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Abstract

In the area of recycling of spent chromated copper arsenate (CCA)-treated wood,
most studies to date have focused on methods of removing/extracting the residual
preservative from the wood matrix. It is well recognized that exposure of CCA-treated
wood to an acid solution can reverse the CCA fixation process thereby converting the
CCA elements into their water-soluble form. The economic viability of the process is
enhanced because it can be integrated with other technologies and products (e.g.,
“green” spray foam insulation, etc.). The market for the “green” CCA is the same as for
traditional CCA-the wood treating industry, principally utility poles and pilings. A
market research study was conducted to determine the suitability of spent CCA-treated
wood as a source for recycled, “green” CCA for manufacturing “green” spray-foam
insulation. Specifically, we wanted to discern the attitudes and overall perspectives of
buyers/sellers (ie., utilities and wood treating companies) of CCA preservatives and
treated wood products, disposal methods and costs for decommissioned CCA-treated
wood, and understand perceptions of and willingness-to-pay for “green” CCA pre-
servatives extracted from the technologies used in this research. Results show that
60% of wood preservative treating respondents and 60% of electric utility company
respondents are somewhat or greatly interested in using out-of-service utility poles
as feedstock for “green insulation” as part of a new potential business venture.
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1. Overview

Preservative-treated wood plays a substantial role in the infrastructure of the nation.
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Virtually all of the preservative-treated wood that is installed is eventually decommis-
sioned and landfilled. The goal of on-going research at Louisiana State University
Agricultural Center (LSU AgCenter) is to reclaim the preservative in decommissioned
preservative-treated wood and utilize the preservative-free wood as a raw material for
bio-polyols which can be used to produce spray foam insulation.

In the area of recycling of spent chromated copper arsenate (CCA)-treated wood,
most studies to date have focused on methods of removing/extracting the residual pre-
servative from the wood matrix. It is well recognized that exposure of CCA-treated
wood to an acid solution can reverse the CCA fixation process thereby converting the
CCA elements into their water-soluble form. Thus, acid extraction using different acids
and a wide range of reaction conditions has been extensively studied for removal of
CCA from out-of service CCA-treated-wood.

However, acid extraction processes are slow and requires a large treating space and a
large amount of acid solution. Furthermore, conventional acid extraction requires se-
quential extraction or a two-step extraction process to attain complete removal because
none of the individual acids are able to effectively remove all three CCA elements si-
multaneously. Therefore, a cost effective acid extraction method is lacking.

The core innovation of the LSU technology involves the novel approach of micro-
wave energy for binary acid solutions consisting of oxalic acid combined with either
acetic or phosphoric acids. Our previous bench top research has shown that the addi-
tion of acetic acid into phosphoric acid enhanced the metal recovery rate of the mixed
acid solution. This synergistic effect of mixed acetic acid and phosphoric acids is con-
sidered one of the most interesting and significant discoveries of the core invention.
The minimal reaction conditions for extracting the maximum percentagee of metals
were 2.75% phosphoric acid, 0.5% acetic acid, and 130°C. The total recovery rate ap-
proached 100% for arsenic, 96.7% for chromium, and 98.6% for copper in a one step
process. We can obtain virtually complete removal of all three metals at slightly more
aggressive reaction conditions. The economic viability of the process is enhanced be-
cause it can be integrated with other technologies and products (e.g., “green” spray

foam insulation, etc.).

Explanation of Unique Aspects of the Innovation

The research being conducted at LSU AgCenter is fundamentally unique from all other
methods of CCA recycling because it involves short reaction times (Ze., 10 - 30 min.)
and provides virtually complete (over 99.9%) recovery of all three preservative met-
als-copper, chromium, and arsenic. All previous studies have either required long reac-
tion times and/or did not achieve high recovery for all three metals.

The bench top research has demonstrated that preservative-treated wood waste could
be liquefied at mild temperatures into organic solvents with an acid catalyst [12] [13].
The most significant novelty was that the three metals can be removed from the lique-
fied wood and recycled by a simple, one-step detoxification process [9] [14]. Further-
more, the CCA-free liquefied wood has been proven to be an industrial raw material for

conversion into resin adhesives [15] [16] and spray foam insulation [27], and molded
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products [17] [18]. It should be mentioned that this detoxification process accomplish-
es the important criteria of a closed system without discharging any by-products into
the waste stream simply because even the dust collected in a dust collector can be lique-
fied and recycled and all chemical reagents can be recycled as well.

