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How to finance the Green Transition towards net-zero carbon emissions remains an open question.
The literature either operates within a market-failure paradigm that calls for a Pigou tax to help
markets correct themselves, or via war finance analogies that offer a ‘triad’ of state intervention
possibilities: taxation, treasury borrowing, and central bank money creation. These frameworks
often lack a thorough conceptualisation of endogenous credit money creation, for instance when
resorting to loanable funds theory, and disregard the systemic and procedural dimensions of
financing the Green Transition. We propose that ‘monetary architecture’, which perceives the
monetary and financial system as a constantly evolving and historically specific hierarchical web of
interlocking balance sheets, offers a more comprehensive framework to conceptualize the systemic
and procedural financing challenges. Using the US as an example, we draw implications of a
systemic financing view while considering a division of labor between ‘firefighting’ institutions
such as the Federal Reserve and the Treasury, and ‘workhorse’ institutions such as off-balancesheet fiscal agencies, commercial banks, and shadow banks. We argue further that financing the
Green Transition must undergo three ideal-typical phases—initial balance sheet expansion, longterm funding, and possibly final contraction—that require diligent macro-financial management
to avoid financial instability.
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1. Introduction
The Green Transition—an economic and industrial reprogramming to net-zero carbon emissions—
more and more dominates discussions in the public sphere. Governments throughout the world are
increasingly run by politicians with mandates to rebuild pandemic-stricken economies in a climateconscious fashion and to construct policies compatible with the Paris Agreement to which most have
signed up. The challenge is immense, and the costs are proportionate to it. The price tag for a global
transition to net-zero may amount to as much as $73 trillion (Jacobson et al. 2019), although costs
of $30 to $60 trillion have been suggested for the US only (Energy Transitions Commission 2020).
Either way, a large part of the capital stock will have to be renewed within a generation—for instance
in the fields of housing, transportation, infrastructure, agriculture, industry, and energy. This will
entail mobilizing vast amounts of finance, usually seen only during periods of massive societal
transformations.
Ever since Nicholas Stern’s landmark report described climate change as ‘the greatest market
failure the world has ever seen’ (Stern 2006), the dominant framework has been to see carbon
emissions as an externality—a form of market failure—that is not adequately priced in an
otherwise efficient economic system (Liu, Bauman, and Chuang 2019). The policy prescriptions
stemming from this framework focus on market-correcting strategies that would ‘internalize’ this
externality (Chenet, Ryan-Collins, and van Lerven 2021)—most prominently via carbon taxes or
cap-and-trade. This is the world of Marshall and Pigou where the goal itself is not necessarily netzero but an optimal level of pollution that is determined through marginal analysis of benefits and
costs of emissions and then achieved through the invisible hand of the (financial) market. There is
broad agreement that some level of carbon pricing would be useful for accelerating the Green
Transition (Stiglitz 2019; Stiglitz et al. 2017). However, warnings have also been issued that
carbon pricing will not to trigger sufficient private sector investments to bring about the Green
Transition (Lilliestam, Patt, and Bersalli 2021; Campiglio 2016), and that the political road to
achieving a meaningful level at global scale is arduous if not inexistent, with carbon pricing
initiatives so far stuck at covering only about a fifth of global greenhouse gas emissions (World
Bank 2021).
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Beyond the market failure paradigm, another strand of literature addresses what the role of states may
be in financing the Green Transition and often draws on war finance analogies (Monbiot 2021; Malm
2020) to sketch out a ‘triad’ of ways to achieve it: taxation, treasury borrowing, and central bank money
creation. Taxation, in this case, rather than being market-correcting, involves the ramping up of any
form of taxes to increase fiscal capacity (Boujou et al. 2019; Galbraith 2019). Next to paying for green
state expenditure via general borrowing, the idea has been floated to issue specifically green sovereign
bonds earmarked for projects with environmental benefits (Heine et al. 2019; Volz 2017; Monasterolo
and Raberto 2018; Semmler et al. 2021). Central bank money creation has similarly been proposed,
e.g. by advocates of Modern Monetary Theory (MMT) (Wray and Nersisyan 2019), Green
Quantitative Easing (De Grauwe 2019; Pettifor 2019; Dafermos, Nikolaidi, and Galanis 2018), or
Green Targeted Long-Term Refinancing Operations (van ’t Klooster and van Tilburg 2020). As
Dikau and Volz (2021) argue, the majority of central banks would have a respective mandate.
Compared to the market-failure paradigm, the ‘triad’ model has the advantage of acknowledging
that financing the Green Transition might not happen simply by fixing market failures and that
political impetus may well be crucial. However, from a macro-financial perspective (Gabor 2020),
the triad framework has three shortcomings. First, taxation and treasury borrowing typically
describe how a government can increase its cash flow which can then be used for investment
through government expenditure. But this often follows the problematic conceptualisation of the
loanable funds theory, which assumes that there is a defined quantity of ex ante financial resources
that must be reallocated. While there is some merit to this view in commodity money systems, the
opposite is true in a credit money system: New credit money is created ex nihilo when a financial
institution gives a loan or purchases a bond from a counterparty. This implies that the monetary
system has an inherent potential for expansion which can be leveraged for financing a large-scale
transformation. While some reallocation of existing money, although insufficient, can potentially
be beneficial, the bulk of money required for financing the Green Transition can be endogenously
created, it does not have to be redistributed (Murau and Pforr 2020).
