
ES 115: ENERGY FUNDAMENTALS

Week 1: Introduction to Energy and Sustainable Energy

Objectives:

• Understand expectations of class, objectives, course outline.

• Discuss what energy is and 4 sectors where it is used (industry, transportation, commercial, residential).

• Define energy, renewable energy, non renewable energy, and list types of each.

• Hands-on experience of different forms of energy.

• Develop a concrete and quantitative sense for amounts of energy and types of energy being produced and consumed.

• Discuss different Native American traditional knowledge of and views of energy. 

• Distinguish between direct and indirect forms of solar energy. 

• Discuss benefits of renewable energy sources vs. nonrenewable.

• Define externality and give examples.

1. Introduction sheet

2. Syllabus

A. course description

B. books and readings

C. attendance

D. grades

E. project

F. campus RE feasibility study

G. field trips

H. web sites

3. Introduction to energy

A. What is energy and what is it used for? Identify energy coming into room and energy leaving room. (In: Sunlight, heated air from heater, sound waves, energy in bodies, lights. Out: heat, from bodies, lights, etc, out windows, cracks in walls, light, sound.)

B. Energy sources: explore energy toys, brainstorm list of sources of energy

C. Renewable and nonrenewable (within reasonable time frame). Why use renewable. What does D-Q U use? More description of goals of DOE project.

D. Numbers: Energy production and consumption in world, U.S, compare with other countries; per capita consumption. Discuss relationship between energy use and quality of life. (Chart 3.2, World Com Energy Consumption, 1970-90, p. 81 Hinrichs)

E. Numbers at DQU. Yearly electricity use. Compare to 100-watt light bulbs left on 24 hours day, 365 days/year. Chart monthly amounts. Figure yearly per person electricity usage. Natural gas? Compare with other nearby school of similar size

F. Personal energy use: Transportation. Home? Batteries? Discuss energy used to produce and transport goods, pump water: indirect energy use, reuse and recycling.

Activity: Students fill out Personal Commercial Energy Use worksheet and discuss these and other energy uses.

G. Campus field trip. How is energy used on campus? How does energy come on to campus? (electric line, natural gas line, fuel for generators, batteries, sunlight, wind)

H. Why use renewable and energy efficiency? 

Video: Alternative Energies or other general sustainable energy video.

1. pollution (mining, combustion) & cleanup


2. global warming


3. limit dependence on foreign oil/defense spending


4. health effects

5. sustainability

6. costs: remote areas, California rising costs and unreliability, high costs of subsidies & externalities

I. Externalities

1. Definition: hidden costs; environmental and social benefits and costs are not included in the market price of an economic good; costs of a transaction that are borne by Earth and by people other than those engaged in the transaction.

2. We do not “need” energy; we “need” what energy provides (dry clothes, cooked food).

Assignment

1. Read Hinrichs, Chapter 1 and answer questions on worksheet.

2. Read global warming handout or global warming CD-ROM.

3. Select one of the readings about energy issues for Native Americans and prepare to present synopsis to the class. 

Week 2: Energy and Environment; Renewable Energy in Indian Country

Objectives: 

• Define the term ‘fossil fuels;’ give examples and discuss pros and cons of each fossil fuel.

• Discuss impacts of nuclear energy production and consumption.

• Explain the greenhouse effect, global warming, and potential effects of global climate change.

• Discuss impacts and benefits of the energy production process on Indian lands.

• Discuss issues related to energy consumption in Indian Country: homes without electricity, end-of-line, poorly insulated buildings, deregulation concerns.

• Identify nonrenewable and renewable energy resources on Indian lands.

1. Non-Renewable Resources and Social and Environmental Consequences

A. Coal & other fossil fuels 

1. Video: 4 Corners, National Sacrifice Area or other videos

2. Describe mining processes: underground, strip mining.

3. Explain how EPA encourages low sulfur coal mining, how old coal plants are “grandfathered in”, who owns coal production, CERT, corruption issues, and “reclamation.”

3. Describe drilling, transportation, refining, and combustion of fossil fuels.

4. Air pollution effects, (health, plants and other animals as well), aesthetics

5. Greenhouse effect, global warming, feedback loops

6. Acid precipitation and ozone depletion, other effects of fossil fuels

7. Coal resources on Indian lands: Four Corners, Powder River Basin, etc.

8. Northern Cheyenne, Crow, Native Action example (Student presentation?)

9. Yazzies or Black Mesa (Student presentation?)

B. Nuclear

1. Description of mining, processing, waste transportation and deposit

2. History of nuclear energy in world, particularly safety..

3. Plague on a People 

4. Navajo, Goshute, area around Hanford (Student Presentations)

C. Hydropower

1. Description of hydropower production, large vs. small

2. History of hydropower: early mills to mega-hydro projects, Bureau of Reclamation projects 30’s on, CA

3. James Bay, Yurok/Hoopa w. Trinity River, Ft. Peck, etc. (student presentations)

D. Action: Organizations and websites (See list of websites.)

2. Energy Efficiency and Renewable Energy in Indian Country

A. High energy costs drain dollars off the reservation

1. Many poorly insulated homes and buildings

2. Particularly cold and windy environments

3. High cost heating fuels: propane and electricity

4. Utility companies are usually not owned or regulated by tribes

B. Indian Country receives poor utility service

1. End of the service lines, last to be served

2. Many without electricity

3. Little access to natural gas distribution lines

C. Indian Country has many energy resources

1. Non-Indian controlled energy companies and national consumers benefit from Indian energy resources

2. Indian Country suffers environmental impacts of fossil fuel and nuclear energy extraction, processing and waste disposal, as well as hydropower development

3. Wind, solar, biomass, and hydro power resources on many Native lands.

D. Energy Efficiency is first step to controlling energy future.

1. Energy Efficiency Retrofits: weatherization, insulation, efficiency improvements to heating and cooling systems are very cost-effective

2. Energy Efficient Building Design: passive solar design, thermal mass, natural ventilation are very cost-effective for new design, less so for retrofits

E. Renewable Energy development can be cost-effective in particular settings and situations 

Show Indian Sustainable Energy slide show.

1. Wind, small hydropower, biomass, solar power, geothermal

2. Home-scale systems & agricultural applications

3. Village-scale systems & industrial applications

4. Commercial-scale systems

3. Renewable Energy at D-Q U

A. Current sources of electricity (PG& E power mix)

B. Renewable sources on campus (sun, seasonal wind)

C. Feasibility study, how much sun? wind? What are costs? Where is D-Q U on solar insolation maps and on wind speed maps; also relate to nearby areas with solar or wind system. Solar hot water. Potential to increase efficiency. Plans for retrofits or future building?

Assignment

1. Computer lab: Searching list of websites for information about energy issues on Native lands: environmental action, renewable energy.

2. Read  Hinrichs, Chapter 2, pp. 32-43, 62-70, 44-55. Answer chapter questions 1-6, 8, 10-13, 15.

Week 3: Forms of Energy, Energy Conversion, Power

Objectives: 

• Know and give examples of different forms of energy: mechanical, chemical, nuclear, thermal, light, electrical.

• Describe how potential energy converts to kinetic energy.

• Categorize energy by source and by end use.

• Describe how different forms of energy are converted to other forms.

• Understand relationship between distance, velocity and time (motion), be able to perform calculations.

• Understand and give examples of Newton’s laws of motion and be able to perform calculations.

• Define energy, work, and power and know the commonly used units for each (watts, kWh, BTU’s, joules, horsepower).

• Be able to use equations for work and power.

1. Intro to Energy Mechanics

A. We’re doing physics now! What is physics?

B. Scientific method

C. Limits of science — only one way of knowing

2. Forms of Energy

A. Mechanical energy: kinetic and potential

Classroom demo: rubberband toy cars or planes, toys cars on ramp; friction and overcoming friction

• ME=PE+KE

• Flowing wind and water as examples of kinetic energy. Flywheel or turbine blades convert this kinetic energy to more controlled kinetic energy.

• Potential energy: Think of water at the top of a dam (gravitational kinetic energy); also compressed spring or twisted rubberband.

B. Chemical energy: forming and breaking bonds: food, fossil fuels.

Classroom demonstrations: baking soda and vinegar ‘volcanoes,” lighting a match or Bunsen burner

C. Nuclear energy: breaking or changing atomic structure, give sense of amount of energy stored in atomic bonds. (the Sun, nuclear reactors)

D. Thermal energy: hot objects; function of mass and temperature (e.g: coffee mug, our bodies, heater)

E. Light (radiant) energy: (a.k.a. electromagnetic radiation): radio, TV, visible light, solar radiant energy) 

Classroom demo: put energy into something to make sound –buzzer, solar calculator

F. Electrical energy: static electricity, lightning, current electricity, can be stored in batteries. 

Classroom demo: static electricity? Hand crank generator driving dynamo

G. Note that at atomic level all of the above are forms of mechanical energy: potential or kinetic.

H. Categorize primary energy sources into chemical, nuclear, or radiant energy. (could do this with pictures if you have them)

I. Energy end uses can also be categorized by form: heat, mechanical energy, radiant energy, electrical energy, chemical energy. (Can also do this with pictures or particular suggestions – light bulb, energy bar,

J. Transformation of energy from one source to another involves one or more conversion processes. Go through examples of things in classroom or in daily lives of students. There can be different sources for the same end use. They can be renewable or nonrenewable; involve many conversions or only one. Show diagrams on overhead.

3. Motion

A. Speed: distance over elapsed time: use water or wind as example, average wind speed of 14 miles per hour (This is what is needed for commercial wind power.). Compare with students’ running speed.

