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Program Abstract 

Objective. This program will increase the use of coal and coal-based materials beyond the traditional 

primary use as an energy source for power generation. This objective will be accomplished through two 

projects in which coal and coal-based materials provide higher-performance market solutions targeting 

lower cost points. In Project 1, coal waste will be incorporated into filaments suitable for use in additive 

manufacturing (3D printing). In Project 2, a technology demonstrator (partial building) made from coal-

based building materials will be produced to meet both insurance standards (e.g., seismic, fire, wind 

resistance) and the standards of the International Building Code (IBC). All coal-derived building materials 

(CDBM) used in the construction of this building will contain at least 55% coal by weight. 

Expected Results. Project 1: Filaments for 3D printers that use bituminous coal fines and fly ash, along 

with demonstration objects produced using these materials. Project 2: A technology demonstrator 

showcasing the use of coal-based building materials for residential and commercial applications, along with 

commercialization plans and analysis. 

Duration. Project 1: 36 months. Project 2: 24 months. 

Total Program Cost. $4,206,633 total for the two projects. 

Participants. Semplastics EHC LLC, X-MAT CCC LLC, U.S. Department of Energy, University of North 

Dakota Energy and Environmental Research Center (EERC), Lignite Energy Council, Center for Applied 

Research and Technology (CART), Virginia Tech, and Clemson University. 
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Program Summary 

This program is designed to provide additional markets for lignite outside of traditional power generation 

and to provide beneficial uses for lignite waste. There are two distinct, but related projects associated with 

this program. 

Project 1: Coal-Waste-Enhanced Filaments for Additive Manufacturing of High-Temperature 

Plastics and Ceramic Composites  

The objective of this project is to develop 3D printer filaments using at least two of the most common coal 

waste materials – bituminous coal fines and fly ash. Semplastics has developed the unique capability to 

tailor the composition and molecular structure of pre-ceramic polymers to control the composition and 

structure of the resulting ceramic. Formulations of these inorganic resins can produce “plastic filaments” 

from a melt-processable resin. Semplastics will apply this technology to develop and test filament material 

suitable for use in a commercially available 3D printer. Several demonstration objects will be produced 

using the best filament formulation. Commercialization and performance modeling will be performed for 

the technology as a precursor to establishing a market for resulting products. 

Project 2: Modular, Manufactured Homes from Coal-Based Building Materials (Phase II)   

The objectives of this project are (1) to construct a partial building shell as a technology demonstrator; (2) 

to test coal-based building materials, individually and in assemblies, to demonstrate their suitability for 

commercial and residential applications; (3) to demonstrate bonding of coal-based and traditional building 

materials in structural applications; (4) to produce a detailed design for a coal-based building; and (5) to 

generate an updated techno-economic analysis in support of commercialization efforts. In this Phase II 

project, our industry team will perform the development and testing needed to improve the maturity of the 

technology from a Technology Readiness Level (TRL) of 5 to TRL 6. 



Incorporation of Coal and Coal Waste into High-Value Materials Semplastics EHC LLC 
 

 

30 March 2022 Page 5 

Program Description 

Objectives 

The objectives for each of the projects that make up this program are as described immediately above in 

the Program Summary section. 

Methodology 

For Project 1, Semplastics will perform filament development and testing and will produce additive-

manufactured parts. Testing of these articles (e.g., flexural strength and density) will be performed primarily 

at Semplastics. Leachate and lignite coal waste assay tests will be performed at the EERC. Semplastics will 

work with the EERC to produce 3D-printed parts with the highest performance possible. 

For Project 2, X-MAT CCC, CART, and Semplastics will cooperate to develop, design, and construct the 

technology demonstrator. EERC will develop a pilot process to produce composite carbon aggregate for 

utilization in the building components operation to create coal-based building materials. Production of coal-

based building materials using EERC-produced aggregate will occur at X-MAT CCC and CART.  

Anticipated Results 

Project 1 will result in the production of coal-waste-based filaments for 3D printers, along with several 

demonstration 3D-printed articles. 

Project 2 will result in a technology demonstrator for coal-based building materials and technical and 

economic documentation to support commercialization of this technology. 
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Facilities 

All work for these projects will be performed at facilities owned and operated by Semplastics and our 

subrecipients using their existing equipment. Semplastics operates an advanced research laboratory located 

in the Central Florida Research Park, which provides 1,700 square feet of research and engineering space. 

Semplastics’ headquarters, located at 269 Aulin Avenue, Oviedo, Florida, provides an additional 6,500 

square feet of research, engineering, and office space including a recently completed prototype production 

facility used to produce samples of coal-based and coal-waste-based building materials. 