Second, the triad approach often lacks a systemic understanding. The volume of credit money needed
for a large-scale transformation is so substantial that it cannot be borne solely by public institutions
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such as the central bank or the treasury; to assume that this can be done without far-reaching
reverberations in the non-public sector is problematic. Rather, the entire or for the least a great part
of the monetary and financial system must be harnessed systematically. The creation of credit money
can be carried out both by public and private balance sheets such as commercial banks and shadow
banks and in different parts of the system. Some recent scholarship hints at this (Chenet, RyanCollins, and van Lerven 2021; Hockett 2020) but as yet there is no fully developed framework.
Third, the triad approach ignores the procedural dimension. Financing a large-scale transformation
is a long-term process that requires macro-financial management and coordination of different
parts of the credit money system. Not only does the system have to deliver on a ‘green initial
expansion’ to create credit money today, but it also has to fund it over a long period of time, avoid
an implosion of the credit network, and eventually manage repayments and contraction later.
Accounts that rightly emphasize the system’s unlimited capacity to create credit money ex nihilo
but disregard its subsequent progression through and impact on the system miss the complex
procedural dynamics at play. This is important because there is nothing inherently less risky about
an expansion in green assets (Dunz, Naqvi, and Monasterolo 2021; Cahen-Fourot et al. 2021;
D’Orazio and Popoyan 2019)—these have to be processed and managed over the long term in a
similar way to conventional assets.
To address these shortcomings, we propose to reframe the thinking around financing the Green
Transition and mobilize the concept of ‘monetary architecture’ (Murau 2020) as a constantly evolving
and hierarchical web of interlocking balance sheets that allows us to take endogenous credit money
creation seriously and think about the systemic and procedural financing dimensions. Choosing the US
as a case study, our framing of the monetary architecture comprizes central banks, treasuries, offbalance-sheet fiscal agencies (OBFAs), banks, and non-bank financial institutions (NBFIs), next to
households, firms, and institutional cash pools. Each of these entities can be understood as a balance
sheet with a particular financial position: there are other entities whom it owes obligations, i.e.,
‘liabilities’, and others still who owe it obligations in turn, i.e., ‘assets’ (Minsky 1957; Mehrling 2013;
Pozsar 2014). Drawing on this framework, we argue that meeting the systemic financing challenge of
the Green Transition requires mobilizing and coordinating the entire monetary architecture, as well as
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acknowledging a division of labor between different types of balance sheets. Procedurally, it is
necessary not only to have a strategy for how the monetary architecture can enable a green initial
balance sheet expansion but also how the expansion can be funded over a long-term horizon without
leading to a disorderly contraction and endangering the financial stability of the monetary architecture.
The remainder of this article develops our argument. Section 2 explains the monetary architecture
framework envisaged to address issues on financing the Green Transition. Section 3 highlights the systemic
financing dimension and considers a division of labor between different parts of the architecture.
Section 4 argues via a three-phase scheme of the financial cycle that the procedural financing dimension
entails currently neglected questions on funding and contraction. Section 5 concludes.
2. Monetary architecture as a Conceptual Framework
Our first argument is that ‘monetary architecture’ (Murau 2020) offers a useful conceptual lens to
appropriately grasp the macro-financial challenges connected to financing the Green Transition.
Monetary architecture is a shorthand to describe an institutionalist model of historically specific
formations of the monetary and financial system as a web of interlocking balance sheets (Mehrling
2011) that is subject to continuous institutional evolution. Figure 1 presents an idealized model of
the current US monetary architecture, which we use as an example and reference point. It is within
this institutional setting that the financing of the Green Transition must occur.
The monetary architecture model represents on a higher level of abstraction how we see the present
institutional setup in the US monetary jurisdiction, understood as a legal space (Awrey 2017). We look
here at the US in isolation, abstracting from cross-border linkages to other monetary jurisdictions. By
definition, a monetary architecture consists of four segments: central banks, commercial banks, NBFIs,
as well as a fiscal ecosystem, which is made up of treasuries and OBFAs (Guter-Sandu and Murau
2021). In addition, we add firms, households, and institutional cash pools such as pension funds to the
picture (Pozsar 2015). The institutions in these segments are represented as balance sheets. These can
be either individual balance sheets as in the case of the Fed or the Treasury, or aggregate balance sheets
for households, firms, banks, etc. These institutions are either public (such as the Treasury), private
(such as banks and NBFIs), or a hybrid of both (such as the Federal Reserve and OBFAs).
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Figure 1—The US monetary architecture as a web of interlocking balance sheets
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All these institutions interlock through the instruments they hold as assets (denoted on the lefthand side of each balance sheet) and liabilities (on the right-hand side). Each institution holds
different credit instruments such as deposits, loans, or bonds as assets or liabilities on-balancesheet. Each asset of an institution must be another institution’s liability. Due to this feature, the
monetary architecture depicts a fully self-referential credit network. The setup of instruments on
the balance sheet presented in the model should not be seen as the actual officially reported balance
sheets of the institutions but as representations on a higher level of abstraction. Depicting an actual
empirical web of interlocking balance sheets is an almost impossible task. Real balance sheets are
not only data intense and permanently fluctuating, but also subject to changing accounting
conventions and often based on ad hoc decisions that do not account for all promises to pay onbalance-sheet. Although treating all the institutions as in principle identical balance sheets is a
simplification, it allows us to uncover their structural similarities within the system.
