Ship Breaking

Ports & I\<lr:'(-:-5 '
Il\~ ~"c.: g U?fi.' III l\;-

-'! Olher (Spec:,;_ ,-, .ekd J,,-~r-:r /._
- b'-"f' (.t~lr·'..t. f ...

1 : None 2 ~ Some Familiarity :l = Environmental Assessment Exp. 4 = WorkinG 1\:(-,..!edg;-~fPr~~ss JCS;Q~ ,
c.;

Shi p Building

Cement Manufacturing

...

1 "~O-qd f4 ltfl-'f 'J,ld,I,'1j bv,i fJ/>f1
_.. ' _ ...J

;...._~·_f{.,_'- '-_yx4-fq~hi_c;;('l ~\'.,f~~ '-. ".( {xrd1 ('"
fr.'(.\j' <':;<.\J i () b.i! 1. (", (j C i''''-';;' '!..~ fyov.' n i '1

J., ":rfr I tl f-t.;. 0(R..,\;-{ f;\~J"h(.JC,
~.,... ,v-o. nil., ~. ,r; "'.q.

J

...'" '-,
--.Jt- <:.i..,..; C/•.)

C, vl j.,

Surnm<lrY ofPast Relevant Experience:
j .~, ,,... r'(, \

·.A.;.•••/ ~ ...\("



FROM: lISE CESU PH!l'IE NO, : 63 32 30100829

.. ,·111: ...

Collcl/P~:X as

-------,----
--_.•._----------- .~--- .~

Compa1\Y:

Loclltlon:

Nam.'

li>lpes)~\OIl.lh Sector (Scote 1-4):

MinU1~.It Mc\tIl 'Refining Chemica!•

_ Ele<:txoni<:s .;;z Electroplating...
... 'hun.lt SIII'\I

:3 Stoam" Po~r li'lan~.- 1: Pulp &. l'ape<

.uo<l Tl<u<,.es~inr

-'I Cc>utal R,;,;t,,~

'.'
:..

"

-----------------------

1:. ~,~nf Man>dllc:t~ 3 l'iee~rie.. &. Sla""hlc:rhO\lScs Port. &. !<arb<."'" •.

2.. ShipBJllldiJlg _ ShipBr~ S Oth..-r lSl'eeil~-, . "'.<'-q--".,a,t- ~n~

~ntc:~ 1 '= 'NoM '2;: $Qttloe: FammAtl~ 3 u. 'Envin):lmenDJ A'::~l!n.t &p. .4 - Worlc:irq:: JC.,~o-~:llt't'4C: oJiProcess

.- ... -
"

~#rip1iol) QfPMI ....llolIi.ti'll$l»t~rie~: • \\·.'.fl:'reJl· ["," r<;~,n"':~.~:'.__ : "*"""",r (

cpr f'l2P'k. t'""inl...-..e.:t09. ~t't') o{- \) e, f-' •. _!:::::,.;:<2!~:·~.- ,\:;~-,,>')l~~

~P'fo'" -=+'0 \4XO tXZf#e,'P7lo'r' • 'r~"c:' :?'!'r"'''(.~'':.': :;::'~~_ 0...."J.

..P'J.;..t.-f>:~rf¥I._.:...l;;....:::__O""__'__~:::.__~lSO_"______\'_4-'
___'C'___'O:.:C::::)__. .._. • , ..... • ••.

Sw:runa:y of Past Relevant Experi~l1«; ...;6;...::E-;.;·L:::A~ .

• '(-J'\<-t ~tJ.~s::.

_______________...;;:•.._!b-":_2.J.~~~~--'<'\Jl=:.:;.<;::<.,;\,.:;:T:':O-:"D;---_.
_

• ,..-~'t\\""""'.:;/ '.'ld'l""<.."\~ ~S
' ... . ~

~~,;w=t:-'::.'_''iL.:'''=_-_..:(=-".'~,:.:;.N'.=.~).;l~'_\....:..\.-<.••._••_.... _

----._------_.-

C-l ..\ _. ~ ". >,.. r"

Comp:"tea !ly: _.--d" '''T---!,'_-.__I-_~_._..._\:':"':.,-.•..:+L--.-. ....:::c,.:--
I !
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FR~ . ; ISE CEEU PHCI'E NO. : 53 32 3400829
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/ .,'. '.j.: '--,.

"HOI-<E NO. : 632 e~49'?49

CumpallY:

,....~i1,D, Oth~= SC~".,!
-- ""'~~-'

~1'Pf.,.()~ ~qS

u~..!".;;;·.."......="-'- _

Experiel'ce with Secmr \SWTe 1·4):

Chi:"' icals

El~ctrGl'lics EIeClrOlllating

!TOil & Steel

Stearn &; Power Plant.

_ Hospitals i

f'tllp &. Papej

..
Cemen.t ~fl.\nufacturing

Ship Building Silip 'Breaking .x

DescriptiOJ1 ofFas! .'\vdititlg Experience:

----_..._------_.
.._---

Summary of Past Rele,'ant E"I'''I'i~nc2: • 2'::$00"'" h·r.;;~"h ~ ' .. e.G::>~ "",&-<_.",,'- _
,

?-~ gt I: ~"'OV'.. ...: '>., \ - x..~ :~,,:~.:)"'~.. ' .. _,"
_.cr

---'-'- " ...-."

----_... .,-----

.. , ..... - ..._----
._---_ ......_------
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--_..•._...-_._-----

------_._-_..__...._-
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D '3EFR"t 10 PAGE ~):::

PHO~IE NO. 6.341652

Cl'/P2 Team Member Experience Form
..

t."v;N:r:'.~AJ~~

Year.l of Relev:\nt Experience: $ IfM
Title:

Ph.D.

OA\ ~'1 J. StfJ,JlJ+IlfD
-_.- >- ••••• -.._----

~ J.-"V\·'/'G\ k.{"I" ~ h'T..' :
~lJ'~ I.jlNJJ~ \V\

VMS

Name:

... Con)pany:

Location;...
College Oesre€'; .; BS

.. __----------------- ~.:::..;....:::.;...;.;.,;,;_.;.:;.;..u._

Experience with Sector (Score 1.4):

... .1 Minius & Metal Refining ~ Chemicals ~ Petrochemicals

~ U i
-..L Electronics _I Electroplating 1. Food Processing

I

"" ·1 Iron &. Steel !l.. Hospitals -1 Coastal Resorts

~ Steam &. Power Plants i Pulp &. Paper ~ Timber Milling &. Treatment

- Jt Cement M'lOufacluring 3 Piggcric9 &. Slaughterhouses 1-.. Ports & Harbors

_ ~ Ship Building 2. Ship Breaking . .1 Qtb~,)~.m:v....j itLl>tt~/
Note: I w None Z ~ Some Familiarity 3· El\vlro"",tntal A$$e$s.nent expo 4" Working Knowledge ofProceu U~

.3 I'rt4-~. l I~~.ot£ JA:kff.t.t, .3 9-yh IJ..., .3~



l.~I!E NISSHIN POOL) llf'iTER III PHONE ~IO, '3281255

.. \
CP/P2 Team 1\1 l'!1l oer .Expcri~nce Form

Name: ,I\} A ~A P 10 WI- '0.....:;, <:-',1' Title:

-~.._~...-_.. --- ' --'-

Company: --l'C-H c:Yh-,\ I-<~r].S'<.,L/f /'l") C. Years 0 f Rck"ant Experi"ll.(;¢,

.. - - ---... -~_._-

I
/

-)
....

Location: j> 'JAN) £--4 I PH I L J PP 1.,,<.'?"..r

College DCgree:dl",<LB'S'~'~~ Ph,D,

c... ·v.'J .e~-:--

Experience '\litb Sector (Score 1-4):

Mininll: &. Metal Ref'ming Chemical.s

-

Other Sl:hool:

c!>,7k.r, aJ ~l",( ~(l"

Electronics

Iron &. Steel

Electroplating

HOSpitals

'-8 Food Processing

Coastal Resorts

Timber Milling &. Treatment

Ship Breaking

_ Pulp &.Pa~r

_ Piggeries ft. Slaughterhouses Ports &. Harbors
..3 - ~.<S!>cd Pro L

;Ji.L Other (S~ecif)')-3 -,4/eoheJ 0:-.
:P: . 4-- .8 re "'-<-r''-f

1 = Nono 2 '" Som~ F.miliarity 3 = Environmental Assessment El'p, 4 = Work~gKnow!edg< of Pro<:css ..JShip Building

Cement Ma.'1.ufacturing

Note:

2 Steam &. Powt:r Plants
-liol

....

-iiii

Description of Pa.<;t Auditing Experience:

-lioi

-

-
"

-l1li

f/!)//l.V-h~ wh~r.... o1...n.:'n-"'6o.;f,~ J r-~t.Se.- D-ncL ~c.i':"'j cve­

M()<..<..'''''' ~<1Y)~nk,-C@(\dv
-e.r~~\"~ OYI cJa-I~ =I/~~ r~e"

~, c-,,""'" e.g •

:

- <-J)":f.>a-r~e ..bee-r j, r0p,J L-r..j af(;r-c~,J'.,',r,"S' _

Areas of Training Needed for Assigrunent:

Completed hi' ---'-""=A--------
Dall:, cae~r 9:2

{b?



Fa.( 063.>681-4644 Jan 28 21 :23

Cpjp2 Team Member Experience Form

Other School: ------

T~.--"""'~11+--~~=fu-=tMJ-:..=..:.-
Years of Relevant Experience: !C,

Title:

Ph.D.

Name: ~ . Ma!§Clt'ifa. C;. Uy
Company:

Location:

College Degree: 1!'BS

Experience with Sector (Score 1-4):

Mining & Metal Refining 'Chemicals Petrochemicals

Electronics

Iron &. Steel

Steam ~ Powor PlnntD

Cement Manufacturing

Electroplating _ Food Processing

Hospitals Coastal Resorts

Pulp &. Paper i Til\\ber Millil\~.i Ta:<l.ltu<:lll

Piggeries &. Slaughterhouses Ports &. Harbors

Ship Building Ship Breaking ~ Otber (Specify) lIG07 It..~ .'
~""''''''''J!-«./~ /..r/c

!'late: I =NOl\e 2 = ~<,>me Familiarity J = ,nvirQnm~nI~1 As~~SSm~nl 'lip. 4=Workiny, Knnwlr.nr.r. nfPrnl·r.~~ ,

Description of Past Auditing Experience:

... iIIiI

...
Summary OfPC1£t Relevant Experience: --df!AaAL; .!-&v

' .. :(:. -.::-~~ ,

-

-



I .... I \.1\ .. \\' \.\)'1 '1\.'1'\

...

..

...

'/--

ill-.

III-

Ma. Margarita S. Uy
Rt.It.VRnt PAst Experience

-
Worked with the U.SAI.D Project on Tndu.ttrial Environmental Managemoot Project as

TrAiftiag Olflur (~~I\i"r ltuwih Ani!W1t) oftile CA!lability Duildi!\g CO\!l.l'l)!\e!\t.

RI'.qflfln,qillilirir.'l inr.(nrlr.tll'flwirHng tmining pmnnfln 1'Il!Jll\rtifll1 in tho lI0flrlllftt of tho

training programs that will be conducted for the primary client - the Depanment of

Rnvirnnment lIml NHhlT1lI Rr.:;lllln;r.~ Wl\.~ rCliIlllnllihlc lill IlI'u\dullti,lll u'ail\an1 m~tinas

of expatriate (lIld loaal oonwlu.nu. t70vidid inputg on th. mott ipproptiltt tranifer of

lumi;\,!, .I.1\j lulu!.'.l.l.!.) 1.\ JlI@!\I\i1u UW\tull~!. ul\\~ ..ui af,utili,uu .1'" tko

govt'lTT1ml'lnt 'll'c.tOI'll, intlll'itrif\R, arJlrl/':m/': anrl non-gove.rnment orgl\.l\i7Jltions.

T, z.;'~'\A pi'.!.~'AUU t1IAlIIAvol. U~l\ ~.sl\~l.Iefe! ai,A l\\!l\UA.1S pr~~A!'U wapel & ..tiP{lIUl!Il!Ull1

Impact Assessment, pollution Management Appraisal, Environmental Audit, Data

CoUection, Sampling lnd Sample Analyih.

Waa repreaentative ofPRC-Environmental Management Inc.for the Clitnatt: Change

Exhibit initiated by the Office ofSen. HehersoIl Alva.re~ a.lld 1ll.(;(;lill~S with non­

government organizations.