Manufacturing work to produce prototype artifacts will be performed at the 60,000 sq. ft. 

Commercialization Station in Bluefield, West Virginia, a mixed-use manufacturing incubator. Both CART 

and X-MAT CCC maintain facilities at this location. The Energy and Environmental Research Center 

(EERC) complex houses more than 254,000 square feet of state-of-the-art laboratories, technology 

demonstration facilities, collaborative spaces, and offices at the University of North Dakota. The Clemson 

Department of Materials Science and Engineering has a dedicated suite of Materials Characterization Labs 

which will be used extensively for physical testing, chemical and molecular characterization, and X-ray 

diffraction testing. 

Resources 

Lignite coal from North Dakota and lignite fly ash (waste product) from North Dakota will be used in these 

projects. These resources will be supplied by our team member, EERC.  

Techniques to Be Used and Their Availability and Capability 

Leaching tests, scanning electron microscopy (SEM), and optical microscopy will be used by the EERC to 

characterize test samples and to measure the success of technology development. The EERC analytical lab 

will provide assay data as well. Semplastics will use TGA (Thermogravimetric Analyzer), FTIR (Fourier 
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Transform Infrared Spectrometer), DSC (Differential Scanning Calorimeter), and viscosity instrumentation 

as well as mechanical measurements from our Universal Testing Machine. Both CART and Semplastics 

will use ovens, furnaces, CNC equipment, and mixing equipment to produce the coal-based building 

materials. EERC will use some existing equipment to build a pilot line to produce aggregate. The 

capabilities currently available from the program participants will be adequate to complete these projects. 

Environmental and Economic Impacts While Program is Underway 

While the program is underway, the environmental impacts will be benign. Funds provided by the NDIC 

Lignite Research, Development and Marketing Program will provide support for the activities of the EERC 

in both projects. Letters of commitment from EERC to participate in each of the projects that make up this 

program are included as Appendix A. 

Ultimate Technological and Economic Impacts 

The ultimate technological impact is to provide new, improved building materials out of lignite-based 

resources. The culminating technological achievement will be to produce an entire building comprised 

primarily of coal-derived building materials. The economic impact is to provide additional markets for 

lignite-based resources. Ultimately, the goal is to produce products worth over $1 per pound from resources 

that cost pennies per pound. 

Why the Program is Needed 

This program is needed due to challenges facing coal’s traditional role in power generation. Communities 

that have historically relied on coal need new markets for coal-based products, which can be developed 

using the technologies that will result from this program. 
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Standards of Success 

Success will be ultimately determined by whether we can meet the objectives stated above using North 

Dakota lignite and lignite fly ash. Meeting the program objectives will involve making polymer fillers; 

coal-based filaments; structural bricks, blocks, architectural panels, and facade panels; and even whole 

buildings out of coal-derived materials which have higher performance and, in many cases, lower costs 

than comparable commercially available building materials. This program will use the talent and resources 

of the EERC. Success means the creation of new jobs in North Dakota to make economically advantaged 

products. The plan is to put the manufacturing jobs near the point of extraction. This meets the North Dakota 

model as we understand it. 

Background 

Semplastics has been in business for over 20 years providing precision engineered plastic components for 

semiconductor manufacturing. Bill Easter is a co-founder of Semplastics. Bill has over 35 years of industrial 

experience with a focus on materials, which has resulted in over sixty U.S. patents issued. In 2012, the 

company formed an advanced materials division called X-MAT, which is focused on polymer-derived 

ceramics (PDCs). Semplastics’ Chief Scientist, Dr. Walt Sherwood, has over 30 years of experience in 

PDCs, and this technology is being leveraged for the currently proposed development of novel coal-based 

materials. Semplastics has successfully executed multiple projects involving the beneficial use of coal and 

coal waste, from roof tiles to batteries. These projects have included incorporation of coal and fly ash into 

bricks, blocks, facade panels, and architectural columns under work performed with funding from DOE and 

the NDIC. Semplastics has also completed three research projects with Space Florida, to include the 3D 

printing of PDCs. The company is committed to commercialization of technologies that utilize coal in 

environmentally responsible and economically viable ways. 
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The team for these projects consists of Semplastics EHC LLC, X-MAT CCC LLC, the Energy and 

Environmental Research Center (EERC) at the University of North Dakota, the Center for Applied Research 

and Technology (CART), Virginia Tech, and Clemson University. 

Semplastics is the developer of the underlying coal materials technology; X-MAT CCC is the first licensee 

of this technology. While Semplastics will focus on continued research, X-MAT CCC will be tasked with 

scaling the technology for manufacturing. 

