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Introduction
One of  the most fun aspects of  
my job on the audience team at 
The Conversation is seeing the 
wide range of  our stories, and 
how they resonate with readers 
all over the world. 

On any given day , we might 
be providing deep analysis on 
affirmative action and the U.S. 
Supreme Court’s latest opinion, 
and also taking a deep dive into 
the Metaverse and answering 
the fun question “Why is Pick-
leball so popular?” Our articles 
really run the gamut and truly 
offer something for everyone. 

As we wrap up 2022 and cele-
brate 1 billion pageviews since 
our launch, we’ve excitedly cre-
ated this special edition e-book 
of  some of  our best-read sto-

ries of  the year – articles that 
sparked the curiosity of  readers 
like you, from religion to poli-
tics to education and the arts. 

To expand our impact, The 
Conversation needs the sup-
port of  civic-minded readers 
like you. Click here to 
donate and sustain this
fact-based journalism. 

Thank you for being a part of  
this important work, and we 
hope you enjoy this gift. 

Katrina Aman
Journalism 
Evangelist

https://donate.theconversation.com/us?utm_campaign=US+Donations+End+of+Year+2022&utm_source=pdf&utm_medium=links&utm_content=ebook-promo
https://donate.theconversation.com/us?utm_campaign=US+Donations+End+of+Year+2022&utm_source=pdf&utm_medium=links&utm_content=ebook-promo
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Why are some people mosquito magnets 
and others unbothered? A medical 
entomologist points to metabolism, odor 
and mindset
By Jonathan Day
University of Florida 

It’s rare to attend an outdoor party in 
warm weather without hearing people 
complain about mosquitoes. They swat 
away, sit in campfire smoke, cover up 
with blankets and eventually just give 
up and go indoors. On the other end of  
the spectrum, there are plenty of  people 
who don’t seem bothered by mosquitoes 
in the slightest.

As a medical entomologist who’s worked 
with mosquitoes for more than 40 years, 
I’m often asked why some people seem 
to be mosquito magnets while others are 
oblivious to these blood-feeding pests 
buzzing all around them.

Most mosquito species, along with a host 
of  other arthropods – including ticks, 
fleas, bedbugs, blackflies, horseflies and 
biting midges – require the protein in 
blood to develop a batch of  eggs. Only 
the female mosquito feeds on blood. 
Males feed on plant nectar, which they 
convert to energy for flight.

Blood-feeding is an incredibly import-
ant part of  the mosquito’s reproduc-
tive cycle. Because of  this, a tremen-

dous amount of  evolutionary pressure 
has been placed on female mosquitoes 
to identify potential sources of  blood, 
quickly and efficiently get a full blood 
meal, and then stealthily depart the un-
lucky victim. If  you check some, or all, 
of  the mosquito’s search boxes, then 
you may find that you are a mosquito 
magnet. 

Sensing CO2 and scent signals
Depending on when during the day they 
are active, mosquitoes use sight, sound 
and olfactory cues to identify a potential 
source of  blood. Most night-active spe-
cies rely on olfactory or receptor cues. 
The most important chemical cue is 
the carbon dioxide that all vertebrates, 
including humans, release with each 
breath and through their skin.

Mosquitoes are very sensitive to CO2 
and can sense a CO2 source that is 
many meters away. Receptor cells on 
the mosquito’s antennae and legs bind 
CO2 molecules and send an electrical 
signal to the brain. When more mol-
ecules hit their receptors, the higher 
the CO2 concentration and the closer 
they are to the host. However, there are 
many nonliving carbon dioxide sources 
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such as cars, boats, planes and trains. To 
separate living from nonliving sources 
of  CO2, mosquitoes rely on the second-
ary olfactory cues that living animals 
produce. 

Metabolic processes like breathing and 
moving generate these scent cues, in-
cluding lactic acid, ammonia and fat-
ty acids that act as additional olfactory 
clues that help female mosquitoes zero 
in on their next blood meal.

So, carbon dioxide production is the first 
mark of  a mosquito magnet. Because 
the production of  CO2 and secondary 
attractants is linked to metabolic rate, 
the higher the metabolic rate, the more 
attractants are produced. Metabolic 
rate can be genetically determined, but 
it also increases as the result of  physical 
activity.

The human mosquito magnets you can 
spot at summer parties may have a ge-
netically high metabolic rate or may be 
more physically active than other at-
tendees. They may also be undertaking 
other activities that increase their met-
abolic rate, such as the consumption 
of  alcohol. Increased metabolic rate is 
why runners attract more mosquitoes 
during their cooldown stretching exer-
cises. Pregnant women, perhaps due to 
their increased metabolic rate, attract 
a disproportionately large number of  
mosquitoes as well.

Natural body odors are also important 
cues used by mosquitoes to select a host. 
For example, some species of  Anophe-
les mosquitoes are attracted to specific 
components of  foot odor. These mos-
quitoes transmit human malaria and 
feed indoors in the middle of  the night. 
By feeding on a sleeping person’s feet, 
the mosquitoes avoid the head, where 
most of  the CO2 is produced, and re-
duce the chance of  waking the victim.

Visual cues
Mosquitoes active during the day and 
at dawn and dusk also use visual signals 
to identify a host. Mosquitoes usually fly 
close to the ground. From this vantage 
point they view their potential hosts 
against the horizon. Dark colors stand 
out and light colors blend in, so the 
way a person is dressed will determine 
the number of  mosquitoes they attract. 
Wearing lighter colors may not just help 
keep you cool, but will help you evade a 
mosquito’s notice.

