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Current Issue Part A Study Resources

Key Topic #1: Introduction to Energy and Traditional Energy Infrastructure

1. Define energy and explain how energy is relevant in our everyday lives.
Describe the different levels at which energy decisions are made, and what factors affect

energy decision-making.
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Explain the setup and design of traditional energy infrastructure and distribution systems.

4. Explain how traditional non-renewable energy sources such as petroleum, coal, and
natural gas are extracted and utilized to create energy.

5. Identify the environmental, social, and economic advantages and disadvantages of these
traditional non-renewable energy sources, and evaluate their suitability for meeting the

world's energy needs in the future.

6. Identify threats to the energy system for both traditional and renewable sources.

Study Resources

Resource Title Source Located on
Introduction to Energy Zil;;r;z}l;)g;i(c)glzResearch Pages 4 - 20
VIDEO: Energy Decisions (5 minutes) US Department of Energy, 2015 Page 21
Electricity System Overview US Department of Energy, 2017 Pages 22 - 34
Petoleun
it Err Elwatn g9
Natural Gas gc;g:l;;;;i;;?%flducation Pages 43 - 46
Understanding Power System Threats and USAID and National Renewable Pages 47 - 52

Impacts

Energy Laboratory, 2019

Study Resources begin on the next page!
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Introduction to Energy

Paleontological Research Institution — April 7, 2022

Page snapshot: Introduction to energy, including definition of energy and units used to measure energy, fossil
fuel types and their extraction, renewable energy, and the future of energy in the United States.

Credits: Most of the text of this page is derived from "Energy in the Southeastern US" by Carlyn S. Buckler,
Peter L. Nester, Stephen I Greb, and Robert J. Moye, chapter 6 in The Teacher-Friendly Guide to the Earth
Science of the Southeastern U.S., 2nd. ed., edited by Andrielle N. Swaby, Mark D. Lucas, and Robert M. Ross
(published in 2016 by the Paleontological Research Institution, currently out of print), with some text coming
from other volumes of the Teacher-Friendly Guide series. The book was adapted for the web by Elizabeth J.
Hermsen and Jonathan R. Hendricks in 2021-2022. Changes include formatting and revisions to the text and
images. Credits for individual images are given in figure captions.

What is energy?

Energy is an interdisciplinary topic, and the concepts used to understand energy in the Earth system are
fundamental to all disciplines of science. One cannot study physics or understand biomes, photosynthesis, fire,
evolution, seismology, chemical reactions, or genetics without considering energy. Everything we do depends
upon energy—without it there would be no civilization, no sunlight, no food, and no life. Energy moves people
and goods, produces electricity, and heats our homes and businesses. It is used in manufacturing and other
industrial processes.

But what is energy? Energy is power that is derived from the utilization of physical or chemical resources.
Wind and solar power, fossil fuels, nuclear energy, and hydroelectricity are primary energy sources. Primary
energy sources are energy sources that occur in nature. Secondary energy sources, also known as energy
carriers, have been transformed into energy used directly by humans. Examples of secondary energy sources are
electricity and gasoline.

For most of human history, the way we captured and used energy changed little. With very few exceptions,
materials were moved by human or animal power. Heat was produced largely through the burning of wood.
Exceptions include the use of sails on boats by a very small percentage of the world’s population to move
people and goods. In China, people used natural gas to boil brine in the production of salt beginning roughly
2000 years ago. Nearly all the energy to power human society was, in other words, biomass; it was produced by
humans, by other animals, or by burning wood.

The transition from brute force and burning wood to the production and use of various industrial sources of
energy has occurred remarkably quickly, happening in the course of just a few generations. Much of the rural
US was without access to electricity until the 1930s, and cars have been around for only slightly longer. Yet,
many of us take these conveniences for granted today. The transition to industrial sources of energy has caused
changes in virtually every aspect of human life, from transportation to economics to war to architecture. In the
US, every successive generation has enjoyed the luxury of more advanced technology (e.g., the ability to travel
more frequently, more quickly, and over greater distances). Especially as the global population grows and
standards of living increase in some parts of the world, so too does global energy demand continue to grow.
















































Mediation of our energy production could have a huge positive impact on climate change. Unfortunately, there
is no energy production system or source currently available that is truly sustainable. All forms of energy have
negative impacts on the environment, as do many of the ways in which we use them.

