5/ C: The Taxi Problem
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Instructions

Do the preparations first. Then,
Group If you are on-campus, or can otherwise form a group of 3-4, do Variant A.

Solo If you are on your own, read the context in Variant A, then do the guiding questions as outlined
in Variant B.

When you are finished, do the Specific Energy/ Energy Density section.



2 Preparations

1. Stoichiometric calculations
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How would you do each of the following?

(a) Calculate the molar mass of a compound (e.g., Csz(g) )

9
QO o MotaR mass ML | M=300/d
@ Flﬂbnswn=Avxn='7'M'G°5l
.................................................................. = ..603.!.3.0.. 8
= 2.0 md
(c) Calculate the mass of a certain volume of liquid (e.g., 250 cm3 of ethanol)
....... MULTIPRY. BY. ITS DENSITY (7
.........Q.ﬁu..mem ........ V. % Peaioiiiii.... g
.......................... Z..280. em’ » 0384z = 1T g
LuR\T\ENG ouUT UNITS 1N
INTERMEPIATE STEPS,
AND MAKING SURE THEY
CANCEL OUT To SENSIBLE
OUTCOMES -
“THIS 1S AN ESEENTIAL
TECHNIGUE FoR REASONING
IN THIS % OTHER
NWMERICAL PROBLEMS.
OPTC HAS NUWMEROWLS
PocsIBILTIES ofF WoRKING
PROBLEMS oN SOCETAL SCAE
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2. Enthalpy calculations

How would you do each of the following?

(a) Find the AH: of a “mainstream” compound (e.g., ethanol).

(b) Find the g from combustion of a certain number of moles of a compound (e.g., 5.0 mol of
ethanol)

(¢) Find the AH: of a compound that is not in the Data Booklet (e.g., naphthalene).

LOOK. IT UP oN GooGlE, or CRC HANDROOK OF CHEM & PHYS.

........................................................................................
........................................................................................
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3 Variant A: Group

The year is 2000. You have been appointed as the Transport Secretaries of Hong Kong.

Your first task is to decide upon a suitable subsidy to help taxi owners convert their existing gasoline-
consuming fleets to LPG-consuming ones.

It is believed that this change will be both green (environmentally friendly) and economically viable
(LPG is cheaper as a fuel). However, changing out the engine is quite expensive and taxi owners
request aid from the government to help them do so.

Some data your minions have collected for you:

Cost of gasoline HK$ 1.8 /dm?

Cost of LPG HK$ 0.6 / dm?

Fuel consumption of gasoline 13 dm?3 /100 km

Fuel consumption of LPG Unknown

Cost of engine replacement HK$ 16000

Taxis Usually rented out and driven for two shifts of 10-12 h each.

Because your minions did not study chemistry, they are unable to help you locate other needed
information. Use the internet to help you.

(If your group is absolutely stuck, use questions from Variant B to help you move forward.)
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4 Variant B: Solo

Read the context in Variant A if you have not already done so.

3. (a) ldentify the components in gasoline and LPG respectively.

.. GASOLNE/PETROL i A MIXTURE of HYDROCARRONS,
......... us.CAwon ux - USUALLY ARouND C&
LIQWEED. PETROEUM GAS : A MIXTURE OF  PROPANE CaHs 4
..................................................................... BUTANE CaHio

(b) For gasoline, assume it is pure octane.

i. Calculate the mass of 1.00 dm3 gasoline.

i 302.55
........... L SR S ST WSS RSURURPRP
................. = oo dm’. % O%025 W ...
................. =0=rozsk8
................. =20255

ii. Calculate the number of moles of octane present in 1.00 dm3 gasoline.

i 6150 md
........... n=.-mn_; 102"5 3\
..................... I 7T A2 Ml
............................ = ... 6:150 md

You MAY HAYE WSED DFFERENT
NUMBERS oR AsSSUMPTIONS, AND
GET To ANSWERS TWHAT ARE
SLIGHTLY DIFFEERENT,

To COHECKR. YouR ANSWERS
You CAN WEE THE SPREADSHEET

FOUND 1IN YOuR. CeooGlE DRWNE.
SEARCH ToR. "5/c T PromEM’
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iii. Calculate the amount of energy when 1.00 dm? of gasoline is completely combusted.

