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1.) Abstract 

Fossil reserves provide the bulk of energy regardless of sector in the United States.  A recent 
focus on resource depletion and climate change has motivated technology development geared 
toward alternative resource utilization.  In parallel, it is important to consider the current 
paradigm of energy usage that has given rise to the inequity of resource availability and 
consumption.  Moving forward, resource conservation must play an integral role, particularly in 
sectors with a high demand for carbon, in achieving energy and resource sustainability.  

perspective and 
focus on how emerging technology serves to enable alternative resource utilization or minimize 
fossil resource consumption.  This module is intended to lay the foundation for such a course by 
grounding students in the present energy landscape and providing a basic, technical framework 
for quantifying personal footprints in the context of national averages. 

2.) Information for Instructors 

Intended Audience 

A portion of this module has been previously employed as an introduction to a senior/graduate 
level elective engineering course in renewable energy.  Specifically, I have used it to introduce 
background and context prior to beginning the discussion of available technologies for producing 
liquid hydrocarbon fuels from abundant biomass.  The purpose in doing so is to train the mindset 
that, prior to making a push for large-scale adoption of biofuels, scientists, engineers, and policy 
makers should first consider whether and how biofuels can have a meaningful impact in the 
transportation sector.  Further, those in a position to direct the evolution of biomass refining must 
be sufficiently informed to identify strategic uses of biomass and biofuels.  Doing so requires 
students to be well-grounded in the current paradigm of production and consumption such that 
they understand how biomass resources may fit within the existing landscape.  Feedback 
received during the course suggests that, despite a rigorous technical training, even senior 
students essentially have no idea y 
they personally use, which of their practices consume the largest quantity of resources, where 
their energy is sourced, or how to quantify the impact of energy conservation practiced at an 
individual level.   

This module addresses these issues, and it is largely done through consideration of publicly 
available data collated by the Energy Information Administration (1).  Understanding the content 
requires minimal technical training and only a basic understanding of concepts in mathematics, 
chemistry, and physics.  As such, it could be appropriate as introductory material, supplemental 
exercises, or core content in a range of courses from high school (junior or senior level) to 
graduate school.  Though the technical and mathematical content is relatively simple for 
advanced students, I have found that even those at the PhD level can benefit from analysis of the 



energy landscape and an improved understanding of the need for both conservation and 
alternative resources in the sustainability effort. 

Implementation Strategy 

I have used portions of this content as introductory material for a senior-level chemical 
engineering course.  Students at this level 
energy production and utilization in the United States, and they need little guidance with respect 
to the quantitative analysis.  As such, I am able to present the overview of energy production and 
consumption outlined in the first section of this module in roughly 2 hours of lecture.  Generally, 
it is not necessary for me to devote class time to the example calculations, and I provide them to 
students as a companion to the calculations in the included Excel spreadsheet.  After completing 
in-class discussion of energy production and consumption, I assign to students the exercise of 
independently performing a personal energy audit using the tools provided in this module as a 
guideline.  Prior to doing so, I summarize the results of my own personal energy audit and 
conservation practices as part of lecture.   Since my students are generally familiar with 
dimensional analysis, they are able to proceed through the module calculations without my 
guidance, and I allow a week of out-of-class time for them to modify the spreadsheet included 
here to reflect their personal energy usage.  I then dedicate a class period where each student 
briefly (for my classes, I can usually allow ~5 minutes per student) presents their top 5 energy 
sinks and also makes a recommendation of 5 conservation practices that they have quantitatively 
illustrated will have a meaningful impact on their personal energy consumption.  In the past, I 
have encouraged them to put these recommendations into practice over the course of the 
semester, and I am looking into ways that I can incentivize participation.  I got the sense that, 
when I last offered the course (Spring 2013), no one actually implemented changes aimed at 
conservation despite having quantitatively proven that they were meaningful.  Adoption, it would 
appear, must somehow be subsidized in the absence of necessity.  Regardless, I have found this 
leads to fruitful discussion of the tension between consumption and conservation and gets 
students thinking about why and how they are using so much energy, the various forms that 
energy takes, and ways that they can reduce their own footprint.    

In total, I use the content here for about 3 - 4 hours of class time (including student 
-of-class time.  With respect to 

discussion, we typically focus on high-level topics about how easy or difficult it would be 
implement the conservation practices they have identified and how likely they are to do so.  As 
my presentation is usually in the biofuels context, another important point of discussion I 
typically emphasize is that US energy consumption vastly exceeds that which could be supplied 
by available biomass.  This precipitates a discussion of strategic and less-strategic uses of 
renewable carbon and the need for inexpensive alternatives to hydrocarbon combustion for 
energy production.  For example, petrochemicals and aviation fuels (arguably) have a greater 
strategic importance and lower total carbon demand than gasoline, suggesting that these are more 
likely long-term targets for bio-based products than is the light-duty transportation sector.  
Discussion that usually follows highlights alternative power sources that are viable for light duty 
transportation (but not petrochemicals or aviation), such as electricity or fuel cells.  This leads to 
discussion about the importance of non-fossil production of electricity and hydrogen.    

I expect that students with technical backgrounds at the college sophomore level and beyond 
(i.e., students have taken general chemistry and physics courses) would need a comparable level 



of guidance to senior chemical engineering students, and these populations would be well-served 
by 2  4 hours of lecture time to ground them in domestic energy production and consumption.  I 
also believe that this demographic would be capable a self-guided implementation of the energy 
audit.  For use at the high school level or in non-technical courses focusing on industrial 
sustainability, additional time devoted to the example calculations would likely be required.  I 
have not presented the example calculations and Excel spreadsheet contents in lecture before; 
however, I expect that 2 hours would be sufficient to equip students with the basics of power, 
energy density, dimensional analysis, efficiency, etc. such that they can then independently 
employ and adapt the tools provided for the energy audit. 

At most, I would expect that a high school level or general-non technical audience might require 
4  6 hours of lecture time and an additional week of out-of-class time to independently perform 
the calculations required for a personal energy audit. 

Optionally, the module could be used as a standalone component that could be presented to 
students entirely as an out-of-class exercise, perhaps even constituting a course project in which 
students perform an energy audit for themselves or another interested party (parents?).  I do not 
think it is necessary to cover the material in class.  A motivated student with a modest 
background in physics, chemistry, and mathematics (high school junior/senior level) should be 
able to work through all of the material independently.  I have not employed it as such, but I 
believe 3 weeks of out-of-class time would be workable for an independent project on energy 
sustainability.   

Additional Discussion Topics and Suggested Reading 

The contents of this module have to date gone through a single revision in my course, and I have 
only sketched out a basic framework for implementation.  As the course evolves, I anticipate 
collecting reading assignments and developing topics for guided discussion to stimulate class 
participation.  Presently, neither is well-developed beyond what is indicated in the preceding 
section.  The module will continue to evolve with implementation and feedback, and I welcome 
suggested content from any instructors who incorporate this module or similar content into their 
course offerings. 

 

 

 

 

 

 

 

 

 



3.) Module Contents 

Background 

Concerns over diminishing fossil reserves have created a push over the last decade for 
technological advances to enable both a shift toward renewable energy and improved efficiency 
in fossil resource consumption (e.g., increased gas mileage in hybrid vehicles, high efficiency 
furnaces and refrigerators).  While technology development certainly represents an important 
dimension of long term solutions to an increasingly constrained energy supply, this mindset 
neglects the role that reduced consumption must play in addressing long term needs in energy 
sustainability.  An increasing population coupled with current energy usage patterns implies that 
demand will continue to grow despite a diminishing supply.  In this landscape, it is critical to 
educate consumers regarding their individual contributions to the energy crisis such that they can 
make informed choices on consumption and conservation.     

Central to achieving this outcome is the need for broad, public understanding of energy sources, 
energy production, energy consumption, and energy conservation.  Recent studies have revealed 
a significant disconnect between real and perceived energy use in the general public and 
misconceptions about major energy sinks within each sector (2).  Closing this gap while 
quantifying the return on investment of conservation will motivate a shift toward energy efficient 
lifestyles.  As a society, we are generally aware of the looming energy crisis, and we are 
generally accepting of new technologies being put into practice; however, our energy 
consumption practices have not changed substantially.  We live far from work, we largely do not 
make efforts to reduce resource consumption, and we have lost meaningful connections between 
the things that we do and the energy that we use.  This module is intended to build a broad 
understanding of: 

 Available energy sources and their quantity 
 Typical paradigms in energy production 
 Typical paradigms in energy consumption 
 Quantitative skills necessary for estimating personal energy consumption 
 Quantitative skills necessary to compare different forms of energy 
 The top energy sinks in  own life 
 Quantitative outcomes of conservation in $$ and resource consumption. 
 Easy-to-implement and high impact conservation practices 

Energy:  Sources, Production, and Key Concepts 

To understand root causes for a pending energy shortage, we must first consider the basic 
paradigm of energy production and the sources from which energy is derived.  The best source 
for information about the domestic energy landscape is the U.S. Energy Information Agency 
(http://www.eia.gov), which provides a detailed Annual Energy Review on primary energy 
sources and sinks in the United States {Reppice, 2011 #779}.  Almost every important statistic in 
the energy sector is compiled by the EIA, and we can learn a considerable amount just by 
studying its annual reports.  In addition, its website is updated regularly with monthly and 
quarterly reports and interactive modules designed to educate users on energy-themed issues.   

