
CHEM 103: Chemistry in Context 

Unit 2 
Energy, and its consequences 
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Interconnectedness of Issues: Energy 

Food 
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We use energy for transportation, 
heating, cooling, lights,… 
Combustion leads to air, water pollution 

Nearly 50% of the water that 
the US uses is for thermal 
turbine generation of electricity 

Fertilizer production 
uses energy 



Outline 
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What is Energy? 
 scale/magnitude 

 
Where does energy come from? 

 Chemical equations,  
 energy from chemical transformations  
 stoichiometry  

G&R Chapters 1-3 &  
CC 4.1, 4.2 
 
G&R Chapter 4  
CC 4.5-4.6, 1.9, 1.10, 2.2,2.3   

Combustion è air pollutionè water pollution 
            è greenhouse effect (global warming) 



Energy is the capacity to do work or supply heat 
 
Work is done when movement occurs against a restraining force 
 
Power is work per unit time 
 
Heat is energy that flows from a hotter to a colder object 
Temperature tells us the direction of heat flow 

One joule (J) is the work done by a force of one Newton (N) 
acting through a distance of one meter 

One calorie is roughly (it used to be exactly) the amount of heat 
needed to raise the temperature of one gram of water by 1 ˚C 

1 calorie = 4.184 J    1 Calorie = 1kcal (a “food calorie”) 
1000 calories = 1 Calorie   1 kcal = 1.16 watt hr 

One Newton is the force required to cause a mass of one 
kilogram to accelerate at a rate of one meter per second 
squared in the absence of other force-producing effects. 

F = m*a 

W = F*d 

P = W/t 

Energy, Work and Heat 



Quantities 
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1 teaspoon of water ~ 5 grams (5 mL) 
1 tablespoon ~15 mL 

Average potato chip ~ 2-3 grams 
2.2 lbs = 1 kg 

1 ounce~28 grams 

1 guart ~ 1L (1000 mL) 
1000 mL water = 1000 grams (1 kg) 

 
normal water bottle 1L & weighs 1 kg 

2L soda bottle weighs 2 kg 
8 fluid ounces a bit less that 250 mL 

a dime ~ 1 mm thick 
Your little finger ~ 1 cm wide 

1 m a bit longer than 1 yard (3 feet)  (39.37 inches) 

prefix Power 
of 10 

m 10-3 

c 10-2 

k 103 



Calories & Heat 
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One calorie is the amount of heat 
needed to raise the temperature of 
one gram of water by 1 ˚C 
 
One Calorie (1000 calories, 1 kcal) 
is the amount of heat needed to 
raise the temperature of 1000 g (1 
L) of water by 1 ˚C. 
 
Heating a tea kettle of water from 
room temperature (25 ˚C) to boiling 
(100 ˚C), a temperature change of 
75 ˚C, takes 75 Calories of energy. 

Outside of nutrition we’ll use the SI 
unit of energy, the Joule 
1 calore=4.184 Joules 



Energy/Heat cont. 
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a 2 ounce Snickers bar has 280 Calories 

 
280 Calories ×

4.184 kJ
1 Calorie

= 1172 kJ 1200 kJ

  1 calore=4.184 Joules 
1 Calorie=4.184 kJ 
     1 kcal=4.174 kJ 

Average daily nutritional need of a human is ~2400 Calories 
8 Snickers bars 

33 kettles of water brought to boiling 



Energy density 
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2 ounce Snickers=1200 kJ 

The energy density of a Snickers Bar is:  
1200kJ

2 ounces
×

1 ounce
28 grams

= 21 kJ/g

Energy densities determined by combusting 
(burning) subtances & measuring the 
amount of heat given off (the impact on the 
temperature of water) 

unit 
conversion 



Snickers Bars equivalents 
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(9 spoons of sugar in a 12 oz Coca-Cola) 

(1 bit more than a 1.5 oz shot) 

energy  
density  density 

unit 
conversion 

energy  
density  density 

energy  
density  density 

energy  
density  density 

energy  
density 



Electricity 
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100 Watt light bulb Electricity given in kilowatt-hours (kWh) 
Watt a unit of Power (Energy/time) 
W=1 Joule/second 

1 kWh= 1 kJ
s

×
3600 s

1 hr
×1 hr = 3600 kJ

1200kJ× 1 kWh
3600 kJ

×
1000 Wh

kWh
×

1
100 W

= 3.33 hrs

Having a 100 Watt light bulb on for 3 1/3 hrs 
uses the same amount of energy as a 
Snickers bar 



Combustion 
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Combustion of ethanol, sugar, paper, vegetable oil, and hydrogen gas  

http://franklin.chem.colostate.edu/chem103/2013/l5/combustion.html 



Daily Caloric need as unit of Energy 
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10,000 kJ is the average adult nutritional requirement per day 
8.3 Snickers bars 

18 tablespoons of vegetable oil 
150 teaspoons of sugar 

17 cans of Coke 
9 shots of Everclear 
133 pieces of paper 

192 gallon-sized hydrogen ballons 
 A log of wood (50 cm x 20 cm (2.54 cm=1 in) (volume=15,700 cm3) 

15,700 cm3 ×
0.6 g
cm3 ×

14.9 kJ
g

= 140,000 kJ
14 days of food 
117 Snicker bars 

Tank of gas 

15 gallons ×
3,785 mL

1 gal
×

0.72 g
mL

×
46.5 kJ

g
= 1,900,000 kJ

190 days of food 
1600 Snicker bars 

Tank of biodiesel 

15 gallons ×
3,785 mL

1 gal
×

0.92 g
mL

×
39.6 kJ

g
= 2,070,000 kJ 207 days of food 



Scaling Up 
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Heating your house in the winter 
with natural gas ~110 Therms 

1 Therm=100,000 Btu 
1 Btu= 1.055 kJ 

~ 6 tanks of gas or 3 years of food 

Cooling your house in the summer 

Typical central air conditioning unit draws 3800 Watts 
If it runs for 12 hours a day you use 45,600 Wh (45.6 kWh) 

110 Therms ×
100,000 Btus

1 Therm
×

1.055 kJ
Btu

= 11,600,000 kJ=11.6 GJ

45.6 kWh×
3,600 kJ
1 kWh

× 30 days = 4,900,000 kJ=4.9 GJ

natural gas conversion to electricity is only 
1/3 efficient so need to multiply by ~3 or 14.8 GJ 

Energy in a coal train coal car  holds 120,000 kg of coal, coal train has 120 cars 
Energy denisty of coal is 24 kJ/g 

120,000 kg coal
car

×
1000 g

kg
×

24 kJ
g

×
1000 J

kJ
=

2,900,000,000,000 J
car

= 2.9 ×1012 J/car=2.9 TJ/car

1 train×
120 cars

train
×

2.9 TJ
car

= 346 TJ



Scaling Down (batteries) 
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Batteries are described in terms of Voltage & amp-hours 
Volts x amp-hours = Watt-hours 
 
12V lead acid battery rated at 70 amp-hours= 840 Wh=3,024 kJ 
 
AA alkaline battery has 2.122 amp-hours=2.6 Wh= 9 kJ 



Energy Scale 
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prefix Power 
of 10 

m 10-3 

c 10-2 

k 103 

M 106 

G 109 

T 1012 

P 1015 

E 1018 


