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FOREWORD

The Strategic Environmental Research And Development Program (SERDP) is
mandated in 10 U.S.C. §§2091-2904. SERDP addresses environmental matters of concern to
the Department of Defense (DoD) and the Department of Energy (DOE). It is conducted as a
tri-agency program with participation from the DoD, DOE and Environmental Protection
Agency (EPA).

This report includes information required by title 10 U.S.C. § 2902 for the annual
report to Congress. It includes project descriptions and allocated funding and is divided into
six technology thrust areas; 1) Alternate/Clean Energy, 2) Compliance, 3) Conservation, 4)
Global Environmental Change, 5) Installation Restoration, and 6) Pollution Prevention. The
individual research projects were reviewed and selected by the SERDP Council in response to
specific requirements for research and development. All programs greater than or equal to
$1,000,000 were recommended after review by the SERDP Scientific Advisory Board. The
FY 1993 SERDP Strategic Investment Plan is based on a funding target of $180 million. The
approved projects are submitted on behalf of the SERDP Council whose membership consists
of: the Assistant Secretary of Defense, Production and Logistics; the Director of Defense
Research and Engineering; the Vice Chairman of the Joint Chiefs of Staff and representatives
from each of the Services and Coast Guard; the Assistant Secretary of the Air Force, Space;
the Assistant Secretary of Energy for Defense Programs; the Assistant Secretary of Energy for
Environmental Restoration and Waste Management; the Director of the DOE Office of
Energy Research; and the Administrator of the EPA.
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ACRONYMS

A Army
AF Air Force
ARPA Advanced Research Projects Agency

CERCLA Comprehensive Environmental Response, Compensation, and
Liability Act

CWA Clean Water Act

DDR&E Director, Defense Research and Engineering

DOE Department of Energy

DoD Department of Defense

DNA Defense Nuclear Agency

DSPO Defense Support Projects Office

EPA Environmental Protection Agency

IR Installation Restoration

N Navy

R&D Research and Development

RCRA Resource Conservation and Recovery Act

SARA Superfund Amendments and Reauthorization Act

SERDP Strategic Environmental Research and Development
Program

SITE * Superfund Innovative Technology Evaluation

TTAWG Technology Thrust Area Working Group

USGCRP U.S. Global Change Research Program
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EXECUTIVE SUMMARY
Overview

FY 1993 Strategic Environmental Research and Development Program (SERDP)
efforts continue to emphasize assessing the state of global atmospheric and ocean
environments; the effectiveness of remediation technologies to address the Departments of
Defense (DoD) and Energy (DOE) environmental obligations; approaches to minimize, treat,
and dispose of hazardous waste; methods for assessing hazards in existing and restored sites;
and alternative and clean energy options for use by DoD facilities and operations.

Several new initiatives have commenced that will enhance our ability to successfully
address the above targeted areas. SERDP has identified six technology thrust areas versus the
three areas found in past programs. These are: Global Environmental Change (formerly
Remote Sensing), Alternate/Clean Energy, Installation Restoration, Pollution Prevention,
Compliance, and Conservation. The last four technology thrusts map directly with the pillars
found within the Tri-Service Environmental Quality Strategic Research and Development Plan
(EQ Strat Plan) as developed under the Services’ Reliance technology coordinating
mechanism. Thus, SERDP can now take advantage of existing technology coordinating
bodies to further identify and define R&D opportunities for investment in response to known
requirements for R&D as developed by the Reliance mechanism, and then provide sufficient
resources to reach "critical mass" in order to address specific, difficult environmental
challenges.

Global Environmental Change

Global Environmental Change research includes acquisition/organization of data and
research results that quantitatively describe the total environment at global and regional
scales. Integration of the new and existing programs in data collection and analysis
methodologies, process study research and environmental modeling are keystones of this
effort capitalizing on agency unique capabilities that fully leverage the U.S. Global Change
Research Program (USGCRP).

Representative activities include: improving access to existing DoD and DOE data
bases and facilities; developing, demonstrating, and applying DoD, DOE, and EPA remote
sensing capabilities and technologies to support environmental change research and establish
enhanced observation strategies and systems; and enhance environmental process research and
modeling.

A significant portion of the FY 1993 SERDP program (35 percent) is devoted to the
execution of Phase I programs that were delayed due to rescission action in FY 1992. FY
1993 funds will enhance funds provided by the FY 1992 Supplemental Appropriation to
satisfy the initial requests of the approved Phase I efforts.




Alternate/Clean Energy

This area includes research on environmentally sound alternative energy sources to
reduce dependence on petroleum-based sources, overall energy consumption, energy costs and
"greenhouse effects."

Representative activities include: research and demonstration on expanded use of
renewable energy resources, such as geothermal, solar photovoltaic, wind and hydropower;
research and technology demonstration on innovative, substitute, alternative energy sources to
reduce emissions and fossil fuel consumption; and research and demonstration on reduced
energy consuming techniques, components and power units/sources that contribute to reduced
energy consumption.

Installation Restoration

This area focuses on technology development and demonstration for more efficient,
effective environmental cleanup of soil, sediment, groundwater, surface water and structures
contaminated with hazardous, radioactive and toxic materials from past activities.
Cleanup/remediation techniques, treatment technologies and monitoring assessment methods
are the principle focus of this area.

Other representative activities include: developing and demonstrating (not whole site
cleanup) innovative technologies or techniques for handling hazardous waste or materials of
particular concern or uniqueness to defense programs; developing and demonstrating
innovative site characterization techniques; developing and demonstrating innovative
monitoring techniques (chemical and biological) to gather data before restoration begins,
during the operations, and after it is completed; and developing and demonstrating innovative
technologies for assessing fate and transport effects.

Pollution Prevention

Pollution Prevention means "source reduction," as defined under the Pollution
Prevention Act of 1990 and other practices that reduce or eliminate the creation of pollutants
through increased efficiency in the use of raw materials including energy, water and other
resources, or materials substitution. The term includes: equipment or technology
modifications, process or procedure modifications, reformulation or redesign of products,
substitution of materials and improvements in housekeeping, maintenance, training, or
inventory control. Under the Pollution Prevention Act, end-of-pipe recycling, energy
recovery, treatment, and disposal are not included within the definition of pollution
prevention. Practices commonly described as "in-process recycling” qualify as pollution
prevention.

Representative activities include: developing and/or evaluating innovative pollution
prevention technologies, processes and environmental management techniques for reducing or




eliminating wastes, effluents, or emissions at DoD/DOE processes and facilities; research on
protective coating/coating removal, and process modification, substitute processing chemicals
and alternative processes to reduce or eliminate hazardous waste generated by electroplating,
paint stripping and metal cleaning operations; process modeling to eliminate or minimize the
waste stream; and research to identify alternatives to introducing hazardous materials into an
in-process waste stream in order to render that waste stream environmentally acceptable,
preferably benign.

Compliance

This area includes technologies for environmental monitoring, waste treatment, end-of-
pipe recycling and disposal, and environmental management not directly related to site
restoration, but related to meeting current and future environmental compliance requirements.
It includes understanding the fate and transport of defense related wastes and pollutants as
well as methods and techniques for mitigating ecological and health impacts of these
materials in the environment.

Representative Activities include: developing monitoring and assessment tools related
to environmental compliance and management; developing source treatment and control
technologies for installation support operations (waste, waste water, solid waste management
and air pollution); developing new treatment and control technologies for hazardous wastes
resulting from energetics production, manufacturing, and maintenance operations; research to
ascertain the toxicological effect to humans and ecosystems from exposure to chemicals and
materials used in defense activities; and research on environmentally and economically
acceptable alternatives to open burning or open detonation of liquid rocket propellants,
munitions and energetic materials.

Conservation

This area is focused on research toward understanding, protecting, and maintaining
biophysical resources and facilities relative to material and cultural resources in order to
ensure: (1) compliance with environmental laws; (2) sustained use of land and coastal
resources; and (3) support for stewardship of those resources on relevant federal lands. Those
resources include all biophysical resources associated with and related to ecosystems and
habitat, e.g. soils, vegetation, landform, water and biodiversity; and facilities and landform
associated with historic and archeological resources. Efforts are intended to: (1) effectively
predict the presence, quantity and quality of natural and cultural resources; (2) improve the
knowledge of the basic processes of these resources as they relate to, and are impacted by,
use of lands; and (3) advance the technology to mitigate, rehabilitate, and maintain these
resources.

Representative activities include: developing and advancing remote, field data

collection techniques to locate and quantify resources; developing an understanding of
species-species and species-habitat relationships and how they are affected by federal land
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use; developing long-term, multiple use management strategies to optimize resource
protection; and developing proactive land use and management tools and techniques to protect
threatened and endanger resources and habitats.

Initiatives

In FY 1993 under SERDP the Department is continuing to build a closer coupling of
DoD, DOE and EPA research efforts. The intent is to focus on DoD/DOE needs by means of
the SERDP management structure specified in the implementing legislation. Key SERDP
initiatives for FY 1993 that build upon the joint approach include:

° National DoD Installation Restoration Technology Demonstration Sites

. Joint DoD/DOE Program for Clean, Agile Manufacturing Technology for
Propellants, Explosives and Pyrotechnics

. Pilot projects associated with the activities of the Gore-Gates Environmental
Task Force
1. National DoD Installation Restoration Technology Demonstration Sites

The recent emphasis placed on expediting remediation efforts of DoD/DOE facilities
has likewise encouraged the development of novel remediation technologies. Unfortunately,
their accomplishments have not been efficiently, nor effectively, transitioned to other
technologists and the users within other federal agencies and the private sector.
Inconsistencies in the conduct of site characterization, data collection and assessment, and
incomplete dissemination of the attributes and value of the demonstration have all contributed
to this inefficient process.

One of the major initiatives commencing this year is the establishment of six national
DoD environmental technology demonstration sites. These sites will provide the ability to
conduct side-by-side demonstrations of technologies developed either in the federal or private
sector. The National DoD Environmental Technology Demonstration Program (NETDP)
proposal offers an alternative to help reduce the duplication of effort and inefficiencies
associated with the current system and promote rapid transfer of technology to field
applications.

