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Review Homework #1

Class Discussion

1. What fraction of the energy usage in the ROK comes from fossil fuels? (Find the most recent
data available and report the year to which it applies.)

2. Where do the fossil fuels used by the ROK come from? (What fraction is domestic? What
fraction comes from the Middle East?)

3 A h l f li h h h b b d i h OK?3. Are there any examples of climate change that have been observed in the ROK?



3.  Consumption:  Cars

Estimating Energy Consumption by Cars

distance traveled per day = 50 km (30 miles)
distance per unit of fuel = 33 miles/gallon = 12 km/literdistance per unit of fuel = 33 miles/gallon = 12 km/liter
energy per volume of fuel = 10 kWh/liter

energy used per day = 40 kWh/day

This energy doesn’t include the cost of 
● making the fuel
● making the car● making the car

The fuel efficiency used in this book is 
kWh per hundred person-kmkWh  per hundred person-km
For a single occupied car

83.3 kWh per 100 person-km



3.  Consumption:  Cars

UK

Explanation

● Lifestyle choice
● Access to public transportation
● Economic necessity

United States

87.7 percent of American workers use an automobile to get to work. 
Most people, 77 percent, drive alone. 

In contrast to that, 4.7 percent of the commuters use public transportation, such as a commuter train, 
to travel to work. 

http://www.associatedcontent.com/article/302451/u_s_government_statistics_most_americans.html



3.  Consumption:  Cars

Seoul

● Car ownership is increasing
● Fraction of trips taken by car is 
constant
● Fraction of trips taken by car is 
much smaller than in UK or US

Why?

● Seoul has one of the best public 
transportation systems in the world

http://policy.rutgers.edu/faculty/pucher/PTI_English.pdf
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Most Used Public 
Transportation Systems

http://en.wikipedia.org/wiki/Metro_systems_by_annual_passenger_rides
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Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  

Six principles of vehicle design and vehicle use for more efficient surface transport

● reduce frontal area per person● reduce frontal area per person
● reduce the vehicle’s weight per person
● when traveling, go at a steady speed and avoid using the brakes
● travel more slowly
● travel less● travel less
● make the energy chain more efficient

2184 miles per gallon2184 miles per gallon
920 km per liter
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Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  

Compare to the fuel efficiency for a single occupied car of 83.3 kWh per 100 person-km



3.  Consumption:  Cars

Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  



3.  Consumption:  Cars

Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  

Legislation is necessary!

If we can’t give up cars, Five technologies for improving cars

● regenerative braking
● hybrid cars
● electric cars
● hydrogen cars● hydrogen cars
● compressed-air cars
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3.  Consumption:  Cars

Regenerative braking via electric generators

● Vehicles driven by electric motors use the motor as a generator when using regenerative braking: it 
is operated as a generator during braking and its output is supplied to an electrical load; the transfer of 
energy to the load provides the braking effect.gy p g
● Many modern hybrid and electric vehicles use this technique to extend the range of the battery pack. 
Examples include the Toyota Prius, Honda Insight, the Vectrix electric maxi-scooter, and the Chevrolet 
Volt.
● Traditional friction-based braking is used in conjunction with mechanical regenerative braking for 
safety and efficiencysafety and efficiency.

http://en.wikipedia.org/wiki/Regenerative_brake

Electric motors convert an electric current into 
mechanical rotation.

Electric generators convert mechanical 
rotation into an electric current.

http://www.animations.physics.unsw.edu.au/jw/electricmotors.html



3.  Consumption:  Cars

Regenerative braking via compressed air

● Compressed Air Energy Storage (CAES) is a way to store energy generated at one time for use 
at another time. Compression is the process of increasing the pressure of a gas.  This process 
requires energy.  Decompression or expansion is the process of decreasing the pressure of a gas.  q gy p p p g p g
This process releases energy.
● Some of the energy released is available as mechanical work and can be captured via a pneumatic 
motor.  Some of the energy is heat.  Compression typically heats a gas.  Expansion cools a gas.  
● There are no commercial cars using compressed air energy storage systems currently.  
● There are safety issues involving the catastrophic failure of a high pressure gas tank● There are safety issues involving the catastrophic failure of a high pressure gas tank.  

http://en.wikipedia.org/wiki/Compressed_air_energy_storage

http://jalopnik.com/#!5282712/pneumatic‐hybrids‐urban‐powertrain‐of‐the‐future
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Regenerative braking via flywheels
● Flywheel energy storage (FES) works by accelerating a rotor (flywheel) to a very high speed and maintaining 
the energy in the system as rotational energy. When energy is extracted from the system, the flywheel's 
rotational speed is reduced as a consequence of the principle of conservation of energy; adding energy to the p q p p gy; g gy
system correspondingly results in an increase in the speed of the flywheel.
● Most FES systems use electricity to accelerate and decelerate the flywheel, but devices that directly use 
mechanical energy are being developed.[1]

● Advanced FES systems have rotors made of high strength carbon filaments, suspended by magnetic bearings, 
and spinning at speeds from 20 000 to over 50 000 rpm in a vacuum enclosure [2] Such flywheels can come upand spinning at speeds from 20,000 to over 50,000 rpm in a vacuum enclosure.[2] Such flywheels can come up 
to speed in a matter of minutes — much quicker than some other forms of energy storage.[2]

● New applications are currently being explored.

