
Coal Plastic Composite Piping Infrastructure Components 
 

DOE Cooperative Agreement No. DE-FE0031982 
 

Project PI: Jason Trembly 
Phone: (740) 566-7046 

E-mail: trembly@ohio.edu 
 

Project Period: 
January 1, 2021 through December 31, 2022 

 
Prepared by: 

 
Yahya Al-Majali, Logan Veley, Damilola Daramola, Vick Dhanapal, Robert Statnick, Eric Shereda, and 

Jason Trembly 
 

Submitted by: 
 

Ohio University 
1 Ohio University 
Athens, OH 45701 

 
Submitted to: 

U.S. Department of Energy 
Office of Fossil Energy and Carbon Management 

National Energy Technology Laboratory 

 

  



2 
 

Disclaimer 

This report was prepared as an account of work sponsored by an agency of the United State Government. 
Neither the United States Government nor any thereof, nor any of their employees, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would 
not infringe privately owned rights. Reference herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof. 
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Abstract 

This report examines the development and use of coal plastic composite materials for piping applications. 
Foam materials were developed at bench scale and evaluated according to ASTM specifications. Techno-
economic analyses are also reported. 
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1. Introduction 

The primary goal of the National Energy Technology Laboratory’s Carbon Ore Processing is to develop 
novel technologies for producing valuable products from coal and coal wastes. The objective of this 
project was to evaluate the development and application of coal-plastic composite (CPC) in building 
sector, with a specific focus on composite piping applications.  

1.1.  Project Objectives 

The objective of this project is to develop coal plastic composite (CPC) formulation(s) containing at least 
70 wt.% carbon and 51 wt.% coal that offer cost, performance, and environmental benefits in comparison 
to existing plastic pipe infrastructure materials. Project objectives include conducting bench-scale 
formulation and pipe manufacturing trials to generate data to validate CPC pipe technical feasibility, 
identifying and analyzing existing market applications for CPC piping, and conducting techno-economic 
and technology gap analyses to identify required selling price and resources necessary to scale-up and 
commercialize CPC-based piping materials.  
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2. Piping Formulations: Thermal, Physical, and Mechanical Properties  

2.1.  PVC Formulations 

2.1.1.  PVC Formulation Development 

The impact of particle size distribution, coal type, coal content, and manufacturing process were 
investigated. Bituminous coal (high and low volatile matter) and semi-anthracite coal were used at 
different loading ratios ranging from 10-30 wt%. Note, PVC formulations containing up to 70 wt.% coal 
were investigated. Preliminary tensile properties for formulations containing greater than 30 wt.% coal 
indicated meeting ASTM D1784 requirements were unlikely. Table 1 below summarizes the formulations 
investigated. Note that the materials were processed using a vented twin to achieve optimum mixing and 
reduce porosity. Mechanical and physical properties for CPC materials were investigated with the goal of 
meeting ASTM D1784 requirements for 12454 cell classification [1]. This cell classification is required 
for PVC-based piping materials used for pressurized and non-pressure applications [2], [3]. Table 2 
summarizes the required performance for 12454 cell classification. 

Table 1. CPC piping formulations extruded using a vented twin extruder 
Polymer Filler Volatile 

matter (%) 
Type Filler loading 

level (wt.%) 
Mesh size 

PVC P8   
Bituminous 

 
 

10,20,25,30 

500M 

P8 33.8 325X500M 

P8  120M 

PVC Keystone#325 18.0 Bituminous  
10, 20, 25,30 

325M 

PVC Keystone#121 10.0 Semi-anthracite  90% Minus 
325 

 

Table 2. Minimum requirements for Class 12454B rigid PVC compound (ASTM D1784) 
Property and unit ASTM standard Cell 12454 
Base resin   NA  PVC 
Impact resistance (Izod), (J/m) ASTM 256, Method A 34.7 
Tensile strength, (MPa) ASTM D638 48.3 
Modulus of elasticity in tension (GPa) ASTM D638 2.758 
Deflection temperature under load (1.82 
MPa), (°C) 