Mosquitoes can visually detect mo-
tion, again by contrasting a silhouette 
against the horizon. This is why people 
who walk near a saltmarsh in the mid-
dle of  the day after a large emergence 
of  saltmarsh mosquitoes are inundated 
by mosquitoes that visually detect their 
presence.

Psychological factors
There is also a psychological component 
to mosquito activity. Some people sim-



them. A single mosquito flying around 
some people will elicit a strong response 
– you’ve probably seen someone go nuts 
trying to track down the droning sound 
of  one mosquito in order to finish off 
the tiny bloodsucker. Other individuals 
are not bothered and do not notice the 
mosquitoes that are attracted to them, 
even when the insects are feasting on 

their blood. Some mosquitoes specialize 
on feeding on parts of  the body that are 
difficult to see and difficult to swat. For 
example, Aedes aegypti is a mosquito 
species that prefers to feed on humans, 
mostly around the ankles. Whether or 
not you’re a mosquito magnet, their 
bites feel just as itchy!

50-year-old 
muscles just 
can’t grow big 
like they used to  
The biology of how 
muscles change with age

By Roger Fielding
Tufts University 

There is perhaps no better way to see 
the absolute pinnacle of  human athlet-
ic abilities than by watching the Olym-
pics. But at the Winter Games this year 
– and at almost all professional sport-
ing events – you rarely see a competitor 
over 40 years old and almost never see a 
single athlete over 50. 

This is because with every addition-
al year spent on Earth, bodies age and 
muscles don’t respond to exercise the 
same as they used to. I lead a team of  
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scientists who study the health benefits 
of  exercise, strength training and diet in 
older people. We investigate how older 
people respond to exercise and try to 
understand the underlying biological 
mechanisms that cause muscles to in-
crease in size and strength after resis-
tance or strength training.

Old and young people build muscle in 
the same way. But as you age, many of  
the biological processes that turn exer-
cise into muscle become less effective. 
This makes it harder for older people 
to build strength but also makes it that 
much more important for everyone to 
continue exercising as they age.

How the body builds muscle
The exercise I study is the type that 
makes you stronger. Strength training 
includes exercises like pushups and sit-
ups, but also weightlifting and resis-
tance training using bands or workout 
machines. When you do strength train-
ing, over time, exercises that at first felt 
difficult become easier as your muscles 
increase in strength and size – a pro-

BACK TO TABLE OF CONTENTS



cess called hypertrophy. Bigger muscles 
simply have larger muscle fibers and 
cells, and this allows you to lift heavier 
weights. As you keep working out, you 
can continue to increase the difficulty or 
weight of  the exercises as your muscles 
get bigger and stronger.

It is easy to see that working out makes 
muscles bigger, but what is actually hap-
pening to the cells as muscles increase 
in strength and size in response to re-
sistance training? Any time you move 
your body, you are doing so by shorten-
ing and pulling with your muscles – a 
process called contraction. This is how 
muscles spend energy to generate force 
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and produce movement. Every time you 
contract a muscle – especially when you 
have to work hard to do the contraction, 
like when lifting weights – the action 
causes changes to the levels of  various 
chemicals in your muscles. 

In addition to the chemical changes, 
there are also specialized receptors on 
the surface of  muscle cells that detect 
when you move a muscle, generate force 
or otherwise alter the biochemical ma-
chinery within a muscle.

In a healthy young person, when these 
chemical and mechanical sensory sys-
tems detect muscle movement, they turn 
on a number of  specialized chemical 

pathways within the mus-
cle. These pathways in 
turn trigger the produc-
tion of  more proteins that 
get incorporated into the 
muscle fibers and cause 
the muscle to increase in 
size.
These cellular pathways 
also turn on genes that 
code for specific proteins 
in cells that make up the 
muscles contracting ma-
chinery. This activation 
of  gene expression is a 
longer-term process, with 
genes being turned on or 
off for several hours after 
a single session of  resis-
tance exercise. The over-
all effect of  these many 

Muscles move your limbs and body by contracting or releasing, via OpenStax, CC BY



exercise-induced changes is to cause 
your muscles to get bigger.

How older muscles change
While the basic biology of  all people, 
young or old, is more or less the same, 
something is behind the lack of  senior 
citizens in professional sports. So what 
changes in a person’s muscles as they 
age?

What my colleagues and I have found 
in our research is that in young muscle, 
a little bit of  exercise produces a strong 
signal for the many processes that trigger 
muscle growth. In older people’s mus-
cles, by comparison, the signal telling 
muscles to grow is much weaker for a 
given amount of  exercise. These chang-
es begin to occur when a person reaches 
around 50 years old and become more 
pronounced as time goes on.

In a recent study, we wanted to see if  
the changes in signaling were accom-
panied by any changes in which genes 
– and how many of  them – respond to 
exercise. Using a technique that allowed 
us to measure changes in thousands of  
genes in response to resistance exercise, 
we found that when younger men ex-
ercise, there are changes in the expres-
sion of  more than 150 genes. When we 
looked at older men, we found changes 
in the expression of  only 42 genes. This 
difference in gene expression seems to 
explain, at least partly, the more visible 
variation between how young and old 
people respond to strength training.

Staying fit as you age
When you put together all of  the vari-
ous molecular differences in how older 
adults respond to strength training, the 
result is that older people do not gain 
muscle mass as well as young people. But 
this reality should not discourage older 
people from exercising. If  anything, it 
should encourage you to exercise more 
as you age.

