ENVS 350 Mid Term Exam 2015 - Name: _______________________________
This exam consists of 13 short/medium answer questions. Questions are worth 10, 15 or 20 points. There are a total of 180 points available on the exam. Take your time on this exam; there is no reason to hurry through it.  For any numerical question, be sure to show your work; don't just write down an answer.
The score distribution looks as follows:

[image: image5.png]Tk

Electrioity & caried at 132V
by the g tribution £y:tem
run by regional electioty.

Transformar steps down
from 400 1o 132 v

Distribution
tanstormer

Aseoond transtormer
staps down the voltage

Alarge industial customer
il have s own <tap-down
ransformer, receiving
slectricty at33 k.

Gables than runto
individual ussrs

Distribution to residential
users, 31240 V.

National Grid transmits Electiioily & genraied by

electicty nationally at power stations, and the

Sither 400 ko or 278 kv voRage s steppad-up for
nationwide rans mision

Small industial users





The effective average and standard deviation on the exam is:

132 +/- 12  (avg = 73% which is the same as last year, and the year before, etc, etc); what is different from previous classes is that there is no tail to lower scores (less than 60%).

If you insist on mapping a numerical score into a letter score (which I do not do) then

Roughly speaking all scores about 140 would be an “A”

All scores below 118 would be a C”

However, letter grades are not assigned to the exams – you just have some points which will be weighted into the final grade determination and some of you will be above average and some below.

Note: All Underlined words were important terms to use in your answer to a specific question. Many answers did not include these terms. Since you had a study question list in advance, you did have adequate preparation to produce more exact answers than most of you did. 

There were lots of "mercy" points given on answers which were more generic than specific.

Exams are retrievable outside by lab door, 417 Willamette Hall.

* 10 Point Questions *

1.  At present, explain the various factors that are limiting our rate of wind energy build out in the United States. 
Answered reasonably well but,

At present the major limitation is the expiration of the Production Tax Credit (PTC).  Only 20% of you mentioned this.  
Other things include:

· Logistical transport issues (mostly related to blades)

· Lack of transmission line infrastructure

· Rare Earth Mineral limitations

· Lack of component production facilities
 2.  You have just purchased your whizbang new age healing device. This device generates designer ions that immediately reduce of stress. You really know nothing about this device other than a label on it which says "Plug me in to your American House - I require 15 amps of current". Over the course of 24 hours, how many total KWHs of energy has this device used?

P = V*I = 120*15 = 1800 Watts = 1.8 KW 

1.8 KW x 24hrs = 43.2 KWH

· Standard American hous = 120 V
· Volts * amps = Watts, not KWatts – reality check for those that got 43,200 KW –huh?
3.  Explain how a basic electrical generator works and why it’s not possible to “miniaturize” this technology. Answered well by most.
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Turning a coil of wire between two stationary magnets produces AC (alternating current) Electricity.

Can’t miniaturize because:

a) the mass of the copper wire (number of coils) largely produces the current level

b) can’t really miniaturize magnetic materials – needs lots of magnetic mass to produce reliable and copious amounts of current.   Same reason that your car battery is relatively big and heavy – need lots of mas..
 4.  Explain why any local utility company has difficulty dealing with times of “Peak Power” and the mechanisms available to them to deliver electricity at these times of Peak Power demand. Answered reasonably well but again most answers were incomplete.
Need to discuss and define 

· Power plants runs best at constant/average output as that is how they were designed

· Most Utility companies don't own "peaker" plants or have energy storage 

· Have to buy power on the electricity spot market which is very expensive 

· Have ON peak/OFF peak pricing; encourage electricity conservation.
   5.  Explain why energy storage is a critical component of renewable energy technologies
Answered a bit too generically:

Energy storage needed to smooth out inherent intermittency related to variations in incident solar or wind flux.

For the case of wind, there can be times when the wind flux is sufficiently high that the wind farm output has to shut down due to grid limitations.  Need energy storage for peak wind speed times.

