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INTRODUCTION

Persons Hel ping People (PHP) is a non-profit corporation whose underlying misson isto help dleviae
hunger in developing countries by helping people hep themselves.

Their primary product is a prototype solar cooker oven. Solar ovens have the potentid to reduce the
consumption of cooking fuels, such aswood, by 50%, and have the potentia for impacting conservation
effortsin developing countries.  Over two hillion people in developing countries do not have enough
fud to cook their smal amounts of rice, corn or beans. Many families spend as much (or more) on
charcod and firewood as they do on food. Others spend up to Six or seven hours daily gathering
firewood, which is scarce, for cooking. These cooking fires produce irritating smoke. An adternative to
cooking over afireisto use solar ovens. These solar ovens do not creete pollution and most fud-poor

countries are sun-rich and can benefit from solar cookers.

PHP gained considerable experience in the manufacture and distribution of solar ovensthat were
produced by the Sunstove Corporation in South Africa. Sunstoves were sold in Nicaragua, Haiti, El
Savador, Mexico, and Honduras. The experience and expertise gained during this project led PHP to
develop a prototype solar oven modd, the “SOS Sport.” The materia cost per oven is projected to
remain under $20 (U.S.) and each oven could potentialy consume the equivaent of sixty-five, 20-
ounce, clear polyethylene terepthaate (PET) bottles, one sdvaged duminum printing plate, and severd
feet of recycled plastic lumber.

Key dements of aqudity solar oven are durability, efficiency, attractiveness, and low-cost. The
prototype “ SOS Sport” is alow-cog, easly assembled, lightweight, durable, attractive, and efficient
solar oven. Although solar ovens will not totally replace other methods of cooking, they have the
potentia to reduce the consumption of cooking fuels (such aswood) by 50%. This reduction in fuel
usage is particularly important in developing countries.



The design of PHP's prototype solar oven, includes four potential components that could be
manufactured from recycled plastic; an injection molded casing, the collar, athermoformed acrylic
glazing, and therigid oven frame. The glazing is bonded to an oriented polyester film to create an
insulating air space above the solar oven.  The casing and collar pieces are currently manufactured from
polypropylene and nylon resins. The lid frame is condructed from natura lumber. Although natura
lumber is suitably rigid for this gpplication, it is relatively expensive, generates consderable sawdust
during fabrication, has limited wegtherability, and is prone to use as firewood in underdevel oped

countries.

The CWC worked with PHP and two consultants to evaluate the “ SOS Sport” solar oven mode with
respect to:

?? Useof recycled PET in the collar and casing of the oven,
?? Use of recycled plastic lumber in the framing of the oven; and
?? Marketing Strategies.

The estimated maximum temperature insde a solar oven is 300°F, so interna components must
withstand exposures to this temperature for extended time periods and service life. The objectives of
this project were to: (1) verify whether product performance requirements can be met subsequent to
subdtituting post- consumer polyethylene terephthaate (PET) for the oven collar and casing; (2) evauate
the performance and viability of plastic lumber for the oven frame; and (3) determine appropriate
domestic and international marketing strategies for the current solar oven modd.

PHP retained the services of Bottom Line Consulting, Inc. (BLC), of Lake Barrington, Illinois, to
provide technical assistance for evaluating and testing recycled PET plagtic for use in the casing and
collar of the solar oven, and for evaluating and testing the use of recycled HDPE plastic lumber for the
framing. In addition, BLC served as the technica consultant to two PHP manufacturers during the
development of process conditions to maximize materia properties for pre-production test runs.

Section | describes the evaluation of recycled plastic materias for use in the product components.



CWC retained the services of Spiritwest Management, of Sesttle, Washington, to evduate PHP' s
current marketing strategy for this product, based on the anticipated use of recycled content
components and PHP s long-term business goas. Subsequent to this analys's, PHP decided to
produce ovens as a not-for-profit entity, with amgor focus on being cost-effective. Section 11
describes the marketing strategy evaluation and recommendations from Spirit West, aswell asthe plans
and market perspectives that PHP has gained over the years.



