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Executive Summary
 

A priority of U. S. international policy, as carried out by the U.S.Agency forInternational Development (A.I.D.) and other U. S. Government agencies, is theimprovement of the environment in developing countries. The United States,because of the preeminent state of it environmental technology and know-how,is in a particularly good position to assist developing countries with this task. 

The relatively primitive state of the ability of developing countries to manage
their environments is reflected in the low levels of information and analyses ofenvironmental problems and abatement strategies in those countries. In theUnited States, environmental information systems are very advanced. In fact,U.S. technology is unsurpassed in environmental software and hardware thatsupport environmental assessment, data handling and analysis, planning,

enforcement, and reporting.
 

This report briefly assesses the application of U.S. environmental information
technologies to the needs of developing countries. It describes the kinds ofenvironmental problems for which enviornmental software has been developed,it describes illustrative software packages developed by U.S. industry and thensuggests a series of activities USAID might take to accelerate the applicaiton ofthese technologies to developing country environmental problems. 

The U. S. environmental software industry has available over 500 software programs. All the areas of technology are covered that may be needed toservice the needs of developing countries in every stage of industrialization. Ofcourse, software programs are in English and are tailored to the U.S. industrial economy with its advanned regulatory environment so some, translation and

adaptation is required.
 

The environmental problems and needs of developing countries vary withindustrial development. At the lowest level of development, the needs are forpotable water and sanitation. At the mid level, these needs are augmented bysome industrial pollution, especially air and surface water. At the higher levelsof industrialization, the country typically experiences the same high levels ofindustrial pollution as the U.S., including vehicle discharges, hazardous waste,and toxic substances often arising from urbanization and industrialization. 

Expenditures for environmental purposes arise from driving forces within the
country. These driving forces were surveyed for seven Latin Americancountries representing all levels of development. The Government was found todrive expenditures through increased enforcement, new laws and regulations,improving infrastructure, and increased priorities due to citizen demand
especially where democratization had taken place. The private sector wasfound to drive expenditures where a market economy had arisen which led toeconomic growth, privatization of nationalized plan'ts and industries that hadbeen immune to environmental regulation, modernization of industry in 
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preparation for promotion of exports, and, again, public pressure for an

improved environment leading to action by industry.
 

All the expenditures arising from these drivers in every country result in needs

for environmental software. 
 These needs include the support of projects from
the design stage through permitting, construction, operation, and compliance

monitoring. There is also a need in every country surveyed to obtain software to
aid in data handling, decision making, enforcement, and planning, and to

support policy at the Minister of Environment level. This key function can best
be supported by an environmental compliance management system (ECMS)

tailored to the laws and regulations of the country. 

The environmental software available in the U. S. has been surveyed and

categorized. A total of 532 software packages were included in the survey. The

twelve categories selected were not exclusivo. 
 That 	is, many software
packages had capabilities in more than one category. The results of the survey
 
are as follows:
 

* 	 mQrei .SytM - 27 software packages ranging from $5,000 to
$100,000. Includes capabilities for environmental compliance

management with varying numbers of data bases, modules, and
 
capabilities.
 

SMoingSystems - 186 software packages ranging from $50 to $20,000.
Includes hazardous substances management and modeling of

contaminant transport in water (surface and ground) and in air dispersion

modeling.
 

* 	 Daage Systern - 155 software packages in the $400 range.Includes input, storage, and retrieval of data, graphical presentations and 
analysis of trends. 

SMonitoring $yster - 76 software packages ranging from $5,000 to
$100,000. Includes tracking of exposure data, emissions, operations, etc.,

generation of reports to regulators, and warning of abnormal functioning.
 

Design S - 44 software packages ranging from $250 to $25,000.
Includes analysis of process modifications, control alternatives, and project

tracking for regulatory compliance.
 

* Assessment - 68 software packages ranging from $500-$1500.
Includes calculation of chronic and acute risk posed by environmental
 
parameters, both continuing (stack emissions) or sudden (highway spill)

and protocols to be followed to comply with human health and
 
environmental standards.
 

gReferen c Material. 76 software packages in the $40/hr to $2,000/yr.

range. 
 Includes data bases for chemical properties, toxicity, environmental
 
effects, hazardous materials and regulations.
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&poring Systems - 153 software packages ranging from $200 to $500.Includes compliance report generation and general reporting. Often a partof a larger program such as environmental compliance management 
systems. 

Calcu*lat.io B e - 186 software packages varying in cost. Includes vanous calculations such as human health effects, process design cost,
equipment sizing, etc. Often included in other packages. 

S Enforcemnj. Systems - 67 software packages varying in cost. Includesdetermination of compliance with regulations for inspections, training,
tracking, etc. 

SManagement and Administrative Systems - 6 software packages rangingfrom $3,500 to $100,000. Includes tracking of purchase orders, chemical
inventories, shipments, and files. This capability is also included in other 
comprehensive packages such as environmental compliance 
management systems. 

sQ= Systems - 24 software packages ranging from $450 to $1000.
Includes budgeting, equipment crjst, and cost estimating. 

The study shows that the U. S. has the environmental software to meet theneeds of the developing countriers. The needs of the govornments to deal
effectively with environmental data, support policy decisions, and enhanceenforcement (compliance management) is a key entry for U. S. software thatcan set the stage for penetration of the other environmental software markets. 

The U. S. environmental software industry is diverse and fragmented. The U.S.
Government could play a role in catalyzing industry activity to speed applicationof U.S. technology in developing countries. The following suggestions are in
order of increasing funding: 

Help with marketing by including environmental software in the scope of
the Environmental Training Institute that brings foreign executives fromboth government and industry to the United States for briefings on
available export technology. 

Help with technology transfer by funding the pilot installation of an
environmental compliance management system in a mid industrialized 
developing country such as Chile. This would be a "Beta Site" andwould provide a test bed and showcase for this application. Thisrequires translation of the software into the appropriate language, and
tailoring to support local laws and regulations. 

Help with environmental software export by working with existing or new 
U.S. institutions to: 

http:Calcu*lat.io
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1. 	Support joint projects with each host country and the software
 
provider for the translation, tailoring, and support of the
 
environmental software required.
 

2. 	 Create and operate a multi-lingual database of available U.S. 
environmental software for use by developing countries. 

3. 	 Support shows, expositions, and seminars in key export 
regions. 

4. 	 Create and operate an opportunities database for U. S. 
software companies using information amassed from U. S. 
embassy sources. 

