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Abstract

The US Environmental Protection Agency (EPA) and state environmental agencies have
implemented a large nationwide system termed the Environmental Information Exchange
Network, intended to consolidate and standardize the mechanism in which environmental data is
exchanged between states, EPA, and other environmental organizations. The Exchange Network
infrastructure is based on XML, Web services, and the Internet. The State of Alaska Department
of Environmental Conservation (DEC) has an interest in participating in the Exchange Network.
This project involves creation of software to extract, transform, validate, and submit DEC’s air
emissions data to EPA through the Exchange Network. Development of this software also
represents a case study of the viability, benefits, and problems when transitioning an existing

data exchange to a Service Oriented Architecture (SOA).
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1. Chapter One: Introduction

1.1. Problem/opportunity to be addressed

Since humble beginnings in the mid 20" century, information technology (IT) has rapidly grown
and spread throughout the world. With this rapid change and expansion, a complex and daunting
array of IT technologies, platforms, tools, and techniques has emerged. As organizations
increasingly rely on IT, the need to manage this complexity, gain efficiencies, and swiftly adapt
to change is greater than ever. As the number of systems continues to grow, the need for
standardized and efficient interactions between different systems has become increasingly

prevalent, making application and data integration one of the foremost IT concerns today.

Vast quantities of environmental data are transferred between various entities in the US every
day. Yet, prior to 2003, no national standard or infrastructure for exchanging environmental data
existed, and many disparate mechanisms and formats emerged (Environmental Information
Exchange Network, 2006). For example, water quality data has historically been submitted to
the US Environmental Protection Agency (EPA) as an Oracle export file via file transfer, air
emissions data as text files via a website upload, and facility enforcement data as text files via a
mainframe upload. Similar varieties of exchange mechanisms have emerged for environmental
data transfers not involving EPA. Custom data validation programs for each type of
environmental data have also necessarily been built and maintained. The predictable result of
this lack of standardization has been inefficient data exchange, poor data availability, poor data
timeliness, fragile data integration, and high cost (Environmental Information Exchange

Network, 2006).
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As common focal points of environmental data transfer, EPA and state environmental agencies
initiated a collaborative effort in 1998 to standardize environmental data flows. The
Environmental Information Exchange Network (Exchange Network) is the culmination of this
collaboration, promoting timely, cost-effective, and standardized environmental data exchange.
Designed as a Service Oriented Architecture (SOA), and based on XML, Web services, and the
Internet, the Exchange Network supports environmental data exchanges between diverse
partners. With a formal launch in 2003, Exchange Network participation has gradually increased
as support for specific environmental dataflows is added. To promote and facilitate a transition
to the Exchange Network, EPA continues to provide funding to integrate partner systems. The
State of Alaska Department of Environmental Conservation (DEC) is committed to participating
in the Exchange Network, and has implemented a base Exchange Node, but no specific

environmental dataflows have yet been developed.

All states must periodically submit National Emission Inventory (NEI) data to EPA, detailing
emissions of air pollutants from various sources. This regulatory requirement has been in place
for many years, preceding the existence of the Exchange Network. To date, DEC has fulfilled
this requirement via a process that starts by exporting NEI data out of an Oracle database into a
series of fixed length text files. These text files are validated using EPA’s Basic Format and
Content Checker utility, compressed, and manually uploaded using the EPA Central Data
Exchange website (CDX Web). The current process to extract, transform, validate, and submit
NEI data is slow, cumbersome, loosely integrated, and must be repeated for several NEI source

data types. With the availability of the Exchange Network, an opportunity exists for
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development of efficient and integrated software to process NEI data, as well as providing a

basis for development of further Exchange Network dataflows.

1.2. Relevance, significance or need for the project

The Exchange Network offers a universal solution to the problem of disparate environmental
data transfer mechanisms, supporting exchanges of all types of environmental data, via common
data exchange definitions, XML, Web services, and the Internet. The potential benefits of using
the Exchange Network are many, including reduced cost, improved data quality, flexibility to
support new data exchanges, and access to real time data. These benefits are attractive to DEC,

which is presently burdened with several disparate environmental data transfer mechanisms.

