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1) What portion of the world’s people live in US? 5 %
Olee
2) What portion of@population live in California? ‘445 (Q %

2379 mull
3) The United States consumes about what portion of the world’s energy? | E} %

4) What is the power output of your body working hard for 10 seconds? (00 \Y

* renewables means wind, solar, geothermal, small hydro.... ALSO because we don’t list all
possible generation forms below, they don’t need to add to 100% .
—>5) What portion of US electricity is generated by: Coal: 40 "y NG 207; Renewables* O YA
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Please put any relevant calculations forI this on last sheet. = {}’”’"l(
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Some Longer Endeavors
Please explain and show how a combined cycle electrical facility works with a drawing — not just a
flow chart — please include images so vxﬁcl knc;w how the machines actually work.
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Ssonlke . wmave orils _ .
ve alternating current?” You explain

2) Your friend is curious about AC... “wll?y would we want to ha

to them that we need alternating current to have inexpensive, reliable electricity.

a) Please explain why AC is necessary for us to have inexpensive, reliable electricity. Please
include in your discussion economies of scale, transmission efficiency and transformers.
Again, why do we need to have AC? Certainly, draw pictures to help explain anything you
like.

b) Now that you’ve convinced them that we do need AC, explain why we actually don’t need AC
anymore.
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3) Peaker plants:

a) Why are they dirty and expensive? 3
b) Why do we have them at all? [ 8
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4) Explain how “the duck has landed™.

@ At right, please draw the present load curve as well as one
from a decade ago. Label each curve.
Presently, when (season and time of day) do we have peak
load?
Why has the curve changed in the past decade, and what kind
of problems do we foresee in the near future?

d)) Explain what might happen to make this work... to make the

“problems” mentioned above actually opportunities?
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@ You hear someone complain that we now have a “smart grid” and that we have to pay different
prices for electricity at different times — very confusing.

a) Please explain to them what a smart grid is.
b) Please explain why it’s better to have many different time-dependent prices for electricity.

A ot gr"id G"}%ps YO aG-e OmSLanier s +o €ibhesr s E or
Ghed Thear hnad. v waking electriorty) maue experieny ¢
AAK INGY plak nrars, the Goak is thatr consumers will uge Less
at these Hnes - Then , duving the dasy. or Late et vueht, wleot—
ity wnnﬁ J&cs;/ WP@?%W{_& ‘n?, ;\/‘*Wféﬁ%%f i< erg; f/\/@m
ol _the dali) ltasd—asteae hivii o0 ragna fcbantg
and dechimes throwsent LW MZfﬂ‘_"g, T
his alao hulps shifr the m@f@me o) oWl oants, W‘M; ;a, ma»s,m:ﬁ
Lvin Load ) pearur plounts Wl!i have 19 be W%L{e oL ,,(,u& 5 ﬂ‘!a&;;.
WM rewaiél Oneron 1s imaert Avarkabte, then LeS oy enhmal
plaids will e vueded .




100 g
L 2‘%/

6) I left my lights on during a long weekend. I was gone 4 dayMrs and left all the lights on.
They were the old incandescent kind because we find those new LED lights weird: 5 bulbs at
100 W each.
How much electrical energy was consumed by my mistake?

HOOW = DKW

LBEWLH T DS | B kwh

a) About how much money did this oversight cost me if it happened in California?

wﬁm =$7.50
n :
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} How much heat was rejected into the enyironment during the generation of this electricity?
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- Ifit happened in West Virginia, the heart of coal country: /- efHficient
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How much COg is this student’s mistake responsible for emitting into the atmosphere?
- If it happened in California N&OC
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- If it happened in West Virginia Oﬁﬁ‘
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What else was emitted into the atmosphere that we should be concerned about?
- Ifit happened in California

&

- Ifit happened in West Virginia
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@ Hopefully in the above problem you held me accountable for the@arginal elgg[zicigj‘in California
and West Virginia. What is marginal electricity, and why should I be accountable for it?
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8) The economist says, “In order for the market to work, the decision maker must bare the (u/ch((ls)t.”

a) In electricity use, who is the “decision maker”? Crternatitic,
e Consumes mcEupled

b) In our use of electricity, please give 2 examples of “external cost”.
1 (02 USSTINS W east

2 oppoviuntiy costs of bullding mavt ranswiss NG / peaer p{?m*ﬁg
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¢) How is electricity use subsidized? . . .
Mininia, fossil fuels ave subadized and since we vse fosefl fuck
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d) How do these external costs and subsidies prevent the electrical “market from working”?
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- I have an idea that we can cool the environment by just turning heat in the air into electrical
'S =7 energy, thus “producing cold” as a by- ,EPL%B! How do you think this would work? Explain.
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10) We are closing Diablo Canyon!
a) How much power is this taking off the grid? What portion of Cal’s electricity is that?

