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Broad Motivation

Observation #1: Green regulation is becoming more stringent and it fosters new markets

Observation #2: Green markets are opaque and rigid

Question #1: How do we think of the EU ETS system?
↪→ Model: a novel macrofinance model to properly price emissions & emission constraints
↪→ Data: an integrated dataset for the EU economy

Question #2: Can MacroFinTech help? Yes, with Green Coins.
↪→ Model: New benchmark brings us closer to the ‘EU’ first-best
↪→ Application: Green coins in the US economy [TBA].
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Contribution (so far)

Novel Model:
↪→ Setting Emission Trading System (ETS): ‘handy’ DSGE featuring:
1. both emission constraints & ESG-sensitive borrowing constraints;

2. co-existence of emission allowances & verified carbon credits.

↪→ Setting Green Coins (GCCB): ‘handy’ DSGE featuring Green Coin Central Bank.
1. Open Market Operations in the Green Coin market;
2. No more carbon credits.
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TERMINOLOGY



Actions about emissions

Limiting: reduce emissions by reducing use of (or improving) brown assets

Offsetting and Sequestering:

Definition: Green assets are natural/technological assets (projects) that offset or sequester CO2
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New Markets:

Voluntary/Verified Carbon Credits



Carbon Credits

Definition: Carbon Credits are measurable, verifiable emission reductions from certified projects that
represents 1 ton of carbon dioxide removed from the atmosphere. These projects reduce, remove or
avoid greenhouse gas (GHG) emissions. Verified by third-party agencies.



Verra I: the registry
Registry: The Verra ledger keeps track of both new and retired projects

VCU: Verified Carbon Unit = 1 CO2e with unique identifier [Example]

https://registry.verra.org/mymodule/rpt/CertificateInfo.asp?rhid=249595


Verra II: the Trading Scheme

Registry: The Verra ledger keeps track of holdings:

[...] VCUs are issued to registry account holders listed on the Verra Registry. Registry account holders
are companies or organizations which are interested in holding and transacting VCUs, and are typically
project developers, carbon credit brokers, or other entities involved in carbon markets. Registry
account holders must pass strict “Know-Your-Customer” background checks prior to opening an
account. Individuals may not open a registry account, and registry account holders are not
authorized to hold VCUs on behalf of individuals.
Ownership of VCUs can only be transferred between Verra Registry accounts. VCUs cannot be
transferred to other databases or traded as paper certificates.



Who is buying CO2 certificates?

Brown companies have an incentive to freely buy Carbon Credits in order to:

1. Improve ESG score / get a Net-Zero ‘status’

2. Obtain better credit rantings/cheaper financing

3. UK- , EU- and CA-based companies relax their need of Emission Allowances.



Who is buying CO2 certificates?

Brown companies have an incentive to freely buy Carbon Credits in order to:

1. Improve ESG score / get a Net-Zero ‘status’
2. Obtain better credit rantings/cheaper financing

3. UK- , EU- and CA-based companies relax their need of Emission Allowances.



Who is buying CO2 certificates?

Brown companies have an incentive to freely buy Carbon Credits in order to:

1. Improve ESG score / get a Net-Zero ‘status’
2. Obtain better credit rantings/cheaper financing

3. UK- , EU- and CA-based companies relax their need of Emission Allowances.



Is this ‘All Good’?

– Opaque market;
– EU ETS stricter requirements since 2021.
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Can we do better? More on the Supply Side

Private coins: easy to trade, scalable, but opaque



Can we do better? More on the Supply Side (II)

Potential solution: GreenTech = IoT + Blockchain (a central monitoring authority still required)



New Markets (II):

EU-ETS



Emissions Trading System

EU-ETS: visit Webpage
Key points:
1. Evolving over time (ETS, ETS2,...)

2. Cup and trade with *annual* auctions of Emission Allowances (1 AE = 1 Ton of CO2e)
3. Not storable after a year (4-month grace period), but tradeable
4. The registry is Here

https://climate.ec.europa.eu/eu-action/eu-emissions-trading-system-eu-ets_en
https://climate.ec.europa.eu/eu-action/eu-emissions-trading-system-eu-ets/union-registry_en
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A Model for ETS + VCC



The Green Authority: Mission
- The green authority observes declared Net Emissions:

NEt = λtYt︸︷︷︸
gross emissions

− Gt︸︷︷︸
declared offsets

,

where λt measures CO2 per unit of real GDP.

