
STIA 4102
clean energy innovation

Lecture 1:

Introduction to Energy
pre-course intro survey 
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↪

Thursdays 3:30-6:00 PM
133 Reynolds Hall 

Fall 2023 Semester

August 24th, 2023
Prof. Jonathan “Jo” Melville
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Lecture Overview

1. Intro questionnaire
2. Lecture overview (you are here)

3. Course expectations
4. About me
5. Physics 101
6. What is energy?
7. What is money?
8. A little soapboxing
9. Semester overview Image by DALL·E 2

PROMPT: “a hand-drawn pencil sketch of a field of solar panels 
on a sunny day with a few clouds”
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Course Expectations

(learners) (teachers)

(ethics) (grading)

I expect from you:
● be curious!

○ (ask questions!)

● be respectful!
○ (to me and to each other)

● be honest!
○ (i promise i will not get mad)
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Course Expectations

Expect from me:
● bad humor
● different outfits
● unrelated tangents
● my best
● emails
● belief in you

(learners) (teachers)

(ethics) (grading)
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Course Expectations

I expect from you:
● proper citations
● clever use of tools
● communication
● collaboration

(learners) (teachers)

(ethics) (grading)

Image by DALL·E 2
PROMPT: “an oil painting in the style of Matisse 
of a college student using ChatGPT for help on a 
homework assignment”
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LEGAL  “LEGAL”

Aside: Journal Access for Dummies

Georgetown 
Library

Unpaywall

Email the 
authors

libgen.is

sci-hub.se

/r/scholar
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Course Expectations

Expect from me:
● generous scoring
● reasonable leniency
● please just give me an 

excuse to give you all A’s, 
this really doesn’t have to be difficult, 
as long as you show up and make a cursory 
effort at participation no one is going to 
question whether you earned a good grade

(learners) (teachers)

(ethics) (grading)
3/31



Jonathan Melville
jonathan.melville@georgetown.edu
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Jonathan “Jo” Melville

B.S. Chemistry 2016, UC Berkeley
Ph.D. Chemistry 2021, MIT

jonathan.melville@georgetown.edu

DISCLAIMER OF ENDORSEMENT AND AFFILIATION. The Georgetown 
University SFS course STIA 4102 Clean Energy Innovation (hereafter “the Course”) 
is in no way endorsed by or affiliated with the United States Department of Energy 
(DOE). The participation of the adjunct lecturer Jonathan Melville (hereafter “the 
Professor”) in the Course is performed in a strictly extracurricular fashion and in no 
way implies DOE’s endorsement or sponsorship of the Course.

Any views expressed by the Professor throughout the Course are solely those of 
the Professor and do not reflect the official policy or position of the Advanced 
Research Projects Agency - Energy (ARPA-E), DOE, or the U.S. Government.

Reference to any specific commercial product, process, or service by trade name, 
trademark, manufacture, or otherwise does not constitute an endorsement, a 
recommendation, or a favoring by ARPA-E, the DOE, or the U.S. government. The 
DOE does not endorse or sponsor any commercial product, service, or activity. 
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How much methane do we flare?
● 143,000,000,000 m3/y CH4
● $29,800,000,000/yr
● 500 Mt/y CO2

e (2022)
○ c.f. total fossil CO2 emissions: 37.9 Gt/y (2021, global)
○ about as much CO2 as Brazil

● 3.5% of global supply
○ enough to heat every home in America

https://www.iea.org/energy-system/fossil-fuels/gas-flaring
Energies 2016, 9, 14.
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Where is Methane Flared?

LNG terminals: 2%

Gas refineries: 8%

Production areas: 90%
Elvidge, C. D. et al Energies 9, 14 (2016).
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Why do we this?
1. Natural gas is mostly methane (CH4)

○ Methane is a greenhouse gas 30-200× worse than CO2

2. Natural gas is a gas[citation needed]

○ Extracting natural gas to bring to market requires capture, compression, 
liquefaction, transport…

3. Natural gas is cheap
○ Gas produced in remote (“stranded”) locations is not profitable to sell

→ might as well just burn it to CO2, which is less harmful than CH4
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This class is about two things:

1. Energy
2. Money
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WE INTERRUPT THE 
REGULARLY SCHEDULED 

PROGRAM TO BRING YOU THIS 
IMPORTANT MESSAGE



Newton’s Three Laws of Motion

● 1st law: inertia
○ an object at rest tends to remain at rest
○ an object in motion tends to remain in motion

● 2nd law: force
○ moving an object with mass requires force
○ force = mass × acceleration

● 3rd law: reaction
○ every action has an equal and opposite reaction
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The Three Laws of Thermodynamics

