


CLIMATE CRISIS

SOURCE: www.flickr.com/photos/mugley/



GLOBAL GREENHOUSE GASSES

SOURCE: NOAA
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GLOBAL GREENHOUSE GASSES
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ARCTIC SEA ICE




ARCTIC SEA ICE

SOURCE: Corey Accardo/NOAA/AP



ARCTIC SEA ICE
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ARCTIC SEA ICE
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ANTARCTIC & GREENLAND ICE




SEA LEVEL RISE

SOURCE: ClimateCentral



OCEAN ACIDIFICATION




OCEAN ACIDIFICATION

SOURCE: NOAA



MEGADROUGHTS

NASA: SOIL MOISTURE LEVELS, IF WE REVERSE EMISSIONS TRENDS.



MEGADROUGHTS

NASA: SOIL MOISTURE LEVELS, IF WE DON’T REVERSE EMISSIONS TRENDS.
80% CHANCE OF MEGADROUGHT THIS CENTURY.
DROUGHT = 3 YEARS. MEGADROUGHT = 30 YEARS.



WE NEED TO TURN THIS AROUND

USE ENERGY MORE EFFICIENTLY.

TRANSITION FROM FOSSIL FUELS TO CLEAN ENERGY.
IMPROVE LAND USE (REFOREST).

GEOENGINEERING? (BEWARE THE CRAZY TALK).

LN~



GLOBAL GREENHOUSE GASSES

TO AVOID SEVERE CLIMATE
DISRUPTION WE MUST REDUCE
GLOBAL CO, EMISSIONS 59% BY
2050.

DATA SOURCE: INTERNATIONAL ENERGY AGENCY
ILLUSTRATION: @®® hammerandhand.com



BUILDINGS ARE PART OF THE PROBLEM

BUILDINGS ARE
RESPONSIBLE FOR 44.5%
OF US CO2 EMISSIONS.

DATA SOURCE: ARCHITECTURE 2030
ILLUSTRATION: @®® hammerandhand.com



BUILDINGS CAN BE PART OF THE SOLUTION

THROUGH PASSIVE HOUSE WE
CAN REDUCE HEATING & COOLING
ENERGY BY 90%.

ILLUSTRATION: @®® hammerandhand.com



BUT WAIT...

UMM...
YOU ARE FOOLING
YOURSELVES.

WILLIAM STANLEY JEVONS



BUT WAIT...

“ITIS A CONFUSION OF
IDEAS TO SUPPOSE THAT THE
ECONOMICAL USE OF FUEL IS
EQUIVALENT TO DIMINISHED

CONSUMPTION.”

WILLIAM STANLEY JEVONS



BUT WAIT...

“THE VERY CONTRARY
IS THE TRUTH.”

WILLIAM STANLEY JEVONS



WHAT’S YOUR TAKE?

ACCORDING TO JEVONS:

ENERGY EFFICIENCY CAUSES MORE
ENERGY CONSUMPTION, NOT LESS.



WHAT’S YOUR TAKE?

ACCORDING TO JEVONS:

ENERGY EFFICIENCY CAUSES MORE
ENERGY CONSUMPTION, NOT LESS.

True?
What does that mean for passive building?

Who stands to gain from promoting this idea?



THE JEVONS PARADOX

JAMES WATT STEAM ENGINE
IMAGE: SCIENCE MUSUEM GROUP



THE JEVONS PARADOX

COST OF
ENERGY INPUT

USE OF STEAM ENGINES

JEVONS PARADOX = “BACKFIRE”
EFFICIENCY IS COUNTERPRODUCTIVE

TO REDUCING CONSUMPTION
IMAGE: https://en.wikipedia.org/wiki/Jevons_paradox#/media/File:ElasticDemand.svg



THE JEVONS PARADOX

COST OF
ENERGY INPUT

USE OF X

REBOUND EFFECT
EFFICIENCY ISN’'T PERFECT
AT REDUCING CONSUMPTION

IMAGE: https://en.wikipedia.org/wiki/Jevons_paradox#/media/File:InelasticDemand.svg



THE JEVONS PARADOX

“THE KEY TO UNDERSTANDING JEVONS IS THAT
PROCESSES, PRODUCTS, AND ACTIVITIES
WHERE ENERGY IS A VERY HIGH PART OF THE
COST - IN THIS COUNTRY, A FEW METALS, A
FEW CHEMICALS, AIR TRAVEL - ARE THE ONLY
ONES WHOSE VARIABLE COST IS VERY
SENSITIVE TO ENERGY. THAT’S IT.”

