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To Achieve Climate Targets, Considerable Increase in Investments Necessary

Investments and Investment Requirements to Achieve the 1.5°C Target in Germany

in bn €
860
Additional investment needed in
— Germany until 2030 to comply with
the 1.5°C target
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Source: BCG (2021)
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Capital for Investments to be Provided by Companies and Financial Intermediaries

Four Types of Investors to Provide Capital

Real
economy

Fi ial
econormy

Public Private
Public Private
companies companies
Public Private
financial financial

Investors' Decisions and Questions

0 Invest or provide capital yes or no?

Invest or provide capital for ‘green’ or
'‘brown’ investments?

How do policy / regulatory
instruments change this?

Q Which type of finance to provide?

intermediaries | intermediaries ot Our focus ---
Source: Own representation
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Market failure

Show that different types of financing frictions have an
Impact on the achievement of sustainable growth
globally

Three Goals of

Demonstrate the effect of different policy and
regulatory instruments

our Research

Account for the dynamics between developed and
developing economies




e Continuous-time macroeconomic growth model of directed
technical change

e Groups of follower and leader countries, representing the
developed world (‘global North') and developing world (‘global
South')

« Four types of different investors (public, private, real, financial) I\/Iethodologic

e Debt or equity finance ApprOaCh

e Endogenous decision for (a) amount of 'green’ and '‘brown'
finance, (b) type of finance

e Financing frictions

e Policy and regulatory instruments
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Three Related Strands of Literature—our Contribution at the Sustainability

related Intersection of the Real and the Financial Economy

Related Literature Literature Sub-strand

Growth, innovation &
technological diffusion

Real economy:

endogenous growth and
innovation

Directed technical change

Climate policy and sector-
specific models

Optimal capital structure
decisions and private

Financial economy: ( NS ar _
Innovation flnancmg

innovation finance and

optimal capital structure Public-private innovation

finance

Real and financial

(I) Sustainability-unrelated

Endogenous innovation and technology
- diffusion as explanation for growth (e.g.,
- Romer, Barro and Sala-i-Martin)

Directed technical change (e.g., Aghion,

-~ Acemoglu)

N/A

Capital structure decisions: choice between

- debt, equity, other financing options (e.g.,
- Modigliani & Miller, Straebulaev & Whited)

The role of the public sector in innovation and '
- innovation finance

' The impact of dynamics in the financial sector

Mo
- ‘clea
~Clim
- envi
- moo

EAd
~ ofter

;'l The impac

(1) Sus

~ Green
~extern

' Fine O\

- ‘missio ien

§ financing ins

sector
of cli
¥

Sector-spe mao
financial econc ,‘.g

mcorporatlng awlal sector
. -

1
| i
' . I . 1
. . . technological diffusion & in ' on real economy outcomes, e.g., regarding
impact of financing on the energy transition ~innovation activity and direction ¢
real economy ‘ ¥
¥
H |
Note: PPP = public-private partnerships. @ Field of our contribution
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We Build a Model of Directed Technical Change with a Group of Leader and Follower
Countries and an Endogenous Private and Public Financing Decision

The Model Structure Comments
o Financial intermediaries endogenously
e—— Financial Economy e ° Real Economy o decide to which innovation to provide
: funding
'-é""l:-ir;a-\r;c;iél- """ ! '“E' """ _'“1'_'('3; 'b'TN'"ﬁ """"""""""" ' - @ Two groups of economies: leader countries
.e conomies 1. Global Nort ~ (global North') and follower countries

intermediaries ('global South')

© In both economies: fossil-based and RES-
based innovation possible (endogenous
decision)

, 1 Fossil-based innovators and

RES-based innovators and
final goods producers

Public financial | _ _ _ o
intermediaries @ n both economies: innovation and imitation

possible (endogenous decision)

Private HH and
aggregation

e Economies 2: Global South

@ Private HH of both economies make a
‘ consumption decision maximizing their
utility

Fossil-based innovators and
final goods producers

|
Private financial |
intermediaries

@ oOverall budget constrained by the
| economies' total available resources

_____________________ e eyl o eeeeeee——______' m Continuous time model

m Growth is based on variants

Note: HH = households. RES = renewable energy sources.
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Deep Dive | Financing Decisions of Private and Public Financial Intermediaries

o Endogenously Determined at Each Point in Time

Private financial intermediaries

Public financial intermediaries

m Private financial intermediaries max. shareholder value
m Two types of securities: private debt and equity

