AGENDA
SUSTAINABILITY COMMISSION
February 15, 2018
7:00 P.M.
COMMUNITY CONFERENCE ROOM 206
1. Consideration of January 18, 2018 Meeting Minutes
2. Public Comment
3. Discussion of Coal Tar Sealant Presentation
4. Energy Conservation Program / Earth Day Activities
5. Discussion of Community Outreach and Brainstorming
a. Drawdown by Paul Hawken – L. Leibowitz
6. Next Meeting Date and Time – Thursday, March 15 @ 7:00 p.m.

MEETING MINUTES
SUSTAINABILITY COMMISSION
January 18, 2018
A meeting of the Sustainability Commission was held on Thursday, January 18, 2018 at 7:00 p.m. at
Deerfield Village Hall, 850 Waukegan Road, in the Community Conference Room 206. Chairman Don
Anderson called the meeting to order at 7:00 p.m.
In attendance were:
Present:
Don Anderson, Chairman
Richard Heller
Laurie Leibowitz
Bill Mertes
Michael Shalen
Brian Wolkenberg
Absent was:
Daniel Dorfman
Gloria Threats
Chenlin Zhao
Also present:
Andrew Lichterman, Assistant Village Manager
Approval of Minutes
Commissioner Heller made a motion seconded by Commissioner Mertes to approve the minutes of the
November 16, 2017 meeting. The minutes were approved unanimously.
Public Comment
There was no one present for Public Comment.
Review of Coal Tar Sealant Recommendation
The Commission reviewed the written report with their recommendation to proceed with a multi-year
education program about the potential impacts of coal tar sealants. The Commission confirmed that the
report is consistent with the discussion and direction provided at the last meeting.
Motion
Commissioner Mertes made a motion to approve the report and recommendation in substantially the same
form. Commission Heller seconded the motion.
Discussion
Chairman Anderson reviewed potential dates to present the report the Village Board. The Commission
agreed to present the recommendation on February 20.
Roll Call
The Motion was approved by the following roll-call vote:
Ayes: Anderson, Heller, Leibowitz, Mertes, Shalen, Wolkenberg
Nays: None
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The motion was approved unanimously.
Chairman Anderson encouraged Commission members to attend the February 20 Board meeting.
Water and Energy Conservation Program Updates/Next Steps
Commissioner Wolkenberg noted that plans are underway to continue our partnership with District 109
around Earth Day. He noted that there have been some staff changes at the school and a new
superintendent is being hired. He noted that he is working with a number of the schools, teachers and
principals to retain and expand the programs we completed last year. Commissioner Wolkenberg
suggested that Mr. Lichterman reach out to Cathy Kedijian to ensure the District was aware of our plans.
Mr. Lichterman noted that Commissioner Threats of Walgreens has been assigned to a new role and will
no longer be participating with the Commission. She has provided a new contact at Walgreens that may
be able to take her seat on the Commission. Chairman Anderson requested Mr. Lichterman reach out to
the new Walgreens contact and determine if he has interest serving on the Commission. Commission
Wolkenberg noted that Walgreens has historically provided great activities during Earth Day including a
hands-on lighting activity in 5th grade classrooms. The teachers have expressed interest in continuing this
program if Walgreens is able to offer it again this year.
Ideas for Community Outreach
Chairman Anderson requested the Commission to brainstorm additional ideas for community outreach
and perhaps new areas of concentration. Commissioner Heller suggested new ways of educating the
community about what can be recycled. He noted there is still some confusion about which items can be
recycled. He suggested a recycling display board or activity that could be conducted in schools, at the
farmers market or at the library.
Commissioner Leibowitz discussed key areas that were discussed in the book Drawdown and listed a few
of these as suggested areas for the Commission to focus on in the future. These suggestions included:
Food
Plant Rich Diet
Reduced Food Waste
Composting
Buildings and Cities
LED Lighting
Insulation
Water Distribution
Building Automation
Transportation
Electric Vehicles
Ridesharing
Commissioner Heller noted residents could have access to thermal imaging tools to visualize the heat loss
in their homes. Commissioner Shalen noted that he read the book Drawdown and identified five possible
areas of concentration. Those areas included: 1) LED lights – more light, less energy, less landfill waste.
2) Bike infrastructure 3) Walkable cities. 4) Smart thermostats. 5) Recycled paper – perhaps the Village
could have a policy that we need to purchase a certain percentage of recycled paper.
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Commissioner Leibowitz inquired if a survey of residents and/or commercial businesses would help us to
help them pursue green initiatives. She noted that she had a positive experience collaborating with a
university to complete a survey related to the library referendum a few years ago.
Chairman Anderson requested the Commission to continue their brainstorming and for Laurie to share
pertinent sections of the book with Commission members so they could review the material before the
next meeting.
Adjournment
The meeting was adjourned at 8:22 pm. The next meeting is scheduled for February 15
Respectfully submitted,
Andrew Lichterman
Assistant Village Manager
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66.11 GIGATONS
REDUCED CO2

T

he Buddha, Confucius, and Pythagoras. Leonardo da
Vinci and Leo Tolstoy. Gandhi and Gaudi. Percy Bysshe
Shelley and George Bernard Shaw. Plant-based diets
have had no shortage of notable champions, long be~ore omnivore Michael Pollan famously simplified the conundrum of eating: "Eat food. Not too much. Mostly plants." "Mostly
plants" is the key, although some argue all. Shifting to a diet rich
in plants is a demand-side solution to global warming that runs
counter to the meat-centric, highly processed, often-excessive
Western diet broadly on the rise today.
That Western diet comes with a steep climate price tag.
The most conservative estimates suggest that raising livestock accounts for nearly 15 percent of global greenhouse gases emitted
each year; the most comprehensive assessments of direct and indirect emissions say more than 50 percent. Outside of the innovative, carbon-sequestering managed grazing practices described
in this book, the production of meat and dairy contributes many
more emissions than growing their sprouted counterpartsvegetables, fruits, grains, and legumes. Ruminants such as cows
are the most prolific offenders, generating the potent greenhc:mse
gas methane as they digest their food. In addition, agricultural
land use and associated energy consumption to grow livestock
feed produce carbon dioxide emissions, while manure and fertilizer emit nitrous oxide. If cattle were their own nation, they
would be the world's third-largest emitter of greenhouse gases.
Overconsumption of animal protein also comes at a steep
cost to human health. In many places around the world, the protein eaten daily goes well beyond dietary requirements. On average, adults require 50 grams of protein each day, but in 2009, the
average per capita consumption was 68 grams per day-36 per~ent higher than necessary. In the United States and Canada, the
.,verage adult consumes more than 90 grams of protein per day.
,Vhere plant-based protein is abundant, human beings do not
ns:ed animal protein for its nutrients (aside from vitamin Bl2 in
'i.ct vegan diets), and eating too much of it can lead to certain
n.cers, .strokes, and heart disease. Increased morbidity and
I .. Ith-care costs go hand in hand.
With billions of people dining multiple times a day, irnag11 how many opportunities exist to tum the tables. It is possible
'l well, in terms of both nutrition and pleasure, while eating
• lln the food chain and thereby lowering emissions.
r,;ling to the World Health Organization, only 10 to 15 pern •I one's daily calories need to come from protein, and a diet
1
a, •ly of plants can easily meet that threshold.

; by the painter Giuseppe Arcimboldo, created 1590-91,
~ the Roman god of metamorphoses.

GLOBAL COST AND SAVINGS DATA
TOO VARIABLE TO BE DETERMINED

A groundbreaking 2016 study from the University of
Oxford modeled the climate, health, and economic benefits of a
worldwide transition to plant-based diets between now and
2050. Business-as-usual emissions could be reduced by as much
as 70 percent through adopting a vegan diet and 63 percent for a
vegetarian diet (which includes cheese, milk, and eggs). The
model also calculates a reduction in global mortality of 6 tO 10
percent. The potential health impact on millions of lives translates into trillions of dollars in savings: $1 trillion in annual
health-care costs and lost productivity, and upwards of $30 trillion when accounting for the value of lives lost. In other words,
dietary shifts could be worth as much as 13 percent of worldwide
gross domestic product in 2050. And that does not begin to include avoided impacts of global warming.
Similarly, a 2016 World Resources Institute report analyzes
a variety of possible dietary modifications and finds that "ambitious animal protein reduction" - focused on reducing overconsumption of animal-based foods in regions where people devour
more than 60 grams of protein and 2,500 calories per dayholds the greatest promise for ensuring a sustainable future for
global food supply and the planet. "In a world that is on a course
to demand more than 70 percent more food, nearly 80 percent
more animal-based foods, and 95 percent more beef between
2006 and 2050," its authors argue, altering meat consumption
patterns is critical to achieving a host of global goals related to
hunger, healthy lives, water management, terrestrial ecosystems,
and, of course, climate change.
The case for a plant-rich diet is robust. That said, bringing
about profound dietary change is not simple because eating is
profoundly personal and cultural. Meat is laden with meaning,
blended into customs, and appealing to taste buds. The complex
and ingrained nature of people's relationship with eating animal
protein necessitates artful strategies for shifting demand. For individuals to give up meat in favor of options lower on the food
chain, those options should be available, visible, and tempting.
Meat substitutes made from plants are a key way to minimize disruption of established ways of cooking and eating, mimicking
the flavor, texture, and aroma of animal protein and even replicating its amino acids, fats, carbohydrates, and trace minerals.
With nutritious alternatives that appeal to meat-centric palates
and practices, companies such as Beyond Meat and Impossible
Foods are actively leading that charge, proving that it is possible
to swap out proteins in painless or pleasurable ways. Select
plant-based alternatives are now making their way into grocery
store meat cases, a market evolution that can interrupt habitual
behaviors around food. Between rapidly improving products, research at top universities, venture capital investment, and mounting consumer interest, experts expect markets for nonmeats to
grow rapidly.
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14.08 GIGATONS
REDUCED CO2

