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Disclaimer:
• I’m educated in physics and chemistry, not in economics
• My exposure to economic theory has been biased: Club of Rome Limits to 

Growth, Integrated Assessment Models of Global Change (IAMs), Climate 
Change modelling
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Economy as subsystem

1.1 Boundaries of the system considered 
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1.3 Historical setting: economics as outcome of Modernity
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…and exploitation of natural resources since 1950…
De Vries 2023



…and of water, energy and materials
De Vries 2023



1. the scientific method of empirical reductionism, with 
o generate context-independent statements and abstractions;  
o elimination of religious superstition (Entzauberung); 
o distrust of personal knowledge; and
o separation between object and subject, and between fact and value; 

2.    a continuous process of rationalization, specialization and 
standardization in a relentless quest for increasing efficiency and 
productivity. 

3.   a belief – legitimated by science and technology – in predictability, 
planning and control of societal processes by bureaucrat-manager-
experts.

4.   an emancipatory ideal of bringing  progress and well-being to all 
people based on the imperatives of justice, equality and participation. 
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High Modernity (1950-1980) Late Modernity (post-1980) 

1.4 Fruits and shadows of [High-] Modernity
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The concept of ‘Normalbaum’ in 19th 
century forestry management in Germany; 
Taylorism in early 20th century; platform
standards in early 21st century

“a generic outlook concerned above all with 
liberating individuals and groups from 
constraints which adversely affect their life 
chances”, and the “release of underprivileged 
groups from their unhappy condition, or to 
eliminate the relative differences between 
them” (Giddens 1991:210). 

High Modernity (1950-1980) Late Modernity (post-1980) 

1.4 Fruits and shadows of [High-] Modernity



Human quality of life has benefited enormously from
developments in (High) Modernity:

• satisfying and creating an ever broader spectrum of needs, 
including near-doubling of average life expectancy 

• advancing differentiation and complexification of life’s
evolution (globalization-communication)

At the same time, Modernism has generated (undesirable, 
unexpected) side-effects, often shifted to elsewhere and later:

• more extensive and intensive exploitation of humans and
nature (source depletion, sink pollution)

• loss of diversity in nature and culture, with concentration of 
power 

• intractable technological risks (Goethe’s Zauberlehrling)

The ‘ruthless logic of modernity’

But is this Progress and (population and
economic) growth sustainable?
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2 Modelling Global Change: Limits to Growth (1971-2022)

The World3-model: linked subsystems 
with limiting resource systems 

First version in 1971 in Dynamo, present version in STELLA



World3: Trends as simulated in 1972, until 2020…
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… and beyond in a Business-as-Usual scenario…
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Four scenarios with the World3 model (Meadows et al. 2004)
BAU Business as Usual BAU2 as BAU with twice as many resources

CT Comprehensive Technologies SW Sustainable World (meadows 2005, Herrington 2021)

Model ‘validation’ in 2022…



• expanded, regionalized Limits to Growth system dynamics model used to 
construct two scenarios: Too little Too Late and Giant Leap

• includes economic and finance mechanisms, (in)equ(al)ity, social tensions and 
environmental stresses

• outcomes are presented in two aggregate indicators: an Inequality Index and a 
Social Tension Index. The latter is derived from the change in the Average Well-
being Index

• deep transformative policies with respect to poverty, 
education, food, energy, trade and financing can make a 
significant difference in the quality of life of billions of people 
in the second half of the 21st century. 

• unlike previous reports to the Club of Rome, the report is 
explicit in its political-economic analysis: the title of the last 
chapter is ‘From ‘Winner Take All’ Capitalism to Eart4All 
Economies’.  