ASTM D648 70 

Flammability ASTM D635 Burning extent 
<25mm; burning 
time< 10s 

 

2.1.2.  Thermogravimetric Analysis (TGA) 

The main goals for conducting the thermogravimetric analysis (TGA) were to assess the thermal stability 
of CPC materials and determine the weight loss at the processing temperatures. This is important since 
volatiles released during processing are most likely to get trapped in the material’s microstructure in the 
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form of porosity, leading to deteriorating the composite performance. As shown in Figure 1, TGA results 
revealed both P8 and Itmann coals decompose at higher temperatures and at a slower rate as compared to 
the CPC materials and unfilled PVC, suggesting higher thermal stability. Furthermore, the coals 
possessed single-step decomposition, while the composites and unfilled PVC had a two-step 
decomposition. Incorporating coal into PVC has minimal impact on the PVC decomposition behavior. 
However, residual weight increased with coal content.  
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Figure 1. TGA plots for a) CPC with 10-20 wt.% in comparison to neat PVC and 100% P8 coal, 
and b) CPC with 10-20 wt.% in comparison to neat PVC and 100% Itmann coal 

Figure 2 (a-b) shows the weight loss from CPC with 10-20 wt.% coal, P8 coal, Itmann coal, and unfilled 
PVC at six different processing temperatures ranging from 150 °C to 200 °C with 10 °C increments. 
Powdered specimens (10 ± 0.5mg) were tested under a nitrogen atmosphere. At first glance, it can be seen 
that processing the materials at lower temperatures will potentially generate less volatiles, while both the 
unfilled PVC and P8 coal had significant weight loss. For CPC/P8 (Figure 2a), PVC weight loss was 
higher than P8 coal at the higher temperatures (180-200 °C), and it was comparable to or less than P8 at 
the lower temperatures (180-200 °C). Furthermore, the weight loss for the composite mixtures increased 
with coal content increase from 10 wt.% to 20 wt.%. At all processing temperatures, Itmann coal 
possessed lower weight loss values as compared to unfilled PVC. Furthermore, increasing the Itmann coal 
content from 10 wt.% to 20 wt.% slightly increased the weight loss, as shown in Figure 2b. Comparing 
the composite mixtures, it can be seen that CPC with 10 wt.% P8 and 10 wt.% Itmann possessed 
comparable weight loss, while CPC with 20 wt.% P8 had higher weight loss as compared to CPC with 20 
wt.% Itamnn. Based on the TGA results, it can be concluded the CPC materials need to be processed in a 
vented extruder to reduce the composite porosity. Therefore, the team has acquired a vented twin-screw 
extruder to process the materials.      
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Figure 2. Weight loss for a) CPC with 10-20% P8, P8 coal, and PVC; b) CPC with 10-20% Itmann, 
100 % Itmann coal, and PVC 

To assess the impact of coal on thermal stability, an isoconversional analysis was performed to calculate 
the activation energy associated with the degradation of PVC and CPC materials. TGA tests for PVC and 
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CPC with 20 wt.% P8 coal were performed according to ICTAC committee recommendations [4], [5]. 
Materials were tested at three different heating rates ( 5, 15, and 30 °C/min), and the advanced 
isoconversional Method developed by Vyazovkin and Wight was used to determine the activation energy 
at different degrees of degradation (conversion) [6]–[8]. As shown in Figure 3, the unfilled PVC shows a 
steep decline in the activation energy until it reaches ~0.1 conversion, whereas PVC composites with P8 
coal do not exhibit this behavior. The decrease in activation energy was associated with a free radical 
reaction scheme that begins once HCl and polyene segments (both products of PVC degradation) are 
present. The fact that this decrease is not seen in composites containing coal indicates that coal is acting 
as an antioxidant and preventing this free radical reaction scheme from occurring.   