$72.2

BILLION
NET COST

$1.34 TRILLION
NET SAVINGS

A

round the world, farmers are walking away from lands
that were once cultivated or grazed because those
lands have been "farmed out." Agricultural practices
depleted fertility; eroded soil, caused compaction,
drained groundwater, or created salinity by over-irrigation.
Because the lands no longer generate sufficient income, they are
abandoned. Other contributing causes include a changing climate, desertification as in China and the Sahel in Africa, and the
results of farming on fragile, steeply sloped land. On the socioeconomic side there is migration, the lure of higher income in
cities, lack of market access, and high production costs for smallholders when competing with industrial agriculture. Whatever
the case, for many; it is cheaper to walk away from the land than
to work it.
These abandoned lands are not lying fallow; they are forgotten. Measuring how extensive they are and how quickly they
are growing is complex, and different approaches yield different
numbers. A comprehensive study out of Stanford University estimates that there are 950 million to 1.1 billion acres of deserted
farmland around the world-acreage once used for crops or pasture that has not been restored as forest or converted to development. Ninety-nine percent of that abandonment occurred in the
past century.
The quantity of forsaken lands continues to grow, even as
the world strains to create more food. To feed a growing population and protect forests from deforestation for fresh farmland, restoring abandoned cropland and pastureland to health and
long-term productivity is hy. Bringing abandoned lands back
into productive use can also turn them into carbon sinks. Like an
empty bowl, degraded land can theoretically take up more carbon than fenile ground, as plants draw carbon from the atmosphere and send it back into depleted soils. Where soils are left to
erode and diminish further, abandoned farmlands can be a source
of greenhouse gas emissions. According to Professor Rattan Lal of
the Ohio State University; the world's cultivated soils have lost 50
to 70 percent of their original carbon stock, which combines
With oxygen in the air to become carbon dioxide.
Restoration can mean the return of native vegetation, the
<=stablishment of tree plantations, or the introduction of regenerative farming methods. ln general, the more degraded the land,
the more intensive the restoration efforts initially need to be. In
less extreme cases, simply allowing natural processes to play out
1
" er time-passive restoration-will return the land to a
k althy ecosystem. Passive approaches require little money but
'ts of time. Active restoration is often labor intensive, yet neces.ry for cultivation to revive. Its costs are higher, but so is its
ted to productivity, carbon storage, and ecosystem services.

In the Gulu District of Uganda villagers learn permagardening,
which integrates water-saving practices, soil fertility, companion-planting
knowledge, and enriched raised beds.

The two strategies need not be mutually exclusive; combining
them can aid cost -effectiveness.
Presently, there are few financial incentives to induce farmland restoration. Costs are not inconsequential, and because
change is slow, returns on investment lag. For this solution to
take root, formal schemes to finance regeneration will be a necessary stimulus to action, helping landowners make changes without (sometimes literally) having to bet the farm. The world'.s
abandoned farmland offers an opportunity to improve food security; farmers' livelihoods, ecosystem health, and carbon drawdown simultaneously. Lal estimates that farmland soils could
reabsorb 88 billion to 110 billion tons of carbon, all the while
enhancing tilth, fertility; biodiversity; and the water cycle.
The default mode of all land is regeneration. That can be a
slow process, but in the hands of skilled practitioners, the economic, social, and ecological benefits of farmland restoration can
be greatly accelerated. At the moment, too much former fannland
is something someone, for some reason, has abandoned-figuratively thrown away. The world, and many generations of farmers
to come, would reap rewards from restoring and reactivating these
neglected terrestrial assets.
IMPACT: Currently, 1 billion acres offarmland have been abandoned

due to land degradation. We estimate that by 2050 424 million acres
could be restored and converted to regenerative agriculture, or other
productive, carbon-friendly farming systems,for a combined emissions
impact of 14.1 gigatons of carbon dioxide. This solution could provide
a.financial return of $1.3 trillion over three decades on an investment
of $72 billion, while producing an additional 9.5 billion tons offood.
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ne of the great miracles of life on this planet is the
creation of food. The alchemy human beings do with
seed, sun, soil, and water produces figs and fava
beans, pearl onions and okra. lt can include raising
animals for their flesh or yield and transforming raw ingredients
into chutney or cake or capellini.. For more than a third of the
world's labor force, the production of food is the source of their

O

livelihoods, and all people are sustained by consuming it.
Yet a third of the food raised or prepared does not make it
from farm or factory to fork. That number is startling, especially
when paired with this one: Hunger is a condition of life for nearly
800 million people worldwide. And this one: The food we waste
contributes 4.4 gigatons of carbon dioxide equivalent into the
atmosphere each year- roughly B percent of total anthropogenic
greenhouse gas emissions. Ranked with countries, food would be
the third-largest emitter of greenhouse gases globally, just behind
the United States and China. A fundamental equation is offkilter: People who need food are not getting it, and food that is
not getting consumed is heating up the planet.
Losing food to one waste heap or another is an issue in
both high- and low-income countries, though the drivers differ.
In places where income is low and infrastructure is weak, food
loss is typically unintended and structural in nature - bad roads,
lack of refrigeration or storage facilities, poor equipment or packaging, a challenging combination of heat and humidity. Wastage
occurs earlier in the supply chain, rotting on farms or spoiling
during storage or distribution.
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In regions of higher income, unintentional losses tend to be
ntinimal; willful food waste dominates farther along the supply
chain. Retailers reject food based on bumps, bruises, coloring-aesthetic objections of all sorts. Other times, they simply
order or serve too much, lest they risk shortages or unhappy customers. Similarly, consumers spurn imperfect spuds in the produce section, overestimate how many meals they will cook in a
week, toss out milk that has not gone bad, or forget about leftover lasagna in the back of the fridge. In too many places, kitchen
efficiency has become a lost art.
Basic laws of supply and demand also play a role. If a crop
is unprofitable to harvest, it will be left in the field. And if a product is too expensive for consumers to _purchase, it will idle in the
storeroom. As ever, economics matte~. Regardless of the reason,
the outcome is much the same. Producing uneaten food squanders a whole host of resources-seed~, water, energy, land, ferti.liz:er, hours of labor, financial capital-and generates greenhouse
gases at every stage-including methane when organic matter
lands in the global rubbish bin.
There are numerous and varied, but often invisible, dumps
of food all around us. The interventions that can address key waste
points in the food chain are also numerous and varied. The United
Nations' Sustainable Development Goals speak to this chain of
"orphaned" food, calling for halving per capita global food waste
at the retail and consumer levels by 2030, as well as reducing food
losses along production and supply chains, including those that
occur postharvest. The root of the problem has many offshoots.
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1670s, but society is only just now coming to understand the
rganic matter matters. Sir Albert Howard, English agriculturalist and ardent, prophetic champion of compost, knew this instinctually. Conducting experiments
from England to India in the early twentieth century,
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Howard saw proof in his plants that healthy, living soil was the
key to thriving, resilient crops. Though he did not fully understand the web of interactions, he knew that somehow organic
matter, soil fertility, and plant health are intrinsically linked. To
that end, he orchestrated large-scale composting schemes and
probed root structures for answers. Perhaps, Howard thought,
compost enhanced the relationship between the roots of plants
and mycorrhizal fungi in the soil. Throughout his life, he battled
the establishment of the time, which advocated for the use of
chemical fertilizers to supply the nutrients plants need. It was the
era of the Haber process, the German discovery of how to manufacture affordable nitrogen fertilizers. In its wake, compost and
top-dressing fields with organic matter began to be seen as
old-fashioned and uneconomic.
The new fertilizer manufacturing processes gained worldwide attention. Fritz Haber and Carl Bosch were awarded separate Nobel Prizes. But Howard was onto something. Human
beings have long used compost and manure to feed their crops
and gardens, without understanding the mechanics of its benefits. The oldest surviving work of Latin prose, De Agricu!tura, by
Cato the Elder, includes guidance on compost-deemed a must
for farmers. Shakespeare also knew the power of the true black
gold. "Do not spread the compost on the weeds," Hamlet cautions in metaphor. Dutch scientist Antoni van Leeuwenhoek first
saw "wee beasties" through a prototypical microscope in the

power of microbes at the heart of soil ecology.
Fertile soil depends, as was once conjectured, on a mix of
weathered rock fragments and decaying organic matter, and there
are more microbes in a teaspoon of healthy soil than there are
people on the planet. These soil microorganisms play two interlocking roles. They help to break down organic matter from dead
plants and animals, putting key nutrients back into circulation
within an ecosystem. They also help supply those key nutrients
to plants' roots, precisely where they are needed, in exchange for
exudates, carbohydrates released by plants-food for bacteria
and fungi. From nitrogen to potassium to phosphorus and beyond, microbes keep the plant world thriving, and have their role