RECYCLED PLASTIC MATERIAL EVALUATION

1.0 PRODUCT DESIGN OVERVIEW

The solar oven model, the “ SOS Sport”, is designed to be alow-cogt, easly assembled, lightweight,
durable, and efficient oven. It iscomprised of an exterior shell, an inner liner forming an oven cavity,
and an insulation barrier between the inner liner and exterior shell. The oven cavity is covered with a
clear glazing. When the sun penetrates the glazing, dark colors on the exterior of cooking pots and the
floor of the oven cavity will transform the light raysinto heat. The glazing and insulaion hinder the
longer hest rays from escaping the oven cavity. The current oven design has arecycled polypropylene
plagtic exterior casng and collar, and duminum plates for the inner liner. The unit has afoam insulation

layer and adouble-glazed lid. Therigid exterior frame is congtructed of natura lumber.

Perfor mance Requirements

Bottom Line Consulting, Inc. (BLC) evauated the suitability of using post-consumer PET, including
specification of the particular grade and formulation required, based on performance standards for each
component. Solar oven performance requirements are established by the operating conditions and

environment in which this solar oven is used.

The performance requirements for the oven and the various components are categorized and presented
below. Table 1 provides the performance requirements for the gpplicable oven components for
diffness, heat deflection temperature and aesthetics. The remaining specifications are presented in Table
2.

27 Siffness ?? Impact resstance

?? Heat deflection temperature (an indicator of ?? UV Readance

. _ o . _
the maximum operating temperature at 7? Chemicd Resistance

which the plastic can perform and not ?? Moisture Resistance
degrade)

?? Aeshetics

?? Shipping Durability
?? Durability



Tablel

Oven Performance Requirementsfor Stiffness,

Heat Deflection Temperature and Aesthetics

Oven Requirement
Component
Heat Deflection
Stiffness of Flex Temperature Aesthetics
Modulus (Assumed load of 66
pounds per square inch)

Casing: Stiffer than the current Mus_t withgtand maximum As clear as possible but
prototype (madefroma | ambient heat of about UV efficient.
different virgin resn) 1257 - 1307F, preferably
which has aflex modulus | about 170°F.
of 175,000 psi,
preferably aminimum of
375,000 psi.

Collar: 650,000 — 800,000 psi; | Mugt withstand high oven | Black with mette finish
Cannot warp in hot sun, | temperatures, up to preferred. Externa
exposure typica of 3007F or higher. texturing desirable to
Nicaragua-type climate. minimize gppearance of
Determined by HDT scratches, etc.
specification of greater
than 300 °F

Glazing: Must not bow at cooking | Must withstand Black with maite finish
temperatures of up to temperature of 3007F preferred. Externa
300°F. (athough it isexposed to | texturing desirable to

temperature lower than | minimize gppearance of
300 ?F dueto theair scratches, etc.
space between it and the
protective PET film).
Framing: Minimum of 200,000 ps.. | Not applicable. Not applicable.

Unfilled HDPE plagtic
lumber will generdly be
about 265,000 psi. It
cannot compete with
wood on a strength basis
-- the diffness of most
wood is at least
1,000,000 psi.




Table?2

Oven Performance Requirementsfor Impact Resistance, UV Resistance, Chemical
Resistance, Moisture Resistance, Shipping Dur ability and Service Life

Performance Discussion of Requirement
Measure
. Minimum standard for drop impact strength: 6 feet, or 100 foot pounds,

Impact Resistance | gpplied to atest unit comprised of the solar oven containing two eight-
pound weights smulating the weight of two pots containing food or
water. Thisimpact should result in no breakage, particularly at the outer
edges of casing.

UV Resistance Tenyear life under UV exposure for oven and components.

Chemicd and The plastic components typicaly are not directly in contact with food or

Moisture Resstance | oils. However, the oven should be mildew resistant for environments
where ambient temperatures are constantly above 607F.

Shipping Durability | During shipping, casings are nested upside down and rub/vibrate against
one another. Shipping must not cause damage or scratches.

Savicelife Usage of three to four times per week for four to sx hours (or 620 to
1250 hours per year) for 10 years.




