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During my professional career, I have worked with  
-    diesel engine testing (Volvo),  
-    thermal design of heat exchangers (Stal Laval Apparat AB),  
- thermal simulation in steel production (ASEA Metallurgy)  
- aircraft testing (Saab). 
Besides that I have studied  
- Business Economics and Political economy at Linköping 

University. 

I have a Master of Science in Engineering 
Physics, graduated at KTH in 1969. 

https://www.kth.se/en


Economic Systems 

We will discuss how to model economic systems.  The 
illustrations are based on the simulation program ECF 
(Economic Circular Flows, www.wp.ecf-teori.se)  
(ECF is a prototype specialized tool for economic flow modeling developed by 
myself) 

 
A model has to consider: 
1. Different sectors and economic actors (nodes). 
2. Economic flows between nodes 
3. Different layers (aspects) for payments and physical 

flows (work, products, energy, material) 
4. Savings and investments 
5. Banking system including trade and money exchange 
6. Feedback loops, static and dynamic 
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Economic systems are often complex because they can be 
• Nonlinear 
• Chaotic, the unexpected can happen 
• Depend on decisions taken by humans 
• Different decision makers may have different goals 

 
which means that  
• new circumstances have to be considered during the 

simulation process 
 

There are other questions 
• Are the government laws followed?  
• Are the laws suitable? 
• Exist corruption, tax havens?     etc. 
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Economic Systems 
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Economic Systems 

Steve Keen writes in the MOSES document page 71, WP 7.2: 
 
Due to the complexity of dealing with economics and 
resource flows, to be useful, modeling and simulation must 
be accompanied by a visualization of the dynamics of the 
cognitive maps policymakers are using. 
… easy-to-use graphical user interface integrated with a 
visualization engine is needed … 
… A "3D" view of production as a process involving multiple 
sectors with a graphical representation of the physical and 
financial flows between sectors would show the structure of 
the system without being visually overwhelming at the top 
level. 



The crucial question is: How do we model economic 
systems by an efficient and understandable simulation 
tool? 
 
We will show 
• How to connect economics to the physical world 

 
• Oil extraction with diminishing yield (EROEI) 
• An example using economic data for GDP presented with 

my simulation program 
 

• A short demonstration of how to build economic models 
with ECF 
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Economic Systems 



How are economic aspects 
connected to the physical world? 
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Economic aspect  
There may be various  
sub-aspects for different 
currencies 

Physical aspect 
Flows of work  
and products and 
services 



Dashed lines 
 
Payment flows are 
connected to physical 
world flows by price 
relations 
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How are economic aspects 
connected to the physical world? 



Flows hold prescribed and calculated flow properties 
Nodes hold the equations 
 
All diagrams are prototypes drawn by the ECF program, www.wp.ecf-teori.se 

Nodes and Flows in the ECF modeling tool 

Nodes 
Households, Private sector 
FB    means Flow Balance 
for this node, i.e., 
input flows = output flows 
 

Flows (Edges) 
Wages, Blue calculated 
Expenditures, Orange prescribed (flow constrained)  

FB 
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flow 
constrained 
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Example:  simple economic system        
 (based on the previous image)      

P Denotes a prescribed price 
In this case wage level 

P Blue or yellow denote 
 a calculated price 
In this case product price 
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Expenditures 



We add a physical flows aspect to the model 
shown for the base year  

P Denotes a prescribed price 
In this case wage level 

P Denotes a calculated price 
In this case product price 
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wmy = Worked 
man year  
(in measured time) 

pmy = Produced 
man year, in base 
year equivalent units 



The productivities in sectors are 1.0 pmy/wmy. Base year. 
Can have other and different values for other years. 
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The interior of the Public and Private sectors. 



What happens when the productivity goes up?    The price of the products goes down. 

Wages are constant. No profits. 

Next slide shows what happens when tax ratio goes up and total expenditures and  
production are constant.  More people are employed in public sector and in total. 
The share of the total income goes down and more people share the same amount  
of goods. All employed lose but more people are supplied for their living.  
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Rising productivity 



Tax ratio goes up (2011-2016) Tax revenue goes up 

Tax ratio 

Expenditure ratio 

Expentitures = 2000 kKr Total Income is shared 
by more people. 
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More taxes with constant private production 



Diminishing yield and internal energy requirement. 
The energy is not expressed in energy terms but as the corresponding amount of oil.  

MOSES ECF/ Economic Flow constrained 
modeling 

14 

Oil extraction example 



The oil production in detail. 
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The sub-model of physical flows  



The final product is in all cases 1000 kg of refined oil. 
 