. Clomposting can range in scale from backyard bins to
mercia operauons Whate
th
com' the same· en . . ffi . ver e scale, the basic process remains
. sunng su c1ent moist
.
d
ongoing mic b £
f
ure, air, an heat to cook up an
ro
e
east
o
organic
m
t
.
. h
a ena1. Bacteria, protozoa and
· matter nch
.
,
fu ng1 c ow down on Orgamc
in carbon It .
of decomposition that happens constantly in eve · · lSgla process
·
tem. The earth itself has a th·
'
ry sm e ecosysvarious landscapes Rath th m compost heap spread across its
·
er an generating methan
d
position in a landfill would th
.
e, as ecomverts
.
.
' e compostmg process actually con. orgamc material into stable soil carbon and
k
.
available
. an incredibly valuable ma
. . to plants. Compost 15
fertTes 1t
retammg water and nutrients of the o . . 1
t 1zer,
'd il b
ngma waste matter and ca
at so car on sequestration. It is like going from refu ' . n
Thanks to the work of Howard an
. se to nches.
posting has existed .
h
d others, mdustrial comsmce t e early twentieth
.
cially useful for cities today. With th . century. It 15 espemanaging urban food
..
eu dense populations,
.
waste 1s no small task In 2009
Francisco passed an ord·mance that make
· .
, San
food waste mandatory S t 1
.
s compostmg the citys
. ea t e monitors curbside bi
d
tags and fines those who violate it5
.
ns an now
Copenhagen D
k h
compostmg requirement.
' enmar ' as not sent organic waste to landfill in

2.28 GIGATONS

-$63. 7 BILLION

-$60.8

REDUCED CO2

NET COST

NET SAVINGS

BILLION

more than
. twenty-five years, reaping composts win-win- .
cost savings,
.. .
wm of
. . fertilizer production ' and carbon mmganon
Tra dltlonally, landfillin has been
.
but that is changt'ng
d g
cheap and convenient,
as 1an -use pressu
dl d
grow. These shifts are bo 1·
h
res an an fill regulations
os mg t e appeal of
·
its ease and diversity f
compostmg, as are
0 approaches like r
l'
compost operati'ons
.
f£
·
ecyc mg, successful
require e orts to d
h
disposal; develop the
.
e ucate t e public about
on
d
necessary mfrastructure to gather, transP , Can process
gies
. waste·
. ' and de p1oy targeted collection strate. ompost 1s nothmg new, but needed n
make it a reality at scale. Leonardo da V' . ow are fresh ways to
say that th
h h
mc1 professed, "We might
e eart
as the spirit of
h.
.
soil " Com
· .
growt • that its flesh is the
.
postmg 15 a way to both enhance that flesh .
..
o growth
dk
- its spmt
f
-an eep emissions out of the atmosphere.
IMPACT: In 2015, an estimated 38 percent orfi
posted in the u ·t d
~ ooddwaste
was comm e 5tates; 57 percent was
.
Union. If all l
.
. .
composte m the European
.
.
ower-mcome countnes reached the US
hzgher-mcome countn·es ach.1eved the E u r
· · rate. and all
avoid methane emissions Jrom la d 11 • ·. ate, composting could
carbon dioxide b,y 2050 Th t nl ifi s equivalent to 2.3 gigatons of
.
· a tota excludes additional · r
p!ymg compost to soil. Compost J'ra c1l I t.ies cost less to gains
J rom apconstruct
b
more to operate, which is reflected in the financial results.
ut

Large-scale composting of household green waste in the United Kingd om.

to play in addressing climate change.

Like all living beings, humans create waste, but that waste
can be uniquely problematic. Nearly half of the solid waste produced around the world is organic or biodegradable, meaning it
can be decomposed over a few weeks or months. A key contributor to that rubbish flow is food waste, as well as wastelike leaf
litter from yards and parks. For millennia this waste made its way
back into the natural economy; today, much organic waste ends
up in landfills. It decays in the absence of oxygen, producing the
potent greenhouse gas methane, which is up to thirty-four times
more powerful than carbon dioxide over one hundred years.
A quarter of anthropogenic global warming may be due to methane gas alone. While many landfills have some form of methane
management, it is far more effective to divert organic waste for
composting, both dramatically reducing emissions and putting microbes to work. Composting processes avert methane emissions
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merchants benefit from greater foot traffic. They enable people
from all walks of life to get around, regardless of income, thus
boosting equity and inclusion . With more people walking, traffic
congestion - and associated stress and pollution - declines.
There are fewer motor vehicle accidents. The more people walk
(and cycle), the safer those modalities become. Increased levels
of physical activity boost health and well-being, addressing wide-
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spread problems of obesity, heart disease, and diabetes. Social interaction and neighborhood safety rise, as do creativity, civic
engagement, and connection to nature and place. Walkable cities
are easier and more appealing to live in, making for happier,
healthier citizens. Health, prosperity, and sustainability go hand
in hand in hand.

As the worlds urban populations continue to grow, walkable cityscapes will increase in importance. Urbanites are expected to make up two-thirds of world population in 2050.
Construction will rise to accommodate that boom. Today, too
many urban spaces remain no- or low-walking ones. Far too
many municipal policies still foster low-density; suburban-style
development rather than dense, mixed-use neighborhoodschoices communities can get stuck with for a long time to come.
And cities continue to invest too few dollars in pedestrian infrastructure. In low-income countries, around 70 percent of urban
transportation budgets go toward car-oriented infrastructure,
though roughly 70 percent of trips are taken on foot or mass transit. All of these trends run counter to what people want; at present, the demand to live in walkable places far outstrips supply.

safe, convenient, and desirable. What does that look like? It is the
opposite of sprawl. Homes, cafes," parks, shops, and offices are

To realize the full potential of walkability, real estate practices, zoning ordinances, and municipal policies need to shift.

intermingled at a density that makes them reachable by foot.
Sidewalks are wide and protected from motorized traffic whizzing
by. Walkways are well lit at night, tree-lined and shaded during
the day (vital in hot, humid climates). They connect effectively to
one another and perhaps lead to entirely car-free areas. Points of
interest across the road, tracks, or waterway are accessible by way
of safe and direct pedestrian crossings constructed at regular intervals. At street level, buildings feel abuzz with life, fostering a
sense of safety. Beauty invites people outside. Perambulation can

Form-based codes that replace conventional single-use zoning,
guidelines such as Leadership in Energy and Environmental
Design (LEED) for Neighborhood Development, and walkability
indexes such as Walk Score are already making a difference.
Practices such as "walking school buses," gathering kids together

easily be combined with cycling or mass transit, with good connectivity between these different modes of mobility. Many such
improvements can be achieved at a fraction of the cost of other
transportation infrastructure. Walkabihty also enhances the use,
and thus cost-effectiveness, of public transit systems.
Many of the things that make cities more sustainable also
make them more livable - perhaps nothing more so than walkability. It is why environmentalists find themselves calling for the
same changes as economists and epidemiologists. Walkable urban places attract residents, businesses, and tourists, while local