20 SUITABILITY OF POST-CONSUMER PET FOR USE IN SOLAR OVEN COLLAR,
CASING, AND GLAZING

BottomLine Consulting, Inc. (BLC) reviewed two comprehensive papers on solar ovens, which
provided important background information on solar cooking and ovens'. Potential grades of post-
consumer resins were identified that would produce solar oven components meeting the performance
requirements of Section 1.1, be cost-effective, and compatible with standard plastic manufacturing
equipment.

CASING: Unmodified post-consumer PET for the casing will meet al but one of the performance
requirements; the drop impact strength requirement of 100 ft-1b. The casng on the oven will primarily
absorb any impact. To ensure the proper toughness over the service life of the solar oven, asmall

percentage of impact modifier must be added to the PET formulation.

COLLAR: During operation, a portion of the collar piece is subjected to high temperature (up to
3007F) and humidity. Due to the low glass trangtion temperature of unmodified post-consumer PET, at
1707F, PET isunsuitable for this gpplication. However, glass-filled grades of post-consumer PET are
available for high heat applications. At 15% glass content, these grades are thermaly stable up to

4007F. Such ameaterid is suitable for the solar oven collar piece.

GLAZING: Theglazing must tranamit visble and near infrared wave engths without discoloration and
withstand the rdlatively high temperatures (up to 3007F). The current design, conssting of acrylic sheet
bonded at the perimeter to polyester film, has performed extremely well. A 10-millimeter ar space
between the bubble of acrylic and flat film provided excdlent insulaion across the glazing surface. The
acrylic sheet thickness of 0.093 inches provided a good

! Funk, Paul. Analysisof a Solar Box Cooker for East Africa— A Thesis Submitted to the Faculty of the
Graduate School of the University of Minnesotain partial fulfillment of the requirements for the Degree of Master of
Science, December 1992.

Funk, Paul. Parametric Model of a Solar Cooker for International Development A Dissertation Submitted to
the Faculty of the Department of Agricultural and Biosystems Engineering in partial fulfillment of the requirementsfor
the Degree of Doctor of Philosophy in the Graduate College of the University of Arizona, April 1996Model of a Solar
Cooker Funk Paul, et al. “International Standards for Testing Solar Cookers”



baance of strength and rigidity. The only problem that has occurred with this component is sagging and
clouding of the acrylic when used done. Thisissue can be corrected by incorporating an acrylic that has
higher heat resstance, or by improving the design of the double-wall glazing. Based on the stringent
performance requirements for the glazing, no further analysis was conducted for converson to use of a

recycled plastic in this component.

21 Deter mination of Process Limitations and Solutions

A working relationship was established by PHP with two plastic manufacturers in Minnesota who
produce injection molded plagtic products. Both have manufactured the prototype casings and collars
for the current PHP oven mode. BottomLine Consulting contacted key personnd at both plantsto
determine their processing capabilities, and to evauate the feasibility of running recycled PET in their
exigding equipment. Discussonsincluded a detailed review of drying, blending, materiad handling,
grinding, weight feeding, molding, and tooling operations.

One facility lacked adequate drying equipment for running post-consumer PET. Thisfacility primerily
molds polyethylene and polypropylene, neither of which isdried prior to molding. PET isextremdy
hygroscopic and wet resin degrades rapidly at norma molding temperatures. Therefore, inadequate
drying resultsin inferior properties, such as reduced impact strength, and increases molding problems
such as drooling, sticking, flashing, and splay. The company borrowed a desiccant dryer from another
nearby plastic manufacturer to run the PET test product trids. PET pellets were used, rather than PET
regrind, since pellets have much lower moisture than regrind, and can be adequately dried in a desiccant
drier. (A cryddlizing dryer istypicaly recommended for PET regrind.)

Although not a limiting factor with respect to the testing, both molding machines available for the casng
and collar molding trids were oversized, i.e., shot capacities were above the desirable ratio of 2:1 to 3:1

of part weight. This exposes the meted resin to long residence times in the machine barrd, thereby



diminishing materid properties. This potentia performance-degrading factor was noted asthe trids
proceeded.



2.2 Formulation Development

Successful molding of post-consumer PET requiires tailoring the resin chemistry and molding conditions
to meet the performance properties a the lowest possible piece-part cost. Given the performance
requirements established above, BLC developed the most cost-effective formulations for the solar oven

casing and collar.