Exercise still remains one of  the most 
important activities older adults can do 
for their health. The work my colleagues 
and I have done clearly shows that al-
though the responses to training lessen 
with age, they are by no means reduced 
to zero. We showed that older adults 
with mobility problems who participate 
in a regular program of  aerobic and re-
sistance exercise can reduce their risk of  
becoming disabled by about 20%. We 
also found a similar 20% reduction in 
risk of  becoming disabled among peo-
ple who are already physically frail if  
they did the same workout program.

While younger people may get stronger 
and build bigger muscles much faster 
than their older counterparts, older peo-
ple still get incredibly valuable health 
benefits from exercise, including im-
proved strength, physical function and 
reduced disability. So the next time you 
are sweating during a workout session, 
remember that you are building mus-
cle strength that is vital to maintaining 
mobility and good health throughout a 
long life.
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By Chris Impey
University of Arizona

Astronomers now routinely discover 
planets orbiting stars outside of  the so-
lar system – they’re called exoplanets. 
But in summer 2022, teams working on 
NASA’s Transiting Exoplanet Survey 
Satellite found a few particularly inter-
esting planets orbiting in the habitable 
zones of  their parent stars.

One planet is 30% larger than Earth 
and orbits its star in less than three days. 
The other is 70% larger than the Earth 
and might host a deep ocean. These 
two exoplanets are super-Earths – more 
massive than the Earth but smaller than 
ice giants like Uranus and Neptune.

I’m a professor of  astronomy who stud-
ies galactic cores, distant galaxies, astro-
biology and exoplanets. I closely follow 

the search for planets that might host 
life.

Earth is still the only place in the uni-
verse scientists know to be home to life. 
It would seem logical to focus the search 
for life on Earth clones – planets with 
properties close to Earth’s. But research 
has shown that the best chance astron-
omers have of  finding life on another 
planet is likely to be on a super-Earth 
similar to the ones found recently.

Common and easy to find
Most super-Earths orbit cool dwarf  
stars, which are lower in mass and live 
much longer than the Sun. There are 
hundreds of  cool dwarf  stars for every 
star like the Sun, and scientists have 
found super-Earths orbiting 40% of  
cool dwarfs they have looked at. Using 
that number, astronomers estimate that 

Super-Earths are bigger, more common 
and more habitable than Earth itself – and 
astronomers are discovering more of the 
billions they think are out there

Astronomers think the most likely place to find life in 
the galaxy is on super-Earths, like Kepler-69c, seen 
in this artist’s rendering. NASA Ames/JPL-CalTech
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there are tens of  billions of  super-Earths 
in habitable zones where liquid water 
can exist in the Milky Way alone. Since 
all life on Earth uses water, water is 
thought to be critical for habitability.

Based on current projections, about a 
third of  all exoplanets are super-Earths, 
making them the most common type of  
exoplanet in the Milky Way. The nearest 
is only six light-years away from Earth. 
You might even say that our solar system 
is unusual since it does not have a planet 
with a mass between that of  Earth and 
Neptune. 

Another reason super-Earths are ide-
al targets in the search for life is that 
they’re much easier to detect and study 
than Earth-sized planets. There are two 
methods astronomers use to detect exo-
planets. 

One looks for the gravitational effect of  
a planet on its parent star and the other 
looks for brief  dimming of  a star’s light 
as the planet passes in front of  it. Both 
of  these detection methods are easier 
with a bigger planet.

Super-Earths are super habitable
Over 300 years ago, German philoso-
pher Gottfried Wilhelm Leibniz argued 
that Earth was the “best of  all possible 
worlds.” Leibniz’s argument was meant 
to address the question of  why evil ex-
ists, but modern astrobiologists have ex-
plored a similar question by asking what 

makes a planet hospitable to life. It turns 
out that Earth is not the best of  all pos-
sible worlds.

Due to Earth’s tectonic activity and 
changes in the brightness of  the Sun, 
the climate has veered over time from 
ocean-boiling hot to planetwide, deep-
freeze cold. Earth has been uninhabit-
able for humans and other larger crea-
tures for most of  its 4.5-billion-year 
history. Simulations suggest the long-
term habitability of  Earth was not inev-
itable, but was a matter of  chance. Hu-
mans are literally lucky to be alive.

Researchers have come up with a list of  
the attributes that make a planet very 
conducive to life. Larger planets are 
more likely to be geologically active, a 
feature that scientists think would pro-
mote biological evolution. 

So the most habitable planet would have 
roughly twice the mass of  the Earth and 
be between 20% and 30% larger by vol-
ume. It would also have oceans that are 
shallow enough for light to stimulate life 
all the way to the seafloor and an aver-
age temperature of  77 degrees Fahren-
heit (25 degrees Celsius). 

It would have an atmosphere thicker 
than the Earth’s that would act as an in-
sulating blanket. Finally, such a planet 
would orbit a star older than the Sun to 
give life longer to develop, and it would 
have a strong magnetic field that pro-
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tects against cosmic radiation. Scientists 
think that these attributes combined will 
make a planet super habitable.
By definition, super-Earths have many 
of  the attributes of  a super habitable 
planet. To date, astronomers have dis-
covered two dozen super-Earth exo-
planets that are, if  not 
the best of  all possible 
worlds, theoretically 
more habitable than 
Earth.

Recently, there’s been 
an exciting addition 
to the inventory of  
habitable planets. As-
tronomers have start-
ed discovering exoplanets that have 
been ejected from their star systems, and 
there could be billions of  them roaming 
the Milky Way. 