Although development of NEXT specifically applies to the Exchange Network, it also represents
a case study in assessing the viability, benefits, and problems when transitioning an existing
business process to an SOA implementation. Given that SOA has recently been the subject of
considerable interest and debate in the general IT community, such a case study can provide

useful insights for a broad spectrum of organizations considering use of an SOA.

1.3. Project goal

The Exchange Network provides a standardized and flexible framework for streamlining all
environmental dataflows, one of which is the NEI. The goal of this project is to demonstrate the

viability, benefits, and problems of transitioning an existing business process to an SOA
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implementation, by developing software that implements an Exchange Network NEI dataflow
from DEC to EPA. To this end, this project will involve development of a Microsoft C#
program and set of supporting Oracle stored procedures, collectively named the NEI Exchange
Toolkit (NEXT). NEXT will extract and transform NEI data into the NEI XML format.
Resulting XML data will be validated using appropriate schema languages, and submitted to
EPA’s CDX Test Node (EPA’s point of presence on the Exchange Network) through a series of
published Web services. NEXT will perform the extract, transform, validate, and submit

functions in an automated fashion, requiring minimal user interaction.

1.4. Barriers and/or issues (risks)

1.4.1. Forthcoming NEI regulation changes

The Consolidated Emission Reporting Rule (CERR) mandates periodic submission of air
emission inventory data to EPA by states and a few other environmental entities. The most
recent version of this rule was enacted in 2002. In 2006, EPA proposed an updated version of
the CERR, where the primary change is shortened reporting timeframes. As of this writing,
proposed changes do not appear to affect NEI data elements or the mechanics of the NEI
Exchange Network dataflow. However, the proposed rule has not yet been finalized or formally

enacted.

Global warming has become a front-line issue with many policy makers and the public, and
assessing emissions of greenhouse gases is a corresponding concern. While greenhouse gases
are not pollutants in the traditional sense, the NEI can be used to store and report greenhouse gas

13



emissions. Given this capable and existing infrastructure, NEI regulations may be updated in the

near future to require the inclusion of greenhouse gas emissions.

1.4.2. Forthcoming NEI data specification changes

Prior to the implementation of the Exchange Network, state NEI data submissions to EPA were
formatted according to the National Emission Inventory Input Format (NIF), which represents a
proprietary text or Microsoft Access file format. The most recent version of the NIF is version
3.0, released in 2003. The NIF is still an acceptable format for states that have not yet
implemented an NEI Exchange Network dataflow. In 2005, a NIF version 4.0 was in
development, which included significant changes from prior versions. However, in 2006,
development of version 4.0 was suspended to allow states to focus on implementing an NEI
dataflow in the Exchange Network. While the Exchange Network uses XML and not the NIF,
the NEI XML schemas are closely based on the NIF. As such, when NIF 4.0 is released,
corresponding changes will also be implemented to the NEI XML schemas. While EPA has not
announced a specific date in which NIF 4.0 will be introduced, this will likely occur in the near

future.

1.4.3. Forthcoming Exchange Network infrastructure technology changes

Intended for implementation in 2008, the Node 2.0 specification updates the Exchange Network
infrastructure to utilize current Web services standards. These changes are primarily intended to

make development of Exchange Network software easier, and enable continued support from
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software vendors. The specification is not finalized yet, but the latest specification draft includes

changes to Web service call mechanisms, which will require NEXT coding alterations.

1.4.4. Large Alaska NEI dataset

The dataset that comprises Alaska’s emission inventory for a given year is substantial, containing
over 15,000 data records. It is not presently known to what extent DEC’s existing NEI data
meets the Exchange Network’s XML validation criteria. If a sizeable number of validation
errors are discovered during this project, it may be difficult to achieve a fully validated dataset,
given an aggressive completion timeframe. Because an invalid dataset cannot be submitted to
the Exchange Network, if an excessive number of validation errors occur, use of a small subset
of test data will be necessary. However, using a small subset of test data would leave open the

possibility of program anomalies in processing data outside this subset.

1.4.5. Complex project; uncharted territory for DEC

This project involves a complex set of data elements, transformations, and remote Web service
references. Most other states have hired contractors to perform Exchange Network-related
development, and most often using one of a handful of firms that specialize in this area. The
NEI dataflow software will be developed by the author, and represents DEC’s first Exchange
Network dataflow. While the process of participating in the Exchange Network is well
documented, this project represents new territory for DEC. Because of this uncertainty,

unforeseen issues or project delays may occur.

