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Get Energized!

 What is the U.S. energy system?
 Energy and the environment
 Introduction to Generate!

e Changing the rules and other twists
« Make your own version

e Other great energy “resources”

U.S. Environmental Protection Agency 2
Office of Research and Development



PART 1. WHAT IS THE U.S.
ENERGY SYSTEM?
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What is the U.S. energy system?

 Primary energy resources:
= Fossil: coal, natural gas, petroleum

= Renewable: wind, solar, hydro, geothermal,
biomass

= Other: uranium

e Technologies to convert primary resources to
useable energy like electricity, gasoline, etc.

= Petroleum/oll refineries
= Electric power generation

« End-use sectors that use electricity and fuels
= Residential
= Commercial e
= |ndustrial Wil
= Transportation _ ' F
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POLL

* What share of our total electricity production in
the U.S. comes from renewable power?

0% 25% 50% 75% 100%

CCCr— >

e Place a marker!

SOACE NGO
) Office of Research and Development



Snapshot of our Energy System

Renewables are 13%

Sources of U.S. electricity generation, 2013

Hyd 52% &

mﬂ:’ i Renewable 13%
Biomass wood 8%

gﬂﬁsﬁ:;m gh Nuclear 19%
Solar 2%

atural Eas 27

el

Coal 39%

Sowurce: WS, Energy Information Administration, Electricity Power Monthly (February 2014). Percentages based on

Table 1.1 and 1.1a; preliminary data for 2013
Mote: Sum of components may not equal 100% dus to independent rounding.

Space heating Is top use

How Energy Is Used in Homes (2009)*

Water Heating
18%

/

Refrigeration

0
% / Air
Conditioning

6%

* 2009 is the most recent year for which data are available.

Source: U.S. Energy Information Administration, Residential
Energy Consumption Survey (RECS) 2009.
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PART 2: ENERGY AND THE
ENVIRONMENT
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Energy and its role in air, climate and water

Air Pollutant Emissions
e Contributions to U.S.
anthropogenic emissions
— Nitrogen Oxides (NOy) ~ 95%
— Sulfur Dioxide (SO,) ~ 89%
— Carbon Monoxide (CO) ~ 95%
— Mercury (Hg) ~ 87%

Greenhouse Gas Emissions

e Contributes 94% of US anthropogenic carbon
dioxide (CO,) emissions

Water Supply, Use and Quality

 41% of US water withdrawals (agriculture ~
37%; public supply ~ 13%)

o ~200 billion gallons of water per day are
required for power plant cooling

e Water quality issues for energy resource
extraction and processing

SACE I 10
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Measures of growth and
emissions in the U.S.
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Energy and Climate Change

CO, concentrations CO, emissions
(parts per million, ppm) (million metric tons)

Concentrations of Carbon Dioxide in the Atmosphere Global Greenhouse Gas Emissions by Sector, 1990-2010
from 800,000 Years Ago to Present Day $0.000
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Data sources: World Resources Institute, 2014; Food and Agriculture
Data source: Compilation of 10 underlying datasets Organization, 2014

http://www.epa.qgov/climatechange/science/indicators/ghg/ghg-
concentrations.html

CO, can stay up in the atmosphere for nearly a century!
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) Office of Research and Development



http://www.epa.gov/climatechange/science/indicators/ghg/ghg-concentrations.html

Energy and
Greenhouse Gas
Emissions

The EPA’s proposed Clean
Power Plan

Focus is on the electric
sector, both new and
existing facilities
Flexibility in how states
achieve their targets

Target is to cut carbon from
the power sector by 30%

below 2005 levels

http://www2.epa.gov/carbon-pollution-
standards/requlatory-actions

Transportation GHG
emissions also falling with new
CAFE/GHG standards for
2017-25 model years

http://www.epa.gov/otaqg/climate/documents/4
20f12051.pdf

EP/ e N

Total U.S. Greenhouse
Gas Emissions by
Economic Sector in 2012

Agriculture
10%

Commercial &
Residential
10%

Electricity
32%

Industry
20%

Total Emissions in 2012 = 6,526 Milli

Total U.S. Greenhouse
Gas Emissions with
Electricity Emissions

Distributed

Agriculture

Residential
16%

Commercial
17%

Industry
28%

on Metric Tons of CO, equivalent

Source: U.S. EPA, Inventory of U.S. Greenhouse Gas Emissions and Sinks:

1990-2012

http://www.epa.qgov/climatechange/ghgemissions/usinventoryreport.html#about

WESE

Environmental Protection Agency
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http://www2.epa.gov/carbon-pollution-standards/regulatory-actions
http://www.epa.gov/otaq/climate/documents/420f12051.pdf
http://www.epa.gov/climatechange/ghgemissions/usinventoryreport.html#about

Where do we go from here?