5. 	Operate an international users group of U.S. software to 
maximize long-term effectiveness. 

6. 	Provide consulting advice to potential users in developing
countries to aid them in selecting the software that they require. 

7. 	 Support training and seminar visits in the U. S. for key
executives from developing countries. 
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I. Introduction 

A priority of U.S. international policy as carried out by the U.S. Agency for
International Development (A.I.D.), the Department ofState, the Department of

Commerce and other U.S. Government Agencies is the improvement of the global
environment. U.S. environmental technology is preeminent in software and hardware
that supports environmental assessment, data handling and analysis, modeling,planning, enforcement, compliance and reporting. This technology can be applied to
developing countries around the world where it can positively affect the global

environment and enhance U.S. exports.
 

I.A. Background and Purpose 

The main problems of developing countries have been poverty, need for infrastructure,
industrialization, and existence of command economies. Recent moves toward
democratization, privatization, and market economies have nurtured the emergence ofenvironmental consciousness in many developing countries. This has been
enhanced by increased trade making these countries a part of the world economy and,therefore, a part of the world environment. This change has created a need for use ofadvanced environmental technology in developing countries, and an opportunity forAmerican technology to fill that need. Nowhere is the need greater and the U.S.technology more preeminent than in environmental data management. 

Great strides have been made in economic and political spheres in developing

countries. At the same time, high population growth rates, emerging industrialization,

urbanization, and pollution have put great demands on the environment. These
demands have not been met, and, as a result public health, quality of life, and the
natural environment have all suffered. 
 The response in many countries has been the passage of environmental laws which seek to improve the situation. This trend is
being accelerated by emerging requirements for environmental improvement by trade
 
partners, the World Bank, and their own populations.
 

Developing countries need help to improve their environment. In addition, the
industrialized world, including the United State3, needs the cooperation cf developing
countries to protect the global environment. Global environmental concerns including
climate changes due to the greenhouse effect, dep!etion of the ozone layer,deforestation, and safe management of hazardous and toxic wastes can be met usingprograms designed to assist emerging economies in developing sound environmental 
programs. Idealiy, these programs will promote environmental and economic
partnerships rather than dependency on foreign aid from the industrialized worldincluding the United States. Assistance programs that build strong, independent
economies in developing countries hold the greatest promise for creating a healthy,growing global economy benefiting all countries. Building economic partnerships
among the private sector in developing countries promotes prosperity at home andabroad. Mutual benefits in terms of worldwide economic growth and preservation of 
our global natural resources can be obtained by exporting existing environmental
products and technological expertise from the United State to developing countries. 

The United States began developing regulations for protection of the environment in 
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the early 1970's. Today these regulations encompass all contaminated media and span the range of environmental problems. Developing countries looking for
assistance in finding solutions to environmental problems such as air and waterpollution, industrial waste management, construction of secure landfills, and treatmentof contaminated soil can benefit from expertise readily available in the United States.For this reason the United States Agency for International Development is
investigating ways of helping to export existing United States products and technologyto Asia, Latin and Central America, the Carribean, the Commonwealth of Independent
States, and Africa. Environmental computer software and technology is an excellent 
candidate for technology transfer. 

The purpose of this report is to provide an overview of environmental software
available in the United States and describe potential applications to assist developing
countries with their environmental problems. Examples of typical environmentalneeds in developing countries that can benefit from use of environmental software are
described. Over 500 environmental software programs have been identified withapplicability to a wide range of environmental problems. The range of environmental
software programs available is presented along with the range of environmentalproblems they address. The study results are given, followed by conclusions of thestudy and recommendations for future projects in environmental software by A.I.D. 

.B. General Description of Advanced Computer Technology thein 

United States 

a. Scope of Available Software 

Environmental software began to appear on the market around 1985. There were
approximately 50 programs available at that time. Many of these programs weregenera! software programs that were repackaged and sold as environmental software programs. Since that time the number and sophistication of environmental software programs has increased dramatically. There are a wide variety of environmental
problems that have been addressed by developers of environmental software in the
United States fueled by ongoing environmental regulations, health and safety
requirements, ,Ind high cost of environmental liability. 

Currently there are hundreds of environmental software programs available. Each year environmental software progresses technologically making systems more
functional and user-friendly through increased use of menus, self-help features, on­screen recognition commands and flexible report-writing tools. Managers are
bocoming more accustomed to using computers in their daily work to assist in solving
the regulatory compliance problems that are an important part of all industrial 
operations. 

Environmental software has become popular because it reduces the time needed to
complete labor intensive tasks associated with organizing, searching and generatingreports using large amounts of information. For example, leaks, spills, and human 
exposure occur in all industries using hazardous chemicals. In the event of anaccidental toxic chemical release, plant managers need fast access to information on 
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the toxicity of the released substance and how it will disperse under variousconditions. This information can be readily obtained using computerized systems thatare designed to store and retrieve detailed information on emergency procedures,warnings, storage criteria, handling methods, and cleanup of hazardous materialreleases. Searching for information on a specific hazardous material by hand is veryslow compared to using a computer. Once the emergency is under control, softwareprograms are available that automate preparation of incident reports and maintainhistorical references on the corrective action measures taken. 

All industries are required to monitor the handling of hazardous materials and plan foremergencies resulting from use of these materials. To remain in compliance,
companies of all sizes must meet the requirements of pertinent regulations and
amendments. As a result, a large number of compliance products have been
designed to help users interpret and meet the requirements of a particular set of
regulations. Generally, compliance software helps users with environmentalregulations by providing a framework for data entry and manipulation or by providingaccess to regulatory text in a cross-referenced, accessible format. Typically, programsthat perform data manipulation also allow users to generate forms that must be
maintained and submitted to a regulatory agency. 
 Data for these reports can becollected by a corporate office from several facilities, analyzed, and summary reportsgenerated. This type of software is tied to specific regulations in the United States
such as SARA Title l1l, OSHA's Hazard Communication Standard (HCS), and RCRA
compliance and, therefore, could not be used directly by other countries with differentregulatory requirements without tailoring. This category of software is discussed topresent typical uses since compliance with regulations is an integral part of anycountry's environmental program. Custom application software could be developedon a country-by-country basis to include the text and requirements of their regulations.This would help the country to cope with the increasing stream of environmentalregulations by standardizing the collection of data on disks or tapes for reporting
purposes. The same computer software format could then be used to acceptadditional data and generate managemenit reports needed by the institutionoverseeing the environment in the developing country in advance of the promulgationof specific regulations. In this case, the data would serve to scope the problem and bethe basis for regulatory design and enforcement structuring. This may be one of theearliest payoffs from new technology that developing countries can take in starting to
address their environmental needs. 

