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PREFACE

CARBONOMICS: THE THEORY BEHIND CARBON PRICING IN THE EU-ETS

This paper offers a theoretical approach to the foundations of price formation in the EU’'s Emis-
sions-Trading Scheme (EU-ETS).

It postulates that the pricing paradigm of the European carbon market should in theory be a function
of three variables:

(i) market participants' understanding of the purpose for which the EU-ETS has been established (i.e.
the policy objective it is intended to achieve);

(i) market participant's perception of the effectiveness of design of the EU-ETS, and hence of its tech-
nical ability to achieve the policy objective;

(iif) market participants’ assessment of the political priority attached to achieving this objective, and
hence of policymakers’ commitment to ensuring that the supply of European carbon allowances
(EUAs) is engineered to deliver this outcome.

The paper's key insight is that as a cap-and-trade scheme that allows policymakers to modulate the
supply of EUAs with a view to meeting a specific policy objective, the pricing paradigm for the EU-ETS
is in theory fundamentally different from that of other commodity markets.

The pricing paradigm for naturally occurring commodity markets such as oil or copper is based on the
supply/demand balance in the prompt, with the forward curve reflecting the market's assessment of
how this balance will develop over time, and the shape of the curve a function of the cost of carry.

By contrast, in a policy-driven market such as the EU-ETS, the forward curve should in theory reflect
the market's assessment of the price at which the supply of allowances will be sufficiently constrained
to achieve the desired policy objective, and the point in time at which this will occur, with the forward
curve then derived by discounting back from this future point of convergence at the appropriate dis-
count rate.

As such, today's price should in theory reflect today’s perception of the future price required to deliver
the policy goal adjusted for the time value of money.

In short, in a naturally occurring commodity market the forward curve is derived from the prompt,
while in the EU-ETS - in theory at least -- the forward curve should be derived backwards from the
most valuable point in the future.

As a contribution to the theoretical discussion over the nature and structure of price formation in the
EU-ETS, this paper should not be read as a recommendation to buy, hold, or sell EUAs. Rather, its aim
is to show how the deep decarbonization required across the entire EU economy in order for the policy
objective of net-zero emissions by 2050 to be achieved could lead to a wide range of potential pricing
outcomes if - as we think it will - the emerging technology of green hydrogen comes to be viewed by
EU-ETS market participants as the marginal abatement option that will deliver the EU’s 2050 net-zero
target.

The logic of this paper’'s argument is straightforward, and rests on three key premises.
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First, given that the EU’s target for achieving net-zero emissions by 2050 is soon to be enshrined in EU
law, there is now a clear endgame in place for the EU-ETS. This endgame consists in ensuring that EUA
prices reach the level required to achieve the policy objective of net-zero emissions by 2050.

Second, according to the European Commission’s recently launched strategic vision for green hydrogen
- i.e. hydrogen produced via electrolyzers powered by wind- and solar-generated electricity - the ulti-
mate objective of net-zero emissions by 2050 cannot be achieved without green hydrogen contributing
a significant part of the solution. At some point, therefore, EUAs will have to reach the price level that
incentivizes the use of green hydrogen over alternative fossil-fuel energy sources in buildings, trans-
portation, and power generation.

Third, the pre-requisite for making green hydrogen commercially viable as an energy source is to make
it commercially viable as an industrial feedstock by 2030.

This is because green hydrogen will be competitive with grey hydrogen as a feedstock well before it will
be competitive with fossil-fuel energy carriers such as natural gas or petroleum products as an energy
source for space heating or transport or power generation.

Owing to the fact that the production process for grey hydrogen is very carbon intensive, the higher
production costs for green hydrogen can be offset by means of a carbon price. However, the greater the
production-cost differential between green and grey hydrogen, the higher the carbon price will need to
be in order for green hydrogen to displace grey hydrogen.

This means that the cost of producing green hydrogen needs to be reduced significantly between now
and 2030 so that carbon pricing at a politically acceptable level can make green hydrogen competitive
with grey hydrogen. The European Commission is targeting a production cost for green hydrogen by
2030 of around €2 per kilogramme (kg), compared with cost estimates today of €4.5/kg-€6/k. This com-
pares with a production cost for grey hydrogen today of around €1.5/kg.