Some of the institutions have a hierarchical relationship with each other. For instance, central banks
are hierarchically higher than commercial banks, which in turn are hierarchically higher than NBFIs.
The hierarchical structure is due to the nature of payment systems which need central nodes through
which payment flows are organized. This is true for banking systems, which typically have a central
bank at the apex, and commercial banks and NBFIs that occupy layers below. We can expand this
idea of hierarchy also to other balance sheets, integrating treasuries and OBFAs.
For each institution, we distinguish between actual and contingent assets and liabilities. The upper part
of each balance sheet denotes the actual instruments, the lower part the contingent ones. Actual
instruments are what you typically expect to find on a balance sheet. They can be measured and
reported at a given moment in time. Assets are instruments that promise a future cash inflow, liabilities
are commitments for a future cash outflow. Assets can be purely financial or physical, but we follow
here the Minskyan idea that a house is also just a form of a bond that leads to future cash inflows and
consequently treat it also as a financial asset (Minsky 1986). The residual between actual assets and
actual liabilities is the institution’s equity capital. By contrast, contingent assets and liabilities are
‘counter-factual’ instruments. Typically, they emerge only in a crisis—defined as the endogenous
contraction of the credit money system—to compensate for the loss of assets on a given balance sheet.
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This implies that in such a crisis, the contingent assets and liabilities become actual assets and
liabilities. As to Haldane and Alessandri (2009), contingent instruments can take the shape of—implicit
or explicit—liquidity, solvency, or capital ‘insurance’ (they may also be called ‘guarantees’ or
‘backstops’) from higher-ranking to lower-ranking balance sheets. We depict them as contingent
liabilities of the insuring institution and contingent assets of the insured institutions. Liquidity
insurance is defined as the guarantee of the central bank to replenish another institution’s holding of
central bank money in a moment of scarcity. Solvency insurance is a mechanism to guarantee the
nominal value of an institution’s liabilities in case it defaults, which can be organized via funds or
parent institutions. Capital insurance describes the treasury’s de facto guarantee to ‘recapitalize’ or
‘bail out’ other balance sheets in case of negative equity capital. The counter-position is the treasury’s
ability to tax households, firms, and cash pools, which we can think of a contingent asset of the treasury.
What counts as money in the monetary architecture depends on a balance sheet’s relative position
in the hierarchy (Mehrling 2012). The system is organized around the transfer of public, private,
and hybrid credit instruments (‘IOUs’, as in I owe you) that are issued as liabilities of higherranking institutions to function as monetary assets for lower-ranking institutions. First, money
forms of the central bank involve notes issued for everyone, reserves for banks, and the treasury
general account for the treasury. Second, commercial bank money is defined as deposits that are
formally constructed as promises to pay central bank money, but no such central bank money is
needed to create them. Deposits can be used by households, firms, and cash pools, treasuries and
OBFAs, as well as different NBFIs. Third, NBFIs issue instruments which in some respects
function as substitutes for deposits and may be called 'shadow money'. In our example, those are
money market fund (MMF) shares, repurchase agreements (repos), and asset-backed commercial
papers (ABCPs). They can be held by households, firms, cash pools, or other NBFIs (Murau 2017).
The defining feature of the different types of money is that they have a stable price vis-à-vis each
other— i.e. they trade at ‘par’, a one-to-one exchange rate.
The creation of credit money follows the logic of a ‘swap of IOUs’ between a hierarchically higher
and a hierarchically lower institution. Since the model describes a fully self-referential system in
which no ‘outside’ money such as gold exists (Gurley and Shaw 1960), money creation is fully
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endogenous to this system (Murau and Pforr 2020). In this context, central bank money can be
construed as ‘public inside money’ which has also a credit character and which is created in a
structurally parallel way as private bank money (Mehrling 2020). The only difference is that the
central bank as the hierarchically highest money-issuing institution is relaxed of the immediate
‘survival constraint’ (Minsky 1957)—i.e. the danger of becoming illiquid in case it cannot meet its
payment commitments—because its money forms are promises to pay nothing else but themselves.
Finally, each institution has a specific elasticity space. Any balance sheet can be extended to some
degree by creating new credit instruments, which requires the simultaneous expansion of both assets
and liabilities while interacting with another balance sheet as counterparty. The elasticity space
describes the extent to which such an expansion on an individual balance sheet is possible and hence
to which extent it is able to contribute to credit money creation and the provision of new financing.
We define a balance sheet’s elasticity space as determined by three factors. The first factor is the
willingness and ability of other institutions in the architecture to act as counterparty for balance
sheet expansion and maintaining that level of expansion. This factor varies with the financial cycle.
The elasticity space is wider in expansionary phases as it is easier for any balance sheet to find a
counterparty. In contractionary phases, the elasticity space is lower. The second factor is the access
that a balance sheet has to contingent instruments, i.e. mainly the extent to which hierarchically
higher institutions—notably the central bank and the treasury—stand ready to supply them with
emergency funds in a crisis. The third factor are the ‘stipulations’ for the allowed on-balance-sheet
activities and how these stipulations are enforced. Stipulations is a broad term deliberately chosen
to describe such restrictions because they manifest themselves differently in each of the four
segments. For instance, commercial banks are subject to banking regulations which comprize rules
such as reserve ratios or capital buffers and are enforced via supervision, whilst NBFIs face much
milder forms of regulation and supervision. Central banks’ on-balance-sheet activities are, if at all,
‘regulated’ through stipulations connected to their mandate, their level of institutional
independence, and the collateral framework which determines the assets they are allowed to
purchase. The US Treasury is constrained by the checks and balances of Congress’s budget
authority and the debt ceiling established with the Public Debt Acts of 1939 and 1941.