For solar, need molten salts and CSP in order to product dispatchable electricity (24 hours a day).
Hydro resources can be extended by pumping water uphill behind the dam.
 * 15 Point Questions *
6.  Describe how a photovoltaic cell converts incoming light into outgoing electricity.  Why is the band gap energy important for this process to work?  What limits the overall operating efficiency of any PV cell?

Answered variably and incompletely:

Note that photo = light.  Some of you talked about heat from the sun making these devices work.  NO.  The photoelectric effect is at work here.

 Incoming solar photons have sufficient energy to move electrons from the valence band to the conductor band in some material 
 Once in the conductor band the material the electrons flow through the material (i.e. a current is generated)

  the amount of energy required to move the electron from the valence band to the conductor band is the band gap energy 
  silicon is the material of choice due to its abundance and that its band gap energy is low compared to the energy of incoming solar photons so most solar photons have energies greater than the band gap energy
  as the material heats up collisions between the free charge (the electrons) and the silicon nuclei in the lattice increase and so the internal resistance of the material increases and its ability to carry a current decreases. (this was left out of most answers)
7. Explain the factors that go into determining an exponential depletion timescale and why that timescale is not very sensitive to the value of R (the total remaining resource).

Answered: mostly generically and not specifically. 
Need to know three parameters: 

1. The exponential rate of resource consumption (k) 

2. The total Resource available (R) 

3. The current rate of resource usage (ro) 

Those integrate together into an equation for an exponential exhaustion time: 

Te = 1/k * LN (Rk/ro +1) 

Which many of you memorized but didn't understand its meaning. 

Mathematically, because 1/k is outside the LN term, it dominates as the exhaustion timescale depends directly on 1/k but only depends on R logarithmically. 

Hence k, the consumption rate, dominates the calculation of Te as changes in R only show through as LN (R). 

Hardly anyone said all of the above. 

The best qualitative version of the above is something like this 

Resource production is described by a Bell curve - this means you can calculate the depletion using the initial consumption and the growth rate. The doubling time of consumption occurs independently of R so k must dominate the exhaustion timescale so even if R is really 2R the resource is just exhausted in the next doubling time. 
8.  Draw a sketch and label the necessary components of how electricity generated at a power plant and fed to high voltage transmission lines, eventually gets to your house.  

.   Most people got the general sketch right but did not adequately label the components.
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Many people left out the 132/33 Step and especially the 11 KV distribution step. It is not necessary to know the exact quantitative values but rather that these other steps exist:
9.  List or describe some of the factors that you believe render the US incapable of long term infrastructure planning.
Most people got lots of points for whatever they wrote but you got more points if you included some of the following points: 

· Government changes out every 2 years and current congress refuses to compromise on anything.
· We are paralyzed by infrastructure sticker cost and do not take the longer term view into account. 
· Belief that the free market will solve this problem
· NIMFBY

· American Exceptionalism

· Denial that there is even a problem

· “Get Shit Done” is no longer relevant

· Private ownership of land, transmission, etc.

· The fact there is 50 states that can now get in the way of any national project.

· Lack of numerical literacy and science literacy and inability to do proper risk assessment.
· People are collectively more stupid now than in the 1930s where we actually got shit done and built long term infrastructure. 

10.  Describe the components of the wind turbine supply chain and where the likely scalable failure points are in that chain.

Answered moderately well but most answers were incomplete.
Note: this question is not about transmission line infrastructure.