for treks to school, can establish walking habits early in life.
Ultimately, walkable cities will be most successful when they
make strolling, striding, and sauntering, once again, the most inviting ways to move around.
IMPACT: The six dimensions of the built environment- demand,
density, design, destination, distance, and diversity- are all key drivers of walkability Our analysis Jocuses on population density as a
proxy for walkable neighborhoods. As cities become denser and city
planners, commercial enterprises, and residents invest in the «6Ds, •
5 percent of trips currently made by car can be made by foot instead
by 2050. That shift could result in 2.9 gigatons of avoided carbon
dioxide emissions and reduce costs associated with car ownership by
$3.3 trillion.
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BIKE INFRASTRUCTURE
he bicycle has been an agent of change since it first
rolled into nineteenth-century Europe as a leisure item
for sporty men. Within a matter of years, cycling became widespread, widely accessible, and widely loved.
Bikes allowed adolescents to mix and mingle across neighborhoods and social classes, away from moralizing eyes. They gave
women freedom of movement and helped redefine norms of
dress and femininity. As suffragist Susan B. Anthony said in 1896,
"Let me tell you what I think of bicycling. I think it has done
more to emancipate women than anything else in the world.n
The arrival of cars in the early twentieth century diverted
attention to four wheels, and even Europe's cycling capitals, such
as Amsterdam, saw automobiles dominate the middle of the century: But today, bicycles seem to be entering another golden age
as cities attempt to untangle traffic and unclog skies, urban
dwellers seek affordable transportation, and diseases of inactivity
and billowing greenhouse gases become impossible to ignore. As
one hub among these interconnected spokes, bikes could be a
force for societal change once again.
According to British writer Rob Penn, "The bicycle can be
ridden, on a reasonable surface, at four or five times the pace of
walking, with the same amount of effort-making it the most
efficient, self-powered means of transportation ever invented."
At virtually zero emissions, it is exceedingly efficient in a climatic
sense as well. But in his praise Penn also identifies a potent
obstacle to the bicycles triumph: "a reasonable surface," aka
infrastructure.
Just like pedestrians and cars, bicycles need thoughtfully
designed infrastructure. Numerous studies have sought to identify the fundamental elements that support safe and abundant cycling. Time and again they identify a tight link between networks
of bike lanes or paths and the prevalence of bikers in a city or
town. The more direct, level, and interconnected these tracks are,
the better. Thoughtfully designed junctions where bicycles and
cars meet-intersections, roundabouts, points of access-are
vital to safety and flow. For instance, at red lights cyclists can be
funneled ahead of queued cars, so they are fully visible and can
proceed first, before any turning motorists. Other critical infrastructure includes secure parking, good lighting, greenery; and
connections to desired destinations, including public transport.
Equity is essential: Some cities have shown a bias for investing in
bicycle infrastructure only in areas of privilege.
The role of bicycle infrastructure is to create safe, pleasant,
effective environments in which to ride. Bikers-especially
women, research shows-want to be separated from car traffic.
But physical infrastructure alone is not enough. In the places
where cycling thrives, such as Denmark, Germany, and the
Netherlands, programs and policies foster a kind of social infrastructure that complements it. Educational initiatives target
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cyclists and motorists alike. Stricter liability laws protect those on
two wheels. Disincentives for car ownership and use make the
bicycle more attractive. Research also shows that city bike-share
programs, like Velib' in Paris, and awareness-raising events, like
Ciclovfa in Bogota, increase ridership. Workplace showers can
make sweaty commutes viable, and access to affordable parts and
maintenance can make bike ownership work. Overarching urban
design addresses the density, accessibility, and connectivity within
the built environment that are crucial to bicycle friendliness.
In 1967, a Dutch official declared cycling tantamount to
suicide. That was about to change. Following World War 11, the
country had shifted to car-centric development and lifestyles, until a rising number of traffic fatalities, many involving children,
sparked a movement that induced government action and a
turnaround in the Netherlands' trajectory-within a decade.
Amsterdam, Rotterdam, and Utrecht are now some of the worlds
cycling meccas. In Amsterdam, bikes outnumber cars four to one.
Similarly. Copenhagen's infrastructure investments have
made cycling easy and fast. They include innovations such as the
"green wave" -traffic lights along main roads synchronized to
the pace of bike commuters, so they can maintain their cruising
speed for long stretches. Currently, the city is investing in a responsive traffic light system that aims to cut travel time by 10
percent for bicycles and 5 to 20 percent for buses, making both
modes more appealing. At the same time, infrastructure for cars
is becoming less accommodating, as with the gradual removal of
parking spaces.
The numbers speak for themselves: In Denmark, 18 percent of local trips are done on two wheels, and in the Netherlands,
27 percent. In the car-crazy United States, by comparison, just 1
percent of trips are taken by bike. But there is hope: Bike commuting throughout the country grew 60 percent between 2000
and 2012, and in places such as Portland, Oregon, where infrastructure investment is high, it jumped from 1.8 percent to 6.1
percent of commutes during that time. Given that 40 percent of
urban car trips are less than two miles in length, many could be
made by bike instead.
As Dutch history reminds us, all cities were once bike cities, before we began shaping and reshaping them for the almighty automobile. Hills and heat, storms and arctic chills will
always pose their challenges, but most barriers to cycling lie fully
within the control of municipalities. This is where the rubber
meets the road: The more infrastructure we have, the more cyclists. The more cyclists, the more cultural norms shift-This is
simple, smart, stylish-and the more society reaps numerous returns on investment, including the health benefits of cleaner air
and people going about their days with greater physical activity.
Investment, however, is the key word. In most places bicycle
infrastructure continues to receive a small fraction of public funds
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LED LIGHTING
ike other leading-edge technologies, LEDs Oight emitting
diodes) have a long lesser-known history Their origin
dates back to the 1874 invention by German physicist
Ferdinand Braun of the diode-a crystal semiconductor
that conducts electricity in one direction. Since then, .the de_velopment of diodes has evolved into hundreds of critical applications that make possible much of what is plugged in, turned on,
watched, and driven every day. One of the important findings
was how, under certain conditions, diodes emit light. Although
this was first observed in 1907, scientists did not see any practical use for such a device at that time. That all changed in the
1960s when General Electric, Texas Instruments, and HewlettPackard developed, patented, and specialized commercial applications. In 1994 high-brightness LED bulbs were invented by

L

Commissioned by the U.S. government, the War Industries Board
created a number of war-specific agencies during World War I, including
the United States Fuel Administration. Headed by Harry Garfield, the
son of former president James A. Garfield, the agency's job was to
ensure sufficient supply of energy far essential industries. Besides the
wonderful art nouveau poster seen here, the agency created daylight
savings time, a practice already instituted in Europe.

92

RANKING AND RESULTS BY 2050
-;(H:0:-US-=-E~HO_L_D)_ _-:---

7.81

GIGATONS

REDUCED CO2

three Japanese scientists, for which they were awarded the Nobel
Prize in Physics in 2014.
There are three main types of lighting, and each employs a
different mechanism to create light. Incandescent lightbulbs heat
a tungsten filament with an electrical charge in a vacuum.
Fluorescent fixtures ionize gases by an arc of electricity. UV light
is emitted, which is absorbed by the phosphor coating the tube.
The phosphor emits their visible light. LEDs are solid-state;
through a process called electroluminescence, they create charged
electrons that emit photons-units of light.
Incandescent bulbs are so inefficient they have been likened to space heaters that emit a little light. LED bulbs radiate a
lot of light and are more like microcomputers or a solar panel that
works in reverse. Solar converts photons to electrons; LEDs convert electrons to photons. Solar and LEDs have the same type of
semiconductor but an LED contains a circuit board. A light switch
acts as the keyboard. When turned on, an LED uses 90 percent
less energy for the same amount of light than an incandescent
bulb, and half as much as a compact fluorescent, without toxic
mercury On top of that, an LED bulb will last much longer than
either type of bulb-twenty-seven years if turned on five hours a
day This translates into a 10 to 30 percent return on investment if
you buy and replace older lighting fixtures with LEDs.
When first commercialized in the 1960s, LEDs were used
in electronics, displays, and Christmas lights. Today, they are
clustered, grouped, and arranged to make a variety of useful and
powerful lamps. Using diffusers, they can illuminate broad areas
or focus intensely They have standard bases and can be screwed
into conventional sockets. The diverse range of LED lighting now
available means that virtually any type of bulb currently in commercial or residential use can be replaced by an LED bulb. LEDs
transfer 80 percent of their energy use into creating light - rather
than heat, like older technologies-and reduce air-conditioning
loads accordingly.
The question about LEDs is not whether they will become
the standard in lighting fixtures; it is when. The price is two to
three times that of incandescent and fluorescent fixtures per watt
equivalent, but falling rapidly Current up-front costs remain an
obstacle for lower-income households, which end up paying
higher energy costs when they use cheaper bulbs. And despite
their current cost, LEDs offer an advantage to households that
have no access to electricity Their low energy use makes it possible to tum on the lights with small solar cells, replacing expensive kerosene lamps and their noxious fumes and high
greenhouse gas emissions. For families and communities not
connected to an electrical grid, solar-LED lights can have a beneficial impact on economic livelihoods. According to the
University of Califomias uiwrence Berkeley National Laboratory,
"A sixth of humanity spends upwards of $40 billion per year on
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SMART THERMOSTATS
n inconspicuous box or orb on the wall, the thermostat is easy to underestimate, yet in many buildings it
is mission control for heating and cooling energy
According to the European Commission, maintaining