- A penalty is applied when net emissions exceed the Emission Allowances:

CEA
t = ϕEA

0 · exp
(
ϕEA
1

{
λtYt − EAt

Gt
− 1

})
· Zt−1,

which mimics the constraint NEt ≤ EAt .

- The authority follows a rule for the supply of emission allowances (to be auctioned):

EAs
t = exp(at) · Zt > 0 (1)

at = (1− ρa)(µa − ϕa · (st−1 − sss)) + ρaat−1 + σaϵa,t−j (2)

st = (1− δs)st−1 + (λtYt − G̃t︸︷︷︸
true offsets

)/Zt−1. (3)
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The Green Authority: Budget

- The green authority has a balanced budget:

pt · EAt + Tt = τg Igt + τ rBt Bt−1,

- pt price of one EA;
- Tt lump sum transfer;
- τg is a subsidy on green investment;
- τ rBt is the tax shield on corporate debt.



Brown Firm: Problem

Vt = max
Bt ,It ,Lt ,Gt ,EAt

Dt + Et(Mt+1Vt+1)

Dt = Yt −WtLt − It︸ ︷︷ ︸
neoclassical

−(1− τ)rBt Bt−1 +∆Bt − CE
t − CB

t︸ ︷︷ ︸
deviation from MM

− (pt · EAt + CEA
t )︸ ︷︷ ︸

cost of EA

− (pgtGt + CC
t )︸ ︷︷ ︸

cost of VCU

CC
t =

ζ

2

(Gt − G̃t)
2

Zt−1

Yt = (ZtLt)
1−αKα

t−1

Kt = (1− δ)Kt−1 +Ψ(It/Kt−1)Kt−1

CE
t = ϕ0 · exp

(
ϕ1

{
1− θtKt

Bt

})
· Zt−1 (mimics Bt ≤ θt · Kt)

CB
t = ηZt−1

(
Bt

Yt
− Bss

Yss

)2

θt ≡ θ

(
Gt

λtYt

)
; θ′(·) > 0
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Brown Firm: Optimality

- Brown Investment:

qt =
1

Ψ′
t

= Et

[
Mt+1

∂Vt+1

∂Kt

]
− ∂CE

t

∂Kt

∂Vt

∂Kt−1
=

∂Yt

∂Kt−1
+ qt

(
1− δ − Ψ′

t Ibt
Kt−1

+Ψt

)
︸ ︷︷ ︸

neoclassical

−(
∂CE

t

∂Kt−1
+

∂CB
t

∂Kt−1︸ ︷︷ ︸
deviation from MM

)− ∂CEA
t

∂Kt−1︸ ︷︷ ︸
EA distress

.

- Brown bonds:
∂CB

t

∂Bt
+

∂CE
t

∂Bt
=

τ · rf ,t
1 + rf ,t

.

- VCU versus EA prices:

pt = ϕEA
1 · C

EA
t

GPD
t︸ ︷︷ ︸

tightness of EA

; pgt = pt ·
λtYt − EAt

Gt︸ ︷︷ ︸
savings on EA

−∂CE
t

∂Gt︸ ︷︷ ︸
>0, savings on borrowing

−ζ · Gt − G̃t

Zt−1︸ ︷︷ ︸
<0
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Green Firm: Problem

Vgt = max
Igt ,Lgt

Dgt + Et(Mt+1Vg,t+1)

Dgt = pgtG
s
t − (1− τgt)Igt −WgtLgt → Green investment is subsidized.