It is not our purpose here to analyze in detail the feasibility of reducing the cost of green hydrogen to
the range of €1.1/kg-€2.4kg by 2030 envisaged by the Commission, not least as there are a number of
specialist studies already available that have looked at this in exhaustive detail both at the global and
the EU level. Rather, our objective is to consider the theoretical carbon-pricing implications in the EU
from today’s standpoint for a range of potential green-hydrogen cost outcomes by 2030 assuming that
the cost of green hydrogen can be brought down to a range of €2/kg-€2.5/kg.

That being said, and based on both (i) our review of the literature on the economics of green hydrogen,
and (i) our own analysis of the Commission’s investment estimates for scaling up green-hydrogen
production, we think it is reasonable to assume that the cost of producing it can indeed be reduced to
€2/kg-€2.5/kg by 2030.

From these three premises it follows that the EU-ETS will only be able to play its part in delivering
net-zero emissions by 2050 if it first enables green hydrogen to displace grey hydrogen as a feedstock
by 2030.

Accordingly, this paper concludes that if the EU’'s 2050 net-zero target is to be met then the EU-ETS
pricing paradigm will need to shift at some point from one based on fuel-switching in the power sector
to one based on fuel-switching in industry, whereby the cost of switching from grey hydrogen to green
hydrogen becomes the key pricing parameter.
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REALCARBONIK: FROM THEORY TO PRACTICE VIA COVID

Whether, how, and when the market shifts at some point from pricing EUAs off the fuel-switching level
in the power sector to pricing instead off the fuel-switching level for green hydrogen to replace grey hy-
drogen will be a function of how seriously market participants view the EU’'s commitment to its ultimate
policy objective of net zero, and hence its commitment to the interim step of making green hydrogen
competitive as an industrial feedstock by 2030. In effect, therefore, the speed with which green hydro-
gen is scaled up is the litmus test for how serious the EU and its member states are about delivering on
the soon to be legally binding 2050 net-zero target.

What seems unarguable to us, though, is that if the market becomes convinced of the EU’s political
will to achieve net zero, then prices will at some point have to move onto a trajectory consistent with
making green hydrogen commercially viable as a feedstock by 2030. This is because there is no plausi-
ble pathway to net zero without green hydrogen becoming a significant source of energy for transport,
heating, and power over 2031-50, and there is no plausible pathway for that to happen without green
hydrogen first becoming commercially viable as an industrial feedstock in place of grey hydrogen.

Other things being equal, then, we think that the sooner it becomes clear to the market that the EU
and its member states are putting effective measures in place to incentivize green hydrogen, the more
smoothly EUA prices will react to reflect the new pricing paradigm. By contrast, the longer the market
doubts the seriousness of the EU and its member states to achieving net zero, the greater the risk of
a sudden and more violent repricing of EUAs later in time as policymakers are forced to respond with
tougher measures in order to reaffirm their commitment to meeting the legally-binding net-zero target.

In this respect, the fact that the Commission is now proposing an increase in the EU’s emissions-reduc-
tion target to “at least -55%" by 2030 versus 1990 compared with the current target of -40% is already a
clear declaration of intent regarding the road ahead to net zero by 2050. As the commissions’ President,
Ursula von der Leyen, said in her state of the Union speech on 17 September:*

“We are doing everything in our power to keep the promise
that we made to Europeans: make Europe the first climate
neutral continent in the world, by 2050. Today marks a
major milestone in this journey. With the new target to cut
EU greenhouse gas emissions by at least 55% by 2030, we
will lead the way to a cleaner planet and a green recovery.
Europe will emerge stronger from the coronavirus pandemic
by investing in a resource-efficient circular economy,
promoting innovation in clean technology and creating
green jobs.” (Emphasis ours)

1. Available at: https://ec.europa.eu/commission/presscorner/detail/en/IP 20 1599


https://ec.europa.eu/commission/presscorner/detail/en/IP_20_1599
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Of course, all of this discussion about net zero by 2050 comes against the backdrop of the COVID pan-
demic and the severe impact this is having on the EU economy, and hence on the natural compliance
demand for EUAs in the near term. Indeed, owing to the structural impact that we expect the COVID
pandemic to have on emissions over the next decade, our scenario modelling of the EU-ETS even under
a -55% target projects that there is still a market surplus of EUAs in 2030, albeit a significantly smaller
one (462Mt) than would be the case if no change were made to the current -40% target (1,150Mt).