↪
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1. Energy cannot be created or destroyed
↪
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The Three Laws of Thermodynamics

1. Energy cannot be created or destroyed
➥ you can never get more energy out of a system than you put in

↪ (you can’t win)

2. Entropy of the universe always increases
➥ real-world systems are always less than 100% efficient

↪

3. Absolute zero can’t be reached
➥ atomic motion stops at T = -273.15 °C (zero Kelvin)
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The Three Laws of Thermodynamics

1. Energy cannot be created or destroyed
➥ you can never get more energy out of a system than you put in

↪ (you can’t win)

2. Entropy of the universe always increases
➥ real-world systems are always less than 100% efficient

↪ (you always lose)

3. Absolute zero can’t be reached
➥ atomic motion stops at T = -273.15 °C (zero Kelvin)
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The Three Laws of Thermodynamics

1. Energy cannot be created or destroyed
➥ you can never get more energy out of a system than you put in

↪ (you can’t win)

2. Entropy of the universe always increases
➥ real-world systems are always less than 100% efficient

↪ (you always lose)

3. Absolute zero can’t be reached
➥ atomic motion stops at T = -273.15 °C (zero Kelvin)

↪ (you can’t quit)
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Intro to SI units (the metric system)
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ampere A electric current
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temperature
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Intro to SI units (the metric system)
prefix symbol power order decimal

atto- a 10-18 quintillionth 0.000000000000000001
femto- f 10-15 quadrillionth 0.000000000000001

pico- p 10-12 trillionth 0.000000000001
nano- n 10-9 billionth 0.000000001
micro- μ 10-6 millionth 0.000001

milli- m 10-3 thousandth 0.001
centi- c 10-2 hundredth 0.01
deci- d 10-1 tenth 0.1

-- 100 -- 1
deka- da 101 ten 10

hecto- h 102 hundred 100
kilo- k 103 thousand 1000

mega- M 106 million 1000000
giga- G 109 billion 1000000000
tera- T 1012 trillion 1000000000000
peta- P 1015 quadrillion 1000000000000000
exa- E 1018 quintillion 1000000000000000000 5c/31
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SI Units are all interconnected!

● 1 cubic centimeter (cm3) = 1 milliliter (mL)
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SI Units are all interconnected!

● 1 cubic centimeter (cm3) = 1 milliliter (mL)
○ 1 mL of water: 1 gram (g)

● 1000 mL = 1 liter (L)
○ 1 L of water: 1 kilogram (kg)

● 1 newton (N) = force to accelerate 1 kg by 1 m/s2 
○ 1 N = 1 kg·m/s2

● 1 joule (J) = work done by 1 N over 1 m
○ 1 J = 1 N·m

● 1 watt (W) = power of 1 Joule over 1 sec
○ 1 W = 1 J/s
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This class is about two things:

1. Energy
2. Money
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What is 
energy?



Types of Energy

thermal elastic mechanical gravitational

nuclearelectricalmagneticchemical
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Joules (J)

● joule (J)

Image by DALL·E 2
PROMPT: “a high-resolution 
photograph of an apple in midair 
falling from a tree”

1 m

one joule: energy of a 
small (~100 g) apple 

falling ~1 meter
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Joules (J)

one kilojoule: energy in a 
typical watch battery 

(button cell)

● joule (J)

● kilojoule (kJ): 103 J
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Joules (J)

one megajoule: energy 
in a fully charged car 

battery

● joule (J)

● kilojoule (kJ): 103 J

● megajoule (MJ): 106 J
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Joules (J)

one gigajoule: total 
energy of an average 

lightning bolt

● joule (J)

● kilojoule (kJ): 103 J

● megajoule (MJ): 106 J

● gigajoule (GJ): 109 J

8/31
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Joules (J)

one terajoule: average 
annual electricity use of a 
American neighborhood 

(~25 homes)

● joule (J)

● kilojoule (kJ): 103 J

● megajoule (MJ): 106 J

● gigajoule (GJ): 109 J

● terajoule (TJ): 1012 J
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Joules (J)

one exajoule: 1% of total 
annual American energy 

usage

● joule (J)

● kilojoule (kJ): 103 J

● megajoule (MJ): 106 J

● gigajoule (GJ): 109 J

● terajoule (TJ): 1012 J

● exajoule (EJ): 1018 J
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calories and Calories (calth / kcal)

“thermal calorie”
(calth, cal, calorie)

“food calorie”
(kcal, kilocalorie, Cal, Calorie)