Price of debt, Price of debt, Number of
depending, inter purely market securities
alia, on leverage based issued

d _pd dl _.d e d_,Pe pd
Cmax (R (et @) — vt g+ [RE (o P a2
arlarlaflaf
d (,d pd d],d e (a?. qP¢ qP¢
- vf,i] afi + [R '(ari' T‘l) - vri]ar,i + [Rrii(a”" ar'i’ar'i)
d e
_v ]a” h(afpafl'arl’arl

Holding costs

m Financiers' decision influences innovators' financing costs
(p,‘éi and, thus, their demand for financing options

m Public financial intermediaries maximize stakeholder value

m Two types of securities: public debt and equity

Internal carbon
price

[R}’?(a?u }3‘3) ~ v

e pd pe
, r,iaf,i' f,l
Pe pd _ ,Pe
co2 ver d _e pd
— Di i + [R (a”, ]a + [Rr,i (ar,i' Aris ar,i

pe_ p(,pd pe pd pe
]a h; ( fl'af,i'ar,i'ar,i)

m Influence of innovators' financing costs analogous

— a d Pd _a.d
ak > (1 [Rf’i(af i Or ) vf’l-]
Exemplary for
Note: RES = renewable energy sources. private debt
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e Deep Dive | Fossil- and RES-based Innovators Minimize Financing Costs and Maximize
Revenues from Innovation and Imitation

Fossil- and RES-based innovators Aggregation
m Innovators face financing costs as m Financing costs one influencing factor m Overall budget constraint
described to innovation activity i
Exemplary for = Innovators minimize financing costs
<pd | private debt § Total
ki i min (pfm | output
a 1 d d(,d _pd d | d pd pe THi |
= ak‘iT(l - TT,i) I:Rf‘l(af ir fl) — vf‘i] ; akl] akl] akl] akl]
be,i | e
‘ £ 1 &— 1
m S.t [ y 3 _|_ 1—
— | fi : Innovation and ¥ ( Y) )
= Aggregation: total financing costs imitation activity = Cl + Xr,iNyi + xf,le,i teriNy
g ‘ / § +/er Ny i \
in d e pd pe |
= ;T /e : — b b ‘
Pt = Pri ™ Phi T P T P Neo\ 7 Ni2 7 [Ng,\2 R&D | Consumption Production of Innovation
\ N N VA (Uk,i | intermediate and
‘ 1 k1 k.1 3 goods imitation
Costs for Costs for | Fin s s
private equity public equity } + (Pk,ij) = Yy, iPri + z A iVi,i
: S
Costs for 1 s€
public debt § Internal External
| financing financing R&D costs
Note: RES = renewable energy sources.
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We Investigate a Benchmarking Scenario plus Five Different Scenarios to Assess the Impact
of Financial Frictions and of Regulation and Policy Instruments—Exemplary

Scenarios 0 to II—Impact of Financial Frictions

0 Benchmark n Initial State
il ii

m No financing costs m Financing costs
m Scenario for basic functioning m Negligible financial frictions
of the model

Scenarios Il to V—Regulation and Policy Instruments

m Green Public Financiers m Green Financial Regulation

m Green public financial m Green regulation of private
intermediaries financial intermediaries

m Development aid m Risk-shifting to governments

o Financial Frictions

y\g

[P

m Tax shield on private debt

m Information asymmetries &
moral hazard

m Flotation and holding costs

o Elevated Carbon Price

m Elevated carbon prices with
different developments over
time
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Benchmark vs. Initial State with Financing Costs—Financing Costs Curb the Number of
Variants and, thus, Growth

@ Benchmark @ 'nitial State—Financing Costs

m No financing costs (manually set to 0) m Introduction of financing costs

1
1
1
1
1
1
1
1
Number of Variants Number of Variants 1
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1
1
1
1
1
1

m Negligible financial frictions, i.e., negligible inefficiencies in capital:
markets

m No financial frictions, i.e., no inefficiencies in capital markets

m Both groups of economies with the same characteristics
m Moderating effect on the total number of variants and, hence,

m Scenario for comparison :
economic growth

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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1
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1
1
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1
1
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m Comparable impact on fossil- and RES-based sectors

Note: RES = renewable energy sources. | mem e e mmm——— - Deep dive on next page -------------------- !
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a Deep Dive | Initial State—Financing Costs: Highest Number of Securities Issued for Fossil-
based Innovation, Financing Structure Reflects Particularities of RES Financing

Cumulated Financing Costs

- Financing Costs
v N
I Mgni |}
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time

m Cumulated financing costs = Financing costs * number of
securities issued

m Cumulated financing costs highest for fossil innovation and
imitation in countries 1

= Developments in line with variant growth: highest increase in fossil
variants in economies 1

Note: RES = renewable energy sources.