The NETDP uses the Reliance agreements as its foundation. It focuses on the
demonstration of remediation technologies that respond to the primary needs of the Services.
As the principal manufacturer of field weapons, the Army has been given the lead in the area
of energetics materials remediation technology, and the Navy and Air Force have been given
primary responsibility for technology development in the area of petroleum, oils, lubricants
(POL) and solvents. Each development task is conducted within this Reliance framework
which is subordinate to the Environmental Quality Technology Panel under the Joint




Engineers coordinating committee.

While Reliance has provided a coordinating mechanism for the conduct of remediation
technology development, it has not yet provided the support necessary to bring together
technologies for side-by-side comparison, standardization of data collection and analysis, and
publication of user guides and engineering design specifications. The Tri-Service NETDP
proposal has this objective in mind and SERDP funds are proposed to achieve this objective.

2. Joint DoD/DOE Program for Clean, Agile Manufacturing Technology for
Propellants, Explosives and Pyrotechnics

The Department of Defense is required to reduce the hazardous wastes associated with
production of weapons systems using propellants, explosives, and pyrotechnics (PEP) by at
least 50 percent by 1997. The Department of Energy and the National Aeronautics and Space
Administration (NASA) also have PEP waste reduction requirements. Approximately 500
million pounds of PEP are produced each year for DoD, DOE, and NASA as main charge
explosives, solid rocket propellants, and flares/illuminators. PEP chemicals and products are
produced in government operated, government owned-contractor operated (GOCO), and
defense contractor facilities. Future waste reduction can be achieved by reducing wastes
throughout the PEP product life cycle. The product life cycle includes synthesis of PEP
chemicals; formulation of chemicals into a product; chemical processing, loading, and
unloading of the product; combustion emissions; and methods to reclaim, recover, and recycle
excess material.

The goal of this initiative is to develop integrated product/process development (IPPD)
technologies and tools to achieve a design for reconfiguring existing PEP production facilities
into agile factories which will reduce total life cycle wastes by over 90 percent from the 1992
PEP waste baseline.

The technical approach is for governmental and industrial PEP R&D labs, pilot plants,
and production facilities to be organized into a program network. Present products, processes,
PEP chemicals, and technologies will be surveyed. Models and simulations will predict life
cycle performance. Pollution prevention technologies and new factory concepts will be
experimentally tested in existing facilities. When use of existing facilities is not practical, a
special demonstration testbed may be built. The factory design will then be developed,
including detailed descriptions of products, chemical engineering unit operations, utility
requirements, regulatory and qualification approaches, safety, and pollution prevention devices
to be used in its operation.

3. Gore-Gates Environmental Task Force (ETF)
The ETF was formed in response to a Congressional request to create a team of

scientists with appropriate security clearances to work with the government and determine the
applicability of classified systems and data to environmental science.




The scientists comprising the ETF are reviewing:

. the environmental community’s information needs
o past, present, and near-term classified systems and data/archives
. current government efforts that apply classified data to environmental issues.

The ETF scientists will recommend release of specific classified information of value
to the environmental community as well as follow-on research opportunities. An
environmental security policy group has been activated with Service and Defense Agency
participation. The Department is working with the Intelligence community to develop
procedures for environmental requirements to compete on a routine basis for tasking of
intelligence systems.

Congressional Interest Items

The SERDP FY 1993 Strategic Investment Plan includes five projects of interest to the
Congress as separate projects within various technology thrust areas.

In the FY 1993 Department of Defense Appropriations Conference Report, H.R.
Report 102-1015, Congress allocated $3,500,000 to support bioremediation research efforts.
A project entitled "Applied Demonstration Program in Environmental Compliance and
Bioremediation Technology" has been funded under the Installation Restoration Thrust Area.
The Report also identifies $5,000,000 in support for the work performed on data access by
the Consortium for International Earth Science Information Network (CIESIN). "Strategic
Environmental Distributed Active Archive Resources"”, a project within the Global
Environmental Change Thrust Area, outlines the proposed work of the Consortium. Finally,
the Report provides $500,000 for the efforts of the Coalition for International Environmental
Research and Assistance (CIERA). Their project found within the Conservation Thrust Area
and entitled, "Information Support for Environmental Management", is focused on the
development of an environmental manager’s decision support system for the management of
habitats on DoD and other government owned lands, and conducted in conjunction with the
Army’s Topographic Engineering Center.

The Department of Defense Appropriations Bill, Senate Appropriations Committee,
S.R. Report 102-408, requests that a study be conducted on the potential for the abyssal plains
of the oceans for use as a repository of hazardous wastes. The U.S. Naval Research
Laboratory has proposed an effort, entitled "Abyssal Plains Study", which will comply with
direction as provided in the Report. The proposal may be found within the Compliance
Thrust Area.




The Supplemental Appropriations Transfer and Rescission Bill of FY 1992, S.R.
Report 102-395, provided support for electron scrubbing technology development. This year,
SERDP will provide follow-on funds to complete the technology demonstration. "e¢'SCRUB -
The Application of DNA Pulsed Power to Electron Scrubbing of Flue Gas to Remove
Unwanted By-products” is found within the Compliance Thrust Area.

Funding Summary $(000)

Global Environmental Change $ 65,200
Alternate/Clean Energy $ 8,100
Installation Restoration $ 30,047
Pollution Prevention $ 31,782
Compliance $ 12,637
Conservation $ 8,164
Congressional Interest Items $ 11,583
Other $ 12,487

TOTAL $180,000




Alternate/Clean Energy

Project Title

Page

Number

Funding
FY93 (K)

(EPA)

Photovoltaics for Military Applications (DOE) 9 4,000
Fuel Cells for Military Applications (A) 15 350
Low Energy Model Installation Program (A) 19 1,400
Geothermal Heat Pumps/Enhanced Building Envelopes (DOE) 22 600
Advanced Cycle Mobile Heat Pump (AF) 25 500
Utilization of Biomass Technologies on Military Installations 27 750

Pilot Plant Demonstration of Methanol Using the HYDROCARB
Process with Biomass Feedstock (EPA)

31

500

Total

8,100




SERDP Thrust Area: Alternate/Clean Energy
Title: Photovoltaics for Military Applications

Problem Statement:

The goal of this project is to do technology demonstration/technology transfer of PV
technology in Intermediate/Large Remote and Grid Interactive applications thereby
promoting implementation in other Department of Defense (DoD) applications. This will
reduce the amount of pollutants from fossil-fueled electrical gensets within the DoD and
enhance energy security.

DoD is the largest single user of energy in the world with an annual energy consumption of
150 million barrels of oil equivalent at a yearly cost of over $3 Billion. Since DoD relies on
conventional sources of power and energy (coal, fuel oil, diesel, natural gas, etc.), DoD is a
significant contributor to environmental pollution from energy production and use.
Photovoltaic power systems have been successfully demonstrated in small/intermediate sizes
(up to 60 KW), both stand-alone and hybrid (PV/Diesel). The technology is commercialized
and industry has an operational manufacturing capability. Photovoltaic power systems can
be of significant help in reducing energy and O&M costs and eliminating air pollutants in
areas where DoD generates its own power and increasing energy security.

Project Description:

The technical objective is to demonstrate the use of PV technology (inverters, power
processing controls) in systems for Intermediate/Large Remote and Grid Interactive
applications that meet DoD requirements.

The most promising application for renewable power sources in the next 30 years is to
augment conventional power sources to optimize the efficiency of both the conventional and
renewable sources to reduce cost and environmental impacts. Example applications range
from stand-alone renewable/engine power sources to demand reduction on the grid. The
common denominator of these applications is the need for battery energy storage to decouple
power generation from power demand and a power processing center (PPC) to integrate the
generation sources in a way that optimizes the utilization of each source. The only obstacle
to these applications is that the PPC is not an off-the-shelf product and must be custom
designed and manufactured for each application.

Technical Approach/Tasks:

The focus of this Phase IIl SERDP effort is to develop a modular, standardized PPC that will
service multiple source PV/engine hybrid and demand reduction applications. The basic
PPC will be in the 50 kW size range that can be paralleled for applications up to 500 kW.
This size range represents the bulk of hybrid and grid-support applications not only in the
DoD, but in other government agencies like the National Parks Service, Fish and Wildlife, the
National Forest Service, and the Bureau of Land Management. This effort will leverage
SERDP monies for the benefit of many government agencies.




The Phase I effort focuses on smaller PV /engine hybrid applications and grid-support to
extend service life of transmission and distribution systems. The Phase III effort expands on
the prior effort to larger systems and to include small demand reduction applications. The
structure of the Phase III effort will be similar to prior efforts and will include three tasks: 1.
Application Evaluation, 2. Hardware Development, and 3. Applications Validation. The
funding breakdown is modified to emphasize hardware development and to field one larger
system of a size range of 200-300 kW PPC. Also, as was the case in Phase I, SERDP monies
will provide technical support for ECIP projects.

The technical approach will also be similar to Phase I. It will build on prior results and
lessons learned. The first task is to identify, evaluate and select Phase III projects. Phase I
establishes a computerized data base to organize and process information on DoD facilities
and their power needs. By the time Phase III is initiated, candidate facilities will be
identified by examining the existing data base. The candidate sites will be visited and
evaluated, and the Phase III projects will be selected.

Application evaluation funds will also be used for administrative support throughout the
project and to determine the life-cycle environmental cost savings associated with
alternative/clean energy The environmental studies will be performed with guidance from
the Environmental Protection Agency (EPA). The EPA Air and Energy Research Laboratory
has agreed to participate in and monitor the development of a life-cycle environmental
methodology and to apply the methodology to determine the cost savings.

The facility will develop an RFP for a turn-key system under guidance from the PV Review
Committee and Sandia. The system RFP will include specifications for a modular and
flexible PPC. A stipulation of the RFP is that the PPC must submit to acceptance testing at
an independent facility defined and selected by the DoD PV Review Committee and Sandia.
After installation, Sandia will perform an initial system evaluation for system acceptance and
to establish the baseline performance, and another evaluation after one year of operation to
validate the technology.

This program will be directly responsive to the 1990 House Defense Authorization Act that
requires the installation of 100 MW of renewable energy by 1996. Additionally, Presidential
Executive Order 12579 requires DoD, along with other Federal Agencies, to reduce energy
consumption by 20% and to offset energy production using renewable energy where life
cycle cost effective. The recently enacted Energy Policy Act of 1992, contains several
provisions consistent with the expansion of the use of PV in all sectors, including the DoD.