B. Velocity: same as speed, but direction is also indicated 

C. Distance = speed x time

D. Acceleration: rate of change in an object’s speed or direction. 

acceleration  = change in velocity/elapsed time 

(Ex: when go around corner in car, acceleration increases, even though velocity doesn’t.) 

E. Acceleration due to gravity is 9.8 m/s2  Why this is important in energy science (water esp.)

F. Newton’s Law’s of Motion 

1. First Law: Inertia

2.  Galileo

3.  Inertia is tendency of objects to resist changes in their motion.

4.  Inertia is related to mass.

5.  Friction

6.  If net force on an object is zero, then the velocity is not changing — the object is not accelerating/decelerating.

2. Second Law: F=m x a

1.  Direction of acceleration will be the same as the direction of net force.

2.  A force can cause deceleration as well as acceleration.

3. Third Law: For every action force there is an equal and opposite reaction force

Demonstration: use wheeled chairs in lab, or air hockey game.

4. Energy & Work 

A. Energy is the capacity (or ability) to do work.

B. Work is the product of a force times the distance through which that force acts 

W=F x d                                        

C. No work is done if the object on which you are applying the force doesn’t move.

D. Consequence of doing work is to give the object energy. (Work transfers energy to an object.)

1. Pushing cart on flat surface: cart gains kinetic energy

2. raising an object to a shelf; object gains potential energy

3. pushing a cart up a hill; cart gains potential and kinetic energy; W=( (KE +PE)

E. Units of work and energy are both force x distance


in SI: Newtons x meters = Joules


in U.S.: pounds x feet = foot pounds

 Do example problem, p. 44, Hinrichs.

F. Thermal energy of an object is a function of its temperature

1. Total of all microscopic KE and PE.

2. If rub a block on a surface, KE and PE don’t change, but temperature (and TE) increases — another way of transferring energy to a system is by the addition of heat.

3. Heat is the energy transferred as a result of an energy difference between two objects.

4. Distinction between TE and heat: thermal energy is a quality of a material; heat is a flow from one object to another. Heat is not contained by an object.

5. First Law of Thermodynamics: W+Q = ((KE+PE+TE) 

could also add chemical energy (CE) and electrical energy (EE)

5.  Examples of Work and Energy

A. A moving object has KE; a moving body can exert a force on another object, causing it to move, and thus do work. Moving car can hit other car and cause it to move. Energy is the capacity for doing work.

B. If we are pushing a block at constant velocity, the KE remains the same (KE = 1/2 mvv). Since there is no acceleration, the net force must be zero. (F=MA). Thus, the force we are exerting must exactly equal the friction force. However, we are doing work because we are applying a force over a distance. This work generates heat as a result of the friction, and the thermal energy of block and table increase.

C. Gravitational potential energy

1. Gravitational potential energy is energy as a result of the relative height of an object (stored energy).

2. When an object is raised to a certain height, work has been done to give it gravitational potential energy.

3. Force is required to lift the object against the gravitational force acting on it.

4. The force of gravity on an object is equal to the weight of the object.

5. The object has gained an amount of gravitational PE equal to its weight times the vertical height (h) through which it is raised: PE = weight x height =mgh

Demo PE example, p.47, and KE example, pp. 47-48, Hinrichs (air vs. water

6. Power 

A. Power is the rate of doing work, or the rate at which energy is used, produced, or transferred. P = work done/time taken = energy used/time taken

B. Example of lifting block in one second or one hour (See examples also, pp. 48-49, Hinrichs.)

C. Units of power are joules/second = watts  (English/U.S. units are ft-lb/s, also horsepower)

D. Rearrange equation: Energy used = power x time (This is how our electric bills are read.  Cost of using an appliance is energy used x cost per kilowatt hour.

E. See hydropower example, p. 53, Hinrichs

Assignment

1. Fill out ‘Useful Information’ sheet as far as possible. 

2. Find something you use in your everyday life and trace the energy conversions back all the way back to solar energy (or nuclear).

3. Chapter 2: Forms of Energy (pp. 56-57: Q 2,12), Motion (pp.56-57: Q 4,5, p.71:P 1,3,5), Energy and Work (pp. 56-57:6), p. 58:P3,12,11,12,15), Power (pp. 56-57:8,11, p. 58: 1,4,6,10,13)

Week 4: More Energy Basics, Conservation of Energy

Objectives:

1. Review and reinforce energy, motion, work, and power concepts.

2. Understand the law of conservation of energy and be able to draw the energy into a system and out of a system, identifying forms of energy.

3. Understand that energy is degraded in most energy transformations. The purpose of energy efficiency measures is to reduce the energy lost to purposes other than work that it is needed for.

Note: Upcoming events: Quiz next week (through conservation of energy, chapter 3); field trip 

1. Review last week’s work by going over homework assignment problems, or similar problems

2. Conservation of energy

A. Remember (Ch. 2) Energy of a system can be changed by doing work or by adding/subtracting heat. 

W+Q=_(KE+ PE+TE+CE+EE

B. Law of Conservation of Energy.

In isolated or closed system, the total amount of energy will always remain constant.

C. Examples of isolated systems: The Universe. The “nose-cracker” (p. 74). No energy is created or destroyed, only converted from one form to another.

D. So why worry about our energy resources if no energy is created or destroyed? –– Because the final result of most energy transformations is the production of waste heat that is transferred to the environment and is no longer useful for work. The energy has been “degraded.”

E. In an open system (a system which interacts with outside world), we can still use concept of conservation of energy, by an equation in which

E into a system = E out of system + E stored in system.

F. Examples of open systems: Figures 3.2 and 3.3 in Hinrichs (overheads) Equations for each.

3. Energy Conversion Efficiencies

A. Even though energy is conserved in an energy conversion process, the output of useful energy or useful work will be less than energy input.

B. Efficiency of energy conversion process = 



Useful energy or work output x 100



Total energy input or energy converted

The “100” is there because efficiencies are expressed as percentages, not fractions.

C. Compare efficiencies in Table 3.1 of Hinrichs. 

D. the overall efficiency in a multi-step process is the product of the efficiencies in each step.

E. Example: efficiency of converting chemical energy to incandescent light.

Note that overall efficiency is never higher than the step with the lowest efficiency.

4. Energy Equivalents

A. Need to express amount of energy in equivalent units

B. Examples: BTU’s to calories to kWh. Work through problem for class, see pp. 84-85 (They should have an energy data and conversion sheet.)

Assignment:

1. Prepare for quiz, next week

2. Fill out useful equations sheet

2. Chapter 3, p. 87, Q:1,4,5,8,10; p.88, P:2,5,6

Week 5: Quiz and Hydropower

Objectives

1. Hands-on understanding of how hydropower works.

2. Ability to calculate power based upon head, flow rate, and mass.

3. Ability to identify the different components of a hydropower system.

1. Quiz

2. Introduction to Hydropower

(See NAREEP, Hydropower section, excellent overheads, outline, problems, resources)

Video: Don Harris’s “Hydropower” 

A. Hydropower use and potential

1. 10% of electric power in U.S. is hydropower .

2. One of cheapest sources, often producing power for 1.5¢/kwh or less. Part of why so inexpensive — U.S provided loans at low interest rates to build big dams. 

3. Grand Coulee Dam produces 9700MW at full capacity, the power of 10 nuclear plants.

4. Large hydro require large dams to create reservoirs; water stored for months or years and released to produce power when needed.

5. Not likely to build many new large hydro because of stringent licensing, high capital costs, environmental concerns.

6. Droughts mean less hydropower available.

B. Components of hydropower system (overhead or other a/v)

C. Hydropower calculation 

Power  = flow x height (or head) x the force of gravity

P(watts) = kilograms/second x head (meters) x 9.8m/s2  x efficiency

1.  Much easier to calculate in metric terms, but often done in foot-pounds

2.  1 liter of water has mass of 1 kilogram.

3. Efficiency is lost in the turbine and alternator.

Demonstration problem: How much power is available from 10% of a stream with 30 meters of head and a flow of 10 liters/second? Assume a system efficiency of 50%. (You use only 10% of stream in order to protect fish and other animals and plants.)

D. History and current situation with hydropower in Indian County

1. Garrison Dam (on Missouri River) affects Three Affiliated Tribes (Arikara, Mandan, Hidatsa); flooded 155,000 acres of Indian land, loss of timber, wildlife habitat, and agricultural land. Communities isolated by reservoir without bridges in middle of reservation. (Reference book: Breaking the Iron Bonds by Marjane Ambler)

2. Oahe, Big Bend, Fort Randall, Fort Peck, Yellowtail, Boysen, Glen Canyon dams: affects Crow, Wind River, Fort Peck, and others by flooding land (See Breaking the Iron Bonds)

3. Roosevelt, Grand Coulee, and other dams on Columbia River, affects many Northwest Indian tribes, depleted salmon runs

4. Garrison (on the Rio Grande) affects Cochiti, water table rose, saturating agricultural land, prohibiting agriculture.

5. James Bay, affects Cree and Inuit. Flooded habitat, leached heavy metals out of soil, esp. mercury — bioaccumulates, fish are poisoned, fish-eaters are poisoned.