To improve the economic feasibility, microwave-assisted binary acid extraction of
CCA from treated wood was developed. The most significant novelty herein included
the discoveries of a synergistic effect of the binary acid solution of acetic and phos-
phoric acids and an antagonistic effect of binary acid solutions containing oxalic acid
with either acetic or phosphoric acids. Results show that the microwave reactor resulted
in removal of CCA in minutes in a one-step extraction process as compared to that of
hours in a two-step extraction process previously reported [8]. The fast acid extraction
with a microwave reactor provides enormous development potential for a continuous

reactor in a commercial setting.

2. The Product—“Green” Spray Foam Insulation

Previous bench-top research has shown that the heavy metals can be recovered and re-
generated into the proper valance state to be used as a “green” CCA preservative. It may
be more profitable to separate the metals and sell them on the open metal exchange.
Copper is currently selling for $2.14 USD/Ib. [25], Arsenic ($0.81USD/Ib.) and chro-
mium ($1.12USD/Ib.) [11].

The recycled, metal-free wood can be used as a raw material for bio-energy applica-
tions or as an industrial raw material for conversion into resin adhesives [15] [16] and
molded products [17]-[19].

The market for the “green” CCA is the same as for traditional CCA—the wood
treating industry, principally utility poles and pilings. Currently, pole treaters in North
America are paying around $2.10 per pound for 60% concentrate (oxide basis) which
equates to $19.40 per gallon. There is a significant opportunity to capture a portion of
this market.

A promising product is metal-free wood is for “green” spray-foam insulation.
Spray-foam is a type of insulation for residential and commercial housing. Spray-foam
is a substitute for traditional fiberglass insulation. The chemical agent is stored in ca-
nisters and sprayed with a special application device; it then expands and dries, forming
a barrier. The advantage of foam insulation is that it expands and leaves no gaps as is
the case with typical fiberglass insulation. Therefore, there are no pathways for air to
escape, establishing an efficient vapor barrier. The foam also prevents the build-up of
moisture, lowers the incidence of mildew and mold, and makes it more difficult for in-
sects and other pests to burrow into a building. Spray-foam insulation is recognized as
an important part of the wall component in “green” buildings, and also is one of the
fastest growing areas in building products.

The development of “green” spray-foam insulation from liquefied wood could enhance
the economic viability of this class of products. In addition, biomass-based spray-foam
has much better biodegradability characteristics compared to petro-based foam insula-
tion, which will benefit the environment when landfilled.
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In this paper, we focus on US market potential from the perspective of the willingness
to provide (wood preservative companies) and use (electric utility companies) “green”
spray-foam insulation manufactured from out-of-commission CCA-treated wood prod-

ucts.

3. Potential Markets and Customers

3.1. Wood Preservation Industry

The wood-preservation industry is a $4.5 billion industry in the US [26]. For all species,
a total of 8.2 billion board feet of lumber and 59.4 million cubic feet of roundwood are
estimated to have been treated with waterborne preservatives in 2007 [26]. Southern
pine is the dominant species for treated wood products with nearly half of all southern
pine lumber being treated.

The principal customers of “green” spray-foam insulation from liquefied wood would
be the existing wood preservative treating industry and the wood preservative manu-
facturers. Currently in the US, three chemical companies supply CCA for pressure
treating wood. Today, there are 158 domestic and 27 Canadian wood treaters treating
with CCA. CCA treaters are producing mainly utility poles and pilings and other minor
products. In the US, roughly 4.2 million poles are produced in North America and 166
million poles are in service in the US; roughly 35% of them pressure treated with CCA
[7]. The CCA annual volume produced domestically for the past five years in the North
America is approximately 40 million oxide pounds.

Traditionally, CCA-treated wood has been primarily disposed within construction
and demolition (C & D) debris landfills as non-hazardous waste. It has been reported
that the quantity of heavy metals leached from CCA-treated wood waste can exceed the
toxicity guidelines generally used for hazardous waste identification [23]. The increas-
ing public concern of soil and groundwater contamination at the disposal site and cor-
responding risk to human health and the environment has resulted in the classification
of decommissioned treated wood as hazardous waste in some states and municipalities
and several tort actions. Current tipping fees for construction and demolition landfills
vary from $20 to $60 from state to state [21]. As one example, when treated wood is
disposed as hazardous waste in Florida the average cost including local tipping fees, ex-

tra taxes, etc. is approximately $300 per ton [6].