 

Figure 3. Activation energy at different degrees of degradation (conversion) for unfilled PVC in 
comparison to CPC filled with 20 wt.% P8 coal 

2.1.3.  Impact Resistance 

The impact resistance of CPC materials was investigated with the goal of meeting ASTM D1784 
requirements for 12454 cell classification [1]. This cell classification is required for PVC-based piping 
materials used for pressurized and non-pressure applications [2], [3]. PVC masterbatch with impact 
modifiers, commercially available PVC piping blend, and CPC pipe formulations were tested as described 
in ASTM D256 to determine the impact resistance [9].  

Figure 4(a-e) shows the impact resistance for all materials tested. Results indicated the unfilled 
masterbatch exceeded the ASTM requirement of 34.7 J/m impact resistance, while the commercial piping 
blend was not significantly higher from the ASTM requirement. Except for Keystone#325, all 
formulations with 10 wt.% coal have met the ASTM requirement with P8 120M possessing the highest 
impact resistance. At 20 wt.% coal loading, impact resistance values have shown to further decrease for 
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all formulations. At higher coal loading values (i.e., 25 wt.% and 30 wt.%), impact resistance dropped 
down more or remained comparable to the 20 wt.% formulations. The increase in the impact resistance 
for the CPC/30% Keystone#325 remains unexplained, but further examination of the material is needed. 
For most formulations from the different types of coal, increasing the particle size had shown to increase 
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the impact resistance of the resulting composite. A similar effect was reported in the literature for bio-
based composite materials [10], [11]. 
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Figure 4: Impact resistance of CPC formulations with 10-30 % P8 and keystone coals. Tests were 
conducted per ASTM D256. 

2.1.4.  Tensile Properties  

Tensile testing was conducted as per ASTM D638. Type-5 tensile samples were injection molded and 
tested at 1 mm/min speed. Figure 5(a-e) shows the tensile strength for PVC masterbatch, the commercial 
piping blend, and composite formulations (CPC/10-30 wt.% coal). Both the PVC masterbatch and piping 
blend exceeded the ASTM requirements for tensile strength with masterbatch being higher. All CPC 
materials have met or exceeded the ASTM requirements, except for the 30 wt.% Keystone#325 
formulation. Compared to unfilled PVC masterbatch and piping blend, P8 500M formulations have 
shown a decrease in the tensile strength at 10 wt.%, while further increasing of coal content had minimal 
impact on the strength (Figure 5a). As for the P8 325X500M formulations, the 10 wt.% material 
possessed higher tensile strength compared to the 10 wt.% P8 500M and piping blend. However, bigger 
reductions in the tensile strength values were observed for the higher filler content (i.e., 25-30 wt.%). 
Unexpectedly, all CPC formulations with  P8 120M possessed higher tensile strength values as compared 
to the smaller particle distributions. These formulations need to be further investigated. The tensile 
strength for keystone#325 at 10 wt.% was higher than the commercial piping blend and the unfilled PVC. 
However, tensile strength was substantially decreased with filler content, and the 30 wt.% was lower than 
the ASTM requirement. Except for the 10 wt.% formulation, tensile strength values of keystone#121 
materials were higher than keystone#325. The reduction in the tensile strength might be attributed to 
several factors such as weak interfacial bonding, porosity, large particle size, and filler agglomeration 
[12]. 
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Figure 5: Tensile strength of CPC formulations with 10-30 wt.% coal content a) P8 500M, b) P8 
500x325M, c) P8 120M, d) Kestone#325, e)Keystone#121. Tests were conducted per ASTM D638 

 

