
   Solar, Transportation 
Schwartz Problem Set #8  
Due Last day of class 

 
1. Why do ICE (Internal Combustion Engines) suck 

(gasoline so much)? 
a) Why is the efficiency so low? As illustrated at 

right, the reciprocating engine that we use in 
cars get very poor efficiency when they are 
idling or being used at a very low portion of 
their full power… when we choke off the air 
and most of the energy is just used to keep the 
engine going. Because we LOVE to have high 
super high power machines, for most of our 
use, the engines are just idling. To give some 
numbers to this, we might want to have a 
200+ HP super car, but we only need 10 HP to 
keep the car driving at highway speeds. 

b) For a hybrid that isn’t plug in electric, all the energy still comes from gasoline 
or diesel. So how does the hybridization of the engine to include an electric 
motor increase gas mileage? If we have an undersized engine, then  

• it is using a high % of its power just to move us around.  
• The battery can be used with a high efficiency electric motor when 

power demands are really low, 
• The battery can be used with the engine when power depand is high. 
• We can regard the battery with regenerative breaking whereby the 

electric motor acts as a generator turning the vehicle’s kinetic energy 
back to stored chemical energy in the battery. 

c) How does having plug-in capability change the efficiency, cost, etc.? With 
PHE (plug in hybrid electric), we can have a larger electric motor and more 
batteries (increased expense), but we can charge the battery from the grid 
using electricity from NGCC, Solar (we hope), or Coal. This is much cheaper 
than gasoline and pollutes less as well (except for Coal, which pollutes about 
the same as driving with gasoline).  

 
2. I have a 1996 Subaru Outback, that we drive to the beach about 20 times a year, 

maybe once to San Francisco or some other far off destination. We’ve talked 
about just getting rid of it and renting a car for long trips. However, maybe I 
should buy an electric car or hydrogen fuel cell vehicle? 
a) How are these kinds of cars the same? How are they different? Both 

Hydrogen Fuel Cell (HFC) and Battery Electric Vehicle (BEV) use electric 
motors. However, HFC creates electricity from hydrogen, where BEV uses 
batteries. 

b) What are the advantages/disadvantages of each one over the other? Which one 
do you recommend for me? Or should I get a hybrid electric? The major 
expense in a BEV is the batteries. HFC is much more expensive, but it can 
drive much further and fuel up much faster than a BEV. However, this doesn’t 



matter to me because I’m never going to drive very far… additionally, there 
are no hydrogen refueling stations in SLO. So a BEV with small battery 
capacity will be inexpensive and provide me with all the range I need. If I 
need to drive far away, I’ll need to rent 
a car. 

c) I have 4 solar panels (about 1600 W 
total) on my roof that senior project 
students installed for experiments at 
home. How would having these solar 
panels change or not change the 
situation for me? This is perfect! I’ll 
never have to charge my car from the 
grid. With 5 hours at 1600 W, I can 
average 8 kWh each sunny day. At 7.5 
km/kWh, this would allow me to drive 
60 km every day without using grid 
electricity. This will more than get me to the beach and back. I can even lend 
my car to my friend who drives for Uber Monday – Thursday!  60 km for free 
roughly corresponds to 2 gallons of gas every day, or about $6 and 20 kg of 
CO2 if I actually drive the full 60 km. However, probably we won’t come 
close to this full potential, because then we have to drain the batteries every 
time, risking running out of charge and getting stranded… imagine running up 
to someone’s house with an extention cord asking for a 30 charge to get you 
home? 

d) Where do you want to be living 5 years from now? Extrapolate into the future 
and consider at least 3 different transportation strategies for this place. 
Compare. Sigh, I’ll probably still be here. My daughter will be a senior in HS 
and want a car. We live next to the HS, so I’ll tell her to walk. My son will be 
13 and probably logging 20 miles / day on a bicycle. He’ll want a Tesla and 
I’ll tell him to build something with the old electric motors kicking around the 
house. To have sanity, likely we’ll have two cars. I’m guessing we’ll still have 
our 1996 Outback (28 miles/gallon) and some electric car we’ll get to play 
with and zip around town. Teenagers behind the wheel. I won’t sleep well at 
night. The cars are helpful when it rains, is cold, when the trip is more than 3 
miles away, when riding just isn’t fun. The Subaru is financially and 
environmentally much more expensive, so it will almost never be used. We 
may get rid of the Subaru if it gives us trouble. We can always use Uber in a 
pinch. Public transport: I just don’t see it in the area… I’d rather get rained on 
than sit in a bus. However, we take the trains/bus to SF and LA. If California 
could get reliable trains, it’d be way fun to take the train all the time. 
Hyperloop? Supertrain? I’m not banking on these. 