Earth4All: latest Report to the Club of Rome (Dixson-
Declève et al. 2022)



https://earth4all.life/publications/
Latest Report to the Club of Rome (Dixson-Declève et al. 2022)

Eart4All

https://earth4all.life/publications/


https://earth4all.life/publications/
Latest Report to the Club of Rome (Dixson-Declève et al. 2022)

Eart4All

https://earth4all.life/publications/


• expanded, regionalized Limits to Growth system dynamics model used to 
construct two scenarios: Too little Too Late and Giant Leap

• includes economic and finance mechanisms, (in)equ(al)ity, social tensions and 
environmental stresses

• outcomes are presented in two aggregate indicators: an Inequality Index and a 
Social Tension Index. The latter is derived from the change in the Average Well-
being Index

Latest Report to the Club of Rome (Dixson-Declève et al. 2022)
Earth4All

• deep transformative policies with respect to poverty, 
education, food, energy, trade and financing can make a 
significant difference in the quality of life of billions of people 
in the second half of the 21st century. 

• unlike previous reports to the Club of Rome, the report is 
explicit in its political-economic analysis: the title of the last 
chapter is ‘From ‘Winner Take All’ Capitalism to Eart4All 
Economies’.  



3.1 Indicators: GDP, income, wealth and well-being



Figure 4.4

Well-being and
progress:

how measured
and for whom?

Well-being is 
increasingly decoupled
from income, notably
because of (consumer) 
technology and the role
of positional goods.



Layard; http://cep.lse.ac.uk/events/lectures/layard/RL030303.pdf

Seven factors really matter for an individual’s experience of ‘being 
happy’ in order of importance, according to scientific investigations 
of happiness (Layard (2004, 2005):
•family ties
•financial situation
•work
•social environment
•health –
•and also personal freedom and philosophy of life

Important in one’s experience
of happiness:
•Comparison with others
(reference drift)
•Getting used (preference drift)

(cf. Duchin and Hubacek 2003, RIVM 2004, Layard 2005)
26



But in official (gov’ts, corporations) documents, GDP- and income growth
remain key indicators – and they [are assumed to] keep growing:

Country/region Period Factor 
increase

Source 

Japan, EU 2014-2050 2,5-3,5 The Economist 2015

USA, China 2014-2050 6-7 The Economist 2015

India 2014-2050 31 The Economist 2015

World 2016-2050 >2 McKinsey 2016

World (middle
scenarios)

2014-2050 2,9-6 IPCC Riahi et al. 2017

Well-being is not well represented by income (GDP/cap); there is a need 
for a more comprehensive measure 
A variety of ‘beyond-GDP’  indicators have been proposed: Human 
Development Index (HDI), Genuine Progress Indicator (GPI), Ecological 
Footprint (EF) and others



(IMF 2024)

Gross World Product
(GWP) [world average]

Nominal
1960-2023

PPP-corrected
1990-2023

Nominal 100 Trillion of $

Purchasing Power Parity
(PPP) corrected
100 Trillion of $
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MONETARY ECONOMY

What is counted? What are definitions and rules?
Which system boundaries are chosen?

3.2 Defining the economic system: what is [not] included?



Many negative externalities are  (usually) not (explicitly) included, such
as:

➢ Loss of ecosystem services is in the same order as annual additions
to GWP

➢ activities dealingwith negative externalities (medical care for traffic 
accidents, cleaning the environment etc.); they are counted as 
contribution to GDP 

Many social and political aspects of well-being are not included:

➢ Income and wealth inequality are (usually) not (explicitly) 
considered

➢ Basic needs (food, water, housing…) and public goods provision
(safety, clean air…) are (usually) not (explicitly) considered

➢ The shadow (informal) economy of household work, volunteer work
and illegal (e.g. crime) is not accounted; it may amount to 5-20% of 
GDP

➢ Subsistence farming (outside formal markets) is not included; it can
amount up to 20% of GDP in some countries
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Reference: UNDP (United Nations Development Programme). 2013. Human Development Report 2013: The Rise of the South: Human 
Progress in a Diverse World. New York.