CASING

The target for incorporation of recycled PET (RPET) in the casng was to enhance performance while
using arecycled feedstock. The key performance properties for the casng are:

Stiffness of Flex Modulus >375,000 psi
Drop Impact Strength 100 foot- pounds
HDT at 66 ps >130 degrees F, preferably about 170 degrees F

RPET has limited impact strength for injectionmolded parts. An impact-modified grade of post-
consumer PET from beverage bottles was used to meet the casing performance specifications. Carbon
black was added to provide ultraviolet light stability for the casing. The recommended blend of RPET
and additives must be desiccant dried and kept bone dry until molding, otherwise degradetion from
hydrolysiswill occur. Thistype of degradation can result in brittle parts, dtered mdt viscosty, and
changes in mechanica properties.

The injection mold previoudy used for the casng was intended for a different resin, and did not hold up
to a production run using the post-consumer PET. A new mold is required to be able to utilize recycled
PET in the casing.

In order to optimize the production run for the casing, settings were recommended for the melt

temperature, nozzle temperature, increasing temperature profile, mold temperature and injection speed.



COLLAR
The target for incorporation of recycled PET (RPET) in the collar was to enhance the stiffness, UV
resstance, dimensond sability, and heat resstance, while using arecycled feedstock. The key

performance properties for the collar are:

?? Stiffness of Hex Modulus >650,000 — 800,000 psi
?? HDT at 66 ps >300°F
?? Embrittlement Non-ggnificant over 10-yesr life

A glass reinforcement additive isrequired in the RPET blend, at a specific concentration, for this part to
provide heat stability during the cooking step, and dimensiond stability upon exposure to ultraviolet
heet. Carbon black was also specified to provide ultraviolet light stability.

Aswith the casing, the recommended blend of RPET and additives must be desiccant dried and kept
bone dry until molding, otherwise degradation from hydrolysswill occur. Settings for the melt
temperature, increasing temperature profile, mold temperature and injection speed were recommended

for optimizing the production run for the collar.

GLAZING

Due to the outstanding wesatherahility, clarity, and UV transmittance properties of the exiging acrylic
sheet/PET film glazing, no new formulations were developed. Impact-modified acrylic is superior to dl
other clear plastic materials as the primary glazing component.



2.3 Evaluation of Production Runs

CASING

Theinitid solar oven casing trid was not successful, primarily due to mold problems. To reduce cost,
the existing casing mold was built from severa small pieces of sted. The higher viscosity and pressures
used to mold an engineering resin, such as post-consumer PET, were too greet for thismold. Although
afew short casing parts were produced and were quite tough, the resin began to stick in the mold
seams on the female Sdes where cooling efficiency is poor. The sections of stedl on the mae side began
to shift and caused a blockagein flow of theresin. This resulted in higher pressures and more
separation of the mold sections. Severd attempts to repair the problem failed and the poor construction

of the mold was too much to overcome.

A new casing mold is currently being designed and tested because the prototype mold was not strong
enough for the required pressures of recycled PET. (The results of this development and initid
production trias will be included in a future version of this report).

COLLAR
The collar piece requires good heat resistance, and therefore a formulation containing recycled PET and

aglassfiller was developed for the collar piece.

Theinitid collar production run successfully produced good collar parts by the sixth shot, and
commercid cydes of 45-50 seconds were reached by approximately the twentieth part. The collar
diffness of the flex modulus (at room temperature) was about 930,000 ps, exceeding the initia

performance requirement.

Two problems became apparent during the production run:



?? onesde of the collar piece filled sooner and was thicker due to a flow imbaance (the earlier
feedstock aso exhibited this problem); and
?7? thefinished parts were somewhat brittle.

Correcting the misdignment between the mold cavity and core could dleviate the flow imbaance
problem. The brittleness was primarily due to the low intringic viscosity of the Plenco resin, coupled
with the relatively long resdence time of the resin in the 60-ounce machine. Asnoted in Section 2.1,
exposure of the melted resin to long residence times in the machine barrd will result in a degradation of
materia properties.