15



1.5. Elements, hypotheses, theories, or questions to be discussed / answered

NEI data is sent through the Exchange Network via Web service calls. Since the amount of data
to be sent can be substantial, the ability of Web services to be able to handle such calls is a
concern (MacDonald, 2003). However, states with far larger datasets than Alaska are using the
Exchange Network, and it is presumed that this consideration has been sufficiently addressed.
The exact mechanism to handle large Web service calls in a robust manner is not known at the
outset of this project, but mechanisms such as compression or asynchronous calls may be

utilized.

A key aspect of this project is writing NEI data to an XML format. Most modern development
tools and databases provide features for working with XML, including both reading and writing.
At DEC, the software development environment is Microsoft Visual Studio 2005 and C#, and the
database that stores the source NEI data is Oracle 10g. Either C# or Oracle PL/SQL can write to
XML. Determining the optimal language in which to write XML is a fundamental design
decision for this project. Determining how and where XML should be validated is an equally

important design consideration.

Given the large amount of NEI data and anticipated processing involved, a set of Oracle PL/SQL
stored procedures is likely necessary to ensure optimal performance in extracting appropriate
NEI data (Feuerstein & Pribyl, 1997). Using C# and ADO.NET to perform many calls to the
database would generally follow the same design pattern as DEC’s legacy non-XML NEI extract
program (see 2.1.7), and would thus likely result in poor performance.
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1.6. Limitations/scope of the project

1.6.1. Test submittal only

Formal NEI submittals are due to the EPA CDX by June 1 of each year (either the CDX Web for
non-Exchange Network submittals, or the CDX Production Node for Exchange Network
submittals). The formal submittal is preceded by a substantial data entry effort at DEC to obtain
air emissions source data from various sources. Given the significance of this effort, the formal
NEI submittal has historically occurred just before June 1. Use of the Exchange Network only
addresses submission of NEI data that is already obtained and stored in state databases— it does
not address the time involved in obtaining emission data from industry to populate source
databases. Because this project will start in early August, and conclude by October 21, a
production NEI submittal cannot occur. Nonetheless, a successful submittal to EPA’s CDX Test

Node will occur as part of this project.

1.6.2. NEI dataflow only

The Exchange Network supports many types of environmental dataflows, and the number of
supported dataflows is anticipated to increase in the future as EPA alters its many legacy systems
to utilize the Exchange Network (Environmental Information Exchange Network, 2002). While
DEC does not currently participate in any dataflow, DEC is considering implementing the

dataflows noted in Table 1.
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Table 1. Planned DEC dataflows

ID Description
NEI National emission inventory
FRS Facility registry system

ICIS — NPDES Water quality and discharge data

SDWIS Safe drinking water info system

While the dataflows noted in Table 1 are currently supported by the Exchange Network, DEC
must implement them in order to use them. Development of NEXT will represent DEC’s first

dataflow to the Exchange Network, and will implement the NEI dataflow only.

1.6.3. No modifications to source database

The DEC data center houses two Oracle 10g database servers, one for production, and another
for development. For this project, the NEI data in the development database will be
synchronized with the production database to ensure that a full and complete dataset is used.
This project will exclusively work with the Oracle development database. The NEI data stored
in DEC’s Oracle databases is directly used by DEC’s existing AirTools application, for
management of air permits and other functions. Because the database is tightly coupled to
AirTools, the existing database structure will not be altered in any way as part of this project.
This project is limited to extracting data from this existing AirTools database, transforming to

XML, validating, and submitting to EPA’s CDX Test Node.
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1.6.4. Node client only

This project will involve creation of a Node Client only, which represents an independent
program that can connect to Exchange Network Nodes. While DEC has an installed Exchange
Node where NEXT functionality could be integrated, such an approach is problematic due to the
complexity involved and lack of available support by the contractor that built DEC’s Node.
Moreover, DEC has a regulatory requirement to submit NEI data to EPA annually, which can be
wholly fulfilled with a Node Client. Use of the DEC Node would primarily serve to publish NEI
data to other parties, or retrieve NEI data from other states. Yet DEC has no present knowledge
of a need for such optional services. Integration of the NEI dataflow into the Exchange Node

may occur in a future evolution of NEXT.

