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— JUST2CE = A Just Transition to the Circular Economy

— It is a EU-funded project proposing an alternative way to looking at CE

— Most projects have focused on how to produce circularity. JUST2CE focuses
on what (democracy, participation, gender, global justice)
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INTRODUCTION: WHAT IS JUST2CE?

JUST2CE = A Just Transition to the Circular Economy

It is a EU-funded project proposing an alternative way to looking at CE

Most projects have focused on how to produce circularity. JUST2CE focuses
on what (democracy, participation, gender, global justice)

Two main milestones / deliverables linked with WP5:

o a systematic review of current literature on macroeconomic models for
assessing the transition towards a CE

o a formal model (or set of models) to simulate and compare alternative
CE policies and transition scenarios
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1) DSGE (and growth) models. PROS: mainstream tool, simple story.
CoNs: too “small”, unique optimal equilibrium

2) CGE models (and |IAMs). PROS: several variables, cross-industry
interdependencies. CONS: unique optimal equilibrium

— Is there an alternative? Yes, there are two:

1) Leontief |O models. PROS: several variables, cross-industry
interdependencies. CONS: static, poor financial side

2) SFC models. PrROs: dynamics, finance. CONS: homogeneous output

— In principle, we can disaggregate SFC models by crossbreeding them with 10
models... (Hardt and O'Neill 2017)
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cus on (transition towards) CE, no cross-area effects

d aim:

bridge the gap by developing a benchmark 2A-10-SFC model (and
related codes)

To assess the impact of a variety of CE innovations on the econor
the society and the ecosystem JU%TZQE -
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METHOD

a) Macro frame taken from standard SFC models (Godley and Lavoie 2007):

o Five domestic sectors: households, production firms, government,
commercial banks, central bank

o Six assets: cash, bank deposits, domestic T-bills, foreign T-bills,
domestic shares, foreign shares (4 advances from CB)

o Both loans to firms and personal loans

o Fixed capital and durable goods, but no inventories

b) Simple 10 structure — 4+1 industries: agriculture, manufacturing, services,
waste management, recycling

c) ldentification: Exiobase (EU vs RoW) / literature / calibration (steady state)
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ASSETS AND LIABILITIES

TABLE 1: Balance-sheet matrix in period 20 (curr. p., EU currency)

EU RoW

H F G B B xr H F G B B Tot
Money 83.13 0 0 0 -83.13 1 270.40 0 0 0 -270.4 0
Advances 0 0 0 0 0 1 0 0 0 0 0 0
Deposits 554.25 0 0 -554.25 0 1 2163.29 0 0 -2163.29 0 0
Loans -110.50 -371.11 0 481.61 0 1 -424.54 -1658.9 0 2083.44 0 0
EU bills 87.81 0 -255.42 72.64 66.27 1 28.70 0 0 0 0 0
RoW bills 26.34 0 0 0 16.86 1 287.02 0 -680.47 79.85 270.4 0
EU shares 219.53 -248.23 0 0 0 1 28.70 0 0 0 0 0
RoW shares 17.56 0 0 0 0 1 516.64 -534.2 0 0 0 0
Capital stock 0 619.34 0 0 0 1 0 2193.1 0 0 0 2812.45
Net financial wealth -878.13 0 255.42 0 0 1 -2870.21 0 680.47 0 0 -2812.45
Total 0 0 0 0 0 0 0 0 0 0 0

MODEL
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TRANSACTIONS AND A IN STOCKS

TABLE 2: Transactions-flow matrix in period 20 (curr. p., EU currency)