Environmental
Footprint (EF) vs. 
Human 
Development 
Index (HDI)
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One example: see https://www.eea.europa.eu
/en/analysis/indicators/environmental-
protection-expenditure-8th-eap
Data on expenditures for environmental
protection

The economic costs of air pollution from fossil fuels are estimated at 
US$2.9 trillion in 2018, or 3.3% of global GDP, far exceeding the likely 
costs of rapid reductions in fossil fuel use (CREA 2018)

https://www.eea.europa.eu/


(IARIW/Wikipedia and OurWorldInData)

Income and wealth inequality



4.1 State, market, community – and ideology
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Source: ETC Group (2022).Mapping corporate power in Big Food: Food Baron 2022 -
Crisis Profiteering, Digitalization and Shifting Power

Agrochemicals: top 6 control 76% Commercial seeds: top 6 control 58%

Ag machinery: top 6 control 50% Livestock genetics: top 3 control ~100%

Animal pharma: top 6 control 72%

4.2 Corporate power and ‘free’ [global] markets



Galaz, V/, and D. Collste (eds.)(2022). Economy and Finance for a Just Future on a Thriving Planet. Report for Stockholm+50 
https://www.globalresiliencepartnership.org/wp-content/uploads/2022/06/sthlm50reportfinal-1.pdf

The Biosphere
in the hands of 

a few: 
corporate 

power
(and what

about
Cybersphere?)



4.3 Public vs. private: governing the commons

In late 19th and early 20th century, economists started to emphasize the 
consumption: the value of a good or a service depends on the utility to the 
consumer and is reflected in the price on the market (Mazzucato 2018). 

Thus, ‘conventional’ economic theory focuses on the individual and her 
preferences in consuming goods and services. In modelling, the formal 
concept of utility is used.

Economists have proposed excludability and rivalry to distinguish 
different classes of goods and services.

The concept of the individual consumer (rational, deciding in isolation, 
perfect knowledge) is positioned in the lower right corner of this 
framework (homo economicus). 

This is a serious reductionism, at the expense of consideration of Common 
Pool Resources (CPR – rivalrous and  non-excludable) and Public Goods 
(PG – non-rivalrous and non-excludable).
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Modelling human behaviour in society: the four quadrant view (Ferber et al.)

Epistemology and modelling of a more refined concept of human agents



Modelling human behaviour in society: the four quadrant view (Ferber et al.)

Conventional [economic] 
modelling can be situated in 

the External-Individual 
quadrant (Ferber et al. 2007) .



5.1 What is money?

In general, money has three functions:
• a medium of exchange
• a unit of account
• a storage of wealth

“The Government should create, issue, and circulate all the currency and credits 

needed to satisfy the spending power of the Government and the buying power of 

consumers. By the adoption of these principles, the taxpayers will be saved immense 

sums of interest. Money will cease to be master and become the servant of humanity. ” 

(Abraham Lincoln, 1809-1865)

Ideas about money creation and finance

“The process by which banks create money is so simple that the mind 

is repelled.” (J.K. Galbraith, 1975) 

“The study of money, above all other fields in economics, is one in 

which complexity is used to disguise truth or to evade truth, not to 

reveal it.”   (J.K. Galbraith, circa 1990)

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Dd9IcKnzWYq01M&tbnid=tFnkZ-5CcRvOZM:&ved=0CAUQjRw&url=http://theeconomiccollapseblog.com/archives/debt-free-united-states-notes-were-once-issued-under-jfk-and-the-u-s-government-still-has-the-power-to-issue-debt-free-money&ei=J92hUZWpG4az0QWq-YC4Cw&bvm=bv.47008514,d.d2k&psig=AFQjCNHp11Owugp3NlLCJokVKpwU65aLig&ust=1369648795615910


5.1 What is money?

Until the 2008 financial crisis, a common (mis)understanding was that
‘money is neutral’: doubling the amount does not influence the economy. 
In 2015 the Bank of England stated otherwise:

BankOfEngland.co.uk

This reappreciation of (parts of) Keynesian macro-economic theory had 
and has important consequences for the financing of long-term projects
(such as infrastructure) by governments.



