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Lecture 11: Non-tree Biomass

1. I listed 4 categories of non-tree biomass that could be used to generate energy and chemicals.  You need to know what each of these groups are by name.

2. Agricultural wastes

a) Can you explain why residue/grain ratio is important for the production of energy (or chemicals) from agricultural residues?

b) What is the major crop produced in the US?

c) Which crops in the US would you choose to produce energy from?

d) Is your answer to iii different than ii above, why?

e) Why is the ash content of agricultural residue important when it comes to thermally (burning, etc) converting this material to energy? (There are at least 2 major reasons)

f) What is currently done with agricultural residues?

g) What are some of the problems associated with working with agricultural residues?

h) Can you explain the whole Eastern Washington wheat story in terms of:

i) What did they used to do with wheat straw in Eastern Washington and why can’t they do this anymore?

ii) Why is it a problem to leave the old wheat straw in the field?

iii) Why is it a problem to plow the wheat straw into the field?

iv) Why is it difficult to burn the straw for energy? Or to make paper out of the straw and burn the black liquor?

v) Is there a large market for this wheat straw?

3. Agricultural Solid Waste (manure)

a) We talked about this but I only gave you one lecture slide and some reading (bummer).  We did discuss this in terms of:

i) What is currently done with manure?

ii) What are there problems associated with disposal of manure?

iii) How much manure is generated each year? Do you think this is a lot?

iv) What are two ways in which energy can be obtained from manure.

4. Municipal Solid Waste (garbage)

a) How much (%) of garbage is paper?

b) How much total is organic (can be burned to produce energy)?

i) What are some of the problems associated with burning garbage?

c) Biosolids

i) What are biosolids?

(1) How are Biosolids treated after leaving your house?

ii) What do we currently do with biosolids

iii) How much biosolids are generated each year (compared to MSW)?


Lecture 12: Biomass Plantations

1. In this lecture we discussed the possibilities of growing our own biomass to generate energy or produce chemicals.

2. If I ask on the test, can you list the different categories of biomass we listed as possible plantation organisms?

3. Trees

a. What were the 2 characteristics of a good tree for an energy plantation that we discussed in class?  I don’t think I stressed this enough but this is important!!!
b. Can you provide a couple of examples of good trees for energy production?

c. Can you name other factors which would determine what species of tree you would choose to grow for energy besides those from part a?

4. Grasses

a. We discussed that similar criteria should be used to choose grass species for energy production as was used for trees so I won't ask you that again.  Can you name a couple of example grass species grown for energy production?

a. How would you determine which species of grass to grow?

5. Agricultural Crops

a) We grow agricultural crops for food but we can also grow them to produce energy or we can use the residuals

b) Can you provide examples where plants are grown just for energy production?

c) Can you discuss what is available for energy production from a corn field?

d) We had a discussion on why seeds and nuts have oils or fats.  Can you tell me why?

6. Aquatic organisms

a) Once again can you provide examples of species that might be used for energy production?
b) Do these species grow rapidly?

c) How is the addition of aqueous solutions of biosolids to ponds growing aquatic organisms beneficial in terms of producing biomass and reducing pollution?

7. How could the establishment of energy plantations be bad for the environment?

8. Is the economics of biomass plantations good or bad?


Lecture 13: Biofuels

1. Bioethanol

a) Can you describe the basic steps in the production of bioethanol? (I really like slide 4, lecture 13)  The one step I left out of the slide was the distillation step to separate the alcohol from the water.  I will describe this step in depth in the lab

i) Why is the first step of this process the mechanical disruption of the biomass?

b) Why must the carbohydrates (like cellulose) be broken into small pieces through the use of alcohol or enzymes?
c)  Is the formation of ethanol from biomass a chemical or biological (biochemical) process?

i) This process uses yeast to produce the ethanol.  Will baker’s yeast like what is used when making bread work in this process?

d) What chemicals are used in the production of bioethanol (what do the yeast eat)?

e) Is the production of ethanol as a transportation fuel currently economically sound in the US?(profitable for everyone involved)
f) What are the products of fermentation?

g) Why can’t the yeast produce alcohol solutions stronger than roughly 12-13%?

h) What is the purpose of distillation?

i) Is ethanol as good as gasoline in terms of power output?  How about in terms of pollution output?

2. Biodiesel

i) Can you describe the basic steps in the manufacture of biodiesel?  What is the starting material?  What are the products of the reaction?  Is this a chemical or biochemical process?

ii) What are some of the benefits of using biodiesel?

(1) What are the good aspects and bad aspects of using waste cooking oil to produce biodiesal?

iii) If the production of biodiesel economically sound (profitable)?

3. Anerobic Digestion (production of methane)

i) What are the raw materials for this process (what is being converted to methane)?

ii) What is taking the raw materials and making the methane?

iii) What is the other benefit to this process besides making methane?

9. Lactic Acid...I am going to talk about this later so ignore the slide on this.


Lecture 14: Energy Producing Systems

1. This lecture consisted of a discussion of the systems used to thermally (heat) convert biomass into energy.

a) Can you list the 3 systems discussed in this lecture?

b) Why is moisture content of the biomass important in terms of generating energy?

c) Why is the location of these conversion plants important?

d) Why are some problems involved with the transportation and storage of biomass?

i) How do fires start in chip storage piles?
2. Gasification

a) What, in general, are the products of gasification?

b) How in very general terms does gasification work (do not even answer this question in as much detail as I provide (which is very little))?

3. Combustion

a) Obviously this is the process of burning organic material.  In class we discussed how burning biomass can produce electricity.  How does this happen?  You need to be able to describe (in general) the steps taken to convert biomass into electricity.
b) What are some of the problems associated with producing energy from the combustion or gasification of biomass?