6. Trinity River dams: affect Yurok, Hoopa,

7. Tribes are getting control over dams and more influence over hydropower on their lands.

a. Mni Sose Intertribal Water Rights Coalition (See ) Becoming major player on Missouri River water issues, utility and power development, environmental controls

b. Salish Kootenai in Montana and other tribes getting control over dams after government lease expires.

c. Trinity River, Dec 2000 decision to return water to the river (See ) Friends of Trinity River, or ask Yurok, Hoopa students

E. Micro-hydro (under 100 kW, often smaller than 1.5kW) and small-hydro (100kW to 10 MW)

1.  Run of the river vs. dammed hydro: habitat and fish runs not affected much.

2.  Water runs 24 hours, not intermittent like solar and wind.

3.  Cost can be 10% to 25% of PV solar.

4.  Output varies from season to season.

5. Average daily flow changes through year.

6.  Calculate flow needed for small village or modest home with head of 20 meters. Include efficiency in calculation

7. Costs of maintenance.

3. Requirements for projects. 

A. Review project assignment.

B. Discuss possible sites.

C. Discuss timing of work for projects.

Assignment

1. Be prepared for field trip next week. 

2. Readings: Breaking the Iron Bonds, Chapter 8, or other sources related to Hydropower and tribes, or simply about small hydro installations (Homepower Magazine)

3. Make list of supplies and cost for a case study micro-hydro.

4. Calculate power for case-study micro-hydro.

5. Develop proposal for projects; what you will study or do, what resources you will need/use; workplan with timeline, deliverables.

Week 6: Hydropower Field Trip

1. Field trip to Hydropower site

A. Worksheet: components of hydropower generation system. Students identify and observe components in the field. (There are general drawings in NAREEP curriculum. Best to get illustration from the field trip site, which students can annotate.

B. Calculate hydropower and electric power (after efficiency calculation) for the field site given the current volume, the head, and the estimated efficiencies of turbine and generator. 

C. Observe effects of hydropower plant on the environment and community, currently and over time.

Assignment

1. Read Chapter 4,  Hinrichs.

2. Answer questions on Heat & Work (Week 6) worksheet.

Week 7: Heat and Work; Thermodynamics

Objectives:

• Understand how much energy is used to heat and cool spaces.

• Understand that heat is simply the transfer of energy between two bodies as a result of temperature difference. Heat is a form of energy and can be expressed in same units.

• Understand the First Law of Thermodynamics: Won + Qto = _(KE+PE+TE) = _E

• Define specific heat; specific heat is a property of a substance. 

• Understand and be able to use the equation Q =mc_T, where m = mass, c=specific heat.

• Define change of phase.

• Describe three ways in which heat can be transferred: conduction, convection, and radiation, and relate to building energy gains and losses.

• Understand Second Law of Thermodynamics; entropy.

• Apply understanding of thermodynamics to choices regarding energy use (heating, power generation, cooking, etc.).

Before or at start of class, set up solar cooker with container of water and a  thermometer inside air. Also measure starting temperature of water.

1. Intro to Heat and Work; 1st Law of Thermodynamics

A. Heating and Cooling

1. 25% of the energy used in U.S. goes into heating and cooling

2. 50% of residential use of energy is for space heating

3. Conservation (increased efficiency) can make a huge difference

B. Heat & Work and the 1st Law of Thermodynamics

1. Remember, total energy = KE+PE+TE+CE+EE

2. Heat and work are the only ways in which energy can be added to an object to change its total energy.

3. Work (on) and Heat (to) = change in Energy 

4. Energy put into a system = energy output + energy stored

5. Heat is the transfer of thermal energy between 2 bodies as a result of temperature difference.

6. Could use the same units as energy (Joules), but we conventionally use ‘calories’ or ‘Btu’s’ (British thermal units).

a. calorie is the amount of heat that must be added to one gram of water to raise temperature 1 degree C (Food calories are actually kilocalories.)

b. Btu: amount of heat that must be aided to 1 lb. of water to raise its temperature by 1 degree F

7. Heat is not contained in a body, but is manifest only as the interaction of the body with its surroundings. Heat is non-material.

Demo: bicycle or ball pump: Put work into the system when pushing on pump. This increases potential energy inside the tire or ball. It also produces heat. (Feel the barrel and needle of pump.)

2. Temperature and Heat

A. Temperature is a property of an object (like color, shape, density)

B. When you measure the temperature of a substance, it is the same whether you measure a small piece or large (independent of mass)

C. Temperature cannot tell us about the amount of energy in an object

D. Temperature is proportional to the average kinetic energy of the atoms or molecules of the body; the higher the temperature, the more kinetic energy

E. Temperature Scales

a. Celsius

b. Fahrenheit

c. Kelvin

F. When heat is added, it usually results in an increase in temperature of the object


Q = mc(T  or (T = Q/mc

Do Activity p. 95, Hinrichs, raising water to boiling, use actual gallons of water if possible, but more importantly, use current (this month’s) $/MBtu for residential customers

G. Different materials have different specific heat. They will absorb different amounts of heat in undergoing the same temperature change. (For the same amount of heat input, they will have different temperature increases.)

H. Specific heat: amount of heat energy added ( or removed) per degree of temperature increase (or decrease)

1. calories needed to raise the temperature of 1 gram of material by 1 degree C

2. BTUs needed to raise the temperature of 1 lb by 1 degree F

I. A material with a large specific heat takes a lot of energy to raise temperature and will release more heat energy to surroundings as temperature decreases, compared to a material of same mass with lower specific heat.

J. An object with a greater specific heat has a larger thermal storage capacity. It will cool down more slowly than an object with low specific heat. (See examples p. 95)

Demo: Heat in microwave or toaster oven a fruit-filled pastry. Note the difference in temperature of the inside (high water content), with the crust. 

K. Phase Changes:

a. Three phases: solid, liquid, gas

b. Transformation between phases requires absorption or liberation of heat energy

c. It takes energy to convert liquid water to gas water at the same temperature. This is the heat of vaporization. For water, the heat of vaporization is 540 cal/g.

d. It takes energy to convert solid water to liquid water at the same temperature. This is the heat of fusion. For water it is 80 calories/g.

e. If the change is in the opposite direction, heat is liberated; steam to liquid, liquid to solid.

(See Figure 4-6, Hinrichs, p. 97.)

Demo or example: p. 98, How much heat is required to bring 1 liter of water to boil from 20°C. How much heat is required to boil away this amount of water?

3. Heat Transfer 

A. Introduction

1. Heat transfer is one way to transfer energy to a body

2. Heat flows from one object to another as a result of temperature difference

3. Heat flows from hot objects to cold objects.

B. Three ways heat can flow from hot body to cold body

1. Conduction

2. Convection

3. Radiation

C. Conduction

1. Heat is transferred through molecular collisions from hot object to a colder one

2. Molecules or atoms transfer energy by “bumping” into other molecules, which collide with others, etc.

3. Different materials have different abilities to conduct heat (metal, wood). 

4. Rapidity of heat transfer depends on:

a. temperature difference

b. area

c. thickness of material

d. type of material

Demo: Students test materials around classroom. Compare how cold the window feels compared to window frame to wall, inside walls and windows, pipes, etc. depending on what is available in classroom.

5. Rate of heat conduction equation

Qc = heat transferred by conduction = k x A x (T2-T1)  where k = thermal conductivity

 T

elapsed time


(

( = thickness of material

6. Applications to building heating energy conservation

a. Use thicker insulation 

b. Use material that has lower thermal conductivity for insulation

c. Lower thermostat from 72°F to 66°F. If outside temperature is 20 degrees less on average, there will be a 12% savings in heating energy)

d. Dwellings with a smaller surface area will lose less heat

D. Convection

1. Gas and liquid molecules are too far apart for heat to transfer by conduction.

2. Heat is transferred through fluids primarily by the motion of gas or liquid.

3. Density differences cause fluids to rise and start convection currents

Demo: Miso soup over bunsen burner, demonstrates convection current well. There are some toys that do this as well.

4. Natural convection: result of density differences

5. Forced convection: fans or wind (though wind is actual result of large scale natural convection)

Example: Note the sources of convective heat transfer in the room: air, water, movement through room, water from hot water heater through tap.

E. Radiation

1. Unlike conduction or convection, radiation does not need a medium to propagate.

2. Radiation is emitted from an object in the form of electromagnetic waves, which consist of electric and magnetic fields whose amplitudes vary with time.

Demo: Rope example, demonstrate amplitude, frequency, and wavelength.

3. Electromagnetic spectrum (p. 105, Hinrichs)

4. Radiation travels at the speed of light (Electromagnetic waves differ in frequency & wavelength, not speed)



velocity – wavelength x frequency



v(m/s) = ( (m) x f (per second)

5. All objects whose temperature is greater than 0°K emit radiation. You emit radiation.

6. Below 1000°K, most radiation is infrared or microwave.

7. Hotter temperatures emit in the visible region of the spectrum.

8. Sun’s temperature is about 6000°K; it emits spectrum centered around visible region (yellow), but also emits infrared and UV rays.

9. A body is always losing energy by radiation, so need to add as much energy as is radiated if the body is to maintain the same temperature.

10. Humans: In cold weather, human body loses heat energy by radiation; need to replenish energy. In hotter weather, the body keeps cool by removing heat from the body by perspiration; heat is removed as water changes from liquid to vapor phase.

Demo: Can use solar cooker to talk about radiation, also differences in specific heat, container of water. Or: Look at infrared pictures of homes. (any possibility for consultant to get infrared photos around campus?) Discuss reasons for the differences in infrared radiation between areas on the picture.

4. Second Law of Thermodynamics

A. Speaks about the direction of physical processes

B. Entropy is a quantitative measure of the disorder of a system.

C. Heat can flow spontaneously only from a hot source to a cold sink.

D. Heat energy cannot be converted completely to work. In an energy conversion process, energy is always degraded in quality, so that its ability to do work is reduced.

