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1 Problem Formulation

1.1 Introduction

The problem formulation section develops an objective statement and a black box model, seen in Figure
1, for the design project.

1.2 Objective

The obijective of this project is to design an inténae curriculum that can be contained and transported
in a box to schools in Humboldt County. The contents of the box will educate high school students about
renewable energy and its impacts.

Input Output

Students have no
knowledge, interest or
resources to learn about
renewable energy.

Students have knowledge,
resources and passion to
exploreand learn about
renewable energy.

Figurel- Black Box Model: This model is a simplified representation of the objective of this project.

2 Problem Analysis and Literature Review

2.1 Introduction

The problem analysis identifies the specifications, considerations, criteria, usage, and production volume
of the design project.

2.2 Problem Analysis

2.2.1 Specifications

The instructional materials must fit inside a portable vessel, with dimensions 28 x 20 5/8 x 15 5/8 in. The
vessel must be light enough to be carried by one individual, and transported to and from thassicho

the Humboldt County area. The vessel must be able to be stored and stacked at RCEA. Content of the
box will align with California education standards for High School science and provide students with an
understanding of renewable energy concepts.



2.2.2 Qiteria

Tablel: Criteria and Constraints of project

Criteria Constraints

Level of student engagement Interesting and fun to learn for students
Ease of use Simple set up and clean up
Transportability Can be transported by a teher to and from

school from RCEA, can be carried by one perso

Cost Materials must be under $400

Durability Must withstand weekly usage in multiple classes
for at least a year

Pertinent to Humboldt County Address renewable energies applicable to
Humbott County

Safety Must not harm students.

Take Home Knowledge Students will go home feeling that they have
learned something, and interested to learn more

Aesthetics Must be visually appealing to students.

2.3 Literature Review

2.3.1 Introduction

The purposef the literature review is to provide research in areas relevant to this design project. The
literature review will cover client criteria, California education standards, learning styles, solar, fuel cells,
wind, geothermal and hydrpower.

2.3.2 Redwood CoasEnergy Authority

The Redwood Coast Energy Authority (RCEA) is a Joint Powers Authority representing seven cities in

| dzyo2ft RG / 2dzyGe@T ! NOFGFS . €£dzS [F1SZ 9dzNB{lZ CSNYR
mission is to develop and implement sustble energy initiatives that reduce energy demand, increase

energy efficiency and advance the use of clean, efficient and renewable resources available in the

region. (Appropedia 2010)



2.3.3 Client Criteria

The team met with Oliver Hulland, the representativethe Redwood Coast Energy Authority (RCEA)

on February 19, 2010 to review criteria to create an appropriate design. The main criteria to considered
for our final design for creating an educational box that effectively presents renewable energy to high
school students were that the design should:

i Follow California Educational Standards

i Be safe

1 Longevity and durability

1 Engaging, get students thinking

T .S AYGSNIOGAWS | yR aKI yRA

1 Relevant to the Humboldt County community

2.3.4 Education standards

In order tomake sure that students are being taught relevant information, the are standards that must

0S F2fft26SRd ¢KS / FtAF2NY ALl { Gdielicd Content StadRdargisffor 9 R dzO I (i
I TEfAFT2NY AL t dzof A O thfoyKidelve, ie plysics athlddaads indRiGestudéritsy” S
KFE@GAy3a F o6FaA0 AN aLl 2y GKS F2ft2¢6Ay3Y bSga2yQa |
electricity and magnetism, thermodynamics and heat. Chemistry standards include a basic

understanding of the following:tAdmic and molecular structure, and its relation to the periodic table,

chemical bonding, conservation of matter, acids and bases, properties of gases, solutions/dilutions,
NEIFOGA2Y NIGSas FyYyR OKSYAOIf SldaAf ¥oNy&ybyP6h T REN.
for high school students to gain greater understanding in all areas of science. This includes being able to
develop a hypothesis, having knowledge of scientific tools and technology, and being able to identify
experimental error. (Cdbrnia State Board of Education, 2003)

2.3.5 Learning styles and Teaching effectiveness

There has been much debate around the topic of what the most effective way of teaching science is. In a
NEOSyid aidzRé o0& w20SNI ¢FA ¥R t ERE ALY EGERIZOHNK 2V &
recently become very popular in science courses, may not be very effective to all students (Arrington
2009). Students learn most effectively when they are presented new information in several different
ways. Students who wotkbgether and gain feedback from one another, will gain greater understanding

of a subject as they reanalyze it from new perspectives. Young people learn better by physically seeing
or doing something. Encouragement and confidence are important aspebtswo$omeone learns.
Encouragement and success build confidence and make a person want to learn more. Providing
historical relevance and perspective is important in teaching science. Students need time to work things
out, go over them from different appra@hes, talk it over with one another, and have time to take wrong
turns and come back to find the correct answer (Ahlgren, Rutherford. 1991).



