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I’'m honored to be here

* Thanks for the invitation, and
for all the help getting here!

* The “Circular Economy”?

* | am no expert on E.U.
recycling, so I'll focus on
concepts: how to think about
policy options.

* First, an economist might
think that ANY economy is
circular:

Goods and services

\ 7 Consumer expenditure

{ I | B

Households

Wages, rent, dividends

Factors for progduction

000
000

000 &
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000 |
o003

Firms




And, an environmental economist ...
CARBON CYCLE

is also familiar with the

“carbon cycle,” related to reatsopion @
. orc n

climate change. é

. . 800 =

* Before the industrial Vo =

90,02, -

revolution, that system was in
“equilibrium” —an economic
concept! Carbon

decomposes

e But no, that’s not “the”
circular economy either!

Plants break
down into
organic carbon.

PEDOSPHERE BIOSPHERE



Rather, the “Circular Economy” ...

. is the waste cycle!

* Oh, okay.
e “Policies for Green Design”

* “Garbage, Recycling, and
lllicit Dumping”

CIRCULAR
ECONOMY
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* “Household Responses to
Pricing Garbage by the Bag’
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* “Two Generalizations of a

Deposit-Refund System” CONsymMPTION
P Y USE Re.yse REPA®




But by that time, I’'m already thinking about
Multiple Cycles and their Interactions

e Outline: . The Carbon Cycle

. The Production-Consumption Cycle
Government’s Role

Air Pollution

Solid Waste

o v R WwN e

Policies to Achieve and Maintain
Balance



The Carbon
Cycle

 With no human interference, the
natural cycle was in relative balance
for millennia

e 210 GtC (gigatons of carbon) per year
into and out of the atmosphere

Atmospheri
c Carbon

1Decomposition Reabsorptioni

Living &
Ground
carbon




Meet Svante Arrhenius, Swedish Scientist

LONDON, EDINBURGH, axp DUBLIN
PHILOSOPHICAIL MAGAZINE

AND

JOURNAL OF SCIENCE.
APRIL 1896,

XXXI. On the Influence of Carbonic Acid in the Air upon
the Temperature of the Ground. By Prof, Svaxte
ARRHENIUS .

L. Introduction : Observations of Langley on
Atmospherical 4bsorplion.
GREAT deal has been writton on the influence of
the absorption of tho atmosphere upon the climate.
Tyndall t in particular has pointed out the enormous im-
portance of this question. To him it was chiefly the diurnal
and annual variations of the temperature that were lesscned by
this circumstance. Another side of the question, that haslong

maintained that the atmosphere acts hike the glass of u
bouse, becauso it lots through the light rays of the sun but
retains the dark rays from the ground. This idea was

laborated 0 ) 3 ANd Langley wi Yy Some o :
researches lgd to the view, that “the temperatare of the
earth under direct sunshine, even though our atmosphere
were present us now, would probably fall to —200° 5., if
that atmosphere did not possess the quality of selective

* Extract from a paper ted to the Royal Swedish Academy of
Sciences, 11th December, 1885, Communicated by the Author,

+ ¢ Heat a Mods of Motion,' 20d ed. 5;406 (Lond., 1865).

1 Mém, de I Ao. R, 4, 8ei. de P Inst, de France, t, vii, 1827,

§ Comptes rendus, t. vid. p. 41 (1838),

Plil, Mag, 8. 5. Vol. 41. No. 251, April 1896. 8




The Carbon
Cycle

With no human interference, the natural
cycle was in relative balance for millennia

210 GtC (gigatons of carbon) per year
into and out of the atmosphere

Now, human direct emissions add about
9 GtC per year (4% increase)

e Burning fossil fuel is 7.6 GtC per year

* Deforestation & land use is 1.5 GtC

some into oceans, some into vegetation,
and almost half stay in atmosphere. But,

Agriculture alters soil release & take-up

* Nitrogen runoff can reduce the
ocean’s take-up by half!