Kgt = (1− δg )Kg,t−1 + H(Igt/Kg,t−1)Kg,t−1

G̃t = (ZgtLgt)
1−κKκ

g,t−1 → Reduction/abatement of GHGs depends on green assets

G s
t = ξt G̃t → Reported reduction/abatement of GHGs includes ‘cheating’

ξt = 1 + b0 exp(b1ϵξ,t) → Exogenous process, a constant for now
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Green Firm: Optimality

- Green Investment:

qgt :=
1− τgt
H ′

t

= Et

(
Mt+1

∂Vg,t+1

∂Kgt

)
∂Vgt

∂Kg,t−1
= pg,t

∂G s
t

∂Kg,t−1
+ qgt{1− δg + Ht − H ′

t · (Igt/Kg,t−1)}



The Representative Household

Ut =

[
(1− β)C

1− 1
ψ

t + β(Et [U
1−γ
t+1 ])

1− 1
ψ

1−γ

] 1

1− 1
ψ

, (4)

where

Ct = C̃t · χ (st−1) (5)

and χt accounts for climate damages and it is a function of net emissions. In this setting, the SDF is:

Mt+1 = β
χt

χt−1

(
Ct+1

Ct

)− 1
ψ

 Ut+1[
Et U

1−γ
t+1

] 1
1−γ

 1
ψ

−γ

. (6)



A Model with Green Coins



The Green Blockchain

- The blockchain mines Igt new coins & retires depreciated assets δKg,t−1

↪→ Total supply of green coins = Total mass of green assets in place ∀t.

- The per-period cost of running the blockchain is ωg Igt

- The owner of a coin:
1. receives a fraction 1/Kg of the green sector payout (like equity)
2. claims a fraction 1/Kg of total offsets, G̃ , paying the spot price pg
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The Green Authority: OMOs in the Green Coin Market
- The green authority holds a share Sgt−1 of the total mass of green coins Kgt−1.

- The total supply of offsets accessible to the brown sector is:

GP
t = G̃t · (1− Sg,t−1).

- The private sector is now subject to the following constraint:

NEt = λtYt︸︷︷︸
gross emissions

− G̃t(1− Sg,t−1)︸ ︷︷ ︸
private offsets

≤ Ā · Zg,t−1︸ ︷︷ ︸
emissions allowed

.

- The authority follows this rule:

Sgt =
exp(sgt)

1 + exp(sgt)
∈ (0, 1)

where
sgt = A0 + As(st−1 − sss) + Axϵx,t + Azϵz,t + Aλϵλ,t .

- The authority net payout is:
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Brown Firm: Problem

Vt = max
Bt ,It ,Lt ,G

PD
t ,EAt

Dt + Et(Mt+1Vt+1)

Dt = Yt −WtLt − It︸ ︷︷ ︸
neoclassical

− (1− τ)rBt Bt−1 +∆Bt − CE
t − CB

t︸ ︷︷ ︸
deviation from MM

− CEA
t︸︷︷︸

Cost of Net Emissions

− pgtG
P
t︸ ︷︷ ︸

cost of offsets

CEA
t = ϕEA

0 · exp
(
ϕEA
1

{
(λtYt − ĀZt)

Gt
− 1

})
· Zt−1

Yt = (ZtLt)
1−αKα

t−1

Kt = (1− δ)Kt−1 +Ψ(It/Kt−1)Kt−1

CE
t = ϕ0 · exp

(
ϕ1

{
1− θtKt

Bt

})
· Zt−1 (mimics Bt ≤ θt · Kt)

CB
t = ηZt−1

(
Bt

Yt
− Bss

Yss

)2

θt ≡ θ

(
Gt

λtYt

)
; θ′(·) > 0
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Brown Firm: Optimality

- Brown Investment:

qt =
1

Ψ′
t

= Et

[
Mt+1

∂Vt+1

∂Kt

]
− ∂CE

t

∂Kt

∂Vt

∂Kt−1
=

∂Yt

∂Kt−1
+ qt

(
1− δ − Ψ′

t Ibt
Kt−1

+Ψt

)
︸ ︷︷ ︸

neoclassical

−(
∂CE

t

∂Kt−1
+

∂CB
t

∂Kt−1︸ ︷︷ ︸
deviation from MM

)− ∂CEA
t

∂Kt−1︸ ︷︷ ︸
EA distress

.

- Pricing brown debt:
∂CB

t

∂Bt
+

∂CE
t

∂Bt
=

τ · rf ,t
1 + rf ,t

.