5. Summary

A. First Law of Thermodynamics states that energy is conserved. The heat added to a system equals the work done by that system plus the change in its total energy.

B. The Second Law of Thermodynamics states that, in an energy conversion, some useful energy is lost as heat. As a heat source cools off, the work available from that source declines. To conserve energy resources, we must try to match a source to the particular task that must be accomplished. (Note p. 116. Important concepts driving energy efficiency efforts.)

6. Trip around school with Consultant (or his/her notes), Building Maintenance Supervisor. How is heat generated and transferred around and within the school site? Conduction, convection, radiation. 

Assignment:

1. Read Chapter 5 to p. 138, plus pp. 144-145. Do Question 5, p. 146. and problems 1 and 6, pp. 146-147.

2. Read Chapter 6, Hinrichs. Do questions 3, 5, 9, 15, 16 on pages 193 – 194.

Week 8: Efficient and Passive Solar Design

Objectives:

• Understand R value, be able to give examples of low R-value and high R-value building materials.

• Calculate rate of heat flow, knowing R-value, area, and difference in temperature between materials.

• Understand how to reduce air infiltration.

• Understand how architecture and site selection affect heat loss or gain.

• Be able to diagram and describe how a solar domestic hot water system works.

• Be able to diagram and describe a passive solar building design.

Note: Gather temperature and wind data prior to class. 

1. Describe climate/environment at D-Q U site:

(See Site and Building Assessment worksheet.)

A. Monthly average daily radiation,  (Some info for Davis, and L.A., California, in appendix D, Hinrichs) 

B. Average temperature through year (month to month, or week to week chart) average number of annual heating degree-days, cooling degree-days?

C. Wind data 

D. Vegetation, shading

E. Occupation particularities: changes in use over year and over week.

2. Introduction to Energy Efficient Design

A. Since amount of our total energy spent on heating and cooling is so large, it is wise to learn how to control heat transfer between buildings and environment.

B. Retrofitting ( modifying an existing building) can significantly reduce heating/cooling costs.

C. Energy efficient appliances, lights, and solar energy features also important. This week, we are focusing on design and materials choice.

3. Building Materials

A. Good conductors of electricity are also good conductors of heat (e.g., metal)

B. Insulators will retard the flow of heat from one object to another; they are highly resistant to heat transfer

Demo: insulated cup vs. metal cup: How quickly is heat of coffee/tea lost? 

C. What makes a good insulator?

1. Air, if it is held motionless to prevent convection, and conduction  (thermos, double-paned window).

a. Wool, holofil, other fabrics which trap air.

b. Fiberglass is a porous material that traps air.

2. Glass, cork, plastic are good insulators.

Demo: Materials in room, clothes that trap air to insulate, or that use good insulators to prevent conductive or convective heat change.

D. Radiation transfer: Color influences radiant heat transfer

Black object is a better emitter and better absorber of radiant energy than white or shiny objects. (Relate to solar oven: Where is black used? Shiny or white used? Or relate to car or clothes color)

Demo: Look at solar cooker, solar panels, cars, clothes. How does color affect absorption and emission of radiation

Also: Can do experiment to determine when to add the cream to your coffee to keep it hot: early or late? A: Early, because white radiates less heat and the initial temperature drop decreases radiant heat transfer and conductive heat transfer because of the smaller difference in temperature.

4. House Insulation and Heating

A. Increased insulation of houses are one of the easiest and most cost-effective ways to reduce energy consumption — up to 50% on heating and cooling.

B. Remember the Conductive Heat Flow Calculation:

Qc = heat transferred by conduction = k x A x (T2-T1)  where k = thermal conductivity

 T

elapsed time


(

( = thickness of material

C. The reciprocal of thermal conductivity (K) is resistance to heat flow (R, or R-value)

R= (/k   The higher the R-value, the better the insulating properties of a material.

D. See tables 5-1 and 5-2 (pp. 124-125, Hinrichs)

1. Compare 6” insulation with brick

2. Compare plywood with polystyrene board

3. Compare windows with plywood

4. Window values are based on conductivity and convection (air space along window)

5. Exterior of a real house contains many materials.(wood, stucco, insulation). You need to add the R-values.

E. R-values include conduction and convection 

1. Convective forces depend strongly on velocity of air films on outside of buildings. Table 5-2 assumes 10 mph.

2. Increase wind to 15 mph and R-values decrease by 50%!

3. Plant shrubs near house to decrease heat transfer by convection

4. Heat loss by convection on inside of window increases significantly if air is allowed to move past window; maintain still air or limit it by drapes thermal shades touching the floor/window sill and by cornices/valences.

Observation: Look at traditional Indian designs for insulation, CA Indian Extension posters)

F. 35% of energy requirements for insulated homes are result of heat loss through windows.

1. Single pane windows lose 20 times more heat than well-insulated wall.

2. Use storm windows (glass or plastic).

3. Use insulating shades or drapes. 

G. Air infiltration: air that leaks into house (must be heated or cooled)

1. Infiltration can be responsible for almost 50% of home heating requirements

2. Depends on tightness of house 

3. U.S. average home, one complete air exchange per hour

4. Weather stripping around windows and doors may decrease infiltration 2 times, and pays for itself in 1-2 years (or less with current PG&E or So Cal Ed costs and high air conditioning or heating needs)

5. Wind significantly increases infiltration rate

6. Calculate heat losses due to air infiltration by the “air exchange method. Each fresh volume of air that leaks in needs to be heated to inside temperature.

 Q infil/time (Btu’s/hour)= 0.018 x(TxVxK   

where V=building volume in ft3, (T = difference between inside and outside temps in °F, 0.018 =specific heat of air, K = number of air exchanges

 K values range from 0.5 to 6

Do example p. 131, Hinrichs

7. We need some air infiltration

a. To carry bacteria, viruses, and pollutants out of house where they can concentrate.

b. To bring in fresh air

c. Need to be very careful to reduce pollutants when tightening up house or building a tight house. Wood stoves, fireplaces, and gas or propane stoves can lead to carbon monoxide poisoning, asthma and other respiratory problems. Mildew spores can be trapped. Solvents and other toxic chemicals used in painting, crafts projects, or cleaning can be trapped. Need to move these out of house through high ventilation, fume hoods, or do this work outside.

H. Degree Days and Cooling Days

1. For any one day, the degree-day (DD) is found by averaging the high and low temperatures for that day and subtracting from 65°F. Negative numbers are taken as zero. 

2. Number of cooling days = average temperature – 75°F

3. For a year, the total number of degree days is the sum of all the individual degree days.  (See Figure 5-8, p. 132, Hinrichs, to see map showing range of DDs.)

4. Can calculate yearly heating needs using degree-days.

Q total = Sum (1/R x A) x annual DD x 24 hours/day) 

Review examples, pp. 133-134, Hinrichs.

4. Site Selection:

A. Wind is very important factor in convective heat loss.

B. Windows should be blocked during cold weather and used for cooling during hot weather.

C. Building design 

a. Garages on NW block prevailing winter winds.

b. Plant windbreaks to reduce air velocity.

c. Build midway up leeward side of hill (away from wind and not in cold valley bottoms).

D. Use sun’s path in design.

a. Longest side of house should face south.

b. Install south-facing windows; keep north-facing windows to minimum.

See posters on traditional energy efficient design; shading, orientation, California Indian Energy Extension Service)

See Impact of Energy Conservation Measures, Tables 5-3 and 5-4, Hinrichs, pp. 135-136.

5. Solar Domestic Hot Water

Note: If possible, have DHW collector on hand

A. Most popular use for solar power

B. Used for domestic hot water and for swimming pools.

C. Installed on more than 2 million homes.

D. Types

1. Active systems using flat plate collectors

2. Batch water systems

3. Thermosiphoning systems

E. Freeze Protection

1. Drain the system. 

2. Use antifreeze and heat exchanger. (See figure 6.21.)

F. Flat Plate Collectors (were on D-Q dorms)

1. Thick, flat, metal plate to absorb sun’s radiation

2. Plate painted black to increase absorption

3. Water in tubes in contact with absorber plate, and the water is circulated by a pump.

4. Plate is covered with 2-3 sheets of plastic or glass glazing

a. Glazing serves as radiation shield to trap radiation emitted by the heated plate.

b. Glazing also serves as a lid to suppress convective heat loss.

5. Insulation behind plate cuts down on conduction loss.

6. Tubes need to make good contact with plate.

7. Collector efficiency influenced by:

a. fluid temperature

b. outdoor temperature

c. insolation

d. number and type of glazing layers

e. absorber plate characteristics

8. Collector Efficiency  = useful energy delivered/insolation on collector x 100%

9. Flat plate collector should face south (in Northern hemisphere).

10. Tilt angle should be perpendicular to sun’s rays

G. Focusing collectors

1. Concentrate sun’s rays on an oil-filled tube with mirrors or lenses.

2. Need direct sun; use a tracking system to follow the sun.

3. Boil water to produce steam which drives turbine (See pp. 170-171, Hinrichs.)

4. Focusing collectors are sometimes called “solar thermal.”

H. Batch Water Systems (D-Q dorms)

1. “Bread box” heaters

2. Cheap

3. Often used to pre-heat water for conventional systems.

4. Black tank inside and insulated box with a glass cover.

5. Two tank systems

6. As water is drawn out of home hot tap, cold water fills the tank.

7. Need to insulate at night.

I. Passive Thermosiphoning Systems (popular in Middle East)

1. Water flows from collector to tank by natural circulation.

2. Tank is located above the collector. (Figure 6.23, Hinrichs)

3. Warm water rises; cool water flows through.

4. Multiple passes.

J. Hot Water Conservation

1. Reduce water heater thermostat to 120°F.

2. Insulate water heater with R-19 insulation.

3. Install low-flow showerheads.

4. Graywater heat recovery systems.

5. Auto-timer on water heater.

6. Switch to on-demand water heater (tankless water heater)

6. Solar Space Heating

A. Passive Solar Space Heating

1. House acts as a solar collector and storage facility.

a. Allow sunlight in through south-facing windows (in summer, restrict sunlight with curtains, overhangs, etc.)

b. Store this energy in materials with high thermal mass, such as concrete, water, and stone.