S,rvtd on the Board ot'Truliteei, a'i Secretary, at the Institute for thl': THwr.lo{lment nf

Rllm'lIlill1l1\lnml Rmlilljo;imi AIfS'lllllll.ivo", Til\;, Il iii i Swiu-1Und~ ncn·~ovctl1lMft1

OfQaniuticfi whogc main mi99ion i9 eoological protection through thl! promotion of

'l13tainahle agric.l1lnm~ ano t:r.ofogicR.1 wa.~te management.

R8Cipients are the communities oftribal Mangyans ofMindoro. upland aettlers of

Mindoro, furmers of Southern Palawan. farmers and urban poor in Cavite.

Before end ofcontraet with PRC.EJ.V1I, aiSiitoo the Coastal Rf\aonrr.r.a Management

Program in th~ L:llmluL:l t)f initial workshop f-or in potentia! trainers, r,nmmllnity

organizers, Clnd protp9ctiv. e1i.nta.



1IiI.

Other School: 5Y/?ACU,'j£

CPIP2 Team Member Experience Form

Title: f?u.vT7#N IbvCNrN)# &G/A/~
Years of Relevant Experience: 20'"

Name:

Company: Hfu.EAtJ/I/q XtENCE g 516.

Location: MclMrJ VA I/S4
)

College Degree: 2S.. BS X MS Ph.D.

Chem. -fh,J·rar .-
Experience with Sector (Score 1-4):

Mining & Metal Refinin£Z)X Chemicals Petrochemicals

.. (j..)& Electronics

Iron & Steel

Steam & Power Plants

(4)X Electroplating

Hospitals

Pulp & Paper

(Z)Jf Food Processing

Coastal Resorts

Timber Milling & Treatment

Cement Manufacturing Piggeries & Slaughterhouses Ports & Harbors
- I - (4) f'.;I,/Jhn

Ship Building Ship Breaking i 25... Other (Specify(f'). ~ctk'l'"tHe'h4n"""GL-
Note: 1 =None 2 =Some Familiarity 3 =Environmental Assessment Exp. 4 = Working KnO'Tedte't(Pr?c~h;'-"'j

(f'/~""7

Description of Past Auditing Experience: (!f>mt1riht'Y/S, 'Vi! 4)f"~»~

01/1~> ?11,I-~.r lh'u ~~;J...ve S'u.. ~t,
veh,..,;!e In.?/n/e-.z?nee / oIe;RJ,/]h~t> t!.h: - £JCk.-,.5/·~ (J~{~w-J a..( .

91&1 k'l1.Ist,/) rr-~f,',ms ({'/>/.''1 I ClM-<t-l<b'7' fA-in;";) ('4a'7>'.}hy"d.)

Summary ofPast Relevant Experience: qfe",,,,~ ~'(.M-(.(.. /n h1/11e/~1

teC4~ kchYl-r ' J-w~L'1, e.j~(.>/ !>-t~l to/-. /!z

/~rv:reCf.."I?:; l-~·/.·7 < r-/1""?rd In¥ 1/./1£ ~~ caLcl-,
Pi- c£<;w;~ 'ilt.t,/,.J,,) ~;.{ f?t.pW m -tL~'~t4.

Areas ofTraining ~eeded for Assignment: No! /tnt, '/iN tJ/;« ~J-II
~ /"c!..Jrk"b> Ihd Yh1 b a..J.-L/.

Completed by: -------------
Date: 1;-2-5 -7'7



CPIP2 Team Member Experience Form

Name: Jr~ 09~.jlJt Title: Pro'lfCf [J1ilNll./x,)

Company: J'f\; l/eN)\)f\ Sde".u .t~;ifer\';~ Years of Relevant Experience: _"""'- _
Location: tile LeAN, \I ,'{Lfg;}.J,A \
College Degree: BS JMS Ph.D. Other School: l.J1J1'Ij~'SIT'1 ~t T~

Experience with Sector (Score 1-4):

Mining & Metal Refining ..1 Chemicals

...
Electronics

Iron & Steel

Steam & Power Plants

Cement Manufacturing

Ship Building

Electroplating

Hospitals

Pulp & Paper

_ Piggeries & Slaugpterhouses

Ship Breaking

4 Petrochemicals

Food Processing

Coastal Resorts

Timber Milling & Treatment

Ports & Harbors

Other (Specify)
... Note: 1 =None 2 =Some Familiarity 3 =Environmental Assessment Exp. 4 = Working Knowledge ofProcess

...
Description of Past Auditing Experience:

t\JnL
I <lSI(

Summary of Past Relevant Experience: _P.:-..:\c..:ct",e:..:~",?_.!...f..:.;\lu:A",l"=U:..i~,-,1-"!v,-,,,,,,-._4L'----"'C'-'~_..,A'""L""L~"'..i.,.l._y.::.ST'_'.'.../..='.5,--
H (V1i\;~I\'l't 1;N~-fP,Ll1r\'\oo.J', ~,{ ,'1,\ ",~~(. f'lfhJllcU<tJ' p,ldt.,J.

Areas ofTraining Needed for Assignment:

Date: 1(;3191

----



CPIP2 Team Member Experience Form

Name: Michael W. Sowell Title: Senior Project Engineer

Company: MSE, Inc.---'---------- Years of Relevant Experience: 17-----
Location: Greenville

College Degree: ~ BS x MS Ph.D. Other School: Ga. Tech I Clemson

Experience with Sector (Score 1-4):

4 Mining & Metal Refining 4 Chemicals 4 Petrochemicals

2 Electronics

4 Iron & Steel

4 Steam & Power Plants

1 Cement Manufacturing

~ Electroplating ~ Food Processing

~ Hospitals 2 Coastal Resorts

.i Pulp & Paper 1 Timber Milling & Treatment

4 Piggeries & Slaughterhouses 2 Ports & Harbors
- I

Other (Specify)--.!. Ship Breaking
i

I = None 2 = Some Familiarity 3 = Environmental Assessment Exp. 4 = Working Knowledge ofProcessNote:

_1 Ship Building

...

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 ofPast 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 ofTraining Needed for Assignment:

Completed by: _-- _ Date: -----



CPIP2 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: ~ BS MS Ph.D. Other School: Univ. of Illinois

Experience with Sector (Score 1-4):

-2 Mining & Metal Refining 4 Chemicals 4 Petrochemicals

2 Electronics 4 Electroplating .2 Food Processing

4 Iron & Steel ~ Hospitals 2 Coastal Resorts

4 Steam & Power Plants -2 Pu1p & Paper _1 Timber Milling & Treatment

1 Cement Manufacturing ~ Piggeries & Slaughferhouses 2 Ports & Harbors

J. Ship Building J. Ship Breaking Other (Specify)

Note: I =None 2 = Some Familiarity 3 = Environmental Assessment Exp. 4 = Working Knowledge ofProcess

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 ofTraining Needed for Assignment:

Completed by: -------------- Date: ------
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5/26/99 DRAFT

Industrial Initiatives for a Sustainable Environment (lISE)

INITIAL ENVIRONMENTAL REVIEW (IER) QUESTIONNNAIRE

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

Date: IER Team Leader: Site: _

Time: IER Team Member-s:----------

Contact Information:

Name:
Title: -----------------------

Name of Organization: ,-- _

Address: -:-; _

Telephone No: _

Fax:
Emai::-l:-----------------------

Owner: _--;---.- _

Parent Organisation: -.-----,,--.-0---.-,-==:::----::-:-::----;------
o MNC 0 Domestically Owned 0 NC N Partner (s) _

Year Established: _-=;-_

Industry/Government Sector: _

PSIC: :;---;---;::-_-;-:::- _

o Production Capacity/Output: _

Products: 0--;--=----;-;:;----------------
Countries Products Exported To: _

...

...

General Organisational Information: i

Number of Employees: Shifts:
Enterprise Size: 0 Small «50) 0 Medium-(;:5-::0--:3-::00:::)-O;=;--~Lar-ge-("->-:3-::00:::)---

Facility Process Areas (M'): _

G I. Does your organisation have written policies related to quality, occupational health and safety and the

environment?

o Quality o 0 Occupational
Environmental Health & Safety

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

IL0"-'Y-=-es'--__I_O_N:..-o 10 Don't Know I 0 Copy attached

G3. Does your organisation have a:

0 Quality o Environmental OPCO o Occupational Health OHSE o Don't

Manager Department o Environmental and Safety dept. Manager know

Officer

IER Form (5/99)



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

10 ISO 900112 10 ISO 14001 10 OHSA 18000 10 SA 8000 10 Other

Quality Management Systems Information

I 0 Don't know

QI. What methods do you use to ensure product/service quality? (mark those used)

o Inspection o Quality c~ntrol 0 Quality assuranCe
ISO 900112/3

OQMS
ISO 9004

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

OWhoie organisation o Production function 0 Facilities function

only

o Don't
know

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

lOVes IONo 10 Don't know

Q4. Do you maintain records to enable the demonstration ot your quality performance?

lOVes IONo r0 Don't know

Q5. Do you conduct quality audits to determine the effectiveness of the controls and programs you have in

place?

lOVes IONo I 0 Don't know

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

DIn-house o Outside auditors o Both o Not
applicable

Occupational Health and Safety (OSH) Information

01. Has the organisation identified the OSH hazards associated with its activities, products and services?

I-:O=....:.V.::es'--_---JI_O_N_o , 0 Don't know

IER Form (5/99)
2



02. Has the organisation assessed the risks to human health from physical, chemical and biological hazards and

natural phenomena?

IDYes IONo I 0 Don't know

03. Has all legislation relevant to your organisation's health and safety risks been identified?

I,--O,---,-Wh=-ol",ly~ I_O-=-Parl=..;c.ia""ll:<.y I-,O::..:...Nc:.0n:.::e,-- 1Lo=-::D:..:o.:.:n'c:.t::;kn:.::o:..:.w,-----,

04. What methods does the organisation use to control the management of its occupational health and safety

risks?

... o
o
o
o
o
o
o
o

Elimination _

Substitution__---,- _

Engineering controls
Administrative contr'-o:-ls-----------------------

Personal Protective Equipment.-:--;- :-;;--:-_-;:=== _
Occupational Health and Safety Management Systems (OHSMS) _

Training.,-_-,--:-:-:- _

Others (please describe)

05. Does the organisation have a health monitoring program in place appropriate to the risks to human health?

I--=O=.-y~es'--__I--=O=_N:_;o'_____I 0 Don't know

06. Does your organisation set any objectives and targets related to occupational health and safety

performance?

I_O,---,-Y_es I_O_N_o ' 0 Don't know

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

ILO=-.:Wh--==-0c::ll=...y -LIO_P_arl_i_al....ly-=- I_o_N_ot_a_ta_ll 1 0 Don't Know

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

1L:0=.-y=-e:..::.s I_O--=N:_;o'-- 1 0 Don't Know I

09. . Do you conduct occupational health and safety audits to determine the effectiveness of the controls and

programs you have in place?

1L:0=.-y=-e:..::.s I_O_N:_;o'___ 1 0 Don't Know I

IiiiiI 0 IO. If so, does your organization perform occupational health and safety audits:

DIn-house

IER Form (5/99)

o Outside auditors o Both o Not
applicable

3



Environment Information

El. Do you know if the products, services andlor activities performed by your organisation have any impact on
the environment?

I°Yes IONo I°Don't know

E2. Has your company identified any environmental impact from past activities?

I....:O=-y.:.e.:.:s__---JIL0==-.N.:.O_---,.---J[O Don't know

E3. Have you identified the natural resources (water, electricity, gas etc.,) needed to operate your facility?

IL0=--.::y.:.es'--_---'I_o_N....:o-'-----__-'--!O=..=D....:o.:.:n....:'t.:.Kn=.::.-ow-,---

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 ...J1L· _

Waste treatment _

Waste storage=~::-=-:::--::-::_------------------
Disposal (0 Off-site ° On-site) _° Incineration° Landfill _
RecyclinglReuse
Environmental M'-an-a-g-e-m-e-n""Ct""S,--y-,st-,e-m-s"""'(;:E";""M;;S"')----------------

Use no methods
Others (please de-s-cr-oib,--e-c)---------------------

E5. Have you identified the legislation relevant to your organisations environmental impacts?