In addition to using computers to help environmental managers cope with thecomplicated requirements of environmental laws and standards, they are also beingused to assist with information management, handling, and dissemination of materials.Typical tasks relegated to computers include tracking of employee medical and 
exposure histories, recordkeeping for employee training, and maintenance ofreference source information on hazards in the workplace (e.g., material safety datasheets). Other categories of environmental software include programs for air, land,and water pollution, industrial wastewater, chemicals and hazardous wastes, andgeneral environmental database management. The range of functions performed bythe programs include site assessments, hazardous material ranking, public andprivate wastewater disposal, modelii.g and simulations for solid and liquid wastes, riskreduction at hazardous waste sues, diagnosis of system breakdowns, monitoring of 
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emissions and process performance from an environmental standpoint, maintenance
of records and report generation for permits and management analysis, and othercompliance activities. Comprehensive environmental management softwarepackages are available that combine the benefits of several stand-alone programs tosolve problems associated with identifying sources of pollution, tracking waste,
performing data analysis, and report generation. 

One classification of environmental software, called advisory control software, !s aimedspecifically at the chemical processing industry. This software combines operating
procedures, hazardous operation analysis results, optimization procedures, and
environmental regulations, with real time and historical data from control systems,

computer systems, and management systems. The software is designed to
intelligently identify trends and problems and give uperators on-line advice to manage
day-to-day operations and prevent problems that can cause environmental 
degradation or genterate hazardous waste products. 

Advisory control software assists plant mangers in making decisions during potentialenvironmentally threatening occurrences. For example, the fuel oil spill t ',at occurredin the New York Harbor on New Year's Day, 1990, due to operator error, might havebeen prevented with advisory control software. An operator was monitoring a pipelinein New Jersey for a major oil company when the control system signaled a possibleleak. Rather than following an emergency procedure from an operating guide written
for that plant, the operator decided to ovorride the alarm at least three times allowing

500,000 gallons of oil to flow into the harbor. The operator said he did not follow the
 emergency procedures because the manual was too hard to understand and used

alternative measures instead.
 

This example shows that existing process control technologies sometimes do not go

far enough to protect the environment. Procedures developed for avoiding plant
emergencies and environmental threats are sometimes not implemented. 
 Advisorycontrol systems address such emergency needs by providing on-line, real-time expertadvise that is available at all times. Use of these systems can help operators analyze
and validate alarms, recommend process improvements in daily operation, draw from
 a wide range of plant information resources, and provide on-line advise that can
prevent costly and environmentally damaging mistakes that inexperienced operators

might make. 

Some enterprises will benefit more than others from the use of environmental
software. In some enterprises the number of chemicals is so small as not to warrant any efforts to automate the material safety data sheets themselves. However, for quickemergency response and for government recordkeeping requirements, somecomputerized inventory is helpful. Smaller enterprises and small health and safetyoffices can benefit by using one of the many specialized software packages thathandle material safety daia sheets and other occupational health informnation needs. 

Computerization forces a standardization of reporting and recordkeeping. This isbeneficial because it establishes a baseline set of data that can be used to trackenvironmental issues both from the level of the enterprise tracking the iniormation aswell as by the regulatory agency responsible for enforcing environmental standards. 
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Initially, this requkes data entry of information that was formerly recorded manually.
There may also be a need to customize a software package to match the particular
needs of an industry or agency. 

When a spill occurs like the one in New York Harbor discussed above, or whenchemical are released to the environment over time as from a smelter stack, a risk iscreated to the exposed population and to the environment. Software is available that 
accepts all parameters associated with the emission and estimates the chronic andacute risk expected. The software has the ability to predict the resufts of exposure as afunction of time. These programs may also predict the effect on risk for various
remedial actions. These results are used to guide the selection and design of 
emergency response acticns or remedial designs. 

Modeling programs are also used to predict the extent of contamination for chemicalsreleased to the environment. This may include prediction of the movement of toxic
chemicals in the vadose zone (air filled soil above the water table), contamination of
the water table, or movement with the water table toward existing or planned wells.Modeling programs can also be used to guide site investigations and to evaluate the
effectiveness of alternative response actions. 

Monitoring programs may be used to monitor response actions such as off-shore oilspills, to organize data after a cleanup or during a pump-and-treat remediation, to
follow ihe course of the project, and to predict the outcomes and schedules. Other 
programs can support facility design, follow construction scheduling, prepare budgets,
and follow cost generation. 

There are other speciaiized software programs that provide input data to support many
of the other programs outlined above. These include chemical toxicity data, chemicalproperty data, and regulatory data. In addition, there are special programs of limitedapplication such as sizing of sewer lines and prediction of rain runoff volumes. 

b. Discussion of hardware, operating system and software requirements 

Environmental software vendors produce software that is useful to the widest range ofcustomers possible. The software is designed to run on many kinds of computers tomarket to the largest client base. Physically, software can be delivered in several
forms. Programs are most often sold on 5.25-inrh or 3.5-inch diskettes for use with
personal computers. Most software is designed for use on IBM compatible or AppleMacintosh computers since these computers are most widely available to potential
users. Software packages are also available for mainframe or mini-mainframe 
computers. Mainframe and mini-mainframe applications are more likely to be custom 
programs designed to meet the needs of particular users. 

Software that provides access to large amounts of information, such as regulatory text 
or chemical lists, is usually purchased on compact disks and accessed using acompact disk reader. The compact disk reader is a piece of hardware that is either
built into the computer as an internal drive or attached as an external drive. Thecompact disk drive allows information to be read only, not changed or updated. Huge 
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volumes or information can be stored on compact disks allowing convenient, speedyaccess to large bodies of information that would be cumbersome on paper. A majorissue for the industry has been the effort and cost required for input of archival andexisting information into a system. Current technology allows for optical scanning forinput, but there is a limitation in the ability to search and retrieve the data. A moresophisticated optical character recognition (OCR) technology is starting to take holdwhich allows for significant improvement in saarch and retrieval capabilities. 

