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The Economics gf Phasing Out PVC

Executive Summary

Polyvinyl chloride, also known as PVC or “vinyl,”
has become one of the most widely used plastics
today. We encounter PVC on a daily basis in
products ranging from toys, packaging, and lawn
furniture to water and sewer pipes, medical
equipment, and building materials,

PVC poses hazards to human health over the course
of its life cycle. PVC production exposes workers and
conumunities to vinyl chloride and other toxic
substances. PVC products such as medical equipment
and children’s toys can leach toxic additives during
their useful life. Vinyl building materiais release
hydrochloric acid fumes if they catch fire, and
burning PVC creates byproducts including dioxin, a
potent carcinogen.

The health hazards associated with the production,
use, and disposal of PVC are, for the most part,
avoidable. Alternatives are available across the range
of PVC products. In some cases the alternatives are
no more expensive than PVC; in other cases there is a
small additional cost. Often there are good reasons to
expect the costs of alternatives to decline over time.

Vinyl today: a look at the market

PVC sales reached 14.4 billion pounds in the US and
Canada in 2002, or 46 pounds per person. Worldwide
preduction was around 59 billion pounds, or an
average of 9 pounds per person. With 5 percent of the
world’s population, the US and Canada consume 24
percent of the world’s PVC. The principal uses of
PVC in North America, in order of importance, are
pipes, construction materials, consumer goods,
packaging, and electrical products (such as wire and
cable insulation).

Three in-depth studies have estimated the costs of
phasing out PVC. The latest one, a 1997 study by
Environment Canada, based on a detailed analysis of
the cost of alternatives, suggests an average annual
costof $0.55 per pound. If this estimate still applied
today, it would imply a total cost of $8 billion per
year, or 325 per person, to phase out PVC in the US
and Canada. Correction for one obviously dated
assumption in that study cuts the estimate in half, to
§4 billion total or 312 per person. However, there are
several reasons to expect that the costs of alternatives
will be still lower and will decline over time.

Factors favoring phaseout

Figures such as those from Environment Canada,
based on current market prices alone, overstate the
economic benefits of PVC. We explore four major
economic reasons why this is the case.

. Life-cycle costs often favor alternarives. Some
of the alternatives have higher initial purchase prices
than PVC products, but are actually less expensive
over the useful life of the product. Commercial
flooring provides an example: among the flooring
options we examined, viny| has the lowest installed
cost; but due to its shorter lifetime and higher
maintenance requirements, it has the highest life-
cycle cost, In such cases, rather than making a
decision based on initial costs alone, purchasers can
save money by comparing the full costs over the .
product life cycle of buying, installing, using,
maintaining, and ultimately disposing of alternative
products.

. Mass production reduces costs. Most products
are cheaper when they are produced in large
quantities; costs typically drop as production volumes -
increase. Currently the advantages of mass
production favor PVC: many PVC products have
achieved huge volumes, making them look cheap
today. However, the alternatives to PVC could
likewise grow in volume in the future, making them
less expensive and more competitive than they are at
present.

. PVC products endanger their users. The
harmful effects of PVC are sometimes felt by the
users of the product, as in the case of some PVC
medical supplies. In case of fire, vinyl building
products begin to smolder long before they burn,
releasing toxic fumes of hydrochloric acid, and
thereby threatening building occupants and
firefighters, For this reason, the International
Association of Firefighters supports efforts to reduce
PVC use.

Related hazards could occur with PV C-insulated
wiring, which was once standard for use in airplanes.
There is no proofthat PVC insulation has ever caused
a plane crash, but some investigators have suggested
that there are grounds for concern about older planes
that are still flying with PVC-insulated wires.



The Economics of Phasing Out PVC

allergies. In this context, health care institutions must
move to alternative glove materials; PVC and nitrile
are the principal candidates. While PVC gloves are -
cheaper than nitrile gloves, their lower price is
counterbalanced by their lower durability. One study
found PVC gloves to have a 30% failure rate under
simulated use conditions, compared to 2% for both
latex and nitrile. Correction for the failure rate
offscts one-third of the apparent cost advantage of

~ PVC over nitrile gloves, based on prices quoted to us
by a leading distributor. Kaiser Permanente, the
nation’s largest not-for-profit health care
organization, concluded from its internal review that
nitrile gloves were cost-competitive with PVC due to
their greater durability, and bought 43 million pairs
of nitrile gloves. :

. Siding and windows. Vinyl is now the most
common siding material for low- and moderate-
priced housing. However, wood shingles or
clapboard also offer viable siding alterngtives, as do
fiber cement and simulated stucco. Disadvantages to
vinyl siding include poor resistance to temperature,
vulnerability to water damage, and chemical hazards
when it burns or smolders. Despite claims that vinyl
is “maintenance free,” vinyl can fade with time, can
require painting, and can warp. Fiber cement, a
relatively new product, is more durable than viny|
and almost as low-maintenance; moreover, fiber
cement does not warp or burn.

Alternatives to PVC windows include wood,
fiberglass, and aluminum windows. Problems with
vinyl windows include sensitivity to high and low
termperatures, possible brittleness, and health hazards
in case of fire, Vinyl windows can be energy
efficient, but they can expand and contract, causing
the scal of the window to brealk; in this case, they
cannot be repaired, and must be replaced.

Employment effects of a PVC plmseouf

There are 126,000 workers in PVC fabrication plants
in the US; we estimate that there are no more than
9,000 workers making viny] chloride and PVC resin.
Replacing PYC with alternatives will change some of
these jobs: from fabricating PVC products to
fabricating the same products from other materials,
most often other plastics; or fiom making vinyl
chleride and PVC resin to making safer substitutes,
However, the alternatives are likely to require about
the same total employment as production of PVC. In
some cases, the same workers who currently make
PV C products will be employed making products
from PVC alternatives.

Steps toward alternatives

Around the world and throughout the US, a variety of
community, state, and national government initiatives
have been undertaken to promote the use of safer
alternatives to PVC. Many health care institutions
have made statements on'the need to reduce or
eliminate PVC use, The auto industry and other
major industries have taken numerous steps to -
incorporate alternatives to PVC into their products. In
addition, countless innovative construction projects
have demonstrated the practicality of reducing or
eliminating PYC use. Examples discussed here
include a green building initiative carried out by a
volunteer group, GreenHOME, in partnership with -
Habitat for Humanity; the Erie Ellington Homes in
the Dorchester neighborhood of Boston; the Sheraton
Rittenhouse Square Hotel in Philadelphia; and
innovative projects by religious communities.



The Economics of Phasing Out PVC

. Academic studies have shown that the costs of
_ environmental protection are routinely
overestimated in advance, and decline rapidly
after implementation.

We apply these principles in a discussion of
alternatives to PVC in major markets, including
detailed discussion of pipes, roofing, floor coverings,
and medical gloves, and a summary description of the
siding and windows markets. Following the analysis
of these markets, we examine the expected
employment effects of a PVC phaseout and then turn
to the steps that have already been taken toward
alternatives.

Vinyl Today: A Look at the Market

Sales of PVC grew rapidly in the 1990s, reaching
14.4 billion pounds in the US and Canada in 2002."
This is equivalent to 46 pounds for every person in’
the two countries. PVC sales are much lower in other
industrial countries: 31 pounds per person in Western

Europe, and 25 pounds per person in Japan.
Worldwide production was 59 billion pounds {or
almost 27 million metric tons) in 2002, an average of
9 pounds per person. With 5 percent of the world’s
population, the US and Canada consume 24 percent
of the world’s PVC.

Data on the uses of PVC in the US and Canada for
1994, 1999, 2002, and forecasts for 2007, are shown
in Table 1. The 2002 figures are also shown )
graphically in Figure 1. The principal uses of PVC, in
order of importance, are pipes, construction
materials, consumer goods, packaging, and electrical
products such as wire and cable. Pipes, siding,
windows, doors, and profiles (gutters, fences, decks,
ete.) together account for more than two-thirds of
PVC use, and are also the fastest-growing categories.
Many other uses of PVC are growing more slowly,
and a few actually declined in the recent economic
slowdown. Industry projections for 2007 assume that
the recession will end and growth will resume,
although at a slower pace than in the 1990s.

Table 1;: PVC Consumptlon in US and Canada, 1994 2007
e e e T e S e sy : R
End Uses g Consumption (m:lllons of pounds} ; Annual growth rates
04 2 o9 E 2002 B 2007est § 94.99 9902 0207
Pipes, Tubing, Fittings = 4,875 4 6,685 3 6,494 £ 7,350 i 7% -1% 3%
Construction 2,790 % 3,990 f 4,293 %: 5,413 ¥ 7% 2% 5%
Siding 1,470 % 21754 2,176 § 2,710 % 8% 0% 4%
Windows and Doors 410 . 700 & 910 1,225% 11% 9% 6%
Profiles : 225 400 |1 525 775 & 12% 9% 8%
Flaoring ¢ 440 7 485 § 457 § 455 2% | 2% 0%
Roofing 115 % 100 § 100 113 -3% 0% 2%
Other Construction 3 1305 130 5 125 135 0% 1% 2%
ConsumerGoods & . 915 § 1,225 F 1,205 %; 1,225 § 6% 0% 0%
Packaging ¢ 820 $ 885 ¢ s3o £ 035 ¢ 2% 2% 2%
Electrical / Electronic E - 540 ? 870 5 800 % 905 § 10% 3% 2%
Transportation i 285 £ 390 é 280 & 310 E 3% -3% 2%
Mome Fumishings £ 185 £ 240 B 240 & 240 . 5% 0% 0%
Other and Inventory o128 0289 & 85 *
% 14,430 g 16 703 *5 6.0% 0.2% 3.0%
R e s e e
"Other and inventory” includes medical supplies (200 million pounds in 2002), coatings and adhesives (100 million pounds),
and inventory changes for the industry as a whole, which can be pesitive or negative, and vary widely from year 1o year.
Sowrce: SRI Consulting {(Menlo Park, CA}, CEH (Chemical Economics Handbook) Marketing Research Report: Palyvinyl Chloride
(PVC) Resins (September, 2003).