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The US monetary architecture as depicted in this model has not been consciously planned. Rather,
it is the result of a historical process of institutional evolution and adaptation that is ongoing. For
instance, the endowment of the US Treasury with the autonomous power to issue bonds (we imply
here also other Treasury debt certificates such as bills) and the ability to function as general capital
backstop (due to its power of taxation) cannot be taken as given naturally. In fact, the introduction
of the federal US Treasury was highly controversial. It goes back to the ‘assumption’ initiated by
Alexander Hamilton and was passed into law by Congress in 1790 (Frieden 2016). The Treasury’s
counterpart, the Fed, was only founded in 1913. For most of the 19th century, the US had a banking
system without a central bank that would act as lender of last resort. There were some note issuing
public banks, the First and Second Bank of the US, just as the Treasury issued notes—so-called
Greenbacks—in the Civil War era. The reliance of the banking system on Treasury bonds as assets
is a relic of the two World Wars and extensive Treasury-Fed collaboration that helped finance these
wars. Due to the US’s traditional reliance on long-term, rather than short-term debt, dealer banks
have come to play a crucial role. The 1933 Glass-Steagall Act—a response to the Great Depression—
separated commercial banks from investment banks (here found under the label NBFIs, split up
according to their main functions) and shaped the structure of the US monetary system, even though
it was repealed in the 1990s (Mehrling 2011).
A central conceptual question is the relationship between the Fed and the Treasury, which are
sometimes consolidated into a single government balance sheet (Kelton 2020). We do not adopt this
perspective and treat them as independent institutions that are, however, mutually supportive. Upon its
foundation, the Fed was intended to be an autonomous entity, designed following the Bank of
England’s model, that was supposed to be discounting firms’ short-term commercial debt, but due to
two world wars and massively extended sovereign debt issuance ended up supporting the Treasury
bond market. The Treasury-Federal Reserve Accord of 1951 reestablished the Fed's policy autonomy
(Conti-Brown 2016) and introduced what we see as reciprocal liquidity and solvency guarantees of
Fed and Treasury. The degree of fiscal-monetary cooperation changes over time and arguably with the
financial cycle. It has intensified after the 2007-9 Global Financial Crisis (GFC), for instance via the
QE programs, in which the Fed purchases Treasury securities and the interventions in the Treasury
market of March 2020 when the Covid-19 pandemic led to financial turmoil.
10

At the same time, the Treasury is not a unitary actor but has several sub-balance sheets in the form of
OBFAs to which it has relegated various functions while providing capital insurance (Guter-Sandu
and Murau 2021). The US OBFAs are largely the result of the 1930s and New Deal Reforms. The
Federal Deposits Insurance Corporation (FDIC) was introduced in 1933 to provide solvency insurance
to the commercial banking system (Federal Deposit Insurance Corporation 1984). The Dodd-FrankAct extended this system with the Orderly Liquidation Fund (OLF). The Exchange Stabilization Fund
(ESF) was introduced in 1934 to stabilize the international monetary system (Schwartz 1997) but has
since then been used as a multipurpose vehicle, for instance to backstop the crumbling MMF industry
in the GFC (Murau 2017). The oldest among the Government-sponsored Enterprises (GSEs), Fannie
Mae, was founded in 1938 to expand the secondary mortgage market. The intention was to turn
otherwise illiquid mortgages into tradable mortgage-backed securities (MBS), which was supposed to
help address the housing crisis at the time. The sister institutions Ginnie Mae and Freddie Mac were
founded in 1968 and 1970, respectively (Quinn 2019). The Reconstruction Finance Corporation
(RFC), which was a key OBFA to organize large-scale investment after the Great Depression and in
World War II, is not in the picture because it was dissolved in 1957 (Olson 2017).
From the 1970s onwards, the New Deal regulations led to a proliferation of new types of NBFIs and
the emergence of what today is called the shadow banking or market-based credit system. NBFIs form
a ‘daisy chain’ of balance sheets that jointly carry out a similar form of maturity, liquidity, and risk
transformation as traditional commercial banks do on their own balance sheet (Pozsar et al. 2012).
During this, they create shadow money. MMFs competed with commercial banks by offering depositlike accounts with higher interest rates, which was possible because they are not regulated as banks.
ABPCs were issued on the balance sheets of Special Purpose Vehicles (SPVs), which commercial
banks sponsored and endowed with solvency guarantees without having to expand their balance sheet
and keeping more equity. The emergence of the tri-party repo market led to a new form of wholesale
money market, competing with the Fed Funds market, which used short-term loans collateralized with
US Treasury bonds and, prior to the GFC, with securitized private debt, first and foremost MBS issued
by the GSEs (Murau 2017). While the shadow banking structures have been transforming over time,
the Dodd-Frank-Act has barely touched them and they continue to be a prolific feature of the US
monetary architecture.