3.2. The Electric Utility Industry

According to the US Energy Information Administration [5], the US produces 4.06 bil-
lion GWh of electricity annually, which is 20% of the total world output. The EIA pre-
dicts that electricity demand in the US will increase by 29% from 2012 to 2040. Since
1997, roughly $107 billion has been spent on new transmission infrastructure and $318
billion on new distribution infrastructure, both in 2013 dollars. Keeping up with the
additional demand for electricity will require significant investment in transmission
and distribution (T & D) infrastructure. Growth in investment in T & D infrastructure

is being driven by, apart from growth in demand for electricity, factors such as: (i) dec-
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ades of under-investment in and aging of the T & D infrastructure (ii) targeted gov-
ernment initiatives and stimulus to improve the T & D infrastructure (iii) new renewa-
ble power generation sources that require T & D investment (iv) shift from coal to nat-
ural gas (v) proliferation of North American oil and gas production [2] [24].

While the transmission system delivers high-voltage electricity from generators, the
distribution system reduces the voltage and then delivers the electricity to retail cus-
tomers. The distribution system includes miles of wires strung on various types of poles
and related support systems on the retail side of electricity delivery. The demand for
electric transmission and distribution (T & D) equipment in the US is forecast to rise to
$30.4 billion in 2017. It is estimated that 6% of the total invest in T & D will be in poles
and line hardware [20].

According to industry professionals, a reasonable breakdown of cost-structure for a
typical line project would be: engineering (8%); right of way preparation (25%); struc-
ture costs (15%); hardware (7%); wire and insulators (25%); and construction with
foundations (20%). The pole selection is not the most important parameter in the deci-
sion making, because even a 25% increase in structure cost translates to less than a 4%
increase in overall project cost. The utilities, while deciding upon the type of materiel
used for the poles, consider various trade-offs among wood, steel, concrete, fiberglass-
reinforced plastic and hybrid. The criteria used for selection of types of materiel are:
For wood-cost, availability, and workability; for steel-service life, known strength, en-
gineered product; for fiber glass-service life, lightweight; for spun concrete-service life,
durability [22].

Most of high-voltage (230 kilovolts or greater) transmission lines are on steel lattice
towers, especially on longer spans of transmission lines; however wood poles continue
to comprise majority of poles supporting smaller-span lower voltage lines. An esti-
mated number of 120 - 200 million preservative-treated wood utility poles are currently
in service in the US T & D infrastructure [3]. It was estimated by Mankowski et al. [10]
that replacement rates of wood poles ranges between 0.5% and 0.7% per year.

Common preservatives used in wood utility pole treatment include chromated cop-
per arsenate (CCA), creosote, and pentachlorophenol (penta). Treated wood poles are
starting to face the same environmental scrutiny other hazardous materials have faced
for years. However, the cost advantage of wood over other materials, and favorable life
cycle assessment, should keep treated wood poles in a favorable position. The increased
cost of steel and other raw materials has further improved the cost advantage of the

wood over other materials.

4. The Study

The overarching objective of this market research was to determine the suitability of
spent CCA-treated wood as a source for recycled, “green” CCA for manufacturing
“green” spray-foam insulation. Specifically, we wanted to discern the attitudes and overall
perspectives of buyers/sellers (Ze., utilities and wood treating companies) of CCA pre-

servatives and treated wood products, disposal methods and costs for decommissioned
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CCA-treated wood, and understand perceptions of and willingness-to-pay for “green”

CCA preservatives extracted from the technologies used in this research.

5. Methodology

The sample frames for the study were: (1) A census of the all wood preservative treating
facilities in the US and (2) A census of all electricity utility providers in the US. Market
research was conducted using mailed surveys. In general, sampling, survey procedures,
follow-up efforts and data analysis will be conducted in accordance with well-documented
and verified techniques [4].

Mail questionnaires were chosen as the most cost effective method of data collection.
The method affords a high degree of anonymity and is less limited by rigid time con-
straints that can impede the effectiveness of other survey methods. The questionnaires
consisted of fixed response questions, including fixed alternative and multi-choice
questions for responding firm demographic profiles as well as open-ended questions
which will allow respondents to express thoughts and ideas not covered in the fixed
format questions regarding employee-training issues. Mail survey procedures included
a pre-notification letter, a cover letter accompanying the initial questionnaire, a fol-
low-up postcard, a second follow-up letter and a second copy of the questionnaire. The
source of sample frame information was US census data. The sample set was purchased
from Best Lists, a national survey list company.