Many environmental software vendors offer compliance programs for personalcomputers equipped with modems. The modem allows communication by telephone,setting up a network between the software provider and the end user. Thisconfiguration allows many users to access the same database from various locations.A company could store its chemical inventory on a disk in a database for selectedemployees to view from other locations using their personal computer. This sameapproach could be used on multiple-terminal mainframe or mini-mainframe computer
systems. 

Some vendors maintain their databases at a central facility and for access by modem.In this situation the company using the database would p~y a yearly subscription feedepending on the number of employees using the system and the amount of time 
spent online. 

Complance software packages vary in purpose, capability, and how they are sold.Software programs sold on diskettes for data entry and manipulation usually have aone-time purchase price. Vendors typically offer maintenance and updating servicesthat may or may not be included in the initial price. CD-ROM software, on the otherhand, usually is sold on a subscription basis, with regular updates offered as theinformation becomes obsolete. Online access to commercially maintained, offsitedatabases accessible by modem also are marketed on a subscription basis. Themethod used depends on the ndeds of the company, organizational structure, and 
staff. 



IC. Competitive Software in Other Developed Countries 

Environmental software is available in other developed countries, but appears to be inthe early stages of development. Gerald Rich has been doing an annual review ofavailable environmental software for Pollution Engineering magazine since 1985.When asked about the existence of environmental software in other countries hecommented that he has received many requests from other countries for aenvironmental software directory that he publishes, but he was not aware of much
available environmental software from these countries. 

An article in Datprnatiorl states that Germany istaking the lead in Europe inapplication of computers to onvironmental problems. The article states that othercountries were working on environmental problems as well, but Germany was theleader. The driving force for development of environmental software is due in largepart to political pressure brought to bear by the Greens, an environmental action groupwhose concerns have come io be espoused all over Europe. The Greens haveadvertised problems with pollution inthe Rhine River, chemcal imbalances in theNorth Sea, air pollution in major cities, and continued erosion of the Black forest due toemissions and acid rain.The European Center for Medium-Range Weather Forecasts(ECMWF) in Reading, U.K. have developed a computer simulation to offer predictionsabout the effects of such practices as burning coal and oil. Professor Harold Sverdrupof the University of Lund in Sweden has been active in applying predictive riskassessment models for addressing global environmental issues such as acid rain in
Scandinavia. 

Outside the government research realm, private industry in Germany is also interestedin applying computer technology to help monitor, simulate and, in some cases, repairdamage that has already been done to the environment. This has created a marketdemand for hardware and software expected to grow at a rate of 40 percent per year. 

WRc, located in Buckinghamshire, England, has developed a software program, calledAARDVARK, for interpretation of water quality data. WRc has also been involved inreview and development of mathematical models to predict the behavior of organic
pollutants in the environment. 

While this review has, of necessity, been somewhat superficial, the conclusion is clear.The United States is preeminent in environmental software technology. 

(1) Trautman, Peggy, "Systems Solution to Pollution" Datamation, Oct. 1, 1989, 72-1,
72-2. 
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i. Environmental Needs in Developing Countries 

The environmental problems in developing countries are predictable, although theyvary in type and severity depending on the level of industrial development. Alldeveloping countries experience environmental problems with air pollution,inadequate sanitation, waste water, diminishing freshwater resources, soil erosion,solid and hazardous waste disposal, and deforestation. These problems extend to theinternational community through climate changes, acid rain, ozone layer depletion,
pollution of the oceans, and changes in biodiversity. Of particular concern is thepotential for global environmental damage that could result from continued operationof numerous unsafe nuclear power plants such as those present in Eastern Europe
and the former Soviet Union. 

Developing countries need help from industrialized nations if they are to develop in away that does not irreparably damage the planet. They need financial assistance, butalso they need access to advanced technologies being developed in industrializedcountries. For these reasons international environmental issues have become a majorforeign policy issue for the United States and other countries as well. The UnitedStates is becoming involved in a growing number of international environmental programs such as the Framework Convention on rlimate Change and the U.N.Conference on Environment and Development's Agenda 21. The environment was amajor factor in the negotiations over a North American Free Trade Agreement (NAFTA)and environment and trade linkages are being discussed in working groups in theOrganization of Economic Cooperation and Development and the General Agreement 
on Tariffs and Trade. 

The World Bank is supporting development of an institutional and policy framework forenvironmental and natural resource management. Multilateral and bilateral aid for theenvironment is increasing for the developing world. The Global Environmental Facilityhas been formed by the World Bank to fund global environmental projects. In addition,business organizations such as the Business Council for Sustainable Development,
the International Chamber of Commerce, and the U.S. Environmental Technology
Export Council are taking a growing interest in the global environment.
 

These programs are designed to manage global environmental problems by forgingpartnerships between industrialized and developing countries. Much of theenvironmentally sound technology used worldwide has been developed as aresponse to U.S. environmental standards and regulations, and policies. U.S.environmental technology and expertise, resident in the U.S. private sector, ispreeminent inenvironmental protection, energy efficiency, renewable resources andother clean energy production and use. 

Based on global interest for protection of the environment the U.S. Agency forInternational Development is in the process of developing a proactive environmentaland energy program to promote public and private partnership activities worldwide.This program would serve to apply U.S. know-how to global environmental andenergy problems by funding environmentally sound projects in developing countries.This program provides the benefits of creating more jobs in the U.S., increasing 
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exports of U.S. environmental technology and services, and protecting and improving

the environmental conditions in developing countries.
 

II.A. Environmental Needs by Industrial Development Level 

Table 1 shows a summary of environmental needs in developing countries by level of
industrial development. Developing countries with a low level of industrial
development such as Nepal, Paraguay, and 
 Sudan are generally characterized as
having government ownership of major industries, few environmental regulations, and
little enforcement activities. In general, countries in this category are opening their
markets and are experiencing a rapid increase in urban population. 
 The majorenvironmental problems in these countries are associated to poor potable water
quality, often the result of improper sewage disposal practices. Also their environment
is stressed through improper agricultural practices such as slash and burn techniques
to prepare land for farming. The population is struggling to produce enough food to
support itself, often at the expense of the natural resources. The environmental
problems in these countries for the most part are not industrial, although there may be
isolated point sources of pollution due to wastewater discharges.
 

