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Abstract: The Circular Economy (CE) paradigm has gained significant traction in both academic and industrial circles
over the past decade. While there is an intuitive association between transitioning to a CE and achieving a more
sustainable society, there has been limited scrutiny regarding its economic viability. To address this, macroeconomic
tools are needed to assess the impacts of CE policies on society, the economy, and the ecosystem. The field of
ecological macroeconomics can meet this need through various promising modelling approaches. This chapter has two
main objectives. Firstly, it provides a brief overview of macroeconomic modelling developments that address CE issues,
with a focus on the most widely used approaches and tools. Secondly, the chapter argues that combining input-output
(I0) analysis with stock-flow consistent (SFC) modelling is one of the most promising methods for simulating,
assessing, and comparing CE strategies. To support this argument, the main features of a simplified IO-SFC model for a
capitalist economy are presented and discussed. In this model, money is endogenously created, production is demand-
driven, and the macro-economy is divided into industries that produce goods and services while generating waste and
CO2 emissions. The results demonstrate that restructuring production and consumption patterns to adopt CE-driven
practices is insufficient to ensure a transition to a more sustainable economy, as long as production decisions remain

driven by private interests.
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Research question statement: This contribution emphasises the need for macroeconomic tools to assess the impacts of

CE policies on society, the economy, and the ecosystem. It highlights the potential of combining input-output analysis

with stock-flow consistent modelling for effective simulation and comparison of CE strategies.



20.1 Introduction

The concept of Circular Economy (CE) has gained significant traction in both academic and
industrial spheres over the past decade. While transitioning towards a CE is intuitively associated
with a more sustainable society, there has been limited examination of its economic viability. To
address this gap, there is a need for macroeconomic tools that can assess the impacts of CE policies
on society, the economy, and the ecosystem. The field of ecological macroeconomics can fulfil this
requirement through various promising modelling approaches.

This chapter aims to achieve two objectives. Firstly, it provides a brief overview of the literature on
macroeconomic modelling advancements in addressing CE issues, with a focus on the most widely
used approaches and tools. Secondly, the chapter argues that combining input-output (IO) analysis
with stock-flow consistent (SFC) modelling represents one of the most promising methods to
simulate, evaluate, and compare CE strategies. To support this argument, the main features of a
simplified IO-SFC model for a multi-regional capitalist economy under different exchange-rate
regimes are presented and discussed. In this model, money is endogenously created, production is
driven by demand, and the macro-economy is divided into one or two regions and industries that
produce goods and services while generating waste and CO2 emissions.

Before a systematic in-depth investigation of many CE scenarios, our preliminary results indicate
that restructuring production and consumption patterns to adopt CE-driven practices alone is
insufficient to ensure the transition towards a more sustainable economy, as long as production
decisions remain driven solely by private interests. For instance, critical industries for the CE
transition may employ more men than women and thus reinforce, rather than weaken, the gender
income gap. Similarly, CE interventions restricted to the Global North may lead to economic losses,
unemployment, or over-extraction of natural resources in the Global South if the core-periphery
structure of the international division of labour is neglected. In sum, activist government action is
indispensable in planning a just transition to a circular economy, which cannot be left to market

forces alone.

20.2 1O models for CE analysis: the state of the art

Although the CE has garnered significant attention in scientific literature, a comprehensive
systematic review of key contributions on CE practices and strategies, along with their macro-level
or societal impact, has not yet been published. Notably, Bimpizas-Pinis et al. (2022) stands out as
an important exception, as the authors conducted a systematic analysis utilizing the SCOPUS
database. They identified nearly 50 thousand unique articles based on 22 relevant keywords. To

focus the literature, they selected papers that explicitly addressed macroeconomic modelling and/or
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provided an ex-post evaluation or ex-ante scenario analysis of CE interventions, along with an
assessment of the impact on socio-economic variables such as GDP, employment, prices, costs,
profits, and wages.