* Local air pollutants create ozone,
which disrupts take-up by forests

* To restore balance, we need more
than just a CO, emissions tax!

Atmospheri
c Carbon

1Decomposition Reabsorptionl

Living &
Ground
Carbon



The Production-
Consumption Cycle

Producers

Labor & Products §
&  Investment l

Consumers

* For each consumer’s budget to
remain in balance, earnings from
labor and capital must match
spending on goods.

* For each producer to remain in
balance, all sales revenue gets
used somewhere (wages, profits,
taxes).

* For any trade deficit, “balance of
payments” requires capital inflow.



Government * For each consumer’s budget to
remain in balance, earnings from

labor and capital must match
spending on goods.

* For each producer to remain in
balance, all sales revenue gets used
somewhere (wages, profits, taxes).

* For any trade deficit, “balance of

TA payments” requires capital inflow.
subsidies

* For each level of government to
remain in balance, revenue inflow
must match expenditure outflow

* Government provides public goods
and can fix externalities, like air
pollution.




General Equilibrium Models ¢ Also feedback effects of that
change on the impact of other

* Used to analyze and evaluate policies.

many actual or proposed policies , A tical GE: aggregated models

 Measure effects on all prices, of 2 inputs, 2 outputs, 2 policies

inputs, outputs, and economic * Good for direction of changes, and
welfare for intuition (not detail!)

* CGE models: computable GE
models of

oy  Specific behaviors by many
AT producers and consumers
* Interactions among sectors and
regions

* Simulate numerical direction and
magnitude of effects.

ll»
«ll

* Interactions among domestic
taxes; international trade among
nations; urban policy;
environmental policy




AII’ PO”UtIOﬂ e _ Birmingham History ( Follow ) v
ﬁ @about_hisory

* Local pollutants: SO, ,
NO, particulates

This is how polluted Birmingham was, during
the Industrial Revolution.

* Meuse River Valley,
Belgium, 1930: 60 dead

* Donora, Pennsylvania,
1948: 20 dead

e Great Smog of London,
1952: 12,000 dead

 New York City smog,
1966: 168 dead

* Now? Rich vs. poor
countries 10:35 AM - 15 Jul 2015
* Global pollutants: 2iies @O

CO, , methane,
UCEC e




Air Pollution

* The cycles are not e But air pollution is only one form of
independent waste

* Spillover from one to the * Scrubbers convert gas waste to solid
other! waste!

Burning fossil fuel
= »—

1Decomposition Reabsorption ‘
|

=
lar!on

Investment




Solid Waste
A History of Disposal Methods

* Few people? Throw it anywhere.

Health problems? Take it to the dump.

Leachate? Pollution into groundwater.

Methane? Seeps underground,
explosive.

 Lined sanitary landfills? They fill up.

* Recycle it?

 Compost it?

e \Waste to energy?

* First UK incinerators were built in 1874
* Can generate electric power



Solid Waste
History of Disposal Methods
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 First UK incinerators were builtin 1874 * Produces ash and flue gas.

« Can generate electric power e Converts solid waste to gas waste.
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All three cycles

- with human interference
- but humans can reestablish balance!

Burning fossil fuel
= ﬁ

b Waste to
Recycling Energy

0 " ‘sa

= -
Labor & 1 . 1Decomposition Reabsorption"l
Investment — ‘
|
) - 9
Compo&
Waste t &
Landfill
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Total MSW generation (million tons)

Figure 1. MSW Generation Rates, 1960 to 2014
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Total MSW recycling and composting (million tons)
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Figure 2. MSW Recycling Rates, 1960 to 2014
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Municipal waste freatment trends 2001-2015 EU 28 . ., cewer

Source: EUROSTAT 2017

.) Landfilling -30% 50%

) Waste-to-Energy +11%

1 ) Recycling +18% 40%

30%
20%

10%

0%
E w E P 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

e | 2 difill Waste-to-Energy  ==®==Recycling + composting
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m Recycling & WtE complementary to divert waste from
- landfills