EU RoW
H F () F (k) 3 5 8 xr H F(y) F (k) G 5 = Tot
Consumption 83132 83132 o o 3 0 1 -2703.96 2703.96 o o 0 0 o
Investment 0 21226 -154.84 57.42 0 0 1 o 92348 -657.93 265,55 0 0 o
Government spending 0 26991 0 -269.91 0 0 1 0 766.98 0 766,98 0 0 0
Export of EU 0 21708 0 0 0 0 1 0 21708 0 0 0 0 0
Import of EU 0 213 0 0 0 0 1 0 213 0 0 0 0 0
[ Value added | 0 [19575] 0 0 0 0 1 0 [4018.28] 0 0 0 0 o
Wage bl 61474 -614.74 o o 3 0 1 1976.22 197622 o o o 3 o
Corporate profit 41420 41875 o o o 0 1 133891 -1334.36 o o 0 0 o
Amortization 0 15484 15484 o 0 0 1 o 65793 65793 0 0 0 o
Bank profit 481 o 0 o 481 0 1 4245 0 o o 4245 0 o
B profit 3 o o 100 3 100 1 o 0 o 541 0 541 o
Income tax revenue 207.18 o 0 207.18 0 0 1 -668.56 0 o 668.56 0 0 o
VAT revenue 0 -102.00 0 102,09 0 0 1 0 35269 0 35260 0 0 o
Tariffs revenue 0 1973 0 1936 0 0 1 0 1936 0 1973 0 0 o
Interests on deposits 554 o 0 0 554 0 1 2162 0 0 0 2162 0 0
Interests on loans. 220 742 0 0 963 0 1 1271 4977 0 0 6248 0 o
Interests on EU bills 088 o 0 255 ] 0.66 1 029 0 0 0 0 0 o
Interests on RoW bills 053 o o o 0 034 1 574 0 o 361 160 541 o
Change in money stock 3 o o o 3 0 1 o 0 o o 0 3 o
Change in advances 0 o 0 0 0 0 1 0 0 0 0 0 0 o
Change in deposits 031 o 0 0 031 0 1 094 0 0 0 0.04 0 0
Change in loans 031 0 0 0 031 0 1 094 0 0 0 094 0 0
Change in EU bill 0 0 0 025 0 025 1 0 0 0 0 0 0 0
Change in RoW bills 0 o 0 0 0 025 1 0 0 0 025 0 0 o
Change in EU shares 3 o o 0 0 0 1 o 0 0 0 0 0 o
Change in RoW shares 0 o o o o o 1 o 0 o 0 0 0 o
Revaluation effects 1 o
Total 0 o 0 0 0 0 0 0 0 0 0 0 o
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CROSS-INDUSTRY INTERDEPENDENCIES

TABLE 3: Baseline: 10 matrix in period 20 (curr.

p., EU

currency)

Ain EU M in EU Sin €U Win EU R in EU Ain RoW M in RoW S in RoW. W in RoW. R in RoW Final demand Output
Agrculture in EU 503 286 243 001 005 024 103 045 ool o 208 014
Manufacturing in EU 138 0585 98.08 12 742 165 w32 166 014 029 48015 96611
Services in EU 863 16766 38789 236 628 016 1350 567 016 01 ao1.13 150723
Waste manag. in EU 025 356 a17 128 037 007 023 021 oo o 0 1016
Recyciing in EU 013 18 192 009 Lot 001 248 022 0 004 0 278
Agrculture in RoW 098 271 o067 o 003 05 156.01 2602 021 012 169.45 3034
Manufacturing in RoW 196 584 1496 014 262 s10s 176135 as5.15 533 52 156039 40569
Services in RoW 039 1249 17 015 04 5646 7 124455 2 354 262604 75139
Waste manag. in RoW 002 02 009 002 oo 284 188 2087 205 01 0 8
Recycling in RoW o 029 0o 0 002 087 67 049 002 11 3 1048
Value added

= Compensation of employee 573 16352 46292 19 405 11180 s07.12 18335 1100 264 270457
- G.0. surplus and mived inc.s 2563 19513 s029 200 61 13237 aa6.32 153098 1155 114 325063
Taxes on production o 3 o o 3 3 o o o o

Output 6014 965.11 150723 1016 2478 405,69 3034 475739 318 1448 5955.10
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AREA-SPECIFIC PHYSICAL FLOWS

TABLE 4: Physical flow matrix in period 20 (matter = Gt, energy = EJ)

EU matter RoW matter Global matter EU energy RoW energy Global energy

Inputs

Extracted matter 317.86 2141.84 2459.7

Recycled matter 7.72 55.3 63.03

Renewable energy 0 1176.34 1461.97 2638.31

Non-renewable energy 17.37 23.33 40.7 7204.01 8980.65 16184.66
Oxygen 46.37 62.3 108.66

Outputs

Industrial COy emissions -63.73 -85.63 -149.36

Discarded stock -28.34 -276.51 -304.84

Dissipated energy -8380.36 -10442.61 -16760.72
A in socio-economic stock 297.24 1920.64 2217.88

Difference 0 0 0 0 0 0

MODEL
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(GLOBAL PHYSICAL STOCKS AND RELATED CHANGES

TABLE 5: Physical stock-flow matrix in period 20 (matter = Gt, energy = EJ)