A

temperate residential, coIIJ1llercial, and industrial :buildings accounts for half the European Union's energy use. Residential
thermostats alone control 9 percent of U.S. energy consumption.
Smarter, programmable, sensor-connected thermostats that give
real-time feedback to homeowners, tenants, and building managers are becoming integral to the management of that energy use.
At present, the majority of thermostats require manual operation
or preset programming, and studies show people are notoriously
unreliable in doing either efficiently Imagine if homes were only
heated and cooled when, where, and to the extent needed, without any heavy lifting. That is the power of smart thermostats
such as the Nest Learning Thermostat and the Ecobee. They are
"smart" in the sense of being able to learn and take independent
action, thereby eliminating the capriciousness of human behavior and driving more predictable energy savings.
Despite nearly two centuries of existence, thermostat technology saw minimal innovation until the past decade. The Nest
came to market in 2011, developed by a team of former iPhone
engineers who saw an opportunity to bring smartphone thinking
to the antiquated temperature controls in homes. Thanks to algorithms and sensors, next-generation thermostats learn over time
by gathering and analyzing data. You can still tum the temperature up and down, but these devices will remember your choices
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and memorize your routines. Easy to install and simple to operate, they adapt to the dynamic nature of day-to-day living in a
way programmable thermostats cannot. People do not always follow predictable schedules-some days departing for work early,
and some evenings staying out late. Smart thermostats detect occupancy, learn inhabitants' preferences, and nudge users toward
more efficient behavior. The newest technologies also integrate
demand response; they can reduce consumption at times of peak
energy use, peak prices, and peak emissions. More comprehensive home management systems also control hot water. The net
effect: Residences are more energy efficient, more comfortable,
and less costly to operate.
Where homes have HVAC systems and broadband, and
residents have smartphones, smart thermostats can be highly effective interconnecting devices. Over two years, Nest Labs studied the impacts of its thermostats on energy use and cost savings.
According to a company white paper, three separate studies produced similar results: energy savings of 10 to 12 percent on heating and 15 percent on central air-conditioning. Exact savings
depend on individual thermostat use before upgrading to smart
technology. Many industry estimates hover around 20 percent.
Where homes are grouped in buildings or districts or connected
to microgrids, individual thermostats can provide data to make
the whole system more efficient.
Originating in North America and migrating to Europe,
smart thermostats occupy a mere fraction of the addressable market at present. Realizing their room for growth hinges on one key
factor: cost. People already own thermostats, so they need good
reason and low barriers to elect to purchase and install new ones.
Lower prices and incentive programs can encourage homeowners to replace existing thermostats. Price should also drop as the
technology evolves and competition grows, and some utility
companies are already offering incentives. (Even at their current
prices, smart thermostats achieve payback in less than two years.)
Amended building codes will help expand adoption, and thermostats that also monitor carbon monoxide and smoke may increase consumer appeal.

We project that smart thermostats could grow from .4 percent to 46 percent of households with Internet access by 2050. In this
scenario, 704 million homes would have them. Reduced energy use
could avoid 2. 6 gigatons of carbon dioxide emissions. Return on investment is high: smart thermostats can save their owners $640 billion on

IMPACT:

utility bills by 2050.
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ethane is a mighty molecule. Over the course of a
century, it has up to thirty-four times the greenhouse
effect of carbon dioxide. Landfills are a top source of
methane emissions, releasing 12 percent of the

M

world's total -equivalent to 800 million tons of carbon dioxide.
But methane is also a fuel. Landfill methane can be_tapped for
capture and use as a fairly clean energy source for generating
electricity or heat, rather.than leaking into the air or being dispersed as waste. The climate benefit is twofold: prevent landfill
emissions and displace coal, oil, or natural gas that might otherwise be used.
The worlds cities create 1.4 billion tons of solid waste each
year; that total may reach 2.4 billion tons by 2025. Globally, we
send at least 375 million tons of solid waste to landfills, predominantly in developed countries. That outcome is far inferior to
more sustainable waste-diversion approaches: reduction, reuse,
recycling, and recovery: Nonetheless, sending waste to a wellengineered sanitary landfill is far better than disposing of it in an
open dump, where it discharges pollution, contaminates water,
and diminishes health. That remains the prevailing approach in
lower-income countries-as it was in most places until the twentieth century.
Most landfill content is organic matter: food scraps, yard
trimmings, junk wood, wastepaper. At first, aerobic bacteria decompose those materials, but as layers of garbage get compacted
and covered-and ultimately sealed beneath a landfill capoxygen is depleted. ln its absence, anaerobic bacteria take over,
and decomposition produces biogas, a roughly equal blend of
carbon dioxide and methane accompanied by a smattering of
other gases. Carbon dioxide would be part of nature's cycles, but
the methane is anthropogenic, created because we dump organic
waste into sanitary landfills. Ideally, we would do it differently.
Paper would be diverted for recycling and food scraps sent to
composting or run through methane digesters. When they are
not entombed, those wastes can create real value. But as long as
landfills are piling up,. we must manage the methane coming out
of them. Even if we stopped landfilling immediately; existing sites
would continue polluting for decades to come.
The technology to manage biogas is relatively simple.
Dispersed, perforated tubes are sent down into a landfill's depths
to collect gas, which is piped to a central collection area where
it can be vented or flared. Better still, it can be compressed and
purified for use as fuel-in generators, garbage trucks, or mixed
into natural gas supply Generating electricity from landfill gas
is not without drawbacks: Pollutants from the combustion process
diminish local air quality-a real concern for cities struggling
with smog. Nonetheless, it is better than using raw fossil fuels,
and has the additional benefits of reducing both odor and the risk
of explosion or fire. (Totally clean renewables win the day)

The amount of methane produced varies from landfill to
landfill, as does the amount that can be captured. The more contained the site, the easier and more effective capture can be.
According to a study of U.S. landfills, methane collection at
closed sites was 17 percent more efficient than at sites actively
receiving waste, but open landfills-which have the most active
decomposition due to fresh deposits-were responsible for more
than 90 percent of methane emissions. So while extraction wells
can more thoroughly siphon landfill gas that is sealed within a
closed and capped landfill, the biggest culprits, most in need of
our attention, are those where rubbish continues to collect.
Landfills need not be hotbeds of emissions. As part of a
comprehensive strategy to decrease and divert trash into higher
uses, landfills should be-and increasingly are-designed,
managed, and regulated with methane recovery in mind. A concentrated problem presents a concentrated opportunity to deliver
real results.
IMPACT: This solution sits at the bottom of the waste hierarchy.

Landfill waste will decline as diets change, waste is reduced, and recycling and composting grow. What cannot, or should not, be combusted
in waste-to-energy f adlities will reach !and.fills as a last resort. These
solutions will not be adopted globally overnight, so we assume landfill
methane capture will continue to play a role. Combusting landfill
methane for electricity production can result in emissions reductions
equivalent to 2.5 gigatons of carbon dioxide.
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:enals co~tmues with the aim of improving their performance
producmg them more sustainably; for example capitalizing
on the air-trapping power of waste poultry feathers.

ln~ulation is not new. Villagers and farmers in the north have bee
using turf
roofs for a thousan d years. This
. one is located in !he Gjogv
n
Viii
. th
~et:a:a~e ,islands, a small archipelago located in the Atlantic
53 d
F n ce and and Norway with an average temperature of
egrees ahrenheit during the "warm season.,,
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. The power of insulation is taken to the extreme with
Pass1vhaus, or Passive House in English, a rigorous b ·td·
method d
d
ui mg
.
an stan ard created in Germany in the early 1990s and
mtensely focused on saving energy-by as much as 90 percent
over conventional comparisons. This approach zealously focuses
. .
fon creatmg an airtight envelope for a building, to separate ms1de
rom outside below, above, and around all sides. The result is a
structure so hermetically sealed that warm air cannot leak out
when snow is. on the ground and cool air
. cannot escape when the
do
g days arnve. Some Passive House dwellings are so efficient
they ~an be heated with the equivalent of a hairdryer. A thermos-like building envelope relies on thick, super-insulated foundat10n, .walls, and roof; sealing all cracks, joints, and seams;
addressmg __conductive thermal bridges; and using high-performance, tnpHe-pane wm
· dows. Aggress1vely
.
reducing energy
needed for heating and cooling lays the foundation for meeting
energy demand with on-site renewables and ultimately achieving
net zero energy use. Passive House sets a high bar for insulation
and most buildings will not reach it in the near-term. But encour~
aged b~ financial incentives, building efficiency requirements,
and enlightened self-interest, insulation can play a key role in
lightening the load buildings place on the planet.
l~PACT: Retrofitting buildings with insulation is a cost-effective solu-

tion !or_ redudng energy required for heating and cooling. If 54 percent
o! casting residential and commercial buildings install insulation, 8.3
giga_tons of emissions can be avoided at an implementation cost of $3. 7
tnllion. Over thirty years, net savings could be $2.5 trillion. However,
i~u!atio_n measures can last one hundred years or more, realizing lifetime savmgs in excess of $4.2 trillion.
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W