If  a super-Earth is ejected from its star 
system and has a dense atmosphere and 
watery surface, it could sustain life for 
tens of  billions of  years, far longer than 
life on Earth could persist before the 
Sun dies.

Detecting life on super-Earths
To detect life on distant exoplanets, as-
tronomers will look for biosignatures, 
byproducts of  biology that are detect-
able in a planet’s atmosphere.

NASA’s James Webb Space Telescope 
was designed before astronomers had 
discovered exoplanets, so the telescope 

is not optimized for exoplanet research. 
But it is able to do some of  this science 
and is scheduled to target two poten-
tially habitable super-Earths in its first 
year of  operations. Another set of  su-
per-Earths with massive oceans discov-
ered in the past few years, as well as 

the planets discov-
ered this summer, are 
also compelling tar-
gets for James Webb.
But the best chances 
for finding signs of  
life in exoplanet at-
mospheres will come 
with the next genera-
tion of  giant, ground-
based telescopes: the 

39-meter Extremely Large Telescope, 
the Thirty Meter Telescope and the 
25.4-meter Giant Magellan Telescope. 
These telescopes are all under construc-
tion and set to start collecting data by 
the end of  the decade.

Astronomers know that the ingredients 
for life are out there, but habitable does 
not mean inhabited. Until researchers 
find evidence of  life elsewhere, it’s pos-
sible that life on Earth was a unique ac-
cident. 

While there are many reasons why a 
habitable world would not have signs of  
life, if, over the coming years, astrono-
mers look at these super habitable su-
per-Earths and find nothing, humanity 
may be forced to conclude that the uni-
verse is a lonely place. 

“To date, astronomers 
have discovered two 
dozen super-Earth 

exoplanets that are, if not 
the best of all possible 

worlds, theoretically more 
habitable than Earth.”

BACK TO TABLE OF CONTENTS
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This article is from Curious Kids, a series for 
curious people of  all ages. If  you have a ques-
tion you’d like an expert to answer, send it to 
curiouskidsus@theconversation.com. 

This question was submitted by Jack J., age 7, 
of  Alexandria, Virginia. 

By Phylindia Gant and Amy J. Williams
University of Florida 

Let’s suppose you were an astronaut 
who just landed on the planet Mars. 
What would you need to survive?

For starters, here’s a short list: Water, 
food, shelter – and oxygen.

Oxygen is in the air we breathe here on 
Earth. Plants and some kinds of  bacte-
ria provide it for us.

But oxygen is not the only gas in the 
Earth’s atmosphere. It’s not even the 

most abundant. In fact, only 21% of  
our air is made up of  oxygen. Almost all 
the rest is nitrogen – about 78%.
Now you might be wondering: If  there’s 
more nitrogen in the air, why do we 
breathe oxygen?

Here’s how it works: Technically, when 
you breathe in, you take in everything 
that’s in the atmosphere. But your body 
uses only the oxygen; you get rid of  the 
rest when you exhale.

The air on Mars
The Martian atmosphere is thin – its 
volume is only 1% of  the Earth’s atmo-
sphere. To put it another way, there’s 
99% less air on Mars than on Earth.

That’s partly because Mars is about half  
the size of  Earth. Its gravity isn’t strong 
enough to keep atmospheric gases from 
escaping into space.

And the most abundant gas in that thin 
air is carbon dioxide. For people on 
Earth, that’s a poisonous gas at high 
concentrations. Fortunately, it makes up 

Could people breathe the air on Mars?

mailto:curiouskidsus%40theconversation.com?subject=Curious%20Kids%20Submission


far less than 1% of  our atmosphere. But 
on Mars, carbon dioxide is 96% of  the 
air! Meanwhile, Mars has almost no ox-
ygen; it’s only one-tenth of  one percent 
of  the air, not nearly enough for humans 
to survive.

If  you tried to breathe on the surface of  
Mars without a spacesuit supplying your 
oxygen – bad idea – you would die in 
an instant. You would suffocate, and be-
cause of  the low atmospheric pressure, 
your blood would boil, both at about the 
same time.

Life without oxygen
So far, researchers have not found any 
evidence of  life on Mars. But the search 
is just beginning; our robotic probes 
have barely scratched the surface.

Without question, Mars is an extreme 
environment. And it’s not just the air. 
Very little liquid water is on the Martian 
surface. Temperatures are incredibly 
cold – at night, it’s more than -100 de-
grees Fahrenheit (-73 degrees Celsius).

But plenty of  organisms on Earth sur-
vive extreme environments. Life has 
been found in the Antarctic ice, at the 
bottom of  the ocean and miles below 
the Earth’s surface. Many of  those plac-
es have extremely hot or cold tempera-
tures, almost no water and little to no 
oxygen.

And even if  life no longer exists on 
Mars, maybe it did billions of  years ago, 
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when it had a thicker atmosphere, more 
oxygen, warmer temperatures and sig-
nificant amounts of  liquid water on the 
surface.

That’s one of  the goals of  NASA’s Mars 
Perseverance rover mission – to look for 
signs of  ancient Martian life. That’s why 
Perseverance is searching within the 
Martian rocks for fossils of  organisms 
that once lived – most likely, primitive 
life, like Martian microbes.

Do-it-yourself  oxygen
Among the seven instruments on board 
the Perseverance rover is MOXIE, an 
incredible device that takes carbon di-
oxide out of  the Martian atmosphere 
and turns it into oxygen.