6. Results

6.1. Wood Utility Pole Treaters

Of the 443 mailed surveys, 67 were unusable or undeliverable, and 110 were useable for
an adjusted response rate of 29%. Figure 1 shows the geographic locations for respon-

dent headquarters for ALL respondents while Figure 2 shows geographic locations for

ALL Preservative Wood Treaters

(n=110)

(Includes Alaska & Hawaii)

Figure 1. Geographic locations-respondent headquarters for ALL respondents.
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Utility Pole Treaters
(n=21)

(Includes Alaska & Hawaii) 1%

Figure 2. Geographic locations-respondent headquarters for wood utility pole treaters.

the 20% of respondents that treated utility poles.

On average for respondents, 48,260 wood utility poles are put into service annually
(Table 1). The total for all respondents is just over 1 million poles. Regarding preserva-
tive treatments used for the poles respondents treat, compared to US figures, CCA ac-
counted for 45% for both the US and study respondents, while pentachlorophenol ac-
counted for 31% of preservatives used by respondents relative to 42% for the US. Final-
ly, creosote accounted for 19% of respondent preservatives compared to 13% for the US
(Table 2).

Respondents indicated that 85% of their production of treated utility poles were sold
directly to customers (utility companies) awhile 15% were sold to distribution interme
diaries. Sixty-five percent of respondents said they knew how out-of-service wood util-
ity poles were disposed of by their customers with “being landfilled” and “given away”
ranked number 1 and 2. A distant 3" was: burning”.

As seen in Figure 3, 50% of respondents indicated somewhat of an interest in using
out-of-service utility poles as feedstock for “green insulation” as part of a new potential
business venture. Ten percent of respondents said they were very interested in such an
arrangement.

Finally, wood utility pole treaters interested in potentially pursuing “green” poles for
insulation were asked about their level of inclination for different approaches. Table 3
indicates that 70% of respondents were either somewhat inclined (35%) or very in-
clined (35%) to partner with a company that manufactured “green” foam insulation (at

a profit, of course).

6.2. The Electric Utility Industry

Of the 883 mailed surveys, 144 were unusable or undeliverable, and 80 were useable for

550

L2
0:&;: Scientific Research Publishing



R. P. Vlosky et al.

Table 1. Number of wood poles put into service annually (n = 21).

Minimum 100
Maximum 150,000
Mean 48,260
Total (Respondents) 1,013,460

Table 2. Percent of preservative types used by respondents compared to US figures (percent of
treatment used) (n = 21).

Us* Study
CCA 45% 45%
Pentachlorophenol 42% 31%
Creosote 13% 19%
Copper Naphthenate ~ -----—- 5%

*Average of beyond pesticides [1] and Vlosky [26].

Not

___ Interested at
All
40%

Somewhat ————
Interested
50%

Figure 3. Interest in using out-of-service utility poles as feedstock for “green insulation” as part
of a new potential business venture. (percent of respondents) (n = 21).

Table 3. Level of inclination of options to participate in a “Green” foam insulation business ven-

ture (n = 12).
Not Inclined Somewhat Very
At All Inclined Inclined
Give them away free of charge if a
65% 35% 10%
second-party hauled them away

Charge a fee that equals your current

. 20% 30% 50%
cost of removal and disposal

If profitable, partner with a company

that manufactured “green” spray 30% 35% 35%

insulation foam

an adjusted response rate of 12%. Figure 4 shows the geographic locations for respon-
dent headquarters.
As seen in Figure 5, 74% of respondent companies/co-ops have annual revenue of

less than $49 million. Figure 6 indicates that together steel and concrete utility pole
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ALL Electricity Companies/Co-ops

(Includes Alaska & Hawaii)

Figure 4. Geographic locations-respondent headquarters.

ALL Electricity Companies/Co-ops
(n=80)
Annual Revenue for 2014
(% of Respondents)

GREATER THAN $5 BILLION 1%
$1 BILLION-$5 BiLLION I 6%
$250 MILLION-$499 MILLION 1%

$100 MILLION-$249 miLLION I 9%

$50 million-$99 MiLLION I 9%
$10 miLLION-$49 miLLioN I -
LEss THAN 10 miLLioN I 25

0% 20% 40%

Figure 5. Respondent company size by revenue in 2014.

constitute 40% of the total number of utility poles used among the respondents, how-
ever, wood utility poles is by far the dominant individual category.