ater is heavy. Pumping it from source to treatment
plant to storage and distribution requires enormous amounts of energy In fact, electricity is the
major cost driver of processing and distributing
w~ter within cities, underlying the sums on water bills. But those
bills do not account for all of the water flowing through municipal systems. Utilities use the phrase "non-revenue water" to describe the gap between what goes in and what ultimately comes
out the tap. The World Bank calculates that 8.6 trillion gallons
are lost each year through leaks, split roughly in half between
high- and low-income countries.
That the gallons lost during distribution are dubbed
"non-revenue water" reveals what is at stake for utilities and municipalities: a sinking bottom line. Also at stake are emissions
from needlessly producing billions of kilowatt-hours of electricity to pump water not into homes or businesses but through
breaks in the worlds water-distribution networks. Minimizing
those leaks and losses means using energy more sparingly, while
conserving water as a scarce resource.
In many places, aging water infrastructure and its deteriorating pipes and valves are a challenge. But their wholesale replacement is neither financially tenable nor necessary outside of
extreme cases or whenever public health is at risk. Instead, improving the efficiency of water distribution largely depends on
management practices. Those at the tap end of a water system
know that pressure matters. It is just as fundamental for the systems health overall. To borrow a description from the New York
Times: "A steady, moderately low level of pressure is best-just
as [with blood flow] in the human body." Too much pressure
and water looks for ways to escape; too little and water lines can
suck in liquids and contaminants that surround them. Water
utilities face a quest for pressure that is ''.just right." One of their
common approaches is creating contained· "district metered areas" within the larger system, each with a special valve that acts
as a gatekeeper.
Even under conditions of first-rate pressure management,
leaks can and will happen. The torrential bursts that cut off service and submerge streets are not actually the worst from a waste
perspective: They demand attention and immediate remediation.
The bigger problem is with smaller, long-running leaks that are
less detectable. Vigilant, thorough detection and speed to resolution are key. A range of tools and techniques can aid in scanning
for and pinpointing leaks, a process most effective at night, when
the system is relatively quiet. Ongoing evolution of sensors and
software is aiding both leak detection and pressure management.
In fact, an entire industry has emerged to address water loss,
growmg out of groundbreaking work by what the New York
Times called "a bunch of brilliant, obsessive, far-thinking engineers in Britain who started something called the National

$137.4

BILLION

NET COST

$903. 1 BILLION
NET SAVINGS

leakage Initiative in the early 1990s." Their methodologies and
techniques are now in use far beyond the British Isles.
The issue of water loss exists around the world. In the
United States, an estimated one-sixth of disttibuted water escapes
the system. Losses are typically much higher in low-income
regions-sometimes 50 percent of total volume. lf those losses
alone were halved, that water could supply some 90 million people. Manila, the capital city of the Philippines, did just that. By
successfully cutting its losses in half, the water utility was able to
serve an additional 1.3 million people and achieve twenty-fourhour supply for almost everyone.

I

To date, success stories like Manilas are few and far between, even in high-income countries. Too often utilities fail to
tackle the issue of water loss because their institutional or technical capacity is weak, they are not incented or required to act, or
even because building new treatment facilities is easier and more
exciting, if costly. Because acknowledging leakage problems also
means acknowledging management problems-and potentially
provoking the ire of customers and politicians-utilities are
loath to do so, yet pressure is groWing to insist they must. Given
the financial investments and engineering excellence that can be
required, global enabling efforts such as the World BankInternational Water Association partnership are essential.
The high-water mark for municipalities is this: In addition
to increasing a utilitys efficiency and improving customer experience, addressing leaks is the cheapest way to source new supply
and serve a growing population. Those same practices make municipal water systems more resilient to water shortages, increasingly common events on a warming planet. Water distribution
efficiency can be put to work to address climate change and to
cope with its effects-a solution that is proactive and protective
at the same time.
IMPACT: Modeling only the impact of pressure management and
active leakage control, we estimate that water losses can be reduced by
an additional 20 percent globally by 2050. The resulting emissions
reduction from pumped distribution could be .9 gigatons of carbon
dioxide. Total installation cost is $137 billion and operating savings
for utilities could be $903 billion by 2050. Implementing this simple
solution could save 215 quadrillion gallons of water over thirty years.
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BUILDINGS AND CITIES
BUILDING AUTOMATION

uildings are complex systems in the guise of static
structures. Energy courses through them-in heating
and air-conditioning systems, electrical wiring, water
, heating, lighting, information and communications systems, security and access systems, fire alarms, elevators, appliances, and indirectly through plumbing. Most large commercial
buildings have some form of centralized, computer-based building management system, which makes it possible to monitor,
evaluate, and control those systems and seize opportunities for
raising their energy efficiency, while improving the experience of
occupants. But building management systems are manual and
susceptible to human error. Adopting automated systems will secure efficiency gains otherwise left on the table, reducing energy
consumption by 10 to 20 percent in an average building.
A building automation system (BAS) is a building's brain.
Equipped with sensors, BAS buildings are constantly scanning
and rebalancing for greatest efficiency and effectiveness. Llghts
switch off when no ones around, for example, and windows vent
to improve air quality and temperature. A conventional system
tells building managers what action to take, like a cars dashboard; buildings with automated syste~s take action themselves,
like a self-driving car. New buildings can be equipped with BAS
from the start; older ones can be retrofitted to incorporate it and
reap its benefits.
The market for BAS is expanding. It is fueled by growing
appreciation of the impact automated systems have on occupants' well-being and productivity, as well as energy savings and
reduced operations and maintenance costs. Automation systems
can help to improve thermal and lighting comfort and indoor air

B

quality, which directly impact occupant satisfaction. According to
the World Green Building Council, indoor air quality can con~ribute to increases in productivity of 8 to 11 percent. For building operators, BAS makes it easier to see when something is
going wrong and to fix it fast. Less work is required when management of all systems is centralized and simplified through automation. For green buildings in particular, BAS can measure and
verify key building metrics to ensure and maintain efficiency,
which can be compromised by human and other factors. Green
buildings can have high efficiency ratings, but they are only efficient if ratings match their actual operation.
Barriers to adoption exist. Energy expenditures are typically a small cost driver for businesses, not a place to seek significant savings. For BAS to be worthwhile, it must yield a high
return on high up-front cost, and quickly. If projected returns fail
to materialize, as they have in some instances, the broader credibility of BAS suffers. Landlord-tenant arrangements are another
challenge. When a buildings owner and its occupants are distinct
actors, the incentive to maximize efficiency is muted: The former
makes decisions about the building's systems, while the latter
bears the cost of energy use. Occup.ant comfort is an aspiration
they are more likely to share, given its impact on tenant satisfaction and thus-retention.
The static structure of buildings makes it easy to forget
their contribution to climate change. According to the Intergovernmental Panel on Climate Change, buildings are responsible for roughly one-third of global energy use and one-fifth of
global greenhouse gas emissions. Building automation systems
are one powerful solution for reining in that energy use. Critically,
they circumvent individual behaviors such as adjusting the
thermostat, making a step change in efficiency possible. BAS is
becoming increasingly necessary to meet local and national
building-efficiency requirements, and as buildings themselves
become more complex-with distributed energy generation,
exterior shading, switchable glass, and the like-BAS sophistication must continue to grow. These systems are the "neural networks" buildings need.
IMPACT: BAS can result in up to 20 percent more efficient heating and

cooling and 11.5 percent more efficient energy use for lighting, applianas, etc. Expanding these systems fram 34 percent of commercial
floor space in 2014 to 50 percent by mid-century-at an added cost
of $68 billion-building owners could save $881 billion in operating
costs. 4.6 gigatons of carbon dioxide emissions could be avoided.

TRANSPORT
ELECTRIC VEHICLES
lectric cars have been romanced for near~y two hundred
years, since the first prototype was built m 1828. In
1891, Henry Ford worked for Thomas Edison at the
Edison Illuminating Company in Detroit. Edison and