The Economics of Phasing Out PVC

between CRA, Hickling, and the Environment
Canada low case ($0.87 to $1.10 per pound).

The Environment Canada study, the most recent of
the three, examined 14 product categories that
accounted for about 90 percent of PVC use in
Canada. In most categories, the study compared costs
for PVC products, a common lower-priced

alternative, and a common higher-priced aiternative
{not necessarily the highest or lowest prices on the
market}). Published in 1997, the study is based on
prices and conditions in Canada and construction
costs for the Toronto area in 1993. Nine of the 14~
product categories were in the areas of pipes and
construction materials, as shown in Table 3.

Table 3: Alternatives to PVC in Pipes and Construction

Source: Enwronment Canada 1997
e I e LN Er%%&i%%%%

Cost per pound of

End use Alternative materials PVC replaced (US $)
Low cost High cost Low cost High cost

Municipal water pipe - HDPE Ductile iron }
Municipal sewer pipe - HDPE Concrete . $0.26 $0.38
Drainage pipe, culverts _ HDPE Conerete ’
Drainfwaste/vent plumbing ABS ABS/Copper (%0.05) $0.25
Industrial pipe, conduits e HDPE  ceeemeem- -
Siding Aluminum Clay brick $0.38 $6.02
Windows Wood Aluminum ($0.82) $0.38
Flooring Polyolefin Ceramic tile/carpet $13.54 $17.07
Wire and cable ----- Polysthylenes, other plastics -~

$3.00 . $3.00

SRR R P R T R R R s SRR
1833 Canadian prices converted to US dollars and adjusted for US inflation through 2002

Separate low- and high-cost altematives were not estimated for industrial pipe or for wire and cable.

Altemative materials reflect those in use in Canada in 1993, except polyolefin flooring (a polyethylene/polypropylens
combination), This product was introduced in Germany in 1998; Environment Canada's low-cost flooring altemative

uses the German price,

For pipes, the low-cost alternative to PVC was in
each case another plastic, usually high-density
polyethylene (HDPE). Traditional pipe materials
such as iron, concrete, and copper provided slightly
higher-cost alternatives. However, as shown in Table
3, the estimated price per pound of PVC replaced was
small for all pipé applications and was actually
negative (meaning the alternatives cost less than
PV() for low-cost drain and industrial applications.

Thestory is more complex for construction materials,
where the available options are more diverse and are
changing more rapidly than with pipes. For example,
Environment Canada’s low-cost siding alternative,
aluminum siding, has all but disappeared from the
market today. (Newer alternatives will be discussed
below.) Flooring was the area with by far the highest
cost; although it represented only 3 percent of all
PV Cuse in Canada in 1993, it accounted for over
halfof the cost of the entire low-cost PVC
rephlicement scenario. New flooring products have -
continued to appear, and some of the best alternatives
today were not.available at the time of the study.

Over all, the added costs of non-viny] construction
materials were modest: according to Environment
Canada, the use of non-PVC alternatives for all four
applications—siding, windows, flooring, and wire
and cable—would have increased the cost of new
residential construction by 0.4 percent in the low
case, or 2.4 percent in the high case.

1f these estimates applied today, what would they
imply for the costs of phasing out PVC? As
mentioned above, PVC consumption in 2002 was
about 14.4 billion pounds for the US and Canada as a
whole, or 46 pounds per person. The Environment
Canada low case, the most recent and detailed cost
analysis, suggests an average cost increase of $0.53
per pound from switching to alternatives (see Table
2). If this figure still applied, the total cost for
replacing all PVC use would be about $8 billion a
year for the US and Canada as a whole, or $25 per
person. )

While it is based on the best available published
figures, this calculation has limited-applicability
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Factors Favoring Phaseout

Adthough the Environment Canada-based estimates
ofthe costs of a phaseout are still too high, it is worth
noting that they are not enormous compared to the
North American economy. Affordable housing would
not suddenly become unaffordable if, as Environment
Canada estimated, replacing the leading uses of vinyl
were to raise new residential construction costs by
0.4 percent (and this figure included the inflated
flooring cost). Even $8 billion is less than 0.1 percent
of the gross domestic product of the US and Canada;
with the correction for flooring, the revised $4 billion
cost is $12 per capita, less than 0,05 percent of our
coliective incomes. A loss of this amount, spread
across the entire economy, would not cause a
noticeable average change in our lifestyles and
consumption levels.

Mareover, the estimated cost differences, as
described above, overstate the economic benefits of
PVC. There are four economic arguments for
elimination of PVC, despite its modest cost

. advantage in some settings at current prices.

Life-Cycle Costs Often Favor Alternatives

Some of the alfternatives have higher initial purchase
prices than PVC products, but are actually less
expensive over the useful life of the product. The
three studies described above compared purchase
prices, or in some cases installed costs, of PVC and
alternatives. Such comparisons may give a
misleading impression about the total cost of owning,
using, and caring for the products in question.

Thetotal cost over a product’s life cycle is the cost
that ultimately matters to the user. For exaniple,
paper plates are much cheaper than ceramic dinner
plates, but households, restaurants, and institutional
food services often conclude that it is cheaper in the
long run to buy, wash, and reuse ceramic plates,
rather than continually buying and discarding paper
plates.

Theconcept of life-cycle costs is no more
complicated than this familiar example. Rather than
making a decision based on initial costs alone, it is
important to compare the full costs, over a period of
time, of buying, installing, using, maintaining, and
ultimately disposing of alternative products, Ifa
ceramic plate is used daily and is expected fo last for
a year, then the correct comparison would be the cost

of 1 purchase, 363 washings, and 1 disposal versus
the cost of buying and disposing of 365 paper
plates.” As in this case, a more expensive initial
purchase may be cheaper in the long run if it lasts
longer and/or requires iéss maintenance or fewer
repairs.

For some building materials, such as flooring,
maintenance and repair costs can be the largest costs
of the product life cycle. In such cases, the lowest-
maintenance product is often the cheapest on a life-
cycle basis, regardless of whether it has the lowest
purchase price. As we will see in a later section, viny!
is the cheapest option for commercial and
institutional flooring on a first-cost basis but the most
expensive option on a life-cycle basis. When life- -
cycle costs are taken into account, vinyl flooring
loses out to higher-priced but longer-lasting and more
easily maintained alternatives,

The discussion of life-cycle costs should not be
confused with academic studies known as “life-cycle
analyses” (LCAs). A life-cycle cost comparison looks
at the costs to the user of a product from purchase
through disposal. Life-cycle analysis, on the other
hand, attempts to account for all the environmental
impacts of a given product, from production through
use and disposal. Depending on the data categories
that are included, LCAs may provide useful
environmental information, but they are not a
substitute for a life-cycle cost comparison. Note that
life-cycle costs do not directly depend on the
environmental impacts included in a LCA; rather,
life-cycle costs reflect durability and ease of
maintenance, as well as initial costs.

Surprisingly, some LCAs have given PVC relatively
good ratings. However, these LCAs often omit the
highly toxic and carcinogenic emissions that are the
most serious problems associated with PVC.? LCAs
that include toxic emissions do identify PVC as an
undesirable material. The Tellus Institute Packaging
Study, an early LCA that evaluated common
packaging materials primarily on the basis of life-
cycle toxicity, found that PVC was 10 to 12 times
worse than other common plastics (which include
some of the leading alternatives to PVC). If the
Tellus study had used the Vinyl Institute’s own
estimates of emissions, published at about the same
time, instead of the best avaijlable public data sources,

. it would have found that PYC was “only” four times

as bad as other plastics. -
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future should look beyond the current price of
alternative products to their (likely lower) future
price as they become widely adopted and mass-
produced.

PVC Products Can Be Dangerous to Users

Often the harmful effects of PVC emerge during the
intended use of the product. For exaniple, flexible
PVC producis used in health care, such as IV bags
and tubes, contain phthalates—plasticizers that can
leach out of the products during use, posing hazards
to patients.” The US Food and Drug Administration
has issued an advisory, for example, recommending
measures to reduce patients’® exposure to the
phthalate Di(2-ethylhexyl)phthalate (DEHP) in
medical devices.” Phthalates are also used in some
flexible PVC toys, including toys that young children
are likely to put in their mouths. I 1999, the
European Commission adopted an emergency ban on
certain phthalate-containing PVC toys and other
products, such as teething rings, intended for children
to put in their mouths. This ban has been renewed
repeatedly, pending development of permanent
regulations. Some, though not all, US manufacturers
have voluntarily stopped production of PVC toys
containing phthalates.® (The US Consumer Product
Safety Commission has denied petitions to ban PVC
in toys for young children or to issue an advisory
about hazards associated with these toys.")