However, what matters from a pricing point of view is how a more ambitious 2030 target changes mar-
ket psychology and hence market participants’ behaviour. In our view, there is no plausible pathway
to net zero by 2050 without the scaling-up of green hydrogen so that it is commercially viable as an
industrial feedstock by 2030, and as an energy source thereafter

As a result, if the market thinks net zero is as serious a policy commitment as its legally binding status
portends, both compliance players and financial investors will at some point start to assume that the
EU will do what it takes to engineer the conditions for prices to reach this level by 2030.

Finally, and to state what is an obvious point: assuming the market were at some point in the next 18-
36 months to conclude that the EU is fully committed to net zero by 2050, with all that entails about
engineering the degree of EUA scarcity necessary to drive deep decarbonization across all the sectors
covered by the EU-ETS, it is unlikely that the forward curve would move to reflect the smooth and steep
contango pattern our theoretical analysis dictates that it should. In practice, as with other markets, the
prompt will likely continue to be the main driver of prices across the curve, as that is just how com-
modity markets work in reality.

In turn, however, that would most likely simply mean a higher prompt price than any of those shown in
our theoretical pricing trajectories below, and hence a gentler contango in the forward curve than the
one implied by the 6% discount rate we have assumed.
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@ EXECUTIVE SUMMARY

1.1 BEYOND THE FUEL-SWITCHING PARADIGM: THE EU-ETS
AND THE GOAL OF NET-ZERO EMISSIONS

Given the economic shock to the EU-ETS from COVID, the price of EU carbon allowances (EUAs) has held
up remarkably well in recent months. From a low of €14.3/t in the early stages of the lockdowns across
the EU the benchmark Dec-20 contract recovered to a near-record all-time high of €30.8/t in June, and
has held at pre-COVID levels ever since.

Perhaps more significantly, though, and as can be seen in Figure 1, the Dec-20 EUA contract has also
traded at or above the upper end of the coal-to-gas fuel-switching range for most this year. We believe
this is the first time in the 15-year history of the EU carbon market that EUAs have traded above the
upper end of the fuel-switching range, i.e. the range in which EUA prices incentivise less carbon-inten-
sive gas plants to displace more carbon-intensive coal plants in the merit order of power production.

Figure 1: Dec-20 EUA price versus implied fuel-switching level, Jan-2018-Sep 2020 (€/t)
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The reason why this is so significant is that for most of their 15-year history, EUAs have traded either
somewhere in the middle of the fuel-switching range or - at times of excessive over-supply - well
below this range. For prices to trade above the top end of this range therefore opens the door to new
interpretations of what the market is signalling.

And one interpretation is that despite the devastating impact of COVID on emissions, market participants
are starting to think beyond coal-to-gas fuel switching in the power sector as the marginal-abatement
option that ultimately clears the EU-ETS over the long term. And with good reason, we think: given the
policy-based nature of the EU-ETS and the ultimate policy objective of achieving net-zero emissions in
the EU by 2050, a whole new pricing paradigm could be in the offing.
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1.2 CARBONOMICS IN THEORY: IT TAKES CO, TO CONTANGO

From a theoretical point of view, the key insight about a cap-and-trade scheme such as the EU-ETS is
that it is a regulatory construct designed to achieve a specific policy outcome, namely a given reduction
in emissions over a given period of time. The EU-ETS differs from a carbon tax in that it is a market
mechanism: the regulator sets the targeted emissions reduction over a given period in advance and
market forces then determine the price at which the required reduction occurs. By contrast, with a
carbon tax the regulator sets the price on emissions over a given period, and this price then determines
the level of emissions over the period.