The table below details the funding from other sources. It is important to stress that SERDP
fills a programmatic need for the DoD PV program. The primary expected source of funds
(other than SERDP) is the Energy Conservation Investment Program (ECIP) which is part of
the Military Construction Program (MCP). Funds appropriated as part of the MCP must be
used for hardware, not supplemental related activities such as resource assessment,
application identification, and project selection activities.
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Table 1 - Total Funding for DoD PV Program

Non-SERDP Funding - $ Millions
Fiscal Year 1991 1992 1993 1994 Total
Project 0.4 1.0 0.5 0.5 2.4
Development
Project - 6.0 10.0 5.0 21.0
Implementation
Monitor and - 0.3 0.3 0.3 0.9
Analyze
Technology - 0.1 0.1 0.1 0.3
Transfer
TOTAL 04 7.4 10.9 5.9 24.6
Non-SERDP
SERDP *4.0 - 4.0 4.0 12.0
TOTAL 4.4 7.4 14.9 9.9 36.6
*Not Received until 8 December 1992

Expected Payoff:

Over the long-term, a significant reduction in the amount of pollutants from fossil fuel-
burning generators now used in the DoD. According to some estimates, the Department of
Defense annual emissions are:

720 million tons of CO,
1.15 million tons of NO,
740,000 Tons of SO,

Of this amount, we estimate that a significant portion of the emissions are from fossil fuel
(primarily Diesel) gensets as shown below. Significantly, the physical location and
accessibility of existing diesel generators is such that the total cost of running a diesel is
many times the amount usually attributed only to the cost of fuel. The result is that PV
projects are often times economically competitive using the Department of Defense’s
measures of merit---the simple payback period and the savings-to-investment ratio. The
estimated annual savings potential is shown in the last column.
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Table 2 - Pollution Estimate from Diesel Generators in DoD

Tons of Pollutants
Annual Savings

Application CO, NO, SO, Potential - $M

Class

Small 31,700 723 32 95
Intermediate- 127,000 2,900 128 200

Large

Grid- 285,000 6,500 290 200+

Interactive
Total 443,700 10,123 450 495+

Note: The analysis for the above table was developed for the July 28, 1992 briefing to the
SERDP Scientific Advisory Board. The analysis was based on data from the DoD Defense
Energy Installation Survey, an in-house Army Construction Engineering Research Laboratory
(CERL) methodology for estimating emissions, and the Total Emission Model for Integrated
Systems (TEMIS), and unpublished China Lake Navy Energy Office work.

Transition Plan:

To illustrate the process to be followed for the introduction and utilization of photovoltaics in
the DoD, consider one of the projects selected for a hybrid (PV-diesel genset) at an electronic
warfare simulator facility on San Clemente Island (a Navy owned island about 70 miles off
the coast of San Diego). The sequence of events is as follows:

1988-1991 - Discussions by Navy member of the PV Review Committee about feasibility,
nature of load profile, insolation, etc.

Early 1992 - Decision by the user, the Naval Command and Control Ocean Surveillance
Center (NCCOSC) to contract for an applications assessment. Funds were provided by the
Navy Energy Office, China Lake. It should be noted that the absence of a source of funds
(such as SERDP) to do an applications assessment delayed the project at least 2 years.

April-August 1992 - Applications assessment, including a conceptual design illustrating that a
system could be built that is technically feasible and competitive from a savings-to-
investment ratio and simple payback period --- the figures of merit that are used in the
Energy Conservation Investment Program (ECIP).

October 1992 to Present - NCCOSC has agreed to initiate a competitive RFP, has named a
program manager, has initiated the justification paperwork through channels, has formed a
technical advisory team that includes the Sandia National Laboratories representative. The
prospect of SERDP funding allowed Sandia to make the appropriate technical personnel
available.
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Industry ability to assume production: The PV industry is capable of providing mature PV
modules and battery technology, the two highest cost components of a PV system. Power
conditioning and control systems for hybrid systems above 25 kW are not standard off-the-
shelf items because there has not been enough need to sustain a market. Sandia National
Laboratories Design Assistance Center is developing a program (in cooperation with the
Navy Civil Engineering Laboratory) to cooperatively work with industry to develop that
capability. The approach is for industry to supply a turn-key system to meet the
requirements stated in the procurement documentation.

Coordination between performer and user: Inherent in the process already existing in the
DoD PV Program is the requirement that there be a strong user involvement in the
identification, categorization, selection, and procurement of a PV system. The user is
required to take the initiative to get the project approved through the applicable chain of
command, to provide the procurement capability to acquire the system, and to make the
system available for data collection after it is installed.

Milestones:

February 1993 - Competitive RFP to be completed.

June 1993 - Release of competitive RFP.

Late 1993 - Selection of contractor for systems design and installation.
Mid 1994 - Installation and IOC for PV Hybrid system.

One year after installation - monitoring of system performance by the PV Review Committee
and Sandia National Laboratories (funded by SERDP).

We anticipate ihat there will be 5-7 different PV-diesel hybrid projects initiated during
calendar 1993. Some will be funded primarily from SERDP funds. As different military
organizations develop their own approach to their systems, the PV Review Committee in
cooperation with the DOE Sandia National Laboratories, will develop an in-service capability
to investigate, contract for, install and maintain PV systems. Existing military in-service
technical schools and logistics will reflect the wider use of photovoltaics. Each system will
have its own unique features, but the involvement and eventual ownership of the systems
will be a common feature of each. SERDP funding is absolutely vital to maintain continuity.

Funding: ($K)

Task Funding Start Date Stop Date
(FY) (FY)
Application Evaluation 250 K 6/93 12/94
Hardware Development 1750 K 9/93 9/94
Application Validation 2000 K 12/93 12/94
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Outyear funding plan to reflect transition:

We propose that SERDP funds be provided at a $4.0 million level per year through FY 95.
Performers:

Department of Defense, Department of Energy, Sandia National Laboratories

Industry has sigrificant involvement in this project. Industry will provide all hardware,
system design and installation, resource assessment, and application assessments. Currently,
there are no formal Cooperative Research and Development Agreements (CRADA) as
specified in the National Competitiveness Technology Transfer Act of 1982 contemplated;
however, the DoD and DOE consider this a cooperative joint agency program.

Technical Points of Contact:

James E. Rannels, Director

Photovoltaics Technology Division (CE-131)
U.S. Department of Energy

1000 Independence Avenue, S.W.
Washington, D.C. 20585

TEL: (202) 586-8070

FAX: (202) 586-5127

Dr. David E. Hasti
Photovoltaics Projects Manager
Division 6218

Sandia National Laboratories
P.O. Box 5800

Albuquerque, NM 87185-5800
TEL: (505) 844-8161

FAX: (5605) 844-6541

Garyl D. Smith

Chairman, DoD Photovoltaic Review Committee
Energy Program Office

Code C8303

Naval Air Weapons Station

China Lake, CA 93555-0069

TEL: (619) 939-2525

FAX: (619) 446-1991
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SERDP Thrust Area: Alternate/Clean Energy
Title: Fuel Cells for Military Applications
Problem Statement:

The majority of central heat plants on U.S. military bases are nearing the end of their useful
life and will soon need replacing. This presents an opportunity to replace existing
equipment, based on energy concepts developed almost eighty years ago, with current state-
of-the-art or near-term emerging technologies. Fuel cells are electrochemical power
generators with the potential for attaining very high electrical energy conversion efficiencies
while operating quietly with minimal polluting emissions. In addition, by-product thermal
energy generated in the fuel cell is available for use for cogeneration of hot water or steam,
bringing the overall potential conversion efficiency (electrical plus thermal) to the order of
85% to 89%. Phosphoric Acid Fuel Cells (PAFC) are currently entering the initial stages of
commercialization. One U.S. manufacturer has reported 55 firm orders for 200-kW PAFCs.
Of these, 25 have been delivered, but only 3 units have been installed in CONUS. Molten
Carbonate (MCFC) and Solid Oxide (SOFC) fuel cells, offering even higher electrical energy
conversion efficiencies and increased cogeneration utility, are expected to become
commercially available around the turn of the century. The proposed project is a new
program designed to provide a field demonstration of PAFC technology at several DoD
military installations in CONUS.

Project Description:

The technical objective of this project is to demonstrate the performance of phosphoric acid
fuel cell technology on U.S. military installations. The FY 93 Defense Appropriations Act
provided $6.0M of equipment procurement funds per service for "non-developmental item
natural gas fuel cells currently produced in the United States...for power generation at
military installations..." with the recommendation that "...some of the cells be installed at
locations in need of enhanced air quality...". In a similar fashion, Congress also supplied
$865K to the U.S. EPA for "...environmental monitoring of...non-developmental natural gas
fuel cells...installed for power generation at military installations...". The problem with these
Congressional appropriations is that money was provided to buy fuel cells and to monitor
the environmental emissions, but no money was supplied to identify demonstration sites,
develop site specific designs, install the equipment and make connections to local utilities, or
monitor equipment performance. To resolve these problems, the Defense Utilities and
Energy Coordinating Council (DUECC) decided to conduct a unified demonstration of the
emerging PAFC technology for each of the three services, and tasked the Army as the lead
service for coordinating these demonstrations.

This SERDP project will develop application guidance for PAFC technology, recommend U.S.
military installation demonstration sites to the DUECC, develop an implementation plan for
conducting the tri-service PAFC demonstration at multiple military installations, develop the
equipment purchase documentation, develop equipment installation procedures and designs,
design inter-ties with local utility systems, monitor equipment performance (in conjunction
with U.S. EPA environmental emissions monitoring), train maintenance personnel, resolve
operations and maintenance problems, and develop lessons learned for future fuel cell
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technology applications. Funds for implementing SERDP funded designs at specific
installations will be supplied by the Energy Conservation Program (ECIP).

The combined electrical and thermal energy conversion efficiency of PAFC technology in a
co-generation system is 85% to 89%. This is far superior to the conventional technologies
which range between 50% to 59%. This improved efficiency will help DoD meet energy
reduction goals. The extremely low air pollutant emissions associated with fuel cell
technology is in direct support of DoD/DOE environmental objectives. Potential PAFC
system air emissions for key pollutants (5O,, NO,, and particulates) are negligible and in
orders of magnitude below any conventional technologies and the proposed New Source
Performance Standards [NSPS] of the 1990 Clean Air Act. Because of their high energy
conversion efficiency, fuel cell power plants also produce lower levels of greenhouse
pollutants (such as carbon dioxide) as compare to conventional technologies.