If  MOXIE works the way that scientists 
hope it will, future astronauts will not 
only make their own oxygen; they could 
use it as a component in the rocket fuel 
they’ll need to fly back to Earth. The 
more oxygen people are able to make 
on Mars, the less they’ll need to bring 
from Earth – and the easier it becomes 
for visitors to go there. But even with 
“homegrown” oxygen, astronauts will 
still need a spacesuit.

Right now, NASA is working on the new 
technologies needed to send humans to 
Mars. That could happen in the next 
decade, perhaps sometime during the 
late 2030s. By then, you’ll be an adult – 
and maybe one of  the first to take a step 
on Mars.

BACK TO TABLE OF CONTENTS



By Aisling Pigott, Jennifer Scheib 
and Kyri Baker
University of Colorado Boulder  

Hot summer days can mean high elec-
tricity bills. People want to stay comfort-
able without wasting energy and money. 
Maybe your household has fought over 
the best strategy for cooling your space. 
Which is more efficient: running the air 
conditioning all summer long without 
break, or turning it off during the day 
when you’re not there to enjoy it?

We are a team of  architectural and 
building systems engineers who used en-
ergy models that simulate heat transfer 

and A/C system performance to tackle 
this perennial question: Will you need to 
remove more heat from your home by 
continuously removing heat throughout 
the day or removing excess heat only at 
the end of  the day?

The answer boils down to how energy 
intensive it is to remove heat from your 
home. It’s influenced by many factors 
such as how well your house is insulat-
ed, the size and type of  your air con-
ditioner and outdoor temperature and 
humidity. According to our unpublished 
calculations, letting your home heat up 
while you’re out at work and cooling it 
when you get home can use less energy 
than keeping it consistently cool – but it 
depends. 

Blast A/C all day, even when
you’re away?

Energy modeling software 
provides insight into whether 
letting your A/C relax while 
you’re gone all day will save 
you energy – and money.

Is it better to cool your house all day, or 
adjust the A/C setting on your way out the 
door? Westend61 via Getty Images

Does turning the air conditioning off 
when you’re not home actually save 
energy? Three engineers discuss
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First, think about how heat accumulates 
in the first place. It flows into your home 
when the building has less stored heat 
than outside.  If  the amount of  heat 
flowing into your home is given by a rate 
of  “1 unit per hour,” your A/C will al-
ways have 1 unit of  heat to remove ev-
ery hour. If  you turn off your A/C and 
let the heat accumulate, you could have 

up to eight hours’ worth of  heat at the 
end of  the day.

It’s often less than that, though – homes 
have a limit to how much heat they can 
store. And the amount of  heat that en-
ters your home depends on how hot the 
building was to begin with. For exam-
ple, if  your home can only store 5 units 

of  thermal energy 
before coming to 
an equilibrium with 
the outdoor air tem-
perature, then at the 
end of  the day you 
will only ever have 
to remove 5 units of  
heat at most.

Additionally, as 
your home heats up, 
the process of  heat 
transfer slows down; 
eventually it reaches 
zero heat transfer at 
equilibrium, when 
the temperature 
inside is the same 
as the temperature 
outside. Your A/C 
also cools less ef-
fectively in extreme 
heat, so keeping it 
off during the hot-
test parts of  the day 
can increase overall 
efficiency of  the sys-
tem. These effects 
mean there’s no one 
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straightforward answer to whether you 
should blast the A/C all day or wait un-
til you get back home in the evening. 

Energy used by different A/C
strategies
Consider a test case of  a small home 
with typical insulation in two warm cli-
mates: dry (Arizona) and humid (Geor-
gia). 

Using energy modeling software creat-
ed by the U.S. National Renewable En-
ergy Laboratory for analyzing energy 
use in residential buildings, we looked 
at multiple test cases for energy use in 
this hypothetical 1,200 square-foot (110 
square-meter) home. We considered 
three temperature strategy scenarios. 
One has the indoor temperature set to 
a constant 76 degrees Fahrenheit (24.4 
degrees Celsius). A second lets the tem-
perature float up to 89 F (31.6 C) during 
an eight-hour workday – a “setback.” 
The last uses a temperature setback to 
89 F (31.6 C) for a short four-hour work-
day. Within these three scenarios, we 
looked at three different A/C technol-
ogies: a single stage central A/C, a cen-
tral air source heat pump (ASHP) and 
minisplit heat pump units. 

Central A/C units are typical of  current 
residential buildings, while heat pumps 
are gaining popularity due to their im-
proved efficiency. Central ASHPs are 
easily used in one-to-one replacements 
of  central A/C units; minisplits are 
more efficient than central A/C but 

costly to set up.

We wanted to see how energy use from 
A/C varied across these cases. We knew 
that regardless of  the HVAC technology 
used, the A/C system would surge when 
the thermostat setpoint returned to 76 
F (24.4 C) and also for all three cases 
in the late afternoon when outdoor air 
temperatures are usually the highest. 
In the setback cases, we programmed 
the A/C to start cooling the space be-
fore the resident is back, ensuring ther-
mal comfort by the time they get home. 
What we found was that even when the 
A/C temporarily spikes to recover from 
the higher indoor temperatures, the 
overall energy consumption in the set-
back cases is still less than when main-
taining a constant temperature through-
out the day. On an annual scale with a 
conventional central A/C, this could re-
sult in energy savings of  up to 11%.

However, the energy savings may de-
crease if  the home is better insulated, 
the A/C is more efficient or the climate 
has less dramatic temperature swings.  
The central air source heat pump and 
minisplit heat pump are more efficient 
overall but yield less savings from tem-
perature setbacks. 

An eight-hour setback on weekdays pro-
vides savings regardless of  the system 
type, while the benefits gleaned from a 
four-hour setback are less straightfor-
ward.