http://www.eia.gov/


The practice established by the EIA in its Annual Energy Review is to classify societal energy 
needs according to sectors industrial, commercial, residential, and transportation.  Energy 
demand in each sector is met either by primary or secondary consumption of raw energy 
reserves, which include Petroleum, Coal, Natural Gas, Nuclear fuels, and Renewable resources 
(wind, solar, biomass, etc.).  Primary consumption implies that the end user directly consumes a 
raw resource to address a specific energy need.  An example of primary consumption would be 
using a gas furnace for home heating.  In this system, natural gas is supplied directly to the 
consumer and burned on site for space heating.  Secondary consumption implies that raw 
reserves are first converted into electricity, and electricity is ultimately transmitted to the end 
user to meet specific energy needs.  An example of indirect consumption of resources would be 
watching television, which draws electricity that is first produced in a central facility through 
consumption of coal, natural gas, nuclear sources, or renewables.  Electricity production is 
ubiquitous, 
that, at present in the United States, electricity is predominately produced by burning coal and 
natural gas.  There are significant advantages to its use, and long term adoption of non-carbon 
electricity is desirable; however, it is primarily fossil-based at present and its use has a unique set 
of challenges. Chief among these are the substantial energy losses (roughly 67%) associated with 
the production of electricity and transmission to the end user.  This is reflected in the relatively 
high cost of electricity ($50 - $60 per million BTU in NY State) compared to coal ($1 - $4 per 
million BTU), natural gas ($10 - $15 per million BTU) or liquid hydrocarbons ($30 - $35 per 
million BTU).  

Our focus in this section is to provide a general understanding of the types of energy resources 
available.  All have advantages and disadvantages, and none are distributed uniformly across 
geographic locations.  As such, it is important for us to develop an understanding of those 
sources that are most immediately available and their strengths and limitations in meeting the 
energy needs of society.  When thinking about primary energy sources, several concepts are 
important to consider.  For the purposes of our discussion, we should understand the concepts of 
energy density, fossil/nonfossil resources, and renewable/nonrenewable resources. It is 
additionally important to understand how we harness the energy held in raw natural resources.  
Every primary energy source will be somehow leveraged to provide energy either as heat or 
work.  The conversion of primary sources to heat or work is achieved via strategies that depend 
on the nature of the source.  For example, we reclaim the energy held in chemical bonds of 
natural gas, coal, and liquid hydrocarbons (e.g., gasoline) by burning those substances in oxygen.  
This process is known as combustion, and it releases a considerable amount of useful energy that 
we can harness for heating (water heating, cooking, home heating) or to perform mechanical 
work (drive a turbine to generate electricity, power an internal combustion engine, etc.).  Nuclear 
power relies on harnessing energy produced by radioactive decomposition of elements.  
Hydroelectric and wind power harness energy in moving water or air to perform mechanical 
work, most commonly electricity generation.   

Energy density is a term that captures the quantity of energy held in a specified quantity of a 
primary source.  If a substance has a high energy density, it implies that small amounts of this 
source are required to meet a relatively large energy demand, whereas a low energy density 
would imply that relatively large quantities would be needed for the same application.  This has 
implications when we begin to compare the various energy resources available. 



As an example, wood has an energy density of 6,980 BTU/lb (15,355 BTU/kg), whereas coal has 
an energy density of 9,765 BTU/lb (21,483 BTU/kg).  Theoretically, we could burn either woody 
biomass or coal in power plants to provide the energy required to meet our annual electricity 
needs (39.6 Quads or 39.6 x 1015 BTU in 2011, taken from Annual Energy Review, Figure 2.0), 

 of that choice.   

Assuming methods of producing electricity via wood and coal combustion are equally efficient, 
generating this quantity of electricity would require 5.67 trillion pounds (2.58 trillion kg) of 
wood compared to only 4.06 trillion lb (1.85 trillion kg) of coal, with the difference in required 
mass reflecting the different energy densities of the two sources.  Given that the U.S. has a total 
coal supply of 485 billion short tons (969 trillion pounds) {Reppice, 2011 #779} (Taken from 
AER, Table 4.8), our annual electricity needs consume about 0.5% of the total U.S. coal supply 
per year.  This indicates that current coal reserves are sufficient to meet total annual electricity 
demand for over 200 years.  With respect to biomass, current projections indicate that we could 
feasibly produce 2  3 trillion pounds of woody biomass sustainably each year (3, 4), which 
could offset about half of our current electricity consumption annually.  As such, we see that 
both the energy density of a source and its total available quantity are important to consider in 
determining how much and how long we can rely on a particular energy source.  It is also 
important to consider the opportunity cost of using a particular resource in meeting a particular 
energy need.  Consuming 0.5% of our total coal reserves for electricity production is reasonable 
considering  relative abundance and the few competitive alternative uses for coal.  In 
contrast, consuming our entire annual capacity for woody biomass production to generate half of 
our total electricity demand may not make sense considering that that biomass could be used in a 
number of different applications that may be more critical (pulp and paper products, 
transportation fuels, etc.).  

Another important distinction is whether resources are classified as renewable or nonrenewable.  

given energy supply.  For example, fossil resources, such as coal, natural gas, and petroleum, 
form over millennia as decomposing organic matter is subjected to pressures and temperatures 
that ultimately cause the formation of hydrocarbons on geologic time scales.  Relative to the rate 

at which we are consuming those fossil 
resources, it is not possible for them to be 
continuously regenerated.  Thus, they are 
considered nonrenewable, and their supplies 
continue to diminish with use.  Uranium 
stores, though not presently in short supply, 
would also be classified as nonrenewable. 
Renewable resources are those that are more-
or-less continuously available (solar, 
hydroelectric, geothermal, etc.) or those that 
can be managed sustainably such that their 
regeneration cycles roughly match 
consumption rates (biomass).  Being 
classified as renewable does not necessarily 
make something an inherently better energy 
source it simply means that we have some 

Figure 1:   Energy consumption in the United States during 
2011 Broken down by Source.  Contributions from each sector 
sum to a total energy consumption of 97.8 Quads (97.8 x 1015 
BTU).(1) 



chance of balancing its rate of consumption with its rate of production.  We must always 
consider the energy density of a feedstock, the availability of a feedstock, and the ease of 

t two points in the wood 
vs. coal example for electricity production.  The final point could be addressed by considering 
the production of biofuels as compared to fuels from crude oil.  Plant matter (largely sugars and 
lignin) must be subjected to an intensive process to be transformed into biofuels like ethanol or 
biodiesel, and even more intensive strategies to convert it to the liquid hydrocarbons we 
commonly use today for transportation fuels (i.e., liquid alkanes).  In contrast (and without 
understating the sophistication of petroleum refining), making transportation fuels from crude oil 
is mature and relatively straightforward.  For the moment, even if we have abundant woody 
biomass available, it is not yet cost or energy effective for us to transform it into fuels.  Thus, 
despite being renewable, lignocellulosic biofuels are not yet a workable solution in the 
transportation sector. 

Current Production and Consumption of Energy 

To ground ourselves in the energy discussion, it is useful to consider the current landscape.  The 
annual analysis by the EIA is again helpful in this respect (1).  We shall begin by considering the 
annual domestic consumption of the various primary energy sources available to the United 
States.   Total usage is summarized in Figure 1 (Data taken from Annual Energy Review, Figure 
F.1 and source tables used to construct Figure F.1).  Annually, as a nation, the United States 
consumes roughly 97.8 Quads, where 1 Quad is equal to 1 quadrillion (1015) BTU.  Consumption 
is broken down in Figure 1 according to the sources that are used in supplying that total demand.  
On average, this corresponds to about 311 million BTU consumed annually by every person in 
the United States.  This number represents primary and secondary consumption of natural 
resources and additionally accounts for losses in the production of electricity. 

It is evident that the United States is almost entirely reliant on non-renewable fossil resources for 
meeting large scale energy needs, with coal, natural gas, and petroleum supplying 83% of our 
total demand.  This is a point of concern since our population continues to increase and all of 
these sources are nonrenewable, meaning that we cannot expect to depend on them as long-term 
resources.  Further, utilization of fossil reserves in the present paradigm overwhelmingly implies 
combustion of fossil carbon, which releases CO2 faster than it can be sequestered by natural 
carbon cycling and can thus contribute to climate change.  Clearly, decreasing our net annual 
dependence on fossil reserves is necessary for ensuring long term sustainability.  Short term 
productivity increases, such as those recently enabled by hydraulic fracturing, will prolong 
current reserves and perhaps perturb trends in source consumption (we may see a pronounced 
shift toward natural gas utilization, for example); however, the long term picture is still clear that 
moving toward more abundant (good) and non-carbon (better) energy sources is warranted.  We 
note that while a shift away from fossil resources enabled by new technology development is 
important to addressing long term energy sustainability, responsible management of existing 
resources may be equally important to maintaining low cost energy in the near term and ensuring 
that fossil resources are available for critical supply needs like the petrochemical and aviation 
sectors (5, 6) for the foreseeable future.   To a large extent, adoption of conservation practices 
occurs at the individual level through lifestyle changes and technology adoption.  As will be 
illustrated in subsequent case studies, it can have a substantial impact toward our bottom line as a 
nation. 