The primary technical task with fuel cell technology is directly related to the lack of long
term operating experience. The original DOE funded prototype PAFC system only has a
total of 9600 operating hours spread over 33 operating periods. A second developmental
system located at the South Coast Air Quality Management District office in the Los Angeles
area has less than 4500 operating hours with the longest continuous operating period being
about 2100 hours. Completion of the extensive Congressionally directed demonstration
program will resolve many of the technical issues surrounding this emerging technology.

Expected Payoff:

Because the current capital cost of $5000/kW is very high, initial applicability will probably
be restricted to DoD installations located in air quality non-attainment regions. One such
installation is Vandenberg AFB located in Santa Barbara, CA. Vandenberg uses diesel
generators to supply hot backup electrical power for space vehicle lJaunches. These diesel
generators currently violate local air quality standards for NO, and VOC emissions. Use of a
PAFC system should resolve this continuing violation problem. As production costs
decrease, fuel cell technology should prove to be cost-effective based on electrical energy
production costs alone. Current industrial projections predict mature market installed costs
for PAFCs to be less than $2000/kW. With expected natural gas prices at $4.00/MBtu, these
systems should be cost effective in any region in which electric energy costs exceed 3.5
cents/kWh, with thermal energy provided for free.

Milestones: FY
Develop PAFC application guidance for DoD 93
Collect pertinent DoD energy consumption/cost data 93
Collect DoD environmental compliance data 93
Determine Utility Company leveraging opportunities 93
Develop PAFC implementation plan for DoD 93
Develop RFP for delivery of turnkey PAFC systems for DoD 93
Develop/implement PAFC performance test plan 94-95
Monitor PAFC purchase/installation process 94-95
Monitor PAFC system performance 95-96
Document PAFC program lessons learned 97
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Apply PAFC program lessons learned to provide guidance for the 95-98
potential application of advanced fuel cell technologies to DoD

Transition Plan:

Information and technology developed by this jointly funded demonstration program will be
transferred to the public sector through DOE’s Technology Transfer Program for Fuel Cell
Applications conducted by DOE’s Morgantown Energy Technology Center, and to the DoD
user community through a tri-service Technical Manual series. Technology improvements
developed under this demonstration will be incorporated into the production process of the
one commercial vendor who produces 200 kW PAFC units. The application guidelines, site
specific design concepts, operational experience and lessons learned developed by this project
will be extremely important to future users of PAFC, MCFC and SOFC technologies.

Funding: ($K)

FY93 FY9%4
Ré&D Program 70 100
R&D Energy Office 145
US. EPA R&D 285 435
FY93 Appr. Act 6000 9000
DoD ECIP 1200
SERDP 350 350
Totals: 6850 11085

Performers:

The extensive experience of DOE’s Morgantown Energy Technology Center (METC), the Gas
Research Institute (GRI), the US. EPA’s Air and Energy Engineering Research Laboratory
(AEERL) and the US. Army’s Construction Engineering Research Laboratories (USACERL)
will be extensively involved in this program. Local installation engineering and operations
staff, and regional U.S. Army Corps of Engineers District offices and U.S. Navy Engineering
Field Division offices will be involved at specific demonstration sites. DoD and DOE
research contractors who have demonstrated expertise in the fuel cell technology arena will
also be employed during the program. Selection of the candidate PAFC demonstration sites
as part of the implementation plan will be coordinated among the Tri Services. Potential
leveraging opportunities available as part of existing or negotiable incentive plans offered by
local gas and electric utility companies will be identified and incorporated into the project
where applicable. Overall project oversight will be provided by the Defense Utility Energy
Coordinating Council (DUECQ).
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Technical Point of Contact:

U.S. Army Construction Engineering Research Laboratories
ATTN: CECER-FEP

Dr. Mike Binder

P.O. Box 9005

Champaign, IL 61826-9005

TEL: (217) 398-5509

FAX: (217) 373-3740
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SERDP Thrust Area: Alternate/Clean Energy
Title: Low Energy Model Installation Program

Problem Statement:

Defense Energy Program Policy Memorandum (DEPPM) 91-2 requires DoD facilities to
reduce energy consumption and costs by 20% from 1985 to 2000, by improved operation and
maintenance, capital investment for energy conservation, taking advantage of public utility
and demand side management (DSM) programs, using shared energy savings contracting,
using efficient lighting systems, and switching to alternative, renewable, and clean energy.
The recently signed Energy Policy Act requires that all projects that payback within ten years
be completed by 2005. The proper analytical tools and methodologies to enhance and ensure
implementation of the energy program are not available. The DoD also has no tried and
proven example that all the strategies can be simultaneously implemented utilizing existing
resources available to the DEH community. The DoD Low Energy Model Installation
Program at Fort Hood, Texas, will meet the goal of demonstrating the effectiveness of a
comprehensive approach and allow development and technical transfer of tools and
methodologies. Phase I and Phase II SERDP, DoD and FORSCOM funding have enabled the
program to be initiated. Continued funding is required to enhance generic tool development
and construction design enhancement methodologies, design projects and complete
demonstration projects at Fort Hood, the model installation.

Project Description:

The continuing technical objective to demonstrate a prototypical installation-wide,
comprehensive energy management program that improves the environmental compliance
status of DoD installation utility and industrial systems while meeting DoD energy
management goals to reduce usage and costs by 20%. Fort Hood, located in Killeen, Texas,
has been selected as the model prototype installation for implementation of the required
strategies for meeting these goals and quantification of the environmental compliance benefits
resulting from energy management. Implementation procedures and tools are under
development, in conjunction with DOE labs, that will enhance analysis techniques and
demonstrate the effectiveness of a comprehensive, coordinated program based on state-of-the-
art technologies and alternative funding strategies.

The program’s technical approach includes:
1 (1) a procedure for tracking and predicting installation energy use
(2) a procedure for evaluating the efficacy of vegetation screening systems
(3) a method for identifying and evaluating energy reduction options
(4) a technique for prioritizing and funding options
(5) a procedure for quantifying environmental benefits
(6) a procedure for developing phased implementation plans

The program builds upon and enhances previous work by Pacific Northwest Labs in the

development of the Federal Energy Decision Screening Model (FEDS) and the previous work
by Lawrence Berkeley Labs in the development of End-use Disaggregation Algorithm (EDA).
It also compliments the separately funded CERL work effort to develop the Renewables and
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Energy Efficiency Planning (REEP) model to determine the maximum potential and the
environmental benefits of energy conservation in the DoD.

Expected Payoff:

Fort Hood spends about $23 million per year for facilities energy. Preliminary analysis of the
potential savings at the model installation are about 32% of the energy and 24% of the costs.
Since the Army spends about $1.2 billion per year for facilities energy, savings of this
magnitude extrapolated Army-wide are about $288 million per year. There are also consider-
able environmental benefits from such energy reductions. Developing the analysis tech-
niques and user friendly tools for energy analysis and capital investment strategies will
enable installations to develop the cost effective projects to achieve there potential savings
maximizing the use of alternative financing.

Milestones:

Select and evaluate demonstration site FY92 (cmpl)
Evaluate energy use patterns FY93
Develop energy tracking and prediction model FY93
Identify and evaluate conservation projects FY93
Develop tools for identifying options FY92-94
Develop energy project strategy and plans FY93
Evaluate the impact of vegetation screens FY%4
Conduct DSM negotiations : FY92-93
Develop project documents FY92-94
Design Projects FY93-95
Follow construction and evaluate projects FY93-96
Evaluate results and transfer technology FY93-96

Transition Plan:

The results of this program are twofold. The first area is in tool and technique development.
These will be transferred within the existing structure for energy management within the
DoD. The militarized version of FEDS will be incorporated into DOEs training program and
the predictor tools and analysis techniques will be incorporated into DoD training programs.
The second area of results are the actual demonstrations at the model installation. These
projects will fully involve the installation, the local CoE district, and the various Corps
Centers of Expertise. These results will be transferred using standard DoD methods such as
technical reports, manuals, and notes. They will also be incorporated into training associated
with the energy management programs. The technologies being implemented under this
program are readily available from industry but have not penetrated the DoD market.

Funding: ($M)

FY91 FY92 FY93 FY9%4
SERDP 1.75 0.74 1.4 1.3
DoD 0 0.3 0 5.0
FORSCOM 0.2 0.3 7.0 7.0
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Performers:

This project is being managed and performed by the Construction Engineering Research
Laboratories in Champaign, IL. Additional assistance is being provided the Cold Regions
Research and Engineering Laboratory in Hanover, NH; National Labs (PNL and LBL);
various consulting and engineering firms. Huntsville and South Central Divisions of the
Corps of Engineers are also program partners.

Technical Point of Contact:

US Army Construction Engineering Research Laboratories
ATTN: CECER-FEM (Mr. Donald Fournier)

P.O. Box 9005

Champaign, IL 61826-9005

TEL: (217) 373-7282

FAX: (217) 373-6740
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SERDP Thrust Area: Alternate/Clean Energy
Title: Geothermal Heat Pumps/Enhanced Building Envelopes
Problem Statement:

The goal is to develop permanent DoD capability to evaluate, install and maintain
geothermal heat pumps (GHPS) to reduce electric energy consumption for heating, cooling
and water heating by $100 to 150 million annually by the year 2000.

As a result of technological advancements, reduced GHP installation costs, and utility
rebates, GHPs are increasingly installed in all sizes of new buildings as well as retrofits.
Expands the initial SERDP funding, primarily for residential buildings, to include large DoD
buildings; includes building envelope enhancements to further reduce energy consumption,
atmospheric emissions, and life cycle costs for GHP installations.

Project Description:

The technical objective is to validate and document reduced energy usage, lower emissions
and maintenance savings for DoD buildings, obtain load reduction data for DoD and the
utility industry, and incorporate GHP design specifications in DoD engineering analysis for
new or replacement HVAC designs.

The technical approach will be to rank larger DoD buildings for cost, energy, emission and
maintenance reduction via geothermal heating; cooling, and water heating, select a number of
sites for detailed economic analysis and engineering; incorporate GHP analysis in DoD
HVAC computer models; and develop a permanent DoD program to extend the technology
for both new and retrofit HVAC needs. Where cost-effective, incorporate building envelope
enhancements to further reduce energy consumption.