BACK TO TABLE OF CONTENTS
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By Will Gorman, Bentham Paulos and
Galen Barbose
Lawrence Berkeley National Laboratory 

Hurricane Ian’s catastrophic winds and 
flooding are likely to bring long-lasting 
power outages to large parts of  Florida. 
The storm is the latest in a line of  hurri-
canes and extreme heat and cold events 
that have knocked out power to millions 
of  Americans in recent years for days at 
a time.

In many disaster- and outage-prone ar-
eas, people are starting to ask whether 
investing in rooftop solar and battery 
storage systems can keep the lights on 
and the air conditioner running when 
the power grid can’t.

When the grid goes down, most so-
lar systems that lack a battery will also 
shut down. But with batteries, a home 

can disconnect from the grid. Each day, 
the sun powers the home and charges 
up the batteries, which provide power 
through the night. Our team at Berke-
ley Lab explored what it would take for 
homes and commercial buildings to ride 
out long power outages, of  three days or 
more, with solar and batteries.

How much can solar & storage do?
For a new report, we modeled a gener-
ic power outage for every county in the 
U.S., testing whether a rooftop solar 
system combined with a 10- or 30-kilo-
watt-hour battery could power critical 
loads, like refrigeration, lighting, inter-
net service and well pumps; if  it could 
go further and also power heating and 
air conditioning; or if  it could even pow-
er a whole home.

To put that into perspective, the most 

Could solar and batteries power 
your home when the electricity 
grid goes out?

Downed powerlines can mean weeks without 
power. AP Photo/Matt Slocum
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popular battery on the market, the Tes-
la Powerwall, has just over 13 kWh of  
storage.

In general, we found that even a mod-
est system of  solar plus one battery can 
power critical loads in a home for days 
at a time, practically anywhere in the 
country.

But our maps show that providing back-
up for cooling and heat can be a chal-
lenge, though not an insurmountable 
one. Homes in the Southeast and Pacif-
ic Northwest often have power-hogging 
electric resistance heaters, exceeding the 
capability of  solar and storage during 
winter outages. Homes with efficient 
heat pumps performed better. Summer 
air conditioning load can be heavy in 
the Southwest, making it harder to meet 
all cooling needs with solar and storage 
in a summer blackout.

Larger solar and battery systems can 
help, but meeting demand during out-
ages still depends on the weather, how 
energy efficient the home is and other 
factors. For example, simple thermo-
stat adjustments during power outages 
reduce heating and cooling needs and 
allow solar with storage to maintain 
backup power over longer periods. The 
ability to power commercial buildings 
varies widely, depending on the building 
type. Schools and big-box retail stores, 
with sufficient roof  space for solar rel-
ative to building power demand, fare 
much better than multistory, energy-in-

tensive buildings like hospitals.

How solar would have handled 10 
past disasters
We also looked at 10 real-world outage 
events from 2017 to 2020, including 
hurricanes, wildfires and storms, and 
modeled building performance for spe-
cific locations and real weather patterns 
during and after the outages.

We found that in seven of  the outages, 
most homes would have been able to 
maintain critical loads plus heating and 
cooling using solar with 30 kWh of  stor-
age, or just over two Powerwalls. But the 
weather around the outage can have a 
big impact, especially for hurricanes. 
After Hurricane Florence knocked 
out power in North Carolina in 2018, 
cloudy skies hung around for three days, 
dimming or even stopping solar panels’ 
output.

Hurricane Harvey, on the other hand, 
slammed the Texas coast in August 2017 
but moved on to cause widespread dam-
age elsewhere in Texas. The skies over 
Corpus Christi cleared even as it took 
a week or more to get power restored. 
Solar and storage would have been a big 
help in that case, providing virtually all 
power needs for a typical single-family 
home, once the skies cleared.

Similarly, we found solar can do well in 
less cloudy events, like wildfire preven-
tion shutoffs in California, or after the 
2020 derecho windstorm in Iowa. The 



heat source in a home is also a key fac-
tor. In a five-to-10-day outage following 
an ice storm in Oklahoma in 2020, we 
found that solar plus a 30-kWh battery 
could have supplied nearly all the crit-
ical power and heat needed for homes 
with natural gas heaters or heat pumps. 
But homes with electric resistance heat-
ing would have fallen short.

In Texas, over half  of  homes are heat-
ed with electricity, primarily resistance 
heaters. Energy Star-rated heat pumps 
– which provide both heating and cool-
ing – use half  as much electricity per 
unit of  heat output as electric resistance 
heaters and are also more efficient at 
cooling than the average new air con-
ditioner. Converting older resistance 
heaters to new heat pumps can not only 
save money and reduce peak demand 
but also increase resilience during out-
ages.

New forms of  backup
Setting up solar and storage to provide 
backup power in a home or building 
takes extra work and it costs more – just 
one Powerwall can run from US$12,000 
to $16,500 for a full system installation, 
before incentives and taxes. That’s as 
much as a fair-sized solar system. Nev-
ertheless, a growing number of  home-
owners are installing both. Over 90% 
of  new solar installations in Hawaii in 
2021 were paired with batteries after a 
regulation change. Now these distrib-
uted power plants are helping pow-
er the grid as coal plants are retired. 