Until we have a sustainable means of producing and delivering energy, we are faced with a sort of "energy
triage"; we need to consider which means of energy production and transport make the least impact. The answer
to this problem will be multifaceted, depending in large part on which energy resources and delivery methods
are available in each part of the US.

Adaptation

Adaptation—changing our habits of energy use and delivery—will make it easier for our existing energy
infrastructure to adjust to the needs brought on by climate change. Investing in adaptation can pay off in the
short term by reducing risks and vulnerabilities, thus minimizing future risks. Increasing sustainable energy
practices—including extraction, production, and usage—and improving infrastructure and delivery methods
will go a long way toward decreasing the effects of climate change and increasing our energy security.

Some types of adaptation are grounded in the development of new technologies for energy production and
energy efficiency, while others may be related to changes in behavior. Changes in technology and behavior may
go hand in hand; roughly 2% of electricity production now goes to data centers, for example, a use that did not
exist in 1985. Additionally, the internet is rapidly changing other ways in which we use energy, allowing us to
telecommute and changing the way we shop.

Key points to keep in mind regarding the future of energy

1. Extreme weather events are affecting energy production and delivery facilities, causing supply
disruptions of varying lengths and magnitudes and affecting other infrastructure that depends on energy
supply. The frequency and intensity of extreme weather events are expected to increase.

2. Higher summer temperatures are likely to increase electricity use, causing higher summer peak loads,
while warmer winters are likely to decrease energy demands for heating. Net energy use is projected to
increase as rising demands for cooling outpace declining heating energy demands.

3. Both episodic and long-lasting changes in water availability will constrain different forms of energy
production.

4. In the longer term, sea level rise will affect the coastal facilities and infrastructure on which many
energy systems, markets, and consumers depend.

5. As we invest in new energy technologies, future energy systems will differ from those of the present in
uncertain ways. Depending on the ways in which our energy system changes, climate change will
introduce both new risks and new opportunities.






Appendix

ELECTRICITY SYSTEM
OVERVIEW

This appendix provides context for understanding the analysis and
recommendations contained in the main body of the report. It is an overview
of the Nation's existing electricity system, including its physical structure and
elements, the history of its development, and major laws and jurisdictions
governing its operation. It explores the Federal role in the resilience and
security of the electric grid, and it describes the complex operations, business
models, and market structures comprising the electricity system.
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Figure A-2. Electric Power Regional Fuel Mixes, 20152
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*Includes the following Energy Information Administration fuel type designations: Distillate Petroleum, Geothermal, Biogenic Municipal
Solid Waste and Landfill Gas, Other Gases, Other Renewables, Other (including nonbiogenic municipal solid waste), Petroleum Coke,

Residual Petroleum, Waste Coal, Waste Qil, and Wood and Wood Waste.

Note: Sum of components may not add to 100% due to independent rounding.

The U.S. electricity industry relies on a diverse set of generation resources with strong regional variations. As of 2015, coal fuels the majority of
electricity generation in the Mountain, West North Central, East North Central, and East South Central regions. Coal is also a significant resource for
the South Atlantic and West South Central regions, though both have sizable natural gas generation as well, and the South Atlantic region includes
substantial shares of nuclear. The Pacific Contiguous and New England regions are predominately natural gas, with significant contributions of
hydroelectric and nuclear, respectively. The Middle Atlantic is the only region that is predominately nuclear, and the Pacific Noncontiguous region is
the only region in which fuel oil represents more than a few percentage points of total generation, where it constitutes nearly half of all generation.
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Appendix: Electricity System Overview

Figure A-3. Wind and Solar Energy Resource Maps for the United States''
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Annual average solar resource
data are shown for a tilt =
latitude collector. The data for
Hawaii and the 48 contiguous
states are a 10km satellite
modeled dataset (SUNY/NREL,
2007) representing data from
1998-2009.

The data for Alaska are a40 km
dataset produced by the
Climatological Solar Radiation
Model (NREL, 2003).

This map was produced by
the National Renewable
Energy Laboratory for the US.
Department of Energy.
Billy J. Roberts
19 September 2012
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Energy resource availability varies widely across the United States. Wind and solar energy resources are concentrated in the Midwest and Southwest
regions of the United States.
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