I--:O=:-,:Wh.:..:::o:.:.ll:<,y ----'-I--:O::.:..Pa=r1.::i=al::;,ly '...::O=.N=on:::e'-- , °Don't know

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

lORA 6969 (HW) I°PO 984 (Air 1Water) I°PO 1586 (ECC) I°None I°Don't know

E7. Does your organisation set any objectives and targets related to environmental performance?

I....:O::....::.y.::.;es'-- ,_O_S.:.-o_m_e I_O_N_o_n_e 1°Don't know

Eg. What industrial processes are operated at the facility?

° Anodizing ° Fermentation ° Powder Coating °° Assembly ° Food Processing ° Pressing 1Stamping °° Bleaching ° Forging ° Printing °0 Bottling 0 Fuel Storage 0 Pulping 0
0 Canning 0 Galvanizing 0 Refining 0
·0 Cement Production 0 Grinding 0 Semiconductor Mfg °0 Chemical Distillation 0 Injection Molding 0 Ship Building °0 Chemical Synthesis 0 Metal Casting 0 Ship Recycling 0

III
IER Form (5/99) 4
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0 Conversion Coating 0 Metal Refining 0 Ship Repair 0
0 Cracking 0 Mining 0 Smelting 0
0 Degreasing 0 Packaging 0 Steel Fabrication 0
0 Dyeing 0 Painting 0 Stripping 0
0 Electroplating 0 Pharmaceutical Synth. 0 Tanning 0
0 Extruding 0 Photo Processing 0 Wood Preserving 0
0 Farming 0 Pickling 0 0

E9. Which of the Philippines Priority Chemicals are used or manufactured at the site?
(Indicate Annual usage as follows: (In - 10kg; (2) 10 - 100 kg; (3) 100 kg - 1000 kg; (4) > 1000 kg)

0 1,1,1- Trichloroethane 0 Chlorinated Ethers 0 Mirex
0 I;J. Diphenylhydrazine 0 Chromium Compounds 0 PCBs
0 Arsenic Compounds 0 Cyanide Compounds 0 Phosgene
0 Asbestos 0 Ethylene Dibromide 0 Pentachlorophenol
0 Benzene 0 Ethylene Oxide 0 Polybrominated Biphenyls
0 Beryllium Compounds 0 Halons 0 Selenium
0 Cadmium Compounds 0 Hexachlorobenzene 0 Tributyltin
0 Carbon Tetrachloride 0 Hexachloroethane 0 Vinyl Chloride
0 CFCs 0 Lead Compounds 0
0 Chloroform 0 Mercury CompOunds 0

iEIO.

Ell.

List other hazardous chemicals used at facility:
(Indicate annual usage as follows: (I) I - 10kg; (2) 10 - 100 kg; (3) 100 kg - 1000 kg; (4) > 1000 kg)

How do you track the quantities ofhazardous chemicals used at your facility?

I0 Inventory records ! 0 Purchase records I0 Shop floor estimates I0 Don't track

£12. What are the major hazardous waste generated at the facility?

0 Plating sludges 0 Heavy melal residues, sludges
0 Acid wastes 0 Organic chemical wastes
0 Alkali wastes 0 Other:
0 Inorganic chemical wastes 0 Other:
0 Paints, dyes, latex, resins, inks 0 Other:
0 Halogenated waste solvents 0 Other:
0 Non-halogenated waste solvents 0 Other:
0 Oils (including PCBs, PBBs) 0 Other:

El3. Do you have emergency management procedures in place?

I-=O=-Y.:.:e::s JI...:O=-N:.:.o.:.- ! 0 Don't know

E14. Are these procedures practiced on a regular basis?

I...:O:.:.Y:.:.e_s I..=O:.:N.:.:O _

E15. Do you use suppliers and/or subcontractors to supply raw
maintenance, repairs, wastewater facility management etc.)?

lER Form (5/99)

materials, products or services (facility

5



I--=O=.y-=-e:.:.s I--=O=.N-=--=--o 1 °Don't know--]

E16. Do you monitor and measure your environmental performance. including regulatory compliance?
OIl

I--=O-=--Wh.=O.:..:I'""ly ---'IL...0-'-Part=ia=-II"-y I:..::O=N~ot:..::a::ta:::.II:....-_---l..I.::O:..:D::.:o:::n....:·t.::kn:::o:.::w:..-

E17. Do you maintain records to enable the demonstration of your environmental performance?

IL...0=....:y..::es'-- I--=o::.'-=.No_-.,,-- --'-I-=O:..:D::.:o"'nc..:·t.::kn"'o=-w'---

OIl E18. Do you conduct environmental audits to determine the effectiveness of the controls you have in place?

I_O=y..:.es'-- I_o_N..:.o .1..I--=O:..:D=.o:.:.n:..:·t=-kn=-o_w_

E19. Does your organization perform environmental audits;

°In-house °Outside auditors °Both ° Not
applicable

Walk through inspection

WI. Walk through i

o Other.

Observation Comments

° Product or service quality deficiencies

° General housekeeping problems

° Evidence ofchemical releases

° Inadequate or incorrect product or
hazardous chemical labelling

0 Improper segregation or storage of
hazardous material andlor waste

0 Leaking valves. lines and containers

0 Inadequate or incorrect PPE

0 Inadequate machine guarding

° Uncovered chemical 1waste containers

° Inadequate or incorrect emergency
.. equipment andlor ineffective management

° Improper lighting 1ventilation

0 Absence of MSDS information

0 Inadequate or ineffective maintenance

° Presence of uncontrolled physical.
chemical and biological hazards and
natural phenonema

IER Form (5199) 6



Project Incentives

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

IDYes IONo I
12. Would the following be of interest to you regarding the EMS component of the lISE project?

°Customer requirement °Potential °Regulatory °Public ° No interest m
cost savings compliance image participating°Corporate requirement °Other

lISE Resource Allocation Strategy

RI. Is the organization primarily a service provider?

IL~,,-,,-Ye.:..:cs I_O_N_o,--_-.:. _

R2. Are the organization's environmental impacts readily identifiable?

LIO_Ye_s_. I_O_N_o , i

Does the organisation already have a quality, environ.riental or OSHMS in place?

IL 0=....oQc::u:::alc;:,ity'--- '-.e0:c..=En:.:v:.:ir:.:o:::nm:::e:::n:.::ta:.:1 I-.e0==O=SH'-'- _

Is there "supply chain leverage" with this facility? If so, describe: _

In your opinion, does the organization have the managerial commitment to enter the lISE program?

!--=O.:...Y.:...e:.:.s I_O_N'--o'-- _

In your opinion, does the organization have the resources to enter the lISE program?

I_O_Y.:...e...:.s I_O_N_o _

R6. What is the most appropriate assistance that lISE can provide for this organization?

I-=OE=Mc::S:..:o:.::n:<-ly__I..::.O;:..:P2:..::.:...:/C:.:.P..::.o.=nl:<"Y_....JILO:::E:;cM.=S:..:IP2I:..::.:...:C:.:.P__I--=O;:..:Q,,--M-,,-S,-,fic:.:'r5:;ct__.L!OO=.::..S:..:H=M.=S=-__

R7. What are the prospects for certification within the timefrarne of lISE assistance?

l-.e0=-=.S:::m:::al=l --'I_O::..:...M:..:e.=;di:.;;.um=- I_O=....::Gc..re:.:ac..t -----

R8. What are the prospects for measurable pollution reduction that will help lISE document progress to 20%
reduction pollution target?

10 Small I °Medium 10 Great

R9. Recommended strategy/next steps _

-IER Team Leader

IER Form (5/99) 7
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lISE P2ICP ASSESSMENT

Facility Name: _

Worksheet I

Location:

Date: -----

Sector:

Time: Date IER Completed:------
liiiiil

... CPIP2 Assessment Team Members:
(Include both lISE and Facility Personnel)

l

2

3.

4

5.

IER Report Attached? Yes 0 No 0

Facility Contact Information

Name:

Address: -------------

Process Overview

Phone:

Fax:

E-mail: -------

IIiiI

Process Name

1.

2.

3.

Description
Wet

Process?

Y N

DO

Y N

DO

Y N

DO

RP28
Chems?

Y N

DO

Y N

DO

Y N

DO



lISE P2/CP ASSESSMENT

Facility Name: _

Worksheet I

Wet RP28

.........~!~?~~~.~~~ !?~~~!.i£~~?~ ~.~?~.~~?~ ~.~~.~~? ..

....

4.

5.

6.

7.

8.

Y N

DO

Y N

DO

Y N

DO

Y N

DO

Y N

DO

Y N

DO

Y N

DO

Y N
DO

Y N

DO

Y N

00

9. Y N

DO
Y N

DO

10. Y N

DO
Y N

DO

_... - - _. _... -- --- - -- - _. - -- - --- ---.- --- -- -- --- - -- - ----- - - - - -- - - _. - - _. - -- - _. - _. - - - -- - - -- -- --- -. - - - - - - - _. - -- - - -- - _. - - -_. ---- ----
11. Y N

DO
Y N

00
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lISE P2ICP ASSESSMENT

I ( ( I ( (

Worksheet 2

I

Facility Name: _

Input Material Information

Product Name

I.

Annual Use
(kg) Chemical Components

RP 28 Chems.
Present Mass %

Annual RP 28
Use (kg)

2

3.

4.

5.

--_..".._,..".__.,.__.!-...._..._-------_._--_....,------~·"I-·-------.-----_··_------.-

,,~- -. -.. --_ _.. _.. - -- ., _. - _ _. - ~ _ ~,.. .. - . .,. - - - -_. -" _.. _ - _.. - _ -

......... -_··..---·1-·----·· ..._··-·------------------

··f·-----------+-----.----.-------
... ._---,----._--_...----._--

/'<1'/

.11
1

1 ~ : - .

I '

Iliff
I I I
i i t

....................................................................................... ..l ..!.. l .
1..."."\"'lI~-O'h' c!o(
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lISE P2/CP ASsESSMENT

I I I I I I
Worksheet 2

I[

Facility Name: _

Annual Use RP 28 Chems. Annual RP 28
Product Name (kg) Chemical Components Present Mass % Use (kg)

~-=-=II-=t~==~~~
9.

..............._... ··f·---··········_····,-_····__··_-_··-··· -

IJ/-

'. __ • _ •••• _. •• • •• ' __ • __ •• _. • ••• __ •• __ " • _. __ '" __ ••• •••• I-. __ •••• •• __ •• _. __ • _. _i_ - _. • • _ •• _. __ .,_ •• , _ - _. __ • _. _1- •• • __ •• - •••••

10.

11.

.·li·········································· , ',"""""""""" ., > ••••••••••••••••••••

13. I ;

, i l

i4TT~::::::~I:::=i:::.-::::
.~_[nm . --I---[---t

---'-----

.....n."''''IFo.''ldcl<
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liSE P2/CP ASSESSMENT

[ ( ( I I (
Worksheet 3

I

Facility Name: _

Process Wastestream Analysis

Process: Operation: Hrs/day---
Wks/yr

Days/wk

Wastestream Waste Phase
Wastestream

Flowrate
Chemical

Components
RP 28? Mass
Y N %

RP 28
Flowrate Fate

I.

2

3.

00...---------- 0 0
..-.. -.-.----------.- 0 0

, ",..•._.." _-_•.._-_.__ __.

00
," ....".- _.,',., .._..." ......_.._.--._~-_.-_._ •...

00---------.-- -- -- -..' " ti·-0'-., ..- - -..,- ,.'" '" -.., .
..... ----------- .. 0 0
.... ----._-_.,_._._-,-._--,..

00
00
00...................................................... .. _ _ ~ .

00
00
00
00
00----------

A"COII\'c"lfom,da.'

If3



lISE P2/CP ASSESSMENT

Facility Name: _

Initial Process Flow Diagram

Process: _

Worksheet -I



lISE P2/CP ASSESSMENT

Facility Name: _

Pollution Prevention Options
Process: _

Worksheet 5

...

Note: List Options Identified During Assessment and Location for Implementation

I. -

I

2.

I
I

3.

4.

5.

.



lISE P2ICP ASSESSMENT

Facility Name: _

.... Final Process Flow Diagram

Process: _

...