2.3.6 Solar

Solar power is a renewable energy that captures the suns radiation and transforms it into other useful
forms of energy. This is generally done in two ways, by converting it to electricity or by absorbing
radiated heat. Photovoltaic cells and solar hot water heaters are common examples of solar power.
Solar power is limited by the amount of sunlight that carob&ined, for instance less power is

produced on cloudy days (EIA, 2008). Another way solar energy is commonly used is for solar cookers,
using the suns energy to cook (SCI, 2009).

2.3.6.1 Photovoltaic

Photovoltaic (P.V.) cells are electrigityoducing devies made of semiconductor materials (material

that has electrical conductivity between conductor and insulator.) A P.V. cell converts light energy into
electrical energy. When light shines on a P.V. cell the light may be reflected, absorbed or pass directl
through. Only the absorbed light generates electricity. The energy of the absorbed light is transferred to
electrons of atoms within the P.V. cell. These electrons which escape from their normal orbital
positions with this newfound energy become paftthe current in an electrical circuit as seen in Figure

2. When P.V. cells are combined into a P.V. system they produce a greater amount of power than a
single P.V. cell. P.V. systems can be connected together into larger units called modules to create a
larger power output. Modules can be connected to form arrays, which produce greater amounts of
power (U.S. Department of Energy 2005). P.V. Cells are used to power many household devices such as
calculators and watches, and according to the U.S. DeparttofeEnergy, P.V. arrays are becoming a
common source of energy for businesses and households. Houses utilizing P.V. systems to provide
electricity to the residence can receive tax credit for up to $500 per .5 kW of power capacity. (U.S.
Environmental Potection Agency 2010) P.V. systems require little maintenance once installed. Some
downfalls of P.V. systems are that they are a more expensive power source for areas close to an electric
grid, as they require equipment that is expensive initially andva $/stem takes up a large amount of
space. (U.S. Department of Energy 2009a) P.V. systems are also dependant on the sun for their energy
production, which can lead to energy shortage if there is no back up energy source. (CET 2008)

10
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Figure2: Diagram of P.V. CelRESLAB 2009)

2.3.6.2 Solar Cookers

Solar cookers are a way of capturing sunlight and harnessing its energy for use in cooking. Solar cookers
work best in areas where it is expected there will be long hours of sunlight.®aolkers do not work at

night or when it is overcast for most of the day. The effectiveness of solar cookers and cooking time is
affected by wind (SCI 2009).

2.3.6.2.1 Box cookers

Box cookers are one of the most commonly used types of solar cookers. This is whatisnty

referred to as a solar oven. A box cooker, Figure 3, is a box that is dark on the inside to increase the
absorption of heat. The box should be air tight, with a clear window to allow the sunlight to enter in but
not radiate out. Most box cookerssal have a reflective surface that helps to direct sunlight into the box
(Intermediate Technology Development Group 2006).

11



Figure3- Solar box cooker.Http://www.rksolar.com/catalog.8.html)

2.3.6.2.2 Concentrating cookers
Concentratingott LJF N} 0 2f A0¢ O22{1SNE dzaS I+ fFNBS adz2NFI OS
the area to a central area where a pot is placed and food can be cooked. Figure 4 shows the

conventional parabolic shape. This type of solar cooking works the only iwlinect sunlight
(Intermediate Technology Development group 2006).

Figure4- Parabolic solar cooker.
(http://wvww.humboldt.edu/~ccat/solarcooking/parabolic/parabolic_solar_cooker_pg_3 html.htn

2.3.6.2.3 Panel cookers

A panel cooker inaporates the idea of both the box and concentrating cookers as shown in Figure 5. It
uses reflective panels to concentrate the heat from sunlight onto the cooking surface. The pot that is
being used to cook in is covered in durable plastic that can witkisteeat or with an inverted glass bowl

to keep in the heat. Generally made with cardboard and aluminum foil, these are a relatively
inexpensive solar cooker to make. (SCI 2009).