Projected global Energy choices over next
temperature range several decades
12
—— Observations
10+ —— Modeled Historical
— A2
81 ——B1
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Figure source: NOAA NCDC / CICS-NC
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One version of 2040

Figure ES-5. Electricity generation by fuel in the Referencecase, 1990-2040

trillion kilowatthours

History 2012 Projections

Natural gas

Renewables

2 MNuclear

Petroleum liquids and other

0
1990 2000 2010 2020 2030 2040
Annual Energy Outlook 2014, Energy Information efi"‘é\

Administration (EIA)

SAACE

A “Reference Case”
will give you roughly
more of the same.

But what If it looked
totally different?

What would make it
look different?

U.S. Environmental Protection Agency 15
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Different choices with very
different impacts

What resources does it use? How will it affect our

climate?

How much
does it
cost?

What are What are the

the air other

emissions? M environmental
& impacts?

How much water does it require?
SYACE

U.S. Environmental Protection Agency 16
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Free Response

 What are other environmental impacts of energy
production and use | haven'’t covered?

U.S. Environmental Protection Agency 17
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EPA’s Air, Climate, and Energy
(ACE) Research Program

 The Air, Climate, and Energy Research Program (ACE)
provides the critical science to:

Develop and implement the National Ambient Air Quality
Standards under the Clean Air Act.

Foster innovative approaches to ensure clean air in the context
of a changing climate and energy options.

Provide scientific information and tools to adapt and reduce the
Impact from a changing climate.

* Learn more about Climate Change Research:

* Learn more about Air Quality Research:

SACE
Office of Research and Development

18


http://www.epa.gov/research/climatescience/index.htm
http://www.epa.gov/research/airscience/index.htm

EPA research with energy-
environmental modeling tools

* Learning from energy system models
0 Develop and examine scenarios, not predicting the future!

0 Assess the potential roles of specific technologies In
meeting policy goals

o ldentify important system interactions and potential
unintended consequences

0 Consideration of uncertainties in fuel prices, technologies,
and policy
« Quantify how the energy system may evolve and
Its effect on our environment and human health

U.S. Environmental Protection Agency 19
Office of Research and Development




A few EPA research projects

 Energy scenarios and impacts on climate and air
quality

 Water demands for the electric power sector

 The role of breakthrough energy technologies

SOACE R
) Office of Research and Development



Alternative future scenarios for 2055
“Reference” vs. “Low carbon”
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Research on the water

demands of the energy :

sector

Reducing carbon generally lowers the
(A) water withdrawals (total water
intake) for the electricity sector

But, reducing carbon can lead to higher
long term (B) water consumption
(evaporative losses)

The Water- Energy Nexus

Source: C. Cameron, W.

Yelverton, R. Dodder, J. West
(2014) “Strategic responses to
CO2 emission reduction targets

A B :
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: drive shiftin U.S. electric sector
2025 2035 2045 2055 water use” Energy Strategy
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The role of breakthroughs
@8 e in energy technologies

too expensive?

0.40

Salar PV
02 Conventional :oal-\“
0.21 4
Ll Hydro and
0.17 nuclear Advanced coal
‘Wind
0.15 .

i sl tiad

) T S e
tos: Nellis AFB, http://www.nellis.af.mil/

Advanced coal with

013 mem=—— N ----—------Eu ho
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Levelized cost of electricity ($/kwh)

What happens as costs come down?
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0.09 -
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O csev
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Levelized costs of electricity production technologies
($/kwh), including the cost the CO, tax for CO,

Electricity Production (billion kWh)

emitting technologies. 85588323338 8558888338
OO NN N AN
. . (a) Base CSPV LCOE (b) 70% reduction in CSPV LCOE  (C) 80% reduction in CSPV LCOE
Source: D. Loughlin, W. Yelverton, R. Dodder, C. Miller. ($0.396/KWh)

(2013) Clean Technology & Environmental Policy
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Questions so far?

We've covered.:

. Our energy system

. Its environmental impacts

. How we study future trends and impacts

U.S. Environmental Protection Agency 24
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PART 4: INTRODUCTION TO
GENERATE!
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Why make a game?