Worksheet 6
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lISE P2/CP ASSESSMENT

I I I I 1[(

Worksheet 7
I

Facility Name: _

Mass Balance Summary

Process Name:

Input

Chemical Name
RP 28 -, Other HM
(kg/yr) (kg/yr)

Cons. In Proc.
(kg/yr)

HWGen.
(kg/yr)

Outputs

WW Gen. I Air Emis.
(kg/yr) (kg/yr)

SWGen.
(kg/yr)

Recover-I' MB? ,.,

(kg/yr) (YIN) Comments:

.:·:··::.:.·::::··::·.·r:·:::::.::·::r::.:::::::.:·:.i·::···:::.:::·::::.:J·.·:··.·:·.::.:t:.::::·:.::·:::.::'::.':'.:::: :::.. ·.:·:.:·::.t:·.::::·::·::::·.:::::::·.::··::·:.::...:.. '::

I '

::::::::::::::::::::::r:::::::::::~::::::::::::::: ~:::::::::::::::::::: F:::::::::::r:::··::::::··..:::·:·:::'::. ::.:::::::::::::1:::::::::::::r ::::::1:::::::::::::::::::::

...................... ·1 f-.--j I [, I

, I I '
I !. L__.. ;

Note: Attach sheet with all back-up calculations and assumptions.

"'''.''''M'''F<)UlI6<>,

/S;7

I I.. ·· .. ·· .. ·...... ·....



lISE P2/CP ASSESSMENT

,
Facility Name: _

CPIP2 Option Description
Process: _

Worksheet 8

Option Name

Option Description

Source and Contact

Option Goal or Purpose i

I,,
!

Specific Estimate of Hazmat,
Haz. Waste, Air Emission,
and/or Wastewater Reduction
by Option

Type of CPIPZ Option o Source Reduction o Treatmento Recycling o Disposal !
Nature of CPIPZ Option o PersonnellProcedural o Equipment

n Material

Specific Materials or Equipment
Needed

I
I

Qualitative Assessment for
Cost of Implementation Ease of ImplementationImplementation o High Cost o Very Difficult

o Low Cost o Moderate

o No Cost DEasy



...

lISE P2/CP ASSESSMENT

Facility Name: _

CPIP2 Option Evaluation

Option Name: _

Worksheet 9

...

...

y N

DO Does the option reduce ozone depletion potential?

DO Does the option reduce global warming potential?

DO Does the option reduce acid rain potential?

DO Does the option reduce photocheqlical oxidation or smog-forming potential?

DO Does the option reduce human toxicity potential by ingestion?

DO Does the option reduce human toxicity potential by inhalation or dermal exposure?

DO Does the option reduce aquatic toxicity potential?

DO Does the option reduce terrestrial toxicity potential?

DO Does the option reduce the use of RP 28 chemicals? l

Does the option reduce the use of hazardous materials?
,

DO !,

DO Are there any anticipated problems with the option's compatibility with production? If!
yes, comment:

00 Is it anticipated that implementing this option would have a negative impact on'
compliance? If yes, comment: i,

I
I

DO Would there be added health and safety (industrial hygiene) concerns by implementing
the option? If yes, comment:

Does the option require additionallabor/expertise or other resources? If yes, comment:
i

DO

DO Are there space or utility limitations m the buildings where the option might be
implemented? If yes, comment:

.
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lISE P2/CP ASSESSMENT

I I I I I (

Worksheet 10

L

/,rJI

Facility Name: _

Option Cost Identification
Process: _
Option Name: _

Does the option require or change the requirement for any of the following?
y N Description Savings / (Cost)
00 Process Equipment

DO Personnel Training

DO Installation / Site Preparation

00 Utility Connections / Systems

DO Permitting

00 Input Materials

DO Disposal/Treatment

00 O&M Labor and/or Supplies

-

"'U'Il"""lf'o",,~
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MSE Millennium Science & Engineering, Inc.
April 19,1999

Mr. Douglas M. Young, Ph.D.
Sustainable Technology Division
National Risk Management Research Lab
US Environmental Protection Agency
26 W. Martin Luther King Dr.
Cincinnati, OH 45268

Via Fax: 513-569-7111

Dear Dr. Young:

1364 Beverly Road. Suite 302
McLean. Virginia 22101

Phone: 703.734.1090
Fax: 703.734.1093

e-mail: mse@erols.com

..
...

It has been a pleasure speaking with you about pollution prevention (P2) and the WasteReduction (WAR) Algorithm. As we discussed, P2 is very near and dear to me; and theWAR Algorithm seems like an excellent tool for comparing P2 options including processand/or chemical changes, and we believe that the WAR Algorithm and its associateddatabase appear to have direct application to the pollution prevention I cleaner productionproject 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 databasecontaining information on the Republic of the Philippines Priority Chemicals. These 28chemicals 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, tributyItin, vinylchloride, I,I,I-trichloroethane, and 1,2-diphenylhydrazine. Also included are arsenic,beryllium, cadmium, chromium, cyanide, lead, and mercury. If any of these chemicalsare 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 benefitto the project, as we are currently in the development stage of the project and wouldbenefit greatly from knowing options available for comparing CPIP2 options.
I look forward to your further input and assistance and can easily be contacted at 703­734-1090 (phone), 703-734-1093 (fax), and mse@erols.com (e-mail). Please ask forTodd Danielson in my absence.

: T.A. Danielson

liI~
Environmental Science and Engineering Solutions for the 21st Century



~ ~nvironmental Manager
,\II '==============----==:------------------

Heriberto Cabezas and
Douglas Young

U.S. Environmental
Protection Agency,

Sustainable Technology DiY.

it:,il':" = Mass Rowrote of each inputand output for each stream, i, kg/h
:J:ij = The mass fraction of each nan­prodvct chemical component, ;, instream i, kg/kg"1 = The overoll environmenlol impactof chemical component, ;, PEl/kga, " A weighring foetor that allows oneto assign relative importance toeach of iIle eight environmental·impact cotegories, k, used by theWAR Algorithm

'Y'... = Speci~c impact of chemical com'ponent, ;, in impact category, k,PEl/kg

tion indexes, to compare differentprocess alternatives. The lower thevalue of these indexes, the better tbeprocess's environmental perlormance.The output inderes include the rateof PEl output, iou'. and the amount ofPEl output per kilogram of product,iout. These indexes allow comparisonof the potential impact of various out­put streams on human health and theenvironment. iout is given by:

i"",,,io;lp
(2)

where:
P" The rate at which the process pro­duces products, kglh

The generation indexes are the rateof PEl generation, igeno and theamount of PEl generated per kilo­gram of product)gen- They allow com­parison of process alternatives, interms of the generation of net PELigen is given by:

i _i~r-iill
.... p

(3)To compute the four indexes for a

..... ,., _-_ ..

io" = The rate af inpol of PEl, PEI/hi... " The rate af aulput of PEl, PS/hi = The rote of PEl generation inside..... the process, PEI/h (i.e., the differ­ence between i.. and i ....lj,,", . = The amount of PEl oulput/kg ofproduct
P = The rate ot which the process pro'duces product, kg/h
j... = The amount of PEl generated/kgof productt: . The PEl inpol per kg of product,. for each individual input stream, if:' .i':"= The PEl rofe of each individualinput and output s!ream, i, PEI/h

NOMENCLATURE

The goal is to design or modify chemical processesto minimize their environmental impactThe WARAlgorithm
This methodology '!ssumes that eachstream entering and exiting a processpossesses an inherent property, its po­tential environmental impact (PEl).WAR generates four indexes (dis.cussed below), which can be used tocompare the environmental impact ofvarious process alternatives. For asteady-state process, one can write abalance equation for PEl:

o "t"- i"",+ i... (1)
where:
iin " The rate of PEl input. PEIJh (theimpact on the environment if all feedstreams were to be released at once)iou, " The rate of PEl output, PEIJh,(the impact on the environment if alloutput streams were to be released)icen = The rate of PEl generation bythe process, PEIJh (the difference be­tween iout and iin; igen can be positiveor negative, because a given processcan either create or consume PEl)From Equation 1, one can generatetwo output indexes and two genera·

w

The ability to design or modifychemical processes in a waythat minimizes the fonnation- of unwanted byproducts is anongoing goal for process engineers.Two simulation and design methods\II are. discussed here: Process Integra·tion (Pl), developed by EI·Halwagi- and Manousiouthakis [1] at UCLA,and El-Halwagi [2] at Auburn Univer'_sity; and the Waste Reduction (WAR)Algorithm, developed at the U.S. En·.vironmental Protection Agency(Cincinnati, Ohio), and made commer·-cially available through a CooperativeResearch and Development Agree­ont (Crada) under the Federal Tech·Iio/ ,logy Transfer Act of 1986.1
PI is concerned with improving?rocess efficiency and keeping tar·seted components from leaving the"'!;ystem. PI is essentially the practicalapplication of the mass·exchange net·"orks (MEN), as detailed in [1,2],_vhich try to remove pollutants fromproduct streams and segregate theminto concentrated waste streams.By comparison, the WAR Algorithm., concerned with evaluating and re­ducing the potential environmental. npact of a process [3] - a key design.onsideration. Consider Process A,which emits 1 tonlh of a given pollu­tant, and Process B, which emits 2ms/h of a different pollutsnt. WhenW1ese two processes are compared onthe basis of pollutsnt mass alone, one,uld logically conclude that Process A, preferable. However, because some'ollutants are mOre toxic than others.the process comparison needs to as·,ss the human·health and environ·lIIental impacts.

~ Process Integration methodology has been.lerci.alized by Matrix Integration. Inc. (Lees-',rg, Va.). Theinitial version ofthe WAR algorithmiMl,being incorporated into the simu.lator product~emCAD IV from Chemstations. Inc. (Houston.1'ex.J. The authors' diSC\lSSion here does not endorseeither ofthe~ rommercial products or oompanies.• !e: For more on simulation. see p. 139.ilII

.. Using Simulation
.. For Pollution Prevention
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GOING TO 'WAR' FOR A 'GREENER' ACRYLIC-ACID PROCESS

(5)

(4)

L M!""'l LXijLa. '1';'
i j i

where:
(J.k =A weighting factor for each im­

pact category k

gory k (discussed below), in units of

PEIlkg. This is given by,
· _ ... ~in) _ ... _.ji.)... _
lUa-~li -~Mi ~rij"i-

• • 1

... - (ink ... ....
~Mi ~%ijk.a.a:" jl

• I
· ... ~"",) ... _.j"",) ...
l oul =L.li =.£.Mi k%jiV"=. . .,

• • I

Seeking improvements
The kinetics of this process are such that lower temperotures favor

acrylic acid production. Thus, in the ~rst design altemotive, Unit I

301, the reodar temperollJre was reduced by 30·C, 10 280·C I
This design also incorporated a 54% increase in the reRux ratio of

the acrylic acid column. Decreasing the reoctor temperollJre re­

sulted in on equivalent conversion of propytene. However, it pro­

duced a grealer selectivity toward ocryIic acid (from 1.58 10 2.31

mole of acrylic acid per mole of byproduct).
In the second design olternative, Unit 302, the neodor tempera­

ror" was reduced by another 20·C, to 260·C, and the reactor vol·

ume was doubled to maintoin on equivalent level of propylene

conversion. The reRux ratio in the acrylic acid column was also in­

creased; however. only a 9% increase "NOS required to achieve the
some separation as observed in Unit 301.

The four output and generation PEl indexes descnbed above

were platted for the bose case and for the tI)e two~modi~'

cations. Figure 2s~ the outEut indexes, loul and lout;, and the
generation indexes, IgOR and 19en- IJ

Acrylic acid is considered the only product in this cose srocly.

With the objective of minimizing the polentiol environmentol im­

poet {PEl) of the other three emuent streams ond maximizing

acrylic acid production, possible improvements were sought. Be­

cause the reoctor waste gas contains unreocted propyfene and

byproduct carbon dioxide, the reactor operation was examined.

Waste
pi

Wast..
water

AceD' add
byproduct

Acrylic acid
prodUct

J
culated from the following:

• The mass flowrate ofeach input and
output, if/in) and if/ou'), respectively

• The stream composition. in terms of

the mass fraction, %ij~ of each non­
product chemical component (pollu­

tant and undesired byproduct),j

• The overall environmental impact.

"Ij. ofchemical componentj
The overa1l environmental impact.