DOE and EPA have both endorsed GHP technology to reduce energy consumption and
power plant emissions. "GHPs can reduce energy consumption and, correspondingly,
emissions by 34-46% compared with the most advanced air source heat pumps, and by 71-
73% compared to electric resistance coupled with standard air conditioning equipment. Total
U.S. market demand for GHPs could increase from present sales levels of 20,000 units
annually to over 450,000 by the year 2000 with aggressive utility conservation incentives."
(U.S. EPA July 1992). Exclusive of liquid fuels, GHPs are the most promising dispersed
renewable technology, with a potential of 2.7 quads by 2030 up from less than .1 quad in
1990. This estimate was based on assumed simple paybacks of less than 5 years for
commercial applications and less than 8 years for residential installations. (Energy
Information Administration, DOE, December 1990).

This phase enhances a previously funded SERDP GHP program which was developed
primarily for DoD residential buildings. DoE GHP R&D seeks to lower installation of ground
connections, EPA is developing utility load models for GHPs, and Farmers Home
Administration installs GHPs in low income housing because of its most favorable life cycle
cost.
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Expected Payoff:

The GHP technology is cost-effective nationwide. DoD's total U.S. electric bill for heating,
cooling, and water heating is about $700 million annually. The potential annual savings for
both residential and commercial DoD type buildings is estimated at $140 million by the year
2000.

Milestones:

1. Identify 12 DoD residential sites February 1993
2. Identify 6 DoD large building sites March 1993

3. Conduct National GHP teleconference for A&E firms April 1993

4. Train DoD personnel May 1993

5. Assist preliminary engineering & cost analysis (residential)  July 1 1993

6. Assist preliminary engineering & cost analysis (large) September 1993
7. Complete residential construction January 1994
8. Complete large building construction or retrofit August 1994

9. Document energy, emissions, and maintenance savings July 1995

10. Complete report December 1995

Transition Plan:

After this 3 year program, DoD will have incorporated GHPs in its design process. This
project is being coordinated with DoD's Defense Utility Energy Coordinating Council,
including both the operations and maintenance and the utility/DSM subcommittees. The
GHP manufacturers, small by traditional HVAC standards, are being joined by the larger
manufacturers like Trane-Consequently, equipment production is assured by the existence of
a burgeoning civilian GHP market.

Funding: ($K)

FY 93
600

Performers:

DoD/DOE /Sandia Laboratories: Albuquerque NM; Oklahoma State University; Louisiana
State University; and University of Kentucky

International Ground Source Heat Pump Association had agreed to cooperate with DoD,
nationwide.

Planned Cooperative Development Agreements will coordinate with the Electric Power

Research Institute and National Rural Electric Cooperative Association, both of which play
prominent roles in accelerating adoption of GHP technology.
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Technical Point of Contact:

Lew Pratsch

Geothermal Division

Conservation and Renewable Energy, DOE
1000 Independence Ave, SW

Washington D.C. 20585

TEL: (202) 586-1512

FAX: (202) 586-5124
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SERDP Thrust Area: Alternate/Clean Energy

Title: Advanced Cycle Mobile Heat Pump

Problem Statement:

The goal of this project is to develop new energy-efficient field-deployable environmental
control units (ECU). By utilizing new technology in the thermodynamics field, new heat-
pump cycles can be applied that allow cooling without using the ozone-depleting CFCs that
normally occur in the cooling cycle.

Global goals have been established to reduce and eliminate the use of CFCs due to the global
warming issue. Federal regulations require that certain CFCs be phased out by 1995. To
accomplish this, new cooling technologies must be explored.

Project Description:

The technical objective is to develop a thermoacoustic heat pump to provide a bare base with
highly efficient, low maintenance heating, ventilating and air conditioning (HVAC) systems.

The technical approach will be to utilize traditional heat engine cycles, such as the Carnot
cycle, which have been used in the past with the assumption that the cycle was a reversible
function. There are limiting values never realized in practical heat engines due to the
unavoidable irreversibility, such as thermal diffusion and viscous dissipation, which always
reduce performance below the ideal Carnot values. In thermoacoustic engines, the
irreversibility is due to the imperfect (diffusive) thermal contact between the acoustically
working fluid and a stationary second thermodynamic medium that provides the required
phasing. This project will develop a computer model to optimize a thermoacoustic heat
pump on the basis of resonance and system size. The computer model will consider the cost
effectiveness and identify the optimum thermoacoustic configuration for a prototype model.
The prototype will be fabricated to validate the practicality of a working heat pump to meet
bare base requirements. The resulting configuration will be tested and its performance data
compared with current systems to determine the cost effectiveness of the new equipment.

This effort will eliminate the use of CFCs on deployable heat pumps and provide a more
energy efficient method for heating and cooling. This will reduce the amount of fuel needed
to meet requirements.

Expected Payoff:
The research, development of this advanced energy conversion technology will increase
operations efficiency and eliminate the use of CFCs as operational media. Clean ECU are

essential for successful mission operations and sortie generation. Efficient resource utilization
will result in significant cost and cleaner environmental benefits.
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Milestones:

Start Program FY93

Literature/Technology Review FY93-FY%
Computer Mode FY93-FY95
Thermodynamic Cycle Analysis FY94-FY95
Energy/Economic Optimization Analysis FY95-FY96
Small Scale Testing FY95-FY97

Transition Plan:

The results of this R&D will be transitioned to Wright Laboratory Flight Dynamic Air Base
System (FIVC) 6.3 operational prototype validation program. This will support base civil
engineers requirement to use environmentally friendly cooling media.

Funding: ($K)

FY93 FY9%4
500 950
Performers:

Department/Agency Laboratory: US Air Force, Wright Laboratory Flight Dynamic Air Base
System (FIVC). Planned Cooperative Agreements: None

Technical Point of Contact:

Douglas E. Klaymejer
WL/FIVCO

Tyndall AFB, FL 32403-5319
TEL: (904) 283-3730

DSN: 523-3730

FAX: (904) 283-3722

DSN: 523-3722

26




SERDP Thrust Area: Alternate/Clean Energy
Title: Utilization of Biomass Technologies on Military Installations

Problem Statement:

The goal of this is to demonstrate an innovative energy conversion technology fueled with
biomass at a DoD installation. The DoD operates a large number of small energy conversion
systems that burn fossil fuels and are in need of repair or replacement. These systems emit
substantial amounts of air pollutants (SO, and particulate) which must be controlled.
Converting or replacing existing equipment with systems that utilize biomass would
eliminate SO,, produce zero net gain of CO,, reduce air toxic emissions, and reduce waste
disposal problems. The biomass fuel supply would be generated by activities on-site, in the
community, and/or from dedicated feedstock supply systems (DFSS). This project is an
opportunity for the DoD, EPA, DOE, USDA, AID, national labs, and industry to cooperate in
demonstrations that will benefit each organization. The project would build upon the
EPA/OPPE and DoD study "Enhancing Management of Forests and Vegetation on
Department of Defense Lands: Opportunities, Benefits, and Feasibility", the EPA/AEERL,
DOE, and AID biomass integrated gasification/gas turbine study, the USDA work with a
wood fired combustion turbine, utilization of wood palates and marketing of cull trees, the
NREL gasifier scale-up in Hawaii, the Western Research Institute work with co-firing wood
and coal in a turbine, the Regional Biomass Program utilization of biomass, the EPA/AEERL
multi-fuel combustor research, and ORNL research in DFSS. Existing efforts have focused on
large scale systems or mature technologies. The small scale innovative energy conversion
technologies have been neglected.

Project Description:

The technical objective of this project is to demonstrate that innovative energy conversion
technologies fueled with biomass are technically, economically, and environmentally feasible
for DoD installations, industries, and developed countries. The technical approach is to
identify the DoD site, select the most viable technology, identify the partners, and design,
build, and test the system. The DoD/CERL (Gary Schanche) would provide the
demonstration site, specific information to aid the technology selection process, and system
operators. The EPA/AEERL (Carol Purvis) will select technologies to be considered, evaluate
environmental and site specific data, and coordinate project participant’s activities. The
DOE/NREL (Ralph Overend) would provide their expertise in the technology selection
process. The Regional Biomass Programs, USDA (Andy Baker) and ORNL (Lynn Wright)
would provide off-site resource information, including DFSS. Industry would provide
system development/design and hardware depending on the technology selected.
AID/Winrock would examine opportunities for transferring technology to international
markets. The project relates to the needs of the DoD by supporting Pillar 3 of the Tri-Service
Research Plan, Thrust 3.M: Reduce greenhouse gas emissions, (3.V.2.d) Improve efficiencies
of mechanical systems and (3.V.3.a) Alternative/renewable energy sources and the DOE by
supporting Title XII: Renewable Energy of Energy Policy Act of 1992, H.R. 776/Public Law
102-486, +direct combustion or gasification of biomass and +biofuels energy systems. The
technical risks will be minimized by the proper selection of technology based on the available
site, size of system, type of fuel, qualifications of operators, and lessons learned by all

27




cooperators.
Expected Payoff:

Conversion technologies fueled with biomass could be applied in developed or developing
countries, industrial sites, or rural areas. The technologies could be modularized to allow for
varying fuel supplies or energy demand. The benefits for the DoD to convert or replace
these systems with biomass fueled systems are 1) reduce air emissions, 2) minimize on-site
and community waste disposal, 3) savings from tipping fees, purchase of fossil fuels, and
electricity, 4) energy security at domestic and international military installations, and 5)
promotion of exportable technologies.

Milestones:

- Identify available site(s), the existing system, and on-site

fuel supply. 04/93
- Identify various technologies. 04/93
- Identify off-site fuel supplies. 05/93
- Select site(s). 06/93
- Select appropriate technology(ies) for selected sites. 08/93
- Establish partnerships with government and industry. 09/93
- Define contributions and responsibilities of partners. 10/93
- Assist with design of system. 11/93
- Begin demolition/construct of system. 01/94

Transition Plan:

The coordination between DoD and partners will be such that the design of the project will
be in the best interest of the DoD installation. This project would provide the jump start
needed for the development of equipment, design of systems, and creation of markets.
Biomass fueled technologies will help provide sustainable energy without being detrimental
to the environment. The following is one example of a technology that could be
demonstrated and the benefits. Energeo’s system is a closed Brayton Cycle - a turbine using
air as the working fluid which is heated via heat exchangers in a fluid-bed combustor. The
benefits of this system are 1) less turbine maintenance because of air working fluid, 2) fuel
flexibility because combustor and turbine are closed systems, 3) easily exportable because
system is designed to fit in shipping containers, 4) small size (700kW) can be modularized,
and 5) utilizes biomass. A successful demonstration would allow developing countries to get
approval for financing from multi-lateral lenders. The potential systems will be comprised of
off-the-shelf components or manufacturable by existing industries. Developing countries are
in dire need of this type of technology because biomass waste is both a disposal and air
pollution (open burning) problem and diesel fuel is too costly to import.