- GC versus EA prices:

pgt = ϕEA
1 · C

EA
t

GPD
t

· (λtYt − ĀZt)

GPD
t︸ ︷︷ ︸

tightness

+ϕ1 · θ′t ·
CE
t

Bt
· Kt

λtYt︸ ︷︷ ︸
savings on borrowing
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GPD
t︸ ︷︷ ︸

tightness

+ϕ1 · θ′t ·
CE
t

Bt
· Kt

λtYt︸ ︷︷ ︸
savings on borrowing



Green Firm: Problem

Vgt = max
Igt ,Lgt

Dgt + Et(Mt+1Vg,t+1)

Dgt = pgtG
s
t − (1− τgt)Igt −WgtLgt → Green investment is subsidized.

Kgt = (1− δg )Kg,t−1 + H(Igt/Kg,t−1)Kg,t−1

G s
t = G̃t → Verified reduction/abatement of GHGs

G̃t = (ZgtLgt)
1−κKκ

g,t−1 → Reduction/abatement of GHGs depends on green assets
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Green Firm: Optimality

- Green Investment:

qgt :=
1− τgt
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t

= Et

(
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t · (Igt/Kg,t−1)}

Key point: Green Coins are backed by green assets → their market value qgt = EPV(offsets flow)



Green Firm: Optimality

- Green Investment:

qgt :=
1− τgt
H ′

t

= Et

(
Mt+1

∂Vg,t+1

∂Kgt

)
∂Vgt

∂Kg,t−1
= pg,t

∂G s
t

∂Kg,t−1
+ qgt{1− δg + Ht − H ′

t · (Igt/Kg,t−1)}

Key point: Green Coins are backed by green assets → their market value qgt = EPV(offsets flow)



The Representative Household & Government

Ut =

[
(1− β)

(
C̃t · χ (st−1)

)1− 1
ψ
+ β(Et [U

1−γ
t+1 ])

1− 1
ψ

1−γ

] 1

1− 1
ψ

,

The budget constraint of the household is:

C̃t+V ex
gt · (1− Sg,t) + V ex

t + Bt︸ ︷︷ ︸
privately owned green and brown assets

= WtLt+WgtLgt+Vgt · (1− Sg,t−1) + Vt + Bt−1(1 + rft−1)︸ ︷︷ ︸
cum-dividend/interest brown & green assets

+ΠGB
t −Tt

The fiscal authority budget is balanced,

Tt = τgt Igt + τ rBt Bt−1,

and the implied resource constraint is:

Yt = C̃t + (1 + ωg )Igt + It + CE
t + CB

t + CEA
t
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Preliminary Results



Calibration

Take away: RBC + IAM + AP = major calibration effort



Data Source

EuroStat: macrodata for EA19
Bloomberg: Global Emission Offsets futures; (NEF) green investment by country.
Haver Analytics: futures on EA emission allowances
UNECE: Emissions as percent of GDP by country
Clean Investment Monitor: additional data on green investment
Goldstandard Registry: data on VCC
IRENA and IEA: green investments in energy sector by International Renewable Energy Agency and the
International Energy Agency

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Euro_area_enlargements
https://www.bloomberg.com/professional/products/bloomberg-terminal/
https://www.haver.com
https://w3.unece.org/SDG/en/Indicator?id=28
https://www.cleaninvestmentmonitor.org/
https://registry.goldstandard.org/projects/details/1796
https://www.irena.org/Energy-Transition/Finance-and-investment/Investment sources-of-investment
https://www.iea.org/reports/world-energy-investment-2023 overview


Moments

Take away: good replication of the data.



Welfare (I)
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Figure: Welfare and Policy Parameters

Take away: commitment to tight policy (Sg,ss ↑)and accommodating long-run shocks (Ax ↓) helps!
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Figure: Steady State and Policy Parameter

Take away: commitment to tight policy (Sg,ss ↑) helps the green sector!
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- We are scratching only the surface ...
... a lot of work to be done!

- A new MacroFinance model to think of emissions management and ETS

- A new MacroFinTech framework to improve welfare: green coins.
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