Number of Securities Issued

#of Socurlﬁes issued, Countries 1

m Within the fossil sector, preference for private debt finance

= This is in line with pecking order theory

m Within the RES-based sector, higher volumes of equity and public
debt finance

= This reflects limitations in the bankability of RES-related innovation due
to, e.g., a lack of collateral
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o Initial State with Financing Costs vs. Financial Frictions—Financial Frictions Lead the
Economy to a Fossil-based Growth Path

a Initial State

Share of RES-based in Total Variants, Countries 2
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m Without financial frictions, share of RES-
based variants increasing

m However, share of RES-based variants
strives against a limit

m Hence, partially RES-based, partially
fossil-based growth in the long run

@ Inefficient RES Investment, E2

oo Share of RES-based in Total Variants, Countries 2
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m Frictions in the financing of RES-based
innovation in economies

m Share of RES-based variants
decreasing in economies 2

= Hence, fossil-based growth in the long run
in economies 2

Economies 1 still partially fossil-, partially
RES-based growth)

Note: E1 = economies 1. E2 = economies 2. RES = renewable energy sources.

@ Inefficient RES Investment

e Share of RES-based in Total Variants, Countries 1
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m Frictions in the financing of RES-based

innovation in both economies

m Share of RES-based variants
decreasing in both economies

in both economies
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m Green Public Financiers—Green Public Financial Intermediaries Insufficient to Incentivize
RES-based Growth in the Long Run

@ Internal Carbon Price @ Improved Financing Conditions @ International Development
Share of RES-based in Total Variants, Countries 2 Share of RES-based in Total Variants, Countries 2 Share of RES-based in Total Variants, Countries 2
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time time time
m Frictions in the financing of RES-based m Frictions in the financing of RES-based m Frictions in the financing of RES-based
innovation in both economies innovation in both economies innovation in both economies
m Internal carbon price set by public m Improved financing conditions of RES- m International development leading to a
financial intermediaries based innovation provided by public reduction of inefficiencies in the capital
= Even in the case of high internal carbon financial intermediaries markets (e.g., moral hazard)
price, no incentivation of RES-based m Initial growth of RES-based variants, m Initial growth of RES-based variants,
growth however, no incentivation of RES-based however, no incentivization of RES-
growth in the long run based growth in the long run
Note: RES = renewable energy sources.
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m Green Financial Regulation—Green Regulation of Private Financial Intermediaries can
Incentivize RES-based Growth, However, not Stable

@ Green Obligations @ Risk Shifting to Public Sector
Share of RES-based In Total Variants. Countries 1 Share of RES-based In Total Variants. Countries 2 Share of RES-basad In Total Varants. Countries 1 Share of RES-based In Total Variants. Countries 2
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m Regulatory obligations lead to a partially RES-based m Risk shifting from private financial intermediaries to the
growth path in the long run in the economies 1 (‘global public sector can incentivize a RES-based growth path
North’) m However, high costs induced for the public sector,
m In the economies 2 (‘global South'), green obligations not especially in the economies 1 (‘global North’)
sufficient in the long run
= This is due to an assumed lower institutional efficiency in the
global South
Note: RES = renewable energy sources.
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0 Carbon Price—A Sufficiently High Carbon Price with an Extensive Coverage Well-suited to
Incentivize RES-based Growth

@ Degressively Increasing Carbon Price @ Decreasing Carbon Price

s Share of RES-basad In Total Varants. Countrias 1 o Share of RES-basaed In Total Varants. Countries 2 — Share of RES-based in Total Variants, Countries 1 . Share of RES-based in Total Variants, Countries 2
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m A sufficiently high carbon tax can incentivize a RES-based
growth in the long run

m A sufficiently high carbon tax can incentivize a RES-based
growth in the long run

m Precondition is a wide coverage of emissions m Precondition is a wide coverage of emissions

m Here: degressively increasing carbon tax in both groups of
economies

m Here: decreasing carbon tax in both groups of economies

Note: RES = renewable energy sources.
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First Results Indicate Need to Address Frictions in the Financing o RES=
based Innovation to achieve Sustainable Growth in the Long Run

Conclusions Policy Recommendations

m In the absence of financing frictions, a partially RES- m Increased valuation of the ¢
based growth path is reached in the long run in a financial intermediaries is
stylized economy reflecting current framework global economy towards :

conditions path in the long run
m Frictions in the financing of RES-based innovation can m Regulation of private fina':
lead the global economy to a growth path relying on | based growth if governme
fossil-based innovation )) sustainable investments (
m Therefore, it is essential to take into account financial m A combination of an incre

frictions in growth models of directed technical change environment by public fin
_ o stricter regulation of private
m Different regulatory and policy instruments can be put RES-based growth

in place to mitigate the effect of financial frictions

Note: RES = Renewable Energy Sources.
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