Figure 6(a-e) shows the modulus of elasticity (MOE) for the different pipe formulations. Both the unfilled 
PVC masterbatch and the commercial piping blend have met the ASTM requirements with the piping 
blend being stiffer. Furthermore, all CPC formulations have met or exceeded the ASTM requirements. 
For P8 formulations (Figure 6 a-c), the MOE values for the  10 wt.% were comparable and in some cases 
higher than the unfilled PVC masterbatch, but lower than the commercial piping blend. In addition, 
results indicated MOE to have direct proportionality with the coal content. The results also indicated that 
P8 particle size had minimal impact on MOE. Unlike P8 formulations, Keystone formulations (Figure 6 
d-e) have shown MOE to be affected by the particle size with Keystone#121 possessing higher values at 
10, 20, and 25 wt.%. The MOE for the 20 wt.% Keystone#325 increased by 10 % compared to the 
unfilled plastic but remained comparable to the higher filler content (i.e., 25 wt.% and 30 wt.%). For 
Keystone#121 formulations, MOE values increase to a maximum value at the 20 wt.% and then decreased 
with coal content. In conclusion, processing the materials with a vented twin screw improved the tensile 
properties of the piping formulations. It also allowed for processing higher coal content formulations (i.e., 
30 wt.%). Based on the preliminary results, P8 120M formulations possessed better overall properties. 
The increase in elastic moduli with coal content can be attributed to the limited mobility of the polymer 
chain and the higher stiffness of coal particles [12]–[15].  
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Figure 6: Elastic modulus of CPC formulations with 10-30 wt.% coal content a) P8 500M, b) P8 
500x325M, c) P8 120M, d) Kestone#325, e)Keystone#121. Tests were conducted per ASTM D638 

2.1.5.  Deflection Temperature  

Deflection temperature (DT) under flexural load was determined for unfilled PVC and CPC piping 
formulations as per ASTM D648 [16]. Test specimens were compression molded and sent for testing at 
Applied Testing & Geosciences, LLC. Figure 7 shows all PVC-based CPC pipe formulations exceed 
ASTM D1784 requirements for cell classification 12454. Results also indicated that increasing the coal 
content slightly increases the deflection temperature.  

 

Figure 7: Deflection temperature of CPC pipe formulations determined in accordance with ASTM 
D648 
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2.1.6.  Flammability 

Flammability of PVC-based CPC formulations were investigated via rate of burning analyses according 
to ASTM D635. Burning extent values for all formulations were below 25 mm and burning times less 
than 10 sec. All CPC formulations meeting class 12454 requirements per ASTM D1784.  
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3. Continuous CPC Pipe Manufacturing 

Preliminary pipe extrusion trials were conducted at Engineered Profiles. Four different pipe formulations 
were successfully extruded (see Table 3) and initial ASTM testing was conducted. Sch.40 1.25” CPC and 
Charlotte PVC pipes were tested for pressurized and non-pressurized applications in accordance with 
ASTM D1785 and ASTM D2665, respectively. Table 4 summarizes the key requirements for PVC piping 
used in pressurized and non-pressurized applications. 
 

Table 3: Schedule 40 1.25” CPC pipes extruded at Engineered Profiles. Note error values for coal 
content of scaled formulations are ±2 wt.%. 

 

 
 
 
 

Table 4: Summary of PVC pipe performance requirements for pressurized and non-pressurized 
applications 

A Measured at 5% deflection 

Pipe impact resistance (Tup/ Falling weight) testing was conducted using 12 lb Tup C and holder A. The 
length of the pipe specimens was 152.4  mm, and twenty specimens were tested from each pipe type. 
Preliminary results indicated both the CPC and Charlotte PVC pipes failed to meet the 81 Joule impact 
resistance when tested as per ASTM D2444. Pipe stiffness for the pipe specimens was determined as per 
ASTM D2412. Specimens were 152.4 mm long and tests were conducted at a constant rate of 12.5 
mm/min. The pipe stiffness values (Figure 8) for the 20 wt.% CPC pipes were in the same range and 
lower than both the ASTM requirements and commercial PVC pipes. Furthermore, increasing the coal 
content to 50 wt.% have shown to substantially decrease the pipe stiffness, while the 50% keystone 
possessed slightly higher stiffness values. Flattening tests were conducted on 76.2 mm long pipe samples 
and samples were pressed until the gap between parallel plates is 40 % of the outside diameter of the pipe. 
Preliminary results showed CPC pipes failed to meet the pipe flattening requirement and cracked before 
being deflected by 60 wt.% of the outside diameter. On the other hand, the Charlotte PVC pipe passed the 
flattening test.  

