
John E. Fernández
Urban Metabolism Group

Massachusetts Institute of Technology

Circular urban economies: the case of waste to energy
Urban metabolism

Converting Solid Waste To Energy-Intensive Materials
ARPA-E     November 7-8, 2019



Meta-principles or “targets”

1. Circular economy

2. Zero waste

3. Low-carbon future (distributed heat)

4. Urban “mining”

5. Environmental protection

6. Environmental justice

7. Innovation for cities

… does waste to energy offer multiple co-benefits?



The circular economy: aspirational



Data sources: 

PlasticsEurope’s Market Research and Statistics Group (PEMRG); Conversio Market & Strategy GmbH; 
Geyer, R. and Law, K. L., Production, use, and fate of all plastics ever made. Science advances 2017
Compiled by Boya Xiong, PhD (Plata Lab)

Plastics: annual and cumulative production



Xiong, Johnson, Olsen, Plata; unpublished
A= Direct measurement B= Calculated from mass balance
C= Assumed release rates D= Poor estimate

Units:
Million metric tons/ yr

% of total plastic products

What we currently know about the plastic lifecycle



Global urban population and global resource extraction



Abe Wolman: The 
Metabolism of Cities (Sci. 

Am. 1965)

MIT Urban Metabolism 
Workshop 2006



UM framework

QW
SW

PB

OE

IB

OM

OW

IM

Iw

IE

SM

PM

Urban systems boundary broadly showing inflows (I), 
outflows (O), internal flows (Q), storage (S) and production 
(P) of biomass (B), minerals (M), water (W), and energy (E). 





Lisbon, Portugal



pre-fossil fuel urban economy: ~1 ton per capita

transition urban economy: 12-30 tons per capita

fully developed urban economy: 30-100+ tons per capita



0 20 40 60

0

10

20

30

40

50

60

GNI ('000 S$/cap.)

DMC
(MT/cap.)

0 10 20 30 40 50 60

0

1

2

3

4

5

6

7

8

9

10

GNI ('000 S$/cap.)

T
h
o
u
sa

n
d
s

Electricity
(kWh/cap.)

0 20 40 60

0

20

40

60

80

100

120

140

GNI ('000 S$/cap.)

Water
(m3/cap.) 



Shenzhen, China: Waste to energy plant





Copenhagen, Denmark: Copenhill Power Plant
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