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3. Financing the Green Transition as a Systemic Challenge
Our second argument is that financing the Green Transition as a politically desired large-scale
transformation of capital stock requires a vast balance sheet expansion which can only be achieved
when as much elasticity space of the real-world monetary architecture as possible is consciously
mobilized. It is neither realistic to expect that ‘the market’ in the form of private banks and firms will
make the right and sufficiently large investment decisions if only a well-made Pigou tax is in place,
nor can individual public balance sheets such as the treasury, the central bank, or public investment
banks alone raise and allocate the volume of capital required for the Green Transition.
To finance the Green Transition, some types of balance sheets in the monetary architecture must
act as counterparties and expand, thereby issuing a short-term IOU that can be used as money to
make investment into new capital stock as well as a longer-term IOU such as a loan or bond which
promises payment of money in the future and can be held or traded on within the monetary
architecture. The big question for financing the Green Transition is which institutions—or rather:
which combination of institutions—should do this ‘heavy lifting’? Whose elasticity space should
be tapped into, and which instruments should be used?
The obvious expectation from an endogenous money perspective would be that the heavy lifting
is done by banks and firms which act as counterparties (Minsky 1986; Moore 1988). Banks create
credit money in the form of deposits and provide it to firms which in turn issue loans or bonds as
their liabilities that banks can hold as assets. This is typically considered the main mechanism of
money creation and financing investments in real capital stock in modern market economies. This
financing technique, however, assumes that banks expect the investment to be both profitable and
at an acceptable risk. However, investments that qualify for the Green Transition may often not
have such a ‘positive investment case’ (cf. e.g. McKinsey & Company 2020) as they require
internalizing external effects, which by definition reduces their profitability. Therefore, we find
that this technique is only rarely explicitly mentioned in the literature on financing the Green
Transition, for instance by Campiglio (2016), although he also does not seem to believe that the
entire heavy lifting for the Green Transition could be done this way.
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Instead, what we discover in much of the literature of both the market-failure and the triad paradigm
is recourse to the loanable funds theory—a framework within which the question about the heavy
lifting has little merit because balance sheets are not assumed to expand endogenously to provide
financing. Rather, it is assumed that there is a limited, exogenously given volume of money—the
‘loanable funds’—that must be distributed among different balance sheets in the monetary
architecture to be spent on capital stock and hence finance real investments. From this angle, the
Green Transition is imagined to be paid for exclusively by re-allocation of existing money stock, not
by the creation of actually new credit money, and public balance sheets run the danger of crowding
out private investment (Lamperti et al. 2019). Some of the market-failure paradigm literature uses
the loanable funds theory explicitly (Carattini, Heutel, and Melkadze 2021), others seem to refer to it
more implicitly when focusing on state investment banks or multilateral development banks, which—
despite their name—are no banks proper as they cannot create money (Skovgaard 2017). Likewise,
some of the triad literature thinks about the Green Transition within the loanable funds framework.
For instance, taxation implies that the treasury draws on the tax base as its contingent asset and
extracts deposits from households and firms to then invest it, or treasury borrowing may be taken to
imply that the treasury collects pre-existing money from households or firms with a promise to repay
it later in the future.
Another part of the triad literature, in turn, does assume that the new money is being created when
public balance sheets seek to raise money to finance the Green Transition. Treasury borrowing may
be taken to entail the issuance of treasury bonds, facilitated by primary dealers who distribute them
on to different secondary market participants, which could be banks that finance the purchase of
bonds by expanding their balance sheet and create deposits, or the Fed, which could accept the
bonds as assets and create new money on the Treasury General Account. The latter operation would
be identical with what in the triad framework could be referred to as central bank money creation, a
swap of IOUs between the central bank and the treasury. In addition, other ways are imagined how
the central bank could provide the financing for green investments into capital stock. For instance,
some Green QE proposals envision a direct interaction between the central bank and households
or firms, which would receive central bank money in order to invest in capital stock (Pettifor 2019).
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Such operations could be imagined but are not presently common in the US monetary architecture
(Omarova 2021).
These different ways of reflecting on how the heavy lifting could be carried out have in common
that they only consider some selected institutions and their instruments and elasticity space in the
monetary architecture. There is no ‘systemic’ view that would take into account all different types
of balance sheets that presently exist. However, if the quoted numbers for financing the Green
Transition are anything to go by, then the goal must be to mobilize as much elasticity space as
possible. This may involve some re-distribution of funds and the usage of traditional ways for
money creation but could also entail crowding in other institutions to use their instruments and
elasticity space, or potentially setting up new ones. This is a pragmatic hybridity view which seeks
to unveil more financing options and presents a systemic and holistic approach to the financing
challenge of the Green Transition. We want to make three points of what this could entail.
First, the triad literature typically calls for a greater involvement of the central bank and the treasury,
pointing to the massive transformations that the balance sheet of the Fed has undergone ever since
the GFC, while the Covid-19 pandemic has only exacerbated this tendency with central banks
launching historically unprecedented stimuli. With many other central banks increasingly shifting
into climate issues (Dombret and Kenadjian 2021), the Fed faces increasing calls to integrate climate
change considerations in its operation. There are two main approaches: The qualitative one focuses
on changing the composition of central banks’ balance sheets, the quantitative one on enlarging the
balance sheet by adding green assets. The Fed has so far been resistant to both these options.
Although it has recently joined the Network for Greening the Financial System (NGFS) and created
two internal committees aimed at exploring this issue (Brainard 2021), Fed chairman Jerome Powell
has repeatedly reinforced the message that climate change is not something the Fed directly considers
in setting monetary policy, although it is exploring its role in the oversight of the financial system.