(Check Indian Energy Extension posters or cliff dwelling, or adobe home photos for examples.)

c. Need excellent home insulation to keep warmth inside home.

2. Three methods. In each, heat flows by natural means; there are no mechanical devices.

a. Direct gain: Large south-facing windows admit sunlight, thermal mass exposed to direct sunlight (walls, floors).

b. Indirect gain: Solar energy is collected and stored in one part of the house, natural heat transfer distributes heat to rest of house.

c. Attached greenhouse expands collection area, heat is stored in concrete floors or water drums. 

B. Active Solar Space Heating

1. Flat plate collectors (usually on roof) absorb heat from sunlight, mechanical pumps move fluid from flat plat collectors to heat exchangers and storage unit (basement), from there heated fluid travels to radiators.

2. Often have auxiliary heaters. 

C. Thermal Energy Storage

1. Solar heating system must be able to store energy for night and cloudy days. Need big enough water tank and enough collectors &/or auxiliary system

2. Use specific heat of substance to select a storage material

a. Remember, different materials absorb different amounts of heat when undergoing same temperature change. (See table 6-5, Hinrichs)

b. Systems may use phase-changing materials to increase thermal storage.

D. Solar Cooling

1. Cooling is a major energy use, often greater than heating. (California summer electricity usage much higher than winter usage.

2. Passive solar cooling: controlling the heat a building gains from its environment

a. Site selection: shading, vegetation, breezes

b. architectural features:  window shades, overhangs, ventilation, attic flow, etc.

c. building skin features: insulation, radiant barriers, thermal mass, glazing

3. Active cooling is similar to gas-powered refrigerator in function, expensive.

Campus walk-around. Identify strategies for controlling heat loss and gain on campus, and opportunities for solar hot water and for passive solar space heating. (Can use Site and Building Assessment Worksheet)

Assignment:

1. Be ready for next week’s field trip. (Read any handout about the field trip site.)

2. Read articles about energy efficiency in homes and other buildings: Indian Sustainable Energy News 1:1, Native Power (to page 19), CA Energy Extension, Indian Energy Program 4. 

3. Complete sections A through E of Site Assessment workshop for your project site (You may continue through the end of the worksheet if it is more convenient to do it all at once.)

Week 9: Field trip: Passive Solar Design, Energy-Efficient Buildings

Objectives:

• Hands-on experience with energy efficient buildings

1. While at field trip sites, students complete instructor-created worksheets or use Site and Building Assessment Worksheet.

Assignment:

1. Finish the Site and Building Assessment Worksheet for your term project. Schedule a meeting time with instructor to discuss your project.

2. Trip to hardware or home supply store with efficiency materials list/worksheet.

3. Do at least one thing to improve energy efficiency where you live. As best as you can, quantify the amount of energy you expect your household to save per month or per year. (Resources: Homemade Money,  ACEEE; Consumer Guide to Home Energy Savings, Rocky Mt. Inst.; Energy efficiency web sites) 

Week 10: Hands-on Energy Efficiency Improvements

Objectives: 

• Assess and prioritize efficiency or solar design improvements 

• Install improvements

• Assess economic costs and savings.

• Assess noneconomic costs and savings

This is a good time for a hands-on consultant/contractor/building supervisor or electrician to walk through school with students and to make improvements with them. You will need to determine prior to the class which projects you will do so that you can obtain materials and equipment prior to the class meeting.

Materials Needed

Fluorescent lamps, timers, weather-stripping, drill driver, toolbox — nails, hammers, screws, screwdrivers, putty-knives/strippers; caulking guns, caulk, cleaning up supplies, maybe latex gloves, plastic sheeting, tape, and more. A “Watts Up” meter (available through Sustainable Energy catalogs is very valuable for this project.

1. Make efficiency improvements

It is very important that everyone is physically involved in installation. The more tool-intensive the work, the more important a non-tool oriented person does it. Take Pictures!

2. Estimate economic savings of improvements and prepare a small display or presentation that can be given to college administrators and Board of Trustees. (May be a good media day.)

Assignment:

1. Prepare for Quiz 2. 

Week 11: Quiz and Introduction to Electricity

Objectives

• Test knowledge of hydropower, thermodynamics, passive solar design and energy efficiency measures.

• Describe electrification and regulation of electricity market; deregulation.

• Understand electrical charges, currents (direct and alternating), and potential difference.

• Be able to describe how batteries work.

1. Introduction to Electrification

A. Convenient and commonplace; compare to chopping wood or feeding an oil lamp.

B. Review sources of electricity in world, U.S., California .(See EIA and CEC websites.)

C. Historically, electrical energy has been generated in central station power plants that use chemical, nuclear, or gravitational potential energy from sources of oil, coal, natural gas, uranium or water.

D. History of electricity: Franklin and others, Edison, Westinghouse, first power plants, electrification, rural electrification (though not always onto reservations).

E. 50-70’s: Big jump in appliance use. (Would be great to show pre-50s house and electrical appliances (lights, toaster, waffle iron, fans, radio, early refrigerators ... Compare to 21st century: space heating, air conditioners, big screen TVs, computer systems, big frig, stoves, washing machines, dryers, vacuum cleaners, lots of phantom loads, and on and on.....

F. See Figure 10-1, a, b Hinrichs (You should be able to update this using EIS website California figures from Cal Energy Commission and others, may also be helpful.) 

G. Late 70s to early 80s, slow down due to high oil prices and conservation; 90s energy use jumps up again.

H. PURPA (Public Utility Regulatory Policy Act), 1978; favors renewable energy and co-generation, reduces construction of new plants, encourages “demand-side management.”

I. California deregulates, conservation and renewable energy neglected, no long term contracts, spot market, drought & power plants down, market manipulation, high prices, crisis (Show charts and newspaper clippings.)

2. Electrical Charges and Currents

A. Another area within physics

B. Electrical charges are of two types.

1. equal in size and opposite in character

2. denoted as positive and negative

3. demos — glass rod rubbed with fur has a negative charge; rubbed with silk/nylon, has a positive charge, related to going down plastic slide in a wool clothes, other shocking experiences

4. an electric “force” exists between objects that have a net charge

a. the force is repulsive if the net charge is the same on both objects

b. the force is attractive if the net charge on both objects is different

c. like charges repel and unlike charges attract

d. demo with the rods or with bar magnets

5. The unit of charge is the coulomb (C) 6.25 x 1018 electrons have charge of 1 C

C. Electrons have negative charge; protons have an equal positive charge. All neutral atoms have same number of electrons and protons, and thus have no charge.

D. In the process of electrically charging something, electrons are transferred from one material to another. No charge is created or destroyed — only moved.

E. Conductors and insulators. Conductivity is the ability of materials to conduct, or transfer, electrical charge. The electrons in a good conductor are much freer to move around than the electrons in a poor conductor.

a. Metals are excellent conductors.

b. Glass is a poor conductor (good insulator).

F. Electrical Current is the flow of electrons through a conductor. It is expressed in terms of the amount of charge flowing past a point in a given time. It is measured in amperes (A) (amps). 1 coulomb per second = 1 ampere.

G. Potential Difference: For there to be a current between two points there must be a potential difference between these two points (flowing water  and height analogy), as well as a path for the current to follow.

H. Volts (V) are the units for potential difference.

I. Examples: flashlight (Hinrichs Fig 10-3, home electrical outlet, a person touching the ground and a live electric line!)

J. Direct current (d.c.) and alternating current (a.c.) 

3. Ohm’s Law

A. Requirements for an electrical circuit: a voltage source and a continuous path through which charge can flow.

B. Electrical resistance is a property of a substance that is related to the type of material, its length and its diameter.

C. Water analogy to Ohm’s Law.: amount of water flowing in a certain time is proportional to the gravitational potential difference between the two ends of the pipe (the difference in elevations) and to the size of the pipe. A very narrow pipe presents a large resistance to water flow, while a large diameter pipe will allow water to flow at a greater rate. The water’s flow rate is inversely proportional to the pipe’s resistance. Similarly, the larger the cross-sectional area of a wire or other conductor, and the shorter the wire or other path, the smaller the resistance.

D. Electrical resistance is expressed is measured in ohms.

E. Current, potential difference, and resistance are related by Ohm’s law.

Current =voltage/resistance 

(See example, p. 327, Hinrichs)

F. Electric Shocks and Burns: Need potential difference for current to flow (bird perched on wire is not electrocuted); electrical workers use high resistance materials on hands, feet, head, and tools to reduce chance of electrical accidents.

G. Discuss electrical safety measures.

Assignment:

1. Read Chapter 10. 

2.Complete Electricity worksheet.

Week 12: Electric Circuits and Photovoltaic Solar Introduction

Objectives

• Be able to set up a simple battery or PV panel to bulb circuit; be able to put switch in circuit.

• Diagram parallel and series circuits.

• Be able to use Ohm’s Law and power equations to determine current, power, resistance, voltage.

• Know electrical safety practices, and the electrical properties guiding these safety practices.