California has over 1.5 million rooftop 
solar systems. A growing number of  
customers are retrofitting batteries on 
their systems, or adding new solar plus 
storage, in part because utilities have re-
sorted to “public safety power shutoffs” 
to lower the risk of  wildfires sparked by 
power lines during dry, windy days. And 
new forms of  backup power are emerg-
ing, especially from electric cars. Ford 
is partnering with SunRun to combine 
its new F150 Lightning electric pickup 
truck with solar and a two-way charger 
that can use the truck’s battery to pow-
er a house. The standard version of  the 
truck comes with a 98-kWh battery, the 
equivalent of  more than seven Tesla 
Powerwall stationary batteries.

Critical power for critical services
A fire station in Puerto Rico offers a 
glimpse of  what solar and storage can 
do. After Hurricane Maria cut power 
for months in 2017, over 40,000 solar 
systems were installed on the island, of-
ten paired with battery storage. One of  
those is at the fire station in the town 
of  Guánica, which had been unable 
to receive emergency calls in previous 
outages. When Hurricane Fiona’s wind 
and flooding again knocked out power 
to most of  Puerto Rico in September 
2022, the fire station was still operating.

“The solar system is working beautiful-
ly!” Sgt. Luis Saez told Canary Media 
the day after Fiona knocked out power. 
“We did not lose power all throughout 
the hurricane.”
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The government could toss the 1040 in the trash. 
Kameleon007iStock via Getty Images

The IRS already has all your income 
tax data – so why do Americans still 
have to file their taxes?

By Beverly Moran
Vanderbilt University

Doing taxes in the U.S. is notoriously 
complicated and costly. And it gets even 
worse when there are delays and back-
logs, making it especially hard to reach 
the Internal Revenue Service for assis-
tance.

But to me this raises an important ques-
tion: Why should taxpayers have to nav-
igate the tedious, costly tax filing system 
at all?

The case for a ‘simple return’
In 1985, President Ronald Reagan 
promised a “return-free” tax system in 
which half  of  all Americans would nev-
er fill out a tax return again. Under the 
framework, taxpayers with simple re-
turns would automatically receive a re-

fund or a letter detailing any tax owed. 
Taxpayers with more complicated re-
turns would use the system in place to-
day.

In 2006, President Barack Obama’s 
chief  economist, Austan Goolsbee, sug-
gested a “simple return,” in which tax-
payers would receive already completed 
tax forms for their review or correction. 
Goolsbee estimated his system would 
save taxpayers more than US$2 billion 
a year in tax preparation fees.

Though never implemented, the two 
proposals illustrate what we all know: 
No one enjoys filling out tax forms.

So why do we have to?

As an expert on the U.S. tax system, I see 
America’s costly and time-consuming 
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“The U.S. system is 10 
times more expensive 
than tax systems in 36 
other countries with 

robust economies. But 
those costs vanish in a 
return-free system, as 

would the 2.6 billion hours 
Americans spend on tax 
preparation each year.”

tax reporting system as a consequence 
of  its relationship with the commercial 
tax preparation industry, which lobbies 
Congress to maintain the status quo.

A costly and time-consuming system
Return-free filing is 
not difficult. 

At least 30 countries 
permit return-free fil-
ing, including Den-
mark, Sweden, Spain 
and the United King-
dom.

Furthermore, 95% of  
American taxpayers 
receive at least one of  
more than 30 types of  
information returns 
that let the govern-
ment know their exact income. These 
information returns give the govern-
ment everything it needs to fill out most 
taxpayers’ returns.

The U.S. system is 10 times more expen-
sive than tax systems in 36 other coun-
tries with robust economies. But those 
costs vanish in a return-free system, as 
would the 2.6 billion hours Americans 
spend on tax preparation each year.

Maybe you’re wondering whether Con-
gress is just behind the times, unaware 
that it can release us from tax prepara-
tion? Not true.

Commercial tax preparation
About two decades ago, Congress di-
rected the IRS to provide low-income 
taxpayers with free tax preparation. 
The agency responded in 2002 with 
“Free File,” a public-private partner-

ship between the 
government and the 
tax-preparation in-
dustry. As part of  the 
deal, the IRS agreed 
not to compete with 
the private sector in 
the free tax prepara-
tion market.

In 2007, the House 
of  Representatives 
rejected legislation to 
provide free govern-
ment tax preparation 
for all taxpayers. And 

in 2019, Congress tried to legally bar 
the IRS from ever providing free online 
tax preparation services.

Only a public outcry turned the tide.

The public part of  Free File consists of  
the IRS herding taxpayers to commer-
cial tax -preparation websites. The pri-
vate part consists of  those commercial 
entities diverting taxpayers toward cost-
ly alternatives.

According to the Treasury Inspector 
General for Tax Administration, which 
oversees IRS activities, private partners 



use computer code to hide the free web-
sites and take unsuspecting taxpayers to 
paid sites.

Should a taxpayer discover a free prepa-
ration alternative, the private prepar-
ers impose various restrictions such as 
income or the use of  various forms as 
an excuse to kick taxpayers back to paid 
preparation.

Consequently, of  the more than 100 
million taxpayers eligible for free help, 
35% end up paying for tax prepara-
tion and 60% never even visit the free 
websites. Instead of  70% of  Americans 
receiving free tax preparation, commer-
cial companies whittled that percentage 
down to 3%.

Tax savings and evasion
Perhaps you are guessing that there 
are valid policy justifications for avoid-
ing government and empowering the 
private sector. Judge those arguments 
yourself.

One argument from commercial tax 
preparers is that taxpayers will miss out 
on valuable tax savings if  they rely on 
free government preparation.

In fact, the government software would 
reflect the same laws used by the paid 
preparers with the same access to tax 
saving deductions or credits. Further, tax 
preparers like H&R Block promise to 
pay all taxes and interest resulting from 
a failed audit. As a result, these services 

have every incentive to take conserva-
tive, pro-government tax positions.