Funding:
- SERDP would provide $750,000 per year for FY93-96.

- DoD would provide the site and system operators.
- EPA/ORD would provide in-house multi-fuel combustor ($500K) and staff operators
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($250K) for fuel testing. In addition, approximately $1M of a pending FY94 initiative for
GHG emission reduction technologies would support this program.

- EPA/OPPE would add forest and agricultural sector to GEMINI U.S. energy sector model
to assess biomass energy feasibility ($100K) and perform analysis of large scale use of
biomass in U.S. power sector ($200K).

- TVA FY93 funding is temporarily frozen due to a reorganization but expect to be interested
in co-funding in FY%4. :

- DOE and NREL FY93 funding is already committed but are prepared to consider the project
for FY94 funding.

- NWEA will provide in-kind staff time in FY93 and are prepared to commit $25,000 in
FY94-96.

Performers:

Demonstration of energy conversion technologies utilizing biomass will be performed
through the cooperation of the EPA, DoD, DOE, USDA, AID, national labs, and industries.
This government/industry cooperation should lead to future CRADA’s between government
and industry.

Primary Sponsor:

Air and Energy Engineering Research Laboratory (AEERL)
Office of Research and Development

US Environmental Protection Agency (EPA)

MD-60

Research Triangle Park, NC 27711

TEL: (919) 541-3006

FAX: (919) 541-5227

Co-Sponsors: The following organizations have been contacted and agreed to be funding co-
sponsors or partners who will at a minimum provide in-kind support.

Construction Environmental Research Lab National Renewable Energy Lab (NREL) -

(CERL) - Gary Schanche Ralph Overend

Office of Research and Development 1617 Cole Boulevard

US Army Corps of Engineers Golden, CO 80401

P.O Box 9005 TEL: (303) 231-1450

Champaign, IL 61826-9005 FAX: (303) 231-1352

TEL: (217) 398-5505

FAX: (217) 373-3430 Electric Power Research Institute (EPRI) -
Evan Hughes

Office of Conservation and Renewables - P.O .Box 10412

Mike Reed Palo Alto, CA 94303

Department of Energy (DOE) TEL: (415) 855-2179

1000 Independence Ave. SW FAX: (415) 855-2954

Washington, DC 20585

TEL: (202) 586-0974
FAX: (202) 586-0784
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Power Generating, Inc. (PGI) - Bob
McCarroll

2501 Parkview Drive, Suite 500
Fort Worth, TX 76102-5800

TEL: (817) 332-8553

FAX: (817) 332-2834

Thomas R. Miles Consulting Design
Engineers - Tom Miles, Jr.

5475 S.W. Arrowwood Lane
Portland, OR 97225

TEL: (503) 292-0107

FAX: (503) 292-2919

National Wood Energy Association
(NWEA) - Scott Sklar

777 North Capital Street NE, Suite 805
Washington, DC 20002

TEL: (202) 408-0664

FAX: (202) 408-8536

New York State Energy R&D Authority
(NYSERDA) - Jeff Peterson

2 Rockefeller Plaza

Albany, NY 12223

TEL: (518) 465-6251 X288

FAX: (518) 432-4630

Forest Products Lab (FPL) - Andy Baker
Forest Service (FS)

US Department of Agricultural (USDA)
One Gifford Pinchot Drive

Madison, WI 53705-2398

TEL: (608) 231-9472

FAX: (608) 231-9592

Winrock International - John Kadyszewski
US Agency for International Development
(AID)

1611 North Kent Street, Suite 600
Arlington, VA 22209

TEL: (703) 525-9430

FAX: (703) 243-1175
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Tennessee Valley Authority (TVA) - Dale
Bradshaw

1101 Market Street, 3N71A Missionary
Ridge Place

Chattanooga, TN 37402-2801

TEL: (615) 751-4573

FAX: (615) 751-6403

Briquetting Marketing & Services, Inc. -
Andy Lee

7126 Newton Ave. So.

Richfield, MN 55423

TEL: (612) 869-8896

FAX: (612) 861-3340

Energeo, Inc. - Phil Bray

235 Montgomery Street, Suite 820
San Francisco, CA 94104

TEL: (415) 394-7566

FAX: (415) 421-2354

Free Enterprise Systems, Inc. - Bob Tayloe

P.O. Box 514

Chapel Hill, NC 27514
TEL: (919) 929-3392
FAX: (919) 967-9243

Oak Ridge National Lab - Lynn Wright
P.O. Box 2008, MS-6352

Oak Ridge, TN 37831-6352

TEL: (615) 574-7378

FAX: (615)576-8143




SERDP Thrust Area: Alternate/Clean Energy

Title: Pilot Plant Demonstration of Methanol Production using the Hydrocarb Process with
Biomass Feedstock

Problem Statement:

The goal of this project is to demonstrate the feasibility of producing methanol from biomass
using the Hydrocarb process with special emphasis on the recovery of a clean liquid fuel
from abundantly available DoD biomass feedstocks.

Domestic supplies of petroleum are declining with adverse effects on national security and
balance of payments. Because of this and other facts, the strategic energy plan of the
Department of Energy anticipates that alternative fuel of some kind will be required in large
amounts by the year 2000. The Department of Defense is a large consumer of transportation
fuel and will increasingly compete with the private sector for available petroleum supplies.
The necessary future transition to an alternative fuel can be facilitated by participation of
DoD in the development of new technology to produce the best alternative from renewable
domestic resources at lowest cost.

This project is an enhancement of an existing project jointly funded by the EPA (FY 92 =
$400K) and the California South Coast Air Quality Management District (FY 92 = $125K) with
the participation of the Brookhaven National Laboratory.

Project Description:

Preliminary engineering feasibility studies and cost estimates carried out under EPA
sponsorship during 1990-92 indicate that the Hydrocarb process, which was conceived at the
Brookhaven National Laboratory, may produce a clean liquid fuel from biomass at a cost
lower than the equivalent cost of gasoline. Environmental effects, relative to gasoline
emissions, will also be greatly reduced. Most importantly, the assessments conclude that it
will yield more fuel from the given resources than any other technology. Those assessments
are based on theoretical process simulations and laboratory rate studies conducted at
Brookhaven. Pilot scale testing is now being undertaken in a joint project to further evaluate
the process.

The technical approach is to design, construct, and operate over a three year period, a 100
gal/day pilot plant in four phases. The SERDP project would accelerate and enhance the
construction of the second phase, a methane pyrolysis reactor, which is the critical
component of the system. When completed, the pilot plant would demonstrate the recovery
of clean fuel from wastes produced at military installations; e.g., rubber tires, discarded
fabrics, spent organic wastes.

The Energy Policy Act of 1992 (P.L. 102-486) provides that the Department of Energy shall
establish programs to promote replacement of petroleum motor fuels with alternative fuels to
the maximum extent possible in order to ensure the availability of alternatives that will have
greatest impact on reducing oil imports, improving national economy, and reducing
greenhouse gas emission. The numerical goals are 10% of petroleum motor fuels with
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alternative fuel by 2000, 30% by 2010. Pillar 3 of the DoD Environmental Research Plan
(Pollution Prevention) THRUST 3.M: Reduce Greenhouse Gas Emissions is also directly
supported by this project which will produce alternative/renewable energy sources (3.V.3.a)
and eliminate/reduce hydrocarbon fuel use (3.V.2.b). The Hydrocarb process will reduce
greenhouse gas emissions by 67% relative to the gasoline displaced and at no incremental
cost.

Four other biomass gasification processes that could produce methanol from biomass and
three processes that could produce ethanol from biomass have been compared with the
projected performance of this process. These evaluations indicate that Hydrocarb could
produce over 4 times as much fuel energy from a given amount of biomass, and at less cost,
than the most advances processes now under development for production of fuel ethanol and
could produce 3 times as much methanol as any gasification process. Cost of fuel production
will be significantly less than either of those alternative routes.

Process simulation and optimization studies, laboratory rate studies and pilot plant
conceptual design have been completed. Design of a hydrogasification reactor is complete
and construction will begin in January. Design of the second unit, a methane pyrolysis
reactor will be undertaken in October. Gasification tests will begin in December. The second
year will involve testing of the gasification and pyrolysis units and installation of the
methanol synthesis unit. The integrated system will be evaluated in the third year.

Most of the involved process steps have been carried out independently on industrial scale,
but not at the specific temperatures and pressures needed for this process. The methane
pyrolysis unit, which involves high temperature indirect heating by a pressurized combustor,
will require development.

Expected Payoff:

If successfully developed, the Hydrocarb process could provide a large part of the fuel
requirements for military use, from secure domestic resources, as well as a large part of the
transportation fuel requirements of the U.S. public. The total U.S. land area that could be
used for short-rotation woody biomass farming is estimated to be capable of producing 6 to
12 quads of energy. Because Hydrocarb could produce methanol in amounts equivalent to
twice the gross energy content of the biomass, it could potentially supply two thirds of the
transportation energy requirements of the U.S. If one-third of that requirement could be met
with domestic methanol and the minimum estimated external costs of petroleum fuel
dependence is included, an annual saving of $25 billion would result.

Milestones:

Phase 1

Phases 2 and 3
Gasifier construction
Gasifier operation
Pyrolyzer design
Pyrolyzer construction
Pyrolyzer operation
Methanol unit plant
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Phase 4
Methanol unit construction
Integrated plant operation

Transition Plan:

The test unit is the smallest system that could provide useful information on the potential of
the process. If successful, evaluation on a process development unit 10 tons/day) and a
process engineering unit (100 or more tons/day) will be needed for final scaleup and
accurate assessment of performance and cost. It is clear that the private sector has no current
incentive to develop methanol as an alternative to petroleum —the true cost of which is
heavily subsidized by the public sector. It is essential therefore, if the best alternative is to be
made available by year 2000, that process development begin now. Support by DoD for the
initial development phase of this process should enhance the prospects for a secure supply of
its fuel requirements as well as assisting the public and private sectors with the development
of technology to meet the future needs of both. A successful pilot demonstration with DoD
support will greatly improve the prospects of early support by the petroleum industry for
scaleup and evaluation in larger systems.