EU 28 + Switzerland, Norway and Iceland
Municipal waste treatment in 2015

ol 1 :>
8% 5%

[ ] Landfill
[ Waste-to-Energy
o [] Recycling
+Composting
Graph by CEWEP, Source:
. EUROSTAT 2017
3%

66%
RISt S O N O 12014 data (most recent data available)
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: * Recycled material may cost more than
Re CyC| INg raw material (so not done w/o subsidy)

- Some stuff is valuable! (aluminum) * Some stuff extremely difficult to recycle

e Avoids ever-more landfills

e Avoids air pollution from
incineration

* Avoids using up virgin materials
* Avoids use of energy for extraction

|II

* Perhaps an “ideal” of zero landfill
and zero virgin materials?

BUT:

* Some stuff has no recycled value

e Some space in landfill is cheap and easy

 Why does it need to be zero landfill, if

e Cost of recycling and reprocessing that’s impossible and landfill is cheap?



My one and only economics

diagram:

Thée cost of additional
Sor€ recycling and other
per ton landfill avoidance may
of get very steep (or even
landfill impossible)
avoidanc

Thé benefits of

e . .
Ianl:lﬂll avoidance

are|positive, but
dedllining

. _ More recyclin
all into Theright  zero compost, reus

landfill balance landfill
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m Recycling & WtE complementary to divert waste from
- landfills

EU 28 + Switzerland, Norway and Iceland
Municipal waste treatment in 2015
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How best to keep such balance?

* Most common: regulations and mandates, where
political leaders try to “pick winners

A. Require households to recycle?

B. Forbid food waste in garbage?

C. A new recycling plant here, or waste-to-energy there?
D

E.

Ban certain kinds of plastic?
Extended producer responsibility?

e Some of those are good ideas, but which are best?

* A “price” for waste allows individual choice about
how to reduce waste.

* Price per bag of garbage, permit price, tax, or
subsidy.

e Deposit-refund: tax on purchase and subsidy to
recycle.



Example:
Each project cuts waste to landfill by one million tons.

Policymaker: “| think the best options are C an
Okay, but suppose the actual costs are:

y

15
€ ~ But policymakers can’t knov
Eoe the cost-mmlmlzmg.mlx for
POSRIC ——each household or firm, so
oer can’t tell each to do what.
ton
Let the private market deci
with the right incentives.




Next problem:

* Firms find it cheaper to
make stuff that can’t be
recycled.

* With no price per garbage
bag, households don’t
“demand” goods that can be
recycled.

* With a price per bag,
households want recyclable
goods, but ...

* The price = illicit dumping

nr hiirnino

Need artful design of

policy:

* Price per bag where families will
comply

* Not so high to induce dumping

* Deposit (tax on purchase) for each
item =
social cost of dumping
it

e Refund that amount when recycled,

... leaving the tax on anything



* A meaningless buzzword?

* “Leave resources as pure and
unpolluted as when we got
here”?

e Zero use of virgin materials, and
no use of landfills?

e Build no roads, no dams, no
buildings?

* Not feasible. “Moral obligation”
to do something that’s not
feasible?

* But, some use of natural
resources in production and

[ ]
invinctrmanant ~an lAaAaviAa nAvE

* “an obligation to conduct
ourselves so that we leave to the
future the option or the capacity
to be as well off as we
are” (Robert Solow, 1991).

* Unspoiled nature is key to well-
being

e But can’t save every species &
forest

e Equity between generations;
already they will have better
technology!



Now: Potential policies, and
interactions among the different cycles

Burning fossil fuel
= M

b Waste to
Recycling Energy

0 " ‘s)

t = :
: i Decomposition Reabsorption l
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First: Taxes on income from labor and

capital

» Affect work effort, production,
output, carbon emissions, and
waste of all kinds.

Burning fossil fuel
= »—

b Waste to
Recycling Energy
" ll* ““ |

- 1Decomposition Reabsorption ‘
|
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|
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Taxes on products or

consumptlon
» Affect work effort, production,
output, carbon emissions, and
waste of all kinds.