4
i. ~ 3.401 10 k)
o k)
........ AHc ocrme.. = 75520 Wl
.............................. DR L P P P PP PP PP EPPEPRER
........... 1,=AHck}4
............... = 6450 mol.  .x 75530 n = 7 3.401 x10 K
iv. Calculate the fuel consumption of gasoline, giving your answer in mol/km.

v, O399 T
12 dm’ dn?
... FUEL CONSUMPTIN, = oo km = O13 Tyoy
.................................................................... ,..............
... Fusl CoNSUMPTeN in mel = T 1oy % OI3 ﬁ, .............
...................................... = 6450 T x o AR = oaes T
v. Calculate the fuel cost of gasoline, giving your answer in HK$/km.
234 2
V. ukn_
. FUEL CosT= M8 T3
FUEL CONSUMPTION. = O3 e
............................................. HK$__R$
_____ FUEL CosT rer km = 18 o3 x OI3 "y = oz 50
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(c) Assuming that a car would take the same amount of energy to run, regardless of the fuel,
calculate the fuel cost of LPG. Assume LPG is all propane.

HK$
© 0.04o ]

ENERGY REQE To DRNE 1

................................................ = - 482l Yn
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(d) Calculate the fuel savings after an engine switch from gasoline to LPG. Assuming that a car

would take the same amount of energy to run.
LSS
@ O TFm
...... For. EAQH k., COST \e LOWERER. BY:. ..
......................... Q:234
................... O8O
......................... O A

(e) i. Estimate the distance a taxi travel in a day.

ASSUME . 2x 4o he suwtS = 20N
ESTIMATE . AN AYG. EPEED . oF A0 "/,
................ ToTAL DISBNCE. = 40 ¥y x 20k¢. .= 800km

............................ =&w}‘§x0.1‘#"!§$=$t‘s‘l

i %O

AFTER. 4 MoNMS. SHoRT ENORGH To wARRANT
No SuBSwY.
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5 Energy Density and Specific Energy

4. Energy density

Energy density describes the energy contained in a fixed volume. A higher energy density source
is more compact and more convenient to carry.

E
Energy density is calculated as —, where E is the amount of energy released and v is the volume
\%

kJ
occupied by the fuel. It is often given as the Sl unit —3
m

5. (a) State the amount of energy released by combusting 1.00 dm3 of gasoline (octane).

A
- 3,401 1O _k_,

@ ——— 4,‘\3

k
(b) Convert the value into the S| unit of —J3
m

T b
0. 3,401 1O ),/,\5
.................... A x A oA
.............. = 1@ dnx 0dm » L0dm = 4000 dm>. .
toOOM 4+3 k)
B R DR K

6. Explain, showing your calculations, whether gasoline or LPG has a higher energy density.

6. GASOLINE.

...... Moadwrea.. = Vo m (o e,
= 1 .00 X ©.5853 }/ = '535.3

....... i _._m:ﬂé:—-. siSoZMV‘

...?/..1.&\.‘;1?‘ ...... =.... nAH:C;Hs=—2A3é,3\9 ........
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7. Specific energy

Specific energy describes the energy released from a fixed mass. A source with higher specific
energy is lighter.

E
Specific energy is calculated as ; where E is the amount of energy released and m is the volume

kJ
occupied by the fuel. It is often given as the Sl unit k_
g

(a) State the amount of energy released by combusting 1.00 dm?3 of gasoline (octane).

- 3.404 lO" k)
(a) _ 2-FO% ¥IC P

(b) - 48410 k){j

(b) Calculate the specific density of gasoline.

(c) Explain, showing your calculations, whether gasoline or LPG has a higher specific energy.

(c) LP—G

... NoTiE. . THAT. . DUE.. To. . SUBSTANCES.  HAVING DIFFERENT. . .
DENSMES, THEY CowdD RANK FAYORABLf  WRT
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