30 RECOMMENDATIONSFOR RPET USE IN COLLAR AND CASING

This project demondtrated the feasibility of usng post-consumer PET in the collar and casing of PHP's
box-syle solar oven. The impact-modified RPET formulation developed for the casing and glass-filled
formulation developed for the collar piece, represent the most cost-effective resins meeting PHP's

performance specifications.

BL C recommended the following priority actions for PHP to ensure successful commercidization:

1) Purchase amedium-to-high production mold for the solar oven casing with an initid nominad wall
thickness of 0.075 inches. This mold will be manufactured from a single piece cavity and core and

designed to produce high quality parts from an engineering resin, such as post-consumer PET.

2) Complete the casing production tria to confirm that the tool has been properly made; fine-tune the
nomind wal thickness, and determine the exact level of impact modifier additive. Use the

formulations and process conditions established for casing production.



3) Runthe collar production trid again with the realigned tool so that the part fills equaly on each long
sde. Use RPET with anintringc viscosity (IV) of 0.60 or greater. A specific manufacturer and
resin was identified.

4) Continue usng the double-wall glazing of impact-modified cast acrylic sheet/PET film with the
minima air gpace of 10 millimetersor 0.393 inches. The ar spaceis critica to efficient solar oven
operation and, just asimportantly, protects the acrylic from reaching temperatures above 170?7F
where it will soften, sag, and/or craze. The domed portion of the glazing should be dightly larger

than the indde dimensions of the callar.

The implementation of these recommendations will result in the production of high quaity PHP solar
ovens. Each solar oven will consume the equivaent of sixty-five, 20-ounce post-consumer PET bottles.

40 RECYCLED HDPE PLASTIC LUMBER IN SOLAR
OVEN GLAZING FRAME

BottomLine Consulting completed a feasibility andys's on the use of composite plastic lumber for the
glazing frame on certain models of PHPs solar oven. Natura lumber is currently being used for this
rigid frame, but it isrelatively expendve, generates consderable sawdust when fabricated, has limited

wegtherability, and is subject to use as firewood in undevel oped countries.

Padtic lumber is extremely durable and maintenance-free. It isresstant to the environment, especidly
to mold, insects, warping, rotting, plintering, discoloration, and ultraviolet light. Given the proper
formulation, plagtic lumber will have a twenty-yeer life in an aggressive high-temperature, high-humidiity

environment.

The primary downsides to usng composite plastic lumber are potentia high cost, poor therma stability
at solar oven operating temperatures, and fabrication problems. This project carefully assessed the
benefits and disadvantages of converting the glazing frame from natura lumber to plastic lumber.



41 Performance and Fabrication Needs

BottomLine Consulting reviewed with PHP the product’ s performance requirements and fabrication
needs for usein solar ovens. The god was to develop a glazing frame that is attractive, stiff, heet
ressant, dimengondly stable, safe, ultraviolet (UV) light resstant and have high weatherability. Froma
fabrication standpoint, the frame material must be easy to cut and assemble with smple tools and the

process must generate minimal waste.

4.2  Specifications

The growth and maturity of the plastic lumber industry during the 1990s has established this synthetic
product as aviable aternative to naturd and/or trested lumber. Early versons of plastic lumber were
manufactured from mixed recycled plastics. Asaresult, the properties of these products varied from
batch to batch, limiting their use to low vaued, non-critical gpplications. The mgority of plastic lumber
produced today is based on a high percentage of post-consumer high density polyethylene (HDPE).
Various additives, modifiers, and other resins are used to tailor properties to product specifications.
Technica data sheets on plastic lumber products and grades can be acquired from the product

manufacturers and many are available on ling?.

