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t

low-cost filler in low-cost polymer-derived
e commercially viable high-volume products

ssil Energy Objectives

ations would use large volumes of coal -
>70% coal

little or no pre-processing is needed
ited near or at coal source — will provide high-

nat was answered:

yratory process be scaled up to produce full
ed
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Comparison of Semplastics Roof Tiles to Commercial Products

Semplastics
X-tiles

Vermont
Slate (high-

Semplastics
X-tiles

Clay Roof
Tiles (high-

Property or
Attribute

Flexure
Strength

Density
Impact Resist
(normalized)

Porosity
(% by volume)

Cost/Square
($/100 sq ft)

@i EN

(pressed)
(5]

5715

1.65

1.80

4.5

$550-$700
(est.)

(extruded)
(Psi)

3250

1.45

1.40

8.5

$425-$500
(est.)

end tiles)
(psi)

1460

2.08

1.00
15.3

$350-450

end slate)
(PSi)

3680

2.51

3.50
0.50

$900-1,200



i?ﬁ% _ i NATIONAL
Semplastics | Status of Project ¥L FECANOLOGY

« Have demonstrated ability to produce full size (16" x 12" x 0.5) pressed tiles with no
cracks — targeted for slate replacement

* Full size tiles demonstrate comparable properties to baseline small pressed test plates
 Demonstrated scaled-up extrusion of larger plates for clay tile replacement

Project goals have not changed

Plan to produce full square of pressed X-tiles and full square of extruded X-tiles as
prototype demonstration

Utilized input from roofing contractors, attended trade show exhibitions, and performed
validation testing against product requirements for use in Miami Dade County, Florida —
one of the most stringent specifications for clay tile

@ﬁ ENER 3




Semplastics PrOj ect Upda’[e N

Brief Background

What are Coal Core Composites?

Mix raw coal powder with specially formulated ceramic-
forming polymer (the polymer coats each coal particle)
Mold like standard clay tiles or press at low pressure Iin
a low-cost mold

Remove from mold and cure to 150°C to harden the
resin

Pyrolyze In inert gas to 700-1000°C to convert the
polymer to a ceramic

Evaluated multiple types of coal — low-volatile
bituminous was the strongest (used for roof tiles)

NATIONAL
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Coal Ceramic Materials Flex
Strength
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Semplastics | Produced 300 Plates-Varying Thicknesses
and Design- Over 95% Yield

« Roughly 300 plates of dimensions 5” x 5” and of varying
thicknesses (0.25” to 0.85’) have been produced so far

« Samples of the plates we have produced are shown below

 Flat, corrugated, and waffle-patterned plates are depicted

Samples of 5" x 5” plates (all are 0.5” thick).

NATIONAL
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TL TECHNOLOGY
LABORATORY

ation for Pressed Tiles

Worked with Center for Advanced
Research and Technology (CART)
In Bluefield, WV

* Produced over 10 full size
pressed roof tiles of baseline
design

« Sizeis 16” x 12" x 0.6”

* New design will minimize
needed overlap

« CART will do the prototype
scale up of the pressed tiles

In West Virginia and produce

a 10 ft x 10 ft square

“T%%, U.S. DEPARTMENT OF

ENERGY
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emplastics = Extruded Tile Processing Progress T |Ecmoroy

» Developed resin emulsification process to allow creating “black clay” or
coal coated with a water resin emulsion
— Material behaves just like regular clay used for roof tiles but is 72% coal when dried

« Demonstrated laboratory-scale extrusion of the coal clay

 Purchased a “pug mill” — a mixer/extruder to be used for prototype
extrusions

« Successfully used the pug mill to produce larger size plates
 Purchased a 50 Ib. per hour clay mixer to feed the pug mill

Semplastics will develop the prototype process for the extruded tiles
In-house and produce the 10 ft x 10 ft square of tiles

« Semplastics has leased another facility adjacent to its current location
for the scale-up work
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Scale-Up Challenges TL

Need to optimize scaled-up process for pre-ceramic

polymer production
— Produced 30-gallon scale at toll producer so far
— Will refine the synthesis procedure for the next batches

CART Is optimizing the design of the mold for the pressed
tiles and purchasing the prototype scale-up equipment

Semplastics needs to optimize the end effector for the pug
mill to produce the extruded tile form-factor

Semplastics needs to develop methods to impart shapes to
the extruded material

NATIONAL

TECHNOLOGY
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Semplastics | Next Steps at Semplastics ¥L

Semplastics has begun setting up prototype production equipment in
the new facility

* The new facility, along with the current facility, will contain the
scale up equipment including:
— The coal/emulsified resin mixer
— The pug mill
— The curing oven
— The pyrolysis furnace or kiln

« Both facilities together will produce the square of extruded tiles
after the preliminary scale-up challenges are solved
— Need to minimize edge tearing on the extruded bar/shape
— Need to develop a process to produce barrel tiles

— Will optimize the curing and pyrolysis heat cycle to accommodate large
numbers of tiles

e T ":.E. 3
Py LS eerAnil 10
.’-’.[‘j »"-ﬁ. l - J "‘i ‘ . |
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etting up the prototype production line in

h will contalin:

alyze the pre-ceramic polymer

) miX the coal powder with the polymer

2m and a CNC router to produce tile molds

)ress to produce the pressed tiles

to cure the pressed tiles

2 or kiln to pyrolyze the plates into the ceramic tiles

S equipment to:
d designs

and pyrolysis heating schedules
of pressed tiles

U.S. DEPARTMENT OF
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Expected Outcome by End of Phase [l |TL|ESHQLSSY