Additional problems oceur when PVC is exposed,
intentionally or otherwise, to heat. In case of fire,
vinyl building products release large quantities of
hydrachloric acid, and smaller quantities of many
other toxins, threatening building occupants and
neighbors as welt as firefighters. For this reason,
some firefighter associations are working to educate
the public about the hazards of PVC and are
supporting municipal and state level policies to
reduce PVC use. The International Association of
Fire Fighters points out that 165 people died in the
Beverly Hills Supper Club Fire of 1977, and 83
people in the MGM Grand Hotel Fire in Las Vegas in
1980—almeost all of whom, accerding 10 the
firefighters, were killed by inhalation of toxic fumes
and gases, not by heat, flarmnes, or carbon dioxide..A
likely culprit is the hydrochloric acid created by the
decomposition of PVC used in wiring and other
building materials.”* Medical researchers have found
elevated levels of long-term respiratory and other
health problems in firefighters who put out fires
invalving large quantities of PVC and have identified
hydrochloric acid—acting aione or in combination

with carbon monoxide and soot—as the probable
cause of the damages.*

PVC is often advertised as “fire resistant,” meaning

. that a fairly high temperature is required to start it

burning, However, PV C starts to smolder and release
toxic fumes such as hydrochloric acid at a lower
temperature, long before it ignites. IFPVC is
gradually warmed, more than half of its weight is
given off as fumes before it gets hot enough to burst
into flames.* The hydrechloric acid released by
burning PVC is potentially lethal to people caught in
a burning building; other products of PVC
combustion, such as dioxin, exert their health effects

" more slowly and are spread across a larger

population,

Related hazards occur with PVC-insulated wiring,
which was once standard for use in airplanes. There
is no proof that PYC insulation has ever caused a
plane crash, but some investigators have suggested
that there are grounds for concern about clder planes
that still contain PVC-insulated wires. Full-sized
modern airplanes contain 100 or more nriles of
wiring. The insulation on this wiring is critical to air
safety: defects in the insulation could allow short
circuits and sparks, potentially setting off a fire or
explosion. A possible example is ValuJet Flight 592,

‘a DC-9 that crashed in 1996, killing all 110 people on

board. Although the flight crew reported an electrical
power failure moments before the aircraft crashed,
many reporis instead focused on the possibility that
oxygen tanks on board caused the crash. Aviation
Today said in a special report on this and another
accident,

The Valulet Flight 592 accident ajrcraft was
rigged with a type of wire insulation, PVC, that
will not pass the FAA’s current flame test....
Among PVC wire's uhacceptable properties, its
burning insulation creates copious amounts of
smoke, and the insulation can turn to
hydrochloric acid when exposed to moisture. 1t is
found on all DC-9s built through 1975. In
addition, the vast majority of 727s...were built
with PVC wire. According to an anonymous
telephone call to investigators from a self-
described company maintenance technician three
days after the Valulet crash, the accident aircraft
"was continually having electrical
problems...circuit breakers and wiring were
shorting out..."**

. Use of PVC wiring is now prohibited on new planes,

since PVC insulation failed Federal Aviation
Administration (FAA) flammability tests in 1972.%
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Markets for Alternatives

Because the uses of PVC are so diverse, the
alternatives are likewise varied. The next five
sections look at specific markets for PVC, exploring
the available alternatives, the different properties that
make alternatives more or less attractive, and the
costs of replacing PVC with safer products. The first
three markets involve products used in commercial

and institutional construction: pipes, roofing, and
flooring.** The fourth examines medical supplies,
paiticularly gloves. Finally, we take a brief look at
the fast-growing residential construction uses of vinyl
in siding and windows.

Alternatives to PVC, I: Pipes *

Much of the PVC used is invisible to most of us; it is
usually buried underground—or under the sink or
behind the walls. But visible or not, modern life
involves a lot of pipes. Some estimates suggest that
municipal water and sewer systems will acquire $8
billion of pipes annually for the next 20 years. In
addition, large quantities of pipes will be installed to
meet residential, commercial, industrial, and
agricultural needs. Many of these pipes will be made
of PVC, providing by far the most important market
for vinyl. Pipes and pipe fittings make up almost half
of PYC use, as seen in Table 1,

PVC pipes have been in use for at least 30 years-and
have become standard in some applications, such as
the “drain/waste/vent” (DWV) tubing that carries
wastewater away from kitchens and bathrooms. They
have also gained a large share of the market for
small-diameter municipal water and sewer pipes and
for electrical conduits. According to industry
estimates, on a lineal basis PVC accounts for more
than 70 percent of all water and sewer pipes now
being installed in the US.”?

PVC pipes are competing both with traditional pipe
materials-—copper, iron, concrete, and vitrified
clay—and with polyethylene (PE) and other plastic
pipes. Among other plastics, acrylonitrile butadiene

- styrene (ABS) is sometimes used for drain pipes;
however, PE is by far the most important plastic pipe
‘material after PVC. The different pipe materials have
contrasting strengths and weaknesses, *

«  The traditional materials are heavier and, for
large-diameter pipes, may be harder to
install and repair. However, they are strong
under extremes of pressure and temperature.
Copper plumbing remains the standard for
hot and cold water in most buildings. Iron
water and sewer pipes may corrode in acidic

s50il; they are sometimes coated with tar to
combat corrosion.

*  PVCis lightweight and lower priced than
some alternatives and requires less skill to
install and repair. However, PVC is weaker
under high pressure and becomes brittle at
below-freezing temperatures. For hot water
pipes, a more expensive, modified form,
chlorinated PVC (CPVC), must be used.

»  PE pipes offer a lightweight alternative with
* greater strength under pressure, as well as
stronger, more leak-proof joints and the
ability to withstand temperatures well below

freezing, For hot water pipes, a more
expensive, modified form, cross-linked
polyethylene (XLPE, marketed as PEX),
must be used.

In view of its emerging role as an alternative to PVC
pipes, we begin with an examination of the PE pipe
industry. We then discuss the two major market
segments: municipal water and sewer pipes and
plumbing within buildings, including a detailed look
at a recently constructed building that specified PVC-
free plumbing. We conclude with price comparisons
for several common plumbing jobs with and without
PVC.

Polyethylene Pipe®

PE pipes are one of the mest important alternatives to
PVC. PE is the only other leading material to
approach PVC in both weight and ease of
installation; while some equipment is needed to
install PE pipes, small-scale pipe-welding machines
are becoming available for homeowner or small
contractor use. Moreover, PE has important
advantages over PVC, such as greater strength under
pressure and under low temperatures, and lower rates
of leaks and breakage. Production of polyethylene,
although net pollution-free, is far less toxic than
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Water and Sewer Pipes

PVC has been very successful in the market for
small-diameter municipal water and sewer pipes.
Some observers claim that PVC pipe installation
minimizes municipal labor and equipment costs and
also minimizes the length of time that streets are
blocked for pipe installation. For larger diameter
main pipes, where strength under pressure is of great
concern, the traditional materials have retained a
substantial share of the market, and PE is a stronger
contender than PVC. Strength under extreme
temperatures is more important in northern areas
where the ground often freezes; accordingly, PVC
has made greater inroads in southern, frost-free parts
of the country.

Not everyone, however, has opted for PVC, In recent
years, some municipal water and sewer systems have

“chosen PE instead of PVC. Performance issues, not
cost, appear to drive the decision. The Indianapolis
Water Company (IWC) has switched to PE because it
reduces leaks at the joints and bends in the pipes and
because a new installation technique (which works
only with PE) minimizes excavation and disruption
I'WC has now installed more than 30 miles of PE pipe
of diameters larger than 20 inches.>

IWC is a subsidiary of United Water Company, a
large private company that operates privatized water
systems in many areas. United Water affiliates in
New Jersey and New York also choose'to avoid PVC
in order to minimize leaks, since they operate in
congested urban areas where it is expensive and
difficult to excavate and repair underground pipes.
Local building codes and conditions require very
strong pipes, and United Water uses iron and cement
pipes in New York and New Jersey; PVC is not
durable enough for use under these conditions.
However, United Water does use some PVC in
Florida, where theua is less concern about damage to
pipes due to frost. >

California communities that have switched to PE or
other nen-PVC pipes for some applications include
the Contra Costa Public Works Department, which
uses PE pipes for storm drains; they view PE as
superior to concrete or metal pipe on the basis of its
low weight, ease of installation, low cost, and
reduced level of leaks at the joints. The Los Angeles
Department of Water and Power has used PE pipes to

- replace old water mains after major breaks, because it
is the material that minimizes leaks.

PE pipe producers have described additional case
studies of adoption of PE pipe for water distribution

systems in Palermo, Italy, and in Toronto, as well as
in smaller communities throughout the US.* In these
cases, PE was selected for characteristics including
resistance to earthquakes and freezing, minimal
damage to sensitive environments (the flexibility of
PE allows less invasive drilling techniques for laying
pipe), and the long-term integrity of its heat-fused
joints. -

Municipal agencies and decision-makers rarely view
the price of the pipes themselves as the most
important factor in choosing water and sewer pipes.
A representative of the Boston Water and Sewer
Commission emphasized this point, stating that it
costs so much to dig up the streets and install the
pipes that the price of the pipe itself is irrelevant to
the city’s decision. Boston uses the pipe material that
the agency considers appropriate to each job: ductile
irolt for water mains; copper for house services;
ductile iron or reinforced concrete for large diameter
sewer pipes; and PVC for small diameter sewer
pipes. PVC was chosen for the smaller sewer pipes
on the basis of its light weight and ease of
connection.*®

PVC has also been adopted for other low-pressure,
low-temperature-stress applications such as irrigaiion

" pipes, culverts, drain pipes, and some industrial

pipes. However, high-pressure applications, such as
gas pipelines, cannot use PVC; instead, PE plpe has a
mazjor share of these markets.

If hydrogen becomes an important fuel in the future,
as the Bush administration and others have
sometimes suggested, a system of non-PVC pipes
will be needed to transport it: hydrogen can diffuse
out through the walls of PVC pipes, due to the porous
molecular structure of the PVC polymer. (PE,
although not as porous as PVC, apparently is also
unsuitable for hydrogen pipelines.)”’

In short, despite PVC’s continuing strength in this
major market, there are other materials that play an
important role, and numerous municipal customers
who have decided to rely on alternatives to PVC for
some or all of their pipe needs.