Consumption by sector 

Here, we consider the extent to which 
each of the major sectors 
(transportation, industrial, residential, 
and commercial) contributes to total 
energy consumption.  The purpose of 
this is to illustrate that all sectors are 
significant and that each is partially 
responsible for the high per-capita 
energy usage of the United States.  At 
individual levels, we may feel that we 
have little influence and that our 
practices have minimal impact on 
energy consumption at a societal level.  
Many regard the nation  high energy 
consumption as something outside of 
their control and largely dictated by 
industry and commerce.  However, 

examining the consumption patterns over sectors (Figure 2) reveals that just over half of our 
energy demand is for transportation and residential needs, both of which heavily reflect energy 
usage at an individual level (Data for Figure 2 taken from Annual Energy Review, Figure F.1 and 
source tables used in generating Figure F.1).  In total, the four sectors combine to 71.3 Quads or 
about 227 million BTU per person.   

Most have a clear 
understanding that that 
residential energy usage is a 
direct consequence of 
personal habits and appliance 
selection (e.g., thermostat 
settings, furnace efficiency, 
etc.), but what about 
transportation?  Many have a 
perception that the bulk of 
fuel consumption in the 
transportation sector is in 
freight and is due to the poor 
fuel economy of these 
vehicles.  Though low fuel 
economy in these sectors is a 
problem, examining annual 
trends in transportation fuel 
consumption (Figure 3) 
reveals that nearly 60% of the 
energy used in the 
transportation sector is in the 

Figure 2:  Total end-use energy demand broken down by sector.  Total 
energy consumption reflected in this figure is 71.3 Quads, which differs 
from the total in Figure 1 because this figure  does not include electrical 
losses.  This is intended to reflect the energy needs of the U.S. population 
more than the energy consumption of the U.S. population as the two 
numbers are not equivalent. (1) 

Figure 3:  2011 Energy consumption in the transportation sector broken down by 
fuel type.  This data is intended to convey total fuel consumption each in the various 
sectors (light duty, freight/agriculture, and aviation).  Total consumption of all 
sources is about 28 Quads (1). 



form of gasoline, which is primarily used in light duty vehicles for personal transportation. (Data 
for Figure 3 calculated using information found in the Annual Energy Review, Table 5.13c)   
Based on these observations, we may conclude that improving energy efficiency at the individual 
level in residential and transportation sectors is likely to have a meaningful impact on energy 
consumption.  Subsequent portions of this module will address how to quantify the need for and 
the impact of conservation practices in residential and transportation sectors. 

Connections between sources and sectors 

Figure 4 is a useful graphic compiled annually by the EIA to illustrate the relationship between 
sources and sectors. (This is Figure F.1 from the Annual Energy Review). Note that the structure 
of this graphic illustrates the difference between primary energy sources, such as coal, natural 
gas, and petroleum, and secondary energy sources, such as electricity.  Clearly, we can see that 
the bulk of coal, renewables, and nuclear energy are used in stationary power generation (i.e., 
electricity).  This largely reflects the fact that these particular resources are not well-suited to 
direct consumption in modern equipment by end users.  Similarly, it is difficult to harness wind, 
water, or solar energy for purposes other than electricity production.  Electricity produced from 
these resources is then consumed evenly between industrial, commercial, and residential sectors 
for a variety of energy needs (lighting, air conditioning, refrigeration, etc.).  It is also worthwhile 
to note that, while a total of 39.6 Quads of energy from primary sources are consumed in 
producing electricity, only 12.8 Quads of electricity are actually delivered to end users.  This 
reflects losses in production and transmission (32% efficiency), and is characteristic of electricity 
production.   

 
Figure 4:  Connectivity diagram illustrating relationships between various sources and sectors. (1) 



In contrast, we see that natural gas has distributed applications as a primary energy source in 
residential, commercial, and industrial sectors (home heating, water heating, cooking, industrial 
heating, etc.).  Natural gas is scarcely utilized in the transportation sector in the United States, 
though this trend may change with the increasing availability of methane.  The remaining portion 
of natural gas is consumed for electricity production, which is additionally anticipated to increase 
with the availability of natural gas and the relatively low CO2 emissions associated with methane 
fired power plants as opposed to coal fired plants.  Crude oil is primarily consumed for 
transportation fuel production (71%).  The next largest crude oil consumer is the industrial sector 
(22%), where petroleum is used both as a feedstock for the chemical industry and in meeting 
localized energy needs for industrial processes (e.g., a diesel generator).  The remaining 7% of 
petroleum is consumed in small quantities by residential, commercial, and electric power sectors. 

Examining the sectors summarized in Figure 4, we see that all but transportation are diversified 
and make use of many of the available sources either through direct use of renewables, natural 
gas, or petroleum or through electricity produced from coal, natural gas, or nuclear power.  
Examining the transportation sector reveals the underlying reason for the recent push for 
adoption of more biofuels:  93% of our transportation needs are met by petroleum.  With the 
undeniable importance of transportation in our work, our personal lives, and in our ability to 
provide nutrient dense food to a population that is geographically diffuse, it is essential that, in 
addition to identifying avenues for decreasing total energy use across sectors, we must address 
the singular dependence of the transportation sector on petroleum.  Biofuels are expected to 
account for an increasing share of the transportation sector as a consequence of recent legislation 
(EISA, 2007), but at present they are being slowly adopted and only account for 4% of the 
energy consumption in the transportation sector. 

The background given thus far is intended to convey a broad understanding of the various 
sources and sinks of energy and the paradigm of production and consumption that has emerged 
in the United States over the preceding century.  As we give an increasing amount of 
consideration toward alternative paradigms, particularly in the context of an increasing 
population, it is necessary to rethink present paradigms.  They evolved in an age of assuming that 
fossil reserves can easily and indefinitely absorb the needs of the population and should be 
revisited in light of more recent data on source availability and consumption trends.   

Breaking down individual energy consumption 

Given that personal energy consumption accounts for a substantial portion of U.S. energy use, it 
is clear that individuals can play an important role in sustainability by implementing practices 
geared toward energy conservation.  However, an individual  accountability for energy 
consumption requires a quantitative understanding of  energy usage.  To this end, 
everyone should be able to provide reasonable answers for a few general questions:  How much 
energy do I use in a year?  What are the things that I do that contribute most significantly to my 
own energy consumption?  Which appliances in my home are the biggest sinks?  Where can an 
investment in energy conservation have the most impact?  Despite the weight that answers to 
these questions carry, few U.S. citizens are truly cognizant of personal energy use.  Fewer still 
actively strive to reduce their own footprint.  The goal of this module is to increase awareness 
and implementation of conservation in the general populace.  To facilitate this, we begin with a 
closer examination of the transportation and residential sectors as these are most tangible for 
individual users.   



Transportation 

Revisiting Figure 3, we see that gasoline consumption dominates in the transportation sector 
despite the increasing efficiency of light duty automobiles.  This is largely attributed to an 
increase in the amount of light duty cars in circulation, which increases light duty mileage at a 
rate that negates increases in fuel economy.  Converting total gasoline consumption (16.42 
Quads) into a per person basis (314 million people in the United States, 0.114 MBTU per gallon 
of gasoline), we find that the individual US citizen consumes, on average, about 410 gallons of 
gasoline per year.  Assuming a typical fuel economy of 24.6 mpg (national average fuel 
economy in 2011), this translates to roughly 200 miles of driving per citizen per week.  It 
certainly seems like a reasonable enough number long commutes have become a way of life in 
many parts of the country, and we can always expect a few lengthy car trips every year. It is easy 
for most of us to drive 10,000 miles each year.  Extrapolating those individual numbers over the 
entire U.S. population gives rise to the present consequence 60% of our fuel consumption 
occurs in gasoline powered vehicles, most of which are light duty (over 90%) and used primarily 
for personal transportation.  It is difficult to question the convenience of the personal automobile, 
but looking at the big picture motivates the suggestion that if we are to reduce transportation fuel 
consumption, light duty transportation at the personal level is probably a good place to start.  
Increasingly efficient vehicles are certainly having a positive impact; however, it must be 
accompanied by changes that decrease miles driven per person.   