Developing countries with a moderate level of industrial development such as
Venezuela, Philippines, and Singapore are generally characterized as having
ongoing market reforms, semi-privatization of major industries, development of some
environmental regulations and enfor-ement activities, and a rapid increase in urban
populations. 
Countries with moderate level of industrial development have increasingproblems with industrial wastewater discharges, air pollution, and some hazardous

waste treatment and disposal.
 

Developing countries with high level of industrial development such as Taiwan andMexico are characterized by increase in economic growth, strong move towards
market economy, tendency to privatization of major industries, existence of
environmental regulations, and moderate to increasing environmental enforcement.
Environmental problems faced by these countries are domestic and industrial water
pollution, air pollution, solid and hazardous wastes, and ecological deterioration.
 

When dealing with solutions to environmental problems in the developing countries, ingeneral, the decisions are made in the absence of environmental information.Collecting and processing basic data is a need that requires immediate attention.Some of the priorities for monitoring pollution and waste problems are: 

* Quality and availability of drinking water and sanitation facilities* Exposure to air ambient pollutants, specially particulate matter and lead, in urban 
areas 
* Fecal coliform and heavy metals in rivers and lakes
* Indoor air pollution from the burning of biomass
* Hazardous wastes and pesticides in selected "hot spots" 

The use of environmental software tools may be of great help in these countries.These tools would allow the establishment of a baseline for existing environmental 
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Cateories 


Category 1 


High Level of Industrial Development 
(e.g.,Korea,Mexico,
Brazi, India) 


Category 2 

ModeraModerate Level of Industrial Development
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(e.g., Venezuela, Philippines,

Argentina, Singapore, Chile) 
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Low Level of Industrial Development
(e.g., Nepal, Paraguay, Indonesia, 

Ecuador) 


Gneral 
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Market Reforms, Open Markets
Privatization of Major Industries 
Existence of Environmental 


Regulations
Moderate/Increasing Environmental

Enforcement 


Rapid' -rease in Urban Populations 


Market Reforms Underway
 
Semi-Privatization of Major Industries

Environmental Regulations Being
Developed 

Moderate to Little
Environmental 

Enforcement 

Rapid Increase in Urban Populations 

Opening Markets
Government Ownership of Major

Indusfries 
Few Environmental Regulations 


Little Environmental Enforcement
 
Rapid Increase in Urban Populations
 

General Environmental 
ifwarNed 

Typical media AffectedManagementica med ate,nd 

Air, Water. Solid Waste, and

Hazardo.s Waste 

Typical Media Affected IncludeAir, Water, anu Solid 

Waste 


Typical Media Affected Include 

Air and Water 

Data Management 
and AdministrativeReporting
 

Modeling

Design
 

Reference Materials
 

Risk AssessmentEnforcement 

Data ManagementReporting
 
Modeling
 

Reference Materials
 

Data Management
 

Reference Materials 

i-A
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resources. Monitoring water quality, for instance, would help to determine which areasare more polluted and would provide information to be used by the governments in the
allocation of resources. 

II.B. Driving Forces for Environmental Software Market In Developing

Countries
 

A recent survey of six developing countries assessed environmental market conditionsin those countries. The main drivers for their environmental markets were, in theprivate sector, the improvement in the economy, privatization of government-owned
businesses, and the shift to market economies. Inthe government sector, the driverswere new laws and regulations, increased enforcement, high priorities, and severe
national environmental problems, often due to inadequacies in infrastructure.
 

The response to these drivers were different for countries in different stages ofdevelopment, with the greatest need and greatest spending in the most developed
countries. The more spending on environmental problems in a country, the more the

need and opportunity for environmental software.
 

A survey of six South American countries, Argentina, Brazil, Chile, Colombia, Mexico,and Venezuela, showed that all had environmental drivers in the economy and privatesector. These include, for Argentina, improving economy, privatization and exportpromotion. The impact is that with the expected privatization of steel, power andpetrochemicals, these industries will have to comply with environmental regulations.The planned modernization of these industries to achieve international

competitiveness so that exports can be increased will also boost environmental
spending. Privatization is expected to be a strong driver in Brazil and Mexico as well.
In all countries except Venezuela, the nationalized companies have been practically
exempt from environmental regulation. This ceases as soon as privatization occurs,resulting in the driver. Inthe case of VenezLela, the state-owned oil company, PdVSA,plans to make sizeable environmental spending commitments through 1996. 

The shift to a market economy from a managed economy is also a driver, as iseconomic growth. These are important in Argentina, Brazil, Chile, Colombia, andMexico. These economies respond to public pressure for an improved environment,which occurs in all market economies but is particularly strong in Brazil, Colombia,
Mexico, and Venezuela. 

A final driver is the desire to increase exports. This pressures the economy toupgrade, technically, in order to meet world competition, but also to meet the desires oftrading partners like the United States that they meet minimum environmental
standards. This is particularly true of Mexico and Chile. 

Table 2 shows the results of the survey of the six South American countries. The mostpervasive drivers in the private sectors are: market economy - 4, public pressure4; privatization - 3; improved economy ­ 2; export promotion - 2; andmodernization of nationalized industry ­ 1. This gives 15 entries for the private,
economic sector for a majority of the entries. 



Table 2 Drivers for Environr al Spending 16 

Drivers Argentina Brazil Chile Colombia Mexico Venezuela 

Private Sector: 

Market Economy X X X X
 
Public Pressure X 
 X X 
 X
 
Privatization X X 
 X
 

Improving Economy X 
 X
 

Export Promotion X 
 X
 
Modernization of National Industry 

X
 

Government Sector: 

Improved Envorcement X X 
 X X
 
Government Priority X X
 

Infrastructure Problems 
 X X X
 
Formation of EPA 
 X 
 X
 

New Regulations 
 X
 

Ref: "Environmnetal Market Conditions and Business Opportunities in Key Latin American Countries", U.S.A.I.D. 
- Office of Energy and Infrastructure, October 1992. 
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The otier important environmental market driver is government action, with 14 entries.
The most important action here is improvement in enforcement, including criminalprosecution, with four entries for Argentina, Brazil, Mexico, and Venezuela. This driverresults in expenditures from the industrial sector as they move to comply with theregulations being enforced. The next most important driver, with three entries - Chile,Colombia, and Venezuela, is government priority. This is usually driven by publicpressure, and results in a commitment to action that results in the completion of highlyvisibie projects such as the cleanup of air pollution in Santiago. Environmental salesresulting from this pressure include catalytic converters, low lead gasoline, flue gas
treatment technologies, etc. 