PVC Plumbing and Conduits: Pre and Con

Different considerations arise in plumbing, as well as
conduits for wire and cable, within buildings. For do-
it-yourself plumbing, sections of small-diameter PVC
pipe, manufactured in 10-foot or 20-foot lengths, are
easy to cut to the desired length and join together
with pipe cement (although some pipe cement
products used in home plumbing are themselves
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steel sleeves. The specification of the steel sleeves
was based on concerns that the PE pipe could
become brittle and thus require additional
protection. This boosts both the materiat and labor
costs of this system; installation labor expenses are
estimated to run about three times the cost of
installing PVC irrigation pipe without a sleeve.
However, some pipe experts believe that such
sleeves are unnecessary on PE pipes and would
describe this as a case where misconceptions about
materials led to more costly choices.*

Plumbing Price Comparisons

To conclude our discussion of pipes, we look at the
costs of PVC and alternatives for several categories
of plumbing. Table 5 shows the retail purchase price
for two varieties of small-diameter pipes: %-inch
pipes made of materials not suited for hot water, and
¥2-inch pipes that are able to carry hot water. Note
that PVYC and PE are fairly close in price for %-inch
pipe, as are CPVC and PEX for ¥-inch hot/cold
water pipe. Only copper is distinctly more expehsive
among the alternatives shown in Table 5.

Table 5; Retail Plumbing Prices

LN R e R R TN

Category Materlal Price per foot
SRR RIS J%V‘PVCE- 0 R R ».NE'-;‘:(“):‘:I-\.;M!{‘.\Z;S
Yi-inch pipe ’
w:'ﬁ'z;wti?‘s« SRR AP 50 16 L
feinch O o
. :]Qgttf::lc: o hard copper 50.58
N 5 p soﬂ copper $50.67
B A A TR S R R R B A

PVC is Schedule 40; copper is Type L. Prices
are for various lengths {10 - 100 feet}, converied
to price per fool.

Prices are from Home Depot and Lowe's on line,
and from an Austin, Texas, plumbing supply
siore, as of September 2003.

The small differences in material price between PVC
and PE plumbing, seen in Table 5, are rarely decisive
for the total cost of a plumbing job. Tables 6 and 7
present installation costs for Y4-inch plumbing, based
on astandard database that is widely used in the
industry for estimating job costs. Table & presents the
costs for pipe installation alone, showing that
installation of PE-aluminum, or PEX-aluminum, pipe
is cheaper than CPVC. Labor costs are much greater
thanmaterial costs and vary more widely between the
two jobs: differing labor costs account for aimost all
of the difference in total cost between CPVC and the
PE options.

Table 6: Installation Costs, ¥%-inch Plumbing -
Pipe Only
@Wmmammwyﬁmﬁ&%wwwmr ]
{ameount per lineal foot)

Labor Labor Materia! Total
Hours Cost Cost Cost

CPVC ' 0.055 $1.51 §0.55 52.06
Cross linked PE-aluminum  0.030 $0.83 $0.60 $1.43
PE-aluminum 0.030 $0.83  $0.47  §1.30

CPVC has solvent welded joints; both PE-aluminum pipes have crimped
joinis.

Source: 2003 Natlonal Plumbing & HVAC Estimator

Table 7 presents an expanded estimate of installation
costs, including the hangers and tees required by
plumbing codes as well as the pipe itself. Note that
the two tables refer to different categories of pipe:
Table 6 refers to hot/cold water pipe, whereas Table
7 does not. In the latter case, the comparison shows
that PVC is somewhat cheaper than copper, again
almost entirely due to differences in labor
requirements.

Table 7: Installation Costs, %-inch Plumbing -
Complete lnstallatlon

;! e i
(amount per Imeaf foof)

Labor Labor Material Total
Hours Cost Cost Cost

Copper 0.116 $3.20 $0,76 $3.97
PVC 0.091 $252 §0.72  $3.24

Complete installation includes hangers and tees, as required by code.
Copper is Type L, with brazed joints, installed horizontally.

PVC is Schedule 40 with solvent-weld joints, installed horizontally.
Source: 2003 National Plumbing & HVAC Estimator

For small-diameter plumbing, the price comparisons
do not tell a story of large advantage in either
direction: retail prices are similar for PVC and other
plumbing materials (Table 5); installation cost
estimates favor the alternatives in some cases (Table
6) and PVC in others (Table 7). It seems safe to
conclude that there are feasible, affordable
alternatives for PVC-free plumbing,
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Built-up asphalt

Figure 2: Average Life of Roofs
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Source; Kenneth G, S.chneider Jr. and Anne 5. Keenan, “A Documented
Histarical Performance of Roofing Assemblies in the United States 1975-1996,"
Proceedings of the Fourth international Symposium on Roofing Technology

{September, 1997).

Today, however, there are other options for white
roofs. TPO, a relatively new polymer, is available in
white, tan, or gray. It was first introduced in 1991 in
Europe and has since made the jump to the North
American market, where it is gaining market share.
EPDM, an inexpensive synthetic rubber product, is
naturally black; however, it can be made white
through coating or painting with a titanium dioxide
layer. The New Orleans Superdome, for example, has
a white EPDM roof,

During hot weather, roofing color is an important
factor affecting energy efficiency. While the
significance of white roofs is unquestioned for many
parts of the country, there is an ongoing debate about
the impact of roof color in northern climates.
Buildings in northern climates often experience more
heating than cooling days; some experts argue that
this makes a solar-absorptive or darker colored roof
preferable. Opponents of this view argue that white
roofing reduces energy costs even in northern
latitudes because cooling is a mare expensive process
than heating, due to its reliance on electricity rather
than oil or natural gas, In addition, some roofs in
northern climates are snow covered during much of
the cold season, making the color of roofing materials
Jess important during the winter,*® Ongoing research
on roof reflectivity at Oak Ridge National Laboratory
willaddress this question; in a preliminary discussion
of the research, the lead investigator suggested that

roof color might have little overall effect on building
energy costs in northern climates,*

Durability and Flexibility

The three single-ply materials differ in durability and
flexibility, with PVC generally ]aggmg behind both
of the other options.

Advantages of TPO membranes compared with PVC
include superior flexibility in cold weather—allowing
easier installation in cold climates—and retention of
flexibility throughout the life span of the material.
EPDM offers similar advantages—the ability to
withstanding a broad range of temperatures, resist
weathering, and stretch and conform to unusual
shapes. It has excellent UV radiation, ozone, and
weathering resistance. In the past, a key disadvantage
of EPDM was that its seams were less effective than
those of either PVC or TPO under similar installation
conditions, According to individuals working in the
roofing industry, this problem has been eliminated
with the advent of new seaming techniques using
tape.

As in other vinyl products, additives such as
plasticizers must be present in PYC roofing
membranes in order for them to withstand frequent-
traffic and maintain flexibility. Gradual migration of
plasticizers out of PVC roofing materials can lead to
seam failure and structural damage, which were
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Table 9: Installed Costs of Roofing in Austin

{costs per square foot for materials and labor)
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TthknESS EPDM TPO PVC TPO PVC =~ TPO PVC
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45 mm $2.50 $3.00 $3.20 $3.15 $3.38 $3.50 $3.70
60 mm 8315 $3 38 $3.30 $3.53
i & s B = BB Sl AR

Source a’-‘aﬂh \Nall Roof ng {hitp: Ilwww f' ﬂhwallroof ing.com/}
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Figure 3: Roofing Installation Costs in Austin
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Cost per square foot, 45 mm membrane (from Table 9)
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Similar costs and conclusions can be observed
elsewhere. For instance, a recent project in Chicago
installed 140,000 square feet of roofing on a
commercial building.” The total project cost was
$400,000 for materials and labor. Thus, the installed
costwas $2.86 per square foot, similar to costs
observed in Austin. The material setected was TPO.

In this case, the choice of TPO was driven primarily
by the fact that the TPO installed price was 5 percent
lower than that of PVC (which is consistent with the
Auslin data in Table 9). Labor estimates were
equivalent for PVC and TPO; the difference in
installed price reflected differences in material costs.
Given similar performance characteristics and
warranties between PVC and TP, the contractor

indicated that this was a relatively simple decision in
which the deciding factor was materials price.

Somewhat higher costs, but the same general
conclusion—PVC is the more expensive choice—can
be found in recent experience in western
Massachusetts. Two similar school buildings, in the
towns of Longmeadow and Chicopee, recently
replaced roofs of about 120,000 square feet. The one
that specified vinyl paid $916,000, while the one that
did not specify a material paid $679,000 for a TPO
roof.” The difference in cost between these two
roofs—roughly $7.60 versus $5.70 per square foot—
-reflects not only material prices but also differences
in labor costs.
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test performed by the California Department of
Health Services, the average VOC emissions level for
linoleum falls toward the low end of the range of
emissions by viny| products and by carpets: 170
micrograms of VOCs per square meter per hour for
linoleum, compared to 80 to 600 for various carpets
and 120 to 2300 for a range of viny| products.
Stratica {discussed below) had emissions of less than
10, which is befow the level the test could detect.”

Linoleum was once manufactured widely in the
United States; however, as demand began to fall in
the 1950s, the industry declined here, with the last
US plant closing in 1975. Today, natural linoleum is
still produced in Europe; an estimated $20 to $235
million worth of linoleum is imported into the United
States annually.” The product’s image has prospered,
even if the industry producing it did not: in building
supply stores such as Home Depot, “linoleum” now
refers to a different product, namely vinyl floor
coverings designed to look like traditional linoleum.