Residential 

Examination of the residential sector is also 
meaningful in that it reveals, on average, the 
major consumers in this sector.    Similar to 
personal automobiles, households have 
become increasingly energy efficient on a unit 
basis; however, an increasing population 
implies a larger number of households which 
can mitigate the impact of incremental 
improvements in per-home energy efficiency.  
As we anticipate a continuing increase in US 
population, it becomes increasingly important 
to consider options for improving per-capita 
energy efficiency.  To set the stage, it is 
helpful to examine common energy sinks 

associated with the home.  Figure 5 shows a breakdown without distinguishing between 
sources such as electricity or natural gas of energy use in the broad categories of space heating, 
water heating, air conditioning, and appliances/electronics.  (Data comprising Figure 5 was taken 
from the Annual Energy Review, Table 2.5).  We can clearly see that the energy used in 
heating both the home and in water used around the home is substantial, accounting for 61% of 
total home energy usage.  Combined use of all other appliances and electronic devices, in 
contrast, only accounts for 31% of total energy usage, while air conditioning, in total, consumes 
8% of the energy in the residential sector.  One must remember that these represent national 
averages, and we can imagine significant regional variation in energy associated with heating 
and cooling.  Likely, this outcome reflects both the relatively small adoption of air conditioning 

Figure 2:  Breakdown of total residential energy consumption 
based in the United States.  This data reflects a total energy 
consumption of about 10.6 Quads and is based on 2005 data.(1) 



systems as compared to furnaces and water heaters in homes in the United States.  Certainly, if 
we were looking to make an immediate impact on the residential sector, we might begin to think 
of ways to address the relatively high energy consumption in home and water heating.  Perhaps 
we might also begin to think of ways that we could reduce our aggregate power consumption in 
appliances and lighting.  We also should remember that, despite it being a relatively small 
portion of total residential energy use, air conditioning may have a significant impact on your 
personal bottom line.  Depending on your geographic area, air conditioning demand could be 
significantly higher than the national average.  As a final note, though we typically tend to think 
of improving device-level efficiency or reducing consumption by adjusting lifestyles, it is worth 
mentioning that per capita space heating demands could be substantially reduced by increasing 
the density of households.  That is, whether 1, 2, or 5 people occupy a living space, the heating 
demand for that living space is relatively flat.  As such, on a per person basis, a household 
having 5 occupants will have a far lower space heating demand (per capita) than the same 
household having a single occupant. 

Comparing Apples to Apples in the Energy Sector 

This section will build the capacity to quantify personal energy consumption and compare 
different types of energy (e.g., natural gas vs. electricity) on a common basis.  We are used to 
thinking of electricity usage in terms of kilowatt hours as indicated on our electric bills this is a 
direct measure of energy consumed.  However, we may think of natural gas consumption in 
terms of standard cubic feet (if we pay attention to our gas meters) or therms, depending on how 
we are billed.  The first is a measure of gas volume consumed, while the second is a direct 
measure of energy usage.  Finally, we almost exclusively think of transportation fuel 
consumption in terms of either gallons (of gasoline or diesel) or miles driven.  How does a kWh 

foot?  How can I relate these things to miles driven?  Briefly, volumetric quantities such as cubic 
foot or gallon represent actual volumes of fuel consumed, whereas energy quantities such as 
kWh and therms represent the energy contained in the quantity of electricity, gas, or other fuel 
that we have consumed.  Though volumetric measurements (e.g., gallons of gas) are convenient 
due to our familiarity, it becomes difficult to compare energy consumption between different 
sources if we restrict ourselves to volumetric units.  This is simply because no two fuels are 
identical in terms of energy density, and a given volume of one will have a different amount of 
energy than a comparable volume of another.  A gallon of gasoline contains less energy than a 
gallon of diesel fuel and substantially more energy than a gallon of natural gas.  The only way to 
formally compare consumption of two different fuel sources is to examine them on a common 
basis.   

Probably the most convenient method for doing this is to think of everything in terms of the 
energy it contains and convert all forms of energy into a common unit system.  There are many 
different options for a basis of comparison.  Most commonly, energy will be expressed in Joules, 
kWh, or BTU, and we can use any energy unit.  The choice is entirely arbitrary and generally 
made based on convenience and tradition.  In the United States, total energy consumption is 
typically quantified in BTU by the EIA.  In keeping with this theme, we will choose here to 
compare everything on a BTU basis.  Formally, one BTU represents the quantity of energy 
required to raise the temperature of water by one degree Fahrenheit.  Another convenient way of 
analyzing energy consumption is to quantify the cost of the various forms of energy such that all 



of our consumption is compared on a dollar basis.  Dollar costs do not exactly mirror quantities 
of energy consumed electricity is relatively expensive whereas natural gas is relatively cheap, 
but it is important to consider the impact of energy use on our budget such that we can make 
informed decisions about where investments in conservation are most likely to pay off 
financially. 

Example Exercises and Calculations 

In order to compare different forms of energy on common bases here, we are choosing energy 
content expressed in BTU and cost expressed in dollars we must master a few calculations that 
are based on very simple principles.  First, we should understand that if we multiply the amount 
of something we use (gallons of gasoline, for example) by the amount of energy in that quantity 
(BTU per gallon of gasoline), we will calculate how much total energy we have consumed in a 
particular form.  Using this approach for all types of energy, we can compare everything on a 
common basis.  This example is illustrated below for gasoline consumption.   

Example 1:  Energy and Cost of personal transportation 

 each week over the course of the year.  If we 
additionally know that that 1 gallon of gasoline contains 114,100 BTU of energy, it is 
straightforward to calculate yearly energy consumption in gasoline as shown in Equation 1.
  

 
10 52 114,100 59.3gallonsof gasoline weeks BTU millionBTU

week year gallonofgasoline year
 (1) 

fuel.  We will have to look them up.  Fortunately, this is very easy with the large amount of 
technical handbooks, many of which can be accessed online through academic libraries.  
Alternatively, the EIA website is a wonderful resource that provides good estimates for energy 
contents of most fuels that the typical consumer should consider (e.g., 
http://www.eia.gov/totalenergy/data/annual/pdf/sec12.pdf )  

A calculation we are likely familiar with would be calculating our annual expenses associated 
with gasoline consumption, and this can be easily done in a similar manner.  Here, we assume 
the current gasoline price for New York state at $3.60 per gallon of gasoline and calculate, as 
shown in Equation 2, that our annual gasoline expenses are $1,872. 

 
10 52 $3.60 $1,872gallonsof gasoline weeks

week year gallonofgasoline year
 (2) 

Example 2:  Unit Conversion and comparing Electricity usage to personal transportation 

To compare different types of energy, we will frequently need to convert from one energy unit to 
another.  All that is required to do so is to establish equivalencies between the two unit systems.  
For example 
simply equal to 100,000 BTU.  Similarly, we typically purchase electrical energy by the kilowatt 
hour.  We can look up a conversion between the two units to determine that 1 kWh is equal to 

http://www.eia.gov/totalenergy/data/annual/pdf/sec12.pdf


3412.14 BTU.  Using these simple conversion factors, we can translate energy consumption to a 
common unit system and thus compare different forms of energy.  For example, if our utility 
bills suggest that we use, on average, 500 kWh of electricity each month, all we would need to 
do to compare that with our gasoline consumption calculated in Example 1 would be to convert 
that quantity to BTU per year, which is illustrated in Equation 3.  

 500 12 3412.14 20.5kWh months BTU millionBTU
month year kWh year

 (3) 

At this rate, our annual electricity usage is about one-third as much as the energy we use in 
automobile transportation.  Similar to what was done in Equation 2, we can calculate our annual 
electricity expenses, assuming that the current cost of electricity in NY State is $0.193 per kWh.  
We find that at a consumption rate of 500 kWh per month, we spend $1,158 per year.  This is 

electrical energy in our end application.  The added cost of electricity is largely associated with 
the significant losses in production and transmission.  That is, to provide the end user with the 
20.5 million BTU needed annually, central power plants likely had to consume on the order of 62 
million BTU worth of coal and natural gas, with the losses going to production and transmission 
of electricity. 

With the basic skill set developed through these concepts and examples, we should be able to 
take a closer look at personal energy consumption.  This will be accomplished through a case 
study where participants quantify high level energy consumption and the impact of implementing 
several conservation practices on annual expenditures and energy consumption. 

Case Study 1: Bernard S. 

nergy usage of Bernard S., an average resident of 
New York State.  Bernard is considering whether he can save both resources and money by 
making a conscious effort to conserve energy.  To begin, he wants to compare his consumption 
and expenditures associated with both personal transportation and residential energy demands.  
At the moment, Bernard drives a standard, gasoline powered vehicle that lines up roughly with 
the national average fuel economy 24.6 miles per gallon.  Bernard lives about 15 miles from 
his work place, and he drives to work 5 days per week.  He additionally accumulates about 40 
miles of driving weekly, running errands around the city.  He takes a two week vacation each 
year during which he drives along the eastern seaboard, visiting state parks and beaches.  

 Bernard does not travel by 

consumed in shipping, etc. such that we can focus on personal usage.   

He is fairly typical in household electricity usage.  His electric bill indicates, on average, 620 
kWh of consumption each month.  He lives alone in a drafty, three story farmhouse, and he is 
concerned about the amount of energy he uses to heat his home.  He monitors his gas 
consumption closely and finds that, in a given year, he will use about 100,000 cubic feet of 

consumption is in a furnace for space heating. 

 



From this information, estimate 

1.)  
2.) Percentages of energy consumed as gasoline, electricity, and natural gas 
3.)  
4.) Percentages of annual expenses related to gasoline, electricity, and natural gas 
5.) 

the national average in these sectors.   
6.) Based on your analysis, make some recommendations about where Bernard should start 

looking to save on his energy consumption. 
7.) 

global average (per capita) total energy consumption.  Analyze the impact of this result. 

For the purposes of this exercise, assume that gasoline costs $3.60 per gallon, electricity costs 
$0.193 per kWh, and natural gas costs $1.224 per therm. 

Solution 

To answer questions 1 through 4, we must calculate total energy consumption in each form and 
express our answers on a common energy basis.  Again, we choose (million) BTU for 
convenience. 