Table 4 shows that the respondents of this study use significantly smaller proportion
wood poles treated with CCA compared with the proportion for the US. On average for
respondents, 117,223 wood utility poles are put in service annually (Table 5). The total
for all respondents is just nearly 5.3 million poles with about 1.3% (69,075) decommis-
sioned annually (Table 6).

Figure 7 indicates that 63% of respondents simply give away the decommissioned

wood poles and 33% of respondents use them as landfill. The mean annual cost, as

552

L2
0:&;: Scientific Research Publishing



R. P. Vlosky et al.

Concrete
1% °\

Figure 6. Percent of utility pole type used by respondents (n = 75).

Table 4. Percent of preservative types used by respondents compared to US figures (percent of

treatment used) (n = 45).

Us* Study
CCA 45% 29%
Pentachlorophenol 42% 44%
Creosote 13% 19%
Copper Naphthenate ~ ------ 4%
Borates e 3%
Copper Oxide ~ ——eeee 1%

*Average of beyond pesticides [1] and Vlosky [26].

Table 5. Number of WOOD poles currently in service (n = 45).

Minimum 228
Maximum 3,000,000
Mean 117,223
Total (Respondents) 5,275,035
Table 6. Number of WOOD poles decommissioned annually (n = 45).
Minimum 6
Maximum 60,000
Mean 1535
Total (Respondents) 69,075

shown in Table 7, incurred by the respondents for decommissioning the wood utility
poles is $18,220 totaling nearly $820,000 for all respondents.
As seen in Figure 8, 57% of respondents are somewhat interested in new venture that

could use out-of-service utility poles as feedstock for “green insulation”. Similarly, 58%
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of respondents indicated their openness for partnering with “green” spray insulation
foam manufacturers (Table 8). Also, 57% of the respondents indicated strong inclina-
tion for giving away out-of-service wood poles free of charge if second-party “green”
foam venture simply hauled them away. Curiously, 51% of respondents show disincli-
nation for charging a fee from second-party “green” foam venture in order to recoup

the cost incurred in removal and disposal of wood utility poles.

7. Conclusions

The wood preservation industry has changed its preservation formulations in treating

wood applications such as utility poles, railroad ties, marine pilings etc. A very

Burn
Vo

Landfill _
33%

'~ Give Away
63%

Figure 7. How decommissioned WOOD utility poles are disposed (n = 45).

Table 7. Annual costs to decommission WOOD utility poles (n = 45).

Minimum $500
Maximum $600,000
Mean $18,220
Total (Respondents) $819,900

Very
Interested ———

0/
2%

Not
Interested at
- Al

41%

Somewhat
Interested ——___
57%

Figure 8. Interest in using out-of-service utility poles as feedstock for “green insulation” as part
of a new potential business venture. (percent of respondents) (n = 45).

*
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Table 8. Level of inclination of options to participate in a “Green” foam insulation business ven-
ture (n = 45).

Not Inclined Somewhat Very
At All Inclined Inclined
Give them away free of charge if a
16% 29% 57%
second-party hauled them away

h fee that 1 t

Charge a fee that equa sy(.)ur curren 519% 3% 7%
cost of removal and disposal

If profitable, partner with a company

that manufactured “green” spray 42% 32% 26%

insulation foam

important driver for the change has been environmental and health concerns due to the
nature of the chemicals in preservation formulations. Considering the number of wood
poles currently in use in the US is in the range of 120 - 200 million, and also that nearly
1% of these poles are decommissioned every year, “green” spray foam insulation can
play an important role to address the environmental and health concerns of the indus-
try and society.

This study indicated that there is significant interest by respondents in the treating
and utility sectors to explore the possible conversion of decommissioned CCA-treated
wood into “green” spray foam insulation. Although the use of CCA has reduced, 45% of
the wood-treater respondents in this study continue to use CCA, and nearly 18% of the
wood poles used by electric utilities are CCA treated. An overwhelming number of
respondents (99%) indicated that decommissioned wood poles are either landfilled or
simply given away.

The development of an environmentally friendly and cost effective recycling tech-
nology for spent CCA-treated wood is of great importance to the environment, the
wood preservative treated industry, and the end-user of the CCA-treated wood prod-
ucts. All members of the supply chain for utility poles and pilings will have a vested in-
terest in an environmentally friendly and cost effective means of disposal. This presents
an opportunity for new ventures that can generate “green” CCA preservative and
“green” spray foam insulation from this new renewable feedstock.
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