Material reserves Energy reserves COy concentration Socio-economic stock
Initial stock 9451266.99 -201040.39 2101.05 40831.85
Resources converted into reserves 193156.73 1536.04
COy emissions 149.36
Production of material goods 2522.72
Extraction/use of matter/energy -2459.7 -16184.66
Distruction of socio-ec. stock -304.84
Final stock 9647311.66 -197232.48 24424 37174.38
Difference 0 0 0 0
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SELECTED EQUATIONS: HOUSEHOLDS

- Total “real” consumption in each area is:
YDz
E(p3)

vz,

Lz YD .
Pa 1

c=ai- .
' > E(p3)

z
+ o3
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SELECTED EQUATIONS: HOUSEHOLDS

- Total “real” consumption in each area is:

;2. Y0, o YDE
c“=a] =5 t«

YUE(pa) 2 E(pa)

vz,

: Z
Pa,—1

(1)

4
+ a3

- Households' total disposable income in each area is:
YD?* = WB* + DIV* 4+ FB*+
o1 My i+ B, 1+ xrfy - rg,fl : B:,z,fl—’_ (2)
+ Axr” (B;c,z,—1 + Esf,z,—l) —rh 1L 1T
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SELECTED EQUATIONS: HOUSEHOLDS

- Total “real” consumption in each area is:
YD;,
E(pZ)

YD? vz
c z | 1
Epa) " hi
Pa Pa, 1

c=af-

(1)

z
+ a5 -

- Households' total disposable income in each area is:
YD?* = WB* + DIV* 4+ FB*+
o1 My i+ B, 1+ xrfy - rl:,fl : Bsf,z,fl—’_ (2)
+ Axr” (Bsf,z,—l + Esf,z,—1) —rh 1L 1T

where the apex indicates the origin of the security, while the subscript
indicates its destination.
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SELECTED EQUATIONS: HOUSEHOLDS

- Total “real” consumption in each area is:

YD?
E(p3)

YD? vz

c z 1
2y T3 2

E(PA) Pa,—1

c=af-

z
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(1)

- Households' total disposable income in each area is:
YD? = WB? + DIV? + FB*+
o1 My i+ B, 1+ xrfy - rl:,fl : Bsf,z,fl—’_ (2)
+ Axr’ (Bsf,z,—l + Esf,z,—1) —rh 1L 1T
where the apex indicates the origin of the security, while the subscript
indicates its destination.

- Households' net wealth is:

VE— vz, 4 vDF— = p: JUST2CE [l
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SELECTED EQUATIONS: FIRMS (CURRENT)

- Let us consider a 10 x 10 global production. The final demand vector of EU

is:
ﬂz z z f z
1 41 01 M,z m

&= |-+ g+ 0 |goviH| 1 |rexpt—| 1 | -imp?
z z z f z
Blo L10 010 Ut 10

(4)
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SELECTED EQUATIONS: FIRMS (CURRENT)

- Let us consider a 10 x 10 global production. The final demand vector of EU

is:
f
&5 G of M,z Ui
&= |-+ g+ 0 |goviH| 1 |rexpt—| 1 | -imp?
f'
Blo %o o710 Ut Mo
(4)
- The gross output vector is:
a1 -t 41,10
X¥=A-x*+d"=(1-A)"t.d° with-A=| .. - . (5)
dp,1 cc 410,10
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SELECTED EQUATIONS: CONSUMER CHOICES

- The share of manufacturing products to total consumption is stable:

Bi =B (6)
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SELECTED EQUATIONS: CONSUMER CHOICES

- The share of manufacturing products to total consumption is stable:
pi =61 (6)
- The share of services to total consumption increases as disposable incomes
(expressed in real terms, using the price of services) increase:
z z

V4 V4 V4 YDW,—]. V4 YDC,—].
B3 =05_1+055 — + 05— (7)
P31 P31
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SELECTED EQUATIONS: CONSUMER CHOICES

- The share of manufacturing products to total consumption is stable:
pi =61 (6)
- The share of services to total consumption increases as disposable incomes
(expressed in real terms, using the price of services) increase:
z z

z z z YDW,—l z YDC,—I
B3 =05_1+0851 — + 05— (7)
P33 P31

re of agricultural products is calculated residually, and tends to
as the economy grows:

Bs=1-p{—p3 (8)
B3 > 0.
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SELECTED EQUATIONS: FIRMS (CAPITAL)
to output ratios:

- The target stock of fixed capital depends on industry-specific

k= =p7T, - [h" O (x*; + xf—l)] :