12
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Figure5- Panel cooker made from cardboard anduahinum foil. (sunnycooker.webs.com/)

2.3.7 Fuel Cells

A fuel cell is an energy conversion device, which generates power through chemical reaction. For a fuel
cell to work a catalyst must first split hydrogen into a positively charged hydrogen ion (protoa) and
negatively charged electron. The positive ions travel through a membrane to a second catalyst where
they combine with oxygen and electrons to produce water and heat as shown in Figure 6. The electrons
move through a Polymer Electrolyte Membrane, whiattés them through an electrical current

external to the cell, causing electricity to be generat@thtional Renewable Energy Laboratory 2009)

Fuel Cells offer a way of generating electricity that is cleaner and more efficient to gasoline combustion
and aher fossil fuels. (U.S. EPA 2010) Fuel Cells are expensive initially due to the necessary components.

POWER @ HEAT
A N
Hf —™

e <

H+—b

e F e

4
Anode H Cathode

Electrolyte |

H,0

Figure6- Diagram of a Fuel CAINASA 2002)
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2.3.7.1 Polymer Electrolyte Membrane

The Polymer Electrolyte Membrane (PEM) is a@fitif LJ NI 2 F | FdzSf OStftd t 9ac

polymer (plastic) that holds negative ions, only allowing positive ions in the membrane to be mobile and
therefore carrying positive charge through. Hydrogen ions are only able to move in one direction, fro
anode (negative electrode) to cathode (positive electrode), electrons must travel through an external
wire to complete the circuit, which provides electrical power to run a light bulb, power plant or car. (Los
Alamos National Laboratory 1999) PEM Fuds@gerate at a low temperature and have a fast start up
time, putting less strain on system mechanisms. PEM fuel cells are used primarily for transportation
applications. PEM fuel cells are expensive because of the use of a platinum catalyst. Theplatinu
catalyst is also sensitive to carbon monoxide (CO) as the CO adsorbs to the Platinum and blocks the
reacting surface, requiring an additional reactor to reduce CO if hydrogen is derived from an alcohol or
hydrocarbon fuel. (U.S. Department of Energy®60

2.3.7.2 Electrolyzer (Water Electolysis)

An electrolyzer converts electrical energy into chemical energy by breaking water up into hydrogen with
oxygen as a byproduct. The electrical energy can be recovered by reacting hydrogen with oxygen in a
fuel cell. Tanake a fuel cell a renewable energy source the electricity from the electrolyzer would have
to come from a renewable resource such as wind, solar or geothermal. Hydrogen produced from an
electolyzer can be used for fuel cell vehicles or electricity geioer.aDuring periods of low electrical
demand, many renewable power generators, such as wind turbines, produce lost excess electrical
energy. An electrolyzer enables storage of excess energy in the form of hydrogen, which can be
converted to electrical errgy on demand. ((U.S. Environmental Protection Agency 2010)

2.3.7.3 Fuel Cell Car

+SKAOf S&a LROSNBR o0& TFdzSf OStfa SYAU y2 3INBSYyK2dzaS

hydrogen emit no harmful air pollutants. A fuel cell provides electricity togyawwotors located near
the vehicles wheels (Figure 7). PEM fuel cells are the most common type of fuel cell used in vehicle

FLILX AOF GA2yad C/ +Q&a Ydzad OF NNB SAGKSNI O2YLINBaasSR

such as natural gas. If powerby a secondary fuel, a reformer which provides non hydrogen fuel to an
FCV, is needed onboard. Vehicles fueled with pure hydrogen emit no pollutants, only water and heat,
where vehicles powered by secondary fuels and reformers produce a small amolnpolftants.

(U.S. Department of Energy 2009c) Hydrogen powered vehicles qualify for alternative fuel vehicle tax
ONBRAGA® t N2of SYa gAGK C/ +Qa AyOfdzZRS (GKS €I O}
storage systems are large, heavy, angexnsive. Fuel Cell systems in vehicles are not as durable as
combustion engines and do not perform well in extreme environments. (Fuel Cell Economy 2008)

14
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Figure7- Diagram of a fuel cell car. (US Department of Energy 2009c)

2.3.8 Wind belt

The Wind Belt was designed to be a cheap, wind powered device that third world countries could
produce and improve. Its design and scale makes it ten to thirty times more efficient than a turbine of
the same scale. It works by using aeroelasticdiuttsing the energy to move magnets through copper
coils. (Humdinger 2009).