Pipe Filler type Coal Content (wt.%) 
CPC 8020 P8 Pittsburgh No.8 (P8) 20 
CPC 5050 P8 50 

CPC 8020 Key Keystone 20 
CPC 5050 Key 50 

Property ASTM test method Requirement 
Non-Pressurized Pipe (ASTM D2665) 

TUP (Falling Weight) D2444 81 Joule 
Pipe StiffnessA D2412 9650 kPa 

Pressurized Pipe (ASTM D1785) 
Pipe Flattening D1785 No splitting, cracking, or braking 

when a pipe is deflected  60% of the 
outside diameters  

Burst Pressure D1599 8.14 MPa minimum 
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Figure 8: Pipe stiffness values for CPC pipes in comparison to Charlotte PVC pipe and ASTM 
requirement. 

 

As for the burst pressure testing, the test setup was built, and CPC and PVC pipe were tested in 
accordance with ASTM D1599. According to ASTM D1785, the minimum burst pressure for Sch.40 
1.25” pipe is 8.14 MPa. Results indicated the commercial PVC pipe (Sch.40 1.25” Charlotte) passed the 
ASTM requirement, whereas all types of CPC pipes failed below the minimum burst pressure. CPC pipe 
with 20 wt.% and 50 wt.% P8 failed at 6.35 MPa and 1.74 MPa, respectively. As for keystone pipe 
formulations, the 20 wt.% pipe failed at 5.76 MPa, while the 50 wt.% failed at 2.38 MPa. Figure 9 shows 
representative CPC pipe samples after burst pressure testing.  
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Figure 9: CPC pipe samples after burst pressure testing  
 

Coal plastic composite (CPC) pipe extruded by Engineered Profiles during Phase I of the project was 
evaluated for compliance with commercial pipe fittings and glues. The CPC pipes were polyvinyl 
chloride (PVC) based, and the pipes were extruded as 1.25-inch schedule 40 pipes. The CPC pipes were 
compared to the commercially available 1.25-inch schedule 40 Charlotte Pipe [17]. All pipes were glued 
to Homewerks PVC elbows and couplers [18]. 
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The CPC and commercial pipes were cut into six-inch sections before being deburred and wiped clean. 
Oatey purple primer was applied to the fittings and pipes [19]. Next, Oatey RAIN-R-SHINE PVC glue 
was applied to the fittings and pipes, and the fittings were pressed onto the pipe sections [19]. The PVC 
glue was allowed to dry, and the pipe sections were visually inspected. 

Figure 10 shows the CPC and Charlotte pipes glued to a 90° elbow, and Figure 11 shows the CPC and 
Charlotte pipes glued together with a coupler. Throughout the cutting and gluing process, the CPC pipe 
exhibited the same behavior as the commercial PVC pipe. The PVC glue created an adequate bond 
between the commercial fittings and the CPC pipes, and the CPC pipes exhibited tight fitment with the 
commercial fittings. After drying, the glued joints showed qualitative torsional and bending strength 
comparable to that of the glued joint with the commercial pipe. 

 

Figure 10: Commercial PVC elbows were glued onto the CPC pipes. 

 

Figure 11: The CPC pipes glued together with a commercial coupler. 

3.1.  PE-based Pipe Formulations: Physical and Mechanical Properties 

Polyethylene (PE) based piping is utilized in numerous commercial and industrial applications including 
water and natural gas distribution lines, chemical transport, sewer lines, and drainage applications [20], 
[21]. The PE-based pipes exhibit high toughness, feasible installation, and excellent chemical stability. 
For pipe and fitting applications, PE materials must adhere to the PE cell classification of  233424B from 
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ASTM D3350 which specifies the acceptable density, melt index, flexural modulus, tensile strength at 
yield, and the slow crack growth resistance of the material [22]. 