Non-vinyl Polymer Flooring: Strarica™

Stratica is a proprietary resiltient floor covering
miaterial manufactured by Amtico in both European
and US plants, [ts topcoat, DuPont’s Surlyn, was
originally developed as an outer surface for golf
balls. Surlyn is heat-fused to the Stratica base and is
responsible for the floor covering’s durability and
low maintenance requirements. 1t is the resilient floor
material most similar to viny| flooring in appeararice,
with a high-gloss (yet low-maintenance) surface.

Stratica is a low-VOC material that is non-allergenic
and mildew and odor resistant. Introduced to the
United States market in 1997, Stratica boasts a 100
percent recovery rate for its post-industrial waste.

- Post-consumer Stratica waste can be recycled into
backing for more Stratica flooring; however, facilities
do not yet exist for this process in the United States.

Rubber

Rubber floor covering, available in both tiles and
sheets, can be made from natural rubber, from
recycled automobile and truck tires, or from synthetic
rubber compounds including styrene butadiene
rubber (SBR), ethylene propylene diene monomer
(EPDM), nitrile, or the proprietary Nora rubber.

Health and environmental concerns vary widely with
the composition of the rubber floor material. General
coneerns have been raised about VOC emissions and
the overall impact on indoor air quality, particularly

for products made from recycled tires and/or styrene.
Carbon black dust, emitted by some rubber products,
also raises concerns about indoor air quality. The
manufacturing process for SBR products creates

" potential worker health hazards.™

Rubber is also suitable for use under a wider range of
conditions than some alternatives; both cork and
linoleum tend to swell when exposed to consistent
moisture. Rubber flooring has the advantage of
requiring very little maintenance.

Life-Cyecle Costs

Data gathered from floor specialists and distributors
in three cities--Austin, Washington, and Chicago--
reflect the cost of materials and installation, as well
as regular maintenance requirements and estimated
costs for common maintenance functions for heavily
used commercial and institutional floor space. ®*
Costs for leading resilient flooring materials over a
20-year life cycle are shown in Table 10.

Table 10 shows the initial costs, expected life span,
annual maintenance costs, and 20-year life-cycle
costs of selected brands in five categories of flooring
materials: vinyl, cork, linoleum, non-chlorinated
polymer (Stratica), and rubber, All costs are
presented on a per square foot basis. The table
demonstrates the substantial importance of
maintenance costs.

Initial material and installation costs are as low as
$2.65 per square foot for viny! tile and range from
$5.50 to $11.70 for other materials. Based on initial
material and installation costs alone, an institution
could spend as little as about $2,700 to install 1000
square feet of vinyl composite tile (VCT), or two to
four times that amount for a higher-end floor.
Thousands of dollars of initial savings are apparently
available by choosing vinyl tile-—the high-end rubber
floor shown in this table (Flexco-Radial, last line of -
Table 10) would cost $9,000 more than viny! tile for
a 1000 square foot installation.

However, flooring installation represents a very small
part of total cost when expressed in terms of cost per
year of use. Far more important is the annual _
maintenance cost; the data in Table 10 show that for
heavy-traffic areas maintenance costs account for at
least 98 percent of the life-cycle cost for each
flooring material.*® The high-end rubber floor has the
lowest maintenance costs per square foot, and
therefore the lowest life-cycle costs over all. Over 20
years, it would save more than $500 per square foot,
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high maintenance costs—would remain true even if
majntenance costs were substantially lower.
Recalculation of Table 10, assuming | percent of the
reported maintenance costs for each material, would
still find bath viny! tile options to be more expensive
over 20 years than any of the alternatives. Even at
this reduced level, maintenance costs would still
represent more than half of the life-cycle costs for 10
of the 12 aptions in Table 10. Similarly, recalculation
of Table 11 assuming 1 percent of the Navy’s repair_
and maintenance costs would still find Stratica to be
cheaper than vinyl over 10 years,

The Maintenance Costs Puzzle

The conclusion that vinyl flooring has higher life-
cycle costs than the alternatives rests on two facts
shown in the tables above. First, the lower-cost vinyl
option, VCT, has the shortest lifetime of any of the
materials shown in Table 10; its instafled cost per
year of life span is actually higher than for some of
the alternatives (see column C in Table 10). Second,
the maintenance cost per square foot is higher for
viny| than for any of the alternatives.

It may seem surprising that vinyl floors have higher
maintenance requirements than the alternatives in
comimercial and institutional settings. In contrast,
sales of vinyl flooring to residential customers rely
on the claim that vinyl is the “maintenance free”
choice. There are several likely explanations for the
differing evaluations of maintenance needs. Virtually
any commercial or institutional flooring gets heavier
use than most residential floors; for this reason,
residential and commercial vinyl flooring are
somewhat different in material composition, leading

to different maintenance requirements.*® In addition,

there are often higher standards for glossy appearance
of floors in nonresidential areas, despite the heavier
traffic. (See the Austin case study, below, for more
on high-gloss standards.)

Because standard maintenance regimens for vinyl
flooring represent significant expenses, some
commercial viny! flooring products are starting to
offer lower-maintenance options; for example,
urethane wear finishes that reduce the frequency of
strip and wax cycles, or new commercial finish
products that require only annual application and
eliminate the need for stripping. Product
developments of this kind could lead to reduced
maintenance costs in the future.* The data in Table
10 reflect price comparisons as of 2003, based on
actual industry data in several regional markets.
In addition, changes in the maintenance protacols for
other flooring products couid affect their

maijntenance costs as well, Forbo, a major vendor,
promotes dry maintenance of its linoleum flooring;
this is a source of significant maintenance-related
savings when linoleum is used rather than vinyl. In
contrast, Armstrong, another leading vendor,
recommends the use of higher-cost polish and wet
maintenance methods for linoleum in order to
produce a gloss finish similar to that of vinyl. The
company contends that this method has performance
benefits as well, although Armstrong’s warranty is
not affected by the cleaning regimen adopted.”

Case Studies: Vinyl versus Linoleum

The choice among rival materials-for resilient
flooring is debated in countless design projects,
involving a mixture of economic, engineering, and
environmental considerations. Te look more closely
at the prospects for alternative materials, we
examined specific design decisions in buildings in
Austin, Washington, and Chicago—all of which
involved the choice between linoleum and vinyl. The
results were mixed: some found linoleum to be
comparable to viny! in performance and lower in
maintenance costs, as well as preferable on
environmental grounds; others faulted the
performance of linoleum, or were unable to resist the
lower installed cost of vinyl.

Austin, Texas '

The University of Texas at Austin has used a variety
of flooring material for student residence halls:
linoleum flooring (both sheet and tile), vinyl sheet,
and VCT flooring. Three university floor areas in two
buildings have used linoleum and vinyl products
from the same supplier, Forbo.

One building has a sheet viny! floor installed in the
ground floor lobby, and linoleum tile in the second
floar lobby. An older dormitory has linoleum sheet
flooring. In the first building, the university is
eenerally satisfied with the linoleum tile, but notes
that it does not achieve the sheen of the viny! product
on the first floor. That vinyl floor is the university’s
favarite in terms of maintenance and appearance.

In the building with the linoleum sheet installation,
the lack of sheen is also a concern; there is a sense
that the linoleum doesn’t respond as well as the sheet
vinyl to spray buff maintenance between
reapplications of new polish. This older building is
subject to periodic water leaks and the linoleum has
bubbled as a result of water exposure. The lack of
maoisture resistance appears to be the linoleum’s main
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initiatives, show that the case for alternatives to vinyl
is not yet as widely accepted in flooring as, for
instance, in roofing. Characteristics favoring vinyl
flooring include the ease of maintaining a traditional
high-gloss appearance and the appeal of low installed
costs for severely budget-constrained buyers.

However, our analysis suggests a number of
additional considerations that could tip the balance
toward the alternatives. The low installed cost of
vinyl is often misleading; on a life-cycle cost basis,
other products are often cheapet. There is a wide
range of alternative materials, no one of which is
right for every application; one possible inference
from the case studies is that some green building
efforts may have overemphasized [inoleun at the
expense of other alternatives. Cork provides an
equally natural, renewable flooring with a very long
lifetime and low maintenance costs; rubber offers
water resistance and the lowest life-cycle costs in
some circumstances; and $tratica combines a vinyl-
tike, high-gloss appearance with minimal
maintenance and lower life-cycle costs than vinyl.
Despite some environmental concerns of their own,
each of these materials offers a potentially promising
alternative to PVC.
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different vendors, or paid by different purchasers,
may ot be strictly comparable to each other.

. Still, it is possible to make some broad comparisons
on the basis of advertised prices. In the remainder of
this section, we focus on the factors that influence
choice of materials for medical gloves in particular.
We look at variations in prices of gloves intended for

use in medical seitings, using the prices quoted to us

by a vendor—which may be higher than the price that
would be negotiated by a major GPO.

Gloves in Medical Settings

Disposable gloves are used in medical settings to
prevent disease transmission and as a barrier to
chemicals and chemotherapy drugs. Materials used in
high volume for examination gloves, which are the
focus of our discussion here, include latex, PVC, and
acrylenitrile (also known as nitrile). Other glove

. materials include neoprene, another chlorinated
plastic; Elastrin, a proprietary elastomer; and
polyurethane. Surgical gloves may be made from
materials including latex or nitrile; PVC is not
approved by the FDA for use in surgical gloves
because it is not considered strong enough for the
conditions of surgery.

In many hospitals, gloves are also used by foad
service workers to prevent direct contact between
their hands and the food they prepare. For food
service settings, polyethylene gloves offer a low-cost,
effective option. These gloves do.not need to be of
medical quality since they are not acting as protection
against bloodborne pathogens.