Some of the visible environmental problems arise from inadequate infrastructure. Thisis the case for Chile, Colombia, and Venezuela. Specific examples include the effortto clean up the conditions around Caracas and Lake Valencia. This drives investmentin waste water treatment plants to clean up dead lakes and rivers. 

The creation of an effective governmental body to generate and enforce regulations is 
a driver in Argentina and Venezuela. This action produces the ability by thegovernment to respond positively to the countries' environmental needs, where such may not have been the case without such an organization. Expenditures for allaspects of the environment result in a need by the new agency for technical support.In countries which have such a structure, new regulations can produce a similar result, 
as is the case with Chile. 

The above discussion encompasses all expenditures for environmental purposes.The environmental software market is only a small segment of this laiger market.Software products are available which support the planning, design, construction, andmonitoring of all of the environmental initiatives discussed above. Of particularinterest, however, is the environmental compliance software which helps companies

and their plants to comply with the regulatioi}s and report such compliance to the
regulatory bodies. The drivers that produce regulation, laws, and enforcement result
in the generation of data that must be managed by the regulators. These drivers 
create a need for environmental compliance monitoring by the regulators as well, sothat they can easily determine the instances of non-compliance and respond
appropriately. This is one of the best near-term opportunities provided by the drivers 
discussed above. 

While we have only discussed the driving forces for six South American countries inthis section, we believe that the conclusions and statistics will be the same for a largersample of developing countries. The results for Asia and the more developed parts ofAfrica should follow the same general pattern. The brevity of this study did not permit
the gathering of further data on this point. 
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Ill. General Software Categories 

The range of available environmental software was identified through literaturesearches, review of environmental software directories, and telephone conversations.Descriptions of each software program were collected and categories were developed
to define the range of available programs. The methodology used to locateenvironmental software programs and a description of each software category is

discussed in the following sections.
 

III.A. Methodology for Collection of Available Software 

The range of available environmental software was identified through literature
searches, review of environmental software directories, and telephone conversations.Trade journals periodically publish summaries of environmental software. PollutionEngineering publishes an annual review of environmental compliance software in
January. The author of the Pollution Engineering review, Gerald Rich, also sells a
software program that provides listings of available environmental software. This
 program was obtained, along with another software directory called the Donley
Technology Environmental Software Directory. 
 The Donley directory contains listingsfor over 500 cvironmental software programs. In addition, HazMat World publishes
an annual li"ing of environmental compliance software programs in July. 
Access
EPA, 1992 Edition provided a complete listing of major EPA Environmental

Databases, and the Federal Data Base Finder (Third Edition) is a directory of free &fee-based data bases & files available from the federal government. Information
Systems Inventory (ISI), May 1991, is a sourcebook on approximately 500 of EPA's
current information systems includinq models and and databases. Additional softwareprogram descriptions were obtain through a literature review at the Library of
Congress. A total of 532 unique environmental software programs were identified.
 

III.B. Software Categories 

Each environmental management program was summarized according to softwaretitle, vendor name, address and telephone number, description of software capabilitiesand features, hardware and software requirements, and cost. A computer programwas created to recorJ this information for each software program. After reviewing the range of available environmental software programs, categories were created todescribe, in general terms, the capabilities of the software programs. A total of twelvecategories were defined: (1) comprehensive, (2) modeling, (3) data management, (4)monitoring, (5) design, (6) risk assessment, (7) reference material, (8) reporting, (9)calculation, (10) enforcement, (11) management and administrative, and (12) cost. Inaddition, categories listing the range of environmental p,'oblems addressed by thesoftware programs were also created. The environmental problem categorias arelisted as follows: (1) surface water, (2) drinking water, (3) ground water, (4) industrialwastewater, (5) domestic wastewater, (6) ambient air, (7) mobile air pollution sources,
(8) fixed air pollution sources, (9) fugitive air emissions, (10) toxic chemical use, (11)ocean disposal, (12) nonhazardous waste, (13) hazardous waste, (14) noise pollution,(15) radioactive materials. Each software package was labeled with one or more 
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software and environmental problem combination. Table 3 shows a matrix of the totalnumber of software and environmental category combinations. A description of each
software category is presented in the following subsections. 

III.B.I. Comprehensive System 

A comprehensive system aids the user in all main compliance areas. Essentially, it isan environmental compliance management system (ECMS) containing one or morecompliance reference database, allows for data input for management purposes,performs calculations, generates reports, develops emergency plans and risk analysisin support of industrial hygiene. The systems vary in terms of complexity and many aregeared toward specific media (i.e., soil, water, air). The cost for these systems rangefrom $5,000 to $100,000. The variation in cost arises because some systems are
specific for one media (i.e., soil, water, air), whereas others have the capacity to
support many different modules (i.e., soil, water, and air modules can all run on thesame system). The cost is also generally a function of the computer hardware neededto run the program. A less expensive system (one module) would run on an IBM PCbut a more expensive system (multimoaule ECMS) would require the more oxpensive
VAX or UNIX support. 

III.B.2. Modeling System 

Modeling software consist of programs that model or simulate a process such as
pollutant transport through various media, or air dispersion. Upon examination of
available modeling software, most fell under three main subheadings: (1) hazardous
substance management, (2) water, (") and air pollution. The modeling systemsranged from extremely basic (a single pollutant introduced into an unchanging system)to very high complexity (complete simulation of an environmental situation including
effects on the soil, water, and air). 