Case                            1              2            3             4            5          Degenerated   
Yield1 in refining     0.98         0.8        0.65        0.55       0.51     min 0.50 
Yield2 in separation  0.9          0.8         0.6         0.4         0.25 
Extracted well oil    1455        2174     4348     12500    400000    kg 
Work input                 2.7          3.9        7.0         17.5       500          wmy 
Price of oil                  0.27        0.39      0.70       1.75       50            kKr/kg 
 
The energy efficiency (EROEI) can be calculated from the amount of  
refined oil and the amount of extracted well oil (or tar sand). 

Compare with this article supplied by Rodrigo Castro: 
Energy, ecology, and economics revisited 
By Mary Logan 
http://prosperouswaydown.com/energy-ecology-economics-1/ 
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Five cases with different oil yields  



The ECF tool can show historical economic data in a more graphical 
form, calculate relations between flows, and simulate economic 
systems. 
 
This is an example using statistical data for the GDP of Sweden for the 
years 1980 – 1994.  

MOSES ECF/ Economic Flow constrained 
modeling 

17 

Historical data from statistics sources 



This model shows the components of GDP using table data. 

MOSES ECF/ Economic Flow constrained 
modeling 

18 

Simple translation from GDP table 



The data is entered in a 
dialog like this. 
 
The time axis has been 
defined before all flow 
data is entered. 
 
The the diagram of the 
flow vs. time is drawn as 
data is entered. 
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Entering flow data 



The GDP model is not of much 
use for analysis of economic 
behavior or relations. The 
elementary economic theory is 
based on this model. No loops! 
 
 
It is much more useful to 
rearrange the flows as a circular 
flows model. The loops are 
essential because they take  
feed-back into account. 
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Rearranging to a feed-back system 



It turns out the 
Private sector has 
to borrow money 
from the Banks. 

The loans are 
used to finance 
the excess 
imports 
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Here Wages are paid 
by the Private sector to 
the Households 
(Flow12) 
 

More sectors and flows are added 



The loans can also be 
taken by the 
Households ... 
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Loans can be taken by any sector 



The Public sector can 
also take loans 
 
So it is left to further 
investigation to find 
out which sector is 
borrowing 

Question: 
Were do Stocks fit? 
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Loans taken by public sector 



        Banks have an internal bookkeeping with 
Balance Sheet              and              Income Statement 

The accounts in the model are connected to the bank by a reference.  
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Bank accounting is automatic 



The previously shown GDP model is rearranged to a feedback model ... 

... with Modelica ... with ECF  

None of the models is finished 
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First implementation in OpenModelica 



Connections to a sector with ... 

... ECF has automatic allocation of  
connections. 

... Modelica requires that connections 
are allocated manually. For convenience  
all inputs are connected to the same 
connector in our first example. 

Sector from World3 model 
has more inputs and outputs 
but requires more work. 
 
None out of 13 sectors has the  
same configuration of inputs and outputs 
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Sectors in ECF and OpenModelica tools 



According to my opinion, the following functionalities  
should be added to the OpenModelica tool 

 
• The models should be able to visualize different aspects 

 
• Animation of execution in steps showing the system flows, 

also in model components 
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Economic Systems 



 
• Graphical formalism with nodes and flows useful  

for common economic models 
• Support for both economic and physical modeling 
• Able to handle several aspects in the same model 
• Submodels inside sectors 
• Being able to constrain economic or physical flows 
• Animation (forward in time) of simulations 
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Summary of Main ECF Features 



Thanks to Bernhard Thiele for the help with the Modelica models. 

References 
• http://www.wp.ecf-teori.se, see also english pages. 
• http://www.old.ecf-teori.se/english.htm 
• http://media.wp.ecf-teori.se/2015/03/ 

Economic-Circular-Flows-short-presentation.ppt 
• My old project description (from 1996) 

http://www.old.ecf-teori.se/projekt/projectdescription.htm 
• Josh Ryan-Collins et.al.: “Where does money come from, a guide to the 

UK monetary and banking system?”, nef (new economic foundation) 
2014.  

MOSES ECF/ Economic Flow constrained 
modeling 

29 

Economic Systems 

http://www.wp.ecf-teori.se
http://www.wp.ecf-teori.se
http://www.wp.ecf-teori.se
http://www.old.ecf-teori.se/english.htm
http://www.old.ecf-teori.se/english.htm
http://www.old.ecf-teori.se/english.htm
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://media.wp.ecf-teori.se/2015/03/Economic-Circular-Flows-short-presentation.ppt
http://www.old.ecf-teori.se/projekt/projectdescription.htm
http://www.old.ecf-teori.se/projekt/projectdescription.htm
http://www.old.ecf-teori.se/projekt/projectdescription.htm
http://www.old.ecf-teori.se/projekt/projectdescription.htm
http://www.old.ecf-teori.se/projekt/projectdescription.htm
http://www.amazon.com/Where-Does-Money-Come-Monetary/dp/1908506547
http://www.amazon.com/Where-Does-Money-Come-Monetary/dp/1908506547