The key question is whether these measures would actually strengthen central banks’ abilities to
safeguard their respective monetary jurisdictions, or put these abilities at risk. It is probably fair to
say that researching this crucial question has not yet started in earnest. Moreover, it cannot be ruled
out that the most important role for central banks concerning the Green Transition might be to keep
the system stable long-term, and that they should therefore focus on exactly this.
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Reservations about the excessive use of central bank but also treasury balance sheets are often
shrugged off as a stance of monetary and fiscal conservatives who do not share the same
progressive cause. However, there are other reasons to caution against the excessive use of
elasticity space at the top of the hierarchy to finance the Green Transition. From a systemic
perspective, balance sheets in a monetary architecture exhibit a particular division of labor. The
hierarchically highest balance sheets—as the structure of contingent assets and liabilities shows—
are the ultimate liquidity and capital insurers. We can think of them as the ‘firefighters’ who use
their potentially unlimited elasticity space to intervene and safeguard the system. The exorbitant
balance sheet expansion of the Fed during the GFC and of the Treasury during the Covid-19
pandemic reinforces this. These hierarchically highest balance sheets do not typically engage in
credit allocation measures, not least because there is no more hierarchically higher balance sheet
left to backstop them. Hence, the ‘workhorses’ in a monetary architecture are the hierarchically
lower institutions. It is their elasticity space that should shoulder the lion share of the expansion.
Second, while commercial banks may be seen as the go-to institutions for financing investment in
capital stock, the largest elasticity space in the US monetary architecture is to be found in the shadow
banking system. The question is whether it could be beneficial to harness the elasticity space on the
various NBFI balance sheets for financing the Green Transition and, if so, how and to which extent.
The idea to mobilize shadow banking balance sheets for financing the Green Transition is contested,
and maybe for a good reason. Not only were shadow banking structures the main culprits of the
GFC, they also circumvented the New Deal era safety features for the banking system and have
played a major role in enhancing wealth inequality (Caverzasi, Botta, and Capelli 2019; Helgadóttir
2016). The argument often heard prior to 2007 that shadow banking structures are efficiencyenhancing has largely disappeared. Still, rather than treating financing the Green Transition as one
superproject geared at financial expansion and regulating the shadow banking system as another
superproject seeking to achieve financial contraction, it may be beneficial to change the perspective
and ask how these institutional structures can be productively integrated in the financing challenge
of the Green Transition. Not only can the shadow banking sector be decarbonized by for instance
calibrating the greenness of assets providing the collateral in repo agreements and securities lending
(Dafermos et al. 2021), but it may also be that some routine shadow banking practices like
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securitization—a tainted but still integral practice to the financial sector—can actively be leveraged
by investment banks for buying up cash flows related to low-carbon assets from firms and banks in
order to free up more capacity for them to invest in green activities.
Third, while many proposals in the triad literature focus on the Treasury as the quintessential public
institution, a lesson from the New Deal era is that large-scale transitions of capital stock can be well
financed through OBFAs. These could be existing ones or newly created ones. The latter might have
more policy autonomy vis-à-vis the existing institutions. OBFAs do not have to function as ultimate
capital backstop and, given that they are public-private hybrids, are subject to less stipulations limiting
their elasticity space. Not only could they use their own elasticity space to finance green investment,
they also are in the position to crowd in other balance sheets such as firms, cash pools, or NBFIs that
are part of the shadow banking system. An existing proposal for a US OBFA solution to finance the
Green Transition is to set up a Federal Investment Agency (Hockett and Omarova 2018), which could
be useful to circumvent existing political constraints in the US Congress regarding the use of the US
Treasury’s elasticity space. OBFAs could mobilize their own balance sheet to provide additional
elasticity space for the monetary architecture by issuing bonds earmarked for green projects, or they
could steer the monetary architecture in the direction of financing the Green Transition by, for
instance, providing equity capital in blended finance initiatives to de-risk investments or funding
existing green bonds by bulk-buying and securitizing them. An alternative would be a green GSE
which would engage in green securitization and would issue green agency bonds that, if it receives
Fed backing, could also act as a novel safe asset.
It is worth taking the division of labor between firefighting and workhorse balance sheets seriously.
Firefighting balance sheets can become politically contentious and constrained, and thus serve
their objectives with less effectiveness, as demonstrated by recent concerns about inflation and
increasing pressures to downsize the balance sheets of central banks by winding down asset
purchases or to quell public spending and start repaying the pandemic-induced ballooning of public
debt. In conjunction with firefighting balance sheets, workhorse balance sheets like shadow
banking institutions and OBFAs should therefore also play an active part in financing the Green
Transition.
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4. Systemic Financing of the Green Transition as a Procedural Challenge
Our third argument is that financing the Green Transition is a long-term process that requires
diligent macro-financial governance and coordination of different parts of the monetary
architecture. Not only do the balance sheets in the monetary architecture have to create credit
money today, they also have to put it to productive use over a long period of time, avoid an
implosion of the credit network, and find a solution for the inherent need to repay the debts later.
To substantiate our argument, we present a simple scheme in Figure 2 which suggests that
systemically financing a large-scale transformation such as the Green Transition must comprize
three ideal-typical phases of a financial cycle: initial expansion, long-term funding, and final
contraction. This scheme takes on board ideas on the financial cycle of the Money View (Mehrling
2020) as well as monetary circuitistes and Post Keynesians (Bonizzi and Kaltenbrunner 2020).