After this refinement process, a final dataset of 55 relevant studies was compiled. These studies can
be categorized into three main groups: (a) IO analysis with exogenous determination of final
demand (38 studies), (b) IO models with econometric estimation of the evolution of final demand (4
studies), and (c) Neoclassical models, including CGE models, dynamic stochastic general
equilibrium (DSGE) models, and some Integrated Assessment Models (IAMs) (13 studies)
(Bimpizas-Pinis et al., 2022).

It is worth noting that this review provides a comprehensive overview of the current literature on
macroeconomic modelling and its relationship to CE interventions and impacts, making it an

important reference for further research in the field.

20.2.1 Type I input-output models

Interestingly, the majority of IO-based Circular Economy (CE) publications assume an exogenous
determination of final demand, which can be referred to as type I input-output models. 10 analysis,
pioneered by Leontief (1936, 1941) and discussed by Miller and Blair (2009), is an analytical tool
that represents interdependencies among sectors or industries within a national or regional economy.
IO tables are compiled by national statistical offices and depict transaction flows in an inter-
industry table. An IO table shows the destination of sector-related outputs, which can serve as
inputs for other sectors in production or be purchased as final products or services by households,
firms, the government, or the foreign sector through consumption, investment, government
spending, and exports.

The benchmark Leontief IO model determines the quantity of total output needed to meet each level
of final demand based on relative prices and available technology. It enables the calculation of the
impacts of fluctuations in final demand and technological changes on total output. The benchmark
10 model relies on several fundamental assumptions: (i) constant returns to scale, meaning technical
coefficients do not depend on production scale; (ii) fixed proportions of factors of production
without substitution possibilities; (iii) use of a single technology per sector and production of a
single homogeneous product; (iv) no impact of price changes on final demand (zero price-elasticity
of demand); (v) absence of supply constraints on labour, capital, natural resources, and financial
constraints.

However, it is possible to combine IO analysis with other modelling frameworks that endogenize

final demand explicitly, such as: 10 models with econometrically estimated evolution of final
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demand (type b) and 10 models based on neoclassical principles like CGE models (type c¢). When
IO tables are integrated with environmental accounts, such as waste flows, emissions, or material
use, EEIO models and WIO tables can be derived. These models allow for the analysis of the
impacts of changes in technology and final demand on the broader ecosystem. EEIO analysis
combines conventional 10 tables (expressed in monetary units) with environmental variables
(emissions, waste, extraction, resource depletion) for each sector. These additional variables are
typically measured in physical units and included in satellite accounts. WIO explicitly introduces
waste treatment sectors (e.g., incineration, landfilling, recycling) in the columns of an IO table.
These sectors demand waste generated by productive sectors and final demand as inputs and
produce treated waste or recycled materials used as intermediate inputs by productive sectors.
Therefore, the 1O table is expanded in the rows. It is important to note that the total waste
generation per sector is net of recycled waste. Increased recycling reduces the waste generation
coefficient in each sector. Recycled materials, demanded as inputs by productive sectors, are
represented by positive coefficients in the recycling sector.

This methodology can be applied to various CE interventions, including but not limited to
alternative end-of-life strategies for electrical appliances, recycling, landfilling, and simple

shredding (Kondo and Nakamura, 2004; Nakamura and Kondo, 2006).

20.2.2 Type 1I input-output models

In type II or macro-econometric input-output (MEIO) models, the level and composition of final
demand are not exogenous but determined through econometric equations, with coefficients
estimated from observed data. Once the final demands are determined for each sector, total outputs
are defined using a standard Leontief 10 table, which operates on a quantity basis. MEIO models
are categorized as demand-driven models, in contrast to neoclassical CGE, DSGE, and standard
IAM approaches, which are supply-side models. MEIO models also econometrically determine
labour market variables such as hours worked, employment rate, participation rate, etc. These
variables are defined as functions of estimated real output, real wage costs, and other factors. Unlike
most CGE models, MEIO models do not assume neoclassical conditions. The economy does not
converge to a pre-defined equilibrium level of output, let alone full employment. Perfect rationality
and perfect competition are also rejected. Economic agents in MEIO models are assumed to operate
in imperfect markets under bounded rationality conditions.