Gasoline consumption 

 

 50 5 30 50 40 3,000 12,500weeks days miles weeks miles miles miles
year week day year week year year

 (4) 

That established, we can easily calculate his annual fuel consumption in gallons, energy, and 
dollars: 

 
12,500 1 508.13

24.6
miles gallonof gasoline gallonsof gasoline

year miles year
 (5) 

 
12,500 1 114,100 58.0

24.6
miles gallonof gasoline BTU millionBTU

year miles gallonof gasoline year
 (6) 

 
12,500 1 $3.60 $1,829.27

24.6
miles gallonof gasoline

year miles gallonof gasoline year
 (7) 

Electricity Consumption 

We are provided an average monthly electricity usage for Bernard.  From this number, we can 
calculate total electricity usage in kWh, BTU, and dollars as we did above for gasoline. 

 620 12 7,440kWh months kWh
month year year

 (8) 



 620 12 3,412.14 25.4kWh months BTU millionBTU
month year kWh year

 (9) 

 620 12 $0.193 $1,435.92kWh months
month year kWh year

 (10) 

Note that the above number corresponds to how much energy Bernard used in actually running 
his appliances and does not account for system losses. If we wanted to account for energy losses 
in electricity production, we would correct the end consumption number by the efficiency in 
electricity production as shown in Equation 11: 

 
25.4 100 77.0

33
millionBTUbyenduser BTU millionBTU

year BTUbyenduser year
 (11) 

Natural Gas Consumption 

Finally, we perform a similar set of calculations for natural gas consumption.  We know his 
annual usage is 100,000 standard cubic feet.  From this, we can calculate his energy consumption 
in BTU and an annual cost in dollars. 

 100,000 1,028 102.8scf BTU millionBTU
year scf year

 (12) 

 100,000 1,028 1 1,028
100,000

scf BTU therm therm
year scf BTU year

 (13) 

 100,000 1,028 1 $1.224 $1,258.27
100,000

scf BTU therm
year scf BTU therm year

 (14) 

1.) In total, Bernard directly consumes 186.2 million BTU for driving his car, running 
appliances, and heating his home.  nnual 
energy needs, i.e., the amount actually used in providing work and heat in his car and 
around his home.  His raw material consumption increases, however, if we account for 
losses in electricity production and transmission.  That number represents the actual 
energy resources that Bernard uses each year, and it is also important to consider this 
quantity. Accounting for electrical losses, Bernard uses 237.8 million BTU per year. 
 

2.) Without accounting for electrical losses, 55.2% of his energy needs are met by natural 
gas consumption around the home, 31.1% are met by gasoline, and 13.6% are met by 
electricity.  Thus we see that his electricity needs are relatively small compared to the 
other two categories.  If we examine the breakdown of total energy consumption 
(accounting for electrical losses), we see that 43.2% is natural gas consumption, 24.4% is 

Despite 
using a relatively small amount of electricity in the home, Bernard consumes a lot of 
resources in making and receiving that electricity. 
 

3.)  



4.)  annual expenses are broken down as 40.4% for gasoline expenses, 31.7% for 
electricity expenses, and 27.8% for natural gas expenses.  We can see that this is quite 
different from his total energy needs, where electricity is relatively minor (~13%).  This 
reflects the relative differences in cost per BTU for the various forms of energy and 
illustrates why it is important to consider both resource utilization and financial impact of 
conservation practices.  
 

5.) According to Figure 4, if we assume that the population of the United States is 314 
million (2012), we would find that the average total per capita energy use (end user 
needs, not accounting for electrical losses) in the transportation and residential sectors is 
about 125 million BTU (87.6 million BTU in transportation and 37.6 million BTU in 
residential).  (If we account for electrical losses, the total number is probably closer to 
160 million BTU.)  We see that Bernard is actually below the national average in 
transportation (58 million BTU)
accounted for his personal automobile and not in fuel consumption that goes into 
agriculture, shipping, etc.  Gasoline represents about 60  65% of the crude consumed in 

estimate that this total transportation fuel consumption is more likely on the order of 90 
million BTU and more in line with the national average.  In contrast, Bernard is well 
exceeding the national average in residential energy consumption (128.2 million BTU).  
His electric bills indicate a reasonable annual number of kWh (7740 kWh), so it is likely 
that his inflated consumption is associated with high natural gas usage in heating a large, 
old home. 
 

6.) Based on the fact that his largest resource consumption is natural gas and that his gas bill 
is much higher than the national average, I would recommend that he look into improving 
the energy efficiency of his home through modern insulation, new windows, sealing his 
house, installing modern furnaces, water heaters, solar upgrades, etc.  Perhaps he could 
also dress a bit more warmly in cool seasons and turn his thermostat down some.  It does 
also seem that Bernard spends quite a bit on gasoline, even if it is not his largest resource 
consumption.  He lives quite far from work, which causes him to commute about 30 
miles per day round trip.  He accumulates 40 miles per week in errands, and takes a long 
driving vacation each year.  If he has no compelling reason to live in an old farmhouse far 
from work, perhaps he could consider living closer to work.  This might help in 
consolidating his errands and decreasing his total driving distance.  Living closer to work 
may also compel him to use alternative transportation like walking or bicycling and 
further reduce his transportation demand
consider looking into public transportation options (metro rail is a reality in many large 
cities) or purchasing a more fuel efficient car.  Without a more detailed consideration of 
his appliance usage, no real recommendations can be made for how to manage electrical 
energy consumption. 
 

7.) The global total per capita energy consumption is 72.6 million BTU per person.  In 
countries such as the United States, it is on the order of 300 million BTU per person.  
Some countries have much higher per capita energy consumption, such as Iceland (700 
million BTU per person per year).  Many developing nations, such as Bangladesh, have 



much lower energy consumption (less than 10 million BTU per person per year).  From 
sonal 

transportation and home needs (accounting for electrical losses) greatly exceeds the 
global average and approaches the U.S. national total average.  This suggests that 
Bernard could probably stand to improve his energy efficiency considerably. 

Part 2:  Conservation Impact   

There are many options to consider here.  With the level of detail provided by this point in the 
module, one could have students/participants calculate: 

 The impact of purchasing a vehicle with better fuel economy 
! Could also consider the increased expense of a car loan! 

 The impact of moving into a smaller home or apartment near work 
! Need to quantify impact both on transportation and home heating 

 The impact of using more public transportation 
! Would have to research a passenger mile-per-gallon equivalent for multi-

passenger vehicles like buses or trains. 
 Upgrading a home furnace to a newer, energy efficient model 

! Again, can calculate cost associated with upgrade and determine how long it 
takes for upgrade to be financially justified 

 Installing new windows, insulating/sealing home 
! As with the above, consider the cost of this investment and how it balances with 

the money saved in energy consumption 

Below, we work through one possible example. 

Bernard is not willing to move out of his farmhouse such that he can live closer to work.  
Instead, he elects to focus on making his home and driving as efficient as possible.  He purchases 
a top of the line, energy efficient condensing furnace for $5,000.  It has a 99% efficiency 
compared to his old furnace (which had an 80% efficiency).  In addition, he spends $10,000 
repairing and sealing his home, installing new windows, and adding modern insulation.  His 
initial calculations indicate that this will reduce his total energy needs by 15% from what they 
were prior to these upgrades.  On top of doing this, he decides to trade in his old sedan for a new, 
energy efficient hybrid.  The hybrid vehicle averages 48 miles per gallon.  He intends to drive 
exactly the same amount, but do so in a more fuel efficient vehicle.  Assume that, with the trade 
in value on his old car, he ends up spending a total of $12,000 on the new hybrid. 

1.) Quantify the impact of these changes on his total annual energy consumption 
2.) Quantify the impact of these changes to his total annual energy expenses 
3.) Estimate the length of time required for him to break even on this investment 

The solution to the natural gas consumption portion of this problem requires estimation of his 
actual home heating needs as opposed to the amount of gas he consumes each year.  These 
numbers are different because the efficiency of his furnace is not 100%.  In considering his 
transportation impact, we essentially repeat the calculation in the first part of the case study 
assuming a change in average miles per gallon from 24.6 to 48.  



 

Transportation Impact 

Bernard will still travel 12,500 miles per year by car.  In this car, he will get 48 miles per gallon.  
As such, he will consume 260.4 gallons of gas, 29.7 million BTU of energy as gasoline, and 
spend $937.50 each year on purchasing gasoline for his hybrid.  Calculations are shown below. 

 
12,500 1 260.4

48
miles gallonof gasoline gallonsof gasoline

year miles year
 (15) 

 
12,500 1 114,100 29.7

48
miles gallonof gasoline BTU millionBTU

year miles gallonof gasoline year
 (16) 

 
12,500 1 $3.60 $937.50

48
miles gallonof gasoline

year miles gallonof gasoline year
 (17) 

Thus, by purchasing the new hybrid, he has reduced his gasoline consumption by nearly 50% (by 
effectively doubling his fuel economy), which based on the amount of driving he does will 
save him $891.77 each year.  In reality, the financial incentive may not be that great for Bernard.  
It will take him about 13.5 years of driving this amount for the monetary savings to allow him to 
break even on the cost of the new car.  Of course, his old car would have likely needed 
replacement at some point, and when the time comes to do so, a hybrid might be a good choice.  
We can also imagine other situations where the cost of a hybrid would be more easily justified.  

say 15 miles per gallon then 
switching to a hybrid would allow him to break even in about 6 years, which is quite realistic for 
an average car life span.  We could also imagine that if he drives more than 12,500 miles per 
year is facing a 40 mile commute into work each 
day and a total of 25,000 miles per year then moving to a hybrid would similarly pay off in 
about 6.5 years.  And if the two combine (he logs many miles in an inefficient vehicle), then the 
hybrid would be justified financially on very short time scales.   