CART will focus on the coal building concept design as well as assisting with scale-up and manufacturing 

process considerations. EERC will also be involved in scale-up activities and will produce coal-containing 

ceramic aggregate for use in production of building components. Clemson University is tasked with analysis 

and modeling of our coal-based building materials, the results of which will be used to further refine 

formulas and compositions for improved material properties and optimization for commercialization. 

Virginia Tech’s role is to address environmental justice and economic revitalization / job creation 

considerations in commercialization efforts and techno-economic analyses. 

Qualifications 

The following brief résumés represent the proposed management and technical staff members who form 

the Semplastics team for this program. 

Name: Dr. Walter J. Sherwood 

Years of Experience:  32 

Position:  Chief Scientist, Semplastics 

Education: Ph.D. in Material Science, Rensselaer Polytechnic Institute (1986) Bachelor of 

Science in Physics, Rensselaer Polytechnic Institute (1980). 

Role: Co-Principal Investigator 
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Experience:  Walt has over 30 years of polymer design and development experience. He holds 

more than 14 patents covering the development of pre-ceramic polymers and high-

temperature resins. Walt founded the company that developed SMP-10, and he co-

developed the process for scaling up and lowering the cost of the polymer. He also 

produced some of the first SiC-based ceramic composites and joint specimens to 

go into irradiation testing while at Knolls Atomic Power Laboratory. 

 

Name: Mr. William (Bill) Easter 

Years of Experience:  39 

Position:  Chief Executive Officer, Semplastics 

Education: Master of Engineering in Engineering Science, Penn State University (1994), 

Bachelor of Science in Chemical Engineering, Drexel University (1983). 

Role: Co-Principal Investigator 

Experience:  Bill initiated material development activities with Polymer-Derived Ceramics. He 

set up and funded an industrial laboratory for producing prototypes and 

developmental bulk silicon oxycarbide structures. As an MTS at Bell Labs, he 

performed research and development on CMP consumables such as pads, slurries, 

CMP rings and conditioning disks. At AT&T, Bill set up bonded wafer SOI 

development and then production line. He had project management responsibility 

for SOI wafers from inception to product maturity. 

 

Name: Mr. Brent W. York, PMP  

Years of Experience: 27  

Position: Program Manager, Semplastics  
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Education: Master of Engineering in Aerospace Engineering, Virginia Tech (1993), Bachelor 

of Science in Physics, Tennessee Technological University (1991).  

Role: Project Manager 

Experience: Brent has managed many different efforts in his career, ranging from on-site 

coordination of an Unmanned Aerial Vehicle development team to serving as 

director of a large international firm’s simulation department. Brent’s experience 

leading teams both large and small will enhance the effectiveness of the team and 

ensure schedules are met. He has held a Project Management Professional (PMP) 

certification from the Project Management Institute since 2010 (PMP #1366621). 

Value to North Dakota 

By taking a resource (lignite) that costs pennies per pound and turning it into products that have values 

greater than $1 per pound, this work would provide tremendous value to North Dakota. The technologies 

described herein will transform coal from a mineral resource to a component in value-added products 

including building materials and filaments for use in additive / rapid manufacturing. During Semplastics’ 

trip to North Dakota and visit to the Freedom mine, the outstanding ability of North Dakota people in 

operations was emphasized. Wouldn’t it be great to take this expertise and apply it to manufacturing lignite-

based value-added products! 

North American Coal Corporation has provided a letter of support for this program. (Appendix B). 

Management 

Semplastics has a long history of successful management of complex technical programs. Key individuals 

for this program include the Co-Principal Investigators (co-PIs) and the Project Manager (PM) for 

Semplastics, as well as specific personnel for the other organizations that make up our team. 
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Dr. Walt Sherwood, a co-PI for this program, has over 20 years of experience in technical management of 

similar research projects. He has served as the PI for four successful Small Business Innovative Research 

(SBIR) grants for Semplastics from various agencies and is well versed in the roles and responsibilities of 

the PI position. Mr. Bill Easter, the other co-PI for this program, has over 20 years of experience in technical 

management of similar research projects. He has served as the PI for Phase I and II Small Business 

Innovative Research (SBIR) grants as well as two Department of Energy (DOE) National Energy 

Technology Laboratory (NETL) research contracts and is well versed in the responsibilities of the PI 

position. 

Mr. Brent W. York, the PM for this program, has provided technical, schedule, and cost management of 

projects over the past 20 years varying from a few direct reports to dozens, from $250K to several million 

dollars. He has managed SBIR and other research projects for Semplastics, technical teams during his tenure 

with the Department of the Navy, and an entire department while employed as a director with a large 

multinational company. He is currently managing multiple DOE efforts at Semplastics related to coal-based 

materials. 