Examples of MEIO models that address environmental issues include E3ME (Cambridge
Econometrics 2014), PANTA-RHEI (Meyer et al., 2007, 2012), and GINFORS (Giljum et al., 2008;
Distelkamp and Meyers, 2019). Overall, MEIO models tend to be optimistic about the possibility of

4



achieving green economic growth, even when considering rebound effects. It should be noted that
the demand-driven nature of these models implies that investment in new technologies associated
with CE practices will generally stimulate economic growth, at least during the transition phase.
Furthermore, the investigated CE practices in the reviewed papers typically involve high resource
efficiency. On closer examination, what is being modelled is an increase in productivity that,
coupled with the assumption of fixed mark-ups, influences prices. This, in turn, stimulates final
demand both directly (through the price effect) and indirectly (through the income effect). Similarly,
increases in recycling are linked to higher expenditures and employment requirements compared to
other forms of resource waste management, resulting in higher income and employment multipliers.
However, other CE strategies, such as product life extension or functional economy practices, are

likely to be less effective in terms of output and employment generation.

20.3 SFC models for CE analysis: bridging the gap
SFC models can be considered a specific class of system dynamics tools, primarily developed by
post-Keynesian macroeconomists since the early 2000s (Godley and Lavoie, 2006; Caverzasi and
Godin, 2015; Nikiforos and Zezza, 2017). In the last decade, SFC models have gained traction in
ecological macroeconomics due to their ability to integrate consistently and comprehensively the
flows and stocks of the economy and the ecosystem (Carnevali et al., 2019). This feature makes
them highly flexible and versatile for simulating, analyzing, and comparing alternative
environmental policy scenarios. However, one limitation is that SFC models only consider
aggregate output, neglecting the interdependencies between different industries.
Formally, SFC models are dynamical systems of discrete-time difference equations (or occasionally
continuous-time differential equations), where accounting identities are coupled with equilibrium
conditions and behavioral equations. These behavioral equations are typically based on post-
Keynesian principles, including the following: a) economic agents have target stock-flow norms
they aim to achieve; b) money is endogenously created by the banking sector; c¢) supply tends to
adjust to demand in the short and long run, rather than the other way around.
In theory, SFC behavioral equations can be based on any theoretical framework. Notably, despite
their focus on cost optimality, most CGE models are also stock-flow consistent, although they lack
the dynamic aspect. Additionally, unlike SFC models, CGE models usually concentrate on the real
economy and exclude the financial sector. While SFC models are often aggregative, they can also
be microfounded by deriving the emerging behavior of aggregate variables from the interaction of
heterogeneous agents (AB-SFC) (Caiani et al., 2016) or mesofounded by explicitly considering the
10 structure of the production sector (IO-SFC) (Berg et al., 2015).

5



SFC analysis is particularly well-suited to capture the dynamic interactions between the economy
and the environment (Dafermos et al., 2017, 2018), as similar theoretical models are already
widespread in the natural sciences in the form of system dynamics models. SFC models offer a
promising alternative to standard neoclassical tools (such as CGE models) for analyzing the
institutional interaction between the economy and the ecosystem. However, there have been few
applications of such models to test and compare CE practices, with exceptions being Veronese
Passarella (2022) and Genovese et al. (2023). One reason for this is that standard SFC models only
consider aggregate output and overlook the vertical interdependencies between different industries.

Nevertheless, some hybrid IO-SFC models have been developed in recent years (Berg et al., 2015;
Valdecantos and Valentini, 2017) that can be used to model the transition towards a CE system. The
remainder of this chapter is based on the prototype I0-SFC model developed by Veronese
Passarella (2022) and Genovese et al. (2023), which is used to test a simple CE experiment in a

single-country economy and a two-country or two-area economy, respectively.