Theinitid task for PHP in this project phase was to establish product specifications for the glazing frame
and solicit bids from lumber producers who could meet these requirements. The following technical
Specifications were devel oped:

?7? Stiff inlong sections— flexura modulus > 200,000 ps
?? Hesat resstant — heat deflection temperature of 3007F

Trex M - Wood-polymer composite containing recycled polyethylene film plastic, by Trex Company,
Winchester, VA. (URL: http://www.trex.com/)

Durawood"™ — Plastic lumber made from recycled, purified HDPE, by Eaglebrook Products, Inc. Chicago,
Illinois. (URLhttp://www.eaglebrook.com/)

EcoBoard® - Plastic lumber made from 100% recycled polyethylene, by American Ecoboard Inc.,
Farmingdale, NY. (URL: http://www.ecoboard.cc)



?? Dimensondly sable— thermal expansion < 5.0 x 10-5 inchfincdV?F
?? Safe— splinter-free and chemicaly inert
?? Ultraviolet Light sable— maintain 75% tensle strength for 10 years
?? Weather resstant — no rotting, warping, splitting, and minima color shift
?? Attractive product — wood grain finish yet long-lagting
The synthetic lumber dso must be amenable to easy assembly without generation of waste materids,

such as sawdust.

4.3  Performance Requirements and Potential Suppliers

Eaglebrook Plagtics in Chicago, now part of USPL (the U. S. Plastic Lumber, Ltd.) and American
Ecoboard in Farmingdde, NY, were contacted as potential suppliers of high quality plastic lumber for
the PHP glazing frame. Both companies have developed the specidized grades of plastic lumber that
are required for PHPs solar oven. Both aso indicated a high leve of interest in supplying product to
PHP.

The mogt difficult Specification to meet for the PHP glazing frame is the thermd sability requirement of
3007F. Thistemperature is higher than the mdting point of the structura resin in plagtic lumber
(recyded high dengty polyethylene from post- consumer milk bottles).

A glazing frame made from glass-reinforced high-density polyethylene (HDPE) lumber would meet all
the above glazing frame specifications, except for therma dability. Once its surface temperature
reaches 2657F, the glass-reinforced HDPE will begin to distort and lose properties; HDPE's service
temperature cannot be increased to 3007F because of its meting point limitation. Severa other plastic
lumber materid and processing options were considered to meet PHP's technica specifications. These
included co-extrusion of ahigh-heat materid on the exterior surface, spray or dip coating of a high-heat
materia, or non-HDPE plastic lumber. The first two options were eiminated from further consderation
because of high cost and/or technical limitations.



The use of a non polyethylene structurd resin received serious consderation for PHP's glazing frame.
From a cost standpoint, the obvious choice would be polypropylene. Homopolymer grades, such as
those used in the fiber industry, could be formulated with fillers and/or glass to meet PHP's
specifications. Unfortunately, polypropylene recycling is not well developed at thistime. Asaresult,
the cost of this option is estimated to be 25% — 40% above HDPE-based plastic lumber.

Through BLC's industry network, an emerging development came to PHP s attention as a future
consderaion. The carpet industry has undertaken severa initiatives to recycle used carpeting, about
75% of whichisnylon. A recent market development project completed by R. W. Beck, a solid waste
consulting company, has identified severd potentia products that could be made from carpet waste.
Nylon-based plastic lumber was one of these products. Properly formulated, nylonbased lumber
would meet PHP's specifications. Although not commercidized at this time, these developments
represent an encouraging possibility for future use in solar ovens.

44  Cogt Analyssof an HDPE Plastic Lumber Glazing Frame

Although it was determined that HDPE plastic lumber would not meet the solar oven's performance
requirement of a 300?F service temperature (due to HDPE' sintrinsc mdting point limitation of 2657F),
acost analysis was performed to compare glass-reinforced HDPE plastic lumber and natura [umber.

Thisanalyss was based on the existing dimensions of the glazing frame, which are asfollows:

?? Top and bottom — 24 %4 long x 1 %2" wide x 5/8" thick

?? Sdes—16 3/8" x 1%4" x 5/8" thick

?? Corners are mitered at 457?

?? Channels are routed on indde edge of frame to hold glazing

Based on verba quotes from USPL and American Ecoboard, glass-reinforced HDPE lumber meeting
these width and thickness dimensions would cost 50-55 cents per linear foot in small quantities (100
linear feet tota order) and about 40 cents per linear foot in bulk (1999 price quotes). In addition,
American Ecoboard has indicated they could modify an existing extrusion die so that the glazing
channels are integrated into the profile, thus diminating the manua routing step.