Funding:

FY92 EPA $400K
South Coast Air Quality Management District (SCAQMD) $125K
Brookhaven National Laboratory (BNL) $50K in-kind staff time

FY93 EPA $120K
SCAQMD $375K
SERDP $500K
BNL $50K
Center for Emissions Research and Analysis (CERA) $6K

FY9%4 EPA $250K
SCAQMD $250K
SERDP $500K
BNL $50K
CERA 12.5K
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Performers:
Prime contractor

Acurex Environmental Corporation
555 Clyde Avenue
Mountain View, California 94039

Subcontractor
Hydrocarb Corporation
232 West 40th Street
New York, NY 10018

Thomas R. Miles

T.R. Miles Consulting Design Engineers
5475 S.W. Arrowwood Lane

Portland, OR 97225

Technical Points of Contact:

Stefan Unnasch

Acurex Environmental Corporation
555 Clyde Avenue

Mountain View, CA 94039

TEL: (415) 964-5145

FAX: (415) 964-5145

Dr. Yuanji Dong

Bldg 526

Brookhaven National Laboratory
Upton, Long Island, NY 11973
TEL: (516) 282-3056

FAX: (516) 282-3000

Robert Borgwardt

Global Warming Control Branch

Air and Energy Engineering Research Laboratory
U.S. Environmental Protection Agency

Research Triangle Park, NC 27711

TEL: (919) 541-2336

FAX: (919) 541-2382
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Compliance

Project Title Page Funding
Number | FY93 (K)

Steady-state and Nonsteady-state Source NOx Emission Control 37 1,000
(AF)

Combination Sorption/Catalyst Medium for Destruction of 41 500
Halogenated VOCs - Dover Air Force Base (EPA)

Atmospheric Chemistry of Model AF Pollutant Compounds (AF) 45 255
Encapsulation of Hazardous Ions in Smectite Clays (DOE) 47 352
Fundamental Studies of Hazardous Metal-Ion Separations 53 450
Chemistry (DOE)

Dispersion in the Convective Boundary Layer (EPA) 57 200
Fundamental Studies of Thermal, Plasma, and Photochemical 59 350
Processing for Waste Disposal Applications (A)

Energy Conservation and Air Toxic Compliance Plan for DoD 62 550
Industrial Facilities (A)

Supercritical Water Oxidation of Hazardous Waste (N) 65 900
Kinetic Mechanisms for Supercritical Water Oxidation (DOE) 72 490

Advanced Testing of Emissions Produced During Open-Air 76 568

Destruction of Energetic Materials (A)

Solar Detoxification of Explosives in Water (DOE) 79 890
Hydrothermal Reduction of Eroded and Intact Energetic Wastes 85 390
(AF)

Catalytic Extraction Processing of Energetic Wastes and | 90 600

Munitions (A)
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Project Title

.

Page

Number

Funding
FY93 (K)

e-SCRUB - The Application of DNA Pulsed Power to Electron
Scrubbing of Flue Gas to Remove Unwanted By-products
(DNA) *

833

Shipboard Non-Oily Wastewater Treatment System (N)

101

1,325

(A)

Single Event Noise Exposure/Development and Human 105 350
Response Prediction Model (AF)

Turbulent Boundary Layer Effects on Sound Propagation (A) 109 175
Small Arms Range Noise Mitigation Technology Demonstration 111 100

Contaminant Dispersal Model for San Diego Bay (N)

114

690

Portland-Cement Concrete Liners and Tanks for Isolating 119 90
Hazardous Wastes (A)
Capacitive Deionization as a Means of Eliminating Secondary 121 795
Wastes (DOE)
Glassy Materials Modeling for Hazardous Waste Immobilization 124 150
(A)
Waste Tank Remediation: Analysis and Waste Form 126 217
Development (DOE)
Technical and Economic Assessment of Storage of Industrial 131 1,500
Waste on Abyssal Plains (N) *

Total 14,970

* Congressional Interest Program

36




SERDP Thrust Area: Compliance
Title: Steady-state and Nonsteady-state Source NOx Emission Control

Problem Statement:

The goal of this project is to define the practical limits to which reactive sorbent technical
based on vermiculite and a coating of magnesium oxide (MgO) on vermiculite can be applied
to control oxides of nitrogen (NoX) in combustion and other process exhaust streams. NOx
emissions from stationary and mobile sources are or shortly will be subject to regulation
under titles II, IV, and VII of the Clean Air Act Amendments of 1990 (CAAA), and EPA’s
Office of Air Quality Planning and Standards (QAQPS) is presently gathering data to support
a set of regulations to be applied to jet engine test cells (JETCs).

Targeted department/organization: Air Force major command operations and maintenance
activities that emit combustion exhausts, other DoD operations and maintenance activities,
and private sector industrial operations will benefit from this research.

NOx--VOC interactions have been implicated in tropospheric ozone formation. Accordingly,
effective atmospheric protection strategies require control of both NOx and volatile organic
compounds (VOCs). Present-generation NOx-control methods are effective only on relatively
constant ("steady state") sources of NOx. The vermiculite--MgO sorbent was developed to
address the need to control NOx emitted from JETCs, which operate in a series of short
stages, drastically removed from steady state, and which cannot tolerate more than an inch
(water gauge) of back pressure from a control device. Bench- and prototype-scale tests
indicate that NOx removal by this sorbent is practically constant over a temperature range
exceeding 100° and over a range of space velocities exceeding a factor of 10, that
approximately 60% of NOx (and comparable amounts of carbon monoxide [CO] and
particulate matter) is removed, and that back pressure at the flow rates encountered in two
JETCs is approximately 5 inches (water gauge). Extrapolation to full scale gives an estimated
cost of $4.50 per pound (for the JETC at SMALC/LABHCE, McClellan AFB CA), well within
the criterion for cost effectiveness applied by OAQPS, and a standard of 50% removal is
likely to be set in 1994 on the basis of this extrapolation. Design modifications have been
proposed that should decrease back pressure to a nominal zero value, but it is untested at
present and we have not shown on full scale that these sorbents can be used as a practical
NOx control device. Unless the construction and evaluation here proposed is accomplished
before OAQPS issues its standards, DoD is at risk of facing a regulation for which no
technology exists.

Because the vermiculite--MgO sorbent is inexpensive and nonhazardous, and because its
spent form is regenerable or disposable (as a nonhazardous waste) as a beneficial soil
amendment, it has potential for application to a spectrum of steady-state sources as well.
Concurrent evaluation for steady-state and nonsteady-state applications at a single site offers
significant economies by sharing personnel and analytical facilities.

The mechanism of NOx removal by MgO coated on vermiculite appears to derive from

distortion of the MgO structure, which allows metathesis and oxidation to form Mg(NO3)2 at
or near the surface. The kinetics of this process and the influence of ethylene (selected as a
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representative hydrocarbon contaminant) on the kinetics are the subject of a dissertation at U
of Florida, on which work will begin during FY 93. A second dissertation, to be supported
concurrently at Penn State U as part of this project, will examine the kinetics of reaction of
NO, NO,, and CO in the presence of uncoated vermiculite. Taken together, these two studies
will provide a sound experimental basis for designing applications of
vermiculite/vermiculite--MgO technology. This is a new project.

Project Description:

The principal technical objective of this project is use the engineering platform of a full-scale
installation on an operating JETC to work out the technical details needed to prepare a
generic design for a NOx control for JETCs (or, in the worst case, to establish definitively that
this approach is incompatible with JETCs before OAQPS specifies it as Best Available Control
Technology.) The secondary objective is to gather performance and cost data (including
disposal of spent sorbent) for applications to a representative spectrum of steady-state
sources: a field incinerator for spill remediation, a boiler, a bank of diesel generators, and
tailpipe emissions from gasoline and diesel vehicle engines. The latter will be used in cost--
benefit comparisons with established control technologies.

My two graduate students will operate independently of the site construction, working out
the kinetics and mechanism of action of uncoated and MgO-coated vermiculite on NOx and
on elementary, reducible carbon species. A control system will be designed for and installed
on JETC#2, McClellan AFB, California (or another AFMC center if McClellan is selected for
closure). This system will be refined and modified as an engineering test bed until
satisfactory removal efficiencies are observed at back pressures low enough (a criterion to be
experimentally determined) to permit "normal” operation of the cell, and until the sensitivity
of the system--JETC interaction to variations in working conditions is understood. A
modular emission control device will be designed and installed, in turn, on the stacks of an
incinerator at a hazardous spill site, a boiler, and a bank of diesel electric power generators.
Such variables as bed area and thickness will be examined to determine "best" treatment
conditions (for each stack), and removal and cost data will be gathered. A tailpipe-size unit
(backed up to a mechanical filter or a precipitator to prevent contamination of the vermiculite
bed by soot and metal particulates) will be assembled and refined on an automobile exhaust
pipe in a garage. After satisfactory operating characteristics are established, the unit will be
road tested on a gasoline powered vehicle (to determine effect on performance and
ruggedness of the unit) and then on a diesel-powered vehicle. Sorbent used in each stage of
testing will be analyzed carefully to determine the extent of contamination, if any, by heavy
metals, which will determine disposability.

Relationship to DoD environmental objectives: This research directly contributes to the
requirement to control maintenance process emissions as identified in the Tri-Service
Environmental Quality Strategic Plan, DoD Pillar 2: COMPLIANCE; Requirement thrust
2.B.2: Maintenance Process Emissions (Test Stands and Cells). It also addresses California
requirements for reduction of NOx emissions from fixed and mobile sources.

This is a continuation of a Small Business Innovation Research (SBIR) program that began

with seven independent approaches to Nox control for JETs. Six were dropped as
impractical or cost-ineffective at their present state of development, and the sorbent concept
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was carried to the limit allowed by SBIR rules. (A thesis underway at Cal Irvine is examining
the effect of mixing efficiency on the rate and extent of NOx removal by the Thermal DeNOx
process, but the temperature requirements for DeNOx treatment are incompatible with
temperature distributions in the augmenter tube of a JETC.) Two new SBIR contracts will
explore alternative approaches to NOx control for JETCs, but will take several years to
deliver a workable product in the best of circumstances.