5.2 Financial institutions and money creation

https://www.onsgeld.eu/de-verleiders-door-de-bank-genomen/

The ‘classical’ economists ‘shared two basic ideas: that value derived from the cost of 
production, principally labour; and that therefore activity subsequent to value created by 
labour, such as finance, did not in itself create value.’ (Mazzucato 2018:34).



Long upward trend in the ratio 
of debt to income since the 
1870s.

Since WWII, trend has resumed, 
surpassing previous levels from 
the 1980s.

The driving mechanism is the 
rising role of private debt as the 
source of money creation

Higher levels of debt have been 
driven by the dominance of 
bank money based on fractional 
reserves

(Van Riel WRR 2021 - www.wrr.nl/moneyanddebt)

The ratio of bank loans and broad
money (M2) to GDP in 17 OECD 

countries, 1870-2016 

broad money
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Money and debt growth: increasing indebtedness as business model of banks

http://www.wrr.nl/moneyand


Higher levels of debt have coincided with a large concentration in banking and 
an increasing share of mortgages in credit provision

Concentration in US banking

USA 1935-2005

Mortgage and non-mortgage credit

(Bezemer, Ryan-Collins, Lerven and Zhang 2018)



The debt shift:  credit supply from real economy (firms) to mortgages
(consumers) - and its impact on income inequality



Galaz, V/, and D. Collste (eds.)(2022). Economy and Finance for a Just Futre on a Thriving Planet. Report for Stockholm+50 
https://www.globalresiliencepartnership.org/wp-content/uploads/2022/06/sthlm50reportfinal-1.pdf

Globalization, financialization – and the destruction of the Amazon

An important role for 
off-shore tax havens



Economic growth:
➢ Supply-side: production functions

in K and L, but what are these?
➢ Other production factors (land,

resources)?
➢ Role of science and technology? 
➢ Mechanisms of trade and finance?
➢ Assumption of equilibrium in 

supply-demand and investment-
savings?

➢ Fprmulation of simplistic, stylized
producers and consumers?

6.1 Modelling economic growth



Sustainable [per person] consumption as indefinite constant 
consumption per person, c, is possible in this formulation.

A sustainable economy in the sense of a constant producing
capital stock implies that [per person] consumption equals
[per person] output minus depreciation. 

The neoclassical economic growth model (supply-side)

CmKLKY
dt

dK
−−= ),(

Per labourer, using k=K/L and dL/dt=nL:

cknmLKy
dt

dk
−+−= )(),(
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Sustainable [per person] consumption as indefinite constant 
consumption per person, c, is possible in this formulation.

A sustainable economy in the sense of a constant producing capital
stock implies that [per person] consumption equals [per person] 
output minus depreciation. 

CmKLKY
dt

dK
−−= ),(

Per labourer, using k=K/L and dL/dt=nL:

cknmLKy
dt

dk
−+−= )(),(

consumption of 
goods and services 
of average person

population growth ratecapital dep=reciation rate

production of goods
and services of 

average labourer

53

But how does THIS (the production 
function) look like? And how does 

technology a.o. influence it?



Table 14.X Structure of capital stocks

Switzerland 2006 Finland  2006 Australia 1993/94

Capital stock structure, at prices of preceding year, base year = 2000

%

Construction, building 55,8% Tangible fixed assets Private

Construction, civil engineering 15,2%    - residential buildings 40,0% Dwellings 32,5%

          part of construction: Machinery and equipment27,6%    - non-residential buildings 26,7% construction 17,2%

Fabricated metal products and machinery 14,4%    - other structures 12,6% Equipment 15,5%

Office machinery and computers 1,2%    - transport equipment 3,1%

Electrical machinery and apparatus n.e.c. 2,3%    - other machinery and equipment 15,0% Public

Radio, television and communication equipment and apparatus2,1% Dwellings 1,9%

Medical, precision and optical instruments, watches and clocks3,8% Intangible fixed assets construction 23,6%

Motor vehicles, trailers and semi-trailers 0,8% software, knowledge, entertainment, art… 1,5% Equipment 4,8%