4. Pyrolysis

a) What is pyrolysis? How is it done?  At what temperature?

b) What product (liquid, solid, gas) is produced?

5. Why is the size of the biomass important in these operations?

6. Again....why is moisture of the biomass important?

7. What are the byproducts produced in these processes? Are they problems?

Lecture 15: Other Renewable Energy Sources

1. Solar energy

a) It has been determined that there is enough energy coming from the sun as sunlight to supply all of man's energy needs.  What percentage of the sunlight that strikes the Earth would man need to capture to satisfy man's energy needs for 1 year?

b) What percentage of our energy needs comes from energy?

c) I listed three ways of getting energy from the sun.  You should be able to list the 3 and provide a very simplified description of the process.

d) Why do you think that solar doesn't make up a larger proportion of our energy needs?

e) Are there environmental issues associated with solar power?

2. Wind Power

a) Can you describe the components of wind driven energy system?

i) What is the function of each component

b) Why are wind energy systems more cost efficient than they were in the past?

c) How much land would be needed for windmills to supply 20% of our energy needs?

d) Can you describe a beneficial relationship between farming and wind power?

e) Are there environmental issues associated with wind power?

3. Hydroelectric power

a) Power from hydroelectric makes up approximately 5% of our energy needs.  Why is this percentage not likely to grow in the coming years?

i) What are the problems associated with hydroelectric power?

ii) How much more land is needed for a hydroelectric project to generate the same amount of energy as a wind project?

4. Geothermal

a) Can you describe how the geothermal generation of power works?

b) How does the cost of geothermal power generation compare to natural gas?

c) The generation of heat and steam for commercial and residential heat along with electricity is known as cogeneration.  This is a good thing.  I don't have a question on this I just wanted to make sure that you knew this.

Discussion on Biomass energy in Sweden
In this lecture I discussed my experiences from my trip to visit the ethanol pilot plant in Örnsköldsvik, Sweden (can you pronounce this name?).  In general I went through each step in the production of ethanol from residues.  We also discussed what could be done with the leftovers from this process.  Here are a few questions for you to ponder.
1. What is the source of biomass used in this ethanol pilot plant?

a) Why was this material chosen?

b) Why is this material not currently used for other applications

2. Why it the biomass first broken into small pieces?

3. Why is the biomass treated with dilute acid?

a) What is the type and strength of this acid?

4. What is the used to produce ethanol from the biomass?

5. What %alcohol was produced in the fermentation stage of this pilot plant?

a) Is this good or bad?

6. What system is used to remove the alcohol from the water?

a) What % alcohol is produced from this process?

7. What residue is left after alcohol manufacture?

a) What is the number one thing the plant is considering doing with this material?
b) What are the 3 ways the plant can do this?

c) Where could they sell this material to generate more money than what is discussed in 7a?

i) Are there large markets for this material?

Lecture 16:  Low Molecular Weight Compounds from Trees


1. In general, what functions do extractives perform in plants? (can you list them?)

2. What is the definition of heartwood (in a tree)?  Why is this portion of the tree most resistant to decay?

3. Why does bark typically contain such high levels of extractives?

4. Terpenes are typically the class of chemicals that gives the aroma to softwood (Christmas type) trees.  Why can you smell these chemicals and not others like cellulose or lignin?

5. Douglas fir is the most common softwood tree in our area.  It is also the most important commercial species.  This tree can be used to produce terpenes.  What by far, is the most abundant terpene in Douglas fir (this compound smells like turpentine)?

6. Is there more terpenes in hardwoods or softwoods in the United States?

7. What is typically the most common function of terpenes in a tree?

8. What are the 3 main ways of obtaining terpenes? (can you list them?)

a. Which of these is the most common in the US?  Why?

b. If you wanted to obtain terpenes from a tree branch, how would you do it?

c. What are the markets for terpenes?  (the uses)

i. Why are terpenes often modified chemically before they are sold? For example I gave you a chart showing products produced from alpha pinene which includes rose oil and vitamin E. Ok, Ok someone ask me this question in the review session.
ii. Why are products such as rose oils most often produced from wood terpenes?  (this question is linked with the last question)

Lecture 17 Low Molecular Weight Chemicals from Trees II

1. Resin Acids

a. What typically is the composition of pine pitch? (What are the 2 classes of chemicals?)

b. What do trees use resin acids for?

c. What is the difference between the term rosin and the term resin acids?

d. How is rosin obtained? (3 ways)  Is rosin a commercial product?

e. Can you explain the procedure in general terms for isolating tall oil rosin from black liquor?

f. Can you describe some of the uses for rosin?

g. Resin acid competes in many markets with products produced from petroleum.  How is it that these natural products can compete?

2. Flavonoids

a. What are some of the role of flavonoids in plants

b. Why have flavonoids been described as the most ubiquitous monomeric natural product? 
c. How are flavonoids typically isolated from plants?

d. Can you name a few plant sources that have high concentrations of flavonoids?

e. You can buy flavonoids in pill form at your local drug store.  What are these sold for?  What do studies show they do?

3. Lignans

a. What do lignans do for trees?

b. How can they be isolated from trees?

c. In general, what good are lignans to humans?

d. What is Podophyllotoxin?  Where does it come from?  What is it used for?
e. What is Etoposide?  Where does it come from?  What is it used for?
f. Lignans are sold commercially for uses ranging from medicines to antioxidants for oils. Some of the lignans are isolated from plants directly and sold. Some lignans are actually built from petroleum products.  What determines the best procedure for isolating these products?
PAGE  
5