Given that about seventlineer feet isrequired for the current solar oven design, the HDPE lumber frame
would cost about $3.75 per solar oven in small quantities and $2.80 per solar oven in production
quantities (per 1999 lumber quotes). PHP indicated that the production quantity cost could be
absorbed and represents a small cost savings over the naturd lumber frame. The imination of the
messy routing step represents a significant labor savings, and minimizes waste disposa costs associated
with sawdust. The fabrication process would aso be smplified, and would only require mitering and
assembly of the frame around the glazing.



50 RECOMMENDATIONSFOR RECYCLED HDPE PLASTIC LUMBER IN SOLAR
OVEN GLAZING FRAME

Based on BLC's analysis of the cost and performance of various types of composite plastic lumber, and
PHP's specifications for the glazing frame, BLC recommends that PHP pursue the option of glass-
reinforced HDPE lumber. The 2657F service temperature limit for HDPE should be adequate for most
applications. Samples of glass-reinforced HDPE lumber are being shipped to BLC <o that an
assembled frame can be field-tested. Assuming a pogtive tes, thisis PHP's lowest cost option.

Alterndtive plagtic lumber materids, polypropylene and nylon, have been identified as future options for
the PHP glazing frame. The viahility of these options is contingent upon improved infrastructure for
collection and reprocessing of polypropylene fibers and nylon carpeting.



[I. MARKETING STRATEGY EVALUATION

1.0 INTRODUCTION

The “SOS Sport” solar oven has been developed with the intent to be an environmenta ly sound
product that raises living standards by replacing the cost of cooking fud with free solar energy, and
reducing deforestation. PHP steadfastly holds to the mission of providing some form of assstance to
people or communities, but had a one time considered creating a for-profit subsdiary to market,
manufacture, and digtribute “ SOS Sport” in domestic and internationa markets. Successful integration
of non-profit and for-profit objectivesis somewhat complex. PHP subsequently decided to remain a
not-for-profit venture for oven production, primarily because businesses and individuas are quicker to

provide ideas, contributions and price breaks for materias to not-for-profit companies.

20 CURRENT MARKET CONDITIONS

PHP clarifiesthat the market research by Spirit West Management, I nc., as stated below,
includes the often assumed and relayed assumptions regarding challenges of acceptance of
solar cookers by citizensin developing countries. PHP believesthisreflects the generalized
scenarios of lack of availability of low-cost, aesthetically pleasing, durable, effective, solar
cookers. Assuch, they have supplemented this marketing analysis with their real world

experiencesin marketing their solar oven. These commentsareincluded in italics.

The two primary markets that PHP seeks for their solar ovensare: developing countries, and the
domestic United States. The domestic solar oven market saw small gains leading up to the year 2000.
Retailers and manufacturers predicted a decline in this trend after January 2000, athough the trend has
not been monitored since issuance of thisreport. Before the millennium survivdis trend, modt retallers
would sl between two and three solar ovens per month, generdly to those people interested in the

concept of solar cooking.



Current domestic market trends for solar ovens gppear to be weak, therefore better results are likely to
be obtained by targeting the international marketplace. One of the most significant barriers gppearsto
betheinitid resstance to the use of solar ovensin developing countries because it changes the
traditional cooking process. Also, additiona funds are required for education on the use of solar ovens

and “technology trandfer” of the oven.

Thereisasmal market for solar ovensin the recreationd equipment field. Due to their bulk and lack of
usability in an "on the go" environment, backpackers typicdly do not want to carry them, and campers
want their food cooked quickly and may not want to leave food out cooking in an unattended camp.

Thereis often aninitid resistance to using solar ovens in developing countries because it changes the
way people cook their food. Wood gathering is often atribal custom done in groups and is enjoyed by
the community. Solar ovens would eiminate the need for wood gethering. Traditiona cooking over
wood firesistypicaly completed in under an hour, while solar cooking may take from two to eight
hours. In specific cases where the use of solar ovens was successfully adopted, the market was not
economicaly sustainable on its own; rather, non-profit economic development and/or educationa

programs supplemented the market.

Thisinitid resstance is present in some developing countries. However, thereis less res stance once
basic awareness training on issues of air qudity, inaccessibility and cost of fuel, water pasteurization,
efc., are presented. There is aso the issue concerning the availability of cookers and/or suppliesto

make solar cookers from materids available in developing countries.