Other transport equipment 2,9%

Cultivated assets 0,2% Major improvements to land, etc. 1,1%

Computer and related services 1,3%

Sources:
http://www.bfs.admin.ch/bfs/portal/en/index/themen/04/02/04/key/Stock_cap.html  

http://www.stat.fi/til/pka/tau_en.html  

http://www.rba.gov.au/statistics/op8_index.html
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With K-L substitution and technology, capital and labour productivity go 
up (specialization, mechanization, automation, robotization → less working

hours and more time (and obligation) to consume

Annual working hours in EU countries 1955-2005
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Cobb-Douglas production function: capital (K) - 

labour (L) substitution
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Economic growth model of industrial economy (Solow):
•Existence of production frontier with capital K and labour L as production
factors
•Substitution between K and L  (driven by changes in relative factor prices)
•Innovation (factor-specific or factor-neutral) exogenous in production
function
•Similar dynamics for other production factors (energy, materials) eat

Technology: factor substitution and exogenous



The quasi-autonomous endogenous forces of technology

Other dynamics in industrial economy:
• Science-based technology determines most of productivity (and macro-

economic) growth
• [endogenous] learning-by-doing (see left figure); openness to trade, 

patenting and intellectual property laws, state competition…
• Attempts at generalized mechanisms: logistic substitution in technology

(see right figure), creative destruction (Schumpeter), long waves 
(Kondratiev), evolution, winner-takes-all dynamic, first mover
advantage…

Year

(Grubler 1990)

Cumulative Electricity Production (TWh)



‘planned investment need not equal planned saving’- a central feature of the 
Keynesian position’ - Jones 1976:22)

D ≠ Y               I ≠ S           C ≠ Y – S      

Economic growth and the financial system
revisiting neoclassical economic growth modelling after the 2008 financial crisis

Entrepreneurs use profits for replacement and expansion investments; 
additional credit comes from bank loans and/or shares. Consumers spent 
part of income and wealth on real estate; banks provide mortgages.

Non-equilibrium dynamics with stock-flow formulation:

• demand D is not equal to supply Y → adaptive price fluctuations
• savings S are not equal to investment I →  behavioural equations about 

investment
• savings S and consumption C depend on income and wealth of 

households

I ↔ [financial system] ↔ S



(Egmond and De Vries 2024)

Modelling physical and financial dynamics



(Van Egmond and De Vries 2024)

Model-based narratives about money creation: money creation by private 
banks is procyclical and causes instabilities (Minsky); money creation
should be in public hands, providing credit for societal needs.  



Economic growth and sustainability (demand-side)

The compelling attraction of economic growth in its institutionalized modern form 
has been a superior substitute for redistribution (Hirsch 1977)

“It is only in the backward countries of the world that increased production is 
still an important object; in those most advanced, what is needed is a better 
distribution”. (J. S. Mill 1857)

Hypotheses: 
➢ stagnating growth in income and wealth causes social and political

unrest
➢ capitalists want to make profits and a good return on capital
➢ governments prefer expanding budgets, which enhances political power 

and status 
➢ the labour market is the conventional way of distributing the rewards of 

rising productivity among workers (‘labour’) and others
➢ most ideological battle in economics is about the organization and

fairness of this distribution (acemoglu and johnson 2024)
➢ economic growth mitigates the tensions of inequality and environmental

deterioration; hence a needs creation orientation and industry



• Recognition of (extreme) simplification and aggregation
(epistemology)

• Focus on subsectors of the economy and interconnections
(structural economics, Input-Output analysis)

• Broaden the formulation of (economic) agents 
(evolutionary and institutional economics, behavioral
ecnomics, agent-based simulation)

• Consider explicitly the relations with resources and 
technology (resource and environmental economics)

Which ways to go? 



Modelling: simple but not too simple… the economy is a self-
organizing complex system

Assumptions made in trading off realism and complexity against simplification and hence ease
of understanding (Allen et al. 2004) 



Agents instead of stylized homo economicus

Economic agents: more than rational deliberation…





Fishermen (agents) choose the
fishing area on the basis of the
best (highest catch) strategy
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