Questions: A complex model

« How do we communicate
the link between climate
change and energy choices
to students?

e How do we make it fun and
Interactive?

« How do we make it complex
(challenging) but still
accessible to students

Dinisbane C\Arawerstirmes Csabaces L PALIS 14wl 1lndh L Soenar NATGASTA

Answer: Turn our complex A model uses mathematical

energy system model into a language to describe the
game board! behavior of a system

SACE I, 26
Office of Research and Development



The game board =the “grid”

 This is the student

TEAM 1 000 ¢

teams’ gl’ld GENERATE U & AN
L AT A
« Students are the s aysxXIe

decision makers for
how they want to
produce energy

* They will use this
board for multiple
rounds of game play

« Each team can be
thought of as a town,
state, region or
country

=5
&s

U.S. Environmental Protection Agency 27
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Types of energy pieces

NUCLEAR

Nuclear

Fossil Fuels

Renewabl COAL -
n EXISTING

o~ 20
o 2
Il ENERGY EFFICIENCY - 80 WIND - [ a0 | [T
LARGE ‘, LARGE s | 120 |
N I
0 10 o i 0 10 11 s

U.S. Environmental Protection Agency 28
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Parts of the energy pieces

What primary energy resource does it use?

How much does it
NUCLEAR 300 J) How

build/purchase?

How much does it

“ n cost each year to
run/operate?
How much CO, does it

produce?

Total Score = 2000 + (46 * 30) + (0 * 30) * CO, cost
(over 30 years) = 3380

* Units are generic, but represent relative costs of energy sources

U.S. Environmental Protection Agency 29
Office of Research and Development



Filling In the “grid”

Set up: Up to 5 teams

« Each team has a game board,
a “grid” to fill, and a bag of
energy pieces

 Each team has the same total
energy (area of pieces)

« Each team does not have the e
same mix of energy pieces s i g M i ek i
» Goal is to fill the game board el e —
with energy types to achieve S ——
the lowest total score e —
Score = purchase cost + A —
operating cost + CO, cost T
3 I I N N
(e —— || |||

SACE L e
Office of Research and Development



POLL: Which one is cheapest
(per unit of energy)?

Here are your choices
A: Coal

B: Wind

C: Solar

| D: Natural Gas

E: Nuclear

NUCLEAR _ Score = Purchase + (Operate * 30) +
{ x30)*=CO,cost

« Hint 1: Piece size matters!
e Hint 2: CO, cost is zero!

SOACE R
- E Office of Research and Development



A typical result for Team 1

This would be a

typical result for e TEAM1 (3] @9
Team 1 & BT . 2000
« Using the “cheapest” S

pieces first L0
» Then... the next

cheapest

» Then finding out they
need the small pieces to
fill up the bottom row

NOTE: |

Each team will o B e B e B e P
have a different ERRRRERRERR R SRR
outcome!

U.S. Environmental Protection Agency 32
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A typical result for Team 1

This would be a
typical result for TEAM 1 00009

Team 1 SR 0000
« Using the “cheapest” s
pieces first COAL
* Then... the next
cheapest
* Then finding out they

need the small pieces to
fill up the bottom row

NOTE: .
Each team will :
have a different NN SRS
outcome!

U.S. Environmental Protection Agency 33
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Follow-on issues and questions

 Types of energy resources
= What are the different types of energy?
= How can we classify them?
= How do they differ?

« Where we get our electricity
= Does the first round approximate our resource mix in the U.S.?
= What electricity mix would you like to see, and why?
= What are the challenges with getting to that outcome?
= How could those challenges be met?

= But, we have ighored one crucial part of the equation: CO,

SACE I,
Office of Research and Development



Check In?

 |'ll take 2-3 guestions on the game basics before
we ramp it up

U.S. Environmental Protection Agency 35
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PART 4: CHANGING THE
RULES AND OTHER TWISTS
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Now things get interesting

Changing the /
rules of the game

 Whatif... in our cost of
electricity, we included
the costs associated with
CO, emissions?

 How would that change
the mix?

il

NATURAL

N %

KN
Total Score = Purchase + (Operate * 30) + (CO, * 30) * CO, cost
Total Score =120+ (5*30) + (11 *30) * 2

SAACE ST 3

Office of Research and Development



POLL: Which one is cheapest
(per unit of energy)?