Latex allergies and the need for alternatives

Latex, made from natural rubber, was the material of
choice in medical settings for many years. However,
with rising frequency of glove use in health care in
the late 1980s and 1990s, large numbers of health
care workers and others developed allergies to
latex.” The mildest symptoms of latex allergy can be
similar to hay fever; mare severe reactions include
hives, asthma, and dangerous swelling of the face,
mouth, and airway. At its most severe, latex allergies
-can produce anaphylactic shock, a severe and
frequently fatal reaction that can involve swelling of
the throat and a sudden decline in blood pressure.
Thus, it has become imperative that health care
institutions identify alternatives to latex gloves in
order to protect their workers, patients, and
visitors.'®

In the context of increasing problems with latex
allergies, many health care institutions are now
looking at the relative merits of vinyl and nitrile
gloves. While these alternatives are less acutely toxic
than latex to health care providers and patients, there
is no entirely non-toxic glove material on the market.
Aswe have seen, the manufacture and disposal of
PVC products is associated with the production and
release of toxic and persistent chemicals.
Acrylonitrile can also pose health hazards as a
pollutant at hazardous waste sites where it has been
discarded and in air, soil, and water near industrial
facilities where it is produced, although acrylonitrile
breaks down relatively rapidly and does not
bioaccumulate, '®'

Most latex and many nitrile gloves contain
accelerators—chemicals added to facilitate the
manufacturing process and ensure that gloves are
strong and resilient. Some health care workers
exposed to accelerators in gloves can develop allergic
contact dermatitis, a form of skin irritation producing
itching and blistering lesions similar to those
associated with a poison ivy reaction.'® Some

- companies now provide accelerator-free nitrile

gloves. While accelerator allergies can be a serious
problem, they are not on the order of latex allergies,
because they do not produce a systemic reaction and
are not as widespread.

Performance evaluation

Glove performance can be judged in terms of
multiple characteristics, including durability, barrier
quality, and tactile properties, Barrier quality is the
ability of a glove to prevent transmission of
pathogens carried in blood or other fluids and is
linked to over-all durability. Tactile properties refer
to the extent to which the glove allows normal

_sensation in the hand.

Gloves can be subjected to a variety of tests to gauge
their reliability as a barrier to disease transmission.
Some of these tests are required by the US Food and
Drug Administration (FDA); others are voluntary,
Testing requirements depend on the intended use of
the product; for example, gloves for use with

" chemotherapeutic agents are in the highest class and

require more rigorous testing than examination or
surgical gloves.'®?

Most tests that assess the durability and barrier
quality of medical exam gloves are best suited to
detecting gross manufacturing problems. Often, the
gloves are simply filled with water and tested for
leaks. More sensitive tests have also been developed
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Medical gloves come in a wide variety of sizes and
specifications. Glove characteristics that may vary
from one product to another include glove length, the
diameter of the wrist opening, the thickness of the
material, hand orientation {right and left hand gloves
produced separately, or ambidextrous gloves),
durability, and the level of quality testing that has
been applied to the product.

Table 13 shows the prices of vinyl, latex, and nitrile
medical exam gloves available tlirough the distributor
Fisher Scientific. The gloves used for this example
are sold under the distributor’s name, as a Fisher
brand product, and are among the distributor’s most
commonly sold varieties. (They are, however,
manufactured by three different companies.) The
three examples examined here were identified by
Fisher Scientific sales staff as being broadly
comparable to one another. All are size large, powder
free, medical exam grade gloves. According to the
sales staff, powdered gloves would cost less for each
material, but the ratio among the prices would be
approximately the same.'"!

The quality standards that the gloves meet are not
identical; in several respects, the standards are lower
for vinyl, For example, the percentage of leaks
allowed is higher for the vinyl gloves than for the
latex or nitrile gloves.' The minimum standards for
strength and elongation of examination gloves are
also lower for vinyl gloves than for Jatex and nitrile
gloves.'?

Based on the prices available directly from Fisher
Scientific, when gloves are purchased in cases of 10
boxes (1000 gloves) each, nitrile gloves cost twice as
much as vinyl gloves.'" The bulk discount available

for cases of 1000 gloves is the maximum buik
discount offered to us by Fisher, so these prices per
glove would apply for larger orders as well,

If gloves never failed (or all types failed at the same
rate), and equal numbers were used for a task
regardless of the choice of material, then the prices in
column B would describe the relative costs of
different gloves. In particular, using nitrile gloves
would cost twice as much as using PVC gloves.

However, because of durability differences among
glove materials, it makes more sense to consider the
average cost per glove use. Thus we build ina
“durability factor” to reflect the average measured
failure rate for each glove type, using the “simulated
use™ failure rates from Table 12. With this approach,
we make the assumption that in every instance in
which a glove fails the user discards it and puts on a
new glove. In other words, we assume that vinyl
gloves will be discarded and replaced due to failure
in 30 percent of all uses, while nitrile and latex will
be discarded and replaced due to failure only 2
percent of the time. This assumption is an
approximation for the more complicated reality, in
which some glove failures go undetected while in
other cases, health care professionals may wear a
double layer of gloves due to concerns about the
gloves leaking or breaking. '

As Table 13 shows, building in this durability factor
decreases the cost difference between vinyl and
nitrile from about seven cents per glove to less than
five cents per glove use. Thus, the differential is
reduced by about a third through the incorporation of
the durability factor.

Tabie 13: Durablhty and Glove Prices

SRR g : A R R R
Material Pr:ce per Pnce per Average Durability Price per

. case of 1000 glove failure rate factor glove use

A B =A/1000 c D=1/41-C) E=B8*D
Vinyl . - $66.95 $0.067 29.8% 142 - $0.085
Nitrile = $140.47 - $0.140 2.0% 1.02 $0.143
Letex . §18471  $0.155 1.8% 102 30157
Prices from Flschzr Scientific salés‘.‘ stafi, e ' k ]
Average failure rale is for simulated use conditions, from Table 12.




33

The Economics of Phasing Out PVC

Alternatives to PVC, V: Siding and Windows

The fastest-growing uses of PVC, and the largest
afier pipes, are vinyl siding and windows. As seen in
Table 1, early in this report, siding and windows
experienced double-digit annual growth rates
throughout the 1990s and now represent about 20
percent of all PVC use in the US and Canada. Here

- we examine these areas briefly; our discussion of
siding relies heavily on the August 2003 Consumer
Reporis survey, which offered a comprehensive
review of the available alternatives. Qur discussion of
windows draws on a number of construction industry
sources.

Siding'"”

Vinyl is now the most commeon siding material for
low- and moderate-priced housing, but it is not the
only product on the market. Wood shingles or
clapboard also offer viable siding alternatives, as do
fiber cement and simulated stucco. Aluminum, an
important alternative in the past, has all but vanished
from the market and is not discussed here.

Vinyl

Vinyl siding is available in a variety of colors,
thicknesses, and qualities, |nstallation is easy, and
vendors tout vinyl as "maintenance free." Vinyl is
known for its ability to mimic other looks such as
woad. 1t is often said to be resistant to water damage;
it is also impervious to insects. )

Unfortunately, vinyl siding can warp if it gets toc hot.
[t is also sensitive to cold temperatures, which can
cause it to chip or crack and become brittle, and it
expands and confracts with temperature changes.
Many home improvement sources contest the
common claim that vinyl is not damaged by water; it
is often acknowledged that when cleaning or painting
vinyl, a homeowner must, much as with wood siding,
be careful to remove all mildew prior to adding a coat
of paint, Vinyl presents the additional problem that it
can burn or smolder, threatening the health and safety
of people in or near a burning house, as well as the
health and safety of firefighters.

Vinyl generally fades with time, aithough some
higher end sidings now include UV protection to
lim#t the amount of fading that can occur, Once the
color has faded, it may need to be painted, requiring
specific paints and processes (o ensure the desired

fook. After the vinyl has been painted, it will need to
be repainted in time, although the frequency depends
on the quality of paint used—high-quality paint can
last up to ten years, whereas lower-quality paint may
last only four years. According to Electrospec Home
Inspection Services notes, because of the heat
absorption of vinyl, a homeowner needs to be careful
not to paint the vinyl a color any darker than the
original color,"'®

Wood

Wood siding is also easy to install, although not as
easy as vinyl. [t has the added value of being the
preferred look for housing: vinyl and fiber cement
siding both seek to emulate the appearance of wood
siding. Wood can be purchased finished or left
natural, and it is impact resistant, even in cold
temperatures.

Wood siding, though, can warp, twist, or be damaged
by water if not properly maintained. It is also
vuinerable to insect damage and burns readily. In
order to maintain wood siding propertly it does need
to be painted or stained repeatedly, although how
frequently this is required depends on the quality of
the paint used and on the climate.

Fiber cement

Fiber cement is a newer alternative to wood and vinyl
siding and is made primarily from a combination of
cement, sand, and cellulose fibers. According to
Georgia-Pacific, it is installed much like wood,
although carbide or diamond head blades or shears,

‘which are stronger than ordinary sawblades, are

suggested in order to preserve the blades. (According
to architect Bruce Hampton, some contractors "carry
the cost of a saw with each new job" for large scale
projects, because the dust damages the saw over
time.)