High-density polyethylene (HDPE) material was compounded with Pittsburgh No. 8 (P8 120M) coal 
sieved below 125 microns. The pipe composite material was processed under vacuum via a vented twin 
screw extruder. The composite pellets were compression molded into sheets of material that were water 
jet cut into ASTM D790 flexural samples and ASTM D638 tensile samples [23], [24]. Figure 12 shows 
the tensile strengths at yield for the HDPE-coal composites. The composite formulations meet the 
minimum bound for the tensile strength of the cell classification of 21.0 MPa. The tensile strengths of the 
composites remain relatively constant with the increase in coal content after the initial reduction in 
strength from the neat plastic. The composite pipe compounds meet the ASTM requirements for tensile 
strength. 

 

Figure 12: The tensile strength at yield of the HDPE pipe composites. 
Figure 13 shows the flexural moduli of the HDPE composites. The flexural moduli of the material 
increase with an increase in coal content. All flexural moduli of the materials exceed the allowable limit 
of the ASTM cell classification. A base HDPE resin with lower stiffness would be needed to develop 
coal-plastic composites with flexural moduli between the allowable bounds of 276 MPa to 552 MPa. 

The melt flow rate (MFR) for the HDPE-based formulations was determined using Dynisco Melt Indexer 
as per ASTM D1238. Average MFR for 10 wt.%, 20 wt.%, 25 wt.%, and 30 wt.% CPC formulations were 
1.66, 1.07, 1.17, and 0.931 g/10 min, respectively. These values were higher than the cell classification 
requirement for MFR of 0.4-0.15 g/10 min. 
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Figure 13: The flexural moduli of the HDPE pipe composites. 

4. Techno-economic Analyses 

4.1.  Overview 

Techno-economic analyses were conducted based on an nth plant comparison between a coal piping 
composite plant and a PVC pipe plant using the base assumptions listed below for the plant: 

1. 25,000 lb/hr of composite product generated based on the formulations in Table 5. 
2. Plant operates for 24 hours per day for 50 weeks per year, with an assumed uptime of 85% 
3. Taxes and Insurance are both calculated at 2% of the Capital Cost. 
4. The formulations below provide a CPC and PVC densities of 85.5 and 89.3 lb/ft3, respectively with 

a cross-sectional area of 0.0219 ft2 as calculated for a 4-inch nominal internal diameter pipe. 
5. The composite manufacturers selling price yields an internal rate of return (IRR) of 30%, based on 

a capital cost spread over two years and profits recovered over 20 years. 
 

Table 5. Composition by mass percent for the CPCs and PVCs 
Component CPC PVC 
Coal Filler 20% 0% 

PVC Masterbatch 80% 91% 
Calcium Carbonate Filler 0% 9% 

 

The block flow diagram below (Figure 14) was developed in conversations with Engineering Profiles and 
illustrates the components and unit operations required for the coal or PVC pipe plant. The coal filler 
material is received via truck and dried to 1% moisture prior to blending with the polymer masterbatch. 
On the other hand, the inorganic CaCO3 requires only storage as a capital cost. The components are 
blended together and conveyed to the extruder. The extruder manufactures pipes which are cut to the 
desired length and then stored in the warehouse prior to sales. To reduce the environmental impact of the 
plant, the CPC or PVC dust from cutting the pipes to the desired length or off specification boards is 
reclaimed. Water is used to cool the warm decking boards and treated prior to recycle. 

724.7
829.8

889.4 921.9
1,011.3

276

552

0

200

400

600

800

1000

1200

0% 10% 20% 25% 30%

Fl
ex

ur
al

 M
od

ul
us

 (M
pa

)

P8 120M (wt.%)

Cell Class 233424B



29 
 

 

Figure 14. Block flow diagram for a proposed coal piping composite manufacturing plant including the block 
for calcium carbonate found in a typical piping plant. 