Ls 2 2G6W Ls (7

b) Someone says, “That doesn’t matter, we have all kinds of power sources on the grid. We’ll do
fine.” Please explain how this may affect our state:
- What affect will this have for the other facilities over the course of the year? What
effect (if any) will this have on our state’s emissions?
@- What affect could this have for peak electricity use?
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Please use this sheet for extra calculations and/or room to explain. PLEASE put a note by
each related question so I know to look here for the extra work!
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PSC 320 Midterm 1 Corrections

Fill in the Blank

5% of the worlds population is in the US (325 million/7.5 billion)

11% of the US population lives in CA (35 million/325 million)

The US consumes about 20% of the world’s energy

The power output of my body for 10 seconds is between 500 and 700 W

US electricity generated by 30% coal, 33% NG, 13% renewables

CA electricity generated by 50% NG, 3% coal (imports), 25% renewables

The total annual energy production/consumption for the US is about 102 J (1/5 of the global production of 5*102J)

Short Answer

1. See original midterm
2. See original midterm
3. See original midterm

Also note that peaker plants have a low duty cycle which means they are not on continuously for long
periods of time which increases their price.

4, Duck Curve

Net load - March 31
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A decade ago renewables were not implemented in many large scale energy production systems. Therefore,
for example, in 2012, the curve is not minimized during the daytime because solar wasn’t prominent.

To fix this situation, we could find a better way to store renewable energy OR we could also shift the load so
that there is less of an intense “ramp” during the evening.

5. Smart Grid

The smart grid is a network that involves constant communication between the suppliers and consumers of
energy. Pricing can be updated constantly, giving consumers real time pricing that is based on the current
demand for electricity. The main goal of this smart grid is that groups such as CAISO are able to match load
to supply as accurately as possible. Not only does this prevent black or brown outs, but also reduces wasted
electricity since the controllers are able to adjust electricity flow based on the time of day (instead of having
a constant flow always). Using this new grid could allow for increased pricing during peak hours in order to
make consumers aware of their electricity usage and encourage evening out of the load throughout the day,
instead of having evening spikes.



6. Lights left on
a. See original midterm
b. NGCCis 60-65% efficient. Therefore the 50kWh produced is only 60% of the total energy that went into
the system. Thus 40% of the energy that went in is dispensed as waste heat. (see image on original

/
midterm) - Pgof _ &0 = /5 ché[ pu - ,‘_5";_0_&.9"- = 33/7(4/
% edd YO 7.5 23
Coal plants are 30-35% efficient. Therefore, the 50 kWh produced is only 30% of the total energy that
went into the system. Thus 70% of the energy that went in is dispensed as waste heat. > /00+ 3 g’

c. See original midterm
d. Burning natural gas releases nitrous oxides (NO,) into the atmosphere. Q‘”/a/ 65’

7. Marginal Electricity @c/a/c[ 2 2 )2;/— = 99)374

- Whenever consumers use electricity, the controller (ex. CAISO in CA) has to turn on more plants. At lower
load times, the base load plants can usually cover the needed electricity. These plants are more efficient and

W % cheaper. However, during the evening or summer, when load increases a lot, the controller must get

% 100%, /_elﬁtﬁ;ty from other plants, usually know as peaker plants. These plants are less efficient and more
expensive. However, when this happens, the base load plants also get paid the same as the peaker plants.

ﬂ ”+7 C/ « /ﬂ The cost of electricity then increases.

- Essentially, the marginal electricity is the amoustefelectricity that-needs=teshe added to the grid as
consumers demand more electricity.

- Consumers should be held accountable for this because then it allows them to become more aware of the
impacts of their usage. We cannot ignorantly use as much electricity as we want but instead need to be
aware when our electricity usage is burdening the grid.

8. The decision maker must bare the full costs
a. See original midterm
b. See original midterm
c. See original midterm
Also note that in this new administration, subsidizing fossil fuels will most likely increase
o Nuclear is also subsidized by the government.
o As renewables become increasingly competitive, their subsidies have been decreasing.
o All forms of energy are subsidized in some way to make them economically viable in the market.
Otherwise electricity would be incredibly expensive.
d. See original midterm
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9. Producing cold as a by product
- This product would NOT work. By the 2 law of thermodynamics (entropy), heat must be a by product of
any product that produces work, but this is producing cold as a byproduct.
- Note: the definition of entropy is - a thermodynamic quantity representing the unavailability of a system's
thermal energy for conversion into mechanical work.

10. Diablo Canyon )
a. Nuclear is actually closer to 9% of CA’s electricity production &

b. See original midterm
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