Z
Pi 1
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SELECTED EQUATIONS: FIRMS (CAPITAL)

- The target stock of fixed capital depends on industry-specific
to output ratios:

k= =p7T, - [h" O (x*; + xf—l)] S
Pi 1

The real gross investment is:

ig =" (K7 = kEq) + 0% Ky (10)
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SELECTED EQUATIONS: FIRMS (CAPITAL)

- The target stock of fixed capital depends on industry-specific
to output ratios:

k= =p7T, - [h" O (x*; + xf—l)] :

Z
Pi 1

The real gross investment is:
5=~ (K" — k%) + 6% k%4 (10)
- The end-of-period stock of bank loans is defined residually:
F=Lg _1+ig-pf — AF* — FF; — AEZ (11)

where:

AF? = 6% Ky pf — KB jetocE ®|

st Tanson t Cicver Esnomy
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SELECTED EQUATIONS: COMMERCIAL BANKS

- The supply of bank loans is:

[2=1%+ 13
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SELECTED EQUATIONS: COMMERCIAL BANKS

- The supply of bank loans is:

[2=1%+ 13

- where the demand for personal loans is defined as:

F=Lhoy- (L= 9f) +max[c? - pi — YD? 45 - A(p™T -dc”)]  (13)
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SELECTED EQUATIONS: COMMERCIAL BANKS
- The supply of bank loans is:

LZ=1LF+LF
- where the demand for personal loans is defined as:

- The supply of bank deposits is:

P =15y (1—4f) + max[c® - p§ — YD?,05 - A(p”T - dc?)]

M2 = M

(13)
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SELECTED EQUATIONS: LABOUR MARKET AND POPUL.

- The employment generated by demand of (domestic and foreign) industries
is:

N? = x3T . F = Z N? (15)
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SELECTED EQUATIONS: LABOUR MARKET AND POPUL.

- The employment generated by demand of (domestic and foreign) industries
is:
NF=xT P =" N (15)
- The available labour force in each area is:

POP* = POP?, & (I + gZ,,) + IMM? — IMM’ (16)

JUST2CE ) :

xxxxxxxxxxxx oGt Eccnomy
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SELECTED EQUATIONS: LABOUR MARKET AND POPUL.

- The employment generated by demand of (domestic and foreign) industries
is:
N =xT =" N7 (15)
- The available labour force in each area is:
POP* = POP?, & (I + gZ,,) + IMM? — IMM’ (16)
- Immigration inflow in each area is:

IMM? =7 0 © POPL, 497, Ounl ) 497,00 (why —wly) (17)
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SELECTED EQUATIONS: LABOUR MARKET AND POPUL.

- The employment generated by demand of (domestic and foreign) industries
is:
NF=xT P =" N (15)

The available labour force in each area is:

POP* = POP?, & (I + gZ,,) + IMM? — IMM’ (16)

Immigration inflow in each area is:

IMM? =7 0 © POPL, 497, Ounl ) 497,00 (why —wly) (17)

In each industry, the percentage of female workers (gender segregation) is:

z

Pf = Poj — P1j - (Wj - sz,—l) (18)
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SELECTED EQUATIONS: GOVERNMENT AND CB

- The government budget deficit in each area is:
DEF; = gov® - pg +rp 1 - BS _

Z _ T?— VAT? — TAR?

(19)
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SELECTED EQUATIONS: GOVERNMENT AND CB

- The government budget deficit in each area is:
DEF; = gov® - pg +rp 1 - BS _

- Therefore, the supply of government bills is:

Z _ T?— VAT? — TAR?

BZ = BZ_, + DEF?

(19)

(20)
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SELECTED EQUATIONS: GOVERNMENT AND CB

- The government budget deficit in each area is:
DEF; =gov® - pg+ 1y _q-Bi_1—F&% — T° — VAT* — TAR® (19)
- Therefore, the supply of government bills is:
By = B;_, + DEF; (20)

he amount of domestic bills held by the central bank of the first area is:

2 =AH? — AAZ — xrf . AB]

cb,z

cb,s,z
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SELECTED EQUATIONS: GOVERNMENT AND CB

- The government budget deficit in each area is:
DEF; =gov® - pg+ 1y _q-Bi_1—F&% — T° — VAT* — TAR® (19)
- Therefore, the supply of government bills is:
By = B;_, + DEF; (20)

he amount of domestic bills held by the central bank of the first area is:

2 =AH? — AAZ — xrf . AB] (21)

cb,z cb,s,z

pply adjusts to households' demand:
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SELECTED EQUATIONS: PRICES

- Firms use a mark-up rule. The unit price of production vector

pz*:WZQIZ_I_pz*'A@mz*@hcz!
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SELECTED EQUATIONS: PRICES

- Firms use a mark-up rule. The unit price of production vector

pz*zwz®lz+pz*'A®mz*®hczi

- However, market prices also depend on labour-constrained pot
vat and tariffs:

pr=[p +TZo (", —x=)] o ||| +75.+ 7L, (24)
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SELECTED EQUATIONS: PRICES

- Firms use a mark-up rule. The unit price of production vector,

PZ*ZWZ®|Z+pZ*'A®mZ*®h§

- However, market prices also depend on labour-constrained pot
vat and tariffs:

pP=[p" + 20 (%, —x)] o || | +7a + 7 (24)

- The consumer price index or average price of consumption is:

pi=p" B (25)
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SELECTED EQUATIONS: PORTFOLIO CHOICES

- Households' demand for domestic bills is:

z
Bh,z

\/z

Axrf
f
= Ao+ A11 - r§7_1 — A2 - (rb7_1 +—F ) A13 r;7_1 —

xr
f
f AXI‘
— A5 rg 1= A6 - (re,—l + 7

(26)
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V4

h

SELECTED EQUATIONS: PORTFOLIO CHOICES

- Households' demand for domestic bills is:
\/z

z
=Ao+A1-rp_1— A2-

Axrf

f

— =

(rb,—l + ot ) 13
Axrf

— A5 15 1 — A6 (r:,_l +

. rj,y_
xrf )
- Households' demand for cash is:

11—

z ___ z Z zZ
Hy =A¢-cZ1-pa
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SELECTED EQUATIONS: PORTFOLIO CHOICES

- Households' demand for domestic bills is:

z f
hz z f Axr z
Ve — Mot A g = A (rb,—l T ) Mmoo~ e
Axrf
F
— A5 rg 1= A6 - <re,_1 + 7

- Households' demand for cash is:
Hy = A ¢Z1 - Pa 1
- Bank deposits are the buffer stock:
M = V? 4L~ H; ~ B, Bf, — Ef,— Ef,

YD*
Vz

+
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SELECTED EQUATIONS: PORTFOLIO CHOICES

- Households' demand for domestic bills is:

Vﬁ’zz =Moo+ A1-rp 1 — A2 (fg,_l + %) — A3 1 — g ):/Dz-i-
Axrf
— A5 12 1 — A6 - < fe_1+t o >
(26)
- Households' demand for cash is:

Hy = A ¢Z1 - Pa 1 (27)

- Bank deposits are the buffer stock:
Mj = VZ + L — Hi — B;, — B} , — Ej, — Ef, (28)

- The redundant equation is:

V4 V4 zZ
- B Bs,z - Bs,f -

cbz

=] 5
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FICGURE 1. SANKEY DIAGRAM OF TRANSACTIONS (IN t = 20)
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FIGURE 2. CROSS-INDUSTRY INPUT-OUTPUT FLOWS (IN t = 20)
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FIGURE 3. PHYSICAL FLOWS OF MATTER AND ENERGY (IN t = 20)

40> «4F>» «=)» 4
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F1GURE 4. PrRoDUCT LIFE EXTENSION
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FIGURE 5. CLOSING THE SUPPLY CHAIN
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FINAL REMARKS

- The model provides a benchmark for other MA-IO-SFC models
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FINAL REMARKS

- What are we doing next?

- The model provides a benchmark for other MA-IO-SFC models
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FINAL REMARKS

- What are we doing next?

- The model provides a benchmark for other MA-IO-SFC models

a) Improve model solution and calibration method
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FINAL REMARKS

- The model provides a benchmark for other MA-IO-SFC models

- What are we doing next?

a) Improve model solution and calibration method
b) Make additional experiments
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FINAL REMARKS

- The model provides a benchmark for other MA-IO-SFC models

- What are we doing next?
a) Improve model solution and calibration method
b) Make additional experiments
c) Introduce other financial, social and ecological variables

:JHSTZS?"E [ B
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FINAL REMARKS

- The model provides a benchmark for other MA-IO-SFC models

- What are we doing next?

a) Improve model solution and calibration method

b) Make additional experiments
c) Introduce other financial, social and ecological variables
d) Explore other world-economy partitions

:JHSTZQHE [ B
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