- DR. LEE SCHIPPER, STANFORD UNIVERSITY
QUOTE SOURCE: New Yorker, “The Efficiency Dilemma,” by David Owen



ANTI-REGULATION? YOU’LL LOVE JEVONS

THE WALL STREET JOURNAL.

WaJ



ANTI-REGULATION? YOU’LL LOVE JEVONS




ANTI-REGULATION? YOU’LL LOVE JEVONS




THE DOUBLE WIDE FRIDGE

SOURCE: Pinterest
JEVONS WOULD SAY:

FRIDGE EFFICIENCY CAUSES FRIDGE SIZE TO INCREASE.



CORRELATION = CAUSATION

AGE OF MISS AMERICA
CORRELATES WITH
MURDERS BY STEAM, HOT VAPORS AND HOT OBJECTS.

SOURCE: Spurious Correlations



CORRELATION = CAUSATION

PER CAPITA CONSUMPTION OF CHICKEN
CORRELATES WITH
TOTAL US CRUDE OIL IMPORTS

SOURCE: Spurious Correlations



CORRELATION = CAUSATION

PER CAPITA CHEESE CONSUMPTION
CORRELATES WITH
NUMBER OF PEOPLE WHO DIED BECOMING TANGLED IN
THEIR BEDSHEETS

SOURCE: Spurious Correlations



CORRELATION = CAUSATION

U.S. FRIDGE ENERGY EFFICIENCY, VOLUME, AND PRICE

SOURCE: David Goldstein, NRDC



REBOUNDS ARE REAL, JUST NOT BIG

ENERGY JOURNAL SURVEY OF LITERATURE:

10-30% REBOUND IN RESIDENTIAL & TRANSPORTATION SECTORS

0-20% REBOUND IN INDUSTRIAL SECTOR

CONCLUSION:
ENERGY EFFICIENCY MEASURES ARE 70-100% EFFECTIVE.



MAYBE JEVONS IS MACRO, THEN?

1650 2015



MAYBE JEVONS IS MACRO?

1650 2015

IMAGE: https://en.wikipedia.org/wiki/Energy_in_the_United_States#/media/
File:United_States_per_capita_energy_use_1650-2010.png



MAYBE JEVONS IS MACRO?

ANNUAL ENERGY SAVINGS FROM EFFICIENCY PROGRAMS
AND STANDARDS, STATE OF CALIFORNIA

SOURCE: California Energy Standards



DOESN’T LOOK LIKE JEVONS IS MACRO

PER CAPITA ELECTRICITY CONSUMPTION
KWH/PERSON

SOURCE: Energy Information Administration



MAYBE JEVONS JUST DOESN’'T APPLY TO OUR WORLD

“SOMETIMES A CONCEPT IS BAFFLING,
NOT BECAUSE IT IS PROFOUND BUT
BECAUSE IT IS WRONG.”

- DR. E.O. WILSON, HARVARD UNIVERSITY

Quote shared by Amory Lovins in response to Jevons Paradox.



BUT SAY THE JEVONS PARADOX IS RELEVANT TODAY ...

THERE’S ONE SIMPLE CURE FOR THE
JEVONS PARADOX, AS WELL AS SMALLER
EFFICIENCY REBOUNDS...

TAX CARBON.

THESE GUYS WANT A CARBON TAX:



BUT WAIT...

OKAY, FINE. BUT WHAT
DIFFERENCE DOES DOES ALL
THIS EFFICIENCY AND TAXING OF

CARBON MAKE?

WILLIAM STANLEY JEVONS



BUT WAIT...

OIL, COAL AND GAS COMPANIES
HAVE TOO MUCH SKIN IN THE
GAME NOT TO EXTRACT AND

BURN ALL FOSSIL FUELS IN THE

GROUND.

WILLIAM STANLEY JEVONS



BUT WAIT...

ALL YOU’RE DOING
IS DELAYING THE
INEVITABLE.

WILLIAM STANLEY JEVONS



WHAT’S YOUR TAKE?

Will we really just burn it all?