Using the base assumptions, the overall capital (includes 15% contingency) and operational costs of the 
new CPC plant in comparison to a typical new PVC plant is provided in Table 6 and shows that the 
differences between the equipment costs (also reflected in the taxes and insurance) are mainly due to coal 
handling equipment. Conversely, the differences between the cost of chemicals is due to the comparative 
costs of fillers and the PVC polymer consumed in the processes. The calcium carbonate costs are 
expected to be and the price (~$200 per ton received) is not expected to change to compete with coal 
prices (~$60 per ton received).  

Table 6. Comparative cost analyses for a proposed composite plant based on using either coal (CPC) or 
calcium carbonate (PVC) as filler and using the base assumptions previously listed.  

Cost Comments CPC PVC 

Capital Cost Equipment $41,097,000 $33,407,000 
Building and Land $11,434,803 

Fixed OPEX 
Labor $17,330,000 $17,050,000 
Maintenance and Warranty $5,450,000 
Taxes and Insurance $2,101,272 $1,793,672 

Variable OPEX 
Utilities $1,777,156 $1,710,240 
Chemicals $172,505,455 $196,367,850 
Freight and Packaging $3,844,531 

Production Cost ($/lb) Excludes Capital Cost and 
intermediary markup 

$1.14 $1.27 
Production Cost ($/ft) $2.13 $2.48 

 

These production costs show a 10% (mass basis) and 14% (length basis) cost advantage for the CPC plant 
in comparison with the PVC plant based on fixed and variable costs alone.  

For a comparison to current retail pricing, an IRR calculation was used to obtain an expected product 
sales price FOB manufacturing location. These values are provided in Table 7. 

Table 7. Sales prices (in $/ft) expected for the CPC and the WPC at the manufacturer and the retailer 

Price Basis 
Price ($/ft) 

CPC WPC 
30% IRR (FOB manufacturer site) $2.32 $2.65 
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This base techno-economic analyses demonstrates the economic viability of the CPC based on a side-by-
side comparison to a current market product. Further sensitivity analyses will be conducted to account for 
expected variability in process and market conditions including chemicals costs, changes in CPC or WPC 
formulation, transportation costs, labor costs, maintenance labor and materials cost, etc. Furthermore, 
comparisons will be made to actual market products to put the sales prices provided in Table 3 within 
context. 

4.2.  Technology Gap Analysis 

The project-matured CPC piping to TRL 5 as the ability to manufacture pipe using a commercial extrusion 
system was demonstrated. CPC pipe made using commercial equipment was shown to tentatively meet 
AST D2729 requirements for sewer and drain pipe applications, indicating commercial viability of the 
material. Techno-economic analyses also indicate CPC piping potentially offer cost savings in comparison 
to current PVC piping. 

This project provides an ideal foundation for further development of CPC pipe manufacturing. Further 
development of CPC piping will require optimization of compound formulations to better suit a wide variety 
of applications. The team recommends the next stage of development utilize a continuous manufacturing 
system that will allow the production of 4-inch schedule 40 piping. Extensive independent testing of 
continuously manufactured pipe is also recommended to validate the piping meets all ASTM specifications. 
In addition, additional tests to assess potential for leaching from the pipe under sewer and drainage 
applications should be investigated. Finally, existing techno-economic analyses should be updated with 
pilot-scale material and energy balances to further refine manufacturing costs and price competitiveness. 
The project team estimates the costs associated with the next stage of development will require an 
investment of $700 thousand. If successful, the next stage of development would mature the technology to 
TRL 8. 

4.3.  Summary 

This project developed and studied CPC materials for piping applications. Results from the project were 
successful in demonstrating PVC-based CPC formulations were able to meet ASTM D1784 class 12454 
requirements. CPC formulas containing 10 wt.% coal exceeded class 12454 specifications, while formulas 
containing 20 and 30 wt.% coal exceeded all 12454 specifications, except for impact resistance, further 
R&D is recommended to modify CPC formulations to increase impact resistance. TEA studies also indicate 
CPC-based piping materials may potentially offer consumers savings over existing PVC-based piping 
materials.  
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