• Understand how photovoltaic cells generate electricity.

• Be able to sketch a simple PV electrical system, from source to load.

1. Elementary Circuits

A. A simple electric circuit uses a source of potential difference connected via wires to different devices (loads) to convert electrical energy to some other form of energy (light, heat, work).

B. Each electrical device has its own resistance (().

C. Each device can be combined in a circuit in one of two ways:

1. Series connection

a. Devices are put in one after another.

b. The same current flows through each one. (No electrons are lost.)

c. As more devices are added to the circuit, the total resistance of the circuit increases.

d. The total resistance is the sum of the individual resistances

e. As the resistance increases, the current will decrease according to Ohm’s Law.

f. Example: Light bulbs will grow dimmer as more bulbs are added.

g. Example: If one bulb burns out, you have an open circuit, and none of the remaining devices will receive electricity: no potential difference across the device, and, therefore, no current.

Activity: Students hook up battery circuits, with one bulb and with multiple bulbs, in series. Make sure to use some dead bulbs.

2. Parallel Connection

a. Devices can also be arranged in parallel. (Figure 10b, Hinrichs)

b. The incoming current divides between the devices.

c. The potential difference across each resistor is the same.

d. Each device receives the same voltage supplied by the source and so it is independent of the others.

e. The amount of current through each leg depends on the resistance of that leg.

f. The total current leaving the source is the sum of the currents through all the legs of the parallel circuit.

g. Don’t get burnout problem with series.

h. The total resistance of the parallel circuit decreases as more devices are added. This is analogous to more water being able to run through 3 parallel pipes than 3 pipes in series.

i. As the total resistance decreases, the total current increases.

j. If a circuit has too many devices in parallel, and all operating, there is a fire hazard because of excessive heating of the wire from the large current. (See figure 10-8b.)

k. To protect from overheating a fuse or circuit breaker is used in series with the source; this device will open at a selected current value and intentionally break the circuit.

Activity: Students hook up parallel circuits. Also can work with digital multimeters to see difference in resistance in series and parallel circuits.

2. Electrical Power

A. Electrical energy in a circuit (supplied by a battery or generator) is either converted to work (as in a motor), or dissipated as heat (as in a resistor) (See Figure 10-9)

B. The rate at which electrical energy is delivered to a device:

Power delivered = volts x current (P=V x I)

C. Unit of power is the Watt (W). 1W=1V x 1 A

D. Average home uses 500 kWh per month (not including space heating).

E. Need to know power consumption times duration of use.

F. See Table 10-3 for power use of different appliances.

3. Electrical Energy Conservation/Demand Side Management

A. Electrical energy conservation, along with solar passive design, efficient home design and maintenance, and solar water heating are essential ingredients in a renewable energy homes. They are a good idea for any home.

B. There is a great difference in the electricity use of different appliance models. Many older appliances are not worth keeping. (It would cost you less over several years to replace it, then to keep paying higher bills.)

C. Need to consider Life Cycle Cost: Initial costs + maintenance + energy costs.

Activity: Calculate life cycle costs of compact fluorescent with incandescent of equivalent lumens. You could also calculate costs for  front-loading washers or refrigerators.

D. Utilities also try to reduce peak demand, when cost of electricity is more expensive (more scarce) than cost during non-peak hours, through special time-of-use and emergency shut-down agreement contracts.

4. Photovoltaic Solar Electricity Generation

A. Photovoltaic (PV) generation is the conversion of sunlight directly into electricity. PV was used in the 1950s in the US space program, but was very expensive

B. Photovoltaic cells were discovered in 1887 by Heinrich Hertz and explained in 1905 by Einstein. He observed that when light strikes certain metals, electrons are emitted: photoelectric effect.

C. Light behaves as either a particle or a wave. In this case, light behaves like a particle: photon.

1. The energy of each photon depends on its frequency and equals h x f. (h=Planck’s constant)

2. An electron in a metal atom is able to “capture” a photon, and obtain the energy necessary to escape if the energy of the photon exceeds the binding energy of the electron in the metal.

3. This will happen if the frequency of lightwaves is large enough or if the wavelength is short enough. (wavelength x frequency = velocity of light)

4. Solar cells are made by joining thin layers of crystalline silicon that have been specially treated. (See Figure 12-4).

5. The special treatment creates a positive – negative (p-n) junction between the two layers. When light strikes the solar cell, a charge is created across the p-n junction. The potential difference between the two layers is about .5 volt. 

6. Output from a solar cell is directly proportional to the amount of incident light and the cell area. A cell 10 cm in diameter will produce about 1 W under insolation of 1000W/m2.

7. PV Panels produce direct current (DC).

D. Cost is now around $5/watt (down from $75/watt in 1975). Still most expensive 

commercially available renewable energy source. Future dependent on lower production costs and increased cell efficiency.

E. Many PV systems are in use. Despite high cost, they are still economic for a number of uses:

1. Utility scale power (especially grid intertie)

2. Remote home or facility power (train switching stations & warning lights, remote cabins, park service facilities, even oil pumping jacks)

3. Communications (remote transmitters, etc.)

4. Lighting (construction warning lights, signs, walkway lights

5. Water pumping

6. Vaccine refrigeration

7. Consumer items (calculators, watches, toys)

F. Advantages of PV

1. No pollution where electricity is generated.

2. Less environmental impact. Low maintenance cost, very reliable, rapidly assembled. Silicon is abundant. Does take the equivalent of 7 years of a panel’s energy production to produce a panel (This includes mining, transportation of parts, packaging, etc.). Panels last at least 4 times this long.

3. Less expensive than extension of electric lines. 

4. Self-sufficiency. With proper sizing of system and batteries, have power when others don’t. Immune to price increases of utility power.

Demo: Demo PV water pumping, by wiring PV panel to  small submersible water pump, inside a bucket of water

Activity: Students wire simple systems with small PV panels, conduit, load.  (Can be PV toys.)  OR

Activity: Do the Micro PV Power System Project (NAREEP Curriculum, Unit C-6 (Photovoltaics)

6. Components of PV systems

A. Basic System Components (This should be discussed with entire system at hand.)

1. PV Panels: come in units of 10 watts to about 100 watts per panel. Most common size is about 75 watts. Home systems use anywhere from 2 to 20 or more panels. 8-16 is common. 

2. Conduit

3. Charge controllers and other safety and controlling & monitoring equipment and switches.

4. Inverter: Converts DC power to AC power

5. Batteries 

6. This is tried and true technology. PV panels have warranties of 20-25 years. Improvements are being made, but basically this is proven stuff. Battery maintenance is the weak link in the chain.

7. PV systems are modular. They can grow with your load needs, though you may need to go to different inverters/controllers at some point, and batteries can’t be added as easily.

8. Siting is important. Solar access. A tiny shade greatly reduces the entire panel’s production. Rooftop or pole mount.

9. Panels can be fixed mount or tracking (moving with the movement of the sun)

Watch Video — Johnny Weiss on PV Solar: Then review the following points)

B. Stand-alone systems

1. Require storage systems

a. Batteries: Store electrical energy in chemical energy, can be released when you need it (night, overcast days)

b. Batteries require maintenance and care; they have hazardous chemicals and must be disposed of properly and housed in safe and vented enclosure.

c. For water pumping systems, the storage is a water reservoir. More water is pumped than is needed. The reservoir holds enough to cover the needs for night and overcast times.

2. Helpful to have back-up, which can reduce number of PV panels. Generally back-up is diesel generator.

3. Often PV is combined with a small wind turbine to make a hybrid system. Because wind blows often when it is overcast or dark, you get a more dependable power source.

4. Economics are different for stand-alone, since you are avoiding the cost of an electric line extension or the costs of running a generator for all power needs. 

C. Grid-intertie systems

1. The grid is your storage. When you need more than you produce, you take it from the grid. When you produce more than you need, you give it to the grid.

2. You can have batteries, where the system feeds the batteries as well. (Good in case of blackouts.) Because this adds expense, hazardous material and hassle, many stick with simple grid intertie. 

3. Net metering. Each state has its own requirements and compensation for grid intertie. In California we have net metering, where you pay the net electricity cost over the month. If, after a year, you have sent more electricity to the system than you use, the utility does not have to pay for it.

4. Grid intertie systems must have controls so that the system shuts down (or switches to battery storage) if the lines are down or there is a blackout. This protects lineworkers’ lives. Utility company inspect your system and then sign a contract with system-owner. 

5. Currently 2000-2001, the Cal Energy Commission is offering an incentive for grid intertie solar installations. This is $3/watt for intertied solar, and takes about a third or more off the cost of a system.

Assignment

1. Read Native Power, Solar Photovoltaic section, and ISEN 2:2, Solar Water Pumping, and Home Power article of choice related to PV solar system installation.

2. Read Hinrichs, pp. 381-393

3. Complete worksheet.

Week 13: Photovoltaic Solar Field Trip

Note: This class is to be taught in the field, with system installer guiding students through system components, installation requirements, maintenance; load management, etc.

Objectives

• Understand how angle of sunlight, and intensity of sunlight changes as sun moves across the sky. Understand how angle of sunlight changes through the seasons, depending on latitude. Understand how solar pathfinder is used.

• Understand how orientation of panel affect solar energy generation and how this changes through seasons. Understand how tracking panels work.

• Understand the impact of climate and cloud cover on energy production, and how solar installers take this factor into consideration when designing systems. Also impact of shading and how to prevent shading effects.

• Be able to diagram all the components of solar PV stand-alone system.

• Describe the function of each essential component of a solar PV system.