THE BLACK SWAN EVENT

ONE THOUSAND AND ONE DAYS IN THE LIFE OF A TURKEY

SOURCE: Nassim Nicholas Taleb’s The Black Swan



THE SOLAR BLACK SWAN

INVESTMENT FIRM SANFORD BERNSTEIN ($454 BILLION AUM)

SEES A SOLAR BLACK SWAN.
“WELCOME TO THE TERRORDOME”... $/MMBTU BY ENERGY TYPE:

(GAS)

(OIL)

SOURCE: EIA, CIA, World Bank, Bernstein analysis



INNOVATION DRIVES CLEAN ENERGY COST DOWN

BECAUSE SOLAR PV IS A
TECHNOLOGY, FALLING PRICES
ARE REMINISCENT OF THE
COMPUTER CHIP INDUSTRY.

MOORE’S LAW: SWANSON’S LAW:
PRICE OF CHIP FALLS AS THE PRICE OF PV MODULE FALLS BY
NUMBER OF TRANSISTORS ON A 20% WITH EVERY DOUBLING OF
CHIP DOUBLES EVERY 2 YEARS. GLOBAL PRODUCTION
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Figure 3. Average price of a transistor (1968-2004). Source: Intel/WSTS, May 2005.

SOURCE: Intel/WSTS

IMAGE: https://en.wikipedia.org/wiki/Swanson
%27s_law#/media/File:Swansons-law.png



SWANSON’S LAW

1977-2015: 99.6% REDUCTION IN PRICE

SOURCE: Bloomberg News



IT’S NOT SLOWING, AND IT’S WIND, TOO

OVER THE PAST 5 YEARS, THE COST OF
WIND POWER HAS DROPPED BY 58%
WHILE THE COST OF SOLAR POWER HAS
DROPPED BY 78%.

WIND LCOE SOLAR PV LCOE

SOURCE: LAZARD’S LEVELIZED COST OF ENERGY ANALYSIS



RENEWABLES WILL BEGIN TO INFLUENCE PRICE

SOURCE: CitiBank



RENEWABLES WILL BEGIN TO INFLUENCE PRICE

SANFORD BERNSTEIN SAYS SOLAR WILL
DRIVE FOSSIL FUEL PRICES DOWN, BUT
THAT SOLAR DEPLOYMENT WILL HAVE TO
INCREASE BY 10X FIRST.



RENEWABLES WILL BEGIN TO INFLUENCE PRICE

SOURCE: IRENA



STRANDED ASSETS AND THE COST CURVE

SOURCE: CitiBank



STRANDED ASSETS AND THE COST CURVE

SOURCE: CitiBank



STRANDED ASSETS AND THE COST CURVE

SOURCE: CitiBank



CITIBANK REPORT




CITIBANK REPORT

CITIBANK’S “ACTION” SCENARIO, AIMED AT
LIMITING WARMING TO 2 DEGREES CELSIUS,
COST $1.8 TRILLION LESS BY 2040.THAN
BUSINESS AS USUAL WARMING.

SOURCE: CitiBank



CITIBANK REPORT

YET CONSERVATIVE ESTIMATES SUGGEST
WARMING IN THE “INACTION” SCENARIO
WOULD COST $72 TRILLION BY 2040.

SOURCE: CitiBank



CITIBANK REPORT

YET CONSERVATIVE ESTIMATES SUGGEST
WARMING WILL COST $72 TRILLION BY 2040.

SOURCE: CitiBank



CITIBANK REPORT

ACCORDING TO CITIBANK:

INSTITUTIONAL INVESTORS GROUP ON CLIMATE CHANGE
$12 TRILLION IN AUM

CARBON DISCLOSURE PROJECT - INVESTORS WITH
$95 TRILLION IN AUM

CLIMATE BONDS INITIATIVE - INSTITUTIONS WITH
$34 TRILLION IN AUM.



THE REAL PARADOX

72 TRILLION $

-1.8 TRILLION $
L maaaaa

INACTION ACTION




CLOSE COUSINS

CLIMATE DENIALISM CLIMATE DEFEATISM

- BREEDS INACTION - BREEDS INACTION

- DISTORTS OUR - DISTORTS OUR
UNDERSTANDING UNDERSTANDING

OF THE PROBLEM OF THE SOLUTIONS



IT’S REALLY QUITE SIMPLE

ILLUSTRATION: @®® hammerandhand.com



ENERGY EFFICIENCY IS KEY

REDUCE ENERGY DEMAND AND FLATTEN
PEAKS AND VALLEYS OF DEMAND

SOURCE: ROCKY MOUNTAIN INSTITUTE
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