






Nuclear fission: an atom is bombarded with 
neutrons, causing it to break apart into other atoms + 
neutrons

Lots of heat (and no CO2) is produced by this…boil 
water, make steam, turn turbines, generate 
electricity 
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99.8% of O atoms are 16O; most of the rest are 18O
→ Most H2O contains 16O rather than 18O, but water 

with 18O is “heavy”
→ Heavy water is less likely to evaporate and 

travel to the poles [and get trapped in the 
ice], but in hotter climates, more heavy water 
makes it to the poles

Measuring the ratio of 18O / 16O in ice 
cores:
 → Higher ratio means hotter 
temperatures



CO2 and temperature data from the Vostok Icecore, Antarctica.
Data source: Pelit, J.R. et al, 2001

Inferred from 18O / 
16O ratios in ice

→ This is how we get 
paleoclimate data to 
compare to current 
temperatures and CO2 
levels and determine 
how unusual our 
current warming trend 
is.



Drawdown 
solution



Alternative Cement
Regular cement production:
CaCO3(s) → CaO(s) + CO2 

Alternative cement: replace up 
to half of the cement material 
with volcanic ash, certain clays, 
ground glass, waste from 
manufacturing iron, or waste 
from burning coal
→ Above CO2 emissions averted!
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• Issue: soil bacteria convert nitrate (NO3
-) fertilizers into nitrous oxide 

(N2O)—298 times more powerful than carbon dioxide in its warming 
effect.
→ Change fertilizer applications to be the: 
• Right source: matching fertilizer choices with plant needs.

• % weight of N, P, K components of fertilizer and limiting reactant for the 
chosen crop

• Right time and right place: managing fertilizer applications to deliver 
nitrogen when and where crop demand is highest.

• Right rate: ending over-application of fertilizer as “insurance.”
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Current refrigerants: HFCs = 
hydrofluorocarbons
Ex: CH2F2

CF

H

H

F

1) Count valence 
electrons

4 + 2(1) + 2(7) = 20 v.e.2) Skeleton structure 
C has low AVEE → put 
in middle

3) Determine non-bonding e-
s
→ 4(2) = 8 bonding e-; have 
12 left4) Check for octet rule

HFCs are ~1000x more potent 
greenhouse gases than CO2
→ Dispose of appliances with 
refrigerants properly; reuse or 
destroy the HFCs
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Alternative refrigerants

•Replace HFCs with NH3, CO2, C3H8 → all are much 
less potent greenhouse gases
•Could replace ~70% of all HFC refrigerants by 2050



Global Warming Potential (GWP)

• A measure of how much heat a gas will absorb over a 
given time period RELATIVE to the amount that the same 
amount of CO2 would absorb

• CO2, by definition, has a GWP of 1
• CH4 has a GWP of 28 over a 100-year time period, so the 

same amount of CH4 causes 28 times as much global 
warming as CO2 



Global Warming Potentials and Molecule Polarity

Gas
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Combustion is a Redox Reaction

CH4 + 2O2 → CO2 + 2H2O
 ox #:    -4   +1              0               +4  -2               +1    -2

increase

No change

decrease

→ C (or CH4) is 
oxidized and O (or 
O2) is reduced.

Climate solution:
 a) Prevent CH4 (a 
strong greenhouse gas) 
from leaking into the 
atmosphere; react it to 
make CO2, a weaker 
greenhouse gas
b) Can get electricity 
/heat from burning CH4 
(natural gas) from this 
waste source
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solution



Solar Hot Water

•H = q = sm
• Cold water in, hot water out → save the energy/fossil fuels 

needed to heat water for showers, laundry, and sometimes 
building heating
• Hot water comprises 25% of home energy use worldwide

• Solar hot water can reduce this by 50-70%



Drawdown 
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Green Roofs
• All year: provide insulation to minimize heat transfer between the 

building and the outside air
• Summer: Soak up rainfall, when moisture evaporates the very 

Hvap
∘ of water cools the building

• Painted white → reflect much more sunlight so it doesn’t warm 
the building as much

Cool Roofs (for climates using more AC than heat)



Drawdown 
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- Worldwide, buildings use ~32% of all energy generated
- >1/3 of that energy is for heating or cooling

- Increased efficiency in heating and cooling could cut this 
energy use by up to 30-40% and replace fossil fuel-
powered heat and lower efficiency air conditioners

- Heat pumps transfer heat between the inside and 
outside of a building (using a small amount of energy)

Heat pumps



Winter 
mode

outside inside

High P → gas condensesLow P → liquid evaporates

Evaporation: H > 0 (accept heat from outside 
air) 

Condensation: H < 0, (release heat to inside air)



Summer 
mode

outside inside

High P → gas condenses Low P → liquid evaporates

Exothermic, H < 0, release heat to outside air Endothermic, H > 0, accept heat from inside air
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