20.4 Main features of the model

Although IO-SFC models are still uncommon in macroeconomics and ecological economics,
progress has been made in recent years. Veronese Passarella (2022) and Genovese et al. (2023)
have transformed a standard aggregative SFC model (based on Godley and Lavoie, 2007) into
meso-founded models that incorporate the endogenous creation of both fiat money and bank money.
These models also feature market prices adjusting to Sraffa-like reproduction prices, and they
disaggregate the economy both vertically (social sectors) and horizontally (production industries).
Both models share the same theoretical assumptions and analytical structure. The main difference is
that Veronese Passarella (2022) focuses on the impact of CE innovations on the domestic economy,
while Genovese et al. (2023) extend the analysis to a two-area economy, explicitly considering the
effects of cross-border trade and portfolio investment. In this section, we discuss the key findings
associated with a CE innovation in a single-country model and then examine its implications for a
multi-country economy.

Each national economy considered consists of five domestic macroeconomic sectors: a) households
(which are further divided into wage earners and rentiers); b) private production firms; c) the
government sector; d) commercial banks; and e) the central bank. The single-country model also
includes a stylized foreign sector, which tracks trade and financial flows with the rest of the world.
In the two-area model, each country shares the same institutional structure, and there are no barriers
to trade or restrictions on capital flows. Households receive both labour incomes (wages) and
capital incomes (profits and interest payments) and purchase consumption goods based on their
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disposable income and net wealth. Household savings consist of cash (currency), bank deposits, and
government bills. The baseline scenario involves three industries (manufacturing, agriculture, and
services) where firms produce three outputs (and waste) using the same products as inputs. For
simplicity, real supplies always adjust to real demands, and firms do not hold inventories. However,
firms accumulate fixed capital and finance their production plans through bank loans. As mentioned,
corporate incomes are entirely distributed to households. Bank deposits are created as long as banks
grant loans to firms and/or upon demand, while cash is issued by the central bank when the
government sector runs budget deficits and/or commercial banks obtain advances.

Both models are coded and simulated in an R environment. Model parameters and exogenous
variables have been selected to approximate the baseline scenario discussed by Vallés Codina and
Fevereiro (2022). Initial values for endogenous variables are set to zero, and simultaneous solutions
for endogenous variables have been obtained through 100 iterations per period. The economy is set
in motion by an initial expenditure from the government sector. Private firms produce goods and
services based on demand, leading to an increase in output, disposable income, consumption,
investment, and imports (and exports). The economy experiences growth following the initial shock
and eventually stabilizes at a new steady state, where private consumption equals disposable income
and the stock of net wealth remains unchanged (ensuring that households achieve their target
wealth-to-income ratio). Economic activity results in the production of waste and CO2 emissions.
The models also consider its impact on the functional distribution of income and gender segregation
in the labour market, accounting for variations in the share of female workers across industries
(assuming that the female labour force is uniformly distributed across industries in both the baseline
scenario and the experiments discussed here).

Tables 1 and 2 depict the balance sheets of the single-country model and the two-area model,
respectively. Tables 3 and 4 present the corresponding transaction-flow matrices. Figure 1 and
Figure 2 illustrate cross-sector (and cross-area) payments and their effects on financial stocks,
confirming the integrity of the models (where every payment originates from somewhere and goes
to somewhere, and any changes in financial assets/liabilities of one sector are matched by opposite
changes in financial assets/liabilities of other sectors). Lastly, tables 5 and 6 and figure 3 display the
input-output matrix of each domestic economy and the flows of inputs across industries in the

single-country model.