1.7. Definition of terms and acronyms

Term/acronym Definition

ADO.NET A set of data access components incorporated into the Microsoft
.NET Framework, used to query and manipulate data in a variety

of data sources (most often a relational database).

BCL .NET Base Class Library. A library of .NET classes available to
all .NET languages, performing common programming tasks
such as file reading, file writing, rendering, database interaction,

etc.

BFCC Basic Format and Content Checker. A Visual Basic 6 utility
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program provided by EPA to validate NIF data files (either text

or Microsoft Access).

C#

Microsoft’s C# Programming Language. A general purpose,
object-oriented programming language introduced in 2001,
particularly suited to developing Windows and web applications

based on the .NET Framework.

CDX web

EPA Central Data Exchange web portal. A website that acts as
EPA’s central “gateway” for environmental data submittals

(non-Exchange Network based).

CDX node

EPA Exchange Network Node. EPA’s central point of presence
on the Exchange Network. Both a test and production node are

available.

CERR

Consolidated Emission Reporting Rule. The federal law that
mandates submission of emission inventory data to EPA, and
specifies what data must be included and when it must be

submitted (40 CFR 51, subpart A, and 40 CFR 51.122).

DEC

Alaska Department of Environmental Conservation. As the
Alaska state environmental agency, DEC is tasked to “Conserve,
improve, and protect Alaska’s natural resources and the
environment and control water, land, and air pollution, in order
to enhance the health, safety, and welfare of the people of the

state and their overall economic and social well being.”

Dataflow

A type of environmental data that can exchanged on the
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Exchange Network between two or more partners (also termed a
“Data Exchange.”) The dataflow is defined using a Flow
Configuration Document (FCD), XML Schema, and Data

Exchange Template (DET).

DET

Data Exchange Template. A document that outlines the XML
Schema for a particular dataflow, with validation rules and
example content. The purpose of this template is to provide a

more human readable version of an XML Schema.

DIME

Direct Internet Message Encapsulation. A mechanism for

including binary attachments to Web service calls.

EPA

U.S. Environmental Protection Agency.

Environmental Information

An XML and Web services network, intended to streamline and

Exchange Network (aka standardize the mechanism in which environmental data is

Exchange Network) transferred between states, EPA, and other environmental
organizations.

FCD Flow Configuration Document. A document that details the
rules governing a particular Exchange Network dataflow, using
text, diagrams, and examples.

MTOM Message Transmission Optimization Mechanism. A
mechanism for including binary attachments to Web Service
calls.

NAAS Network Authentication and Authorization Service. A

centralized service that maintains a list of valid Exchange
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Network users and their associated privileges.

Network node (aka Node)

A Web services-based server maintained by Exchange Network
partners, responding to requests from other Nodes and

submitting data to other Nodes.

Node client

A service or application that communicates directly with a Node.

NEI

National Emission Inventory. An EPA database that tracks
emissions of various air pollutants around the nation. In a
Exchange Network context, represents the dataflow that states

use to populate this EPA database.

NEXT

NEI Exchange Toolkit. The name of the software created in this
project, consisting of both C# and PL/SQL code. This software
will extract, transform, validate, and submit DEC’s air emissions

data to EPA using the NEI dataflow.

Oracle RDBMS

Oracle relational database management system.

PL/SQL

Oracle Procedural Language/Structured Query Language.
Oracle’s extension to the SQL language, providing procedural
programming constructs. PL/SQL is commonly used to write

Oracle stored procedures and triggers.

Schematron

A type of XML schema language that extends the validation that

can be performed by other schema languages.

SOA

Service Oriented Architecture. A flexible and adaptable
software architecture based on loosely coupled services,

descriptions, and messages.
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SOAP A standard protocol for transmitting XML messages when using

Web services.

SQL Structured Query Language. A language that consists of
commands for querying and manipulating data and objects in a

relational database.

Trading partner An organization with an Exchange Network Node that is able to

exchange data with another partner on the Exchange Network.

Web service A web Application Programming Interface (API) that

communicates using XML messages.

W3C World Wide Web Consortium. The primary international

standards body for the World Wide Web.

WSDL Web services description language. Provides a model for

describing Web services.