At the same time, the EU-ETS differs from other commodity markets in that the regulator can modulate
supply to engineer the desired policy outcome. In other words, whereas in any other commodity market
supply and demand are in a continuous feedback loop between one another as the price fluctuates in
response to the market balance, in the EU-ETS the regulator sets the level of supply at the level ex-
pected to achieve the targeted emissions reduction by the targeted date. Indeed, that is the whole point.

With EUAs bankable across trading periods the forward curve for EUAs should therefore in theory follow
a classic contango pattern whereby today's price reflects the most valuable expected price in the future
discounted back in real terms. The most valuable point in the future is where the EUA price hits the level
required to fulfill the policy objective.

With the EU in the process of legislating for net-zero emissions by 2050 and also now pursuing an ag-
gressive green-hydrogen strategy as a central pillar of this net-zero target, we think the de facto policy
objective of the EU-ETS henceforth is to make green hydrogen - i.e. hydrogen produced via electrolysis
using renewable electricity - commercially viable as a feedstock by 2030, and as a fuel by 2040 or
sooner.

We call the point at which green hydrogen becomes commercially viable the point of convergence, and
we see 2030 as the year in which convergence happens.

1.3 GREEN HYDROGEN IS CENTRAL TO THE EU’'S 2050 NET-ZERO
EMISSIONS OBJECTIVE

In 2018 the Inter-governmental Panel on Climate Change (IPCC) published a special report looking
at the impact of climate change under a scenario of 1.5°C of global warming. The report established
that the difference between an average global temperature increase of 1.5°C and 2°C is material and
alarming, and that if the world is to stand a reasonable chance of restricting the temperature increase
to 1.5°C then emissions need to fall to zero on a net basis by 2050.

In March 2020 the European Commission set out its legislative proposal for achieving net-zero emis-
sions in the EU by 2050, with its formal passage into law expected in Q4 this year or Q1 2021. In July,
it then set out an ambitious hydrogen strategy as a central pillar of the framework for achieving the
net-zero target, with a goal of deriving up to 15% of final energy consumption in the EU by 2050 (com-
pared with only 2% today).
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1.4 FOR NET ZERO TO HAPPEN BY 2050 GREEN HYDROGEN
MUST FIRST BE A COMPETITIVE FEEDSTOCK BY 2030

The pre-requisite for achieving the 2050 hydrogen vision is to make green hydrogen commercially
viable as an industrial feedstock by 2030. This is because green hydrogen will be competitive with grey
hydrogen as a feedstock well before it will be competitive with fossil-fuel energy carriers such as nat-
ural gas or petroleum products as an enrgy source for space heating or transport or power generation.

1.5 MAIN DRIVER OF EUAS SET TO BECOME GREEN-HYDROGEN TARGET

The EU today produces about 8.2Mt of hydrogen, most of which is made from the steam-methane
reforming (SMR) process using natural gas (this fossil-fuel based hydrogen is known as grey hydrogen).
Most of this hydrogen is for use as an industrial feedstock in oil refining, and in the production of ammo-
nia and methanol. The problem with the SMR process, however, is that it is highly carbon intensive, with
9kg of CO, produced for every kg of hydrogen. This equates to 0.27 tonnes of CO, per megawatt-hour
(0.27t/MWh).

As the production of hydrogen under the SMR process is an activity covered by the EU-ETS, replacing
today's production with green hydrogen from electrolysis using renewables-based electricity by 2030
would in itself reduce EU-ETS emissions by 80-90Mt per year (equivalent to 6% of total 2019 EU-ETS
emissions). This would already be a significant achievement but the real prize for the EU is much great-
er. This is because making green hydrogen commercially viable as an industrial feedstock by 2030 is the
pre-requisite for achieving the EU’s overall 2050 hydrogen vision.