"Ij. is calculated by summing the spe­

cific impacts, ",SjA:I of chemical compo­
nent j over the various impact cate-

.-1
IAbsorber

Solvent- r--

Heat fL( recoveryexchanger column

:' 11 I

I .-J EItnc10r
Pump Acryllc.acldl

----C Heal column_f--
exchanger -

mlcal
actor (

Water
column

Am
drum

. Turbine

,P­
Air r

steam- 0

Propyl,., __r::
lIed

Deionized water -

To iIIustrole the use of the WAR Algorithm, consider on

ocrylic-ocid'production pracess designed to produce 50,000

m.t./yr of acrylic acid (Figure 1). The pracess catalyticolly ox'

idizes propylene with air to form acrylic acid, and severol byprod'

ucls (acetic acid, hydrogen, waler and carbon dioxide) [4]. Three

alternative design scenarios were considered: a base case (Unit

300) and!wo alternative designs (Units 301 and 302).

In the bose case (Unit 3OO), the reactor operales at 310·C. The

emuent is quenched in on adiabatic Rosh drum with a substontial

recycle stream (98%). The Rosh-drum vapor emuent is stripped

with deionized water to recover any residual acrylic acid.

The vapor effiuent From the stripper is delivered to an incinerator.

The liquid emuent from the Rosh drum is mixed with liquid emuent

from the stripper; 98% of this mixed stream is recycled to the Rosh

drum for quenching. The non-recydect liquid emuent is sent to a

liquid-liquid extraction unit, whene the organics one extracted with

a solvent mixllJre of diisopropyl ether IDIPE; 87 mol%) and waler.

The aqueous emuent, whichcontoins small amounts ofacetic acid,

acrylic acid and DIPE, is disfilled to recover purewaler, which is con­

sidered a waste (since it is not deionized, it cannot be reused in the

pracess). The acids and DIPE are recycled bock to the extraction col­

umn. Theorganic effiuent from theextraction tower is sent to solvent­

recovery column and then to on acrylic-acid distillation column. The

~nal acrylic acid product is 99.9 mo1% pure.
In this design, there is no consumption of DIPE. Rather, the initial

charge of DIPE is completely recovered within the pracess.

Environmental Manager

F'OURE 1. The WAR Algorithm was used to identify several waste- FIGURE 2. The design changes discussed above

L-m_l_n_im_i_z_al_ia_n_r_o_u_le_s_f_o_r_th_e_a_c_ry_I_IC_.a_c_id_p_r_O_c_"_SS_S_h_o_w_n_ab_o_v_e al_le_r_Ih_e_o_u_t_p_u_la_"_d_9_e_n_e_ra_t1_a_n_p_E_I_,_as_Sh_o_w_n_he_ne_-l )11

given process, the rate ofPEl of all the

input and output streams, iin and~

respectively. must be calculated. for
the input streams. this is done by cal­
culating the PEl rate of each individ­

ual input stream, i Win), and then

adding the individual values to get iin'

For the output streams, this is done by

calculating the PEl rate of each indi­

vidual input stream. i (i/out). and

then adding them to get iou,' For each
stream, i, the PEl rates of the individ­

ual input and output streams are cal-



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 ofMENs
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 specilica-_
.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 compositit1S

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 operation4 Stream 2 is al­
ready undergoing such an operation (stripping)

,es._1
e SlnI<

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 ofMENs
In a mass-exchange network, the
waste streams are referred to as
sources and.unit operations. inclll(iing
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 ofaMEN typicalIy relyonmass­
exchange equipment - including ab­
sorbers, strippers, liquid-liquid extrac­
tion units, adaorbers, ion exchangers
and leaching systems - which separate
and concentrate the waste streams. I
Mass-separating agents (MSA) - in­
cludingsolvents 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 ofthe useful components.

Boundaries represent
operaUng coatralnts

•Reactor
Strum not •associated . Separatorwith "ash DRn

Aa'"
4

• • • ~Stream 1 Stream 2 'Naste• mam

Environmental Manager

FIGURE 3 .. In a source-sink diagram, the mass fraction of the
target species is plotted against flowrate. As sho.wn, Stream A
can be recycled directly back to the flash unit

Process Integration
The PI methodology considers the in­
tricate relationships among flow
streams, unit operations, operating
parameters, and perfonnance 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-
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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
potential by ingestion; human-toxicity
potential by inhalation or dermal ex­
posure; aquatic-toxicity potential; ter­
restrial-toxicity potential. The weight­
ing factor, Ok> allows us to assign
relative importance to each of the
eight categories. A default value of 5
for Ok can be assumed, but it can be
adjusted between 0 and 10 to better
represent the process and locale.

r: Values for'l"jk can be obtained from
a database developed by the authors,
or from the database within the
ChemCAD IV chemical-process simu­

I lator. The Box on p. 118 shows how
I the WAR Algorithm improved an
L acrylic-acid process.
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J---------- We Made A Long Story -

FIGURE 50 In this mass-plnch diagram,the curves on the kIft show the ability oftwo different masa-sepal8Ung agents(MSA) In a given Ill.OS'HXclIange unit toremove Pollutant X from a given wastestream or streams. TIle composite curveon the rlght showa the range of feasibilityfor removing PolIUlllnt X from a combina­lion of streams. TIle plnch point (wherethe two curves are closest) shows thebest point at which to apply the MSA op­lions for removing Pollutant X,from aneconomic and thermodynamic 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.

used to identify streams that can be
combined and then recycled. For in­
stance, in Figure 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 ia 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
unies 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 ofa sink also provides infor­
mation as to which units can be usedto 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.

Environmental Manager

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 thatsink. For sinks that have variable con­
centrations, an average composition ia
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
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be illustrative. In that figure, 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. •
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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

For More Information. Circle 101

• 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 mnltiple

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.

iiIlI In general, streams with higher tar-

get-species compositions or higher
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Simulators: The Generalized Waste ~
Reduction (WAR) Algorithm-Full Version

Heriberto Cabezas*, Jane C. Bare, and Subir K. Mallickt

U.S. Environmental Protection Agency, National Risk Management Research Laboratory
Sustainable Technology Division, Systems Analysis Branch

26 West Martin Luther King Drive, Cincinnati, Ohio 45268, USA

Abstract - A general theory for the flow and the generation of potential environmental impact through a chemicalprocess has been developed. The theory defines six potential environmental impact indexes that characterize thegenerationofpotential impactwithin aprocess, and the output ofpotential impact from aprocess. The indexes are used. to quantifY pollution reduction and to develop pollution reducing changes to process flow sheets using processsimulators. The potential environmental impacts are calculated from stream mass flow rates, stream composition, anda relative potential environmental impact score for each chemical present. The chemical impact scores include acomprehensive set of nine effects ranging from ozone depletion potential to human toxicity and ecotoxicity. Theresulting Waste Reduction methodology or WAR Algorithm is illustrated with two case studies using the chemicalprocess simulator Chemcad ill (Use does not imply USEPA endorsement or approval ofChemcad ill).

lN1'RODUCTION
There is currently a great deal of interest in the
development ofmethods that can be used to prevent or at
least minimize the generation ofpollution; and there are
numerous efforts underway in this area (Lederman and
Weber, 1991; EI-Halwagi, et ai. 1992; Fonyo, etai., 1994;
Rossiter, 1995; Manousiouthakis and Allen, 1995;
Mallick et ai., 1996). This interest stems from the belief
that pollutionprevention 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
manufacturing, these pollution prevention methods take
the form ofan effort to designprocess 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
NationalRiskManagementResearchLaboratory, 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 ofthe
early work in this area
This paper presents a generalization of the WAR

* Corresponding author; Fax: 513-569-7111; E-mail:
cabezas.heriberto@epamail.epagov

t Post Doctoral Research Fellow, OakRidge 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 THEORY
Potential environmental impact is the unrealized effect or
impact that the emission ofmass and energy would have
on the environmentonaverage. It is, therefore, essentially
a probability function for the realization of a potential
effect. Thus, the potential environmental impacts of
chemicalmanufacturingprocessesaregenerallycausedby
the energy and material that the process takes from or

. emits to the environment. Potential environmental impact
is a conceptual quantity that cannot be directly measured,
i.e.• there are no potential environmental impact meters.
However, one can calculate potential environmental
impactfrom related measurablequantitiesusingfunctional
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 canbe calculated
from temperature and pressure by the use of heat
capacities and equations ofstate. Exactlyhowto 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 ofmass and energybalances along
with thermodynamics, chemical reactionengineering, 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 ofthe flow ofpotential environmental impact
in and out ofthe processes. This flow ofimpact is related



(5)

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 ofchemical 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, i.e.,
lJrf=O forallproductsj. These assumptions are consistent
WIth the objective of this paper which is to present a
methodologyfor waste reduction, i.e., theprimaryconcern
is reducing the impact and the amount of the non­
products. The broader implications of Equation (I),
including other impact indexes for which lJr/O for
products j and further conjectures on the implications for
sustainability, will the subject offuture publications.
The first index of the first category of indexes (impact
generation) is obtained by solving Equation (2) for i
and adding the superscnptNP for:t{on-J:roducts to gift;',

"NP "NP "np
Ig", = I.", - I'n (4)

where jNP and iNP are the potential environmental
.'" m

impacts due to non-products, i.e., pollutants in the outputs
and inputs, respectively. Equation (3) is used to give

I· . . fi I' NP d I'NPwh allexp lett expresslOns or OIU an Ut ere
components, products and non-products, are included in
the summation, but where lJr.=O for all productsj which
effectiv~Jt;,removes all prod~ts from thes';'llllll"tion. The
index, I , measures the total rate at which the process

. generad;'potential environmental impact due to non­
products (NP). i;: has units ofpotential environmental
impact generated per time.
The secondindex, j NP, ofthe first eategory is obtained by
dividing Equation mby the rate at which the process
generates products to give a specific impact generation,

(2)

(1)

o-i-i +i- in olll gfln

to the mass and energy flows but it is not equivalent to
them. The impact conservation equation is

dI . . .
~=I.-I+Idt III out g~n

where I t is the potential envir"onmental impact content
inside aProcess, ii, is the i:Jput rate of impact, i,., is the
oUlputrate ofimpact, and Ig.. 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 i ,can, in fact, be negative.
For steady state processes, tt'e conservation equation
reduces to,

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. 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 ofthis work which
is the chemicalprocess plant rather than agtoballife-cycle
type of analysis. The expression relating potential
chemical environmental impacts to measurables is

which implies that no potential. environmental impact
accumulates in the system. Also note that Equations (1)
and (2) serve as definitions ofthe function iK!"

The significance ofpotential environmentallDlpacts can
be better understood by considering the following
definitions. Ifone were to dump into the environment all
of the mass and energy flows entering a process, the
resulting impact on the environmentwould equal to II' ; 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 andchanges in
state conditions (temperature and pressure), II' is never
exactly equal to I,." and consequently Ig.. is never
exactly equal to zero for steady state processes.

...

where the sum overj is taken over the streams of input i
or output i, the sum over k is taken over all chemicals k, i

l
is the rate of potential environmental impact either in
(i=in) or out of the process (i=out), /') is the rate of
potential environmental impact for stre~ j which may be
an input or an output, M(~ is the mass flow rate ofstream
j which may again be either an input or an output, xkjis
the mass fraction ofchemical k in stream j, and lJr

j
is the

overall potential environmental impact of chemical j.

. ".(,) ". (~"I, = L..Jj = L.JM. L.JXk·lJrj + ...
. . J L l

J J •
(3)

where thesumoverpis takenoverall theJ?roductsp, and P
p

is the mass f[owrate of product p. I: measures the
potential impact created by all non-products in
manufacttlring a unit mass of all the products p. The
index, jNP, has units ofpotential environmental impactgM
per mass ofproducts.
The third index of the first category, i:fNP. is obtained
from Equation (5) by setting the potenti~vironmental
impact (Wj ) of all products to zero and that of all non­
products to one. This has the effect ofassigning the same
potential environmental impact to all non-products. The
index, i:f;:, is a measure ofthe mass inefficiency of the



which is related to the pollution index ej>. of Hilaly and
Sikdar (1994) by,

where the summation is taken over all products n. M;:
measures the amount of non-product or pollutant mass
emitted in manufacturing a unit mass of products, and it
has units ofnon-product mass per mass ofproducts. It is
also a mass inefficiency measure.