Based on PHP s experiencesin severa countries, there is an interest in solar ovensto be used asa
partia solution to decrease consumption of fossl fudls, improve food nutrition; reduce disease and
burns, improve ar qudity while cooking; enhance family budgets from fud savings, and diminate water
borne bacteria by water pasteurization in the solar ovens. Some families may even desire multiple

ovens.



3.0 MARKETING STRATEGY RECOMMENDATIONS

Considering PHP s business objectives, Spirtwest found two organizations that might provide a business
model. Both organizations are extremey successful in their main objective to provide useful assstance
to people who need it; one company is for-profit, oneis not for profit.

Thefor-profit company develops useful devices that work without eectricity (e.g., radios that are
powered by awinding mechanism). Their misson isto hire avariety of people, educated and non-
educated (from prisons, welfare systems, etc.) and train them to work on the production line to build
these devices. They have found distribution outlets for these devices around the world and especidly in

third world countries.

The non-profit organi zation devel ops documentaries depicting the stories of the people they assist. The
documentaries are shown in cross- promotion with celebrity events that raise subgtantia sums of money
for the people they are trying to help. From the proceeds, they develop and implement programs for
these people based on their needs. Approximately 98% of the funds that are raised go directly towards
helping the people.

Given PHP's current model, Spiritwest proposed that PHP adopt a for-profit strategy, Smilar to the
device company, but remain a non-profit. PHP would then identify distributorsin other countries who
would be willing to sdll their solar ovens. The for-profit device company could be a possible strategic
licensing partner for PHP. The device company does not currently market a solar technology but they
may be interested in planning future product development, since their niche is dternative energy. This
company has resources, credibility, and market connections that PHP does not presently have.

Given that PHP has past experience in the marketing of Sunstoves oversess, it would be advantageous
for PHP to explore the possibility of obtaining funds from international economic devel opment
organizations, such as US AID, for specific manufacturing, distribution, and implementation projects that



would provide the necessary supplementa funds for recruiting and educating users, developing loca

digtribution resources, and implementing solar oven usein identified communities,

Successful economic development projects can aso cregte “free” marketing - media publicity for the
“SOS Sport” that would be financed by a participating public agency. This publicity can dso help to
edtablish and define a potentia market. PHP could license their solar oven technology and alow

overseas manufacturers to manufacture and distribute units for afee, while remaining a nor-profit.

40 PHPMARKETING PLAN

Persons Helping People decided to operate as a not-for-profit, with a mgor focus of making the “ SOS
Sport” avallable at alow-cost. They are poised to mass-produce the “ SOS Sport” at amateria cost of
$20 and will actively market the solar oven domegtically and internationaly to developing countries.

The environmentd feature of recycled-content components will be emphasized. Each “SOS Sport”
utilizes Sxty-five 20-ounce recycled plastic soft drink bottles and a savaged duminum printing plate.

Persons Helping People plans to focus overseas marketing activities to church groups, internationa
service clubs, relief organizations, mgor corporations with a presence in developing countries, Sponsor-
a-child agencies, and smilar organizations.  The women in developing countries are o atarget market
group. Women like to use the solar ovensfor their families or as a business venture. For oversess
markets, PHP expects to ship unassembled oven components, assuming that assembly by buyers or
digtributors of the ovens at the shipping destination is kept affordable. Concelvably, unassembled parts
for 2000 cookers will be shipped in a40-foot container.

Domedticdly, market efforts will focus on:
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?7?
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Service and humanitarian organizations, schoals, churches, individuds, etc., especidly to offer
the solar ovens as afundraising product.

Environmenta education centers, summer camps, gardeners, senior citizens & retirement
villages.

Mission and relief agencies, churches and others purchasing solar cookers for overseas
digtribution.

Persona use (recreationa, beach parties, picnics, desert Southwest, etc.).

The marketing strategy aso includes supplying the “ SOS Sport” as a fundraiser for interested groups,

sdling directly through the Internet, and advertisng to a current list of more than 400 interested parties.

The Solar Oven Society (SOS) maintains an active web page, which should yied additiond customers.