XML Extensible Markup Language. An extensible, user-definable
data format that is typically used to facilitate data exchange

between heterogeneous systems.

XML Schema W3C XML Schema. A formal definition of the required

structure and format of a particular XML document.

1.8. Summary

IT is growing increasing complex, and one of the foremost issues facing IT today is application
and data integration. The Exchange Network is an ambitious effort to standardize exchange of

environmental data nationwide. While still evolving, the Exchange Network offers a host of
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potential benefits today, including reduced cost, more timely data, higher quality data, and
greater interoperability. This project will evaluate the viability, benefits, and problems of
participating in an SOA implementation. As a case study, software named NEXT will be created
to extract NEI data from an existing DEC database, transform this data as XML, validate the
XML, and finally submit the XML to the CDX Test Node. Changes to NEI regulations, data
formats, and the Exchange Network infrastructure are forthcoming, which introduces uncertainty
in this project. This project will involve creation of a Node Client only, utilizing DEC’s

development Oracle database.
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2. Chapter Two: Review of Literature / Research
2.1. Literature and research that is specific / relevant to the project

2.1.1. Service Oriented Architecture

In a Service Oriented Architecture (SOA), complex enterprise systems are decomposed into
smaller, logical building blocks as a means to enhance flexibility, adaptability, and
interoperability. Each individual building block provides a logical encapsulation of some unit of
work, typically representing certain business logic. Building blocks are fully autonomous and
self-contained, and may be invoked by other programs or other building blocks. Such building
blocks are known as services. Services are formally described using standardized service
descriptions, which minimally describe the service identity (name), data expected, and data
returned. Services communicate using standardized messages. An SOA must adhere to several
design principles when shaping services, descriptions, and messages (Erl, 2005), as noted in
Table 2. An SOA paradigm can offer several benefits, as noted in Table 3. Most SOA benefits
will not manifest themselves fully until SOA principles become established within the SOA

implementation context, however (Erl, 2005).

Table 2. SOA design principles

Principle Description
Loose coupling Service-to-service and program-to-service dependencies are minimized.
Contract Services adhere to a standardized and technology-independent

communication agreement (i.e. interface), as specified in service

descriptions.
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Discoverability Services can be found by potential requesters.

Reuse Services are designed to promote reuse by requesters.

Abstraction Only service interfaces are exposed to requesters, whereas the internal
service logic (i.e. implementation) is hidden.

Autonomy Services are independent, maintaining control over the logic they
encapsulate.

Statelessness Service communications minimize retention of information specific to an
activity.

Aggregation Collections of services can be assembled to form composite services.

Table 3. SOA benefits

Benefit

Description

Improved integration

Application integration is less costly and more efficient, due to

intrinsic consistency and interoperability.

Enhanced solution

architectures

Automation, consistency, and reduced processing requirements

reduce cost and increase efficiency.

Leverage existing

assets

Business logic in existing applications and systems can be exposed

using services.

Inherent reuse

Services are designed for reuse, reducing the cost and effort of

building solutions (although initial development effort is increased).

Standardized data

representation

Standards-based data representation facilitates interoperability,

reducing cost and increasing efficiency.
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Improved

organizational agility

The cost and effort to adapt and respond to business or technology

changes is reduced.

2.1.2. XML

Markup languages are used to combine text and text descriptions, and include Standardized

General Markup Language (SGML), Hypertext Markup Language (HTML), Extensible Markup

Language (XML), Extensible Hypertext Markup Language (XHTML), and others. XML is a

general-purpose markup language that is extensible because it supports creation of custom tags

(Ray, 2003). XML carries data (or content) between custom-defined tags, specified within

brackets. Every element with some data must contain a start and end tag. In the XML example

noted in Figure 1, street is one element, where the street element tags (<street> and </street>)

surround the content (123 Main St.).

Figure 1. XML address example

<address>

</address>

<?xml version="1.0"7?>

<street>123 Main St.</street>
<city>Anchorage</city>
<state>AK</city>

<zip>99516</zip>
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Developed by the World Wide Web Consortium (W3C) in the mid 1990s, XML has become the
de-facto standard for data exchange over the Internet, primarily due to its wide acceptance and
flexibility (Ray, 2003). Like HTML, XML emerged from SGML, as a smaller, leaner language
wel