● energy to heat 1 gram of water by 1 °C

● 1 cal = 4.184 J

● energy to heat 1 kilogram of water by 1 °C

● 1 kcal = 4.184 kJ = 4,184 J

● the one what’s on the back of the box

● i am aware this is dumb and confusing

9/31
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British Thermal Units (BTU)

● 1 British thermal unit (BTU or Btu):
○ energy to heat 1 gram of water by 1 °C
○ 1 BTU ≈ 1055 J
○ the imperial system, ladies and gentlemen

● “MMBTU”: one million BTU
○ common price unit for natural gas (1~10 $/MMBTU)

● “quad”: quadrillion (1015) BTU
○ ≈ 1.055 EJ (~1% of annual US energy demand)

pound F

10/31



watt-hours (Wh, W·h, W·hr)

power = energy ÷ time

power × time = energy

1 Wh = 3600 J

1 kWh = 3600 kJ

1 MWh = 3600 MJ ...

● same logic for watt-days, watt-years
● global annual power use: ~20 TW·y

11/31
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has 
more 
energy?



Which has more energy?

a 3-ton SUV driving down the 
freeway at 60 mph

a regular-sized Snickers bar

?
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one ton of TNT typical fridge annual energy use
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eaten over an 80-year lifespan
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>

235U fission products weigh 0.085% 
less than reactants!

https://xkcd.com/1162/ 15/31
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Which is more energy?

global annual energy use 
(2022)

1 hour of sunlight

≈
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What is 
money?



How much does energy cost?
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Three Gorges Dam
Hubei, China

30°49′23″N 111°00′12″E

Installed capacity: 22500 MW
Capacity factor: 45%
Annual generation: 103.6 TWh (2021)

Construction began: December 1994
Opening date: July 2003
Construction cost: ¥203 bn (US$31.8 bn)
Owner(s): China Yangtze Power 

(subsidiary of China Three Gorges Corp.)

https://geohack.toolforge.org/geohack.php?pagename=Three_Gorges_Dam&params=30_49_23_N_111_00_12_E_dim:3000_region:CN-42_type:landmark
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How can you make it?
● burn fossil fuels
● burn biomass
● solar photovoltaics
● wind turbines
● hydroelectric dam
● nuclear reactor
● geothermal plant
● solar concentrator
● tidal energy station
● nuclear fusion (you wish)

● … (and more)
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How can you store it?
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○ Non-fossil hydrocarbons

● Batteries (all sorts)
● Pumped hydroelectric storage
● Thermal energy storage

○ Sensible (molten-salt)
○ Non-sensible (phase-change)

● Flywheels
● Compressed air
● Springs

(and so on and so forth)
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How can you ship it?
● By grid
● By pipeline
● By train
● By ship
● By truck
● By plane
● Wirelessly? (not yet)

(It depends on how you store it.)

How much does energy cost?

Depends on how you:
● make it
● store it
● ship it

17/31

less $$$
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How much does energy cost?

typically between
 5 ~ 50 ¢/kWh
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How much does energy cost?

typically between
 5 ~ 50 ¢/kWh

sometimes even 
(briefly) negative!

(timing is important!)
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Price isn’t the only factor!

Also need to consider:
● Reliability 

○ timing is important!
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Price isn’t the only factor!

Also need to consider:
● Reliability / intermittency

○ timing is important!
○ capacity factor

● Carbon footprint!
○ direct and indirect
○ probably the reason you are all here
○ capitalism is good at maximizing capital

Image by DALL·E 2
PROMPT: “an abstract painting of an avatar of 
rampant unchecked capitalism destroying global 
human society as we know it”

19/31



how bad is it, doc?
(we do a little editorializing)



Anthropogenic global warming is real

Lee, Hoesung, et al. "AR6 Synthesis Report: Climate Change 
2023." Summary for Policymakers (2023). 20/31



Anthropogenic global warming is bad

Lee, Hoesung, et al. "AR6 Synthesis Report: Climate 
Change 2023." Summary for Policymakers (2023).

21/31



Most vulnerable global populations 
are broadly least responsible
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Banaba, Kiribati

Cushman, G. T. Guano and the Opening of the Pacific World: A Global Ecological History; Cambridge University Press, 2013.
Greenhill, R. G.; Miller, R. M. J. Lat. Am. Stud. 1973, 5, 107–131.
Szpak, P.; Millaire, J.-F.; White, C. D.; Longstaffe, F. J. J. Archaeol. Sci. 2012, 39,3721–3740.
Manner, H. I.; Thaman, R. R.; Hassall, D. C. Aust. Geogr. 1985, 16, 185–195.
James, J. C. Am. Lit. Hist. 2012, 24, 115–142.
https://www.theguardian.com/world/2021/jun/09/the-island-with-no-water-how-foreign-mining-destroyed-banaba
https://www.banaban.com/destruction-caused-phospahte-mining

https://www.theguardian.com/world/2021/jun/09/the-island-with-no-water-how-foreign-mining-destroyed-banaba
https://www.banaban.com/destruction-caused-phospahte-mining