• Understand how load, solar insolation, battery efficiency, and climate factor into decisions about how many panels and batteries to include in system.

• Understand what it takes to run a successful solar energy business. (Skills, investment, knowledge, time)

1. Measuring and calculating solar insolation

A. Insolation maps

B. Solar Pathfinder

C. Local Experience

2. Orientation of panels

A. Winter, summer

B. Tracking vs. non-tracking, methods of tracking

C. Roof mount and pole-mount

3. Climate and Shading

A. How local climate affects insolation

B. Avoiding shading effects (trees, buildings, seasonal changes)

4. Components of PV-Stand-Alone System: Functions and Specifications

A. Panels 

B. Mounts

C. Conduit

D. Inverter

E. Shut-off switches & controllers

F. Monitors & Meters

G. Power conditioners

H. Batteries

5. Sizing a PV System

A. Load study

B. User Requirements 

1.Can they flex with power availability or not? If so, how much?

2. Back-up power?

C. Insolation studies, flux through day and year

D. Consider efficiencies of system

E. Battery capacity if stand-alone system

F. Below yearly use if grid-intertie and no net profit for producer.

G. Room to grow system with increasing needs and/or funds.

6. Maintaining a PV System

A. Batteries!

B. Panels clean..

C. Other...

7. Running a Renewable Energy Business

A. Training

B. Investment

C. Time Commitment

D. Marketing & Supplier & Customer Relations

E. Typical Days?

Assignment

1. Read Hinrichs, Chapter 11.

Week 14: Electricity Generation 

Objectives

• Understand turbine-based electrical generation, included direct turbine action, steam powered, and combustion-steam systems.

• Describe what a motor does and what a generator does.

• Explain how a hand-crank generator works.

Video about electricity generation or generators and motors would be good way to start.

1. Magnets & Electricity

Magnets

1. Magnets attract and repel each other; like poles repel, unlike attract.

2. Magnets act as if there are two centers of force, which are called poles, labeled north (N) and south (S).

3. The force between two magnets varies inversely as the square of the distance between them. 

4. Magnets have “magnetic fields.”

Demonstration: Do a magnet bar, metal filings demo — or use a “Willie” toy, which is a magnet and filings, with a face under the filings, and plastic over them.)

Magnetic Field of a Current

There are similarities between magnets and two electrically-charged bodies.

a. The forces could be both attractive and repulsive.

b. Both create forces which could act in a vacuum.

c. Both forces were inversely proportional to the square of the distance between two charges or poles.

Discovery that an electric current produces a magnetic field.

A coil of wire with a current passing through it also acts as a magnet, similar to a bar magnet. (coil, a.k.a. solenoid)

Electric Motor

A current-carrying wire placed in a magnetic field will experience a force, causing it to move. If this wire is connected to a shaft, useful work can be obtained from this motion. This is an electric motor. (Demo, simple electric motor from simple battery/electric toy or broken something (fan…)

Components of an electric motor

a. Coils of wire (armature) are placed in a magnetic field.

b. The armature turns a shaft.

c. The wires from the armature are brought out to sliding contacts called commutator rings.

d. For the shaft of rotate in the same direction, the current in the wire needs to change direction; happens automatically for AC; a split commutator ring is used for DC.

2. Electricity Generation

In motors a current creates a magnetic field. In electric generators, movement of a magnetic field creates an electric current.

When the magnet is moved, a potential difference is produced between the ends of the wire, and thus a current is generated in the wire. 

The faster the magnet moves, the greater the induced voltage. (Faraday’s law of induction: principal behind today’s electric generators.) (See Fig 11-11, Hinrichs)

Differences between motor (fig 11-8) and generator (fig 11-11)

In a motor, a current is supplied to the wires of a coil, which experience force in the magnetic field, causing them to rotate and turn a shaft.

In a generator, the same shaft is turned by an external force (moving steam or water) causing the wires to rotate in the magnetic field and inducing a current in the loop.  (Demo: hand crank generator.  If available, look at microhydro generator or wind generator with casing off, or diagram of the same.)

Some motors/generators can be run in either direction.

3. Transmission of Electrical Energy

Transformers: Voltage Changers

Transmission of electricity from power plants to home could be done with any conducting wire at 120V.

However, the power needed by all the houses adds up, and if it were transferred at 120 V that would mean a huge current.

Power is dissipated as heat, based on current, according to the equation Power loss to heat = I2x R. With less current, you lose less power.

For these two reasons, power is transmitted at high voltages, so that it has less current. (Remember, P=VxI)

To change (transform) the voltage to a higher or lower value, a transformer is used. (See Figure 11-15, Hinrichs)

Can step-up or step-down voltage. Step up at generator for transmission; step down several times (substations, pole or underground transformers) before reaching homes & businesses.

Environmental & Economic Impacts of High-Voltage Lines

High voltages can cause ionization of the surrounding air, resulting in a glow at night and a high frequency buzzing sound

Hazards & Irritations

a. Shocks while installing rain gutters

b. Loud electric noises & TV & radio interference

c. Ozone generated by the interaction of electric fields with air, resulting in lessened resistance to bacteria, emphysema, & reduced plant growth.

Magnetic Field: biological effects unclear: increased cancer or not?

a. A 765kVtransmission line is about 1 gauss. 

b. Earth’s magnetic field is 0.5 gauss. Close to TVs and hair dryers up to 3 gauss.

c. Fields easily blocked by vegetation & buildings & decrease drastically with distance.

Cost: More than half the price of electricity is for transmission & distribution.

4. Steam – Powered Electric Generation

A. The majority of electricity used in the world today is produced by generators that transform mechanical energy into electrical energy.

1. Coal, oil or gas are burned to heat water.

2. High speed steam from heated water is channeled to drive turbine blades.

3. Turning blades are connected to shaft on which coils are mounted — creates electric current.

4. Current is carried to step-up transformers and sent through high power transmission lines.

5. Steam is cooled (and cooling water is heated). Warm water is returned to lake or river.

6. Cooled water is used again in the steam generator.

B. Co-Generation

1. Both electricity and useful heat are produced from the same fuel source

2. Two types:

a. Electricity is produced, then exhaust gases or high-pressure gases are used for heat (Figure 11-23, Hinrichs).

b. Steam that has already been used in an industrial process is run through a low-pressure steam turbine for electricity generation. (Fig 11-24, Hinrichs)

Possible explorations/demonstrations: diesel generator, car engine, starter, etc., gasoline mower or other 2-stroke engine)

Assignment

1. Read Native Power, wind power section, and ISEN, 2.1, Wind issue.

2. View websites: American Wind Energy Association, Wind Powering America.

3. Read Chapter 17, Hinrichs, Biomass, pp. 534-552.

4. Review Home Power Wind or Biomass article and answer worksheet questions.

Opt. There are extra excellent articles on wind power in the NAREEP curriculum. (Most of these are taken from Home Power.)

Week 15: Biomass and Windpower

Objectives

• Understand how wind turbines work.

• Describe requirements for cost-effective wind project.

• Understand how biomass is used to produce electricity.

• Understand other biomass uses; particularly woodstoves.

1. Wind Power

A. Wind Resources

1. Wind energy could provide 20% of America’s electricity through large grid-tied turbines. Also small turbines could provide for many remote small-scale applications.

2. Wind power is very site specific. There are regions that have high annual average wind speeds and localities within regions that are much windier than others — tops of smooth, rounded hills, open plains, shorelines, and mountain gaps.

3. Wind varies from season to season.

4. Best U.S. wind potential is in the Midwest. The Great Plains are “the Saudi Arabia of wind power.” Many Great Plains tribes are beginning to take advantage of wind resources. (See ISEN 2:1. Share contacts with  Great Plains tribal colleges with wind projects.)

5. Cost per Watt for commercial generation is now at 3 to 6 cents per kWh — less than electricity from a new coal or nuclear power plant.

6. For off-grid systems, cost of windpower is compared to costs of utility line extension or cost of diesel generator, solar power or microhydro. Wind is more economical than all but microhydro.

7. Current U.S. wind production is 2500 MW. (less than 1% of U.S. electricity production) Denmark gets over 10% of its electricity from wind.

B. Power Generation

1. Wind turns turbine blades. The “governor” turns turbine to catch the wind. Usually turbine is set to shut down if wind to powerful, and to not come on until wind is sufficient (4-10 mph). 

2. Wind turbine blades are airfoils (work like airplane wings) The airfoils depend on aerodynamic lift (rather than drag) to move them.

3. Power is proportional to the cube of the wind speed! A small increase in wind speed makes a huge difference.

3. Turbine connected to a drive shaft, which turns a magnet through a coil of wire. 

4. Current is “conditioned” so that voltage is right for loads.

5. Electricity can be fed into the grid, used directly (water pumping, etc.), or stored in batteries.

C. Sizing

1. Commercial turbines range from about 100 kW to 1000 kW (1 MW) in size. Home or farm systems can vary from 1 kW to 25 kW. In-between sizes may be used for remote applications or village-scale projects.

2. Commercial turbines are usually set up in “wind farms,” with tens to hundreds of turbines. These are connected to the utility grid.

3. Power output is proportional to the square of the swept area. If the rotor diameter is doubled, the turbine output is quadrupled.

D. Siting

1. For commercial-scale wind turbines, must do feasibility studies with anemometers on towers, as well as research nearby sites.

2. For home use, it is often sufficient to use a number of local information sources and some environmental markers. (e.g., the turbine of a neighbor in a similar site is catching wind at 15mph; the local airport is getting 17 mph; there is also a wind speed estimate that is related to the flagging of trees.)