Figure 2—Three phases of financing large-scale transformations

The scheme starts with an initial expansion of balance sheets within the monetary architecture
during which financing is provided via a swap of IOUs between different types of balance sheets.
Subsequently, the monetary architecture must ‘fund’ the investment over a long-term horizon. This
means that the initial balance sheet expansion must be maintained in the system ceteris paribus
while the actual instruments created change in between balance sheets. The short-term IOUs
(credit money) have to be used for investments in physical capital stock while the long-term IOUs
must be distributed to balance sheets that are willing and able to hold them over a long time horizon
(Mehrling 2020). As different balance sheets are in charge of an initial expansion and long-term
funding, the transition between both steps is a major challenge in the financing of a large-scale
transformation. This involves making sure not only that the credit money created is used for the
appropriate investment purposes but also that the long-term IOUs are not paid back too soon or
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have to be liquidated in a credit crunch. At the end of the financial cycle, when the funding phase
is over and repayment is due, the final contraction should occur—ideally in an orderly fashion as
outstanding loans and bonds are repaid, and the monetary architecture reverts to the initial level of
expansion. Rochon (1999) refers to it as ‘monetary reflux’ that comes along with a ‘destruction of
money’ as the monetary circuit comes to an end; Graziani (1989) calls it ‘final finance’.
As the three phases are ideal types, they of course cannot be perfectly distinguished in practice.
Nevertheless, this approach gives us a useful way of thinking about the procedural challenges of
financing the Green Transition. In fact, the literature on financing the Green Transition almost
exclusively focuses on the phase of a green initial expansion—and sometimes correctly notices
that there is no objective limit to it (Wray and Nersisyan 2019; Kelton 2020)—but affords a much
lesser importance to the funding and contraction phases. However, if the history of financing cycles
and financial innovation is any indication, questions of funding and contraction are essential for
determining if financing the Green Transition can succeed, while overlooking them may lead to
deleterious consequences down the line.
First, let us address phase (ii), the issue of long-term funding a green initial expansion. Take the
example of an energy company, which issues a $250m green project bond with a maturity of eight
years to fund an offshore wind project which it places with a consortium of a pension fund and
two insurance groups. The proceeds from the bond go into the short-term development of the
project, while the bond itself must be maintained or distributed to balance sheets willing and able
to hold it over its life-course. This poses challenges because institutions must be able to constantly
price the bond and not liquidate it in a fire sale, which ultimately depends on the capacity of the
company to deliver on its agreed-upon project. This also requires a set of institutional substructures
such as a standardized green accounting system, disclosure requirements, or even a green buyer of
last resort, all of which contribute to creating a liquid secondary market that would constitute the
infrastructure through which the IOU would exchange hands (Carruthers and Stinchcombe 1999).
The basic question is whether this infrastructure for long-term funding is already in place or has
to be created, and whether the confidence and expectations of players involved can be nurtured
and managed. One limiting factor of establishing an infrastructure conducive to funding a green
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initial expansion is the lack of standards for what constitutes a legitimate ‘green asset’. The US
does not have an agreed taxonomy that would facilitate green investments, although US regulators
are looking at the EU as a possible model for future regulation (Engler 2021). The EU is currently
in the process of establishing a Green Taxonomy, which may entail making green reporting
mandatory for companies in the future, with the establishment and tightening of binding targets as
the final step. The European Banking Authority (2021) has already proposed key performance
indicators for the disclosure by credit institutions and investment firms of information on how and
to what extent their economic activities are environmentally sustainable in line with the Green
Taxonomy. Furthermore, the European Commission has recently announced that EU banks will
need to report their Green Asset Ratio, starting in 2024 (FitchRatings 2021). Another suggestion
is to require banks to discriminate between green and non-green assets and to either decrease the
equity ratio for green assets or to increase the equity ratio of non-green assets (Mack 2021).
Moreover, there is disagreement as to whether a green initial expansion, if carried out at a large scale,
would lead to distortions of the price level that would undermine the feasibility of managing its longterm funding. At one end of the spectrum, there is the position—represented e.g. by MMT authors—
that there is no financial limit to expanding central bank and treasury balance sheets to create public
money for financing the Green Transition. Limits, if they occur, originate in the real sector when
specific factors of production become scarce. MMT authors do not fear inflation as treasuries can
tax away any excess purchasing power that would fuel inflation (Nersisyan and Wray 2019; Kelton
2020). At the other end of the spectrum, there is the position held by proponents of more orthodox
monetary and fiscal policies who worry particularly about the potential for runaway inflation (Dubay
2019; Edwards 2019; Summers 2019; Rogoff 2019).
Second, regarding the transition from phase (ii) to phase (iii), it is an open theoretical question if
it is indeed the case that a green initial expansion ever has to be reverted with an orderly final
contraction or if the monetary architecture should rather be permanently kept in the funding phase
by continuously rolling over existing debts without clear intentions to repay them—a common
practice in sovereign debt markets to-date. In general, there are no impediments to rolling over
green sovereign bonds indefinitely as long as the counterparties in the monetary architecture agree
on it and provided there are no stipulations for the balance sheets involved that would prevent it.
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Moreover, if the central bank either buys green assets outright or accepts them as eligible collateral,
it can contribute substantially to entrenching them in the funding phase for the long term.