Burning fossil fuel
= ﬁ

b Waste to
Recycling Energy
-

0 " ‘s)
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- 1Decomposition Reabsorption ‘
|

lar!on

Investment
k3

- 4
) Compo&
Waste ¢ &

Landfill




Taxes on pollution from burning
fossil fuel

» Affect work effort, production,
output, carbon emissions, and
waste of all kinds.

Burni il fuel
St

b Waste to
Recycling Energy
" ll* ““ |

- 1Decomposition Reabsorption ‘
|

lar!on
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Investment
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Air Pollution

Global GHG:

* Carbon dioxide (CO,)

* Methane (CH,)

* Nitrous oxide (NOy)

* Chlorofluorocarbons (CFCs)
* Hydrofluorocarbons (HCFCs)

Local:
* Particulates
(PM10 & PM2.5)
* Nitrogen dioxide (NO2)
 Sulphur dioxide (SO2)
* Ground-level ozone
e Carbon monoxide (CO)



Taxes on waste generation or

collection

e Affect production, output, work
effort, carbon emissions, and waste
of all kinds.

e Can lead to litter and dumping.

Burning fossil fuel
= »—

. Waste to
Recycling Energy
% " o

I 1Decomposition Reabsorption ‘
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Subsidy to Recycling?

* Affect production, output, work effort,
carbon emissions, and waste of all kinds.

By itself, can generate more waste (for
recycling).

Burning fossil fuel
= »—

b Waste to
Recycling Energy
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Try both: product tax and subsidy to

recycling?
* The subsidy alone encourages
waste generation (for recycling).

* The addition of product tax offsets

Burning fossil fuel
= ﬁ

b Waste to
Recycling Energy

g “)

{ 1Decomposition Reabsorptioni
|

Investment
k3



* Deposit-refund started long
ago by companies that
wanted to reuse bottles;
paid a refund for each, and
it became a habit!

* Do you want to count each
can or plastic bottle?

* The right subsidy per ton
will induce firms to collect
bottles.

* Financed by a tax per bottle
at the store (easy tax to
collect).




Tax or subsidy on waste to energy

e Affect production, output, work

effort, carbon emissions, and waste
of all kinds.

Burning fossil fuel
= ﬁ

b Waste to
Recycling En
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A mass burn waste-to-energy plant

AL LA

PxY

P~

] G

~ - . 'ln..‘
,‘i environmental controts e o s
e -



Regulate sanitary landfills;
orevent illegal dumping and
burning

Burning fossil fuel
= M

b Waste to
Recycling Energy

0 " ‘s)

Decomposition Reabsorption-
Investment l




Gas recovery
system

I.eochofe collechon

Leachote treatment

Ground woler

...'_- ] 'i‘;: .. .. . -
: H/momtonngwell S




Policies to Reduce Deforestation,
Decomposition, and Release of
Carbon

Burning fossil fuel
= M

b Waste to
Recycling Energy

0 " ‘s)
-

t i - -
= ecomposition Reabsorption
Investment - l




Reduce
deforestation and
release of carbon

* Regulate drilling and
mining

* No-till farming, to avoid
disturbing soil carbon

* Maintain rain forests
instead of burning to
plant crops.




Carbon sequestration:
add to reabsorption

Burning fossil fuel
= ﬁ

b Waste to
Recycling Energy
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Carbon sequestration:
add to reabsorption

* Plant more trees

* Build houses using
lumber

e Carbonate veins form
when water containing
dissolved carbon dioxide
flows through these
rocks in Oman (NY
Times, May 6, 2018)




With the right mix of policy
Interventions,
everything can be kept in balance

... and we can keep our balance to
ride!

Burning fossil fuel
= ﬁ

b Waste to
Recycling Energy

0 " ‘s)

1 . | 1 Decomposition Reabsorption 0
Investment — ‘
|



Thank you very much!

I 1Decomposition Reabsorption ‘
|
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