20.5 CE innovations in IO-SFC models: preliminary findings
The term ‘circular economy’ (CE) refers to a set of policies and practices aimed at reusing,
repairing, sharing, and recycling products and resources to establish a closed-loop system, thereby
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minimizing waste, pollution, and CO2 emissions (Bimpizas-Pinis et al., 2021). One way to
introduce a CE innovation in the aforementioned model is to consider a domestic economy with
four industries. The first three industries produce goods and provide services (e.g., manufacturing
goods, agricultural goods, and administrative services), while the fourth industry focuses on waste
recycling. Specifically, a CE innovation involves changes in the matrix of technical coefficients,
resulting in the following:
- Reduction in the quantities of manufacturing and agricultural products and services used as
inputs within the same industries.
- Incorporation of recycled waste into the production processes of manufacturing and
agricultural goods and the provision of services.
- Utilization of manufacturing and agricultural products and services as inputs in the waste
recycling industry.
Regarding the source of the shock, the model assumes that technical change (i.e., the new or target
coefficients) is influenced by policy makers. Additionally, the average speed at which technical
coefficients converge to their target values is defined as a linear, positive function of government
expenditures (as discussed in Veronese Passarella, 2022). In the following subsections, we will
explore the implications of CE-oriented government spending in a single-country model and a two-

area model, considering two different exchange rate regimes.

20.5.1 Single-country model

Figure 4 illustrates the impact of a CE innovation, triggered by increased government spending, on
relative prices. Specifically, the adoption of new production techniques creates a fresh market for
‘recycled waste’, leading to a gradual increase in its unit price over time. In contrast, prices of other
products and services decline. As expected, the combination of higher government spending and
lower consumer goods prices results in an increase in real disposable income and consumption.

The improved production efficiency achieved using recycled waste as an intermediate good reduces
the demand for traditional inputs such as manufacturing and agricultural products, as well as
services. However, CO2 emissions initially increase due to the overall increase in output, including
recycled waste. Nevertheless, the use of more efficient techniques and the lower energy intensity
assumed in waste recycling eventually lead to a reduction in emissions compared to the baseline
scenario, particularly in the long run when the net product stabilizes and total output even declines.
In our preliminary experiment, the temporary nature of the rebound effect is specific to the chosen

parameter values. Additional experiments demonstrate that the increase in CO2 emissions can be



long-lasting (for a comprehensive discussion on rebound effects, refer to Zink and Geyer, 2017; and
Bimpizas-Pinis et al., 2021).

Shifting focus to social variables, Figure 5 reveals that, all else being equal, the functional income
distribution becomes more favourable to workers due to two opposing effects coming into play. On
one hand, the higher stock of government debt leads to increased interest payments to rentiers,
which influences the wage share of total income. On the other hand, the recycling industry is
assumed more labour-intensive than traditional industries, and this effect prevails. Gender income
inequality, however, remains unchanged, although female employment increases in absolute terms.
Once again, this outcome is driven by the higher labour intensity of the new recycling industry.
Income inequality in terms of class and gender would increase in the case the new recycling

industry had a lower labour intensity and a lower share in female employment.

20.5.2 Two-area model with fixed exchange rate

Figure 5 illustrates the impact of a CE innovation triggered by increased government spending on
selected variables in a 2-area economy model. The innovation only takes place in Area 1, and the
currency exchange rate between the two areas is fixed: this scenario is critical as it applies to single-
currency areas with regional economic diversity, such as the European Union, or the EU or the US
with countries that maintain a fixed peg with the euro or the US dollar, such as Western Africa (e.g.
the Financial Community of Africa, CFA) or China, Lebanon, Argentina, and Ecuador (which can
also be considered as semi-floating in the next section). Despite the increase in government
spending (quadrant (a)), the import of Area 1 falls sharply (quadrant (b)) due to the decline in the
demand for (foreign) inputs due to the CE decrease in input requirements in production (quadrant
(e)) and the trade balance becomes positive (quadrant (b)). The economy grows, and so does female
employment, following total employment (quadrant (f)). The stock of accumulated waste reduces
due to both recycling and the higher efficiency of domestic production processes (quadrant (g)).
Despite the higher ecological efficiency, industrial CO, emissions peak in the short run, although
they fall below the initial level in the medium run (quadrant (h)). The same goes for CO;

concentration in the atmosphere (quadrant (i)).