Significance ofImpact Indexes
. 'NP ANP "NP

The first category of mdexes, e.g., Igo.' Igm , and Mg,.,

characterize some aspects of the generation of potential
environmental impact within a manufacturing process.
They are most useful in addressing questions relatedto the
internal environmentalefficiency ofthe process plant, i. e.,
the ability ofthe plant to produce desired products while
creating a minimum of new, undesired potential
environmental impact. It is important to note that once

(10)

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

W} = :E lX,W;'1
I

where the sum is taken over categories of potential
chemical environmental impacts, e.g., Ozone depletion
potential, human health, etc. listed below under
Classification afImpacts. lX, is a relative weighting factor
for impactoftype Iindependent ofchemical j, and W;., is
the specific potential environmental impact of chemical
j for an impact of type I. lX, has units of potential
environmental impact per mass.
The relative weighting factor lX, allows Equation (10) to
be customized to specific or local conditions. The
suggested procedure is to initially set all the lXc's to same
value of say one, and to allow users to vary individual
lX, 's from 0 to 10 according to local needs and policies.

new potential environmental impact is created, resources
such as potentially costly remediation effortswill likely be
required to prevent the potential impact from bein?
realized. Obviously, the smaller the values of i NP

, i H
,

d MANPth • all ffi' thKU' KU'an e more enVlIonment ye clent e process,
and, atr.;thers factors such as economics being equal, the
more desirable. i HP would be useful in comJ)aring
different designs o~'an absolute basis, while i P and
M;:'would be useful in comparing different ~esigns
inaependently ofmanufacturing plant size.
The second category of indexes, e.g., jNP , i HP

, and.. NP olll Out

M"", 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, i.e., the ability of the plant to produce
desired products while inflicting on the environment a
minimum ofundesired potential environmental ~act. It
is again obvious that the smaller the values of j oJ, r:,.. liP 0... 0 ...

and Moo, the more environmentally efficient the process,
and all other factors such as economics being equal, the
more desirable it is. Since i;: is a total rate of impact
output, it could be useful in deciding whether a given
plant is compatible with a particular sileo For example, it
would be unwise to locate a plant with a high i".: in an
ecologically sensitive area. i: could also b; used in
matching the size of a plant to the capacity of the
surroundinJi, environment to dissipate environmental
impact. i.", and M::: are more useful in comparing the
potential environmental impact of alternative processes
independently of plant size.

CHEMICAL ENVIRONMENTAL IMPACf
Applicationofthe methodology so far developed requires
that the potential environmental impacts ofchemicals be
estimated. Further, it is required that a relative impact
number WI be given for each chemical j over a wide
range ofdifferent 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 ofnormalization.

(6)

(7)

(9)

(8)

process, i.e., it gives the ratio of mass converted to an
undesirable form to mass converted to a desirable form.
The ., MA HP.

express~onJ.or glm IS

" M(o"') " HP _ "M'(,n)" Hp
L..J j L..J X,} L..J} L..J X,}

UNP = j k j k

KU' :E Pp
p

where the summation over ~(O"') is. taken only over
output streams, the summation over M(uo) is taken only

. t dth .} HP. takover mpu streams, an e summation over x,} IS en
onlv over all non-products k in stream j. The units of

A liP
M • are mass of non-products per mass ofproducts.
TIfe first index ofthe second category ofindexes (impact
emission) i: is simply the total rate of potential
environmental impact output due to non-products. i: is
calculated from Equation J3) subject to ljr.=O for all
products j; The index, t: 'is a measure ot the rate at
which the process emits potential environmental impact,
and it has units of potential environmental impact per
time. .
The secondindex ofthe second category, i:';, is obtained
by dividing the rate of potential environmental impact
output due to non-products by the output rate ofproducts
to give,

AHP _ 'HP/" •low - IOlit LJPp
p

The index, i;:, has units of potential environmental
impact per mass of products. This expression gives the
pollution index <I> of Mallick et al. (1996) which
measures the potential environmental impact emitted in
manufacturing a unit mass of products.
The third index ofthe second category, M:';, is obtained
from Equation (7) by setting the potential environmental
impact (tjI.) of all products to zero and that of all non­
products t~ one. The resulting expression is,



CASE STUDY #1: MEK PRODUCTION
To illustrate the use of the generalized WAR Algorithm,
a case study from the production ofmethyl ethyl ketone
(MEK) from secondary butyl alcohol (SBA) is presented.
The case study was adopted from the Chemcad m
(Chemstations, Inc.) chemical process simulator, and all
the material and energy balances were performed using
Chemcad m. However, any commercial process
simulator couldhave been used. This case study presents
atypical chemical engineering process for the production
of a commodity chemical that involves several unit
processes such as reactors, separators, mixers, dividers,
and heatexchangers. It is, therefore, sufficiently complex
to illustrate the WAR Algorithm but still treatable within
the space ofthis paper. Essentially, the chemicalprocess
consists ofa 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 ofMEK 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 reactorwhere the chemical transformationoccurs.The

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

(11)

H2 MEK SBA H2O
"'_UI

V;" 0 0.42 4.1E-4 0 @

N2 Ax CH4 NH3 Figure 1. Base process flow diagram for the production
ofmethyl ethyl ketone from secondary butyl alcohol.

V', 0 0 7.4E-3 0.93

There are nine different impact categories. These can be Table 2: MEK Production Flow Summary (kg/br)
subdivided into four environmental physical potential Input & Output: Base Process
effects (acidification, greenhouse enhancement, ozone

Stream #1 #2 # 12 #13 # 14depletion, and photochemical oxidant formation), three
(State) (L) (G) (L) (L) (G)

human toxicity effects (air, water, and soil), and two
ecotoxicity effects (aquatic and terrestrial). SBA 3362 19 3 2670 1
The normalized chemical scores used in the two case
studies presented in the next sections are given in Table MEK 0 0 567 13 . 71
1 above where H2 is hydrogen, MEK is methyl ethyl
ketone, SBAis secondarybutyl alcohol, H2O is water, N2 H2O 8 0 0 0 8

*Use by the authors does not imply endorsement or H2 0 18 0 0 0 aolapproval by the U.S. Environmental Protection Agency.

Classification ofImpacts
The classification ofchemical environmental impacts and
the values for the (Score), jwere adopted from the study
of Heijungs et al. (1992)* and normalized according to
Equaticn(ll)toobtainthe 1Jr;','s. Inthecalculaticn of <(Score),).
and 0., the chemical scores for dioxin, chromium VI, and
vinyl ~oride 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 1Jr; I for these three chemicals would appear as
outliers which theyJ in fact, are.

(Score);,/
V~ = ,<=_.,.-;-)..::L:-

(Score), j + 20/

where (Score)'J is the relative score of chemical i on
some arbitrary scale within impact category j,
(Score),).is the arithmetic average of the scores of all
chemicals) i within impact category j, and 0/ is the
standard deviation of all the chemical scores in impact
category j. The normalizing factor (Score),) +20.
assures that about 75% of the normalized chemic£! scor~
numbers V;" will be between 0 and 1 irrespective .of the
statistical distribution of the initial scores as expected
from Chebyshev's theorem(Lapin, 1975). lithe chemical
scores happen to follow a normal distribution, then the
normalization range extends to approximately 95% ofthe
scores.

Table 1: Normalized Chemical Impact Scores

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 effortunderway in our research group to develop more
sophisticated methods ofdetermining values for the ex,'s.
The values for the 1Jr;', were obtained from the relative
rankings or scores for chemicals by normalizing
according to,

....

li>Ii



reactor output stream is sent to a heat exchanger where it

is partially condensed. The mixture ofMEK, hydrogen,

and unconverted SBA is cooled further and sent to a

separatorwherethe hydrogen is flashed off.Thehydrogen

is then scrobbed 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 ill are listed in Table 2 above.

Modified Flowsheet

Examination of the base process indicates that waste

stream 13 contains large amounts ofunreacted SBA and

small amounts ofMEK. 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 ofa recycle from

The process modification increasedtheamount ofproduct

by approximately 73% while reducing the amount of

waste SBA in stream 18 by about 20%.
It is important to note that an examination ofTables 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 aquantitativecomparison oftheoverall

waste andenvironmental impactreductionassociatedwith

each ofthe 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 inTable 4 below. Note that increasing

the recycle increased the amount of product by 269%

while simultaneously reducing the amount ofwaste SBA

in stream 13 to zero.

Table 4: MEK Production Flow Summary (kg/hr)

Input & Output: Modified Process (1 00% Recycle)

Stream # I # 2 # 12 # 14
(State) (L) (0) (L) (0)
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Stream #1 #2 #12 #14 #18
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Table 3: MEK Production Flow Summary (kg/hr)

Input & Output: Modified Process (50% Recycle)

Figure 2. Modified process flow diagram for the

production ofmethyl ethyl ketone from secondary butyl

alcohol.

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 (lO), and the

normalized chemical impact scores of Table 1. The

relative weighting factors, a" were all setto onefor these

calculations.
The first category indexes, i.e., the impact generation
. d 'NP ol1P -NP h F'
IU exes, I ,I ,and M_., are s own on 19ure 3

~ JV> .-.• NP
below. It should be noted that M • is a negative number

since some of the input mass :; always converted to

product, and the products are not included in the

summation ofthe outputs. The specific indexes, J::: and

Mg
NP

, were multiplied by a factor of 100 so that th~
~

.~

could be shown on the same scale as the rate indexI .

The second category indexes, i e., the impact oJiPut
. °NP "Nt' ... HP • •
IUdexes Ia"" I , and M... , areshown IUFlgure4. The

specific index I":: was multipliedby afactor of!000, and

thespecificind~ M~:was multipliedby a factor oflO so
0... -NP

that they could both be shown on the same scale as I ....

The largest source ofuncertainty in the calculation ofthe

impact indexes is the environmental impactscores. 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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MEK 0

H2O 8
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stream 13 to the feed, stream 1. Two cases were studied

withthis modification, recycling 50% and 100%ofstream

13. Recycling 100% ofstream 13, i.e., closing offstream
18, is appropriate for this illustration. But, it is clearlynot

practicalbecausestream 18 is the only liquidwaste stream

in the modified process and the only means ofpurging the

systemofliquidimpurities. Without thispurge, impurities

would build up inside the process causing it to eventually

cease to function. Figure 2 above shows the flow

diagram for the modifiedprocess. 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

..



i2l Base Case ~ 50% Recycle
tsI 100% Recycle

Figure 3. Impact generation indexes for the production
ofmethyl ethyl ketone from secondary butyl alcohol:I;: in impact units per hour, I::: in impact units per
kilogram ofproduct, and -M::: in kilograms of .
pollutants per kilogram ofproduct.

Implhr Implkg xE2 -kglkg xE2

impact output from non-products perkilogram ofproduct
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 ofimpactand 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 generationpermass ofproduct index discussed
in the paragraph above. TItis decrease is also a reflection
ofthe increased productivity ofthe plant.
The decreases in the indexes are sufficiently large such.
thattheyrepresent significantreductions inpollution. 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 ofa much larger market without
increasing its generation or its output of potential
environmental impact. Italso 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.

o Base Case 121 50% Recycle
~ 100% Recycle

Figure 4. Impact output indexes for the production of
'NPmethyl ethyl ketone from secondary butyl alcohol: I ..

in impact units ofpollutants per hour, i::'; in impact
units ofpollutants per kilogram ofproducts, and if:::
in kilograms ofpollutants per kilogram ofproducts.

Implhr Implkg xE3 kglkg xEI

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 III (Ch.emstations,
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 ch.emical 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 ofthis paper.

Base Flowsheet
Figure 5 shows the base process flow diagram for the
process. Essentially, the overall process is based on the
reaction ofnitrogen and hydrogen to produce ammonia.
The mixture ofhydrogen and nitrogen is compressed and

Figure S. Base process flow diagram for the production
of ammonia from synthesis gas.
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DISCUSSION OF CASE STUDY #1
The impact generation indexes ofFigure 3 showthat: (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 ofnon-products
generatedperkilogramofproduct remains nearly constant
at -100. The most significant index in this case is the
impact generated per kilogram ofproduct. The decrease
oftbis index reflects the increase in the productivity ofthe
plant, i. e., the increase in product flow rate.
The impact output indexes ofFigure 4 show that: (1) the
rateofimpactoutput from non-products decreases by 11%
for 50% recycle and by 17% for 100% recycle, (2) the



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 diflicultto do. This flash drum also serves
to separate the ammoniaproduct 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 III are all listed in
Table 5.

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 themodified process
with reduced pt;rge 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 againbuild up inside the process,
and it would eventually cease to function. Stream 24
which consists ofessentially pure ammonia is mixed with
stream 19 to form a new product stream, stream 26.

Table 5: Ammonia Production Flow Summary (kglbr)
Input & Output: Base Process (purge Ratio =0.1) @

Stream # I #17 # 19 - Pro(ad
....