The ook created by fiber cement can vary from
rough sawn cedar to stucco, depending on its
embossing. Fiber cement is available in a number of
forms, such as planks or octagon shaped shingles,
and can be purchased already primed and painted. It
does not warp or twist, is impact resistant, and is
impervious to insects. Unlike vinyl siding, it does not
expand and contract, nor does it bum or smolder in a
fire.
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stronger than vinyl. It does not rust, rot, warp,
corrode, crack, or dent, 1t has the lowest thermal
expansion rate of all of the window types,
guaranteeing a tight seai. Fiberglass windows are
often Energy Star products. They come in standard
colors, can have a wood veneer, can be painted to
match any color scheme, and can be repainted,'?
Both fiberglass and chemicals often used with
fibergtass also pose hazards to human health,'**

Wood

Wood windows are traditional, and, as with siding,
wood creates the look that alternatives imitate. Wood
windows can be repaired and maintained so that they
are as energy efficient as vinyl windows."® Wood is
also an easier material to work with for custom
window fits. The drawbacks of wood windows are
identical to wood siding: they require painting, may
rot, warp, become insect infested, condense, or be
damaged by moisture.'®® They can also burn.
Although wood windows do not expand at the rate
that vinyl does, they do expand quite a bit more than
fiberglass or even aluminum.'”

Many wood frames that are replaced by viny! could
have easily been repaired and, with weather stripping,
can become as energy efficient as vinyt windows.
Repairing wood windows may be a better alternative
to retain the historical character of a building and to
cut down on waste.'*® For historic renovation,
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repairing wood windows or replacing them with new
wood windows is often the only option.

Aluminum

Aluminum windows are often used to comply with
building codes for three-story and higher residential
and commercial buildings.’* Aluminum is a strong,
durable material that does not rust and does not
normally require paint, although there are some
reports that the factory finish may wear off after
about 20 years, making painting necessary at that
point. Although aluminum has slightly higher thermal
expansion than fiberglass, it has less than the other
window products, ensuring a stronger and longer-
lasting seal."*® However, thermal breaks must be
added to aluminum windows to make them energy
efficient.

Costs

Window costs vary widely based on size, style, and
quality; few vendors offer precisely comparable
windows made of the full range of materials. One
California vendor quoted prices, as of late 2003, for a
6x4 foot window, of $190 in aluminum, $225 in

- vinyl, $250 in fiberglass, and $300 in wood."’ As

with siding or other products, differences in
installation cost, maintenance and repair cost, and
lifetime could be more important than these
differences in purchase price.
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tes of Chlorine-Related and PVC Fabricator Employment
i R e R ey
PVC Fabrlcators o Chlorine- Producnng and Using Plants
& {rrot alf PVC-related)
Payroli&  Chlorine- . Payroll
Nllimb.ﬁtr. of Employment (millions of‘;?:% Producing Us’r?h:;gi?s- Employment (mitlions of]
actiies doliars)w Plants ~°"9 dollars)
California 238 - 12,679 $342ﬁ 0 26 6,024 $266
Florida a1 5,599 $1518 = 0 3 212 $10
[llinois 123 4,251 $1 155 o 22 7,495 $334
Louisiana 6 575 $165 9 22 11,650 $538
Michigan 123 3,751 $101% 0 6 17,632 $798
New Jersey 120 7,127 $1923¢ 0 47 17,387 $771
New York 119 4,723 $i28% 3 20. 7,154 $325
Ohio 210 12,138 $328§1E 2 18 3,877 $175
Pennsyivania 127 6,864 $185§ 0 16 3,552 $156
Tennessee 54 3.503 $95§ 1 12 15,038 5703
Texas 112 9,048 $24455 6 42 27,268 $1,262
All other states 1,009 55,457 $1 ,‘497% 27 160 52,605 $2,374
. X
US Total 2,332 125,715 $3,39. 48 404 169,894 $7’,?1 2
o SORSRT .-«iw’ wmmﬁ“i““""%ﬁﬂ.&" RO TR e R R S R A T
Data refer to an unspecified recent {current) year.
Source: Alliance for the Responsible Use of Chlering Chemisiry (ARCC), hitpiwww.chlorallies.orgfemploy.himi (viewed October,
2003},

~ Employment at these plants is not consistently
reported in any published source, Through website
searches and telephone inquiries we were able to
obtain emp]oyment data for 14 of the 20 facilities, as
shown in Table 17. These data vary in definition
from one piant to another. Tn at least one ¢ase, an
important category of contractor employees was not

Table 16: VCM Prod uctlon Facilities, 2000
S Tl

included. In some other cases, including the two
largest employment entries in Table 17 {the workers
at the Formosa and OxyVinyls Texas facilities), the

data include other workers as well as those makmg
PVC resin.

Since many facilities produce more than one product,
it is hard to avoid uncertainties in the delineation of

PV C employment. Nonetheless, using the figures in

Table 17 in the absence of better data, the plants-
where we have employment data average 2.82
million pounds of PVC capacity per worker. [f this

ratio applied to the other plants as well, total
employment in the plants that make PVC resin would

be about 5,600. Our guess is that this is, if anything, a
high estimate, althouuh we are unable to produce a
- better figure, 1%

S R AR
Capacity PVC-at
; (miffion same
. Company Piant location Ibs) location?

ek Lt A e e Y TR

Borden Gensmar LA 1,000 - Yes

Dow Oyster Creek, TX 2,030

Dow Plaguemine, LA 1,500

Formosa Baton Rouge, LA 1,475  Yes

Formosa Point Comfort, TX 880 Yes

Georgia Gulf  Lake Charles, LA 1,000

Georgia Gulf  Plaguemine, LA 1600 Yes

Oxymar Ingleside, TX 2,100

OxyVinyls LP  Deer Park, TX 1,200 Yes

OxyVinyls LP  La Porte, TX 2,450 Yes

PHH Lzke Charles, LA 1,150

Monomers

Woestlake Calvert City, KY 1,050 Yes

Monomers

R A S R e e S T B N R A S T s

Total capamty 17,435

T B B T

_|Source: SRI Consulting (Menlo Park, CA), Chemical
Economics Handbook: Vinyl Chioride Monomer
(Pecember, 2000)
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same facility.”® In other cases, PVC products
distributed within the US are fabricated overseas. For
example, the medical gloves discussed in the section
on medical supplies, above, are alt manufactured in
Asia. Omni [nternational gioves are manufactured in
countries including China, Malaysia, and Thailand;
High Five gloves are manufactured in either China or
Taiwan; and Kimberly Clark gloves are
manufactured in Thailand."® Thus, switching among
the glove types we have discussed here would
apparently have no employment consequences within
the US. We did not investigate the effect on
employment in the producing countries; we did learn
that gloves produced for Kimberly Clark are
manufactured at a single plant, which has a separate
production area for each glove material and employs
different equipment for each type.

In the case of large PVC products, such as pipes,
equipment requirements may differ for production
using alternative materials. However, many
companies produce or use a diversified set of plastics,
so ceasing sales of PVC products would likely tead to
a shift within the company, not putting the company
go out of business. As mentioned above, for example,
J-M Manufacturing has recently diversified to begin
producing PE in addition to PVC pipe. Another
interesting example is Westlake Chemical
Corporation, a vertically integrated company that
produces both VCM and PVC while also producing
alternatives, including polyethylene. Westlake’s
fabricated products include both PVC and
polyethylene pipe, among other products.* In a
similar vein, CertainTeed Corporation producesa
variety of PVC products, but also produces fiber
cement siding, one of the promising alternatives to
vinyl siding."*' While the employrment practices of
such companies will vary from case to case,
corporate diversification creates the possibility of
retaining and reassighing workers when PVC is
phased out.

Workers who make VCM and PVC resin would not
necessarily be out of work if PVC is phased out: in
many cases PVC will be replaced by other
petrochemical products, such as non-chiorinated
plastics or synthetic rubber, which may be made by
the same companies or in the same communities that
now make VCM and PVC. Thus there will be new
jobsto be filled making the alternative materials,
which current VCM and PVC workers could well
perform. .

At the same time, it is possible that some workers
will not find jobs making the alternatives. Even if the
old jobs are replaced with new ones, the labor market

does not automatically move the displaced workers
into the new positions. The threat of some job
turnover is not unique to the question of chemical
phaseouts; rather, it occurs with any large-scale
policy shift.

The changes that would result from a PVC phaseout
are not large relative to the ongoing turnover of
employment in the US economy. Jobs are constantly
being eliminated, and other jobs created, in enormous
numbers. In the 12-month period from August 2002
through July 2003, when total US employment
decreased by 170,000 jobs, there were actually
48,150,000 new hires and 48,320,000 separations
(quits, retirements, layoffs, and firings).'** In
manufacturing alone, which was particularly hard hit
in the same period, losing just over a million jobs,
there were 4,000,000 new hires and 5,020,000
separations. That is, in addition to the net loss of a
million manufacturing jobs, there was turnover of
another four million jobs—an average turnover of
11,000 manufacturing jobs per day, every day of the
year, If every job in VCM and PVC resin production
were replaced by a different job producing substitute
materials in a different plant, this would amount to
less than one day’s average turnover of US
manufacturing employment,

Nonetheless, the replacement of jobs in VCM and
PVC preduction with jobs in other industries could
impose a real burden on the affected workers (just as
employment turnover of all sorts frequently does). If
substitute materials are produced at the same or
nearby locations, the displaced workers could be
offered employment in the plants making the new
materials; but this may not solve the entire problem.
Providing protection and support for workers who
lose their jobs is an inescapable problem of public
policy, both for the small numbers who may be
affected by health and environmental policies such as
a PVC phaseout and for the much larger numbers
who are affected by business-oriented “free trade™
schemes, budget cutbacks, management errors,
marketing failures, and other ongoing sources of
turmoil in the market economy. One interesting and
ambitious policy option for displaced workers, the
Just Transition blueprint developed by a coalition of
labor and environmental leaders, sounds utopian in
the US political context, but is actually more modest
than similar programs that exist in Europe today.'#*
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Denmark created a policy in 1996 urging the
phaseout of PVC use after the failure of a 1991
voluntary PVC recycling program. One local
community in Denmark has restricted the sale of
PVC and latex toys and has committed fo the
reduction of PVC use in hospitals and other
~ institutions. Denmark’s Grenaa Hospital has been a
world leader in the elimination of PVC, having
started a program to replace PVC with safer
alternatives as carly as 1988, Germany has banned
the disposal of PVC in landfills as of 2003, is
minimizing the incineration of PVC, and is
encouraging the phaseout of PVC products that
cannot easily be recycled. Since 1986 at least 274
communities in Germany have enacted restrictions
against PVC. The government of the Netherlands has
created a policy that requires the use of alternative
products for those that have no feasible recyciing or
reuse systent.