20.5.3 Two-area model with (semi) floating exchange rate

Figure 6 illustrates the impact of a CE innovation in Area 1 when the currency exchange rate
between the two areas is free to adjust based on cross-country trade and capital flows (semi-floating
exchange rate regime). The main difference compared to the previous case is that, this time, the

initial fall in imports (e.g. an improvement in the trade balance) leads to an appreciation of Area 1’s
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In Godley’s model, UK is Area 1 and US is Area 2, being Area 2 the provider of world money. Are we thus investigating effects of the CE innovation in the area without currency sovereignty?


currency (quadrant (d)) and a slight decrease in economic output (i.e. GDP). This new effect, in turn,
affects exports negatively, so that the net trade balance actually becomes negative (quadrant (b))
despite the reduction in the demand for inputs from Area 2. Some minor differences in contrast to
the fixed exchange-rate regime occur on both ecological and social variables: employment, waste,
and emissions all grow less than they would have under a fixed exchange rate regime, due to the
negative impact of currency appreciation on the trade balance and, consequently, the output of Area
1. It should be noted that this also implies a larger share of world production taking place in Area 2,
the area that has not introduced any CE innovation. While this paradoxical effect is negligible in
this simple example, it may have relevant implications when considering a more complex scenario
(Carnevali et al., 2020). At this stage, the scenarios investigated are substantially stylized, so that

the actual size of each effect will become clear when empirically calibrated with their actual values.

20.6 Final remarks

The CE paradigm has gained momentum in both academic and industrial circles in the last decade.
Despite the intuitive association of a transition towards a CE with a more sustainable society, there
has been limited scrutiny about its economic viability. To address this, there is a need for
macroeconomic tools to assess the impacts of CE policies on society, the economy, and the
ecosystem. The field of ecological macroeconomics can fulfil this need through various promising
modelling approaches. The aim of this chapter was twofold. Firstly, it provided a short overview of
macroeconomic modelling developments addressing CE issues, focusing on the most widely used
approaches and tools. Secondly, we argued that the combination of 10 analysis with SFC modelling
is one of the most promising methods to simulate, assess, and compare CE strategies. In order to
support this, the main features of three IO-SFC models for a capitalist economy were presented and
discussed. Unlike standard SFC models, the proposed models allow dealing with cross-industry
interdependencies. Unlike traditional IO models, they allow endogenising technical innovations, by
linking the changes in technical coefficients with other variables — such as policy decisions, the
evolution of demand conditions, portfolio decisions, and the change in the ecosystem. As a result, a
variety of feedback effects can be explicitly modelled. The simple exercises proposed here
confirmed that the transition towards a CE system could not rely on higher production efficiency
only, due to rebound effects. Its impact on social variables is also ambiguous, as it depends on
several factors (such as foreign trade and financial flows), some of which are not under the direct

control of the policy makers in a market economy.
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Tables and figures

Households Firms Government Banks Central Bank Foreign sector  Total
Money 4650 0.00 0.00 0.00 -46.5 000 000
Advances 000 000 0.00 0.00 0.0 0.00 000
Deposits 27270 000 000 -272.70 0.0 0.00 000
Loans 0.00 -36.64 000 3664 0.0 0.00 000
Bills 3547 000 -367.63 236.06 465 4961 000
Capital stock 000 3664 0.00 0.00 00 000 3664
Net financial wealth -35466 000 36763 0.00 0.0 -49.61 -36.64
Total 000 000 0.00 0.00 0.0 0.00 000