(State) (G) (G) (L) /9

N2 33,334 5060 187 M"uu

Ar 603 428 176 0
Coo!ttFud

H2 7196 1120 13

CH4 805 700 112 ®
NH3 0 3696 30453 Flus

DMier

Diviitt

HtrtXu

Table 6: Ammonia Production Flow Summary (kglbr)
Input & Output: Modified Process (Purge Ratio =0.02)

Stream #1 #17 #19
(State) (G) (G) (L)

Modified Flowsheel
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, 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 ofthe ammonia.

33,334 1162

603 199

N2

Ar

H2

CH4

NH3

7196

805

o

281

446

856

217

404

16

351

38001

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

Themass flow rates and the state ofthe 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 ofproduct 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 ofwaste ammonia instream 25 was
reduced by 91%, and the amount oftotal waste in stream
25 was reduced by 78%, both compared to the base case.
As compared to the reduced purgeprocess, the additionof
the flash drum increased the amount of product by a
meager 1%, but it reduced the amount ofWaste ammonia
by 61% and total amount ofwaste by 18%, both in stream
25. Therefore, the principal effect of adding the flash
drum was the reduction ofwaste.

Table 7: AmmoniaProductionFlowSurnmary (kglbr)
Input & Output: Modified Process
(Purge Ratio =0.02 & Flash Drum)

Stream # 1 #25 # 26
(State) (G) (G) (L)

Figure 5 shows the configuration ofthe flow diagram for N2 33,334 1162 217
the reduced purge modified process which is identical to

Ar 603 199 404that ofthe base process. The mass flow rates and the state
of the .input and output streams for the reduced purge

H2 7196 281 16modified process are listed in Table 6. The process
modification increased the amount of product by CH4 805 447 351
approxiroately 25% while reducing the amount ofwaste
ammonia in stream 17 by about 77%. It is worth noting, NH3 0 335 38,521
however, that there was ansmall increase in the impurities j.of
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An examination ofTables 5, 6, and 7will again showthat
waste was generally reduced, that the amount ofproduct
made was increased, and thatenvironmental impact ofthe
process was probably also reduced. However, one finds
that it is not sufficient to allow a quantitative comparison
ofthe 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 werecalculated 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 (IIwere all set to one for these
calculations.
The first category indexes., i.e., the impact generation

°NP "'NP ... tiP .
indexes, I .,I , and M .' are shown on Figure 7. Itp ~ A~ •

should be noted that M is a negative number since8M '
some of the input mass IS always converted to product,
and the products are not included in the summation ofthe
outputs. The specific index,I:~: ' was multiplied by a
factor of 10,000, and the index, ill~:, was multiplied by
a factor of1,000 so that they coula'both be shown on the

'NPsame scale as the rate index I....

" 3500..
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~ 1000~1~~~!~~~~~~1g 500
Q.
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Imptflf Implkg xE4 -kglkg xE3

o Base Case: PR=O.1

~ PR=O.02
&'l PR=O.02 & Flash

Figure 7. Impact generation indexes for the production
of ammonia from synthesis gas: i'::: in impact units per
hour, jNP in impact units perkil~gramofproduct,
and-ill: in kilograms ofpollutants per kilogram of
product PR is the purge ratio.

The second category indexe; i e., the impact output
• 'NP -'liP -Nr h . .
mdexes, I I' I ... , and M I' are S own m Fll!Ure 8.ou 0_ ANP Of.! ... 'fIp
The specific index I.

Ul
and the specific index M.., were

both multiplied by a factor oflO,OOO so that they could be
'Nrshown on the same scale as I
oUl

•

The largest source ofuncertainty in the calculation ofthe
impact indexes are again the environmental impactscores.
These measurements are probably accurate to no more
than one significant figure or an order ofmagnitude, 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 allow readers to reproduce
the calculations ifnecessary.

4000
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~ 3000
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~2000

6 1500~~~II~~ii~~~~~iJ 1000

~ 500-0
Implhr Implkg xE4 kglkg xE4

~ Base Case: PR=O.1

~ PR=O.02

&:'l PR=O.02 & Flash

Figure 8. Impact output indexes for the production of
ammonia from synthesis gas: F:: in impact units of
pollutants per hour, i: in impact units ofpollutants
per kilogram ofproducts, and ill:: in kilograms of
pollutants per kilogram ofproducts. PR is the purge
ratio.

DISCUSSION OF CASE STUDY #2
The impact generation indexes ofFigure 7 showthat: (I)
the rate ofimpact 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
productdecreases by 8I%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-l 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 ofthe waste productand to
a smaller extent the increase in the productivity of the
plant, i.e., the increase in product flow rate.
The impact output indexes ofFigure 8 show that: (1) the

. rate ofimpactoutput from non-products decreases by76%
when the purge ratio is decreased from 0.1 to 0.02 and by
9I% 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 kilogram ofproduct
decreases by 8I% 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 by all the indexes. The most significant index



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 ofthese
are beyond the scope oflhis paper which is to present the
basic generalized waste reduction or WARAlgorithm ani!
to illustrate its use. Engineering Economics and
ComputerAided Process Design are the subject ofpresent
and future research, and they are included here only for
completeness and to aid interested readers applying the
method and furthering the work.

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 drivenby 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 consistentdecrease in the impact generation per mass
ofproduct and impact output per mass ofproduct (81 % to
93%) implies that the modified plant can meet the needs
ofa 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 ofproduct
indicates that the modified plant will lose less valuable
material in its operation.

Engineering Economics
Whenever a process is modified to reduce waste, there is
a consequent change in the economics associated with it.
Economicchanges are generally due to: (I) the addition or
removal ofcapital equipment, (2) an increase or decrease
in energy consumption, (3) a change in the rate of
consumption offeed materiar; and (4) a change in the rate
ofproduct 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 designprocedures, is to require that the sumofthe
capital and operating costs should not increase with
proposed process modifications from the base
configuration. This can be expressed as,

[c + C ] ~ [C + C ]
o C Bare 0 C Modified (12)

where Cois 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 AidedProcess Design
While it is often possible to devise pollution reducing
modifications from an inspectionoftheprocess 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 ofEquations
(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 ofproduct given
by Equation (7) subject to keeping the total cost from
increasing. This can be expressed as,

Mi .. "'NP _ IANP(M" (out) NP NP NP'. m,m,ze IoOl - oul ,~ ',", ,•••,;l;. ,1:.) (13)

subject to Equation (12) where M"Olis the vector ofmass
flowrates for all the output streams, ;l;NPis the vector of
mass fractions for non-product comporient i in all output
streams, and E. 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 (Grossmann, 1985;
Grossmann, 1990) here.

CONCLUSIONS
A general theory and a methodology for incorporating
pollution reduction into chemical process designhas 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 ofa 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 ofsetting values
for the impact weighting factors or a,·s. The reason is
that the a,'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 humanjudgement in determining
any number ofdesign 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
Capital costs associatedwith a chemical process,
monetary
Operating costs associated with a chemical
process, monetary
Potential environmental impact content of
system, impact
Potential environmental impact input rate,
impactlhour
Potential environmental impact output rate,
impactlhour
Potential environmental impact generation rate,
impactlhour
Potential environmental impact flow ofstreamj
input (i=in) or output (i=out), impactlhour
Potential environmental impact generation rate
by non-products, impactlhour
Potential environmental impact output rate due
to non-products, impactlhour .
Potential environmental impact input rate due to
non-products, impactlhour
Specific potential environmental impact
generation from non-products, impact! kilogram
Specific output of potential environmental
impact due to non-products, impactlkilograrn
Mass flow rate ofstrearnj, input (i=in) or output
(i=out), kilograrns/hour
Vector of mass flowrates for all output streams,
kilogramslr hour
Specific generation of non-product mass,
kilogramslkilograrn
Specific output of non-product mass,
kilogramslkilogram
Mass output rate of product p, kilograms/hour

Vector of mass flowrates for all products,

kilograms/hour

Mass fraction ofchemical k in stream j

Mass fraction of non-product kin streamj

Vector of mass fractions for non-product

component i in all output streams,

kilogramslkilograms

<1., Chemical independent relative weighting Jactor

for impact of type I, impactlkilogram

<1>. Pollution index, kilogramslkilogram

OJ Standard deviation of all chemical scores in

impact category j, no units

Overall potential environmental impact of

chemical j, impactlkilograrn

Specific (s) potential environmental impact of

chemicalj for impact oftype I, impactlkilograrn

(Score)jjRelative potential impact score ofchemical i for

impact of type j, no unit

«(Score)j/;Arithmetic average ofthe scores for all

chemicals i in impact categoryj, no units
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BULLETIN HIGHLIGHTS

Benefits of an EMS based

on OlE concepts

Real-world examples of

benefits from the

Acushnet Rubber

Company

ALso IN THiS BULLETIN

What is an EMS?

Facility profile of

Acushnet

Using
Design for the Environment

. . Concepts
in Your EMS

An En,ironmental Management System (EMS) can pro'ide a company "ith a

systematic way to improve its operations ior bener environmental periormance.

\~"hile an EMS supplies the basic management framework, EPA's Design for the

Environment (DiE) Program pro'ides guidance and tools to help companies

achieve continuous environmental improvement. The DiE approach encourages

companies to consider environmental and human health risks in all business

decisions. Inaddition, ir encourages companies to evaluate cleaner processes,

technologies, and workplace practices.

Why Establish aDtE-Based EMS?
A DiE-based EMS provides a company with opportunities to go "beyond

compliance" and save money. The DiE approach can help a company meet the

objectives of its EMS by promoting the evaluation of cleaner production

alternatives. By implementing these alternatives, a company can continuously

improve its environmental performance.

In addition, an EMS encourages the systematic evaluation of each area of the

company's operation. An E;\[S can provide the following benefits:

Tony Melin end Ray lelievre of
IIil Achusbnat Rubber Company

discuss tbeir facility's EMS.

•

•

•

improved worker health and safery

reduced costs - greater efficiency means fewer materials used and less

time and energy wasted

increased business opportunities - customers may start requiring their

suppliers to have an EMS
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Abstract
Th~ U.S. Environmental Protection Agency (EPA) has funded
a pIlot project t6 assist small and medium-size manufacturers
who want to minimize their generation of waste but who lack
the expertise to do so. In an effort to assist these manufactur­
ers Waste Minimization Assessment Centers (WMACs) were
estabhshed at selected universities and procedures were
adapted from the EPA Waste Minimization Opportunity As­
sessment Manual (EPN625f7-88/003, July 1988). That docu­
ment has been superseded by the Facility Pollution Prevention
Guide (EPN600/R-921088, May 1992). The WMAC team at
the University of Tennessee pertormed an assessment at a
plant that manufactures electroplated bumpers and miscella­
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 prol.ect tha~ 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

• un~er~ty of.T~. Department of Engineering Science and Mechanics
• Umverslty City Science Center. Philadelphia. PA

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. PAl 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
facturlng.plants and also have the knowledge and skills needed
to minimiZe waste generation.

The pollution 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 $75 million. employ no more
than 5~O 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
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, t.~e WMACs follow the

@ Printed on Recycled Paper
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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 (EPN62517-881003. July 1988).
That document has been superseded by the Facility Pollution
Prevention Guide (EPN600/R-921088, 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 bottling. The team's report, detailing findings and
recommendations, indicated that carbon dioxide and ethanol
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 01 louisville. Department 01 Chemical Engineering.
··University City Science Center. Philadelphia. PA.

Introduction
The amount of waste generated by industrial plants has be­
come an increasingly costly problem for manufacturers and an
additional slress on the environment One solution 10 the
problem of waste generation is to reduce or eliminale the
waste at its source.

i
University City Science Center (Philadelphia. PAl 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
Louisville's WMAC. The assessment teams have considerable
direct experience with process operations in manufacturing
plants and also have the knowledge and skills needed to
minimize waste generation.

The pollution prevention opportunity assessments are done for
small and medium-size manufacturers at no out-<lf-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 $75 million, 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.

@ Printedon ReqcJed Paper
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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 (PEl) 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. 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.

The model developed for this project is the Risk Reduction Measurement Model

(R2M2). The model is based on earlier 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:

1. Global warming potential,

2. Acid rain potential,

3. Photochemical oxidation potential,

4. Ozone depletion potential,

S. Aquatic toxicity potential,

6. Terrestrial toxicity potential,

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, ~, which introduces the probability to the calculation of potential environmental

impact. The parameter ~ is used to account for the reduction of risk of release ofchemicals

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 8131199



lllIi

ill 3.