» CART will produce a full “square” (10’ x 10’) of full-size flat tiles

« CART will produce up to 30 flat tiles to support testing at an accredited
roof tile testing laboratory to confirm the tiles meet commercial
performance specifications

« Semplastics will produce a full “square” of extruded tiles — ideally barrel
shaped

« Semplastics will produce up to 30 full-size barrel-shaped tiles to
support testing at an accredited testing laboratory

« Both CART and Semplastics will provide suggested improvements
based on the Phase Il work including:

— Techniques to streamline production processes
— Cost reduction routes
— Further improvements in design for both tile types

12
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Semplastics New Technologies and Process

N NATIONAL

TL TECHNOLOGY
LABORATORY

Improvements

 Recently developed an “Aggregate Process” that is a significant
Improvement over the pressed tile and extrusion technique

y o :FF i ,‘ U.S
1) ENER
25 _ ;fr:‘? -

Decreased pressing pressure from current 1000 psi to as low as 75 psi
Decreased part shrinkage so lower stresses during pyrolysis — allows larger parts
Control over % porosity and pore size

Pore size and % porosity independent of pressing pressure

Parts up to 3” thick can be produced with no cracks after pyrolysis

EXxpected to increase production tile yield by more than 15% over the current
process

Expected to decrease tile production costs
Being developed to produce other coal-filled ceramic parts such as coal bricks

13
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CNC Machining Center
for machining molds

NATIONAL

¥L TECHNOLOGY

LABORATORY

12 ft long x 4 ft wide CNC Router
for adding features to tiles

14




More Prototype Production Equipment [=|ranonal
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LABORATORY

Hobart 50-quart Planetary Mixer Mechanical Convection Oven
for mixing resin and polymer for curing pressed tiles

# 5%, U.S. DEPARTMENT OF
,@/ENERGY 15
N4
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New Tile Mold for pressed tiles




Prototype Production Equipment at  [N=|NAnoNAL
Semplastics TL | A50ra1oRy

ChainMiII for milling coal down to size Clay Mixer for mixing coal and polymer

7%, U.S- DEPARTMENT OF 17
{2 ENERGY




More Prototype Production Equipment [N=|Marona
at Semplastics TL)I&Gckarory

Pug Mill for Extruding Sheets of Coal-Clay End effector or extrusion nozzle
for tiles for tiles

3%, U.S- DEPARTMENT OF 18
(©) ENERGY




Additional Equipment at N
Semplastics TL

Furnace for pyrolysis of cured tiles

19
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Se ailable Market and Targets N=[eniey
TL LABORATORY
s: $7.2 Billion in 2020
CAGR %
Product Type 2018 2019 2020 90182020
3.6 [ S 3,947.1 | S 4,100.5 4.0%
> 1,0430)5 11205 1201.0| 7.3% Initial Product
80|S 327.0|S 4060| 27.9% Replacement Target!
$ 590.2|$ 657.6|% 7249| 10.8%
0.2(S 5688 |S 7584 41.4%
Total Available Market | $ 6,054.1 | $ 6,622.4 | S 7,190.8 9.0% <
me in 2018 Target Distribution Region
Polymer
composite
5% | |
5 of the top 10 states with roof-top
solar capacity are in the same region as
the planned roof tile plant
Concrete Tile — =
62% stalled Capacity (MW)

U.S. DEPARTMENT OF

ENERGY

<50 MW

©50-199 MW
 200-999 MW
¥ 1,000 - 5,500 MW
u > 25,000 MW
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Stage 1
>

Slate style 7 (|
(pressed) ﬁ“ |

“ L

Distributor
- Target price:
Demand $700/Sq

10%

Aesthetics

Stage 2
>
Villa style Target price:

extruded $500/sq.

U.S. DEPARTMENT OF
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Semplastics

the coal sector

Features

Fireproof and non-combustible

ercial Value Proposition

lon for manufacturing ceramic roof tiles

pplication for coal with technology that can move into new
new building materials, batteries, proppants)

Greater safety

il

Benefits

Lower insurance costs

High tensile and flexural strength

Low maintenance

Lower ownership costs

Great impact resistance

Good load distribution

Minimally affected by addition of
solar panels

Low porosity

Low water absorption rate

Low maintenance

High wind resistance

Low damage from extreme weather

High sound dampening

Greater environmental buffer

Can overcome “chatter” during
high wind or hurricane events

Light weight

Ergonomic

Easy to install

Coal-based composition

Classification as “Environmental
Product Declaration”

LEED credits can be used for new
construction projects

Direct from manufacturer

Lower price for comparable product

Greater product margins

Light weight

Lower shipping costs

Greater amount per shipment load

Coal-based composition

Potential for earning CO,, credits

Opportunity for greater product
margins

. U.S. DEPARTMENT OF

s ENERGY

NATIONAL
ENERGY
TECHNOLOGY
LABORATORY



‘‘‘‘‘‘‘‘‘

‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Sempladtics Strategy and Revenues

1

1

1

1

1

i

Roof i :

oo [ e [ o | .
1

i

_______ |

_________

.S. DEPARTMENT OF

$140.00 -
$120.00 -
CCC (Slate) Revenues
$100.00 -

$80.00 -

$60.00 -

$48.52

$40.00 - $35.73
$20.00 - $16.78
$7 56
$1.77 $3.42
$0.05 $0.15 —

N=
TL

ribution to end-customers in the roofing industry

$128.07

$78.57 |

2021 2022 2023 2024 2025 2026 2027

2028

2029 2030
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