Table 2. Balance sheet in period t = 20, two-area model, baseline scenario

Table 1. Balance sheet in period t = 20, single-country model, baseline scenario

H1 F1 G1 B1 CB1 xr H2 F2 G2 B2 CB2 Tot
Money T8.46 0.00 0.00 000 -7846 1 7827 0.00 0.00 0.00 -78.27 0.00
Advances 0.00 0.00 0.00 000 000 1 0.00 0.00 0.00 0.00 0.00 0.00
Deposits 49273 0.00 000 49273 000 1 47960 0.00 0.00 -47960 000 0.00
Loans 0.00 121.88 0.00 12188 000 1 0.00 -122.57 0.00 12257 0.00 0.00
Area 1 Bills 2246 0.00 -481.55 37084 7338 1 1486 0.00 0.00 000 0.00 0.00
Area 2 Bills 15.22 0.00 0.00 000 507 1 2182 000 -477.42 35702 7827 0.00
Capital stock 0.00 121.88 0.00 000 000 1 0.00 12257 0.00 0.00 0.00 24446
Net financial wealth -608.87 0.00 481.55 000 000 1 -594.56 0.00 47742 0.00 000 -24446
Total 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00

Table 3. Transactions-flow matrix in period t = 20, single-country model, baseline scenario

Households Firms (current) Firms (capital) Government Banks CB Foreign Total
Consumption -523.70 523.7 0.00 000 000 000 000 0
Investment 0.00 11.07 -11.07 000 000 000 0.00 0
Government spending 0.00 18017 0.00 -180.17  0.00 0.00 0.00 0
Export 0.00 73.34 0.00 0.00 000 000 -73.34 0
Import 0.00 -T8.83 0.00 000 000 000 7883 0
[Value added] 0.00 [709.45] 0.00 000 000 000 0.00 0
Wage bill 32217 -32217 0.00 0.00 000 0.00 0.00 0
Corporate profit 384.85 -384.85 0.00 000 000 000 0.00 0
Amortization 0.00 -1.35 135 000 000 000 000 0
Bank profit 4.68 0 0.00 0.00 -468 0.00 0.00 0
Tax revenue -143.07 0 0.00 14307 000 000 000 0
Interests on deposits 468 0 0.00 0.00 -468 0.00 0.00 0
Interests on loans 0.00 -1.08 0.00 000 108 000 0.00 0
Interests on bills 1.22 0 0.00 -11.19 828 0.00 1.70 0
Change in money stock -5.94 0 0.00 000 000 694 0.00 0
Change in advances 0.00 0 0.00 000 000 000 0.00 0
Change in deposits -38.80 0 0.00 0.00 3880 000 000 0
Change in loans 0.00 0 9.72 0.00 972 0.00 0.00 0
Change in bills -5.08 0 0.00 4829 -2908 694 -719 0
Total 0.00 0 0.00 000 000 000 0.00 0

Table 4. Transactions-flow matrix in period t = 20, two-area model, baseline scenario