The lesson from the history of the EU renewables industry over the last decade is that wind and solar
energy became commercially viable owing to a positive feedback loop incentivized initially by subsidies
and mandates. These subsidies and mandates attracted capital, which in turn enabled the industry to
scale up and the technology to improve. As the costs came down the incentives continued, albeit at a
progressively lower rate over time, while the targets for renewables became more ambitious. This then
enabled further economies of scale and continuing technology improvements.

The key point is that while the scaling up of renewables was achieved by means of subsidies and
mandates rather than by means of the carbon price, wind and solar have reached a point where they
are now commercially viable at today's carbon price of €25/t-€30/t. In the same way, the EU’s plan for
green hydrogen is to scale up production to >300TWh by 2030 by means of subsidies and mandates,
and thereby reduce the cost of production to €2/kg (€51/MWh) or less in order to make it competitive
with grey hydrogen.

The Commission estimates the total investment required to achieve its 2030 vision at €320-€460bn,
with €220-€340bn of this to cover €80GW-120GW of dedicated new wind and solar capacity, and
€24bn-€42bn for 40GW of electrolyzer capacity.

Reviewing the literature and doing our own analysis, we find that the Commission’s numbers are both
too optimistic and too pessimistic.

We think they are too optimistic in that we simply do not see how 40GW of electrolyzers would be
enough to produce 10Mt of green hydrogen. We calculate that at least 76GW of electrolyzers and 96GW
of dedicated new renewables capacity would be necessary, even assuming that most of the renewable
capacity required to power these electrolyzers were connected to the grid rather than attached directly
to the electrolyzers themselves (attaching to the grid would allow a much higher utilization rate for
the electrolyzers).

10
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At the same time, we think the Commission’s cost estimates are too pessimistic, as the capital costs
assumed for the required dedicated renewable capacity seem significantly higher than those observable
in the market already today for new wind and solar projects, never mind the lower costs that are likely
to be achieved within the next five years. Accordingly, we derive a total investment budget of €391bn
for the electrolyzer and renewable capacity - and also including storage and distribution infrastructure
- required to produce 10Mt by 2030 (Figure 2). This puts us in the middle of the Commission’s €340-
€460bn range.

Figure 2: BNPP AM's estimated cost for building up the EU’s green-hydrogen economy by 2030 (€bn)
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Source: BNPP AM Research estimates

1.6 OUR ANALYSIS IMPLIES A THEORETICAL RANGE
FOR THE FAIR VALUE OF EUA PRICES IN 2030 OF €34/T-€149/T

Looking at a range of potential production costs for green hydrogen in 2030, as well as a range of po-
tential EU gas prices in 2030, we derive a range of implied theoretical fair values for EUAs for making
green hydrogen competitive with grey hydrogen in 2030 (Figure 3).

The range of our assumed costs for producing green hydrogen in 2030 goes from 1.75/kg at the low end,
to €2.5/kg at the high end. The range of our assumed gas prices is 10/MWh, €15/MWh, and €20/MWHh.
We then derive the implied theoretical fair value for each of the 12 permutations these assumptions
give rise to in a two-step process. First, we calculate the gap to bridge between the cost of green hy-
drogen at our four assumed cost levels, and the cost of grey hydrogen at the three different gas prices
we have assumed. Second, we then multiply this difference by the carbon intensity of grey hydrogen
(0.27t/MWh).

We note that the cost of grey hydrogen is highly sensitive to fuel costs such that a €5/MWh change in
the 2030 gas price in either direction moves the implied 2030 EUA price to make green hydrogen com-
petitive with grey hydrogen by plus or minus €23/t.

The range varies from a low of €34/t to a high of €149/t, reflecting the range of potential 2030 values
for the cost of producing green hydrogen and the price of gas in the EU. If we look at the potential 2030
costs for green hydrogen, we find that in the middle of our range - i.e. at €2/kg and €2.25/kg - the
implied 2030 fair values for carbon would be €79/t and €103/t respectively.