The work to be performed under this program is governed by Statements of Work which have already been 

arranged and agreed between Semplastics and each other participant organization. These agreements 

include considerations for intellectual property and data rights. They are executed by the CEO of 

Semplastics and appropriate signatories for each team member and will be used by the PM to manage the 

team and individual team members’ contributions throughout the program. 

Important aspects of project management include risk management and project health monitoring. Risk 

management is actively pursued on all Semplastics programs and include the creation and tracking of a risk 

register for management and mitigation of perceived risks. Each of the projects listed in this proposal has 

an existing risk register which will be tracked throughout the life of the project. 
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The health of the program will be evaluated at regular intervals by comparing progress against expectations 

at set Evaluation Points. These milestones are delineated for each project below. 

Evaluation Points 

Project 1 

Month 18: Milestone (M) 1 – The ability to form a filament from at least one type of coal waste with 

properties that are improved over unfilled resin will be demonstrated. 

Month 36: M2 – Production will be completed of at least one pound of filament filled with at least one type 

of coal waste, and the production of a 3D printed part from that material will be accomplished. 

Project 2 

End of Year 1: M1 – Pilot production facilities for coal-based building materials will be complete and 

operating to produce components for use in testing and in the technology demonstrator. Testing of binding 

methods for coal-based materials to traditional materials will be complete. 

End of Year 2: M2 – The technology demonstrator (partial building) composed of coal-based building 

materials will be complete. Commercialization efforts will be kickstarted through completion of the techno-

economic analysis. 
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Timetable 

The proposed high-level schedule for execution of the program is shown below. Milestones were presented 

in the Evaluation Points section above. 

 Project 1 Project 2 

Start Date 2/1/2022 4/1/2022 

End Date 1/31/2025 3/31/2024 

Milestone 1 7/31/2023 3/31/2023 

Milestone 2 1/31/2025 3/31/2024 

Interim Reports Quarterly Quarterly 
 

Costs 

The budgeted cost for this program is $4,206,633 as shown in Table 1. Semplastics requests $850,000 from 

the Lignite Research, Development and Marketing Program. The remaining $3,356,633 will be provided 

as cost share as outlined in Table 1. Budgets for each project are shown in Table 2. Without the requested 

funding, the coal-based products cannot be developed in a timely manner. 

Table 1. Summary of budgets for all projects. 

Project 

NDIC 
Share 
(Cash) 

DOE 
Share 
(Cash) 

Semplastics 
Share 
(Cash) 

Semplastics 
Share 

(In Kind) 

Other 
Project 
Sponsor 

Share 
(Cash) Total 

Project 1 $150,000 $998,840 $25,500 $21,000 $63,449 $1,258,789 

Project 2 $700,000 $2,247,844 $0 $0 $0 $2,947,844 

Total $850,000 $3,246,684 $25,500 $21,000 $63,449 $4,206,633 
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Table 2. Individual project budget breakdowns by expense category. 

Expense Category Project 1 Project 2 

Labor $212,774 $203,817 

Travel $9,450 $10,500 

Supplies / Equipment $43,658 $412,188 

Subcontracts / Consultants $476,243 $1,527,083 

Other Direct Costs $30,850 $30,000 

Total Direct Costs $772,975 $2,183,588 

Indirect Costs $485,814 $764,256 

Total $1,258,789 $2,947,844 

Matching Funds 

Matching funds are estimated at $3,356,633, which is 80% of the total program budget. Table 3 identifies 

matching funds by organization and project. 

Table 3. Matching funds by organization and project. 

Organization Project 1 Project 2 

Semplastics – Cash $25,500 $0 

Semplastics – In-Kind $21,000 $0 

U.S. DOE – Cash $998,840 $2,247,844 

Clemson – Cash $37,199 $0 

Virginia Tech – Cash $26,250 $0 

Total $1,108,789 $2,247,844 

The DOE has already selected Semplastics for award of both these projects. Letters announcing selection 

for these awards are provided in Appendix C. 
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Semplastics’ cash and in-kind contributions are in the form of indirect costs, testing services, and volunteer 

time. Clemson University and Virginia Tech will provide salary as a contribution; their cost-share 

commitment letters for Project 1 are included in Appendix D. 

Tax Liability 

Semplastics has no tax liability owed to North Dakota or any of its political subdivisions. See Appendix E 

for Affidavit. 

Confidential Information 

There is no confidential information in this proposal. 
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Appendix A: Letters of Support from EERC
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Appendix B: Other Letters of Support 
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Appendix C: Award Notification Letters for Projects 

Project 1 
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Project 2 
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Appendix D: Cost Share Commitment Letters 

Project 1 
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Project 2 
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Appendix E: Tax Liability Affidavit 
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