US and Foreign patents pending

1.
humdinger ;
By ookl

Figure8- Prototype Windbelt designed by Humdinger Wind EnergiindWind Project 2010)
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2.3.9 Turbines

There are four different kinds of turbines that harsahle energy from wind, steam, water, and gas.
Each one is designed specifically to capture energy from the moving liquid or gas. (Explainthatstuff
2010).

2.3.9.1Wind Farms

Wind farms are composed of large areas of land filled with wind turbines. They areveatglne

resource but are only cost effective in certain locations. Currently they are the main source of wind
energy but are disliked because of their size and look, so therefore people say NIMBY (Not in My Back
Yard). They work by using the wind to rotateleaw moving shaft with a gear on the end which is
connected to another smaller gear on a high speed shaft that runs to the generator housing.

2.3.9.2High Altitude Wind Turbine

A high altitude wind turbine takes advantage of higher strength winds about 100@nhfde air. Figure
9 demonstrates how the turbine transfers energy. Being lighter than air it is anchored to the ground by a
winch. It is mobile and can be taken anywhere.

POWER GRID

Figure9- High Altitude Wind Turbine. This is a visualpresentation of where electricity will be transferred.
(Magenn 2010

16



2.3.10Kite Power

A kite power machine converts the up and down motion of a large tethered kite into electrical energy
using a power converter mechanism and a generator on the ground. As¢hmdves up and down it

moves the rocking arm it is attached to. A series of turning gears which move with the rocking arm
convert kinetic energy into electrical energy as they spin a turbine. The electricity generated can be then
stored in batteries. Kés are more economical in lowspeed wind regions than wind turbines, and kites
can also reach higher elevations with greater wind speed. Kite systems are inexpensive. (Hill 2008)

2.3.11Hydro Power

All hydre electric power generation operates by utilizing wagand its natural motion to power a
generator, thus harvesting electricity. The specific setting, situation and conditions affect what types of
Hydro are utilized and where. Due to the constant natural motion of water and the fact that it covers
70.9% (Cl1A2010) of the planet appropriate application could provide vast amounts of energy for human
consumption. Hydroelectric power is very appealing when usedustainablenanner. Especially
considering the fact that our planets water is in a constant stteotion, and will be for the entirety

of the existence liquid phase water on earth.

2.3.11.1Wave/Tidal

There are many different ways of harnessing wave and tidal energy. Every design differs, some
remarkably so. Wave and tidal energies are a relatively netint@ogy with various designs still being
prototyped. The main idea is to use the natural movement of bodies of water to either turn a turbine,
crank or hydraulic piston, according to the suitability of the various technologies to the situation at
hand.

2.3.11.1.1Bio-mimicry

Though there are many valid options forthcoming; some of the most promising designs look to life itself
to find a suitable solution. This is called-Bionicry and is a hew push in the field of appropriate
technologies. By using solohs created by the evolutionary process many challenging problems are
being overcome. In the case of wave energy one company in particular, Australian Bio Power Systems,
has two seemingly feasible designs, though both seem most suited for relativebwshadters.

According to their website bioWAVE, theirgsS § SNJ Gt f RSaA3dys> aGAad ol aSR
L I yda Ay GKS LINBASYyOS 2F 20Sty gl @Sadé | wHpn
Island Tasmania. Pictured below is regmasition of what a bioWAVE farm would look like.

17



FigurelO-Image of BioWAVE computer models.

A

Their other design, bioSTREAM, according to their welisited o6 8SR 2y GKS KA3IKfe& S
of Thunniform mode swimmings@eA Sa > &dzOK | & &KFNJ X ddzyl X yR YI O
design of these species for propulsion, this design captures tidal energy by doing the opposite, and is

fixed in a moving current. This design basically entailsmadt@r tall fin attachedo a 20meter

crankshaft that turns the generator located in the base shaft. A 250 KW pilot project is now underway

off the coast of Flinders Island, Tasmania and is predicted to be completed and delivering power to the

grid sometime this year. Pictureclow is a representation of what a bioSTREAM farm would look like.

Figurell-Image of BioSTREAM computer models.
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