● To help in understanding, think of toy cars that you first● To help in understanding, think of toy cars that you first
“rev” up by rolling on the ground 
(get the flywheel spinning) then set on the ground and 
watch as they speed away (flywheel discharging energy)

http://en.wikipedia.org/wiki/Flywheel_energy_storage



3.  Consumption:  Cars

Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  

Hybrid cars provide 

● a modest improvement in fuel efficiency (20-a modest improvement in fuel efficiency (20
30%) 
● carbon emissions on par with non-hybrid cars
● not a sufficient advance to impact the 
sustainable energy challengesusta ab e e e gy c a e ge



3.  Consumption:  Cars

Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  

Electric cars provide 

● significant improvement in energy efficiency
● have range limitations (good for city driving)● have range limitations (good for city driving)

The environmental benefit depends upon where 
the electricity comes from 

If you drive an electric car that is charged with 
electricity from a conventional coal-fired power 
plant, then is there any environmental advantage?

In principle, we need green electricity to make 
electric vehicles green.
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Opportunities for Reducing Energy Consumption by Cars:  Electric Cars
Pollution

Electric cars produce no pollution at the tailpipe which will contribute to cleaner air in cities, but their use 
i d d f l t i it ti Th t f b di id itt d d d th i iincreases demand for electricity generation. The amount of carbon dioxide emitted depends on the emission 
intensity of the power source used to charge the vehicle, the efficiency of the said vehicle and the energy 
wasted in the charging process.

An EV recharged from the existing US grid electricity emits about 115 grams of CO2 per kilometer driven g g g y g p
(6.5 oz(CO2)/mi), whereas a conventional US-market gasoline powered car emits 250 g(CO2)/km 
(14 oz(CO2)/mi) (most from its tailpipe, some from the production and distribution of gasoline).[72] 

In a worst-case scenario where incremental electricity demand would be met exclusively with coal, a 2009 
study conducted by the World Wide Fund for Nature and IZES found that a mid size EV would emit roughlystudy conducted by the World Wide Fund for Nature and IZES found that a mid-size EV would emit roughly 
200 g(CO2)/km (11 oz(CO2)/mi), compared with an average of 170 g(CO2)/km (9.7 oz(CO2)/mi) for a 
gasoline-powered compact car.[74] This study concluded that introducing 1 million EV cars to Germany 
would, in the best-case scenario, only reduce CO2 emissions by 0.1%, if nothing is done to upgrade the 
electricity infrastructure or manage demand.[74]

In France, which has a clean energy grid, CO2 emissions from electric car use would be about 12g per 
kilometer.[75]

A study made in the UK in 2008 concluded that electric vehicles had the potential to cut down carbonA study made in the UK in 2008 concluded that electric vehicles had the potential to cut down carbon 
dioxide and greenhouse gas emissions by at least 40%.[76]

http://en.wikipedia.org/wiki/Electric_car
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Opportunities for Reducing Energy Consumption by Cars:  Electric Cars

● Electric cars are generally more expensive than gasoline cars The primary reason is the● Electric cars are generally more expensive than gasoline cars. The primary reason is the 
high cost of car batteries. 
● "Fuel" cost comparison: 11.2 kW·h of electricity costing between US$0.56 and US$3.18 
depending on the time of day chosen for recharging compared to gasoline at a cost of US$4 
per 1 US gallon would cost US$6 40per 1 US gallon would cost US$6.40.
● Range: Cars with internal combustion engines can be considered to have indefinite range, 
as they can be refuelled very quickly almost anywhere. Electric cars often have less maximum 
range on one charge than cars powered by fossil fuels, and they can take considerable time to 
recharge This is a reason that many automakers marketed EVs as "daily drivers" suitable forrecharge. This is a reason that many automakers marketed EVs as daily drivers  suitable for 
city trips and other short hauls.  “Range anxiety” is the fear of the limited driving range of an 
electric vehicle.
● Recharging Time:  If the battery can be “swapped out”, then recharging is fast.  If the battery 
must be recharged new infrastructure is required DC Fast Charging stations with high-speedmust be recharged, new infrastructure is required. DC Fast Charging stations with high speed 
charging capability from three-phase industrial outlets allow consumers to recharge the 100 
mile battery of their electric vehicle to 80 percent in about 30 minutes.

http://en.wikipedia.org/wiki/Electric_car



3.  Consumption:  Cars

Opportunities for Reducing Energy Consumption by Cars (Chapter 20)  

Hydrogen cars 

● potentially can have higher energy efficiency 
due to the better efficiency of fuel cells overdue to the better efficiency of fuel cells over 
internal combusion engines
● have not demonstrated significant improvement 
in energy efficiency in practice
● do not have range limitations like electric● do not have range limitations like electric 
vehicles
● have storage problems (how to store hydrogen 
on board)
● have start up problems (could be combined● have start-up problems (could be combined 
with electric vehicles to have a hybrid electric 
battery-fuel cell vehicle with long range and good 
start-up performance

The environmental benefit depends upon where 
the hydrogen comes from.
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4.  Consumption:  Airplanes

Estimating Energy Consumption by Airplanes (Chapter 5)

Flying

● requires a lot of energyq gy
● is especially damaging to the environment 
because it ejects GHG directly into the upper 
atmosphere

“If you have $1000 (1,000,000 KRW) and you 
want to do the maximum damage to the 
environment, take an intercontinental flight. If you 
have $5 (5000 KRW) and you want to do the $ ( ) y
maximum damage to the environment, buy a 
package of fresh fruit out of season that has been 
flown overseas.”

paraphrase from Roland Cliftp p
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Estimating Energy Consumption by Airplanes (Chapter 20)