A second argument is that govern-
ment-prepared tax returns encourage 
tax evasion.

In a no-return system, the government 
reveals its knowledge of  the taxpayer’s 
income before the taxpayer files. Thus, 
the argument goes, the taxpayer knows 
if  the government has missed something 
and has reason to let the mistake stand.

But taxpayers already know what infor-
mation forms the government has be-
cause they receive duplicates of  those 
forms. The incentive to lie does not 
increase because the taxpayer avoids 
weeks of  tax preparation.

Bolstering the anti-taxers
Finally, there is the anti-tax argument 
for onerous tax preparation: Keep tax 
preparation unpleasant to fuel anti-tax 
sentiment.

In the past, Republicans argued against 
high taxes. But after decades of  tax cuts, 
Americans are no longer swayed by that 
argument. Exasperating tax prepara-
tion, according to this argument, helps 
keep the anti-tax fever high. And that 
fuels public hate for government and 
the tax system.

Unfortunately, the anti-tax contingent’s 
desire to force Americans to spend time 
and money on tax preparation dovetails 
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with the tax preparation industry’s de-
sire to collect billions of  dollars in fees.

Tax preparation companies lobby 
Congress to keep tax preparation costly 
and complicated. Indeed, Intuit, mak-
er of  TurboTax, the tax preparation 
software, has listed government tax 
preparation as a threat to its business 
model. ProPublica reported in 2019 
on the company’s 20-year fight to pre-
vent the government from making tax 
filing simple and free for most citizens.

One example of  that complexity is the 
earned income tax credit, a govern-
ment program for low-income people. 

The credit is so complicated that 20% 
of  the people who are eligible never file, 
thus missing out on thousands of  dollars 
in savings.

If  the government prepared everyone’s 
tax returns, I believe more of  that 20% 
would receive government support.

Nonetheless, H&R Block reportedly lob-
bied lawmakers to make the credit more 
complicated, thereby driving more tax-
payers to paid preparation services.

I believe only public outcry can change 
the system.
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Why can’t we 
throw all our 
trash into a  
volcano and 
burn it up?
By Emily Johnson
US Geological Survey

It’s true that lava is hot enough to burn 
up some of  our trash. When Kilauea 
erupted on the Big island of  Hawaii in 
2018, the lava flows were hotter than 
2,000 degrees Fahrenheit (1,100 Cel-
sius). That’s hotter than the surface of  

the planet Venus, and hot enough to melt 
many rocks. It’s also as hot as waste in-
cinerators, which usually burn garbage 
at 1,800 to 2,200 F (1,000-1,200 C).

But not all lavas are the same tempera-
ture. The eruptions in Hawaii produce a 
type of  lava called basalt. Basalt is much 
hotter and more fluid than the lavas that 
erupt at other volcanoes, like the thick-
er dacite lava that erupts at Mount St. 
Helens in Washington state. For exam-
ple, the 2004-2008 eruption at Mount 
St. Helens produced a lava dome with 
surface temperatures less than about 
1,300 F (704 C).

Beyond temperature, there are other 
good reasons not to burn our trash in 
volcanoes. First, although lava at 2,000 
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degrees F can melt many materials in 
our trash – including food scraps, paper, 
plastics, glass and some metals – it’s not 
hot enough to melt many other com-
mon materials, including steel, nickel 
and iron.

Second, there aren’t many volcanoes on 
Earth that have lava lakes, or bowl-like 
craters full of  lava, that we could dump 
trash into. Of  all of  the thousands of  
volcanoes on Earth, scientists know of  
only eight with active lava lakes. They 
include Kilauea, Mount Erebus in Ant-
arctica and Nyiragongo in the Dem-
ocratic Republic of  the Congo. Most 
active volcanoes have craters filled with 
rocks and cooled lava, like Mount St. 
Helens, or with water, like Crater Lake 
in Oregon.

The third problem is that dumping trash 
into those eight active lava lakes would 
be a very dangerous job. Lava lakes are 
covered with a crust of  cooling lava, but 
just below that crust they are molten and 
intensely hot. If  rocks or other materials 
fall onto the surface of  a lava lake, they 
will break the crust, disrupt the under-
lying lava and cause an explosion. This 
happened at Kilauea in 2015: Blocks 
of  rock from the crater rim fell into the 
lava lake and caused a big explosion that 

ejected rocks and lava up and out of  the 
crater. Anyone who threw garbage into 
a lava lake would have to run away and 
dodge flaming garbage and lava. 

Suppose it was possible to dump trash 
safely into a lava lake: What would hap-
pen to the trash? When plastics, gar-
bage and metals burn, they release a lot 
of  toxic gases. Volcanoes already give 
off tons of  toxic gases, including sulfur, 
chlorine and carbon dioxide.

Sulfur gases can create acidic fog, which 
we call “vog,” for “volcanic fog.” It can 
kill plants and cause breathing prob-
lems for people nearby. Mixing these 
already-dangerous volcanic gases with 
other gases from burning our trash 
would make the resulting fumes even 
more harmful for people and plants 
near the volcano.

Finally, many indigenous communities 
view nearby volcanoes as sacred places. 

For example, Halema’uma’u crater at 
Kilauea is considered the home of  Pele, 
the native Hawaiian goddess of  fire, and 
the area around the crater is sacred to 
native Hawaiians. Throwing trash into 
volcanoes would be a huge insult to 
those cultures.
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