E

Ford became fast friends for life, and it was Edison who supported and encouraged his friend-early in Ford's career-to
build a gasoline0 powered automobile. Ironically; Ec,lison was hard
at work making better, less expensive batteries, some specifically
designed for electric vehicles. At one point, he turiled the tables
on Ford, writing, "Electricity is the thing. There are no whirring
and grinding gears with their numerous levers to confuse. There
is not that almost terrifying uncertain throb and whirr of the
powerful combustion engine. There is no water-circulating system to get out of order-no dangerous and evil-smelling gasoline and no noise."
The young Ford was not convinced and went on to create
the Model A and the Model T. Sales of the $360 car surpassed
$25 O,000 in 1914, but in that year, Edison's prodding seemed to
take effect. Ford, satisfied that Edison soon would deliver on an
inexpensive, lightweight battery, announced that he would manufacture an electric automobile in collaboration with Edisonthe Edison-Ford. Months and then years went by and the EdisonFord never came to pass, because Edison could not make good
on that lightweight, durable battery:
In fact, the electric vehicle was not invented by any one
person, but rather evolved over time through a series of transcontinental breakthroughs. Early nineteenth-century inventors in
Britain, the Netherlands, Hungary, and the United States all created various types of small-scale electrical vehicles (EVs), but the
first practical vehicles were not created until the last half of the
century: In 1891, William Morrison, a chemist from Iowa, made
a six-passenger vehicle capable of reaching speeds up to fourteen
miles per hour. By the end of the century, vehicles were available
in the United States with gasoline, electric, and steam power trains.
Electric vehicles outsold both gasoline- and steam-powered cars
for a variety of reasons: They did not require hand cranking to
start, it was unnecessary to change gears, and they had a longer
range than steam-powered cars. Like electric vehicles today, they
were quieter and did not pollute.
By the 1920s, Americans were traveling farther because of
an improved road network, so the shorter range of EVs compared to gasoline vehicles started to become a limitation.
Meanwhile, gasoline vehicles gained in appeal: Henry Ford commenced mass production, making them cheaper than EVs.
Charles Kettering invented the electric starter, eliminating the
need for hand cranking, and crude oil was discovered in Texas,
making gasoline affordable for the average consumer. Internal
combustion engines have dominated the automotive landscape
ever since. The atmosphere has paid a high price for the more
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than 1 billion cars on the road today. Fortuitously, there are currently more than 1 million electric vehicles on the road, and the
difference in impact between the two is remarkable.
Two-thirds of the world's oil consumption is used to fuel
cars and trucks. Transport emissions are second only to electricity generation as a source of carbon dioxide, accounting for a 23
percent share of all emissions. As developing nations industrialize, the number of motor vehicles is projected to surpass 2 billion
by 2035.
Electric vehicles are powered by the grid or distributed renewables, and this includes hydrogen-powered vehicles· employing fuel cells to generate onboard electricity. They are about 60
percent efficient compared to gasoline-powered vehicles, which
are about 15 percent effi.dent. The "fuel" for electric cars is cheaper
too. The Nissan LEAF, an all-electric vehicle, will travel 3.3 miles
on 1 kilowatt-hour of electricity. If the car is charged in the middle
of the night at 7 cents per kilowatt-hour, that is comparable to
$.72 per gallon. If the Nissan LEAF gets 23 miles per equivalent
gallon, compared to 34 miles per gallon for the Nissan Versa with
gasoline at $2.30 per gallon, it achieves 69 percent cost savings.
Carbon dioxide emission per gallon of gasoline is 25
pounds, whereas the emissions for 10 kilowatt-hours of electricity are 12.2 pounds on average-a 50 percent reduction in carbon dioxide if power comes off the grid. If the electricity is
derived from solar, carbon dioxide emissions fall by 95 percent.
Increasingly; the electric car is the preferred option. Sales
volume has multiplied tenfold in less than a decade. From 2014
to 2015, sales jumped from 315,000 to 565,000 vehicles, thanks
mainly to Chinese enthusiasts. Two-thirds of EV sales worldwide
are in the three largest markets for passenger cars: the United
States, China, and Japan. EV leader Tesla shocked the car industry in 2016, when it almost instantaneously attracted 325,000
advance orders for its compact Model 3, each accompanied by a
$1,000 down payment. To bolster its position and reduce costs,
Tesla has built the largest factory in the world for lithium-ion batteries in Nevada. Government programs around the world are
encouraging the purchase of electric cars, including the United
States, which offers a $7,500 subsidy. The United States and
China now mandate that at least 30 percent of government car
purchases be nonpolluting. India wants to be all-electric by
2030-and it has the incentives to make it happen.
Electric vehicles will disrupt auto and oil business models-the two biggest economic sectors in the United Statesbecause EVs are simpler to make, have fewer m(l'ving parts, and
require little maintenance and no fossil fuels. But that disruption
will not happen quickly. Electrics remain a tiny fraction of total
car sales. This imbalance is reflected in the number of models
available: There are hundreds of models for gasoline-powered vehicles, but only thirty-five for electric so far. Change is coming

~ore quickly in the heavy-duty market, building on a long tradition of electric _trains, subways, and industrial equipment (forklifts_ and the hke). Commercial operators are more able and
willmg to make the extra capital investment because costs can be
amortized. Fleet operators, with depots easily retrofitted for
chargmg. purposes, are natural candidates for converting to
all-electnc trucks, vans, and cars. Thousands of electric buses
and delivery trucks, including portions of the UPS and FedEx
fleets,
ply the streets of North American, Asian , and European
..
c1ttes. (;hina has eighty thousand electric buses; London!; iconic
double-deckers will soon join the grid.
What is the catch? With electric cars, it is "range anxiety"
In order to keep the first EVs affordable, the batteries on those
models were engineered to go less than 100 miles per charge.
Typical. today is a range of 80 to 90 miles · A hybr1·d p1ug-m
. can
make It about 50 miles withouf'a charge. That is long enough
C~evy says of its Volt, to make 90 percent of trips, including th~
daily commute. The numbers will get better. Carmakers promise
a range of 200 miles for 2017.
The ultimate solution to the range issue is the network f
charging stations. The global stock more than doubled betwee:
20.12 and 2014 to more than a hundred thousand charging
pomts, and theu numbers will increase dramatically with demand. The stations themselves are not that expensive at $3 000
to $7,~00 per port. They can charge the car off-peak, ~hen ~lectncity is cheapest, or "fuel" up when the grid has an abundance
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of solar or wind power. Malls and chains are installing ports at
their outlets .. Apps will pinpoint the closest charging stations,
whether public or private. The charging network will expand innovate, and improve, alleviating range anxiety while providing
the electnc1ty
· · storage that the twenty-first-century power grid
needs.
Projections for the electric-car market vary Will there b
100 mill'IOn on th e road within several decades? A hundred ande
~fty million? Bloomberg takes the 2015 figure of 60 percent sales
mcrea~e,_ projects it for the next twenty-five years, and arrives at
400 million cumulative sales by 2040, including 35 percent of all
new sales. What also remains to be seen is how the natural synergy between electric cars and self-driving cars will play out as
both become software platforms on four wheels. Apple ;nd
Google are working on car design; you can be sure they will not
~e your standard EVs, if there is such a thing. The rate of innovation in EVs guarantees they are the cars of the future. The question. for those concerned about global warming and carbon
d10xide emissions is how soon the future will arrive.
IMPACTS: In 2014, 305,000 EVs were sold. If EV usage rises to
1~ percent of total passenger miles by 2050, 10.8 gigatons of carbon
d10xid~ f~om Ju.el combustion could be avoided. Our analysis accounts
for ~rmssions from electricity generation and higher emissions of product~~ EVs compared to internal-combustion cars. We include slightly
declmmg EV prices, expected due to declining battery costs.

RANKING AND RESULTS BY 2050

.32 GIGATONS
REDUCED CO2

At first glance, there could be no more irresponsible image than this
demonstration of ridesharing. Know that the jeep was stopped and
the people got on to pose for the humor of it. We show it for another
reason: Vehicles and mobility are precious commodities, like timber
and fisheries. People in affluent countries tend to take their cars for
granted and casually use them for small details and errands. We put
this image here to show how valuable mobility is and how we need
to share resources if we are to have resources.

D.C., and beyond. In the 1970s, the heyday of ridesharing, one
in five people carpooled to work.

ince the Ford Model T hit the streets in 1908, people
have deployed their cars' passenger capacity for more
than just family and friends. In 2015, the Oxford ~ng!~sh
Dictionary added the verb ride-share to its official mventory. A new word for an old practice, ridesharing is the simple
act of filling empty seats by pairing drivers and nders who share
common origins, destinations, or stops en route. (It excludes
taxi-like services in vehicles driven by the average Joe, whu:h often receive the same moniker.) The first example of carpooling
for the common good emerged during World War 11 with the

S

.d 'th
advent of car-sharing clubs. "When you ride alone, you n e w1
ool was to conserve reH1.tler.1" Americans were to ld · Ti0 carp
·bl for
for the war effort, and employers were respons1 e
sources
.
.
workplace
helping riders and drivers connect, tyr1cally via a
.h
.
b
rd
When
the
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crisis
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concurrent
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bu 11etm oa ·
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.
public concern about air pollution, another roun.
growing
d nd government-funded initiatives prohferemployer-sponsore a
.
ated To conserve fuel, high-occupancy vehicle (HOV) lanes ml.
dh
. f
l carpoo s
centivized people to ride together, and a oc, m orma . ton
known as "slugging" took hold among commuters m Washmg '