There are a few limited risks. Sensitivity to even minimal back pressure may prevent
treatment of JETC exhausts by this method. Leakage from JETC during high-flow operation
(afterburner) may exceed limits acceptable to EPA. Metal accumulation in the sorbent may
convert it into a hazardous waste in an impractically short amount of time. (Pretreatment by
filtration or precipitation should control the accumulation of particulates from steady-state
and mobile sources; it is incompatible with the JETC.) The sorbent may not be as cost-
effective as existing control methods.

Expected Payoff:

For JETCs, this effort will provide definitive information to guide the design and
implementation of the only control technology that is presently able to meet incoming (FY 94)
standards for NOx emission control. Return on Investment (ROI) is ability to continue
operating facility, realized immediately. For vehicles, this effort will provide a tailpipe
emission control capability for NOx, CO, and (possibly) hydrocarbons that uses no noble or
heavy metals and that can be disposed as a nonhazardous waste. Assuming implementation
at once, ROI also very short because NOx reduction credit for mobile sources will lessen
pressure against other sources. For stationary steady-state sources, this effort will provide a
competitive alternative to present methods of stack NOx and CO emission control that will
have to be evaluated from data generated in this and other studies on a case-by-case basis.
ROI estimated at 7.9 years.

Milestones: Following is the schedule of tasks/activities:

Complete Detailed Design for JETC; Stack testing at Site DOA + 60 days

Assemble Bench-Scale Rig for Tailpipe Tests DOA + 120 days
Prepare Sorbent DOA + 180 days
Design for Stack Control DOA + 180 days
Garage testing of Prototype Tailpipe Control DOA + 240 days
Fabricate JETC, Stack Controls DOA + 270 days
Installations on JETC, Incinerator DOA + 360 days
Road Testing of Prototype Tailpipe Control on Automobile | DOA + 360 days
Reinstall Control on Diesel Bank DOA + 450 days
Dissertations (Final Reports) on Mechanisms of Action DOA + 480 days
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Road Testing of Prototype Tailpipe Control on Diesel DOA + 480 days
Truck

Test Data from JETC DOA + 540 days
Reinstall Control on Boiler DOA + 630 days
Detailed Evaluation of Disposability /Recoverability of DOA + 720 days
Sorbents

Performance and Case Analysis DOA + 780 days
Final Report DOA + 840 days

The Air Force Center for Environmental Excellence’s Technology Transition Division and the
Control Technology Center at EPA Air and Energy Engineering Laboratory will be
continually advised of the status of this research and will assist in the transition throughout
the Air Force, other federal agencies, and the private sector. EPA-OAQPS will be updated
regularly on progress on the JETC control, and will likely rely heavily on that information to
guide the final definition of regulated standards.

Funding: ($K)

SERDP 6.3  FY93 FY94 TOTAL
1000 800 1800

Performers:
Primary AF POC: AL/EQS, Dr. Joe Wander (904) 283-6240/FAX 283-6286/6090.

Performing organization: Sorbent technologies Corporation (Twinsburg OH) or similar
contract source that can provide needed ideas and expertise.

Planned cooperative/coordinating agencies: EPA-OAQPS
Technical Point of Contact:

AL/EQS, Dr. Joe Wander

139 Barnes Drive, Suite 2
Building 1120, Stop 37

Tyndall AFB, FL 32403-5323
TEL: (904) 283-6240

FAX: (904) 283-6286/6090/6064
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SERDP Thrust Area: Compliance

Title: Combination Sorption/Catalyst Medium for Destruction of Halogenated VOCs - Dover
Air Force Base

Problem Statement:

The goal of this project is to continue development, evaluation and optimization of an
innovative adsorbing catalyst which will be pilot tested at the Dover Delaware Air Force Base
as an alternative low-cost approach for eliminating Trichloroethylene (TCE) air emissions
which occur during waste water cleaning operations. The US EPA Air and Energy
Engineering Research Laboratory (AEERL) has sponsored research cooperatively with the Air
Force to develop and optimize a single medium which first will act as a sorbent to remove
low concentration VOCs at room temperature and then act as a catalyst at about 350°C to
destroy the VOC.

The Y-Zeolites used as the base for the Zeolite/Transition Metal Oxide catalysts can be
treated to have both high adsorption capacity and maintain their effectiveness in deep
oxidation of chlorinated VOCs. Normally the catalyst would adsorb the VOC; but on
regeneration cycles, heating the VOC would initiate its reaction as well as the desorption and
reaction of the adsorbed VOCs. The project will expand the zeolite-transition metal oxide
(TMO) catalysts developed with the University of Akron. These catalytic systems have the
high activity, selectivity, and thermal stability necessary to effectively and economically
destroy chlorinated hydrocarbons in dilute, humid VOC streams such as those at Dover Air
Force Base.

This project is an enhancement to an existing SERDP project. $300K of Phase I SERDP funds
were received in FY92 to augment the existing EPA efforts described above.

Project Description:

The previous research sponsored by EPA identified the important requirements that such a
catalytic system must have. These are (1) low maintenance expense, (2) low initial cost, (3)
low pressure drop, and (4) low operating temperature. The benefits of the development of
such systems were broad and have lead to new approaches on how they can be applied to
the control of emissions of higher concentration chlorinated hydrocarbons and of other
halogenated and substituted hydrocarbons, which are generally toxic in nature; and to the
control of other volatile organic compounds which contribute to the ozone non-attainment
problem or stratospheric ozone depletion problem.

The technical objective is to destroy halogenated VOCs contained in dilute, humid, and high
volume streams such as those at Dover AFB without continuously heating this high volume
stream to the 350°C to 500°C range. Initially sorbent/catalyst medium will adsorb the VOCs.
The stream and bed will then be heated to initiate the catalytic reaction. Tremendous energy
savings will result from only having to heat this stream on a part-time basis. This
adsorption-reaction technique avoids the use of parallel beds and permits long unattended
adsorption cycles followed by short desorption/reaction cycles. The low pressure drop
associated with these high surface area supported zeolite monoliths would significantly lower
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treatment costs of dilute, high flow streams such as those at Dover.

AEERL working cooperatively with the Air Force will evaluate the applicability of the
innovative absorbing catalyst as a control technology for TCE air streams at Dover AFB.
Laboratory testing and pilot scale field tests will be conducted to further optimize the
adsorption capabilities of the Y-Zeolites and evaluate their performance on actual
contaminated air streams.

This work will directly support a waste water cleanup effort at Dover Delaware Air Force
Base. The emphasis of this cleanup is to eliminate air emissions of a two carbon halogenated
VOC (TCE). This project will support cleanup of single carbon halogenated VOCs (carbon
tetrachloride and methylene chloride) at the Hanford and Savannah River DoE sites. This
research also supports Thrust 2.C.2 (Disposal Operations) of the Tri Service Environmental

" R&D strategy which includes a section (2.1.1.b) on controlling VOC air emissions from
industrial waste treatment processes.

The additional FY93 SERDP funding will accelerate the development of these advanced
adsorbing catalysts and will provide the opportunity to demonstrate their capabilities at
additional sites and for different applications. This further development will improve the
adsorption capabilities of the Zeolites and bring them to the commercialization stage more
quickly.

Tasks for this project include the characterization of sorbent capacities of present catalysts,
characterization of heat effects in present catalysts, and development of new sorbent/catalyst
systems. Tests for new sorbent/catalyst and design calculations for sorbent/catalyst reactor
system would be produced as well as a guidance method for initial pilot/field test.
Additionally, construction and testing of new sorbent/catalyst reactor system and a guidance
method for second pilot/field test must be conducted. Lastly, tasks must be scheduled for
catalyst deactivation runs, scale-up and economic calculations, and guidance for final
pilot/field test.

The two major technical issues are (1) finding a sorbent that is also catalytically active and (2)
controlling the desorption reaction without excessive heat effects (catalyst deactivation).

This a continuation of SERDP Phase I work being performed under a Cooperative Agreement

with the University of Akron entitled "Development of New Catalytic Methods for
Destruction or Transformation of Halogenated VOCs".

Expected Payoff:
In addition to assisting Dover AFB address their TCE emissions, this research will support
cleanup activities at other DoD, DoE, and industrial sites. This technique can also be applied

to both large and small (e.g., dry cleaners) air sources of halogenated VOCs.

This additional SERDP funds will speed up efforts to optimize the adsorption capability of
the zeolite based compounds thereby enhancing renewal efficiency.
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Milestones:

Award of new Cooperative Agreement FY92
Expand characterization of sorbent capacities of FY93
present catalysts

Expand characterization of heat effects in present catalysts FY93
Expand development of new sorbent/catalyst systems FY9%
Expand tests for new sorbent/catalyst FY9%4
Accelerate design calculations for sorbent/ catalyst FY9%4
reactor system

Provide Guidance for Initial Pilot/Field Test FY94
Expand construction of new sorbent/catalyst reactor system FY9%4
Submit expanded Phase I Report FY9%4
Test new sorbent catalyst reactor system FY95
Provide Guidance for Second Pilot/Field Test FY%95
Carry out catalyst deactivation runs FY95
Make scale-up and economic calculations FY95
Provide Guidance for Final Pilot/Field Test FY95
Submit Final Report FY95

Transition Plan:

Battelle Columbus, the contractor for U.S. Air Force (USAF), is working with the University
of Akron Principal Investigator, Dr. Howard Greene. A zeolite/TMO catalyst was developed
under the previous Cooperative Agreement in support of an Interagency Agreement (IAG)
with the Air Force. Dr. Greene will supply this catalyst and the sorbent/catalysts developed
under this work to Battelle. In addition, Dr. Greene and the EPA Project Officer will
coordinate with Captain Edward Marchant (USAF), John Steele (DoE Manager of Waste and
Environmental Remediation for Westinghouse Savannah River Lab), and Steve Stein (Battelle
contractor for Hanford).

Funding: ($K)

FY92 FY93 FY9%4
300 500 500

In addition to these SERDP funds, the Air Force has also contributed substantial resources
over the last three years tow