Spain’s government created a goal in 1995 of
reducing PVC packaging by 20 percent by 2000. A
number of cities in Spain have developed restrictions
on the use of particular PV C products. In addition, 62
cities in Spain have signed'on to a “PVC free”
agenda, which declares that they will phase out all
PVC food packaging and discontinue use of PVC
construction materials in government and
governmentally funded buildings. In Austria, a
number of regional governments have initiated
policies that restrict the use of PVC, The capital of
Luxembourg recommends that no new PVC piping
shall be put in the sewage systems. In Norway, the
capital city, Oslo, decided in 1991 to phase out use of
PVC in all public buildings. A number of local
governments in the United Kingdom have adopted
policies to avoid use of PVC windows, and the
community of Newhaven has adopted a policy to -
become entirely PVC free, unless PVC alternatives
cannot be procured at a reasonable cost. The Czech
Republic has adopted policies 1o ban the use of PYC
food packaging after 2008.

In addition to the policies developed by countries and
municipalities, public transportation and utility
systems in many countries require the use of PVC-
free materials. Public subway and rail systems in
Austria, Getmany, Spain, and the UK all prohibit the
use of PVC cables. The German railways go one step
further and avoid the use of any PVC materials,
Additionally, water, sewer, and gas companies in the
UK are also not using PVC pipes in new or
replacement projects.

A number of regulatory initiatives have focused on
PVCtoys, due to the threat of harm to children if

they suck or chew on soft plastic toys. Certain PVC
toys and other PVC products for smali children have
been banned in the European Union as a whole since
1999. Bans on the use of PVC for soft toys have been
adopted in many European countries, as well as in
other countries including Argentina, Mexico, the
Philippines, Tunisia, and the Fiji Islands.

Asia/Pacific

Japan passed a law requiring manufacturers to
recycle all packaging material by 2000 in order to
reduce dioxin emissions; in response, many
manufacturers have switched to non-PVC packaging,
Japan has also adopted a policy that limits the use of
PVC sheathing in cables used in all governmental
and public buildings. An ordinance was also
amended to restrict the use of PVC containing toxic
additives in cooking utensils and baby toys. Many
cities in Japan have adopted, although not necessarily
implemented, bans either on all PVC producis or on
particular PVC products. Singapore has legislated
that PVC coated cables are hazardous waste and
therefore bans their import under the Basel
Convention on Hazardous Waste.

Industry Initiatives

Recognizing the health and environmental reasons to
reduce PVC use, and the feasibility of alternatives,
many industries—including some very big ones—
have begun to shift away from PVC.

Automobiles. A number of car manufacturers have
made strong commitments to reducing the use of
PVC in their products, often citing environmenrtal,
health, and engineering reasons. European
manufacturers have taken many steps in this
direction. For example, Peugeot in France is reducing
PVC use in the interior and exterior of its cars as a
way to prevent recycling problems. A number of
German car manufacturers have sharply reduced
PVC use. Daimler-Benz stopped using PVC in
underbody coating and in the interior of all cars as of
1995 and planned to ultimately phase out all PYC
use. Opel, the European subsidiary of General
Motors, and Mercedes Benz also do not use PVC in
car interiors. BMW has adopted material

- specifications that express a preference for

dashboard, trim, and wire coating materials other
than PVC, and offers PVC-free dashboards.

Iapanese car manufacturers have also taken concrete
steps toward reducing PVC use. For example,
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replace PVC with the corn-based polymer polylactic
acid (PLA): a DVD player and AIBO, a robotic
pet.** Toshiba is currently working to phase aut the
use of halogenated compounds, including PVC, from
its circuit boards, '

Furniture. The Swedish furniture retailer IKEA,

~well-known across Europe and the United States,
started phasing out PVC use in September of 1992.
To date [IKEA has eliminated PVC from all furniture,
and plans to phase out PVC in its lamp wiring by
2006."%°

Retailing. Marks and Spencer, one of the largest
‘retailers in Great Britain, pledged in 2001 to phase
out the use of PVC in its products, focusing initially
on food packaging, '’

Innovative Construction Projects

There has been an explosion of interest in
environmentally sound construction in the US in
recent years. A wealth of information on green
building initiatives, including many case studies of
individual building projects, is available through the
US Green Buildings Council. Initiatives showcased
by the council address a range of environmental and
health concerns, including energy efficiency,
environmentally sound management of wastes, and
creating buildings with good indoor air quality. '*®

The Healthy Building Netwaork (HBN) provides a
clearinghouse of information and contacts on PVC-
free and other environmentally preferable building
practices. HBN has also collected case studies of
building initiatives that have used safe construction
materials, including a number of health care
institutions that have undertaken green building
projects. To cite just one example, Beth Israel
Medical Center in New York City completed a set of
interiot renovations in 2000. Among other sleps to
ensure environmental safety and protect indoor air
quality, Beth Israel excluded PVC from its
construction and furniture specifications.'*

In this section, we highlight just a few of the growing
number of innavative construction projects in which
special efforts have been made to choose materials
thatare safe for human health and the environment,
while keeping costs low. All of the examples
discussed here have reduced or eliminated the use ‘of
PVC.

GreenHOME, a volunteer group, partnered with the
Washington, DC chapter of Habitat for Humanity to

design and build a low-income home that is energy
efficient and built from materials that are safe for
human health and the environment.'*® The purpose of
the project was to demonstrate that green building is
not only an option for luxury homes; it is equally
possible for home builders on a budget. After
exhaustive research on materials, the group
constructed a home whose total cost was $75,000.

The GreenHOME house is not 100 percent free of
vinyl, but the use of viny! was kept to a minimum.
The windows of the house are vinyl-clad wood and
cost $264 each. The siding is Hardiplank (a fiber
cement product), purchased at $0.55 per linear foot,
for a total cost of $2,534. For flooring, the project
used salvaged wood floors for living room areas and
natural linoleum for the kitchén. The total cost of
flooring was $4,221. For roofing, the material of
choice was 100 percent recycled aluminum shingles,
at a cost of $1,464.

Another good model of green building on a budget is
the Erie Ellington Homes project in Dorchester,
Massachusetts.'®! Developed by the Codman Square
Neighborhood Development Corporation with.

. technical assistance provided by the Hickory

Consortium (Bruce Hampton, AIA, architect), this
project includes fifty high-energy-efficiency housing
unifs. The builders used fiber cement clapboards
instead of vinyl and high-quality recycled content
aluminum clad wood wmdows instead of vinyl clad
windows.

One goal of the project was to provide safe homes for
children and adults with asthma, by avoiding building
materials that are associated with air quality
prablems. Although not definitive, early results
suggest that the project has had some success in this
regard; interviews with new residents have shown
that symptoms were noticeably reduced in § out of 18
asthma sufferers.

To save money, the project used vinyl composite tile
in some public areas, such as common halls and
stairs; these were selected as areas in which
outgassing of phthalates would be least likely to
affect occupants. For some other areas the project
used alternative flooring products, including
linoleum.

Both the Erie Ellington project and the GreenHOME
project used Hardiplank, a durable fiber cement -
siding product that requires very infrequent painting.
The GreenHOME project estimates that the
Hardiplank siding will require painting "every 15 to
20 years, compared to every 5 to 10 years for wood
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Conclusion

PYC has become universal, used in every area of
modern life. It is said to be cheap, convenient, safe,
and maintenance free. Qur review of the evidence -
finds that the advantages of PVC are often
overstated—it is a little cheaper than the alternatives
in some areas, but no bargain at all in others. Our
analysis offers four categories of responses to the
economic argument for PVC:

. It is not always cheaper on a life-cycle cost
basis, as in flooring.
« The alternatives will become cheaper over

time, due to economies of scale and learning
" curve effects.

. The use of PVC products often poses health
and safety hazards, as in medical supplies.

. The costs of environmental protection and
improvement are routinely overstated in
advance.

In our look at specific markets, we found that less
toxic alternatives are successfully competing with -
PVC in many pipe applications, in single-ply roofing,
in flooring on a life-cycle cost basis, and in medical
supplies due to growing concerns about the health
hazards of PYC. In siding and windows, among the
fastest-growing vinyl markets of recent years,
promising new alternatives have appeared.

The employment effects of a transition to alternative
materials may be modest. PVC will be replaced by
other materials that also require labor; workers will
still be needed to make the substitute products. In
some cases, the same factories and workers may
fabricate the same products from new materials.

There are policy initiatives at every level,
internationally and within the US, calling for
reduction and restriction of PVC use. Major
industries are beginning to substitute less toxic
materials for PVC throughout their product lines. The
rapidly growing “green building” movement has
created numerous successful examples of the use of
safer alternatives materials; the few examples
described here are only a sample of the encouraging
diversity of approaches emerging in the construction
industry today.

Our review of PVC uses and alternatives makes it
clear that a PVC phaseout is achievable and
affordable. The alternatives are increasingly well
lnown and well developed, and in many cases are
already cost-competitive with PVC. It is realistic and
practical to build health and environmental '
considerations into materials choice for municipal
infrastructure, commercial and residential building,
medical supplies, and consumer products. The cost
impacts of substitution will be modest, and will grow
smaller over time.
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