By the time the U.S. Census Bureau asked about carpooling again in 2008, the trend of sharing rides to work had slacked
off considerably. Just 10 percent of Americans commuted jointly,
despite efforts to encourage zidesharing as a way to address traffic
congestion and air quality during the 1990s and early 2000s. But
thanks to global economic woes, the ubiquity of smartphones
and social networks, and dedini~g interest in car ownership
among urban millennials, ridesharing is again riding high. This
resurgence is timely; given the climate crisis. When trips are
pooled, people split costs, ease traffic, lighten the load on infrastructure, and may reduce commuting stress, while curtailing
emissions per person. For every one hundred cars being driven
to w~rk in the United States today; only five carry another commuter. Imagine the impact of shifting that number just
slightly-of drivers becoming passengers a mere one day each
week. Ridesharing can also make other forms of transit more viable by addressing the "first and last mile" challenge, closing the
gap that often exists between point A, mass transit, and point B.
While it is not a novel idea, a new wave of technologies is
accelerating ridesharing today. Smartphones allow people to
share real-time information about where they are and where they
are going, and the algorithms that match them with others and
map the best routes are improving daily. Comfort with social networks buoys trust, so individuals are more Hkely to hop in with
someone they have not met or open the door to strangers. By
reaching the critical mass needed to· ensure reliability, flexibility,
and convenience, popular ridesharing platforms make it possible
to find zides when and where required-a persistent limitation
for ridesharing in the past. Indeed, matching kindred spirits,
whether for a one-off pool trip or on a long-term basis, is the focus of numerous peer-to-peer business models. BlaBlaCar enables its 25 million members in twenty countries to share
long-distance trips. UberPool and Lyft Line both group passengers along chains of pickups and drop-offs, using algorithms that
link people heading the same way or to neighboring destinations.
In China alone, Uber is running 20 million pooled trips each
month. With a tech-based take on slugging, Google's Waze has
rnatched commuters for carpooling in Israel since 2015, and is
now piloting the concept in San Francisco. (Lyft tested a
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comparable commuting feature in the Bay Area, with poor results.) With a dense base of users, these companies can try interesting things, betting that if drivers can make money or save
time, they will share their seats, and if ziders can ride cost effectively and with ease, they will happily go dutch.
Getting people to double or triple up in their cars is not
always easy. As evidenced over the past century, when fuel is
cheap carpooling declines. An abundance of free or cheap parking also steers people to journey solo. So does the desire for autonomy, privacy, and expedience, although the benefits of
carpooling are clear. In that sense, driving alone seems to be one
form of the phenomenon sociologist Robert D. Putnam terms
"bowling alone," the decline of social capital and community in
modem life. Perceived safety risks may also be a deterrent, where
strangers are involved. The good news is that when passengers
and drivers do link up, community, connection, and engagement
are catalyzed along the way. Beyond getting around, ridesharing
is an invitation to imagine. For many, cars have seemed indispensable to day-to-day life. But some are beginning to conceptualize mobility as a service to access. When cars are used more
collaboratively; as something shared rather than something each
person must own, you can catch a glimpse of the future-one
with fewer cars overall.
So what can be done to fill a cars empty seats anytime it is
on the road? Macro changes in areas such as oil pricing and city
design will certainly play a role in rideshazing's future, but its key
to success is to become ever more dynamic, flexible, and costeffective. That means technology will have a significant impact
on ridesharings future, just as it does on its present, not least because it can help achieve a critical mass of users. The best algorithms in the world will not work without multitudes, and
though business interests may run counter, sharing data across
platforms could enable the most effective matching yet. In addition to entrepreneurs and coders, employers and governments
also have roles to play, just as they did in ridesharings halcyon
days gone by. Policies to promote and encourage ridesharing
range from pretax programs for ridesharing expenses to reduced
tolls and parking fees for carpools. Ultimately, if hopping into a
car with someone can be as easy and sensible as taking your own,
perhaps more so, ridesharing can become self-reinforcing-and
emissions-reducing as well.
IMPACT: Our projection for ridesharingfocuses solely on people com-

muting to work in the United States and Canada, where rates of car
ownership and driving alone are high. We assume that carpooling rises
from 10 percent of car commuters in 2015 to 15 percent by 2050, and
from an average of 2.3 to 2.5 people per carpool. Ridesharing has no
implementation costs and can reduce emissions by 0.3 gigatons of carbon dioxide.

TRANSPORT

144 ORAWDOWN

145

RANKING AND RESULTS BY 2050

MATERIALS

.9 GIGATONS

$573.5

REDUCED CO2

FIRST COST

BILLION

DATA TOO INDEFINITE
TO BE MODELED

RECYCLED PAPER
eeping accounts. Capturing stories. Sharing information. Recording history. Exploring ideas. To be human
is to communicate, and for two millennia paper has
been a prime vehicle for doing so, originating in China
and gradually spreading westward. Since the industrialization of
papermaking in the nineteenth century, paper has been a widespread, inexpensive commodity. Even with electronic media diverting some need for print, paper use globally is on the rise,
particularly for packaging materials. Today; roughly half of paper
is u~ed once and then sent to the proverbial scrap heap. But the
other half is recovered and repurposed. In Northern Europe, that
recovery rate reaches 75 percent. South Korea achieved a recovery rate of 90 percent in 2009. Bringing the rest of the world up
to that level of paper recycling, or beyond, presents a significant
opportunity to draw down the emissions of the paper industry,
which are estimated to be as high as 7 percent of the worlds annual total-higher than that of aviation.
Paper recycling rewrites the typical life cycle of paper. It
makes paper's journey circular, rather than a straight hne from
logging to landfill. For the standard piece of paper, created from
a pine tree's biomass, there are emissions at every stage of its
journey: sourcing, manufacturing, transportation, use. and disposal. But recycled paper can imervene and change the emissions
equation, especially at the beginning and at the end, by linking
those stages. Instead of relying on fresh timber to feed the pulping process-and releasing carbon with each tree cut-recycled
paper draws on existing material, either discarded before reaching a consumers hands or, ideally, after serving its intended purpose as a magazine or memo. Instead of releasing methane as it
decomposes in a dump, wastepaper finds new life. It is viewed
not as trash but as a valuable resource-too valuable to send to
the landfill or incinerator.
Once recovered, used paper can be reprocessed. Shredded,
pulped, cleaned, and rid of contaminants such as staples and
coatings, paper that might have been buried in a landfill can become any number of products, from office paper to newsprint to
toilet paper rolls. Unlike some recyclable materials , such as aluminum, paper cannot be recycled indefinitely into the same
quality of product. Its fibers break down over ti.me , so wastepaper intrinsically becomes a lower-quality product, for which
shorter, weaker fibers are suited. A particular piece of paper can
be reprocessed roughly five to seven times. Even so, recycling is
an effective and efficient alternative to making paper solely from
virgin materials.
The benefits of recycled paper are many Forests are spared,
keeping habitats intact and perhaps protecting ancient ecological
treasures. Water use is reduced, relieving pressure on a resource
that is increasingly threatened. And fewer bleaches and chemicals
find their way into waterways. Studies show recycling creates
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more jobs and produces more economic value than landfilling or
incineration. Most important, recycled paper produces far fewer
greenhouse gas emissions than its virgin counterpart. Exactly
what those climate savings are depends on materials used, the
feedstocks they supersede, and what end-of-life treatment is
avoided. Of course, making any paper requires energy of some
kind, as does transportation of raw material and final product. It
matters equally for virgin and recycled pulp, whether mills run
on renewables and sustainable transportation options are elected.
A study of studies, conducted by the European Environmental
Paper Network, calculates that virgin-fiber paper emits an average of 10.67 tons of carbon dioxide (or its equivalent in other
greenhouse gases) per ton of paper product, while recycled paper
comes in at just 2. 92 tons. That is more than a 70 percent difference. A recent life cycle assessment compares postconsumer recycled paper to its virgin alternatives. The analysis finds that
production of recycled paper generates just 1 percent of the climate impacts virgin paper creates. Moreover, it consumes a quarter of the amount of water required for the same quantity of
product, and requires 20 to 50 percent less energy for pulping
and papermaking.
As a complement to reducing paper use overall, the case
for recycled paper is clear. The process is more efficient, requiring fewer resources upstream and producing less waste and emissions downstream . As more wastepaper gets recovered and
recycled, the need to log and landfill or incinerate drops. But to
take recycled paper to the scale that is possible, cost has to come
down. That can happen as production grows. Policies that make
conventional waste disposal less attractive and more expensive
can boost recycling. And those that disadvantage recycling, such
as subsidies for less sustainable alternatives, should be addressed.
Customer demand, from retail to wholesale, is also vital to shift
the industry's investments in that direction. If the chorus of concern grows, there is no reason recycled paper cannot claim a
dominant share of the market.
IMPACT: Over thirty years, recycled paper can deliver .9 glgatons of

carbon dioxide emissions reductions. Two key assumptions infonn that
conclusion: (1) recycled paper produces about 25 percent fewer total
emissions than conventional paper, and (2) the percentage of recycled
paper being used to produce paper would rise from 55 percent to 75
percent by 2050. Although increasing recycled paper content uses
more electricity, the emissions related to harvesting and processing
-and the total emissions from pulping and manufacturing-are
higher for paper using virgin wood feedstock. The emissions reductions
for this solution do not include carbon sequestration from standing
trees that would not be harvested if the use of recycled paper grows.
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