• 4.

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:

I. The lISE Project assumes that environmental risk is an appropriate parameter
for measuring P2/CP progress.

2. 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.

3. US EPA's "WAR" algorithm is suitable for use in the lISE 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.

4. Not all of P2/CP assessments will use the R2M2. Where lISE-targeted
chemicals are not present, a waste loading model, MTM, will be used.

The following recommendations are proposed for the next steps in the P2ICP
portion of the lISE project:

I. The lISE 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.

2. The R2M2 conceptual model should be fully developed into a user-friendly tool
that can be used by the P2/CP personnel of the lISE 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
lISE 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 lISE project participants.

001800n ii &/31199



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 lISE (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 lISE
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 ofpollution prevention I cleaner production (P2/CP) technologies.

A fundamental task of the project is to conduct in-plant P2/CP assessments. The
lISE project will result in the conduct of P2/CP assessments at 400 firms and a 20%
reduction in pollution. To accomplish this, a "baseline" mest 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 lISE-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 of28 chemicals (RP 28) from
RA 6969 and the Priority Organic Pollutants (POPs) list. These chemicals are listed in
Table l.l. (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 ofthe waste streams, or does not contain chemicals likely

to be added to the list of targeted chemicals in any ofthe waste streams.

1.3 Purpose of Report

This report documents how R2M2 will be used as the key P2/CP measurement tool

for the lISE 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 lISE 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 lISE 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 ofchemicaJ~, 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.
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Table lot-lISE Target Chemicals

Chemcial Category

Aldrin POPs

Arsenic RP28

Asbestos RP28

Benzene RP28

Beryllium RP28

Cadmium RP28

Carbon Tetrachloride RP28

Chlordane POPs

Chlorinated Ethers RP28

Chlorofluorocarbons RP28

Chloroform RP28

Chromium RP28

Cyanide RP28

DDT POPs

Dieldrin POPs

Dioxins POPs

1,2-Diphenylhydrazine RP28

Endrin POPs

Ethylene Dibromide RP28

Ethylene Oxide RP28

Furans POPs

Halons RP28

Heptachlor POPs

Hexachlorobenzene RP28 & POPs

Hexachloroethane RP28

Lead RP28

Mercury RP28

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 of28 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 lISE
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 (PEl). The impact of chemicals found in industrial processes and in
their associated waste streams is evaluated for several different impact categories. These
include:

1. Global warming potential,

2. Acid rain potential,

3. Photochemical oxidation potential,

4. Ozone depletion potential,

5. Aquatic toxicity potential,

6. Terrestrial toxicity potential,

0018000 2-1 8131/99
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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 cal~gories. The remaining four

represent local toxicological impact categories.

The PEls for input and output streams are evaluated separately. For example, the

PEl 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 PEl is determined for each chemical in each waste stream. The PEl

of the process is the sum of the PEl for all the chemicals in all the waste streams of the

process.

The PEl 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 (LDso). 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

ofa 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 'P. 'P is calculated by dividing each chemical score by the average of all the

chemical scores within that category. (The database currently contains chemical scores for

over 1600 chemicals.) Therefore, it is not the absolute 'P v'alue for each chemical that is

important, but rather, the chemical's 'P value relative to other chemicals' 'P 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 'P are potential environmental impact (PEl) 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 Cl, is a value between zero and ten. The parameter Cl is dimensionless. For

purposes ofthe lISE, Cl is proposed to have a value of I for all categories.

The overall PEl per kg of chemical j, 'Pj , IS calculated using the follov.~ng

equation:

where the summation k is taken over all impact categories.

(1)

001800n
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The overall PEl of the process, Ioub is given by the following equation:

I = "1("') = "M(w,," x.'l'
0/11 L..- I L..- I L..-'J j

i i j

(2)

where the summation i andj are taken over all waste streams and chemicals, respectively,
I~oul) is the PEl of waste stream i, M~oul) is the mass flow rate of the waste stream i in units

ofkg per time, and xij is the mass fraction of componentj in waste stream i. The units of
lout are PEl/time.

2.3 R2M2 Description

One of the limitations of the WAR algorithm is that the relative risk or probability
... ofenvironmental 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 fonner situation represents a higher
risk than the latter. For the lISE project, risk reduction is a key objective for the P2Iep
program; progress measurements, therefore, should be a function in tenns 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 PEl in a process can be reduced if a
waste stream can be more effectively managed.

The introduction of a risk coefficient, 13, is proposed to modifY the WAR equation.
Incorporation of 13 modifies the result of the WAR algorithm to yield a tenn PEI*, which
can be called "risk-reduced potential environmental impact." The overall PEI* of a
chemical is given by the equation:

(3)

The PEI* of the process is calculated using Equation 2. An example of the
II 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 dennal exposure; 13 can be llsed to distinguish the relative
risk of a hazardous solvent andlor metallic pigment in the breathing zone of the worker
versus the case where the worker wears PPE. Thus in this case, a 13 value less than I
(assumed for PPE usage in that the risk of exposure to the user is reduced) would reduce
the net PEI* level. A value of 13 can be assumed for each relevant environmental impact
category.

IoiII In general, 13 would be assigned a value of I in the baseline scenario. If a process
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change (or housekeeping change) is made, the value of 13 would be adjusted to a value less
than I 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 13 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

ioIiI 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 13 value for the disposition/exposure is retrieved.
Then, each chemical is identified, and its 'P 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 logic 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 ofR2M2

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 carriers

IIIi and volatize to the atmosphere. Output 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-

1l1li
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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

67.2 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 PEl* 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 PEl* ofthe alternative is 0, and the PEl* 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 ~ to 0.5.

The annual PEl for Alternative 2 is 3,800.

The third alternative is to combine Alternatives 1 and 2. The annual PE1* for

Alternative 3 is 2,900. This represents a 36 percent reduction in annual PEl 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 CO2adsorbs

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 S02'

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.

Ozone Depletion Potential Ratio of the rate at which a unit mass of chemical reacts
with ozone to form molecular oxygen to the rate at
which a unit mass ofCFC-11 (trichlorofluoromethane)
reacts with ozone to form molecular oxygen. The
chemical must contain a chlorine or bromine atom.

Aquatic Toxicity Potential The inverse ofthe lethal concentration that produced
death in 50% of a representative species of fish. t

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.It

Human Toxicity Potential by Inhalation The inverse ofthe time-weighted average (TWA) of the

or Dermal Exposure threshold limit value (TLV).~

Notes:
t The source of the lethal concentration that produced death in 50% of a representative

species offish, fathead minnows, (LCso) is AQUlRE, ECOSAR, Parger's Ellvirollmelllal

Contaminant Reference Handbaok, 1995, and Handbook ofEnvironmelllal Data 011

Organic Chemicals, by Karel Verschueren.

tt The source oflethal-dose that produced death in 50% of rats by oral ingestion (LDso) is

Sax's Dangerous Properties ofIndustrial Materials, by Richard J. Lewis, 3rd Edition, the
Hazardous Substance Data Bank, and the Registry ofToxic Effects ofChemical

Substances, edited by Doris V. Sweet.

~ The source of the time-weighted average (TWA) of the threshold limit value (TLV) is 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 R2M2 Beta Values

Impact Category
Condition HTPI HTPE ATP TIP GWP ODP PCO AP

Process Pollution Control
PPC-1 Replace Paint Booth Water Curtain

wi 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 0.9
PPC-3 Combine PPC-1 and PPC-2 0.7 0.7 0.5 0.5 0.9 0.9 0.9 0.9

Waste Management Practices
WMP-1 Install Secondary Containment 1 0.7 0.5 0.5 1 1 1 1
WMP-2 Install L;necK valves on water

Supply System In Vicinity of
Process Waste Lines 0.5 0.9 0.9 1 1 1 1 1

WMP-3 Install Pressure Relief Valve on
Pressure Vessel 1 0.5 1 1 0.7 0.7 0.7 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 1 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 I Implement Waste

iHandling Procedures 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

otes:
HTPI =Human toxicity potential by ingestion
HTPE = Human toxicity potential by inhalation or demeral exposure
AlP = Aquatic toxicity potential
TIP = Terrestrial toxicity potential (same method as HTPI)
GWP = Global warming potential
ODP = Ozone depletion potential
PCO = Photochemcial oxidation potential
AP = Acid rain potential
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Table 2.3-Example Calculation: PEl of a Painting Process

Waste RP28/lPsi Values (impacUkg chemical) IBeta Values (dimensionless) I l:~"'I' X X l:~"'I' M PEl

Case Stream Chemical POPsl HTPI HTPE ATP I TTP GWPIODPI peo IAPI HTPI HTPE ATP TTPIGWP ODPIPeo AP[impacVkgchemical (%) (impact/kg) (kg/year) (impact/year)

Baseline
voe Toluene n 0.0781 0.0004 0.0645 0.078 1.157 1 1 1 1 1 1 1 1 1.4 19.6% 0.270 101.4 27

voe 1,2,4·Trimethylbenzene n 0.0781 0.0024 0.2863 0.078 2.466 1 1 1 1 1 1 1 1 2.9 2.2% 0.064 101.4 6.5

Pigment Zinc Oxide n 0.7632 0.0591 0.001 0.763 1 1 1 1 1 1 1 1 1.6 5.3% 0.084 67.2 5.6

Process PEl

40

Alternative: Use of a High Acrylic Coating that does not contain targeted compounds

INcne I I I I I I I I r I 0

Process PEl

0

PEl Reduction Between Alternative and Basollne
_.. 100%

Notes:
HTPI = Human toxicity potential by ingestion

HTPE = Human toxicity potential by Inhalation or demeral exposure

AT? = Aquatic toxicity potential

TIP = Terrestrial toxicity potential (same method as HTPI)

GW? = Global warming potential

ODP = Ozone depletion potential

peo = Photochemclal OXidation potential

AP = Acid rain potential
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Table 2.4-Example Calculation: PEl" of a Kerosene 8ath Process

Notes.
HTPI = Human toxicity potential by ingestion
HTPE = Human toxicity potentiai 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

I Irp28/1PSi Values (impacUkg chemical) IBeta Values (dimensionless) I l:P,,'l' II X I, X l:P"'l':)1 M II PEl
Case Chemical POPs I HTPII HTPEI ATPI TTP I GWP IODPI PCOI API HTPI IHTPEIATPITTPI GWPI ODPI PCOI APl(impact/kg chemical (%) (impact/kg) (kg/year) (impact/year)

Baseline
IKerosenel n I 0.081 aI 0.11 0.08 1 0\ 01 01 01 1 I 1111 1 11111 1 111 0.3 199.0%1 0.278 I 16,158 I 4,499
Process PEl" 4,500

Alternative 1: Covering Bath, Moving out of direct Sunlight, extends life of Kerosene and maintains volume such that bath is replaced every 40 days instead of 30 days.
IKerosenel n I 0.081 010.110.081 01 01 01 01 1 I 11111111111111 0.3 199.0%1 0.278 I 12,119 I 3,374
Process PEl" 3,400

Alternative 2: Workers begin wearing PPE (gloves and respirators) when handling material In bath and treated Bamboo stock.
IKerosenel n / 0.081 0/ 0.11 0.08/ 0/ 01 01 01 0.5 I 0.5 1 1 I 1 1 1 1 1 I 1 '1 I 0.2 199.0%1 0.236 I 16,158 I 3,809
Process PEl" 3,800

Alternative 3: Combine Alternatives 1 & 2
IKerosenel n I 0.081 01 0.11 0.081 01 01 aI 01 0.5 I 0.5 1 1 I 1 I 1 I 1 I 1 I 1 I 0.2 199.0%1 0.236 I 12,119 I 2,857
Process PEl" 2,900

PEl Reduction Between Alternative 3 and Baseline .__._._--- PEl Reduction = 36%
"I_~_·:".

OO\800o:<b 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 R2M2.

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 lISE-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 lISE Project assumes that environmental risk is an appropriate parameter
for measuring P2/CP progress.

2. 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.

3. US EPA's "WAR" algorithm is suitable for use in the lISE 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.

4. Not all of P2/CP assessments will use the R2M2. Where lISE-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 lISE project:

1. The lISE 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.

2. The R2M2 conceptual model should be fully developed into a user-friendly tool
that can be used by the P2/CP personnel of the liSE 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.

...
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3.

4.

...

....

MSE should be authorized to further expand the beta table, consulting with the
lISE 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 lISE project participants.

..
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