3. Topography and vegetation make a big difference. You want to get your swept area away from the turbulence near the ground surface. As a general rule the bottom of a turbine blade should be located at least 30 feet higher than any obstruction within 500 feet.

E. Environment impacts are minimal.

1. No air or water pollution from generation. 

2. Bird collisions were a problem particularly at Altamont Pass in California; however studies show that this is much rarer in other places and turbine design changes have reduced bird collisions. 

3. Swooshing noise near turbines.

4. Cost of producing turbines

5. Socially, turbines create local jobs; offer opportunity for land lease deals & local revenues from property taxes.

F. Maintenance

1. Routine maintenance: minor but important: tightening bolts, greasing, replacing bearings, etc.; require climbing or bringing tower down (if it is a tilt-up)

2. Safety: blades (which are shut down for maintenance), height

2. Biomass Energy

A. Biomass energy is energy derived from living matter: crops, trees, agricultural & forestry wastes, municipal solid waste.

B. Now provides about 4% of U.S. Energy needs; could possibly provide up to 25%.

C. Can be burned directly to produce steam or electricity, or can be converted to liquid or gaseous fuels (Figure 17-1, Hinrichs).

D. Municipal Solid waste

1. Landfill space shrinking, waste increasing.

2. Need to reduce, reuse, recycle.

3. Waste incineration 

a. Produces energy 

b. Waste reduced by factor of 10 in burning process

c. Pollutants (dioxin released to air) and heavy metals in the residual ash (leached out of landfill where residual ash is deposited) This can be a problem— need secure landfills.

E. Biomass Conversion

1. Plants capture energy from the sun through photosynthesis; plants turn light energy into chemical energy which is stored in plant cells. 

2. Direct combustion: produces heat for space heating, cooking, or producing electricity through a steam turbine. Can use anything from solid wastes to crop residues to wood. (Wood stoves)

3. Pyrolysis: thermal decomposition of wastes into a gas or liquid (with a relatively low heating value) under high temperatures in a low-oxygen atmosphere.

4. Biochemical processes: the decomposition of organic wastes in an oxygen deficient atmosphere with the production of methane gas/biogas (anaerobic digestion) or controlled fermentation for production of alcohols ethanol and methanol. 

a. Two-thirds of China’s rural families use biogas as their primary fuel.

b. Ethanol can be used as a motor fuel, expensive to produce, used as gasoline additive to improve performance and decrease emissions.

c. Methanol: excellent fuel for internal combustion engines. Costs more than gasoline.

F. Residential Wood Combustion

1. Historically, primary source of fuel for heating, cooking. Still major heating & cooking source in underdeveloped and rural settings.

2. Environmental Impacts

a. Deforestation, leading to erosion, floods, loss of nutrients for crop production

b. Air pollution: carbon monoxide and organic and inorganic particulates, including carcinogenic compounds, decreased visibility, health effects, particularly respiratory impacts. These are hardest on children, elders, and those with preexisting health problems.

3. Wood Combustion: 3 stages

a. Moisture evaporates.

b. Wood catches fire as some of the solid wood and volatile compounds burn

c. Heated wood decomposes into charcoal and smoke. If temp reaches 540°C, charcoal burns; if it reaches 600°C volatile compounds ignite. 

d. More efficient stoves achieve higher temperatures. With secondary combustion chamber, get more heat per log, and reduce emissions. Fireplaces are very inefficient and more polluting.

Assignment

1. Read Native Power, Financing Section or ISEN, Financing Issue.

2. Read a Home Power (or other source) article that shows the costs of installing a project similar to yours. You can also use catalogs (in class & on internet) to help figure costs.

3. Create a spreadsheet showing the costs of your project (as best as you can). Find out if there are any rebates or other incentives that you can take advantage of. Who will do the labor? At what cost? You may create a cost estimate for a small pilot version of your entire project, for a feasibility study, or for Phase One of the project.

Week 16: Economics and Funding of EERE Projects

Objectives

• Estimate the costs of residential size off-grid, and on-grid projects.

• Estimate savings for residential off-grid, and on-grid projects.

• Make rough calculation of costs of some campus EERE improvements.

• Describe current trends and uncertainties in price of grid power and of EERE equipment.

• Be able to calculate economic payback period.

• Describe non-monetary benefits to consumers, community and environment of project.

• Know ways to access loan and grant funds for EERE projects.

1. Costs of EERE Building or Improvements

A. Costs of energy efficient appliances/design.

1. Sources

a. Local dealers: Energy Star and Energy ratings. (Check the latest edition of Consumer Guide to Home Energy Savings by Wilson, put out by the American Council for an Energy Efficient Economy, 

b. Catalogs

c. Many energy efficient measures are building and equipment improvements or maintenance. (Insulating, caulking, putting sensors and timers on appliances, installing storm windows, insulating draperies, etc.) Some are simply use (turning of appliances & lights, thermostat settings). Costs depend on who does the labor and on the costs of materials in your area. 

2. Rebates: These change over time, but often there are rebates for the more expensive, more efficient appliances. Take these into account when doing cost, benefit analysis

3. Durability/Lifetime differences: 

Compare the lifetimes and reliability of energy efficient appliances & lighting. Often it is better. Compact fluorescent lights last approximately ten times as long as incandescence. Front-loading washing machines use far less water and detergent and are gentler on clothes (increases the durability of your clothes!)

B. Costs of renewable energy equipment

1. Catalogs & local suppliers. Check phone book and web for local & regional suppliers. Also check Home Power ads and classified.

2. Through installer-dealer. Local installers provide know-how and experience. Although you have to pay for their labor, you may save the cost of mistakes, or simply not knowing the current equipment market.

3. Rebates. There is currently a $3/watt rebate for solar power systems (not including installation)

4. Costs of Back-up. If off the grid, you will probably need to add the cost of back-up power (costs of being connected to the grid, generator and fuel costs) 

5. Non-monetary costs: You need to watch over and maintain your power system. Batteries, especially, take maintenance. Solar panels need cleaning off; wind turbines need to have bolts tightened and bearings greased, and microhydro need debris cleared from the intake (often during or just after a heavy rain). It’s no longer a flip of a switch or a call to the power company. Renewable energy systems also have environmental costs, but usually much lower than nonrenewable systems. It will be more of a hassle to reproof if you’ve got panels and solar water collectors to move. Many installers offer maintenance contracts.

C. Costs of installation

1. Installers: Call local installers for going rates.

2. Do-it-yourself or something in-between. Interview folks who have installed their own. Some installers are happy for assistance, particularly in digging trenches for cable and other laborer work. The more you are involved, the better you will be able to maintain and troubleshoot the system.

3. Utility intertie costs: Check with your utility about connection costs and initial intertie costs, etc. These can usually be found on line.

4. Maintenance costs: Generally low outside of battery replacement (which is much lower if you carefully maintain the batteries.

Activity: Estimate cost of some campus energy efficiency or renewable energy improvement. Use contractor estimate, catalogs, local dealers to get an idea of material and labor costs. 

2. Savings

A. Stand-alone system

1. Compare with cost of utility connection.

2. Compare with the costs of generator (including noise, delivering fuel.). Estimate costs of fuel over life of system (expected to go up, but by how much? Check Energy Information Association and ACEEE for estimates.)

3. Compare with costs of doing without the power.

4. Include the value of reliability (vs. utility blackouts).

B. Inter-tie system

1. Compare with the cost of grid electricity. Be sure to make an estimate of grid electricity through the life of the system (for the next 25-30 years…)

2. Be sure to include rebates.

Activity: Estimate savings from campus project. Fuel or electricity saved. Include rebate. Estimate lifetime of project; then estimate lifetime costs (including maintenance) and savings. Figure payback period of project. How many years (or months) will it be before savings equal costs.

Discuss the non-monetary costs and benefits of the chosen campus energy efficiency or renewable energy retrofits or improvements.

C. The Current Power Situation

1. Review newspaper articles and information from web sites. 

2. Estimate the impact of rising energy costs on the college budget. Where will the college get the funds to pay for these higher costs? 

3. What is the impact of the rising energy costs on businesses, residents, local governments, energy suppliers?

D. Funding Energy Efficiency and Renewable Energy Projects

1. Business Opportunities — possibility for individual and tribal businesses

a. Develop RE potential (particularly wind & biomass) and sell to the power grid

b. Production of panels, collectors, etc., energy efficiency materials/equipment

c. Installation, retrofitting, as a business

2. Home-scale projects

a. Revolving Loan Funds (used by Hopi Solar)

b. Built into home financing.

c. Tribally funded 

3. Community Scale

a. Commercial loans, bonds, and venture capital

b.  Federal, state and private grants for pilot projects, feasibility studies, technical assistance

E. Promoting a Project

1. Develop funding proposal or business proposal.

a. The local small business development office provides low-cost assistance with developing business plans, marketing, financing, etc.

b. There are many sources for help with proposal development and finding funders: internet, library, community foundations, other people who have developed funded proposals in the community.

Activity: Read from/show proposal for something at University or RFA/RFP from funders interested in sustainable energy, tribal colleges, Native Americans, energy

2. Discuss next steps in getting funding for sustainable energy projects at school or for students’ projects. 

Assignment

• Complete individual project reports.

• Prepare to make oral class presentation with visuals

Week 17: Student Presentations and Class Presentation

Objectives

• Present individual projects

• Contribute to class presentation of arguments for DQU EERE improvements, including costs, benefits, and priorities.

• Evaluate class

Assignment:

1. Prepare for final exam.

Week 18: Final Exam

D-Q UNIVERSITY,  ES 115: ENERGY FUNDAMENTALS