H1 Ficum) Fi(kap)  G1  B1 CBA xri H2  F2(curr) F2(kap) G2 B2 CB2 Tot

Consumption -784.70 7847 0.00 0.00 000 000 1 -77948 77948 0.00 000 000 000 O
Investment 0.00 609 609 000 000 000 1 0.00 613 613 000 000 000 O
Govemment spending 0.00 180.2 0.00 -180.20 0.00 000 1 0.00 180.2 0.00 18020 000 000 O
Export of Area 1 0.00 3217 0.00 000 000 000 1 0.00 -32.17 0.00 000 000 000 O
Import of Area 1 0.00 -30.07 0.00 000 000 000 1 0.00 30.07 0.00 000 000 000 O
[Value added] 0.00 [973.09] 0.00 0.00 0.00 000 1 0.00 [963.72] 0.00 000 000 000 O
Wage bill 576.11  -576.11 0.00 000 000 000 1 47215 47215 0.00 000 000 000 O
Corporate profit 38601 -386.01 0.00 000 000 000 1 48054 -48054 0.00 000 000 000 O
Amortization 0.00 -5.09 5.09 0.00 000 000 1 0.00 £6.13 6.13 000 000 000 O
Bank profit 9.82 0 0.00 000 -982 000 1 961 0 0.00 000 -961 000 O
CB profit 0.00 0 0.00 314 000 -314 1 0.00 0 0.00 313 000 -313 O
Tax revenue -196.88 0 0.00 19688 0.00 000 1 -194.96 0 000 19496 000 000 O
Interests on deposits 9.82 0 0.00 000 -982 000 1 9.61 0 0.00 000 -961 000 O
Interests on loans 0.00 -4.88 0.00 0.00 488 000 1 0.00 -49 0.00 000 490 000 O
Interests on Area 1 bills 0.90 0 000 -19.28 1477 302 1 0.60 0 0.00 000 000 000 O
Interests on Area 2 bills 061 0 0.00 000 000 012 1 0.87 0 000 -1905 1432 313 0O
Change in money stock 0.00 0 0.00 0.00 000 000 1 0.00 0 0.00 000 000 000 O
Change in advances 0.00 0 0.00 0.00 000 000 1 0.00 0 0.00 000 000 000 O
Change in deposits -1.58 0 0.00 000 158 000 1 1.02 0 0.00 000 -102 000 O
Change in loans 0.00 0 0.00 0.00 000 000 1 0.00 0 0.00 000 000 000 O
Change in Area 1 bills 0.07 0 000 -054 -158 215 1 0.03 0 0.00 000 000 000 O
Change in Area 2 bills 0.04 0 0.00 000 000 -215 1 0.01 0 0.00 116 102 000 O
Revaluation effects 0.00 0 0.00 0.00 000 000 1 0.00 0 0.00 000 000 000 O
Total 0.00 0 0.00 000 000 000 0.00 0 0.00 000 000 000 O

Notes: H = households; F = private firms; G = government; B = banks and financial intermediaries; CB = central bank; xrl =

exchange rate; 1 = Area 1; 2 = Area 2.
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Table 5. Input-output matrix in period t = 20, single-country model, baseline scenario

Manufacturing Agriculture Services Recycling

Total Final demand Total output

Manufacturing (production)
Agriculture (production)
Services (provision)

Recycling (production)

Value added

~ Compensation of employees
~ G.0. surplus & mixed incomes
Import (production)

Total output

67.72 67.70 67.74 0
67.72 67.70 67.74 0
67.72 67.70 B67.73 0
0.00 0.00 0.00 0
236.48 23643 236.53 0
107.39 107.37 107.42 0
129.09 12007 12912 0
11.82 11.82 11.82 0
451 47 45137 45157 0

203.16 248.31 451.47
203.16 2482 451.37
203.15 248.41 45157
0.00 0 0
709.45
566.38
143.07
35.47 -35.47
1354 40 700 .45 1354 4

Table 6. Extended input-output matrix in period t

scenario

20,

single-country model, baseline

Manufacturing Agriculture

Services Recycling

Total

Disposable labour income 85.91 85.89 85.93
Disposable capital income 105.60 105.58 1056.62
Functional income inequality 019 0.19 019
Total employment 536.96 53683 537.08
~ Male employment 268.48 268.42 26854
~ Female employment 268.48 26842 26854
Share of female employment 0.50 0.50 0.50
Waste production 220.90 22087 22092
Annual emissions of CO2 21.05 21.04 21.05

257.74
316.79
0.19
1610.87
805.44
805.44
0.50
66269
63.15

cooooo0Oo oo

Figure 1. Sankey diagram of cross-sector transactions and changes in stocks in t = 20, single-

country model
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Figure 2. Sankey diagram of cross-sector transactions and changes in stocks in t = 20, two-

area model

Figure 3. Sankey diagram of cross-industry input-output interdependencies in after CE

innovation, single-country model
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Figure 4. Selected variables after CE innovation, single-country model
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Figure 5. Selected variables after CE innovation, two-area model, fixed exchange rate
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Figure 6. Selected variables after CE innovation, two-area model, floating exchange rate
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