From a conservation standpoint, it is worth noting that if the entire population of the United 
States reduced its gasoline consumption by about 30 million BTU per year, this would 
correspond to nearly 10 Quadrillion BTU about a third of the current energy consumption in 
the transportation sector.  Thus, changes that may seem insignificant when cast against the large 
backdrop of total energy consumption become significant when they are scaled over an entire 
population. 

In what situation might purchasing a hybrid not make financial sense?  In what situation might it 

economy of his vehicle becomes almost insignificant in his total energy consumption and cost.  
For example, if he elected to live close to work and walk instead of drive, buying a hybrid would 
yield little additional impact on his total fuel consumption. 

 

 



Residential Impact 

To start, we must estimate his actual energy need as differentiated from his actual energy 
consumption.  To do this, we must consider the efficiency of his heating system, which was 80% 
in the old furnace.  This means that for every 100 BTU of fuel we put into the old furnace, we 
recover 80 BTU out as useful heat. 

Therefore, his (un-improved) home actually needs only 82.24 million BTU per year.  The 
additional 20.6 million BTU are lost due to furnace inefficiency. 

 102.8 80 82.24
100

millionBTUin BTUout millionBTUout
year BTUin year

 (18) 

He estimates that the upgrades he has made to his home insulation will decrease his home energy 
needs by 15%.  This means that, after the upgrades are made, he will only need to use 69.9 
million BTU for heating needs as opposed to the 82.24 million BTU before making home 
improvements. 

 82.24 69.91 0.15millionBTUout millionBTUout
year year

 (19) 

Finally, to estimate how much energy his new, 99% efficient furnace will consume, we need to 
adjust his heating needs by the efficiency of the furnace. 

 69.9 100 70.6
99

millionBTUout BTUin millionBTUin
year BTUout year

 (20) 

 

With these changes, Bernard has reduced his annual energy consumed as natural gas by nearly 
30%, from 102.8 to 70.6 million BTU.  His volumetric natural gas consumption has decreased 
from 100,000 scf per year to 68,667 scf per year, and his total gas expenses decrease from 
$1,258.27 to $864.144 per year.  These numbers are much closer to the New York State average 
household natural gas consumption (approximately 40,000  50,000 scf per year) in the 
residential sector (http://www.eia.gov/dnav/ng/hist/n3010ny2m.htm). 

 70.6 1 68,677
0.001208

millionBTUin scf scf
year millionBTU year

 (21) 

 

 70.6 10 $1.224 $864.14millionBTUin therm
year millionBTU therm

 (22) 

have a substantial impact if every person in the country made this type of change), Bernard only 
recoups about $400 in energy savings annually.  Considering that he had to invest roughly 
$15,000, he would be looking at a 30 year time frame for this investment to pay off.  This 

http://www.eia.gov/dnav/ng/hist/n3010ny2m.htm


represents a challenge with widespread adoption of conservation practices:  They are still quite 
expensive to implement.  So long as energy costs remain relatively low certainly the case with 
natural gas it is unlikely that we will see widespread home renovations aimed at energy 
efficiency.  Though they pay off significantly from a resource conservation standpoint, financial 
drivers usually determine final decisions.  How could we imagine a cost effective strategy for 
reducing energy consumption associated with home heating? One example is making tax credits 
increasingly available to homeowners who implement energy efficient technologies in their 
household.  These can help to subsidize home improvements and reduce the financial burden on 
the homeowner.  A less desirable situation that would also motivate additional home renovation 
would be an increase in energy costs.  In this situation, home improvements justify their cost 
much more quickly and would be more readily adopted.  Ideally, we can implement changes 
before decreasing supply and increasing demand drive higher costs, but this remains to be seen.    
Finally, it is also worth mentioning that many low-cost approaches are viable.  Simply installing 
a programmable thermostat and decreasing temperature setpoints can have a meaningful impact. 

Case Study 2:  A detailed look at personal energy consumption at the device scale  

The prior examples are useful in illustrating the total consumption and cost of energy and how 
some choices we make (such as driving a more energy efficient vehicle) can impact our bottom 
line.  As we delve deeper into quantifying our personal energy usage and the impact of the 
choices and technologies that we implement, we may be interested in quantifying consumption at 
the device level as opposed to making general conclusions based on annual utility bills.   This 
exercise has the additional benefit of allowing us to develop a clear understanding of the relative 
quantities of energy used by the numerous devices in our lives.  How do I weigh the resource 
consumption of a personal automobile with that of public transit (e.g., light rail or buses)?  Does 
a refrigerator use more energy than a gas stove?  What about a clothes dryer and an air 
conditioner?  Which is more expensive to operate a gas water heater, or an electric water 
heater?  What about lighting, televisions, personal computers, and cell phone chargers?  Does 
putting a computer to sleep make a difference?  What about vampire energy consumption from 

answers for these questions despite our having established a basic understanding of energy 
consumption and quantification.  Fortunately, as established above, understanding a few basic 
concepts will allow us to perform the necessary calculations such that we can estimate energy 
consumption at a device level.  

Getting a handle on the energy consumed by devices will require us to do a bit of research.  
Manufacturers will generally specify an energy rating for appliances and devices.  They are 
usually easy to find, but be forewarned that we must be prepared to deal with many unit systems 
and conventions for specifying energy consumption.  There is no standard in this regard, and an 
air conditioner manufacturer will report its energy consumption differently than a refrigerator 
manufacturer.  That said, if we keep in mind that our general goal is to calculate annual energy 
consumption associated with a particular device and we always remember to put everything in 
terms of a common unit system (BTU and dollars are convenient in the United States), it is a 
straightforward exercise. We also should briefly consider the difference between power and 
energy, as the two are closely related, but not the same.  Energy represents a total quantity of 
heat or work performed and is specified in energy units such as kWh or BTU.  Power represents 
the rate at which energy is consumed by a device and would be expressed in power ratings



generally Watts (Joules/sec) or BTU/hr, but we may find unique unit systems in place depending 
on the particular industry.   

Frequently, manufacturers will specify power ratings for the appliances they make.  Some 
examples would be a 60 Watt light bulb, a 1500Watt microwave, a 48,000 BTU per hour air 
conditioner, ssor, or a 300 Watt rating on a plasma 
television.  In theory, if we know the power rating of a device (energy per time) and the time it is 
in use, we can calculate the total energy consumed by that device.  

Estimating energy consumption in home lighting 

Assume that a homeowner has a typical three bedroom, 2 bathroom home with kitchen, a dining 
area, and a living area.  Each room of the house has overhead lights.  Each of the bedrooms and 
the bathroom has one bulb in overhead fixtures, while the living area, dining area, and kitchen 
have 4 overhead bulbs in each overhead fixture.  The homeowner uses 60 Watt bulbs in each 
socket.  She estimates that, on average, each bulb is on for 3 hours per day.   

1.) Calculate the energy consumed by a single light bulb in this house per day.   
2.) Calculate the total annual energy consumption in lighting by this homeowner (in BTU). 

For the first part, we simply multiply the power rating of the light bulb by the time it is in 
operation to find that a single bulb uses approximately 0.18 kWh of electricity per day. 

 60 1 3 0.18
1000

Watts kW hours kWh
bulb W day bulb day

 (23) 

For the second part, we need only multiply the result by the total number of bulbs in the house 
(17) and the annual days in operation (365).  We also must convert the result in kWh to BTU, 
which we can do by recalling that 1 kWH equals 3412.14 BTU.  Doing so, we find that her total 
lighting consumption accounts for 3.81 million BTU and cost $215.56 annually assuming 
electricity is available at $0.193 per kilowatt hour. 

 60 1 3 365 3412.14 3.8117
1000

Watts kW hours days BTU millionBTUbulbs
bulb W day year kWh year

 (24) 

In the case of incandescent light bulbs, this is probably a fair approximation.  If the bulb is on, it 
is drawing 60Watts.  If it is not, it draws no power.  Thus, if we can accurately quantify the 
amount of time a bulb is in operation, we can estimate our energy consumption.  However, we 
must approach with caution the use of power ratings and time in operation in estimating our 
energy consumption.  One reason for this is that it is difficult to say precisely how many hours 
per day we use a typical appliance.  It might be reasonable to guess that you spend 2 hours per 
day watching television or playing video games, but determining how many hours per day your 
air conditioner runs is another matter entirely.  Further, power ratings generally refer to peak 
consumption of a system, which is almost never representative of normal operation.  So even 

, it 
is plugged in and drawing power 24 hours a day, 365 days per year.  If it has a high cooling 
demand and its compressor is running, it may draw 1,000 Watts of power, but this is usually for 
limited time frames.  For the remainder of the time, it is essentially in standby, and power 



consumption is much lower.  In cases such as these, we will have to either obtain a reliable 
estimate for average power consumption for that particular unit or measure energy consumption 
ourselves.  Fortunately, both are easy to do.  Most new electrical appliances will include an 
energy rating and cost for annual operation.  This is typically in kWh and indicates average 
usage of the equipment, usually over the period of a year.  While individual use may vary 
significantly, we can take this number as a good starting point, and for most low-energy devices, 
it will provide a reasonable estimate.  Measuring the energy consumption of an electrical device 
is also easy commercial power meters (e.g., Kill-A-Watt meter, 
http://en.wikipedia.org/wiki/Kill_A_Watt) are relatively inexpensive.  By plugging an appliance 
directly into the power meter, you can record the electricity consumed (usually in kilowatt hours) 
over any time period of interest.   