Components: (many people left this list out and simply said “lots of parts”)

· Towers

· Blades

· Generators

· Gearboxes

· Nacelles
These components are manufactured all over the US which creates logistical problems. On an annual basis, these components are built in unequal amounts.  In 2012, the weak link was tower production, for example.   Generators are limited by REM (neodymium) in terms of their rate of delivery to a wind farm site.   Ultimately, blade shipment and delivery is the single biggest logistical problem that limits the overall scalability of wind farms.  For instance, because of this issue, one can build a 1.8 MW turbine wind farm faster than a 3.0 MW turbine wind farms as the blades are much easier to ship to the site.
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You just graduated and you got a job as a data analyst for the company Projections ‘R Us.  Your intern hands you the graph (right) which plots the cumulative wind install capacity in some state and proclaims that an annual growth rate of 27.5% is the answer. You have to prepare a report for your boss predicting capacity in the year 2020 (20 on the graph below).
a) Argue whether or not the data lend itself to the exponential solution obtained by your intern.

The model mostly connects the first point and the last point but there are many years where the data is well off (above or below) the exponential trend line.

b) Which aspects of the plotted data contribute most to the uncertainty?

1) The data is pretty flat from year 4 to 7, then begins to rise, linearly from year 7 to 10.  From year 10 to 11 there was a big increase  (e.g. one large facility came on line) – then it goes flat for the next three years, until the next wind farm comes on line – this is a step function – not a continuous exponential build out.  

Clearly in year 15 a very large wind farm complex (2500 MW) was built.
c) Describe how you would use this data to predict the 2020 value.
From the data alone you can’t predict anything for 2020 reliably.  Exponential doubling time of 70/27.5 = 2.5 years very unlikely to be maintained.  Most likely there will be another flat period following the year 15 build out and then one more complex to be built similar to the 2500 MW in year 25.  Best round number guess would be 10,000 MW.

Extrapolation of exponential to 2020 = 2 doubling times gets you to 25,000 MW which would require a relatively huge year by year build out that is not supported by the data. 

 * 20 Point Questions *
13.  What is the “critical metals” problem?  Explain why this problem exists and how this problem will manifest itself in the near term.  What potential policies can be implemented to help alleviate this problem?
Most people got lots of points for whatever they wrote but you got more points if you included some of the following points: 

· The critical metals problem refers to rare earth metals (a lot of people just left that basic thing out). Rare Earth Metals (REM) are used in almost all components of high tech from telecom to medical to electricity generation devices.    REMs are needed to make efficient and high throughput electrical motors for wind turbines, electric vehicles, etc.

· China basically controls the world REM market and brokers all deals.  China controls the world supply vis deals with South Africa and Australia   (many people left out the China issue entirely)
· US reliance on REM imports is enormous.
· The problem exists because of the increasing demand for high tech appliances (much of which is being created by social networking and mobility).   This increase in demand is coming (e.g. BRIC) at a time when we are running out of REMs.   

· The problem is manifest in the near term by resource shortage and device shortage in some key areas. (smartphones are likely to be the first causality).
· There is really no policy solution to this issue. There is not much in the way of policies that can help (are you going to suppress high tech?).  We need to invest in the development of alternatives (difficult) or we need to really implement “managed austerity” which is likely not possible in the US
  14.  Define “scalability” and explain why considerations of scalability should be priority one when planning future infrastructure investments to deploy and deliver alternative sources of energy.
Not answered very well but graded “liberally”.  Most people gave a vague definition of scalability which indicated a lack of understanding of this basic principle.

Scalability = the ability for a single solution to scale to the size of the problem, the number of customers, the growing demand, etc.

Scalability can best be achieved via modularity and simply add more modules to meet demand. No need for “new technology” in this scheme – as long as the component supply chain can keep up, deployment is scalable.
Investments in non-scalable solutions result in only niche applications.  A variety of niche solutions is harder to support and maintain as a single solution.

Platinum based fuel cells is an example of a non-scalable solution for vehicle transport due to resource limitations.  Switchgrass, however, is highly scalable.  Want more fuel, grow more switch grass – plenty of available acreage especially in Canada where the current Tar Sands project is spectacularly non-scalable. 
Investment in a scalable solution establishes a) the needed infrastructure and jobs to maintain the scaling and b) good future predictions and increased confidence.