 
3. Calculate the surface area of standard PV panels (15% efficiency) necessary for 

you to live your life.  Please include the following consideration: 
a) We live in SLO and can anticipate the corresponding solar incidence. At $14 

per month for my family = $7 for me (let the kids use for free). That’s about 
45 kWh, for an average electricity use of P = E/t = 45 kWh/30*24 hr = ~ 
70 W. At 15% efficiency, I get .15*1000W/m2 = 150 W/m2. So I need half a 



square meter!... no I don’t because the sun only shines about 5 hours per day 
or about 1/5 of the day. So I need about 5 times that! Or 350 W, 
corresponding to 3 m2.  

b) You continue to use electricity like always, and continue to drive like you 
always do, but in a (shared?) electric car. Following the logic in the question 
above, I’ll need about 60 km to go to the beach every week, corresponding to 
about another 8 kWh / 7*5 hours = 250 W, or another 2 m2. 

Please give your answer in square meters…. Does this area seem reasonable to 
you?  Do you feel you are taking too much of the planet’s surface area with this? 
c) Indicate what kind of lifestyle changes you would need to make in order to 

live like this. It would mean that we wouldn’t leave SLO very often – which 
we don’t anyway. However, we’d need to rent a car if we did leave town. Oh, 
but when Tekuru starts driving a car, I’ll have to get more solar panels. When 
she visits friends, she’ll have to use their electricity… and then do a 
calculation for them so they realize how little it costs them in electricity. Will 
this be socially awkward? Certainly not more than having me for a dad. 
 

4. Concentrated Solar vs PV. 
a) What are the differences between PV, Concentrated Solar Thermal Electric, 

and Concentrated PV? Photovoltaic is where an electron is elevated to a 
higher voltage when a photon (piece of light) hits it. Solar concentrators can 
use PV. However, you can also concentrate sunlight to use directly (like for 
welding or cooking, water purification), or to boil water for a Rankine Cycle 
in STE (Solar Thermal Electric).  

b) What are the relative advantages/disadvantages of 
each in meeting the electrical demand of society?  

c) Since making the on CSP (concentrated solar power), 
there have been some changes. Large solar power 
towers have been built. Take a look at Ivanpah: 
https://en.wikipedia.org/wiki/Ivanpah_Solar_Power_
Facility What are some advantages of this facility? 
Some disadvantages/concerns? They roast larger 
numbers of birds that fly into the concentrated area. Can we eat them?  

 
 

5. Taken directly from Monday’s Class schedule. Please read the NPR article about 
infrastructure.  
http://www.npr.org/2017/03/09/519500054/engineers-say-tax-increase-needed-to-
save-failing-u-s-infrastructure 

a) $2 trillion... is that a lot? Of course, what this should me is to find a way to compare it to 
something that makes sense. For instance, how much is this per US American? Or better 
yet, per US American family? If an average American family is 4 people, then this is ~ 
$30,000 per person. 

b) $0.25 per gallon gasoline tax? How long would it take to bring in $2 trillion at the rate we 
use petroleum? Use any method you like. By several methods, you should be able to 
estimate that the US uses about 350 Billion gallons per year… or about 3 gallons per 
person per day. Sound about right? Consequently, we’ll raise only about $100 Billion per 
year this way – that’s kind of small… it will take 20 years to raise $2 trillion. 

CSP	vs	PV?....	Downside	of	CSP
• Concentrators	require	Direct	Sunlight.
• Tracking	requires.
• PV	is	cheap	and	getting	cheaper.

Asset	of	CSP
• Increased	Efficiency
• Heat	Coproduct	– If	STE	(Rankine,	etc.)
• Thermal	Storage



c) Would you consider this a market mechanism? To what degree is 
this internalizing an external cost? To what degree is it just raising money and not 
internalizing an external cost? If you’re using it for building roads and bridges for cars, 
then it’s internalizing an external cost. We need to build these things as a cost for driving, 
but we don’t pay for them when we buy the gas and choose to drive. The gas tax would 
internalize this external cost. If we use the money for better drinking water, it may be a 
very good use of the money, but it would not be considered internalizing an external cost 
because we don’t create the need to drink tap water when we decide to drive our cars. 

 
 

 