Here are your choices, again
A: Coal

B: Wind

C: Solar

| D: Natural Gas

E: Nuclear

NUCLEAR _ Score = Purchase + (Operate * 30) +
(CO, *30) * CO, cost

« Hint 1: Piece size matters!
« Hint 2: CO, cost is now 2!

SOACE R
- E Office of Research and Development




A typical “

This would be a
typical result for

Team 1

« Swapping out coal for
coal with Carbon
Capture and Storage
(CCS)

 Bringing in some
additional wind power

 Leaving nuclear or
adding it to the mix, if
they have it

« Additional rounds can
be run at higher and
lower CO, costs

EPF

low carbon” result for Team 1

TEAM 1
GENERATE 000
saunces ot Seman o oo (] Loy
,-""- "'"-... z;...w harizontal and caver ihs grid They can not go
} g, Yiou may T of emergy sources. i
i et 3. TOTAL COST = (Purchase Cast) + (Annual Cost x 30} +C0, x €0, Cost x 30) -~ 4 — -

4. The 1% round of the game will not have a.C0, onst, so this will be rern.
5, Morw, go GENERATE!

120 WIND

LARGE I

| | | | | | 420 [0 | 420
0 2 0 2 0 2 0 2 0 2 0 2 "o | =2

GENERATE CREDITS INCLUDE ORIGINAL COMCEPT: €. ANDY DEVEL UTREAC) MELLY LEGWIC; GRAPHIC DESHGH: CAMDEN WATTS AND DUSTIN RIEGO.
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Keep playing it up!

Energy efficiency round Other game extensions

These prized pieces will bring * Budget Breakers
down CO, and save costs! _ Set a max cost

Climate Friendly
— Set a max CO, limit

Pure Optimization

EMERGY EFFICIENCY -
LARGE

ThIrSty energy — Start all students with same
€02 and Water Use for Electricity Production SetS Of p i e CeS
Size of « Energy Traders
o o — Let students “trade” pieces

Set a maximum total water use.
Student provided with water use per piece.
*Renewables are zero water use!

SACE R, 0
Office of Research and Development



PART 6: GENERATE AND
OTHER "RESOURCES”
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The GENERATE Package

* Printable boards and pieces: color and black and white
» Files for score sheets and calculation sheets

« Excel file for quickly calculating team scores and ranks for multiple
rounds

* Introductory power point presentation

 Teachers Instruction Guides

Middle School — Susan Randolph, Wayne School of Engineering,
Goldsboro, NC

High School — Kristen Thomas, Athens Drive High School, Raleigh, NC

Materials highlight alignment to Next Generation Science Standards,
Common Core Middle School ELA/Math, and North Carolina Essential
Standards

Resources available at:;

SACE ke
Office of Research and Development


http://www.epa.gov/research/airscience/hands-on.html

In the words of 6 grade students

It was cool, funny and
angering at times!

pieces.
( think vou | liked the
should T?"‘t CO, factor.
geothermal tn.

It was a good competition.

| think solar and

This is the best science nuclear should

board game EVER!

We thought it was unfair that
all the different teams had
different pieces, but for the
most part we liked your game.

SAACE

have been cheaper.

The game was complicated and
fun... so many ways to put the

Solar energy is not
used as much as
we thought.

Can you
add Velcro?

We also think that
the game makes us
think hard and
learn more about
the impact that we
have on the
environment.

| applaud how
you can learn
and have fun.

Could you have given us
energy efficiency before?

U.S. Environmental Protection Agency 43
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Excellent resources for energy
and climate materials

Energy Climate
Energy Information Administration  EPA Climate Change Resources

e State energy comparisons  Mapping GHG emissions from
large facilities

* Interactive mapping of ALL
energy resources and facilities ¢ 30 Indicators for climate change

Open Energy Information
. « Students guide to global climate

change

A= ) . 2 v
BE & @ 3= & R £
art grid salar u s water win

buildings geothermal hydrogen sm

SACE R,
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http://www.eia.gov/
http://www.eia.gov/state/
http://www.eia.gov/state/maps
http://en.openei.org/wiki/Main_Page
http://epa.gov/climatechange/
http://ghgdata.epa.gov/
http://epa.gov/climatechange/science/indicators/index.html
http://www.epa.gov/climatestudents/

Any Final Questions or Feedback?

Thank you so much for your time and interest!

Rebecca Dodder
(919) 541-5376

Website for materials:

U.S. Environmental Protection Agency 45
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