Several types of modeling systems are available for hazardous substancemanagement. These include systems that track leachate movement in a landfill basedon design, calculation of radionuclide releases to air, land, rivers, and lakes as a resultof repository accidents. In addition some of the programs were designed to estimategenetic risks, as well as study the impact of fires, explosions, and toxic chemicalreleases into the atmosphere. The modeling systems which fell under the subheadingof water encompass process simulation of a wastewater treatment plant, contaminanttransmisivity through an aquifer, sim.u!ation of reservoir for conservation and floodcontrol purposes, and simulaticn of initial mixing of wastewater discharged intooceans to name a few. Air polution modeling consists of emission predictions frommobile sources, from fixed sources, and from fugitive sources. Examples of thesemodels include the prediction of carbon monoxide concentrations near highways andstreets, a point source dispersion mor 1accounting for the complex arrangement ofemission sources, and the determination of long term seasonal or annual pollutantconcentration in rural or urban areas. These are examples of the types of systems that 
can be modeled with computer aid. 
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Table 3 - Matrix of Available Environmental Computer Software
 

Software Caftoor 

Note 	 Total number of software 
programs reviewed. 532 

Environmental Problems 4O c .°' 1 . , C) , .? C " 

Surfac. Water 6 6 2 1 1 3 

Drinking Water 3 2 1 1 1 1 

Ground Water 

Industrial Wastewater 

Domestic Wastewater 

Ambient Air 

Mobile Air Pollution Sources 

Fixed Air Pollution Sources 

Fugitive Air Emissions 

43 

7 

6 

16 

7 

52 

6 

46 

10 

6 

8 

3 

34 

8 

6 

11 

8 

"1 

6 

1 

19 

14 

11 

5 

1 

24 

1 

22 

13 

5 

1 

14 

1 

3 

4 

1 

0 

10 

1 

13 

5 

3 

1 

9 

2 

3 

2 

4 

5 

3 

11 

1 

2 

1 

4 

5 

2 

4 

1 

3 

2 

6 

Toxic Chemical Use 

Ocean Disposal 

1 

1 

1 

2 

1 1 2 3 1 

Nonhazardous Waste 

Hazardous Waste 17 42 40 75 93 46 10 61 34 2 11 11 

Noise Pollution 1 

Radioactive Materials 20 18 2 3 2 1 10 

Total: 186 186 76 155 153 67 44 76 68 6 27 24 
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The cost of these systems ranged from $50 - $20,000, with the average air modelingsystem costing less than $300, the water models priced between $500 and $2,500,and the hazardous waste systems spanning wide cost range depending on system
requirements. 

1II.B.3. Data Management System 

Data management software permits the user to input, store, and retrieve data. Eachsystem can be modified to be site/user specific. These software packages enablo theuser to prepare graphical representations of raw data and analyze general trends.
Basic software systems are priced around $400, howover, a system tailored for a
particular pollutant or environmental problem will triple in price.
 

1II.B.4. Monitoring System. 

A monitoring system was categorized based on its ability to track notices, exposuredata, emissions, storage tank information, etc. A monitoring system has a built in
trigger mechanism to inform the user of an abnormally functioning system (i.e.,
emissions greater than regulatory levels or overdue inspections). The price of a
monitoring system could range from $5,000 to $100,000. This wide price range isaccounted for in the variability of monitoring systems. Monitoring only one form of datasuch as stack emissions, would cost less and require less computer support than asystem which could track stack emissions, storage tank data, and alert the user to any
potential compliance violations. 

1II.B.5. Design System. 

Design software for environmental purposes included construction requirements for awastewater treatment plant, a program which illustrated groundwater monitoring wells,and a system which anticipated future facility needs. These systems analyzed optionsfor process modification,, co"a.rol alternatives, or facility expansion necessary for
regulatory compliance. 
 The (costrange for a design system is $250 to $25,000depending on the system necessary for running the software package (i.e., an IBMwould be cheaper but more limited and a VAX would be more expensive but limitless).Most design packages are specific for one facility type, the more expensive thepackage the more variability in designs are available. 

III.B.6. Risk Assessment System 

Risk assessment software is used to predict or calculate the chronic and acute riskposed to humans based on variable environmental parameters (i.e., eatingcontaminated fish, land application of sludges, and percentage of fatal cancers due toa radioactive leak). The software includes information on protocols to be followed inthe event of a hazardous spill or leak and those necessary to comply with regulatorywork-place standards. Risk assessment software packages are generally used by 
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environmental agencies or industrial sites to determine exposure limits and proper

safety precautions. The cost ranges between $500 and $1500.
 

llI.B.7. Reference Material System 

Reference material systems consist primarily of database systems used for look-up
purposes. Reference material programs are most abundant hazardous wastes.
comprehensive reference information system contains a network of smaller 
A
 

information systems which are accessible through a main database. 
 Such informationsystems contain information relating to such areas as chemistry, toxicology,

environmental pollution, and hazardous materials. 
 This type of systemvaries in price depending on whether the user pays an hourly fee (approximately
$40/hour), an annual charge (approximately $2000/year), or both (approximately

$40/hour and $300/year).
 

An information system containing only one type of data (i.e., strictiy chemical
properties, aquatic toxicity, or hazardous material information) is less complex in
 
scope, having costs ranging from $300-$700.
 

Comprehensive reference material systems are more extensive in scope of
information available to the user. 
 In general, these systems are accessed by modem
and are maintained at central location such as a government agency (i.e., OSI-A for
safety information and EPA for hazardous chemical information and exposure data).
Smaller databases are available for installation on the user's PC but are limited in the

information it can provide.
 

III.B.8. Reporting System 

Repcrting system software is used to generate outputs such as graphics or printingforms for compliance reporting purposes. The compliance reporting software has theability to generate an agency specific compliance report and is generally included in acomprehensive package which has compliance tracking capabilities. Most graphicalreporting programs are combined with a modeling program or calculation program.Reporting limitations are defined by the data management system. Some reportingsoftware allows the user to customize certain reports while others simply printpredefined forms. Reporting software programs range in price from $200-$500. 

III.B.9 Calculation System 

Calculation systems are used to calculate values such as human health effects due torisk exposure, process design costs, and lethal dose levels. Numerous calculation programs exist, often in combination with other software packages (i.e., modeling, riskassessment, design). Because of this, it is difficult to compare packages on the
calculation aspect alone. 
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II.B.10. Enforcement System 

Enforcement softwai 3 systems determine compliance with specific regulations.Examples of systems include, but are not limited to, scheduling inspections, employeetraining, notification tracking, or calculating criteria, for specific treatment procosses todetermine regulatory compliance. Price estimations were not available on the limited
software packages that fell into this category. 

II.B.11. Management and Administrative System 

Systems used for management and administrative purposes allow the user togenerate reports based on entries from purchase orders, chereiical inventories,pending chemical orders, and other user defined administrative requirements such asquarterly reports. This type of system is often included within a data management ormonitoring software systems to track information. The price for these systems ranges
from $3500 to $100,000. 

III.B.12. Cost System 

Costs systems are used to estimate budgetary construction costs, process equipmentcosts, and conceptual design cost estimates. These software programs range in price
from $450-$1000. 