Malden Island, 
Kiribati

May 1957

Kiritimati, 
Kiribati

November 1957 Kiritimati, 
Kiribati
April 1958

Kiritimati, 
Kiribati

September 1958

Cushman, G. T. Guano and the Opening of the Pacific World: A Global Ecological History; Cambridge University Press, 2013.
Greenhill, R. G.; Miller, R. M. J. Lat. Am. Stud. 1973, 5, 107–131.
Szpak, P.; Millaire, J.-F.; White, C. D.; Longstaffe, F. J. J. Archaeol. Sci. 2012, 39,3721–3740.
Manner, H. I.; Thaman, R. R.; Hassall, D. C. Aust. Geogr. 1985, 16, 185–195.
James, J. C. Am. Lit. Hist. 2012, 24, 115–142.
https://www.theguardian.com/world/2021/jun/09/the-island-with-no-water-how-foreign-mining-destroyed-banaba
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https://www.theguardian.com/world/2021/jun/09/the-island-with-no-water-how-foreign-mining-destroyed-banaba
https://www.banaban.com/destruction-caused-phospahte-mining


Most vulnerable global populations 
are broadly least responsible

Lee, Hoesung, et al. "AR6 Synthesis Report: Climate 
Change 2023." Summary for Policymakers (2023).
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…but everyone will be affected

Lee, Hoesung, et al. "AR6 Synthesis Report: Climate Change 2023." Summary for Policymakers (2023).
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Maui, Hawaii
August 2023

Washington, DC
July 2023

Pakistan
June-October 2020

Deaths: 1,739
Non-fatal Injuries: 12,867

Damages: US$14.9bn
Estimated Economic Losses: US$15.2bn

San Francisco
September 2020

"Pakistan: Flood Damages and Economic Losses Over USD 30 billion and Reconstruction Needs Over USD 16 billion - New Assessment". World Bank (Press release). 28 October 2022. 
https://www.worldbank.org/en/news/press-release/2022/10/28/pakistan-flood-damages-and-economic-losses-over-usd-30-billion-and-reconstruction-needs-over-usd-16-billion-new-assessme

Kenya
2008-2009

https://www.worldbank.org/en/news/press-release/2022/10/28/pakistan-flood-damages-and-economic-losses-over-usd-30-billion-and-reconstruction-needs-over-usd-16-billion-new-assessme
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Technical merit is meaningless 
without deployability

24/31Fickling, D. Small Isn’t Beautiful When It Comes to the Nuclear Renaissance. Bloomberg.com. February 8, 2023. 
https://www.bloomberg.com/opinion/articles/2023-02-08/nuclear-power-small-isn-t-beautiful-conventional-is-better.

https://www.bloomberg.com/opinion/articles/2023-02-08/nuclear-power-small-isn-t-beautiful-conventional-is-better


Many trends are pessimistic
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Cheap renewables are a rare bright spot
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Cheap renewables are a rare bright spot

Malhotra, A., & Schmidt, T. S. (2020). Accelerating low-carbon innovation. Joule, 4(11), 2259-2267.
Lee, Hoesung, et al. "AR6 Synthesis Report: Climate Change 2023." Summary for Policymakers (2023). 26/31



Techno-optimism 
is not enough.

There is a moral 
imperative to act.

there is no silver bullet solution:

● not nuclear power

● not mass solar + wind

● not carbon capture

● not fusion energy

● not geoengineering

Policy is necessary!

realism is not nihilism:

● things will never get so bad 
that they can’t get worse

● every thousandth of a degree 
of warming prevented means 
millions of lives saved

● it is our responsibility to fight!

DOOMERS GET OUT
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Semester
Overview

a preview of coming 
attractions
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Questions?

Crescent Dunes Solar Energy Project
Nevada, United States of America

38°14′00″N 117°22′01″W

Nameplate capacity: 110 MW
Capacity factor: 51.9% (planned) 

20.3% (2018)
Annual generation: 196 GWh (2018)
Construction began: September 2011
Opening date: September 2015
Construction cost: US$975 million
Owner(s): Tonopah Solar Energy, LLC

pre-course intro survey 
(MANDATORY)

↪



The More You Know: 
my favorite word etymology



minho (river) →
minium (mineral) →
miniare (pigment) →

miniature (art) →
miniature (size) 