Estimating Energy Consumption of Common Devices and Appliances 

The next few sections consider a few specific examples. (Calculations required are all based on 
the sample calculations given previously.  Results are given in the text, and calculations are 
embedded in the attached Excel spreadsheet such that users can simulate the effect of switching 
to more energy efficient appliances, LED bulbs, or using current appliances less frequently).   

Refrigerators are ubiquitous in homes in the U.S.  100% of households report having at least 1 
refrigerator, and many more have 2 or 3.  The refrigerator makes for a good case study because, 
it is 
Refrigerators have become increasingly efficient in recent years, and most new refrigerators will 
indicate an annual energy consumption in kWh through information supplied by the 
manufacturer.  As an example, consider a new GE side-by-side refrigerator/freezer that has 
received an Energy Star rating.  It has a volume of 24.6 cubic feet, and the manufacturer 
specifies an annual electricity consumption of 571 kWh for normal operation.  Using our 
established conversion factors, this would translate to 1.9 million BTU and $110.20 per year
about the cost of running nine 60 Watt light bulbs for 3 hours a day.  

in service in the garage.  Refrigerator/freezers from 
that time period consumed much more electricity estimates average to around 1500 kWh per 
year and operating this refrigerator continuously would consume 5.1 million BTU annually and 
cost $289.50 per year to operate at present in New York state.   

A range of other electrical appliances (television, computer, video game system, etc.) are 
included in the attached spreadsheet.  All of their calculations are very similar to that given 
above for the refrigerator or electric lighting and have been based either on an average power 
consumption (in Watts) or an average annual electricity consumption (in kWh), one of which is 
typically available from the manufacturer.  All of the power and electricity estimates in the 
spreadsheet have been taken from an average of manufacturer ratings, compiled energy data, and 
established estimates. Final estimates are summarized in Table 1 and Figure 6 at the end of this 
section.  The list is by no means comprehensive, but it does represent the major energy sinks in 
the home.  It should be adapted by the end user based on the typical devices they use and 
whether they are powered by electricity or natural gas.   

A final consideration with electrical devices is that we tend to leave them plugged in even when 
they are not in use.  In this standby state, most devices still draw some power.  It depends on the 
particular appliance, but usually is not much.  However, given the large number of devices 

http://en.wikipedia.org/wiki/Kill_A_Watt


on the order of several hundred kWh of (wasted!) electricity each year, frequently costing around 
$100 annually for average homeowners.  Vampire consumption is additionally included in the 
spreadsheet. 

Air conditioner 

Here, we consider air conditioning systems in additional detail since they are relatively large 
energy consumers and associated calculations may be a bit less straightforward.  As such, it is 
worthwhile to spend some time working through this example.  Energy ratings for air 
conditioning systems are typically specified in terms of both the cooling performance of the 
system and the efficiency of the system.  Typically, cooling performance is specified in BTU per 

for refrigeration and air conditioning purposes but it is still simply an alternative power rating.  
1 ton  in air conditioning is equal to 12,000 BTU/hr of cooling capacity.  This quantity reflects 
the amount of cooling that can be achieved by the unit.  It is proportional to, but not equivalent 
to, the amount of energy we must put into the system to achieve this cooling.  That 
proportionality is generally specified in a SEER rating (Seasonal Energy Efficiency Ratio), 
which is a simple number you can use to tell how efficient your air conditioning system is at a 
glance.  Briefly, the SEER is the ratio of the cooling output of the AC system (in BTU/hr) to the 
energy input to the system (this is typically electrical, so it is in Watt hours).  These days, energy 
efficient home AC systems might have a 3 ton cooling capacity (36,000 BTU/hr) and a SEER 
rating of 20.0.  
month period, giving us roughly 900 hours of annual operation.  We can use these numbers to 
calculate the annual energy requirement of the AC system as well as our cost of the electricity in 
running it. 

 
36,000 900 1 1 1620

20 1000
BTUcooling hr Watthourelectricity kWh kWh
hr year BTUcooling Watthour year

 (25) 

Similar to our prior case studies, we can translate that to annual energy consumption in BTU (5.5 
million) and dollars ($313 per year or $0.35 per hour of operation at current electricity prices in 
NY State).  The total energy consumption of air conditioning systems is complicated in that it 
depends on the capacity of the system, the hourly operation, and the energy efficiency.     

If we carefully log all of our electricity consumption, we are likely to see that our biggest 
consumers are (provided that all space and water heating is done by natural gas) refrigeration, 
dehumidification, and air conditioning.  If we use electricity for any of our heating water 
heating, electric furnaces, cooking, and clothes drying come to mind these will also be a very 
large electricity consumers (they would likely exceed cooling costs significantly)
considered them here, since our examples assumes gas heaters and stoves, but note that if your 
home uses electricity for these applications, you can anticipate that they will have relatively high 
energy consumption.  Rough estimates based on national averages suggest that an electric water 
heater will consume about 15  40 million BTU per year depending on usage, while an electric 
stove will consume on the order of 5  8 million BTU per year.  Also note that assumptions for 
air conditioning made in this calculation are based on a relatively cool climate (central NY), a 



warmer climates and with less efficient systems, we might expect that air conditioning usage 
could be 5 times higher than estimated here.  

An interesting site that helps to visualize appliances in terms of power consumption and annual 
energy usage:  http://visualization.geblogs.com/visualization/appliances/   

Approximations throughout this section and the subsequent are based on sites such as the above, 
manufacturer information, or government databases of average appliance energy consumption 
(e.g., http://www1.eere.energy.gov/femp/technologies/eep_waterheaters_calc.html  or 
http://energy.gov/energysaver/articles/estimating-appliance-and-home-electronic-energy-use) 

Gas appliances used for heating 

For natural gas consumption in furnaces and hot water heaters, measurement is less 
straightforward since devices like the Kill-A-Watt meter are not available.  That said, you can 
always read your own gas meter to track your natural gas consumption.  Depending on how your 
home is configured, your furnace may be on an independent meter since it is such a large gas 
consumer.  If this is the case, it is relatively easy to keep track of your annual gas consumption 
associated with home heating.  For devices like stoves and water heaters, you may have to rely 
on estimates from the manufacturer or agencies like the EIA. 

Furnaces 

Space heating, particularly in northern states, is a major energy demand.  This example was 
illustrated in the original case study, but here, we consider the underlying cause for high natural 
gas consumption:  Furnaces.  They are generally operated on natural gas, and their power 
consumption/energy demand are specified similarly to air conditioning systems in that they are 
sized for a certain heating capacity (generally in BTU/hr) and they have an efficiency (in this 
case the AFUE) which represents the ratio of energy put into the furnace to achieve a specified 
output.  The energy input and output for furnaces are in the same units (usually BTU) such that 
the AFUE is expressed as a percentage, and values for modern furnaces are generally above 
90%--that is, if you need 90 BTU of heating to keep your home at a specified temperature, you 
must put 100 BTU of natural gas into the system.  
equipped with a high efficiency (90% AFUE) gas furnace that has a nameplate output of 80,000 
BTU per hour.  Average usage in this particular home is 4 hours per day for 6 months each year 
(720 hours).  We can calculate the total natural gas needs as shown in Equation 26: 

 80,000 720 100 64
90

BTUheating hr BTUin millionBTU
hr year BTUout year

 (26) 

Assuming a price of $1.224 per therm and 1028 BTU/ft3 for natural gas, this would translate to 
62,256 scf of natural gas and $783.60 in expenses each year.  Compared to the consumption of 
some of our most common electrical appliances an air conditioning system or a refrigerator 
might consume on the order of 3  5 million BTU per year, while a television or a personal 
computer are more likely in the 1  2 million BTU range this is a very large quantity of energy. 

 

 

http://visualization.geblogs.com/visualization/appliances/
http://www1.eere.energy.gov/femp/technologies/eep_waterheaters_calc.html
http://energy.gov/energysaver/articles/estimating-appliance-and-home-electronic-energy-use


Gas Dryer 

By comparison, a gas clothes dryer might have an output on the order of 20,000 BTU/hr and run 
for 6 hours a week year round.  Based on those numbers, we might similarly estimate a gas dryer 
to consume about 6.26 million BTU per year and cost about 77 dollars to operate annually.   

Note that the calculation for a gas dryer is exactly the same as that for a furnace, except we 
 

Water Heating 

Energy consumption in water heaters varies greatly depending on the temperature setpoint, water 
consumption, and the efficiency of the water heater.  That said, average numbers suggest that 
daily water heating needs might be on the order of 40,000 BTU/day for a typical family of 4, 
which assuming a heater efficiency of 65% would lead to an annual demand for 22.5 million 
BTU and cost a homeowner on the order of $300 annually.  This calculation is almost identical 
to that for gas furnaces. 