IV. Results 

The results from this assessment confirm the following statements: 

(a) The U. S. environmental software industry is preeminent in the world. There is agreat variety of software available to fulfill every need for software from the developingworld. This software is easy to use and powerful in its application. The available U. S.environmental software is in English as are the associated manuals. Therefore,translations into the language of the user country will generally be required. 

(b) The U. S. environmental software industry, with the associated hardwareproducers, make available all of the required technology for the developing countries.No gaps were found in the technology. New programs continue to become available
providing increasing depth of technology. 

(c) The environmental needs of developing countries vary with the type and extent ofindustrial development. Generally, the least developed countries have the simplestenvircnmental problems centering around water purity and human sanitation. As onemoves up the scale of industrial development, more complex problems are found,including hazardous waste, toxic substances, contaminated soils, and air pollution.While the problems become more complex, the ability of the country to cope with theproblem also increases. The movement from command economies andnationalization to market economies with privatization is one of the strongest drivers 

http:III.B.12
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for a country to successfully meet environmental problems. A free society generally issuccessful in pressuring the government into taking effective actions to solve
environmental problems. This is true at all levels of development. 

(d) There is a need for environmental software at all levels of industrial development.
At the least developed level, the needs are for water purity protection and
management of human waste. An environmental management data base softwarewill fulfill the ba,'c governmental need. Some simple modeling of groundwater flowand geotechnical data base capability completes the basic requirements. Little needexists in the private sector at this level. Mid-developed countries have these needsplus compliance software at the governmental level. Further modeling capability isalso needed to respond !o air pollution problems. At the highest level, all of the above 
are needed plus software to respond to solid and hazardous waste and toxic
substances in all the media. Refer to Table 1 for a summary of software needs for
 
developing countries.
 

(e) Markets for environmental software in developing countries vary greatly, but

generally increase with the country's development and the strength of its economy. 
 !fmost of the country is starving, the environmental priorities tend to diminish. Marketing
of software directly to the government to meet national environmental priorities is anexcellent entry point. For more developed countries with a strong enforcement
operation, sales to industry for their compliance management is also an excellentmarket entry. As expenditures build within a country to cope with environmental
problems through upgrading of equipment, processes, and infrastructure, software toimplement such programs become highly marketable. in each case, the U.S. has an
excellent position to market environmental software. The detriments are the need fortranslation and tailoring, and the need for government financing to make the sale takeplace and prompt payment of bills possible. This is especially important in countries
with hyper inflation that will not pay in hard currency. 

(f) The export of environmental software and associated support services helps the
developing countries to imprcve their environment and helps the U.S. to improve thebalance of trade. Since we all live on the same planet, the improvement in the
environment in any developing country also helps the U.S. In addition, the collectionof data and their inclusion in environmental compliance management systems indeveloping countries makes those data available to the U.S. as well. Analysis of thosedata will lead to a better understanding of worldwid6 environmental trends. This willhelp the U.S. to make better, more informed decisions on U.S. policy in sup~port of
global environmertal issues. 

V. Conclusions and Recommendations 

The conclusions of this study are: (1) the U. S. has the required technology and ispreeminent in environmental software and hardware; (b) the countries of the
developing world have a need for technology in this area, the amount and kinddepending on the industrial development of the country and the strength and marketorientation of its economy; (c) the available software can fulfill those needs with theexisting products and technology; and (d) hard currency is increasingly available to 
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pay for technology of this kind, making for a viable market. 

There are two main obstacles to near-term market penetration by U.S. firms. The firstis support to generate tailored software and manuals in the language of the variouscountries having the greatest need. The second is the cost of marketing, especially to
achieve initial penetration. 

From the U. S. Government's viewpoint, the first obstacle could be attacked by usingAID grants to generate the software translation for a specific country, such as Mexico or Chile, and support installation and test. This would, of course, require areconfiguration of the ECMS type software to support the specific laws and regulationsof the host country. This installation would then support the environmental program ofthe country, and would also serve as a Beta test site for software development. Othercountries could visit the site which would be the center for further marketing of the U.S.
software in the region. 

With regard to marketing in the developing countries, U.S. A.I.D. programs that bringkey executives, both government and industry, to the U.S. for marleting by U.S.
suppliers could have a positive impact on environmental software marketing. The
trips are tanticing to the developing country executive, and the day the company hoststhe executive is a much lower cost contact than a sales call from the U.S. in theexecutive's home office. This program should be expanded to include environmentalsoftware marketing, perhaps through the Environmental Training Institute. 

The penetration by the software industry can lead to sales of many other products andservices. Therefore, it may be worthwhile to consider a U.S. initiative in this areasimilar to the Sematich initiative in computer chip development. The problem for theU.S. software industry export is not technology creation, but rather product tailoring(translations and alignment with local laws) and the high cost of individual selling.recommend that these problems be attacked by the formation of an Environmental 
We 

Software Export Institute or through numerous existing institutions. The institutionwould be supported by the U. S. Government, initially, with financial contribution fromthe software industry after sales start to build. 

The purpose of the institution is to support the enhancement of the global environmentthrough the promotion of the export of software to solve environmental problems indeveloping countries. This institution would carry out a group of tasks in support of its
objective. 

Task 1 would support the tailoring of U. S. environmental software products for exportby the provision of funding for translation of the software and operations manuals intoindigenous languages, and conforming of the software programs to meet local needs,laws, and regulations. This would be done in partnership with the target country, theU.S. software industry, and other funding agencies such as the World Bank. 

Task 2. Create and operate a multi-lingual database of available U. S. environmentalsoftware for use by developing countries interested in procuring specific software 
capabilities. 
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Task 3. Support the marketing of U. S. environmental software by organizing and
hosting shows, expositions, seminars, and training sessions in key locations around 
the world. 

Task 4. Create and operate a database of the needs and opportunities for sale of
environmental software in the developing countries. The information for this database
would be solicited from the local U. S. Embassy staff, and processed by ie institute. 

Task 5. Set up an international user group for developing countries that use U.S.
environmental software to assure that the software is meeting the needs of the 
developing countries. 

Task 6. Provide consulting advice on the use of environmental software to solve 
problems in developing countries. 

Task 7. A training and seminar task to disseminate information on the U. S.
environmental software industry including the funding of trips to the United States by
executives from developing countries. 