Empirically, this relates to the measurement and interpretation of what happens when historic
financial cycles came to an end. Straightforward candidates are financial cycles related to big
societal challenges such as the financing of large wars. Arguably, the financial expansion to
finance the world wars led to two sovereign bankruptcies in Germany who lost them, whereas the
US as the victor never ceased funding the initial balance sheet expansion but has in fact outgrown
it. The composition of the Fed’s balance sheet and the structure of the US Treasury market are
direct consequences of this (Garbade 2012; Mehrling 2011).
Third, a particular challenge is if phase (iii) kicks in early, i.e. if a green initial expansion cannot be
sustainably funded and ends in an unexpected disorderly contraction. Financial stability risks
connected to climate change are currently debated as the possibility of physical ‘Green Swan’ events
that create financial turmoil as an exogenous shock (Bolton et al. 2020), or as transition risks that
emerge because the Green Transition creates stranded carbon-intensive assets which suddenly lose
their market value and hence reduce the equity capital of those balance sheets in the monetary
architecture who hold them (Chenet, Ryan-Collins, and van Lerven 2021; D’Orazio and Popoyan
2019). However, the bursting of a possible ‘green financial bubble’ created by a green initial
expansion is not a well-established position in the green finance literature—this topic has only
recently started to get some attention (Brav and Heaton 2021; Heger and Åkerman 2021).
After a green initial expansion, some green investments in risky projects will fail with necessity.
Green investments can fail either on their returns or on their greenness, i.e. they may in fact turn out
to be greenwashed and their value might plummet if there are green valuation mechanisms in place.
If the failure of green investments is idiosyncratic, this will not entail a financial stability risk. The
monetary architecture has developed balance sheets such as banks, NBFIs, or some cash pools that
are specialized on hedging in risk and diversifying it in their investment portfolios. However, there
are historical examples when these mechanisms have not worked as intended. For instance, the GFC
followed a massive proliferation of asset-backed securities and the subsequent breakdown in the
capacity of the monetary architecture to price them and thus maintain long-term funding (Milne
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2009). The expansion of GSE bonds such as mortgage-backed securities (MBS) was made possible
by the activities of New Deal-era OBFAs, which started off as institutions meant to fulfil public
policy objectives—in this case, widening homeownership by creating a secondary market for
mortgages (Quinn 2019). However, it should be seen as a warning sign that a public policy facilitated
the creation of the shadow banking system as an entire financial ecosystem which led to the
spectacular breakdown in the GFC. Therefore, incentivizing the unfettered creation of green assets
without heeding the procedural aspects of long-term funding and final contraction might have
unintended consequences that not only put the financial system under peril but also the transition to
a sustainable socio-economic system.
Therefore, it is important to think carefully about how a green initial expansion can be sustainable
by finding ways to fund it over a long-time horizon and deal with the prospects of both an orderly
and a disorderly contraction. This is not a matter of fetishising financial stability while the world’s
ecosystem collapses—both are certainly interconnected. However, it cannot be in anyone’s interest
when a green expansion collapses mid-way, just as it is in no one’s interest to continue ignoring
finance’s role in funding environmental breakdown. If questions regarding systemic funding and
contraction of a green initial expansion are kept as a black box, it is left to the infamous invisible
hand of the (financial) market to decide whether the financing of the Green Transition succeeds.
If carefully managed throughout the entire financing process, green assets can help us avoid major
societal risks. If mismanaged, they can actually trigger major societal risks—just of another kind.
It would be a tragedy if we were to trade one collapse for another.
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5. Conclusion
This article contributes to the literature on the Green Transition by mobilizing the monetary
architecture framework to think about the financing challenge. The framework underlines how the
monetary and financial system is a constantly evolving and hierarchical web of interlocking balance
sheets. Using the US as a case study, we have stressed the importance of a systemic financing
dimension that crowds in the available elasticity space in the monetary architecture while taking into
account a division of labor between firefighting balance sheets such as central banks or treasuries
and workhorse balance sheets such as the shadow banking sector or various OBFAs. This allows
firefighting balance sheets to focus on system stability, while the shadow banking sector may be
tapped into for its vast potential for balance sheet elasticity, at the same time as OBFAs may be used
to take initiative in steering the monetary architecture towards green public policy objectives.
Moreover, we have pointed to the procedural financing dimension that considers not only the green
initial expansion but also questions of long-term funding and contraction. We argue that for the Green
Transition to be successful, we need to have mechanisms in place that enable continuous funding of
green assets as well as a strategy for orderly contraction and the prevention of financial instability
originating from a potential green bubble. As the monetary architecture is never static but subject
to continuous institutional change, we should expect that the Green Transition will have a
considerable impact on its setup—just as the New Deal has profoundly shaped how the US
monetary architecture looks today.
Our analysis seeks to unveil financing options beyond those discussed in the market-failure and the
triad paradigm that often rely on loanable funds theory, which is insufficiently able to grasp the
financing process, or seek to use firefighting balance sheets for tasks that would better be carried out
by workhorse balance sheets. Currently, there is a striking absence of analytical tools suitable for
thinking of financing the Green Transition as a systemic and procedural challenge. By introducing
the monetary architecture framework and exploring its systemic and procedural implications, we
have attempted to provide the groundwork for meeting this challenge. And yet, there are still
unanswered questions, not least how the phase of final contraction after a green initial expansion
should or is likely to work out. We believe that these questions should be subject of future research.
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