11
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Figure 3: Implied 2030 EUA fair values for green hydrogen to displace grey hydrogen with gas at €10/
MWh, €15/MWh, €20/MWh

Matrix shows implied 2030 fair value for EUAS on our four 2030 cost scenarios for green hydrogen
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On the basis of all the assumptions we have made in this study concerning the production costs for
green hydrogen and the price of gas in the EU by 2030, we think €79/t-€103/t is a fair indication of the
range in which EUAs would need to trade in 2030 in order for green hydrogen to be competitive with
grey hydrogen by that date.

Over the following decade 2031-40 the challenge will then be to make green hydrogen competitive as
an energy source. We think this is possible at a carbon price of €100/t-€140/t by 2040, again depend-
ing on the cost of producing green hydrogen and the EU gas price by then. Assuming that the cost of
producing green hydrogen falls to €1.25/kg by 2040, and at a gas price of €15/MWh, this would make
hydrogen competitive as a fuel for power generation at €100/t. On the other hand, assuming the same
green-hydrogen cost of €1.25/kg but gas prices of €10/MWh in 2040 would make hydrogen competitive
with gas for power generation at a carbon price of €137/t.

1.7 WHAT IS THE RIGHT DISCOUNT RATE FOR CARBON?

The discount rate for carbon should in theory be the cost of capital of the compliance buyers and/or in-
vestors arbitraging the gap between the prevailing market price today on the one hand, and the implied
fair value today of the 2030 price required to make green hydrogen commercially viable as a feedstock
by 2030 on the other.

Given the current very low interest-rate environment in the EU, we see the cost of capital for industrial
and financial players in the EU-ETS ranging from 4%-10%, and choose 6% for our purposes here.

1.8 OUR ANALYSIS IMPLIES A RANGE FOR THE THEORETICAL FAIR VALUE OF EUAS

IN 2020 OF €18/T-€80/T, AND A MID-RANGE FAIR VALUE OF €49/T

Figure 4 shows the implied 2020 fair value for EUAs across all the permutations shown in our various
scenarios above discounted back from 2030 at 6%.

Figure 4: Implied 2020 EUA fair values for green hydrogen to displace grey hydrogen

Matrix shows implied 2020 fair value for EUAS discounted back from 2030
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The range varies from a low of €18/t to a high of €80/t. If we then look at the potential 2030 costs for
green hydrogen, we find that in the middle of our range - i.e. at €2/kg and €2.25/kg - the implied 2020
fair values for carbon discounted back from 2030 are €42/t and €55/t respectively.

We think €42/t-€55/t is a fair indication of the theoretical fair-value range for EUAs today based on the
need for green hydrogen to be competitive as an industrial feedstock in 2030.

Figure 5 takes the middle of our 2030 theoretical fair-value range for EUAs - €2/kg-€2.25/kg - to derive
the resulting implied theoretical forward curves. This shows that at our mid-range scenario for 2030
EU gas of €15/MWh, and at a 2030 cost of production for green hydrogen of €2.213/kg, the implied fair
value for EUAs would be €91/t. In turn discounting back at 6% would give us a theoretical implied 2020
fair value of €49/t.

Figure 5: Implied shape of EUA forward curve with varying 2030 costs of green hydrogen from €2/kg-
€2.25/kg, and with grey hydrogen gas-input costs of €15/MWh
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1.9 PROMPT STILL DRIVING EUA PRICES FOR NOW
BUT THE FUEL-SWITCHING PARADIGM HAS RUN ITS COURSE

We have modelled a scenario for the EU-ETS under which the recently proposed -55% EU-wide target
for 2030 is adopted, showing how this might compare with the EU-ETS under the current -40% target.
Owing to the structural impact that we expect the COVID pandemic to have on emissions over the next
decade, our scenario modelling of the EU-ETS under a -55% target projects that there is still a market
surplus of EUAs in 2030, albeit a significantly smaller one (462Mt) than would be the case if no change
were made to the current -40% target (1,150Mt).

However, what matters from a pricing point of view is how a more ambitious 2030 target changes mar-
ket psychology and hence market participants’ behaviour. In our view, there is no plausible pathway
to net zero by 2050 without the scaling-up of green hydrogen so that it is commercially viable as an
industrial feedstock by 2030, and as an energy source