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i TESE Energy and economic growth

Reducing carbon emissions requires acting on the three
components Iin this equation

Co. = CO, .Energy.GDP
Energy GDP

Hre we will focus on the Energy/GDP ratio
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i) TEGACO Primary, Final and Useful Energy
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i TR0 SCIe)Y

 What Is exergy?

Az =0m Az = 120m

Power =0 W Power = 150 kW
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IJi TECNICO

LISBOA

* Energy vs. Exergy

i N E  160°C

Energy = 105 MJ Energy = 105 MJ

Potential Work = 34 MJ
Exergy = 34 MJ

Potential Work = 1.8 MJ
Exergy = 1.8 MJ

environment
20°C
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i) TEGACO Primary, Final and Useful Exergy
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!ﬁ TECNICO

LISBOA Useful work

Exergy sources End-uses
. . D ( . . )
Electricity Electricity / > Light
. (hydro) | . CHP Heat |
( ) ( )
Coal > Coal Other Elec.
. ) L ) Uses
( ) ( )
Natural Gas » Natural Gas Heat
\ ) . _J
) ( )
Biomass > Biomass
\ ) . _J
[ ) " Qil products |
ol > prod > Mech. Drive
. ) . (gasoline) |
a ) ( )
Food / feed > Food / feed 2 Muscle work
\ Yy L )

Useful Exergy

Final Exergy Waste Heat

Primary Exergy
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i TRESE Final Exergy and Useful Work
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i TREACEP Final Exergy Shares
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T Aggregate Final-to-Useful Efficiency
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iy Techico Useful Work Shares
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i T-chico Final Exergy and Useful Work Intensities
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il TER05 Useful work & Economic Output
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ifil TEENICO  Simplified Growth Accounting: Portugal 1960-2009

4 h

Y Neoclassical Groningen Growth and Development Database (GGDC).
<€ prod uction Luciano Amaral (2009). New Series for GDP per capita, per worker,
C function and per worker hour in Portugal, 1950-2007.
Y
K
I
S —
AGDP  Interest AK wages AL :
= + + Residual
GDP GDP K GDP L !

3.6% = 0.27x3.5% + 0.64x0.5% + 2.3%

(65 % of economic growth)
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i TEENICO  Simplified Growth Accounting: Portugal 1960-2009

4 ) _
* Primary energy supply;
Y Neoclassical « Primary exergy supply;
<€ production | — « Final energy consumption;
C function = « Final exergy consumption;
» Useful work consumption;

K
I
—1

How much of the Solow residual can be explained by introducing an additional energy
consumption variable in the Solow model?

AGDP _ Interest AK N wages AL + Residual

GDP GDP K GDP L .

J
AE; :
a; — + Reduced residual
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ifil TEENICO  Simplified Growth Accounting: Portugal 1960-2009

LISBOA

: AE, :
E _ Residual a —- + Reduced residual

| E;

Primary E
rimary Energy 230 = 0.15%x2.9% -+ 1.9%

Primary Exergy
(53 % of economic growth)

Final Energy
2.3% = 043x2.5% + 1.2%
Final Exergy .
(34 % of economic growth)
Useful Work 2.3% = 0.49x3.6% + 0.6%

(16 % of economic growth)
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i TEENICO  Simplified growth accounting: Portugal 1960-2009

4 ) _
* Primary energy supply;
Y Neoclassical « Primary exergy supply;
<€ production | — « Final energy consumption;
C function U * Final exergy consumption;
» Useful work consumption;

Y
K
I
e
AGDP Interest AK wages AL AU :
— = + + «ay—— + Residual;
GDP GDP K GDP L U . .

I

3.6% = 0.27x3.5% + 0.64x0.5% + 0.49x3.6% + 0.6%

(16 % of growth)
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iy Techico Conclusions

« Useful work intensity in Portugal has varied only about
— 20% since 1856

— 7% since 1960; a lower variation than for any of the Kaldor
“facts”

« Evidence that useful work and capital are complements

* Evidence that useful work is underpaid and capital and
labour are overpaid
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iy Techico Conclusions

* Decoupling requires the increase in multiple efficiencies:

co - CO, Primary Exergy Final Exergy Useful Exergy.GDP
* Primary Exergy  Final Exergy Useful Exergy GDP

but ...

— there are strict thermodynamic limits to primary-to-final and
final-to-useful efficiencies

— so the continued constancy of useful work / GDP will imply
clear limits to decoupling.

20 May 2014 Can Energy Use and Economic Growth be Decoupled?




‘ -

T E c N I CO IV Workshop SHAIO
| I ' _ L I B A Albacete, Spain
A L 25 September 2014

Is There a Minimum Energy Requirement
for Economic Growth?

Tiago Domingos*

with

André Cabrera Serrenho
Joao Santos

Tania Sousa

Benjamin Warr

Robert U. Ayres

* tdomingos@tecnico.ulisboa.pt

Instituto Superior Técnico, University of Lisbon
Portugal