Gas Ovens 

Stovetop burners might use 9000 BTU/hour and run 2 hours per week (2 burners, 10 minutes per 
day), consuming about 1 million BTU per year and costing on the order of 11 dollars, whereas an 
oven (25,000 BTU/hr) that runs for an 3 hours a week will consume 3.9 million BTU and cost 
about $48 to operate each year. 

Putting it all together  

Considering the appliances outlined in the preceding sections along with the representative 
transportation fuel consumption of Bernard S., we can construct a reasonably comprehensive 
transportation/residential energy audit.  The results of this audit are summarized in Figures 6 and 
Table 1.  The calculations for this audit are included in the attached Excel Spreadsheet. 

 
Figure 6: Comparison of Energy consumption and Energy Cost in residential and transportation.  Figure illustrates results based 
on the examples outlined in the text of the module with some additional appliances not considered explicitly in the text.  For full 
calculation details, please refer to attached spreadsheet.   Total energy consumption (left hand chart) is 171.3 million BTU.  Total 
energy cost (right hand chart) is $4,183.24. 



Table 1:  Summary of personal energy consumption based on the case studies and appliances outlined above 

Application Fuel Annual consumption Unit Annual Energy (MBTU) Annual Cost ($) 
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Breaking down this total consumption of about 171 million BTU (not counting for electrical 
losses), we observe that the top consumers of energy in this example are 1) home heating, 2) 
personal transportation, and 3) water heating, with all other categories making substantially 
smaller contributions.   Electricity needs are fairly small in this example because we have 
assumed all heating is provided by natural gas and air conditioning requirements are minor in 
NY State.  Bear in mind that these results do not necessarily generalize to the entire U.S. 
population as we expect energy usage to vary drastically with geographic location.  By 
examining annual fuel costs, we additionally see the effect of the relatively low price of natural 
gas as compared to liquid fuels and electricity such that, despite being the largest energy 
consumer in our example, the furnace is only the third highest in terms of annual energy costs.   

In general, we observe that the results of our more detailed audit roughly coincide with 
expectations based on national averages; however, it is quite informative to examine the energy 
consumption and costs associated with various devices and appliances to let us answer questions 

 

Gas vs. electric 

In many cases, we have options for choosing either gas or electric appliances for our homes, 
particularly in heating applications (clothes dryer, water heater, oven, furnace, etc.).  What are 
the advantages to each system?  In general, many electric appliances appear to be slightly more 
efficient in terms of the energy they use to perform a specific task.  For example, electric water 
heaters will probably consume less total energy (16  17 MBTU) than a gas water heater (22  
24 MBTU) to perform the exact same heating load (64 gallons per day, 365 days per year). 
(http://www1.eere.energy.gov/femp/technologies/eep_waterheaters_calc.html)  This is 
attributable to a higher heating efficiency.  Using electric appliances for heating also has the 
advantage that there are no in-home emissions associated with their use.  However, we should 

http://www1.eere.energy.gov/femp/technologies/eep_waterheaters_calc.html


also remember that there are significant losses in producing electricity, and that 16 MBTU in 
electricity probably represents on the order of 50 MBTU in natural resources used to produce 
that electricity.  If we want to consider financial arguments, natural gas ($10 - $15 per MBTU) is 
almost always cheaper than electricity ($50 - $60 per MBTU) even if it is less efficient in some 
applications.  Thus, the gas heater described above might cost $200 - $300 per year, while the 
electric heater would probably approach $1000 per year. 

A comprehensive picture 

The examples above are intended to illustrate calculations for a few common home appliances 
that generally contribute toward total annual energy consumption.  Complete consideration of 

n energy usage should additionally tabulate fuel consumption associated with air travel, 
public transit, food production and transportation, and shipping.  In addition, there are many 
appliances around the home that could factor into total electricity usage.  It is not possible to 
capture all of these within the confines of this exercise.  However, we have generally captured 
the major energy consumers gasoline consumption for personal transportation, home heating 
via natural gas consumption, and general electrical usage in the home for a typical small 
household in the Northeast United States.  Though not exhaustive, accounting for these energy 
sinks should give the participant a feel for how much energy they are consuming and allow them 
to make reasonable conclusions about important questions in energy conservation.  Though it 
may miss the mark in capturing exact numbers, we expect that students should come away from 
the exercise with the tools required to quantify their own energy consumption and a better 
understanding of the following: 

 Personal automobile usage is a significant part of their total energy consumption 
 We can effect meaningful changes in gasoline consumption by modifying driving habits 

and choosing more energy efficient vehicles 
 Home heating, particularly in cold climates, is a major energy consumer 
 Refrigeration and air conditioning are additionally important to consider. 
 The relative roles of heating and cooling depend on geography and will vary drastically 

whether the homeowner is in NY or TX. 
 What quantity of energy in million BTU represents significant consumption? 
 Small electrical devices and appliances seem insignificant when considered alone, but we 

use so many of them that their total consumption becomes significant at the population 
scale. 

 Vampire consumption of electricity contributes more than you think to your annual 
energy consumption/cost. 

 Conservation practices, like installing energy efficient appliances, driving a car with 
better fuel economy, or updating your home to have better insulation are not always easy 
to justify financially particularly if you are not looking to replace an appliance.  
However, if we are looking for a new appliance, the additional cost of an energy efficient 
system can be paid off relatively quickly by the energy savings 

 The more energy you use, the more you will benefit from switching to energy efficient 
models of cars and/or appliances. 
 

Participants should now have the set of skills required to modify the attached spreadsheet (or 
make their own) to better quantify personal energy usage no matter their location.  We also note 



that other excellent, similar tools are available online for this purpose. In particular, an online 
calculator developed by the Environmental Initiative at Lehigh University (7) is freely available 
for download and allows for exhaustive consideration of one s personal energy consumption 
habits.  Note that this spreadsheet includes estimates for air travel and public transportation and 
is based on averages available at the time the tool was developed (2007).   

Reducing personal energy consumption 

The underlying intent of this module is to build a conservation-focused mindset in the general 
public with respect to energy.  Further, it is intended to motivate and empower individuals to 
take responsibility for their own energy consumption and resultant expenses.  Justifying a shift 
toward energy conservation is not always easy many changes are perceived as being difficult 
or inconvenient, being not financially justified, or perhaps having a minor impact.  The examples 
above have clearly revealed that adopting energy efficient practices can have a meaningful 
impact on our bottom line, especially when scaled to the entire United States Population.  This 
section is intended to provide a few options and resources that participants can consider putting 
into practice.  While some green energy upgrades are costly and hard to justify financially, such 

, others are very simple and inexpensive to implement, 
such as switching to using cold water for dish and clothes washing.  

For home energy savings, the Energy Star website (8) provides a wealth of information about 
potential ways to improve your energy efficiency, many of which are low-cost and easy to 
implement.  
framework for doing this through this exercise.  Depending on your comfort level, you may also 
wish to consult a professional who can help you to accurately capture your consumption, and 
services are available for doing so.  For example, NYSERDA (9) offers energy audits for NY 
State residents, frequently at low- or no cost to the homeowner.  Presumably, many other states 
have similar programs. 

Agencies like Energy Star and NYSERDA also compile suggested home improvements that can 
result in significant energy savings.  Many are even low- or no-cost changes such as installing a 
programmable thermostat and optimal temperature programs for energy efficiency.  Other 
recommendations, like sealing ductwork and frequently changing air filters, are often neglected 
yet very easy to implement and can boost heating and cooling efficiency, resulting in significant 
energy savings.  Finally, adjusting the way that we dress indoors in warm and cool climates can 
allow us to comfortably adjust thermostat settings by several degrees, which cost little but can 
drastically reduce hourly usage of furnaces and air conditioning systems. 

In the transportation sector, it is additionally important that we find a workable alternative to the 
current paradigm where people generally live far from the workplace and travel by personal 
automobile on a daily basis.  Public transportation is certainly an excellent option.  The energy 
efficiency of trains and buses improve on a per capita basis with the number of people that 
use them.  Such systems thrive in major metropolitan centers, such as Washington DC, where 
living in the city is costly and commuting from outlying suburbs is difficult, but public transit is 
underutilized in most American cities due to the undeniable convenience and relatively low cost 
of personal transportation by automobile.  As energy costs continue to rise, we may see a shift
particularly in smaller cities toward living closer to work as opposed to well outside of the city.  
R  will no doubt 



decrease miles driven each year and might make daily commutes by car economically and 
energetically feasible.  Another positive side effect of living near the workplace is that it enables 
human powered forms of transportation, such as walking or bicycling, which have numerous 
benefits outside of being generally not dependent on externally supplied energy.  For example, if 
Bernard in our case study moved into an apartment half a mile from his work, he might 
realistically walk every day and reduce his weekly mileage by 60% without making any other 
modifications to his driving habits. 

Another point to consider is business travel.  If face-to-face meetings between geographically 
distant people could be more frequently replaced with telepresence, we could likely reduce jet 
fuel consumption significantly.  This may be important in the long term since the aviation sector 
is critically constrained by its demand for energy dense, hydrocarbon fuels. 
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